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Zusammenfassung
Die langfristige interregionale ilung des Hi kapitals in Osterreich: Welche Rolle

spielt die Wissensintensitit der Praduknon ?

Ziel des vorliegenden Artikels ist es, die D¢
stattungen innerhalb Osterreichs fiir den Beobachtungszeitraum 1971-2011 zu identifi-
zieren. Im Vordergrund stehen die Fragen, ob erstens die rdumliche Konzentration des
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Humankapltals wie in anderen Landern xm Zem/erlauf zummml und zweitens, inwieweit

die W Gt der I den P die und K Humun-

kapitalausstattung bestimmt. Im v den Artikel werden exp. und

rische Analysen verbunden, wobei letztere Qi hnitts- und Paneld R

umfassen. Die abhdngige Variable misst die durchschnittlich hulb hsd. der

regional ktitigen, der bach besteht aus den 99 dsterreichischen Politi-

schen Bezirken. Die Schiitzungen zeigen, dass die len F kapital.

bis 1991 konvergierten und seither divergieren. Es zeigt sich aufferdem ein negativer Ein-

fluss der mdu:trxellen Produktion mit medrtger und mittel-niedriger Technologie auf das
der len F aber kaum Einfluss hoher Tech-

nologieniveaus. Im Unterschied dazu wirkt sich die Présenz wissensintensiver Dienstleis-

tungen positiv aus.

Disparitiiten, Osterreich

Summary

The objective of this paper is to identify the determinants of regional human capital
endowments within Austria for the observation period 1971-2011. The two key questions
are (i) whether, as observed in other countries, the spatial concentration of human capital
increases over time and (ii) to what extent the knowledge intensity of current production
affects current and future human capital endowments. The present paper combines an ex-
plorative with an explanatory study, where the latter consists of cross-sectional and panel
regressions. The dependent variable equals average schooling years of the employed per-
sons in a region, the observation area consists of Austria’s 99 districts. The estimations
show that human capital endowments have converged across regions until 1991 and di-
verged again since then. Furthermore, the regression results display a negative impact of
low and medium-low, but almost no impact of high and medium-high technology manufac-
turing industries on human capital growth. In contrast, the impact of knowledge-intensive
services is positive.

Keywords: human capital, knowledge intensity, spatial inequality, Austria

1 Introduction

As pointed out by FaGGiaN & FRaNKLIN (2014, pp. 377), one of the few things that
economists and other social scientists agree upon is the importance of human capital for
both individuals and society. The specific role human capital plays for modern economies
to thrive has been pioneered by Lucas (1988) and Mankiw et al. (1992). At least since
MaRrsHALL (1890) released his thoughts on economies of localisation, the interplay of re-
gional availability of skills and location of industries is one of the key issues of economic
geography.
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The spatial availability of human capital has gained special attention over the past
quarter century in studies that deal with regional development. Models of new economic
geography (in particular KRugmaN 1991) and neoclassical growth theory (for a discussion
see SARDADVAR 2016) show how initial endowments and subsequent migration of human
capital determine regional development. Human capital endowments depend on the indus-
trial mix of a region, where high-productivity activities are those with high percentages
of skilled workers (PRAGER & THisse 2012, pp. 33). From this it follows that future human
capital accumulation and hence the development of a region depends on its current human
capital endowment, which is in turn shaped by the current economic structure.

The key question, therefore, relates to the links of employment and schooling to local
aspects. Some authors hypothesise that human capital levels across cities and regions are
diverging (SHAPIRO 2006; FLORIDA et al. 2008), but empirical evidence that confirms this
hypothesis is largely based on regions and cities in the United States (in particular BERrRY
& GLAESER 2005; GANONG & SHOAG 2012). In contrast, studies for European countries
(SubekuM 2008; Rartsg & StokkEe 2013) have found convergence of human capital en-
dowments. In a study based on Austrian districts, SARDADVAR & REINER (2015) also find
strong convergence of human capital endowments which has, however, decelerated since
the 1990s. It should be mentioned that these studies in most instances equalise human
capital with the share of college and university graduates which is discounting a large part
of human capital as it, by definition, captures all types of skills.

As will be shown in the present paper, over the past decades educational levels of the
Austrian population have increased considerably. Nevertheless, with respect to the corre-
lation of human capital with economic productivity, Austria is almost an outlier: Within
the 28 member states of the EU, as of 2013 Austria ranks fourth in terms of GDP per
capita, but only 21% with respect to the share of population with tertiary education.? At
the same time, those with tertiary education concentrate in the large cities. While the
spatial distribution of the tertiary educated shows only small variations over young and
old population cohorts, those with only pulsory ing have d relatively
in rural areas but increased in the large cities over the past decades (ScHwage 2006). This
observation underlines that an equalisation of human capital with tertiary education may
lead to biased results.

The aim of this paper is to identify the of 'y and ic structure
regarding regional human capital levels in Austria. By using a data set on the district level
that goes back to 1971, we are able to analyse long-run effects. Special attention is paid
to the roles of knowledge intensity of the manufacturing and service sectors, in addition
to other ic variables. Cross-sectional and panel ions are run in order to
estimate the impacts of the variables on current schooling levels and their changes over
time, respectively. The results reveal that the impacts on current levels and growth differ
remarkably.

The present paper contributes to the literature in two ways. Firstly, it examines the
interplay between the 1 of regional ies and their current as

3 Data source: EurosTaT, downloaded on 8-September-2015; tertiary education refers to ISCED levels 5-8,
working age population to 2564 years old.
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well as future human capital endowments. Secondly, it provides evidence whether human
capital levels in Austria are self-reinforcing or converging.

The paper is organised as follows. Section 2 presents the theoretical background. Sec-
tion 3 introduces the reader to the educational system in Austria and presents the data. An
explorative analysis can be found in Section 4, followed by explanatory analyses based
on cross-sectional and panel regression in Sections 5 and 6, respectively. Finally, Section
7 concludes.

2 Regional human capital accumulation

Over the past years, numerous studies have been released that deal with the interre-
gional distribution of human capital. In this context, the “creative class” as defined by
FLorIDA (2002) and “smart cities” as defined by Suapiro (2006) have received consid-
erable attention. The two concepts are related as they deal with the relationship between
human capital endowments and regional The basic 1
that a region or city that is able to attract human capital will thrive, firstly as a matter of
higher productivity of these workers who supply human capital, and secondly because
they increase a region’s attractiveness for new investments, therefore leading to employ-
ment growth. Other welcomed effects such as increased quality of life (Suapiro 2006) and
high technology industry location (FLoriDA 2002) are also present.

There exist, however, several limits to the creative class and smart cities concepts, es-
pecially in European and Austrian contexts. Firstly, equalising human capital with college
and university graduates not only abstracts from the horizontal and vertical differences
with respect to degrees but also completely ignores the skills of the larger part of the
labour force. Secondly and to some extent related, focussing on the interplay with high
technology industries ignores the larger part of production. A third problem relates to the
inconsistency of applied levels of aggregation regarding sectors and regions (see MAMELt
et al. 2014, for a discussion), making comparisons of empirical results difficult.

A potential further reason why studies conducted for various countries display various
and seemingly contradictory results relates to the fact that countries are in fact different to
each other. The Varieties of Capitalism Paradigm as developed by HaLL & Soskice (2001)
distinguishes liberal market economies (LMEs) such as the United Kingdom and the Uni-
ted States from coordinated market economies (CMEs) such as Austria and Germany. Of
anumber of criteria that distinguish these types, two are of particular relevance in the con-
text of the present paper. Firstly, the comparative advantage of LMEs lies in radical inno-
vation, whereas CMEs have advantages regarding incremental innovation (ALLEN 2006).
From this it follows that the high technology sector is of greater importance in LMEs. As
the recent empirical records show, the share of manufacturing in total production tends to
be higher in CMEs than in LMEs, with the latter being characterised by deindustrialisation
in the years before the current crisis commenced (REINER 2012).

Secondly, skill-acquiring differs between CMEs and LMEs, where in the former the
training systems are heavily oriented around firm-based training, and the skill sets they
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confer are said on average to be less general (Soskice 1994, cited in CuLpepper 2007). In
other words, a CME such as Austria is expected to develop a hngh degree of vocauonal
education leading to industry-specific skills and long-t . By

the Austrian to the Swiss system, CuLPEPPER (2007) points out lhal it is especially the high
share of cost-conscious small firms in Austria that are interested in having access to cheap
labour with specific skills.

On the other hand, the empirical literature showing that investment in education leads
to better job opportunities is overwhelming (Epzes et al. 2015). Furthermore, to improve
human capital and to invest in research and development (R&D) are considered as main
goals of the EU’s Lisbon and Europe 2020 ies, therefore refl i ical find-
ings regarding the importance of human capital. The RepuBLIC oF AusTriA (2011) has ex-
pressed its goal to become an “innovation leader” by increasing the ratio of R&D spending
to GDP to 3.76% until 2020. Among the means to achieve this goal are further expendi-
tures in education in order to increase the national human capital stock (ibid., pp. 16).

Considering intra-country human capital development, regions and cities with more
higher education activity, in particular universities and colleges, can increase the local sup-
ply of human capital (ABeL & Derrz 2011). In addition, the presence of colleges and univer-
sities may increase the regional human capital stock beyond its direct supply and demand
effects, as the presence of universities tilts the structure of local labour markets towards oc-
cupations that are more human capital i mtenslve (ABREU etal.2015).1t comes as 1o surprise
that Austria’s iti goals di are d by an increase
in the number of colleges and universities from 21 in 1971 to 69 in 2011.” Furthermore,
with respect to non-tertiary education, the spatial distribution of human capital in Austria
is characterised by the presence of corresponding schools (Scuwase 2006). Therefore, it
is likely that current human capital endowments are correlated with future endowments.

Agglomeration effects constitute a further aspect that is likely to affect regional human
capital endowments, where physical proximity of firms and people in dense urban areas
facilitates knowledge flows and lowers the costs of generating new ideas and exchanging
information (ABEL et al. 2012). If agglomeration effects are at work, they may increase the
attractiveness of a region regarding human capital suppliers. For instance, Comses et al.
(2007) show for France that the most productive workers are located in the densest areas,
which leads to the conclusion that workers with better labour market characteristics (i.e.,
higher human capital) migrate to agglomerations which are already highly endowed with
human capital. Another factor that affects the migration of high-skilled workers is geo-
graphical location as such, as remote regions with low market access may be less attractive
and hence disadvantaged (L6pEz-RoDRIGUEZ et al. 2007).

To conclude the discussion, the present paper focuses on the effects of economic cir-
cumstances and developments on human capital regional endowments. Accordingly, the
empirical part focuses on rather small administrative entities, where mobility between
these entities happens at little cost. Furthermore, the empirical part considers the regio-
nal employment instead of residents and hence includes commuters and international mi-
grants.

¥ Data source: See Section 3.
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Therefore, the factors that determine regional human capital endowments may be split
into four broad categories: Firstly, geographical characteristics such as a region’s popula-
tion density or its location in space; secondly, a region’s economic structure as captured
by the degree of specialisation or firm sizes; thirdly, the degree of technology that the
firms present in a region operate with; fourthly, education opportunities within the region.
Since regional human capital endowments are also shaped by internal migration within a
country, the general economic situation may be added as a fifth factor.

3 Data

In this section, first we briefly review the Austrian education system in order to con-
struct a variable that captures the various types of graduation. After that, we define the
corresponding dependent variable as applied in the subsequent analyses. In the final part
of this section, we present the explanatory variables that represent the categories as sum-
marised above.

Compulsory schooling comprises a total of nine years including possibly repeated
school years. Primary education [Volksschule] starts at the age of six and lasts four years
for all children, whereas the secondary school system is differentiated with respect to ed-
ucation purposes and duration. Academic secondary schools [Allgemein Bildende Hohere
Schulen, AHS] last for eight years and end with a university entrance exam. Lower sec-
ondary schools [Hauptschulen] last for four years and are generally followed by (i) a one-
year pi i school [P L 1, (ii) i training in the
form of an apprenticeship accompanied by a one to four year part-time vocational school
[Berufsbildende Pflichtschule, BPS] or (iii) a transfer to a different school type.

At the age of 14, students coming from either school type may also enter a vocational
secondary school with a duration of three to five years offering a professional education,
some of which end with a university entrance exam [Mittlere Berufsbildende Schulen,
BMS, and Hohere Berufsbildende Schulen, BHS]. After taking this exam, students may
enrol for studies at universities or umversmes of applled sciences [Fachhochschulen], or
opt for different forms of post- dary [H andte L
and Akademien], many of which provide ional education for the education, health
and social sectors.

The Austrian education system is characterised by a high complexity stemming from
a multitude of different school types (: i and ined forms) as well
as a relatively low share of highly-qualified p ion i ing university
FassMANN (2002) argues that while the educational expansion from the 1960s and 1970s
led to an increase in graduates at the secondary, post-secondary and tertiary levels, Austria
still lags behind at the international level, with the rate of graduates being relatively low
compared to other European countries.

Another characteristic feature of the Austrian education system lies in the relative im-
portance of the apprenticeship system. According to FERSTERER et al. (2008), apprentice-
ship systems (which are also present in other German-speaking countries) are believed to
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offer an easy transition from school to work by combining professional training in firms
with part-time school education and can therefore aid in keeping youth unemployment
levels relatively low.

ISCED 1997 - § Total
School type X Minimum duration
equivalent years
Compulsory school 2 4 yrs primary, 4 yrs secondary, 1 yr pre-vocational 9

4 yrs primary, 4 yrs secondary, 1-3 yrs apprentices-

Apprenticeship *® hip / part-time vocational

Vocational secondary 4 yrs primary, 4 yrs secondary, 3 yrs vocational

11
school (BMS) 3 secondary
Academic secondary - 4 yrs primary, 8 years academic secondary, univer- |
school (AHS) sity entrance exam
Vocational secondary il 4 yrs primary, 4 years (academic) secondary, S yrs |
school (BHS) vocational secondary, university entrance exam

- ion followil
e % 3 y1 of post-secondary education following 2 s
university entrance exam

University, university of ars 3 yrs of bachelors and 2 yrs of masters studies -
applied science following a university entrance exam

Tab. 1: Schooling years per education branch

Table 1 displays the Austrian educational attainment categories, their equivalent In-
ternational Standard Classification of Education (ISCED) categories, the corresponding
minimum duration of education and the resulting total number of years. The ISCED equi-
valents listed are coded according to ISCED 1997 mappings by the United Nations Educa-
tional, Scientific and Cultural Organisation (UNESCO). The respective minimum dura-
tions were calculated using the minimum number of years needed to complete a certain
education category (i.e., only statutory school years were accounted for).

For ies having und a change d with a change in
duration, current values were used. This applies in particular to university education
which was restructured in the course of the Bologna Process as well as to certain types
of post-secondary technical and ional schools [Hoch
For graduates of universities and universities of applied sciences, five years of schooling
were assumed, amounting to a degree at the master’s level. Categories containing hetero-
geneous school forms differing in length were coded using the most common form. This
applies to apprenticeships which range from two to four years in duration, with the most
common ones being three years (FERSTERER et al. 2008), as well as for the above men-
tioned post-secondary technical and vocational schools, most of which have a duration of
three years and were coded as such. Possible cases of persons who, for some reason, did
not iplete the current minil y education of nine years of schooling are
included in the first category nonetheless.

andte L
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As a next step, we construct a variable for educational attainment at the district level. It
is calculated as the average years of schooling for the people employed in a given district

iattime f: ,
su= 2 hade O

with h being the share of the employees having completed a certain education category, and
k and d corresponding to the school types and total years as given in Table 1, respectively.
From this it follows that:

7

=1Vi,t

k=l

The variable s serves as a measure of average schooling years and as an indicator for
human capital, which is why the two terms will be used synonymously in what follows.
Although s may not capture all trends in educational structure (e.g. polarisation trends in
the large urban areas), its strength lies in capturing developments below the highest edu-
cational levels.

The units of observation used in the present paper are the 99 Austrian districts [Politische
Bezirke] and statutory cities [Stidte mit eigenem Statut] (referred to as “districts” or “re-
gions” henceforth), a list of which can be found in the Appendix. The observation period
covers the time span 1971-2011 with data being available for the years 1971, 1981, 1991,
2001 and 2011. Education data were obtained from STATISTIK AUSTRIA, the national statistics
institute. Average schooling years were calculated using data on people working in a given
district. Commuters are therefore included in the count for the region they are working in,
not their residential district. Furthermore, the data includes immigrants and foreigners and
therefore controls for effects as induced by international migration.

The explanatory variables represent the five categories as summarised in the previous
section: Geographical characteristics, a region’s economic structure, the degree of tech-
nology, education opportunities and the general economic situation. Geographical char-
acteristics include employee density as calculated from official numbers. In addition, we
control for suburbanity and whether a region bordered member states of the Council for
Mutual Economic Assistance (Comecon), with the respective classifications given in the
list of districts in the Appendix.

Economic structure is captured by the (i) number of employees in small firms, with
the latter being defined as one that occupies nine or less employees, the (ii) total number
of large firms, with the latter occupying 100 or more employees, and (iii) specialisation
as captured by the KrugMAN index (see MOLLER 2012) based on the above-mentioned
60 sectors. Data on firm-size distributions stem from business statistics [Betriebsstitten-
zihlung], the estimation of small firm employees follows SARDADVAR & REINER (2015).

For the variables pertaining to the degree of technology of the manufacturing sector,
industry empl data from the population censuses were used. The data were harmo-
nised so that for each point in time each industry matches the ONACE? 1995 classification

© ONACE refers to the Austrian (O) version of the Nomenclature générale des activités économiques (NACE)
dans les Communautés européennes.



The Long-Run Interregional Distribution of Human Capital in Austria 175

which corresponds to NACE Revl This classification compnses 60 economic sectors

which were then foll g EUROSTAT’s i of ic activities ac-
cording to technological and knowledge intensity which groups manufacturing industries
into high, medium-high, medium-low and low y sectors.

Market service industries are categorised as ki intensive and less knowled

intensive services (henceforth referred to as KIS and LKIS, respectively) following Eu-
ROSTAT’s classification, too. The degree of knowledge-intensity in market service indus-
tries is based on the threshold of whether more or less than one third of the employees are
tertiary educated.® Note that public services are not included in this categorisation. The
sectors of agriculture, fishery, mining, energy and water industries as well as building
industries are not included either.

In addition, we consider the number of universities, including universities of ap-
plied sciences, as an indicator of education opportunities within the region. The data
was collected directly from universities’ websites and from information provided by
the Ministry of Science, Research and 1 inisterium fiir Wi
Forschung und Wirschaft (BMWFW)]. We counted universities at the district level for
all relevant years, where institutions with several sites in the same district are only in-
cluded once.

Finally, the general economic situation is captured by the unemployment rates and
regional productivity levels. The former were taken from population census data collected
by the national statistics institute. Note that the dataset does not include employees below
reporting threshold [geringfiigig Beschiftigte] for any of the years used in the calcula-
tions. Regional productivity is measured by gross value added (GVA) per employee

4 Explorative analysis

Educational policy in the 1970s was geared towards increasing tertiary education par-
ticipation and did so by reducing entry barriers to higher education, namely by abolishing
tujtion fees and increasing student funds. According to PEcHAR (2007), the social opening
of universities taking place in that penod led !o a sharp mcrease in studenl numbers, espe-
cially those from formerly i

This can be observed by exploring in the educauon data, as average years of school-
ing rose throughout the entire observation period. Growth rates were highest in the early
periods of the educational expansion during the 1970s and 1980s and stalled during the
1990s and 2000s. This is also reflected in current cohort-specific education data for the

9 It follows that for each point in time all industries” assignments correspond to EUroSTAT's current classifica-
tion. For details on Eurostar’s classifications of both manufacturing and service industries see http://ec.euro-
pa.euleurostat/cache/metadata/Annexes/htec_esms_an2.pd, accessed 19-October-2015.

9 The data for 19711995 were estimated by The Austrian Conference on Spatial Organisation [Osterreichische
Raumordnungskonferenz (OROK)), data for 1995-2011 are available from STaTisTik AusTRiA at the NUTS-3
level and have been estimated by the authors for the years 2001 and 2011 at the district level by assuming that
the growth rate for the NUTS-3 region is identical to each of its districts.


http://ec.euro-pa.eu/eurostat/cache/metadata/Annexes/htec_esms_an2.pdf
http://ec.euro-pa.eu/eurostat/cache/metadata/Annexes/htec_esms_an2.pdf
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10%

0%

25-44 45-64 265

Data source: STATISTIK AUSTRIA

Fig. 1: Educational attainment by age cohort in 2013

year 2013, as depicted in Figure 1. The diagram displays a general increase in education
in younger cohorts, with the most striking differences being found between the groups
45-64 and =65. The latter was largely not yet affected by the educational expansion,
since it can be assumed that persons being 20 years and over in 1970 had either already
finished their formal education by then or were in the process of doing so. According-
ly, this cohort shows a relatively high share of persons having only completed primary
education, and only 5% university graduates. The latter number doubles in the 45-64
group, while the share of persons with only primary education is cut by half. The differ-
ences between the age groups 2544 and 45-64 are less remarkable, although a gener-
al rise in education is visible especially with respect to the lowest and highest levels.”

The maps of Figures 2a and 2b visualise the spatial distributions of human capital
endowments in 1971 and 2011, respectively. In both years, the federal states’ capital cities
and other urban areas dominate the highest quintiles, including regions which surround
Vienna [Wien]. A closer look at Figure 2a reveals that lhe lowest qumule is dominated by
regions which border the Comecon, reflecting their disad ical position
during the times of economic bloc formation. When comparing 2011 with 1971, the dis-
tribution seems to have shifted in favour of Eastern Austria, where in particular the most

7 Note that these numbers are also affected by international migration.
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Data source: Calculated as defined by eq. (1)

Fig. 2a-2b: Regional average schooling years 1971 (above) and 2011 (below)

eastern regions have surpassed many western regions. Furthermore, some, though not all,
suburban regions which surround capltal cities have climbed upwards. This trend is also
reflected by the correlation betwee ing years and ion density
which increased from 0.62 in 1971 to 0.69 in 2011 ® Furthermore, the educational expan-

9 The correlation coefficients with employee density differ slightly; they are given in Table 2 for each year.
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sion is captured by the fact that the lowest value in 2011 (11.04 schooling years) is higher
than the highest value in 1971 (10.76 schooling years).

125

12,0
11,5

1991 2001 2011

—— Vienna o Klagenfurt = ~— Linz ===~ Salzburg

— . =Graz

~ Innsbruck =====0Other Regions

0,50%
045%
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030%
0,25%
0,20%

0,15% T d
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et Vienna eesceee Klagenfurt e =Linz = = = = Salzburg

— o GTHZ. Tnnsbruck = === Other Regions

Data source: Calculated from the numbers yielded by eq. (1)

Fig. 3a-3b: Regional average schooling years 1971-2011 (above) and corresponding
yearly average growth rates (below)
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Figures 3a and 3b display average values of human capital for Vienna, the five ma-
jor Austrian cities as defined by PALME (1995) and their corresponding average yearly
growth rates in comparison to the rest of Austria. Concerning human capital develop-
ment, a significant difference between urban and rural areas is apparent throughout the
entire observation period. The gap decreases steadily until 1991. However, this trend is
reversed in the following periods. It can therefore be assumed that the educational expan-
sion of the 1970s and 1980s benefitted rural areas in particular and promoted convergence
of human capital levels between cities and the rest of the country. The following periods
show divergence: Major cities develop in a similar way as before while the rest of the
country lags behind.

Looking at human capital growth, a similar picture can be seen. Regions other than Vi-
enna and the major cities display relatively high growth rates during the 1970s and 1980s
which drop significantly from the 1990s onwards. During the 2000s all major cities grow
at a faster rate than the rest of the country, giving way to further divergence.

Mean | Mean Inter- Variance | Correla- | Correla-

(un- | (weight- | Median | quartile | Variance | oflog. | tionwith | tion with

weighted) | ed) range values | GVA | density
1971 996 1025 991 032 0.08 0.00078 041 0.63
1981 | 1036 1058 1033 026 005 | 000047 | 039 060
1991 | 1078 1098 1075 021 004 | 000034 | 038 061
2001 | 1112 1135 1107 021 004 | 000035 | 045 070
2011 1143 11.73 1136 027 007 0.00055 044 072

Notes: GVA refers to gross value added per employee, density refers to employee density.
Data source: Calculated from the numbers yielded by eq. (1)

Tab.2: Summary statistics

Table 2 shows national summary statistics for average years of schooling, which rose
throughout the entire observation period. In contrast, measures of dispersion (interquar-
tile range and variance) show a U-shaped development, decreasing until the 1990s and
increasing afterwards. In similar vein, positive correlations between schooling years and
GVA per employee as well as employee density can be observed throughout the entire
observation period which, however, decreased at first and have both increased since the
1990s. This is indicative of an overall rise in educational levels independent of regional
economic development during the early periods of the educational expansion, while edu-
cational development in the following period was more strongly connected to economic
conditions.
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Data source: Calculated as documented in the text

Fig. 4a—4f: Interregional distribution of human capital endowments within Austria and
its federal states



The Long-Run Interregional Distribution of Human Capital in Austria 181

Tyrol Upper Austria

0,0 0,0 -

1971 1981 1991 2001 2011 1971 1981 1991 2001 2011
s Capiital = == = = Herfindahl — Capital = e = o Herfindahl
=S5t dev.*10 *******Gini*10 =S8t dev. *10 ******* Gini*10

Vorarlberg

0,0
1971 1981 1991 2001 2011

— Capital -

* Herfindah* 10

=S5t dev. *10 Gini*10

Data source: Calculated as documented in the text

Fig. 4g—4i: Interregional distribution of human capital endowments within Austria and
its federal states

Figures 4a—4i display four measures of human capital distribution between and within
the Austrian federal states and depict a similar development. “Capital” refers to the human
capital share of the capital city, measured as:

Sl | SrsSisBi

where P symbolises the number of employees, n* denotes the number of spatial units
within a federal state or the nation state and i* the respective capital city. “Herfindahl”
equals the Herfindahl index of s, , “St. dev” is the non-weighted standard deviation of the
logarithmised values of s, and “Gini” is the Gini coefficient of s,,» Where regional popula-
tion numbers are taken as frequency measures.

At the national level, a decrease in inequality can be observed from 1971 to 1991
followed by a slight increase during the 1990s and a stronger one during the 2000s, as is
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also evident in Table 2. Most federal states show a similar pattern, with Gini coefficients
and standard deviations dropping throughout the 1970s and 1980s and rising again in
later periods. The concentration of human capital in Vienna remains at a relatively high
and stable level throughout the entire observation period, while concentrations of human
capital in federal state capital cities have decreased in some states (Salzburg, Tyrol [Tirol],
Upper Austria [Oberd: ich]) and slightly i d in others ( d, Carinthia
[Kérnten], Styria [Steiermark]). Lower Austria [Ni (i} ich] shows a y
low concentration of human capital within its capital city which is, however, probably due
to Vienna’s demand for high-skilled labour. Therefore, it is likely that Vienna — which is
surrounded by suburban regions which are part of Lower Austria and which also served as
Lower Austria’s seat of government until 1996 — absorbs a high share of Lower Austria’s
high-skilled persons.

5 Cross-sectional regressions

This section summarises the main results obtained from cross-sectional regressions,
followed by panel regressions in the next section. The objective of the cross-sectional
analysis is to identify the correlations between human capital endowments and current

ic structure and y. The i i ion takes the form

8, =@ P, Fo By, 46, Q)

where the xs represent the k explanatory variables, with the s representing the corre-
sponding coefficients. & is the intercept, &, is an error term. In addition to the coeffi-
cients’ values, we include the Moran’s I value of the residuals, where neighbourhood is
defined as two districts sharing a common border.” The results for the five points in time
for which data are available are given in Table 3.

The intercept is consistently slightly lower than the dependent variable’s unweighted
mean values, as can be seen by comparing the respective coefficients with the numbers
given in Table 2. However, the differences are decreasing until 1991 and then start to
increase again, with the intercept for 2011 being lower than for 2001 despite a higher
mean. From this it follows that, at first, the explanation power of the national develop-
ment regarding regional human capital endowments increases until 1991. After that,
region-specific characteristics are becoming more important again. This finding, too,
corresponds to Table 2 which indicates a decrease of interregional inequality until 1991
and a subsequent increase. Judging from the adjusted R? values the explanation power
is remarkably high in general, but nevertheless follows a similar U-shaped pattern as the
intercept.

Furthermore, it is interesting to note that the geographical characteristics, density,
Comecon and suburbia, play a statistically significant role in 1971 only. The behaviour of

* Fora discussion on the method, see GooncHiLD (1986).
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1971 1981 1991 2001 2011
S 9.4085%** | 100113%% | 10.6779%% | 110267%+% | 10.7737%%*
i (0.2450) (0.3453) (0.2668) (0.2800) (0.3480)
D 00124 20,0064 00040 0.0027 00079
Y (0.0041) (0.0053) (0.0054) (0.0055) (0.0094)
- 0.0475% 00411 20,0286 0.0422 00307
Ll (0.0269) (0.0384) (0.0377) (0.0294) 0.0321)
S— 00611* 00517 00539 00715 00339
uburbia (0.0335) (0.0390) (0.0428) (0.0483) (0.0603)
Prcivetivin 00172 -0.0359 0.1017 00446 00814
i 0.0795) (0.0755) (0.0658) (0.0574) (0.0551)
Trembloymet 0.5389 07482 00408 08218 -1.2385
oy (1.9285) (1.4037) (09156) (08524 (0.7699)
Low tech 0.0918 0.6144** -1.0626%** -1.0744** -0.5747
. (0.1551) (0.2431) (0.3956) (0.4618) (0.6501)
el v 077147+ 03164 -0.0670 0.5292* 00969
ed-low (0.1626) (0.2744) (0.2950) (0.2986) (0.4691)
Mot hiah tock 0.9622%+* 04385 0.0609 -0.1081 00800
e (0.1892) (0.3050) (0.3325) (0.3341) (0.4785)
— 0.1817 ~1.2820%* 05975 08446+ 5.1965%%%
B e (0.8252) (0.5209) (0.5821) (0.4868) (1.5291)
. 375150 | 22365%** 1.8878%+* 1.8605%+* 1.9305%+*
(0.4530) (0.4690) (0.4343) (0.4041) 04312)
xS 133394+ 1046245 | 06745+ 00768 10603+
(0.1788) (0:2210) 0:2216) (02507) (0.3685)
Small T 051207 | 06163¢ | 0.5280%*% | 04517** -0.0667
(0.1665) (02116) (0.1989) (0:2066) (0.1074)
— >0.0000 -0.0001 -0.0003 -0.0001 -0.0006%*
eI (0.0002) (0.0002) (0.0002) (0.0003) (0.0003)
Soeclalimad 00512 -0.0884 0.1875 -0.0298 00360
D (0.0910) (0.1239) (0.1223) (0.1336) 0.1722)
Chiversi 00337 00351 0.0492* 00212 0.0564%*
e — (0.0230) (0.0231) (0.0264) (0.0240) (0.0218)
Moran’s I 03004%%% | 03913%%% | 04048 | 033735 | 02040%%%
F-statistic 6116 212 1679 2202 2206
14 00079 00118 00120 00106 00179
) 09170 0.8069 07521 07991 07995

Notes: The estimations have been carried out with R by application of the packages Imtest, spdep
and sandwich. White homoscedastic standard errors of the regression’s coefficients are in parenthe-
ses. Moran’s [ refers to the respective values of the residuals, where p-values are based on 10,000
sampled raw parameter estimates. *, **, *** correspond to p-values of 0.1,0.05 and 0.01, respec-
tively. 02 and R? refer to the residual variance and adjusted ient of ination, ively.

Tab. 3: Cross-sectional estimations
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density is of particular interest, as it shows no significant positive effect despite the high
positive correlation with the dependent number as given in Table 2. Furthermore, the Mo~
ran’s I values of the residuals are relatively high, highly significant and remarkably similar
over the observation period. This indicates that the dependent variable is also influenced
by relations across neighbouring districts.

The indi of ic performance, productivity and unemploy-
ment, seem to play no role at any point in time. In contrast, the technology levels of the
manufacturing sector play a decisive yet varying role. In particular, the expected negative
effect of low technology manufacturing industries (low tech) is observable not before
1981, whereas high technology manufacturing industries (high tech) have a positive im-
pact not before 1991. In this context it should be mentioned that the agricultural sector
was still relatively large in 1971 (14.2% of employed people in Austria, with some dis-
tricts reaching over 50%). This explains the highly significant and strong positive effects
of the two medium technology categories (med.-low tech and med -high tech), assuming
that the industrial sector demands higher skills.

In contrast to the manufacturing sector, services display consistent results for the whole
observation period, with both KIS and LKIS being positively correlated with schooling in
each regression. A closer look, however, reveals that (i) the coefficients of KIS are three-
fold as large compared to LKIS and that (ii) both coefficients’ values decrease rapidly
during the first half of the observation period. These developmenls are probably mainly
due to the educati: ion: If spaual quali
then, ceteris paribus, a spatial of high-grade services in parti will be
correlated with average regional education to a lesser extent.

Concerning the remaining variables, small firms display a negative correlation until
2001, after that this role belongs to large firms. As discussed in Section 2, especially
cost-conscious small firms in Austria demand specific skills. These are not necessarily
positively correlated with schooling years and are probably of particular relevance for
the tourism sector, as it is in particular the strength of the tourism sector that is related
to high demand for low skills in Austria (JANGER 2013). Specialisation as such seems to
have no effect, whereas universities is positive throughout. Considering that (i) only a
handful of districts actually hosts universities and that (ii) the standard errors are low for
each year, it can be concluded that the presence of universities affects regional schooling
levels positively.

6 Panel regressions

The estimations of the preceding section reveal which factors are correlated with re-
gional human capital endowments at particular points in time, but they provide limited
information ding the ics of devel In what follows, panel regressions
are applied in order to examine the impact of the various variables on regional schooling
growth rates. The Moran’s [ values for spatial autocorrelation of the residuals are also
estimated for each panel regression.
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The first ion s a fixed effects
8yt =Py Fo Bz 6,8 )

where

8 =In{s, /s, )-(V4) 27 Ins,, /s,,.)
Z,0=Inx,,,, —(1/4) Z Inx,,,

with x, representing the gth of the k explanatory variables and & representing an error
term, £ its average. The explanatory variables are the same as in the cross-sectional speci-
fications except for dummy variables, as they do not change over time and are hence cap-
tured by the fixed effects. Also note that on both sides of eq. (3) the variables are logged,
therefore the estimated coefficients can be i as icities of the var-
iable with respect to the explanatory variables.

Furthermore, the regression includes a time dummy that equals one for the years when
Austria was a member of the European Union. SARDADVAR & REINER (2015) find some
strong interaction effects of this dummy with other variables on growth of total employ-
ment and high-skilled emp share which is lained by the authors by a change
of framework conditions (ibid.). The summary statistics of Table 2 and the cross-sectional
results of Table 3 display trend reversals that emerged somewhere during the 1990s in the
present context, too, although it is not clear whether they are due to EU membership as
such.'”

The results corresponding to eq. (3) are presented in columns (1) and (2) of Table 4. It
can be seen that the variables’ impact on growth differs substantially from their correla-
tions with current endowments as displayed in Table 3. The time dummy as such is nega-
tive which coincides with a decreasing growth rate of schooling years. Density is positive,
but the interaction with the time dummy reveals that this effect is more prevalent in later
years. This indicates that agglomeration effects became stronger in later years, i.e. human
capital concentrating in urban and suburban regions after convergence during the first half
of the observation period. A similar effect of universities underlines this interpretation
and reveals one possible reason as most Austrian universities and universities of applied
sciences are located in urban areas.

The panel estimations also reveal an unamblguously negative impact of the presence
of low and medium-low g industries as well as LKIS on human
capital growth, which is perhaps the most striking result. The impact of high tech how-
ever, is not as clear and even negative when il ing. The variable speciali: be-
haves similarly. In addition, small firms, while negatively correlated with current human
capital endowments, has a positive effect on human capital growth. This impact, however,
disappears when controlling for time as in column (2). In contrast to the cross-sectional
regressions no spatial autocorrelation can be detected.

™ One obvious effect is the freedom of movement for workers in the European Union (EU) which eased both
emigration and immigration. It should also be mentioned that the dissolution of the Comecon, which eased
emigration from its former member states, coincides with Austria’s economic integration with the EU (which
preceded actual membership, ¢.g. by signing accession to the European Economic Area in 1992).
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Fixed effects First difference
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— 00278+ | 0.0283%+
aercet 00016) | (00017)
Sehooti -0.6583%+* | .0.5305%+
chooling 0.0761) (0.0721)
Densi 00164+ | 00052 | 00178*** | 00110 | 00024 00004
ensity 0.0076) | (0.0062) | (0.0055) | (0.0054) (0.0054) | (0.0058)
— 00011 00035 | 00178*** | 00149*** | 00033+ 00021
rodenay, 00025) | (00025) | (0.0031) | (0.0028) 00019) | (0.0025)
—— -0.0002 00033* 0.0017 0.0021 00032* | 00027
nemployment (0.0028) (0.0020) (0.0019) (0.0018) (0.0018) (0.0019)
Lowmsh 00106* | 00100+ | -00106* | -0.0097+* | 00002 00023
00058) | (00049) | (0.0043) | (00039) | (0.0028) | (0.0022)
. 0.0038*+ | 00037+* | 00038 | -00030* | 00007+ | 00032
- ©0017) | (00017) | (00014) | (00015) | (0.0001) | (0.0012)
T~ 00002 -0.0007 00011 -0.0004 0.0005 -0.0005
. 00009 | (0.0014) | (00009) | (0.0013) | (0.0006) | (0.0007)
igh o 00004 | 0.0009% | -00002 0.0003 0.0001 -0.0002
gl 15 (00003) | (00004) | (0.0002) | (00004) | (0.0001) | (0.0002)
s -0.0027 00034 | 00234+ | 00206+ | 00231%** | 00223+
(00057) | (00053) | (0.0062) | (00059) | (0.0038) | (0.0037)
LKIS 00311%%+ | 00170%** | -00178*** | -0.0098** | 0.0257*** | 00322+
(00062) | (00054) | (0.0057) | (00046) | (0.0035) | (0.0040)
— 002894+ | 00019 0.0067 00062 | 00130+ | -00175%*+
mall firms (0.0092) (0.0073) (0.0078) (0.0068) (0.0037) (0.0059)
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Fixed effects First difference

(03] ) 3) @ ) ©)
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Notes: The estimations have been carried out with R using the pim and spim packages. White ho-

moscedastic standard errors of the

are in

Moran’s / refers to

the respective values of the residuals, where p-values are based on 10,000 sampled raw parameter
estimates. *, **, *#* correspond to p-values of 0.1,0.05 and 0.01, respectively. 02 and R? refer to the

residual variance and adjusted coefficient of determination, respectively.

Tab. 4: Panel estimations

Columns (3) and (4) display the same estimations with regional schooling levels of the
preceding period added as an additional explanatory variable:

i =B H P2 e H B FE

“)
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The respective coefficients of schooling are clearly negative, large in value and highly
significant. This result strongly supports the recognition of (i) an overall convergence of
human capital endowments which, however, (ii) slowed down since the 1990s. Further-
more, controlling for preceding schooling levels brings out the crucial roles of density and
productivity which hints at interregional migration of human capital suppliers to thriving
regions. In addition and perhaps most importantly, KIS is now positive and highly signifi-
cant, while the impact of universities is particularly strong since the 1990s. The Moran’s |
values are non-significant in each case.

The fixed effects regressions are accompanied by first difference regressions:

Alns,,, =, +fAInx,,  +..+fAlnx,,  +As, (5)

where the As represent changes in the variables’ values between -1 and 7. In contrast to
columns (1)—(4) of Table 4, eq. (5) esti the effect of si changes in the
explanatory variables on changes in the dependent variable, with the results being shown
in columns (5) and (6) of Table 4. Therefore, while LKIS and med.-low tech have negative
impacts on human capital growth, simultaneous growth has positive effects. In contrast,
the effects of changes in the manufacturing industries are much weaker. Specialisation and
universities change is both positive, while small firms change is negative. Again, there is
no indication of spatial dependence.

To summarise, KIS, high tech and universities are positively correlated with current
human capital endowments, but only KIS and, to a lesser extent, universities display an
impact on regional human capital growth. Manufacturing and services industries that de-
mand only low skills display negative impacts. Therefore, the results provide evidence
that, on the one hand, economic structure matters. On the other hand, there is no evidence
for a specific, perhaps self-enforcing human capital growth effect as caused by the location
of high technology firms.

The convergence effect indicates that the strongest effect on human capital growth is

caused by national ed policies, while si y urban areas and thriving re-
gions were able to attract human capital, i.e. internal as well as international migrants with
high schooling levels. b , while the cro: tional i reveal robust

positive values of spatial autocorrelation of the residuals, no such effect can be found in
the panel regressions. Therefore, while the spatial distribution of human capital is affected
by neighbourhood values, its development over time is captured by economic changes that
occur within the regions. The latter, however, may be spatially autocorrelated, calling for
subsequent research.

7 Conclusions

Austria has experienced a remarkable increase in human capital endowments per work-
er as measured by average schooling years. From 1971-2011, this number has increased
by almost 1.5 years per employee. During that time, Austria underwent an evolution from
an industrialised country with low innovative activity to an economy that is on the edge of
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joining the European Union’s countries which are classified as “innovation leaders”, with
innovation performance already, as of now, found above that of the EU average (AIGINGER
et al. 2009; EuropeaN CommissioN 2015). The present paper has tackled the question what
determines the distribution of human capital across the 99 districts of Austria. The key
questions as deducted from the literature were (i) whether knowledge intensity of produc-
tion has a positive impact on regional human capital endowments and (ii) whether human
capital endowments converge across regions.

An explorative study firstly shows that i i have i ly in-
creased since 1971. However, this increase slowed down since 1991. Furthermore, as
indicated by various indicators, until 1991 spatial inequality with respect to human capital
endowments d d and then i d again, displaying a U-shaped
‘This result holds for Austria as a whole as well as for most of the federal states.

The explanatory study is split into two parts. The first part features results from
cross-sectional regressions in which regional average schooling years of the employees
serve as dependent variable. The estimations reveal a strong impact of the general level of
education, i.e. regional average schooling years are heavily influenced by national devel-
opments. This relationship, however, varies over time and resembles the explorative study
regarding the interregional distribution of human capital in Austria: It becomes stronger
until the 1990s and then weaker again. This means that the impact of region-specific char-
acteristics has increased since where, in particular, the presence of low technology manu-
facturing displays negative effects while high technology manufacturing as well as market
services display positive effects.

The second part of the explanatory study features panel regressions where the depend-
ent variable equals growth of schooling years. The results confirm a convergence of hu-
man capital endowments. Furthermore, low and medium-1 'y i
industries as well as less knowledge-intensive services are identified as having negative
impacts on schooling growth. While knowledge-intensive services display a positive im-
pact on growth when controlling for initial schooling levels, no such effect can be detected
for high and medium-high technology manufacturing industries. This result resembles
SARDADVAR & REINER (2015), who find no positive effect of knowledge-intensive indus-
tries on regional skill endowments even though the respective variables’ definitions are
different from the present study. In contrast, evidence for positive impacts of agglomera-
tions and universities exist. Furthermore, while the spatial distribution of human capital
displays positive nei. effects, its shows no such influence. How-
ever, relatively little is known about spatial dep i ing regional i
development within Austria, and more research is needed.

‘To summarise, the results show that human capital growth is no self-enforcing process.
Furthermore, despite the obvious relation to the level of technology in manufacturing,
there is no evidence of a causal relationship. Considering the growing importance of tech-
nology and skills for modern economies, this result may seem surprising and perhaps even
disappointing. On the other hand, the impact of knowledge-intensive services is much
stronger. Considering the strong role of manufacturing industries for Austrian production
as well as exports in connection with the government’s aim to increase Austria’s human
capital endowments, this result deserves further investigations.
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Appendix: List of districts

The following list includes the 99 districts and statutory cities considered in this study, sorted
by their superior federal states. The respective capital cities are marked by *, districts considered
as suburban regions are marked by **, districts which bordered member states of the Council for
Mutual Economic Assistance are marked by ***
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* Burgenland: Eisenstadt (Stadt)*; Rust (Stadt); Eisenstadt-Umgebung***; Giissing***; Jenners-
dorf***; Mattersburg***; Neusiedl am See***; Oberpullendorf***; Oberwart***

«  Carinthia: Klagenfurt (Stadt)*; Villach (Stadt); Hermagor; Klagenfurt-Land**; Sankt Veit an
der Glan; Spittal an der Drau; Villach-Land; Vélkermarkt; Wolfsberg; Feldkirchen

«  Lower Austria: Krems an der Donau (Stadt); Sankt Polten (Stadt)*; Waidhofen an der Ybbs
(Stadt); Wiener Neustadt (Stadt); Amstetten; Baden; Bruck an der Leitha***; Géinserndorf***;
Gmiind***; Hollabrunn***; Horn***; Korneuburg; Krems (Land); Lilienfeld; Melk; Mistel-
bach***; Modling**; Neunkirchen; Sankt Polten (Land); Scheibbs; Tulln; Waidhofen an der
Thaya***; Wiener Neustadt (Land); Wien-Umgebung**; Zwettl

*  Upper Austria: Linz (Stadt)*; Steyr (Stadt); Wels (Stadt); Braunau am Inn; Eferding; Freis-
tadt***; Gmunden; Grieskirchen; Kirchdorf an der Krems; Linz-Land**; Perg; Ried im Innk-
reis; Rohrbach***; Schirding; Steyr-Land; Urfahr-Umgebung** *#*; Vécklabruck; Wels-Land

«  Salzburg: Salzburg (Stadt)*; Hallein; Salzburg-Umgebung**; Sankt Johann im Pongau;
Tamsweg; Zell am See

«  Styria: Graz (Stadt)*; Bruck an der Mur; D Feldbach; Fii ; Graz-Umge-
bung**; Hartberg; Judenburg; Knittelfeld; Leibnitz; Leoben; Liezen; Miirzzuschlag; Murau;
Radkersburg; Voitsberg; Weiz

*  Tyrol: Innsbruck-Stadt*; Imst; Innsbruck-Land**; Kitzbiihel; Kufstein; Landeck; Lienz; Reutte;
Schwaz

«  Vorarlberg: Bludenz; Bregenz*; Dornbirn; Feldkirch

*  Vienna: Wien




ZOBODAT - www.zobodat.at

Zoologisch-Botanische Datenbank/Zoological-Botanical Database
Digitale Literatur/Digital Literature

Zeitschrift/Journal: Mitteilungen der Osterreichischen
Geographischen Gesellschaft

Jahr/Year: 2016
Band/Volume: 158

Autor(en)/Author(s): Sardadvar Sascha, Hajji Assma


https://www.zobodat.at/publikation_series.php?id=21534
https://www.zobodat.at/publikation_volumes.php?id=72034

Artikel/Article: The long-run interregional distribution of human
capital in Austria: What role for knowledge intesity of production 167-
192


https://www.zobodat.at/publikation_articles.php?id=529538

