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Abstract

This thesis highlights the formation of human calpih the European regions and its
implications for economic growth. It is charactedsby its combined regional, long-term
and European approach. To this end, | refer toieshiGrowth Theory and New Economic
Geography as the most important recent theoretcaltributions and construct an
unparalleled new and large database on regionahhwapital and other economic factors
from numerous diverse sources. For the empiricalyars, spatial and GIS methods are
employed in addition to standard econometric modelsthis way, the thesis explores
human capital formation in the regions of the Eeapcontinent between 1790 and 2010.
Moreover, it underlines the relationship betweemébn capital proxies, the determinants

of human capital and the long-run impact of humapital on economic growth.
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Résumé (version courte)

La thése traite le sujet de la formation du capitahain en Europe au niveau régional et
ses implications sur la croissance économique. éstecaractérisée par son approche a la
fois régionale, a long terme et européenne. A ffet,ge me réfere a la Théorie de la
Croissance Unifiee et a la Nouvelle Economie G&ugrpue qui sont les contributions
théoriques les plus importantes dans le domaijeeanstruis une nouvelle grande base de
données sur la formation du capital humain et désufacteurs a partir de hombreuses
sources diverses. Pour les analyses empiriquesmédsodes spatiales et SIG ont été
employées en plus des modeéles économétriques slandainsi, la thése explore la
formation du capital humain dans les régions duinent européen entre 1790 et 2010.
Par ailleurs, elle souligne la relation entre ledicateurs du capital humain ainsi que les
déterminants du capital humain et les implicatidnscapital humain sur la croissance

economique a long terme.

Vi
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Résumé (version longue)

La thése traite le sujet de la formation du capitahain en Europe au niveau régional et
ses implications sur la croissance économiquestijénéralement considéré que le capital
humain joue un réle critique pour la croissance néoaque. Ainsi, les théories
innovatrices de croissance endogenes des annéds sfiffignent cette importance
primordiale qu’il faut attacher au capital humailus récemment, les modéles de
la Théorie de la Croissance Unifiée (TCU) mettanteidence I'impact décisif du capital
humain pour I'explication de la croissance a logmge.

De surcroit, le capital humain et la croissancevpet également étre analysés
dans I'espace. En fait, 'analyse des évolutiomgorgales est plus pertinente que celle des
pays en raison du développement souvent inégalr@égens au sein des pays. Cette
conclusion a été soulignée notamment par la Noenggbnomie Géographique (NEG). De
cette maniére, il convient d’étudier les inégalitégionales et leurs évolutions a travers le
temps.

Ainsi, on a besoin des données au niveau régidralang terme afin de valider
les hypothéses de ces différentes théories. Cepemdasurer le capital humain en général
et au niveau régional, dans le passé en particuliest pas un exercice facile. Il faut
utiliser des indicateurs approximatifs qui n’onspaujours été disponibles selon le pays et
I'époque jusgqu’a maintenant. Pour cette raisothéme vise a combler cette lacune dans la
littérature en mettant en ceuvre une analyse atamivégional a long terme dans toute
I'Europe. De cette maniere, elle élargie les cossmices existantes sur le capital humain
en Europe dans les dimensions temporelles et fgmtia

A cet effet, différents indicateurs du capital humaont utilisés. D’abord, la
méthode d’ « age heaping » mesure les capacitégriguas (« numeracy ») dans le passe,

c’est-a-dire les capacités a compter et a connsdimgpropre age. Cette méthode analyse la

Vi
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distribution de I'dge qui est déclare, par exempbe, des individus lors des recensements
de population. De cette facon, elle approxime f[@tahhumain de base d’'une région. En
particulier, elle a l'avantage de permettre de uikévolution du capital humain pour
toute I'Europe plus t6t que d’autres indicateuns.dénséquence, les recherches effectuées
pendant les derniéres années ont établi les capauimériqgues comme indicateur reconnu
du capital humain. Par ailleurs, I'alphabétisatjarsavoir la capacité de lire et d’écrire) et
le niveau d’études sont utilisés pour mesurer patabhumain au XX et XXI° siécle. C’est

de cette maniere que le capital humain est estané ks régions européennes entre 1790
et 2010.

Sur le plan de l'unité d’analyse, la thése faittréhce a la Nomenclature des
Unités Territoriales Statistiques (NUTS) de I'Uniduropéenne. En conséquence, les
indicateurs employés donnent la possibilité d’asedyl’évolution du capital humain au
niveau régional (NUTS 2) et méme, dans quelquess,pay niveau départemental
(NUTS 3). Ainsi, 'approche régionale a long terest effectuée en faisant le lien entre les
régions historiques et actuelles. De plus, jaiotes aux théories existantes dans le
domaine (en particulier a la TCU et a la NEG) etetaines méthodes spatiales et
economeétriques qui ont été peu utilisées danslsledatextes jusqu’a maintenant.

La these est composée de plusieurs chapitres doplupart sont des articles
scientifiques autonomes. De cette facon, apréstrdiluction et les remarques
méthodologiques, elle souligne I'évolution de quels|indicateurs représentant une partie
des facteurs de production en Europe. Méme sidaahles employées ne constituent que
des notions des facteurs de production (la tereecdpital, le travail, le progres
technologique et le capital humain), elles mettphis en perspective le facteur de

I'analyse suivante : le capital humain.

VIiI
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Basée sur ces premieres intuitions, la relationddex indicateurs du capital
humain est éclairée. Plus précisément, il s’agis dmpacités numériques et de
I'alphabétisation. Il s’avére que ces deux indigegesont bien liés historiguement et
méthodologiquement. Ensuite, I'analyse économétrigmploie des données historiques
européennes de la fin du XiXiécle et des données des pays en voie de déeahamp en
Afrique, en Asie et en Amérique latine de la demeémoitié du XX siécle. En prenant en
compte differentes variables de contréle, les téwmil mettent en évidence que
I'alphabétisation et les capacités numeériques éwnitement liées.

Ainsi, il est possible d’avancer la recherche comaet le capital humain en
utilisant les capacités numeériques. Dans cet egsmritsuit I'évolution du capital humain
entre 1790 et 1880. A cet effet, une nouvelle dselonnés portant sur les capacités
numerigues a été créée au niveau régional en Eufgpdotal, cette base de données
comprend plus de 570 régions dans 39 pays europ@ensiettant de souligner les
différences régionales du capital humain. En fag,pays les plus avancés se situaient au
nord et au centre de I'Europe. De nombreux paygerdtanarquées par des disparités
régionales importantes. Cependant, ces différeseesont allégées au cours du XIX
siecle.

Ensuite, il est nécessaire de comprendre et dgx@lices inégalités européennes.
Entre autres, la distribution des inégalités foreséa récemment attiré l'attention des
chercheurs. Galoet al. (2009) ont développé une théorie liée a la TCU &
répercussions négatives d’'une distribution inéghds terres sur le capital humain. En
conséquence, nous évaluons I'impact des inégdidsieres sur le capital humain en
Europe autour de la fin du XP&iecle. Pour ce faire, nous utilisons la baseateées sur
les capacités numériques en rajoutant des donmgdessinégalités foncieres et d’autres

variables pertinentes. En effectuant des modelesédession de type moindre carrés
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ordinaires (MCO) et en employant la technique éouétaque d’analyse avec variables
instrumentales (VI), les résultats économétriguasfianent I'’hypothése de Galat al.
(2009) pour les régions européennes les moins tnalistes.

Etant donné que l'unité d’analyse est la régioestl également possible d’étudier
plus précisément limpact de la localisation gépgrque sur le capital humain d’une
région. En d’autres termes, on peut analyser ldriloligion spatiale des régions
européennes et I'existence potentielle des clugi@rd$ Analyse Exploratoire des Données
Spatiales (AEDS). Plus particulierement, I'étuddise la statistique | de Moran, le
graphique de Moran et les cartes de significatid#éMoran en 1850 et 1930. Il s’avere
qu’il y avait des clusters importants dans le pagseproximité géographique apparait
jouer un role important et significatif pour la wisution spatiale du capital humain.

Ensuite, on peut également considérer I'aspeciedpdce sous un angle différent.
La théorie de la NEG souligne I'importance de leg€@u marché pour le développement
economique régional. Dans un papier récent, Redetir®@chott (2003) rajoutent le facteur
du capital humain au modele de base de la NEG. beadéle théorique révele que
I'éloignement des grands marchés commerciaux daestin frein a I'accumulation du
capital humain des individus. De cette maniererdggons avec peu d’acceés au marché ont
un niveau de capital humain plus bas que cellesogtuiun bon acces au marché. Cette
hypothése de la « pénalité de I'éloignement » @aurdonc expliquer les inégalités
nationales et régionales du capital humain. Elleég été confirmée par des analyses
empiriques portant sur les régions européennesu@liii. En conséquence, il parait
important d’explorer cette pénalité dans le longneen faisant référence aux années 1850
et 1930 et en utilisant les capacités numériquéalphabétisation. Les résultats indiquent

qgue l'accés au marché a une influence positivégeifiative sur le capital humain dans
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les modeles de régressions de type MCO, Tobit etA¥isi, ils mettent en évidence
I'hypothese de la « pénalité de I'éloignement eraglterme.

Jusqu’ici, la these considere la formation du egiumain a partir de la fin du
XVIII © siécle jusqu’a la premiére moitié du XXiécle. Il convient alors d’élargir le champ
d’étude afin de faire le lien avec le présent. Aaféet, la base de données a été complétéee
afin de montrer les inégalités régionales en 18900, 1930, 1960, 2000 et 2010. Pour
cette raison, les capacités numeériques, l'alphsdmgdn et le niveau d’études sont
employés comme indicateurs du capital humain. Wessautilise des boites a moustaches
pour montrer les différences régionales. De plesixdmesures d’inégalités (a savoir le
coefficient de variation et le coefficient de Gisgulignent les variations au sein des pays.
Il savere que les inégalités régionales caraaétibeaucoup de pays européens a travers
le temps. Ces résultats mettent encore une foigvedence I'importance de I'analyse
régionale.

Finalement, il est possible d’exploiter la nouvdiese de données pour traiter la
question de l'impact du capital humain sur I'inntea et la croissance économique a long
terme. Donc, les données historiques du capitadimupour 1850, 1900, 1930 et 1960 sont
mises en relation avec des indicateurs actuel$nh@Vation (soit les demandes de brevets
par million d’habitants déposées a I'Office Eurapées Brevets) et de la croissance
économique (le PIB par habitant). Prenant en comhtsieurs variables de contrble, il
ressort que l'historiqgue du capital humain d’'ungioé est lié de maniére significative a la
richesse économique d’aujourd’hui.

En somme, la thése souligne d’abord que les casagitmériques (mesurées par
la méthode d' «age heaping») sont bien liées autts indicateurs comme
I'alphabétisation. Ensuite, en utilisant les diééts indicateurs du capital humain de base,

il s'avére que les niveaux du capital humain orgnaenté au fil du temps. Cependant,

Xl
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beaucoup de pays sont caractérisés par des idgalgionales importantes. Celles-ci sont
en partie plus grandes que les différences endrpdgs, mettant en évidence la pertinence
de l'approche régionale. Par ailleurs, la distifiutinégale des terres et la localisation
géographique d’'une région sont des facteurs exatitjues inégalités du capital humain.
Enfin, le capital humain apparait comme facteur drtgnt pour le développement
economique d’une région.

Ainsi, il faut que les décideurs politiques mettéatcent sur 'augmentation du
capital humain afin de générer de la croissance@uaue. De plus, il est nécessaire de
créer des environnements qui sont favorables aoflmdtion du capital humain,
particulierement dans les régions périphériqueamglioration des infrastructures peut y
contribuer d’'une facon importante. Par ailleurs Ieégalités régionales soulignent la
nécessité de prendre en compte les spécificitésrags dans le processus d’élaboration
des politiques.

Dans le futur, les recherches devraient davantag#riger vers I'exploration du
niveau régional a long terme en Europe. La combomade différents indicateurs existants
et la création de nouveaux indicateurs du capitandn permettrait d’améliorer
I'approximation du capital humain. Le méme raisaneat s’applique également aux
approches théoriques qui devraient encore miewairéclle réle du capital humain dans le
processus de la croissance économique.

En conclusion, le capital humain est un facteurartgnt dont I'importance ne

devrait pas cesser d’augmenter au ¥s{écle.

Xl
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The most valuable of all capital is that investadhuman beings

(Alfred Marshall 1890, Principles of Economics, UV.11).
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1. Introduction

1.1 Human capital, economic growth and regional analysi

Human capital is currently considered to play ai@uole in economic development. For
example, the European Commission stresses thatvé&gtment in education and training
for skills development is essential to boost grovetfd competitiveness” (European
Commission 2012a, p. 2). Although the concept ah&n capital has been developed over
several centuries, it only achieved its currentantgnce in both theory and empirics in
recent decades. In particular, innovative endogergrowth models (e.g., Lucas 1988,
Romer 1990) have placed new emphasis on humanatcapithe creation of economic

growth. These theoretical underpinnings have givise to a number of important

contributions in the literature on the relationshigtween human capital and economic
growth.

The scope of such research has been further expandéhe consideration of
economic growth in the long run. This focus markse®a and important step because “our
understanding of the contemporary world is limigetd incomplete in the absence of a
historical perspective” (Galor in Snowdon 20081p0). The advances in this area have
been driven by Unified Growth Theory (UGT; e.g.,I@3a2005a, Galor 2012). Unified
Growth Theory highlights the preponderant role ofmlan capital in the long-run growth
process. Its models vitally contribute to the ustierding and explanation of the long-term
transitions in economic development that have ¢edrt explosion of economic growth in
modern industrialised countries since the IndustRavolution. This take-off brought
about a substantial divergence in worldwide ecorateivelopment over the last 200 years
(Pomeranz 2000). While the gap in per capita GDiwédxen the most advanced and the

least advanced world regions was only 3 to 1 in0L&%has increased to approximately 18



Ralph Hippe Human capital formation in Europe at the regideaél — implications for economic growth

to 1 today (Galor 2005a). Therefore, a better gmsghis phenomenon is essential to
comprehend not only the past but also the presehtree future.

In this way, it is clear that the notion of humaapital is very important in
economic theory. However, human capital needs tméasured quantitatively to validate
theoretical models. To this end, human capitalbiesen measured in a range of ways. For
example, literacy rates and educational attainnamet two standard proxies in the
literature. These and other proxies have theirtéitiuns, particularly in historical studies.
Evidence on human capital formation before th& e@éntury remains relatively scarce. A
new measure was recently developed that consigenatieases the availability of such
evidence. This proxy is numeracy as proxied byaitpe heaping method (e.g., A'Hean
al. 2009, Crayen and Baten 2010a). In simple terms, age heaping method takes
advantage of certain heaping patterns in the digion of ages in historical censuses or
other documents. Thus, it estimates the basic noaterapacities of a population. In this
way, the method has also enabled researchers t@woowe one major hurdle in the
quantification of human capital: the lack of nunogratudies. For example, as Houston
stated at the turn of the last century, “quanti&athistorical studies of numeracy are
absent” (Houston 1999, p. 385). The age heapingaddills this gap in the literature and
enables human capital studies to extend furthek lbradime because evidence on this
indicator is available even in Roman times and bdyodrhis characteristic of the age
heaping method makes it particularly appropriatetfi@ evaluation of long-term growth
processes as highlighted by Unified Growth Theory.

In addition, there has been another major strartthiéneconomics literature over
the last two decades that does not focus on the aspect of economic development but
more on its geographic and spatial distributionisTiherature has been marked by New

Economic Geography (NEG) models. NEG aims to p@wgplanations for the existence
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and evolution of economic concentration in spad@s Toncentration leads to regional
clusters of economic development and to convergeawcd divergence processes.
Accordingly, NEG underlines the key aspect of regiaanalysis in economics. Therefore,
its founder, Nobel laureate Paul Krugman, emphasieme of the best ways to understand
how the international economy works is to startdoking at what happens inside nations”
(Krugman 1991b, p. 3). Similarly, other prominentheors such as Porter emphasise that
“the relevant economic area is smaller than marnipmsi’ (Porter 1994, p. 38). Thus, the
use of regions as the unit of analysis allows me$eas to clarify the economic growth
process within nations. This aspect is particulamhportant because there are often
substantial regional differences within countri@smany cases larger than those between
countries. As a consequence, adopting a regiomapeetive may allow for an analysis of
these differences within nations and explanationeosv present-day regional economic
inequalities emerged.

Europe represents a prime example because thenatgioonomic differences in
Europe are striking. For example, the EU “generd®%b of its economic output in just
14 % of its territory” (European Commission 20082p Furthermore, considering the
European regions is particularly appropriate irs tbontext because the recent renewed
interest in economic geography is linked to the dnée understand the potential
consequences of increased European integratioitg Eupl. 1999).

Therefore, the importance of analysing human chbpdthin the long term and at
the regional level in Europe is evident. Unfortaigat although an increasing number of
studies has been conducted on regional educatiourope, “[tlhe geography of
education, especially at [the] subnational leve[still] a huge black box” (Rodriguez-Pose

and Tselios 2011, p. 358). This statement is everemalid in the long run. As a result, it
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is essential to further investigate this black kbtox analyse regional human capital

formation and the process of economic growth.

1.2 Aim and contribution of the thesis

Thus, the aim of this thesis is to highlight thenfiation of human capital in the European
regions and its implications for economic growthisl particularly characterised by its
regional, long-term and European focus. In this vit.gmphasises the formation of human
capital in the long run (i.e., 1790-2010) and k®graphical distribution at the subnational
level in a European perspective. Thus, it broadkeesxisting evidence in both the spatial
and temporal dimensions.

To this end, both theory and empirics have beesidered. In particular, Unified
Growth Theory and New Economic Geography are refeto as the most important recent
contributions in economic theory on human capiedpnomic growth and regional
development. For the empirical analyses, the availeegional data on human capital at a
European scale were insufficient or non-existeheré&fore, a new and unparalleled large
database has been constructed on regional humaal dapmation and other factors in
Europe. Note that Europe is understood here asra giobal concept than the European
Union. Therefore, the entire European continerbissidered, from the Atlantic (Portugal)
to the Urals (Russia) and from Scandinavia to thediérranean. This required the
collection of numerous sources and the analysia ¢iundreds of regions from many
different countries and throughout time.

Moreover, a correspondence between the historiodl @rrent regions was
developed to permit the comparison of historicall auirrent data. This was done by
applying the Nomenclature of Territorial Units f@tatistics (NUTS) classification
developed by the European Union to historical negidn other words, this thesis proposes

an integrated analysis of regional developmenhénldng run.



Ralph Hippe Human capital formation in Europe at the regideaél — implications for economic growth

Initially, this database concerned numeracy as uredsby the innovative age
heaping method. Long-term regional analyses aEtlm@pean level have been lacking in
the corresponding literature. Therefore, the presardy explicitly addresses this missing
piece of evidence in the long-term formation of laumncapital in Europe. As this thesis
was developed, this already large database on meyet the regional level was enlarged
through the inclusion of other indicators. Thetfiaternative indicator to numeracy, and
possibly the most standard indicator for measupagt human capital, is literacy. The
ability to read and write as a proxy for literacy particularly appropriate due to the
methodological proximity to the calculated numeraajues. For more recent periods, this
literacy proxy no longer has any real meaning beeaontemporary European populations
can generally be considered literate. Currentlycational attainment is a standard means
of measuring human capital. For this reason, thirsl indicator of human capital has been
used for the current period.

Nevertheless, the scope of this thesis extendsnketfte mere measurement of
human capital. First, the thesis analyses sombeofactors that may explain the different
levels of human capital within and between coustrig particular, it considers land
inequality, geographical proximity and market ascleecause they are important elements
in the underlying economic growth theories. Furtlgatabases have been newly
constructed or adapted to this end. In additioacmnometric models, GIS and spatial data
analysis software and methods from (economic) ggagr and spatial econometrics were
employed. Some of the econometric methods andhé@rdtical underpinnings have only
seldom been used in such long-term perspectivepjtdeheir potential applications being
substantial (e.g., Exploratory Spatial Data Anay$ESDA)). Therefore, the thesis
highlights some of the possibilities of using stat¢he-art spatial or geographical

methods in long-term analyses.
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Finally, not only the determinants of human caphiad also the impact of human
capital on current economic outcomes are impoitmues. The economic growth theories
noted above postulate that human capital playsjarmale in determining innovation and
economic growth. Therefore, the thesis analysegffieets of human capital on innovation

and economic growth in the long run.

1.3 Outline of the thesis
The thesis is divided into several chapters. As thia cumulative thesis, most of these
chapters (i.e., chapters 3 to 10) are autonoma@esareh papers.

This introductory chapter provides an outline & thsearch questions that will be
addressed in the main part of the thesis.

The second chapter explains some major methodalogisues that have to be
addressed in the context of regional human cafotahation in the long run. Thus, the
different elements in the title of the thesis aighhghted. More specifically, the chapter
refers to the three-dimensional approach of theishesome of the major theories in the
areas of human capital, economic growth and regianalysis, as well as the employed
regional classification concept.

The third chapter empirically introduces the long-rregional European
perspective. It presents a collection of maps twige a rough descriptive overview of the
long-run evolution of the factors of productiontime European regions. Some common
factors of production in the standard economicerdiiure are land, capital, labour,
technological progress and human capital. The maléof this chapter is to first consider
all of the economic factors of production before thesis turns to the most recent factor
introduced in the literature: human capital. Thregedure permits human capital to be

regarded in a broader context, as one of seveoalosgic factors.
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Based on these initial intuitions, the fourth claptonsiders human capital in
greater detail by highlighting the relationship amgodifferent human capital proxies.
Because numeracy (as proxied by the age heapingodjets a fairly novel method,
additional evidence is required to clarify its tedaship with the other indicators. Literacy
is an obvious candidate because it has similarachenistics to the numeracy proxy. Data
from developing countries in Africa, Asia and Latkmerica from the second half of the
20" century have been employed in addition to theohitsal European data from the end
of the 19 century. Moreover, the chapter takes accountfaftiors other than literacy that
might explain the age heaping phenomenon. Thetseshbw that numeracy correlates
well with literacy both in historical Europe andpresent-day developing countries.

These findings lay the foundations for the furtbhee of the age heaping method.
Therefore, the fifth chapter traces the evolutidnnomeracy in the European regions
between 1790 and 1880. To this end, a new, lartgbdse on numeracy has been created.
In addition, the chapter highlights the evolutiagnregional inequality in human capital
using the coefficient of variation. The resultsigade a significant gap in humeracy levels
between advanced western and central European rimsurdnd the rest of Europe.
Nevertheless, differences in basic numeracy betveeehwithin countries declined over
the 19" century because the periphery was able to saveaisic numeracy problem.

Based on these findings, the sixth chapter aimsexplain these regional
differences in numeracy in Europe. Thus, it conside possible hurdle to human capital
formation: land inequality. As advanced by a cgoesling economic theory, land
inequality may have a negative impact on the foronadf human capital due to the power
of large landholders. Landowners may block chamgesuse improved education for their
workers may encourage the latter to initiate upgsiagainst the rule of the landowners.

Moreover, workers may migrate to the industrialtegonvhich may offer higher salaries.
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To analyse the effect of land inequality on humapital, the chapter approximates
regional human capital using numeracy and land uakty using the share of large
landholdings. It employs the earliest availableiorgl land inequality data at the end of
the 19" century and the first decades of thd' 2@ntury from several European countries.
Using OLS and IV regression techniques, the reshitsv a substantial negative effect of
land inequality in less industrialised countries.

Subsequently, the seventh chapter investigatehantactor in greater depth that
may contribute to regional inequalities in humamie: space. Therefore, it employs
rather recently developed techniques to enhanceerstahdings of the geographical
importance and the potential clustering of humapitahin the European regions. To this
end, ESDA is employed to validate the existencepositive and negative spatial
autocorrelation and the formation of clusters ia thstribution of regional human capital.
Accordingly, the methods employed in this studyMian’s |, the Moran scatterplot and
the Moran significance map. Human capital is pra>bg numeracy in 1850 and literacy in
1930. The findings suggest that spatial clustehag characterised the spatial distribution
of human capital in the European regions in theé. pas

The eighth chapter also considers the aspect ofespait from a different
perspective. It analyses the effect of market acoeshuman capital by taking advantage
of recent theoretical models and testing theiripernice in a long-term setting. Market
access (or market potential) is an important factoNEG models and has attracted the
attention of numerous researchers. In a recentibatibn, lower market access is assumed
to generate disincentives to human capital investnieading to a ‘penalty of remoteness’.
However, the models are primarily tested at eitherregional level in Europe with fairly
recent data or in cross-country comparisons fogdortime periods. For this reason, the

chapter considers the market access concept irpEunol850 and 1930, using numeracy
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and literacy, respectively. The results show thatkat access has a significant, positive
effect on human capital in OLS, Tobit and IV regiea models. Therefore, the chapter
confirms the remoteness hypothesis for Europeeridhg run.

Thus far, the thesis has considered human capitaiation from the end of the
18" century until the first half of the J0century. Therefore, the ninth chapter expands the
temporal scope of the thesis and makes the colmnectithe present. Accordingly, it traces
the long-term evolution of human capital at theigegl level in Europe between 1850 and
2010. It focuses on three different variables thaixy for human capital: numeracy,
literacy and educational attainment. Data have lwedacted for 1850, 1900, 1930, 1960,
2000 and 2010. The regional differences within [paen countries are demonstrated using
boxplots. Moreover, the use of inequality measqites the coefficient of variation and the
Gini coefficient) highlights the substantial varat in human capital. Regional inequalities
appear to be characteristic for many countries tanoughout time, again illustrating the
importance of regional human capital analysis.

The tenth chapter uses the enlarged database oanhoapital to explore the
relationship between historical human capital andent indicators of innovation and
economic growth. In other words, it demonstrateseétonomic effects of human capital in
the long run. The regression analysis employs peofor human capital in conjunction
with different control variables in 1850, 1900, 093&nd 1960. In addition, current
innovation is measured using patent applicatiomscppita to the European Patent Office
and economic development using GDP per capita. filltengs highlight that historical
regional human capital is a key factor in explagnoontemporary regional disparities in
innovation and economic development.

Finally, the eleventh and final chapter summarites results of the thesis and

emphasises their implications for economic poliog &éuture research.
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2. Methodological background

2.1 Three-dimensional approach

The entirety of this thesis is characterised byiraplicit three-dimensional approach.
Conceptually, these three dimensions can be cafiade, time and attribute. The latter can
be represented by economics (and statistics) irrgéand the analysis of human capital in
particular. Moreover, one could include other fastihat are important in such an analysis.
One may present these three dimensions in thexfimigpmanner:

Space: regional (i.e., subnational) level in Europe
Time: long-run evolution, ca. 1790-2010
Attribute: human capital

Kant already recommended organising human knowlddga similar three-
dimensional manner (Marti-Henneberg 2011). Theegftre thesis unites elements from
the three research disciplines of economics, hiswrd geography. Thus, it merges
econometric methods and models from economic theetly historical and long-term
applications, adopting a geographic and spatiasgestive in a European context and
employing corresponding geographic and spatial atsth

By definition, this is an interdisciplinary apprdadhat has benefitted from
advances in diverse areas. On the one hand, newnaral elaborate economic modelling
and theory have continued to be developed and addann recent years, long-run
theories such as Unified Growth Theory and geogdcatiteories such as New Economic
Geography have highlighted the importance of casig either time or space in
economics. Previously, interest in historical aedgraphical aspects had been peripheral,
and mainstream economics did not consider themiagtkpl(and this remains somewhat

true even today). Moreover, econometric methode leaen combined with and advanced

10
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by spatial econometric methods that account forsthetial dimension of economics. An
improved historical understanding of institutiopspcesses and evolutions has provided a
complementary direction. As Temple notes in hisewvon the new economic growth
literature, “historical analysis must be a majorywlarward” (Temple 1999, p. 148).
Accordingly, research continued to advance in (neadnomic history in recent years
(Costaet al. 2007). On the other hand, GIS technologies havydo#gd significant
improvements in computer processing and are abfeettorm very complex spatial data
analyses that would not have even been imaginabieei past. Projects on Historical GIS
note that research is moving forward in this dimtt(e.g., Knowles 2008, Bailey and
Schick 2009, Marti-Henneberg 2011).

For these reasons, it may be worthwhile not toricdsbneself to one of these
dimensions but to take advantage of the substaopipbrtunities that particularly recent
technological advances have allowed. Therefores thesis explicitly takes all three
dimensions into account. It contributes to unify anly economics and history on the one
hand and economics and geography on the other dmtomics with both history and
geography.

Finally, this approach may also be considered agkrito the increasingly
evolving field of and literature on development reamics. Development economics is in a
sense closely related to its economic and histoaspects and also to its geographic
dimension. The experiences of the early developimgntries, i.e., those of the Western
world in general and Europe in particular, may pedhnot directly provide guidance for
contemporary developing countries in Asia, Latin éioa, Africa and Eastern Europe
because the circumstances in the current globglisiorld differ from those in the past.
Nonetheless, one may suggest that there are sorpertant fundamentals that are

common to the economic and social development whic@s throughout time. This notion

11
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of commonalities is also implicitly considered kgng-term economic growth theories
such as Unified Growth Theory. In this way, longateregional studies may help to
understand the past and better relate the preseat much larger temporal context.
Furthermore, they may allow new insights into thufe evolution of developing and

industrialised countries.

2.2 Definition and measurement of human capital

2.2.1 The notion of human capital

This thesis focuses on human capital formation. &l@x, what is human capital? Nobel
laureate Gary S. Becker defines human capital las kihowledge, information, ideas,
skills, and health of individuals” (Becker 2002,3). Alternatively, the OECD takes a
more economic approach, defining this form of alpias “the knowledge, skills,

competencies and other attributes embodied in iddials that are relevant to economic
activity” (OECD 1998, p. 25). Thus, the most commuanoxies for human capital are
educational variables, which are also employetiimthesis.

According to Becker (2002), human capital is thestraecisive type of capital in
contemporary economies. He refers to studies shgpwiat human capital accounts for
over 70% of total capital accumulation in the U&resenting more than a fifth of total
GDP. Consequently, “[tjechnology may be the driwgEan modern economy, especially of
its high-tech sector, but human capital is cenaihé fuel” (Becker 2002, p. 3).

Before characterising human capital in greaterikleéte term itself and its history
should be explained and briefly portrayed. Accagdim one of the early proponents of the
human capital concept, Nobel laureate Theodore &Wul®, human capital “is a form of
capital because it is the source of future earning®f future satisfactions, or of both of

them. It is human because it is an integral parnah“ (Schultz 1972, p. 5). What then is

12



Ralph Hippe Human capital formation in Europe at the regideaél — implications for economic growth

so special about human capital? “The most critdtibute of human capital arises from
the fact that the person and his human capitalnseparable. The person must always be
present wherever the services of his human capralbeing rendered” (Schultz 1972,
p. 8).

Nevertheless, it must be stressed that the corafeptman capital has a much
longer history. The notion of a specific capitalested in human beings appears in the
works of Adam Smith. For example, he makes expléfierence to the acquired abilities of
individuals: “[tlhe acquisition of such talents, the maintenance of the acquirer during his
education, study, or apprenticeship, always costahexpense, which is a capital fixed
and realized, as it were, in his person. Thosatsl@s they make a part of his fortune, so
do they likewise that of the society to which hdobhgs. The improved dexterity of a
workman may be considered in the same light as éme or instrument of trade which
facilitates and abridges labor, and which, thoughbosts a certain expense, repays that
expense with a profit” (Smith 1776/1976, p. 265-266lloni 2010).

Nevertheless, Smith was not the first author teectfon the notion of capital that
is invested in human beings (see Folloni 2010)tyPead already considered factors in
addition to land and population to explain the weadf nations in the 17 century.
Therefore, the value of labour should be taken iatmcount (Petty 1690/1899).
Subsequently, Cantillon also referred to the valigabour but more in the sense of the
cost entailed in the maintenance of slaves and théddren (Cantillon 1755/1952, see also
Hofflander 1966). Smith was less interested in meag this value than in understanding
the differences in remuneration across occupatieakoni 2010).

Other prominent economists also discussed the modib human capital in
different ways. One may mention Mill (1848/1926)daNlarshall (1890/1920) in this

regard. For example, the latter defines human abkipitthe form of personal wealth “as to
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include all those energies, faculties and habitekvdirectly contribute to making people
industrially efficient” (Marshall 1890/1920, p. 58plloni 2010).

Human capital has always been a somewhat contial/tapic because the notion
of defining human beings as a form of capital hasnbconsidered repulsive by different
authors. For instance, Mill believed that humanngei cannot be defined as capital
(Folloni 2010). Controversy persists in the curr@uiblic discourse, despite that the
scientific community has largely accepted the térSthultz’'s argument may be helpful
here, stating that “our values and beliefs inhiustfrom looking upon human beings as
capital goods, except in slavery, and this we alpbat...] there is nothing in the concept
of human wealth contrary to [the] idea that it &ienly for the advantage of people. By
investing in themselves, people can enlarge thgeran choice available to them. It is one
way free men can enhance their welfare” (Schult1]1%. 2; Folloni 2010). Thus, it

appears important to advance our knowledge regatdis crucial factor.

2.2.2 Attributes and effects of human capital

Human capital can be categorised according to réiftecriteria. For example, one may
refer to its attributes and effects, as emphadigewon (2009). He shows that, on the
one hand, Crawford (1991) distinguishes betweeierdint attributes or characteristics of
human capital. These can be classified into twegmies. The first category describes
human capital as being self-generating and expaadiabfact, knowledge is boosted when
it is used, differentiating it from other resourc@gh as raw materials. The expansion of
human capital may be due to exogenous reasonsnalogdjenous causes. Thus, knowledge
may be enlarged by the interplay of external facteuch as external knowledge or

information and endogenous skills or experiences.

! One may mention the fact that human capital waseh as the ‘non-word’ of the year by German liatgui
in 2004 (FAZ 2005).
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Second, it is also possible to diffuse this knowgkedo other agents. This shows
that human capital is sharable. Finally, the |&&tracteristic of human capital is that it is
transportable because it is an integral part didgtger.

In sum, one may say that the first two characiesgexpandable, self-generating)
increase human capital’s volume, while the lattey {sharable, transportable) increase its
range (Crawford 1991).

On the other hand, Kwon (2009) states that humaiiatanay have effects from
the very micro level up to the macro level. In othwords, it has repercussions on
individuals but also on organisations and socistg a/hole.

He highlights this point by considering the labooarket. In the internal labour
market, human capital may have a positive effecinalividuals’ income by increasing
their productivity (e.g., Schultz 1961, Becker 1964hultz 1971, Lucas 1988). Evidently,
employers prefer highly productive employees beedlisy maximise the profitability of a
company. They are also more mobile in the labourketathan other employees. These
facts allow such employees to move upwards in teefchical structure (Sicherman and
Galor 1990). In the external labour market, the leympent possibilities of an unemployed
person are also affected by his human capital, (¢igokur et al. 2000). For example, it is
easier for individuals with a high level of humaapital to access information and obtain
job opportunities.

Lastly, both former perspectives may be combinediriderline the impact of
human capital on the society (Kwon 2009). For eXdampuman capital may affect
political stability, democracy and human rights doeéts impact on the individual's social
consciousness of society’s basic underlying frammewicMahon 1999, Beach 2009).

The link between the individual’'s human capital auatial consciousness may lead to
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socio-political developments (e.g., Sen 1999). rfitiely, human capital may affect

economic growth (e.g., Romer 1990).

2.2.3 Proxies of human capital

This thesis focuses on the analysis of human dapities that measure rather basic
skills, such as numeracy and literacy. In fact,|#ok in basic education for the masses has
characterised most of human history and, unforeipatit is still a major issue in some
regions of the world today. However, everybody setedhave a sufficient level of human
capital in order to be productive in the respecta@mnomic areas. Accordingly, the
Council of the European Union highlights that “[aildividuals need a core package of
knowledge, skills and attitudes for employmentJusion, subsequent learning as well as
personal fulfilment and development” (Council oetEuropean Union 2003, C 134/4).
Therefore, some common human capital indicators reme briefly presented. These

indicators will mostly be explained in greater dlatasubsequent chapters.

2.2.3.1 A more recent indicator: numeracy and the age heapig method
The understanding of concepts of natural numbeusigue to humans (Hauser and Spelke
2004). However, research on numeracy has only meeasing during the last decades.
This is both illustrated by the recent importanintner of publications on the subject and
by the history of the term itself. In fact, thertemumeracy’ only appeared at the end of
the 1950s in the so-called Crowther report. Thigorewas presented to the Ministry of
Education of the United Kingdom in 1959. Its aimswa give a “mirror image of literacy”
(Central Advisory Council for Education 1959, p92tecause the term ‘literacy’ had
already been well-established at that time.

Until today, policy actions often focus more oretdcy than on numeracy skills

(UNESCO 2005). This may be surprising because wesarrounded by numbers in our

16



Ralph Hippe Human capital formation in Europe at the regideaél — implications for economic growth

everyday life and every form of organised sociedg been based on numbers throughout
history (Cohen 2005). Accordingly, “[h]istory recs the ever-increasing need for
ordinary men and women to be able to count andbtsichple arithmetic” (Cohen 2005,
p. 18). Therefore, numeracy is an important aspebuman capital. In consequence, it is
also on today’'s policy agenda. For example, it éensto be “contributing to the
empowerment, effective functioning, economic statusl well being of citizens and their
communities” (Gal 2000, p. 1X).

However, it is important to specify what is meaptiumeracy, as the meaning of
the term has been increasingly enlarged. Todagestribes the “ability to add, subtract,
multiply and divide” (UNESCO 2005, p. 421). Buniiay also be defined as the “ability to
process, interpret and communicate numerical, gfaéime, spatial, statistical and even
mathematical information in ways that are apprdpriar a variety of contexts” (UNESCO
2005, p. 150). These different possibilities ofindiely numeracy reflect the non-existence
of a standard and universal definition (O’'DonogR082).

Historical numeracy can be measured usng the ag@rgemethod. Age heaping
as such is nothing new for researchers in fieldt 1 demography. Nevertheless, while it
has been a major problem for these disciplines usecé creates a bias to the true age
distribution of a population, it enables researshef human capital to approximate
historical numeracy levels.

The basic idea is that there is a general phenomanaistorical censuses (and
still in some censuses of current developing caesitr In fact, there are more individuals
who state that their age ends on the numbers G dhdn on others. It is possible to show
that this age heaping is primarily the result eklag age awareness. In other words, there
Is an important part of individuals that did notokntheir own age and were not able to

calculate it. This is why age heaping gives andation of the numeracy of the population.
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Given the very large availability of historical &ises, measuring numeracy by
applying the age heaping method allows to tracé& baman capital over the long run and
at small territorial units. This is a major advaggawith regard to other human capital
proxies which are more limited in these space and tlimensions.

Why is the heaping phenomenon on zero and fiveabyhie most important one?
What is so special about these numbers? Sheetstdalkn(1990) gives a hint in indicating
that our biology predetermines us to employ ourié®déor the communication with other
individuals. This circumstance can partly expldia fact that counting words are related to
hands and fingers in an important number of wortibvManguages. For instance, in the
English language the number ‘five’ comes indireétm the ancient term for ‘fist’ which
was derived from the ancestor of the Proto-Indospean languages, the so-called
Nostratic (Winter 1992, Manaster Ramet al. 1998, Harper 2008). The biological
preconditions that humans have ten fingers and tees may thus explain this
phenomenon.

Not least thanks to the large potential of sourtieis, method marks a new and

innovative step towards a fuller comprehensionushln capital formation.

2.2.3.2 A standard measure: literacy

Numeracy as proxied by the age heaping methodllis sather recent indicator of human
capital. A standard way of measuring historical bhangapital is literacy. Literacy can be
measured using different approaches. The most tapoones are signature rates (e.g., of
married couples or recruits) and the ability todreend write as stated in historical
censuses. In this thesis, the most appropriateisveyyemploy the ability to read and write
because its underlying population is similar to ¢time of numeracy. In contrast, marriage

registers and recruitment lists are much more édchifTherefore, the use of censuses is a
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standard approach that has been recommended byatitmal organisations such as
UNESCO (UNESCO 1953).

Literacy has been a standard indicator of humaitatagnd education for more
than a century. Given the fact that in 2005 theraained about 771 million people above
15 years worldwide who did not have the basic cdempmes in literacy, it is evident that
the study of literacy is an important contributiimnimprove many lives (UNESCO 2005).
In this spirit, the United Nations launched theekdicy Decade (from 2003 to 2012)
because “creating literate environments and sesiesi essential for achieving the goals of
eradicating poverty, reducing child mortality, cundp population growth, achieving gender
equality and ensuring sustainable development,epead democracy” (United Nations

2002, p. 3).

2.2.3.3 Other human capital indicators and skill tests
Numeracy and literacy are only two options for apgmnating human capital. There are
different other proxies that are used in analysesding on historical and current periods.
Some of the most important ones are educationaihatent and years of schooling (e.g.,
Benhabib and Spiegel 1994, Barro and Sala-i-Mat®95, Barro 2001, Krueger and
Lindahl 2001, Murtin and Viarengo 2010), schoolament rates (for historical data: e.g.,
Becker and Woessmann 2009, Beckeral. 2012; for current data: e.g., Barro 1991,
Levine and Renelt 1992, Mankiet al. 1992), book production (Baten and van Zanden
2008), educational expenditure (e.g., Barro and1986) and education-augmented labour
input (see Woessmann 2003 for a detailed discussion

Moreover, various international studies on cogeitskills have been conducted

over the last decades. Some of the most importzeg are, among othets,

2 See BICSE (1995) for a detailed overview.
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the International Adult Literacy Survey (IALS) anke Adult Literacy and

Life skills (ALL) Survey (NCES 2005)

the International Assessment of Educational Praegf(éSEP) (1988, 1991)

(BICSE 1995)

the studies and surveys conducted by the Intemmatissociation for the
Evaluation of Educational Achievement (IEA) (egIMS 1964, FISS 1971,
SIMS 1981, SISS 1984, Reading Literacy Study 199MSS 1995, PIRLS
2001, TIMSS 2003, SITES 2006, TIMSS 2007) (IEA 204dd by the OECD
(PISA in 2000, 2003, 2006, 2009, 2012; TALIS in 80@013; PIAAC in

2011) (OECD 2010a, OECD 2010b, OECD 2012).

The abundance of these international studies Ilgigtdionce more the importance
that has been attributed by researchers and polakers to measuring human capital over

the last decades.

2.3 Theories of human capital, economic growth and regnal development

2.3.1 Origins

The idea that human capital may be considereddaseaminant of economic growth has a
long history (see Demeulemeester and Diebolt 205ahd its key importance has

increasingly been considered over the last decédidess already been indicated that Smith
and Marshall had incorporated the notion of sonmmgthrakin to human capital in their

thinking. However, only after World War Il a propéneory of human capital was

developed. In particular, Becker was an importanintler of this theory (e.g., Becker
1981). Initially, human capital theory was desigrh@dmicroeconomics, relating incomes

to human capital, but has subsequently been ad&ptedcroeconomics.
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Later on, the relationship between human capitdl giowth was more directly
examined. Human capital was deemed to explain wehekie differences in human capital
in the work force were able to give an explanation the ‘residual’ total factor
productivity (TFP) after having taken account oputs from labour and capital (e.g.,
Denison 1967, Jorgenson and Griliches 1967; SQQMB).

Nevertheless, the real surge in contributions is igsue only emerged thanks to
the ‘New Growth Theory'. This new interest maniéskttself by a bulk of convergence
regressions in cross-country settings and the tioteno reveal the fundamental causes of
different growth patterns among countries. To tkisd, many variables have been
introduced but one in particular stood out from dfigers: human capital (Schatt 2003).

Therefore, first, the following subsections givevexry brief but not exhaustive
introduction to some of the most important econogrimwth models that include human
capital implicitly or explicitly: exogenous, endogris and, in particular, unified growth
theory® Then, the spatial dimension of economic growtprissented by sketching some

characteristics of New Economic Geography.
2.3.2 Exogenous growth models

2.3.2.1 Original neoclassical Solow model
The original Solow model, or alternatively, Solow&h model (Solow 1956, Swan 1956)
defines the aggregate production function as

(2.1)
with 'Y representing outputK representing capitall. representing labour and\

representing a technology index. The characteriphagerties of this function are, first,

% The following presentation of the exogenous argbgenous growth models is based on Schiitt (2003).
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constant returns to scale, second, decreasingnsetiar inputs and, third, a constant
elasticity of substitution.

The capital stock evolves at a constant savings aatl a constant depreciation
rate. Moreoverl. andA grow at exogenously given exponential rates. Wit growth
would go to zero. Nevertheless, the diminishingunet to K are offset by increasing
efficiency. For this reason, steady state convergeakes place in which bothandK/L
(the capital/labour ratio) are growing at the ratéA. In consequence, neither population
growth nor the savings rate affect long-run ecomognowth. In other words, the slope of
the growth path is unaffected in the long run, wlihanges in population growth or the
savings rate modify its level (Schitt 2003). Thisdel takes account of technological

progress but not of human capital.

2.3.2.2 Human-capital augmented Solow model

In contrast, the human-capital augmented Solow Inegends the original model by
introducing human capitaH as an input in the aggregate production functidhis
function is a Cobb-Douglas production function widtbour-augmenting technological
progress. According to the important contribution Mankiw et al. (1992), it can be
represented in the following form:

(2.2)
with Y representing outpuk representing capital representing the human capital stock,
A representing the technological level ahdrepresenting labour. Output elasticity is
measured by to the inputK, toH and1- - to AL. Thus, the aggregate production
function exhibits, first, constant returns to scated, second, diminishing returns to the

reproducible factors of production due to the agstion that + < 1. This model has in
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common with the original Solow model that both plagion growth and technological
progress are exogenously given and that capitabdees (Schitt 2003).

One of the main disadvantages of these exogenawgtgmodels is that human
capital is exogenously given and not endogenoustgrchined in the model. In contrast,

this is the major advancement of the endogenoustgrmodels.

2.3.3 Endogenous growth models
Endogenous growth models have been particularljuential over the last decades.
Romer’s work in 1986 (Romer 1986) can be namedaditst important contribution in
this field. These ‘new growth models’ aim at endugmg the different sources that lead
to growth. In this way, the growth rate it is notogenously given anymore but it is
established within the endogenous growth moddFitse

The overall category of endogenous growth modatsbeadivided into two main
approaches (Aghion and Howitt 1998; Schitt 2008 Tirst line of thought focuses on
human capital accumulation as the main driver ofwgin. The second approach underlines
the importance of technological change for the teweaof economic growth. Both

approaches will now be briefly presented.

2.3.3.1 Human capital accumulation

Lucas (1988) initiated this line of research whigghlights the effects of human capital
accumulation on economic growth. In his model, ssuames that the economy is
constituted by identical individuals who maximibeit life-time utility. These individuals,
or agents, can control their degree of consumgiahthe time which is allocated between
the acquisition of skills and work. Thus, physicabital is accumulated by the level of
consumption and the future productivity is determmirby the agent’s allocation of time.

The corresponding production function is
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(2.3)
with Y representing outputK representing capitall. representing labour and\
representing technology. Moreover,s the share of time that an individual allocaties
work (and thusl-u is the fraction that he allocates to the accunanabf human capital)
and h, represents the average human capital that exidtis economy. Note that Lucas
assumes thaf is constant and population growth is exogenousvéder, perhaps the

most fundamental assumption concerns the relatipristweenl-u and the rate at which

human capital grows, i.e., . He assumes that this relationship is linear, ihat

- (2.4)

where denotes the maximum level of growth thatan achieve. This is also called the
“productivity of schooling” (Aghion and Howitt 1998. 330). In consequence, the level of
human capital does not determine its growth ratesiinple terms, independent of the
amount of already accumulated human capital, aiceetfort always leads to an identical
growth rate of human capital. More intuitively, omay explain this result by evoking the
fact that already acquired skills make it easieletorn (Romer 2001). Acquiring skills is

not subject to diminishing returns so that growthhuman capital is unlimited in this

model. This effect endogenously generates growthwiln being dependent onand1-u

(Schiitt 2003).

2.3.3.2 Technological change

Technological change as the main driver of growetiput forward by a second line of
thought (Schutt 2003). Its focus on technologidergge makes it similar to the original
Solow-Swan models. Nevertheless, they differ inwlag that technological change is no

longer left unmodeled. Thus, they assume that nrargntions are the consequence of the
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research and development (R&D) efforts made by dirherefore, human capital is
conceived to be a catalyst that enables techna@bgiogress and that does not generate
sustained growth by itself.

One important assumption is that human capital gedundividuals to willingly
accept change and adapt to the introduction of teeWwnologies (e.g., Nelson and Phelps
1966). In consequence, the notions of knowledgdosprs and knowledge diffusion
become central: a higher level of human capitabiparated in individuals speeds up the
diffusion process of technology. Thus, human chpitebles countries that lag behind to
advance more rapidly and converge to the courditiéise technological frontier.

In particular, the Romer model (1990) considerseaonomy with three sectors.
These sectors are the final-goods sector, thenetgiate-goods sector and the research
sector. The latter produces designs for the creatiacapital goods which are to be sold to
the second, intermediate sector. Both human cagutalthe knowledge stock are used by
the research sector. The intermediate sector pesdoew intermediate goods by the help
of these designs and the savings of the econonstlyl.dhe final-goods sector combines
the intermediate goods with additional labour anth&n capital inputs to obtain the final

output. In consequence, the final sector has th@iimg production function:

(2.5)

whereHy denotes the human capital that is employed irptbduction of the final goods
denotes the existing knowledge stock andenotes the intermediate goods. One important
feature of this model is that it disaggregates tehpinto various forms of intermediate
goods which affect output in additive separable svayhus,A determines the number of
intermediate goods that exist in the modelled esondRomer takes the assumption that

knowledge is a nonrival input and thaandH are constant.
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The fact that knowledge is a nonrival good requihesintroduction of imperfect
competition into the model because perfect compativould lead to the non-existence of
R&D. In this latter case, firms would produce atrgiaal costs and all revenues generated
by the production of goods would be exhausted. $bénario does not allow firms to pay
for their fixed costs and thus for R&D either. Téfere, Romer uses monopolistic
competition to circumvent this issue.

Moreover, the knowledge stock is represented byjtlantity of designs produced

by the R&D sector. This knowledge stock evolvethimfollowing way:
_ (2.6)

whereHa denotes the human capital that is employed ingkearch sectoH(= Hy + Hpa)
and is a measure of the productivity of the reseamttas. Thus, both the knowledge
stock and the human capital allocated to reseactihitees are needed to create new
knowledge.

Finally, sustained growth is created by two reaséistly, the variety of goods
increases and thereby expands. Secondly, the existence of knowledgdospils is
assumed. These spillovers are possible becausesalirchers have accesAtdAs in the
human capital accumulation models, the assumpticm lmear relationship as shown in
(2.6) corresponds to the idea that human capitpfsductivity in research rises
proportionally toA. Thus, this assumption allows to obtain endogergrasvth by an
unlimited growth of knowledge. In other words, tikeman capital stock is this time the
factor that speeds up growth. This is the majofedkhce between the two types of
endogenous growth models. In Romer’'s model, iticedf to increase at one time the
human capital stock in order to increase the graath, while in the Lucas model this rate

requires a rise in the rate of human capital acdatiom. These and other earlier
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mentioned differences between the different typéseondogenous growth and the

exogenous growth models are briefly summarisedainld 2.1 (Schitt 2003).

2.3.3.3 Critiques and advances

Since the original contributions by Lucas (19883 @&omer (1990), the literature has
steadily been advancing further (see Ang and Ma@€d®). In fact, these initial models
(together with models by e.g. Segerstretral. (1990), Grossman and Helpman (1991) or
Aghion and Howitt (1992)) are now considered as fire generation of endogenous
growth theory models. This first generation watia@sed by Jones (1995). In particular, he
refuted the scale effect property of the Romer rhadgch postulates that an increase in
the size of the population (and thus in the nundbeesearchers) generates a simultaneous
increase in the steady-state growth rate. As aeguence, a second generation of models
takes semi-endogenous or Schumpeterian approaebegxample, Jones (2002) uses a
semi-endogenous growth model which does not asssecaée effects in knowledge
production, so that human capital and R&D do nabvwsHevel effects. In contrast,
Schumpeterian growth models have been proposedghjoA and Howitt (1998), Peretto
(1998), Young (1998) and others and are charaetéby the maintenance of scale effects.
However, they take the assumption that economievirdeads to the propagation of
products and in this way to a lower effectivenesR&D. Still, sustainable growth is
possible in such a world if the R&D effort is fixed a constant ratio to the variety of
products, itself being fixed to the relative popiaa size. The appropriateness of these
new types of models is still being debated and dogtly tested (e.g., Madsen 2010,

Madsernet al.2010; Ang and Madsen 2010).
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2.3.4 Unified Growth Theory

2.3.4.1 Definition and scope

Exogenous and endogenous growth models have besnimgortant pillars in the
evolution of growth models that include human apiHowever, they are limited in the
sense that they are not able to explain the pramfessonomic growth since the beginning
of the existence of humans (Galor 2005a). Therefaraew ambitious theory has been
developed aiming at understanding the growth pattef human kind in the very long run.
This Unified Growth Theory has particularly beewvaaced by Galor (e.g., Galor and Well
2000, Galor and Moav 2002). The term “unified” reféo the explanation of economic
development as a whole and the unification of thgidoeconomic micro structure (Galor
2005a). Due to its long term and worldwide scopes, clear that it has to be a very general
theory. Nevertheless, it can be flexibly adaptetheocharacteristics of the countries under

study (Snowdon 2008).

2.3.4.2 Explaining economic development in the very long mi
To understand the concept of UGT, it is necessaryriefly review the fundamental
development schemes to which it refers explicitlynoplicitly in its models.

According to Galor (Snowdon 2008), economic develept was more or less
similar throughout the world during most of histomhen compared to today’s large
differences among the major regions of the worldufe 2.1 shows that GDP per capita in
the different regions of the world were rather $gamiand stagnating during almost two
millennia until the take off during the Industri&evolution. From then onwards,
substantial discrepancies have emerged. This eeplus commonly termed the Great
Divergence. Thus, there are large differences bawke most advances countries of the

Western Offshoots (the United States, Canada, AlistiNew Zealand), Western Europe
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and the other regions of the world in 2000. Tonefihis picture, economic growth in the
very long run can be classified in the followingynaee Figure 2.2).

First, a long phase of hunting and gathering wasc#} for human development
between 1 million BC and 8000 BC. After the NeattfRevolution, which changed the
way humans lived by allowing agriculture and persrarsettiement, began the Malthusian
growth regime. It was characterised by a per capgeme which always fluctuated around
low levels of subsistence, i.e., the so-called fthklasian trap’. More specifically,
technological progress and the expansion of ladddencreases in the population size and
a higher population density but income per cap@a anly temporarily positively affected.
The economies that were more technologically adeemr which had more land at their
disposal had population densities which were highan others. Still, even those more
advanced economies had comparable per income levéls longer term.

It took about another 10,000 years to escape thighddaan growth regime by
means of the Industrial Revolution. One can see ttie phases become smaller as we
approach the current regime. Subsequently, theNakhusian growth regime lasted until
the demographic transition in Europe around 18T@ dconomies were able to escape this
trap and grow sustainably during this epoch. Pdjuiagrowth still led to an increase of
income per capita. However, and in contrast toMia¢thusian growth regime, technology
was advancing even further. For this reason, outpas not completely offset by
population growth as before. Thus, both populatowl per capita income increased at
growing rates.

The final growth pattern is the modern growth regiwhich has characterised the
world’s advanced countries from the ™M®entury onwards. This regime shows an
acceleration of technological progress. Moreovaman capital is increasingly demanded.

Thus, UGT postulates that human capital playeduaiak role in the transition from the
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Post-Malthusian regime to modern growth. Human tehmnd technological progress
brought about the demographic transition which ek to lower population growth.
Because population growth does not counterbalaneegains achieved in total output
anymore, the result is high and sustainable gramnvger capita output.

What about the future? Galor believes that the befpween the advanced
(Western) economies and the richer developing cmsnwill be narrowed, while the gap
of these two country groups to the LDCs will likddg further enlarged (Snowdon 2008).

The future will prove if he is right.

2.3.4.3 Main building blocks

Galor (2005a) specifies the most important buildbigcks underlying UGT. The first
important building block are the elements relatethe Malthusian era. More specifically,
individuals are initially limited to consumption Hie subsistence level. In such a world,
more income leads to a higher rate of populatioowgit. Technological progress only
temporarily increases per capita income. Therefamneincrease in technological progress
results in a rise in population size, offsetting fger capita income gains because returns to
labour are assumed to be diminishing. Neverthelesd)nological progress ultimately
outpaces population growth, leading to per capitaine growth.

Second, one has to specify the forces that leate¢bnological progress in
economic development. In this context, an importistinction has to be made between
earlier and later stages. In early phases, techimabprogress is stimulated by population
size. For example, population size had an effecttlom provision of new ideas,
technological diffusion and trade. In contrast, lanmcapital is the prime factor for
technological advancement in later phases.

Third, the bases of human capital formation aretl@robuilding block. New
technologies are mainly skill-biased, whereby thlead to a kind of disequilibrium which
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increases human capital demand. Individuals wiligher level of human capital are more
adaptable to new technologies and thus have amty@to individuals with less human
capital in the new environment.

Finally, the last building block are the underlyipgternal decisions that lead to
changes in the quantity and quality of children.olther words, the decisions on the
quantity and quality of offspring are related tbrae constraint because parents can spend
time either on child-raising or on working in thebur market. Ultimately, human capital
becomes increasingly important in the economy, itepdo an increase in its demand

which gives parents incentives to substitute childlity for child quantity.

2.3.4.4 Challenges and innovations

In this way, Unified Growth Theory aims to develapunified theory which is able to
explain long-run growth. How does UGT practicallydeavour to come up to its goals?
First, UGT works in a dynamical system which allowsdepart from a stable Malthusian
steady-state. To achieve this, one could assummportant shock to the system which
itself is subject to multiple equilibria. On thehet hand, there could be a gradual change
allowing to advance from the existing stable eguilim. However, both explanations are
inconsistent. First, because history shows thatethes not been a major shock in
economic development but rather a gradual advanteara, second, because it is not
possible to get out of a stable equilibrium (G&6005a).

Therefore, other methodological ways have to bendolGT chooses to use
phase transition as a major tool. Phase transittorks through evolving latent state
variables which have an effect on the charactertptialitative properties that are inherent
to the dynamical system. These latent state vasalare in particular technological
progress and population. Both variables alter tystesn in a qualitative way although
output per capita is assumed to be stagnatinganMahlthusian regime. This alteration
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brings the Malthusian equilibrium to fall and erexblupcoming forces to make the
transition to the modern and sustainable growtinreg

In this way, it is possible to unify economic dey@hent in one framework. UGT
shows that sustained economic growth is possibtutih the formation of human capital,
highlighting the preponderant role that human emitays in the explanation of economic
growth. Moreover, UGT allows the identification thfe responsible forces behind these
major socioeconomic transitions in human historgdérstanding these long-term growth
paths shows the hurdles but also the way thatdessloped countries have to go to be
able to advance economic growth and the future ldpueent of industrialised countries

(Galor 2005a).

2.3.5 New Economic Geography

2.3.5.1 Space and (new) economic geography

After this insight into the long-term growth modeisis also important to consider the
spatial character of the economy because thisstHesuses on regions as the unit of
analysis. Economic geography models aim to exglandifferences between regions and
geographical units as well as the evolution ofigpdisparities.

However, space was forgotten in mainstream ecorfaica long time (Baumont
et al. 2000, Garretsen and Martin 2010). More specifycalkegional or spatial analyses
were a periphery phenomenon in economic theoryeandometric studies. For the area of
economic theory, Nobel laureate Samuelson affirm&952 that “[s]patial problems have
been so neglected in economic theory that the figlaf interest for its own sake”
(Samuelson 1952, p. 284).

Still, the attention of economists to the studyrefional phenomena has only

increasingly emerged since the 1990s. One reagsothi®is that new models have been
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created which take explicitly regional evolutiomsoi account. In particular, these models
are part of New Economic Geography (NEG).

According to Samuelson (1983), the discipline obremmic geography was
primarily founded by von Thinen (see von Thinen613208; Fujita and Krugman 2004).
Braudel also highlights the importance of von Thijr&ressing that he “ranks alongside
Marx as the greatest German economist of the rengtecentury” (Braudel 1992, p. 38).
Later important contributions in the field came moestably from Christaller (1933) and
Losch (1940).

So how can one define economic geography? In sini@tens, economic
geography is defined by Krugman as “the branchocohemics that worries about where
things happen in relation to one another” (Krugrh8@1b, p. 1). The relationship of these
‘things’ to each other can be clarified by Tobl€iitst law of geography: “[e]verything is
related to everything else, but near things areemetated than distant things” (Tobler
1970, p. 236).

New Economic Geography may be said to have itsinign 1991, when
Krugman published the article “Increasing Returnd &conomic Geography” (Krugman
1991a). One defining difference between the ‘traddl’ economic geography and this
‘new’ one resides in the fact that the NEG modeésraathematically more sophisticated.
Nevertheless, the idea that this theory of econaremgraphy is ‘new’ has created many
critics from ‘traditional’ economic geographers. eTliinitial) ‘hostility’ from different
directions may be illustrated by the remark th&nees claimed that “[i]t's obvious, it's
wrong, and anyway they said it years ago” (Gans Simepherd 1994, p. 178; Fujita and
Krugman 2004). Moreover, NEG models have been densd to be too general and
insufficiently realistic given their restrictive tseof hypotheses and their high level of

complexity (Kleinewefers 2010).
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2.3.5.2 Characteristics and modelling techniques

There are some particular characteristics of NE& should be considered in the current
context (see Fujita and Krugman 2004). NEG modedgganeral equilibrium models with
possible multiple equilibria which differentiates from more traditional economic
geography models. In addition, they take some itapbrassumptions to model the
geography of economics. First, increasing retuorsctle (IRS) are fundamental to explain
spatial concentration processes. IRS have the teffeat concentration increases
productivity and output. In other words, outpuirisreased more than proportionally if the
factors of production are multiplied by the samarity. Second, and in consequence of
the first condition, the assumption of imperfectmp®tition is necessary because the
inclusion of space generates a form of oligopaistmpetition. That is, modelling space
makes it necessary for firms to take strategicgiecs (Combe®t al. 2006). Third, the
movement between locations incurs transport castaddition, the possibility for firms,
workers and consumers to move is crucial becauseaiprecondition for the existence of
agglomerations (Fujita and Krugman 2004). Finaliywhich region the agglomeration is
formed is arbitrary and is assumed to be dependeninitial conditions or historical
accidents. This is why history may play an impartae for the distribution of firms and
consumers in space. In other words, ‘history mgit{&@arretsen and Martin 2010).

Thus, one important aim of NEG is to explain thenaantration of economic
activity (see e.g., Betran 2011, Comle¢sal. 2011). This means that economic actors are
not distributed randomly in space. In fact, there different forces at work which
influence actors. These forces can be classified two categories: centripetal and
centrifugal forces (Table 2.2; Fujita and Krugm#&042). First, one may distinguish three
main centripetal or agglomeration forces: linkag#éisick markets and knowledge

spillovers. Linkages refer to beneficial contactstween consumers, producers and
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suppliers of goods which are enhanced by spat@timity. The idea of thick markets
takes into account the advantages associated thexistence of a large and dense
market. Finally, knowledge spillovers are also vemportant. The notion of knowledge
spillovers was developed by Marshall (1890/192@)hlighting the positive externalities
that may arise of locating near other actors ofsdr@e field and thus being in contact with
the knowledge of others. Second, there are three oentrifugal or dispersion forces:
immobile factors, land rent and commuting as wall cngestion. For example, one
immobile factor is land. These immobile factors am mobile across space and their
inherent characteristics are exogenous. Land rehtammuting refers to the fact that land
rentals are lower in the countryside than in a.citlgat is, land and housing prices are
lower in rural areas. Commuting enables individdalbve in another place as the location
of the workplace. Finally, congestion describes ¢basistent phenomenon that traffic is
quite dense in agglomerations. These generatdctrgiins and other associated time
consuming inconveniences.

Given these different forces, there are reasons fifons and workers to
agglomerate or to disperse in space. The exist@ficeities and areas with highly
concentrated economic activity shows that agglotimeraorces can be very strong. In
Krugman’s words, concentration is “the most strikifieature of the geography of
economic activity” (Krugman 1991b, p. 5).

NEG explains this observation by the model of dacgausation (see Figure 2.3).
Basic NEG models assume two identical regighendB, with the same real income in
autarky (see Fujita and Thisse 1997, Eckey and él@sf004). If some individuals now
move from regiorB to regionA then the number of consumersAnises at the expense of
B, thereby increasingd’s market. In consequence, firms prefer to locaté& because the

market inAis now larger than iB. This phenomenon is called the demand effect.
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On the other hand, the fact that more firms logai# also means that more goods
and more varieties of goods are available for coress in this region. In consequence,
firms have to compete more fiercely with each atfiénis competition leads to a decrease
in the price of products iA, increasing the real income of its consumers. Thike real
income effect. Thus, the higher real incomediattract consumers iB. More and more
consumers move frof to A until all consumers are locatedAn Therefore, this effect has
resulted in the creation of an agglomeration (Bwgind Thisse 1997). In sum, the described
process has demonstrated the different agglomartdices that come into play.

However, the centrifugal forces work against thesetripetal forces. In fact, the
concentration of firms and workers depends on éwellof transport costs (Figure 2.4)
(Combeset al. 2008). One may distinguish three stages of dewvedmp. In the first one
(1), both regions are still in autarky because dpant costs have such a high level that
trade and the transfer of capital or labour is iegiole between the regions. A decrease in
transport costs enables the regions to trade with ether. Trade benefits both regions by
increasing their real incomes. Nevertheless, whenttansport costs attain a critical low
level the process of circular causation altersdis&ibution of capital and labour between
the regions (2). The real income Arises importantly while it falls irB because the
creation of an agglomeration i leads to a decrease of consumer®.nn this way,
inequality increases between the regions.

Still, this evolution has not come to an end. #nigport costs continue to fall to
another critical point, the dispersion forces aoestrong that it becomes increasingly
unattractive for workers and firms to work and proel inA. For this reason, workers and
firms now increasingly take the other direction &edjin to return t@. In the end, given a

relatively low level of transport costs, both regchave once again the same real income
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but this time on a significantly higher level (I)herefore, policy makers would have to
consider the level of transport costs to take it policy choices.

One may summarise the main predictions of NEG énfoflowing way. First, the
existence of agglomeration forces leads to a niseegional inequality when regions
integrate. More specifically, capital and labounddheir incorporated human capital) flow
from the poorer to the richer region, the latteingecharacterised by a larger market (the
so-called home market effect). Second, richer regiexport their manufacturing goods
while poorer regions export agricultural produdtbkird, increasing concentration leads to
rising congestion costs which can offset the fomeagglomeration. This effect can bring
about a decrease in GDP growth in the central regiod higher growth rates in the
periphery region. In this way, a process of congeog appears.

In sum, NEG has brought new attention to regiomadvwth and the analysis of the

geography of the economy.

2.4 Definition of the regional level in Europe

This thesis employs regions as its basic unit aflyamis. However, how can one define
these regions? Clearly, there are different pd#ss#isi to define a region. In this thesis, the
current classification for administrative boundarief the European Union is used: the
Nomenclature of Territorial Units for Statistichfaeviated NUTS according to its French
version). This classification distinguishes betwaeneral levels of regional aggregation
(see Figure 2.5). Every higher level is totally stituted by regions that establish the lower
level (for details see Table 2.3 and Table 2.4).

The highest level is NUTS 0 (Figure 2.6). This lagdhe national level. The next
step is NUTS 1 (Figure 2.7), the first degree afadgregation. In some countries, these
NUTS 1 regions are identical to official nation&gions, such as thBundeslandern
Germany. In other countries, these are regionastcocts that suffice the criteria of the EU
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but do not have any historical predecessors otigallimportance in the countries (e.g., in
Hungary). A third category of countries comprisesber countries. Given their relatively
small size of population, the NUTS system classiftee entire country as NUTS 1 region
(e.g., the Republic of Ireland, Luxembourg, Denmé&ikland, Estonia).

The following level, the NUTS 2 level, is a furthetiep to smaller regional units
(Figure 2.8). For example, these regions araedéfqgartementin France, th&€omunidades
y ciudades Autonomas Spain and theegioniin Italy.

Finally, the NUTS 3 level is the smallest disagatemn level within the NUTS
classification' These NUTS 3 regions correspond, for instancéhemblastiin Bulgaria,
thekraje in the Czech Republic and thanin Sweden.

How can one decide to what NUTS level a region graup of regions belongs?
The official delimitations are based on severated&. In fact, there are three main
underlying principles in the constitution of NUT&gions (see Eurostat 2011d).

The first principle is related to population siZde idea is that all regions of one
NUTS level should have a similar population sizberefore, the size of the population of
a region has to fulfil certain thresholds to beldoga certain NUTS level (Table 2.5).
Nevertheless, there remain important differencdsvéxen the regions within one NUTS
level because the minima and maxima are relatiaege.

The second principle is to give preference to adstrative divisions. The
European classification is modelled on the natiomdministrative classification to
facilitate the correspondence between NUTS regénts national classification systems.
Generally, two NUTS levels are constituted by theffieial regional units and a third one

is added through aggregation.

* However, there are still smaller, disaggregateitsuthe so-called LAU (Local Area Units). Howevere
stay within the NUTS terminology and classificateystem within the framework of this thesis.
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Finally, the third and last principle is to favogeographical units that are of
general nature and not particular to any given askaactivity. This facilitates the
comparability and objectiveness of the NUTS regions

However, the NUTS classification does not refealtdEuropean countries. More
specifically, it only includes members and Candid@buntries of the EU as well as EFTA
countries. In particular, some countries in Easteunope do not fall into any of these
categories. Thus, in these cases one has to takauthtent administrative borders of these
countries (e.g., for Belarus, see Figure 2.9; fassfa, see Figure 2.10; for Ukraine, see
Figure 2.11). In this way, all European countries/én been disaggregated into their
respective regions.

The time-invariant use of the NUTS framework alla@ssombine historical with
current data. To this end, it was necessary to ldpvéhe correspondence between
historical regions and the current classificatimnsome cases, this is not a matter of great
effort because the historical regions have not lmeedified until today or there have only
been minor changes. To mention two examples, therastrative structures of France and
Spain have not considerably changed over thevasténturies.

In France, there have been modifications primatig to gains and losses in wars
or other military conflicts (in particular Alsacestraine, Savoy and Alpes-Maritimes) and
due to the restructuring of the greater Paris regil®e-de-France). The existing regional
structure ofdépartementsvas created during the French revolution and ogplathe
historic provinces of theAncien régimethat had been characteristic for France’s
subnational administrative structure for severaktuees.

Similarly, in Spain the curremrovinciashave officially been established in 1833
and since then there have only been minor charfg@sexample, the province of the

Canary Islands was split into two in 1927 (to Ladnfas and Santa Cruz de Tenerife),
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increasing the number of Spanish provinces to 50reller, there have been some
changes in the names of provinces over the lasiddsc For instance, the name of the
province of Logrofio was changed to La Rioja, oftSader to Cantabria and of Oviedo to
Asturias. The domination in the regional language hlso replaced the former Castilian
version during the last years (e.g., Orense to aeAlicante to Alacant, Vizcaya to

Bizkaia). However, these changes have not affetied boundaries of the territories

concerned.

In contrast, the case is not as easy for otherggano countries. In part, there are
obvious reasons for the necessity of modificati@rse can name territorial changes due to
wars and here in particular the changes causedaliéorld War | and World War 1I.
These have importantly modified the territoriausture of some countries, split up former
empires and created new countries. In these ctsesprrespondence is made as best as
possible between the historical regions and theeattNUTS regions. The employed data
are in many cases more disaggregated than thergociest NUTS level which allows to
avoid possible biases that may arise from this agogir.

All'in all, this methodology has the important adtage that it is possible to make

long-term comparisons at the regional level whiehakey characteristic of this thesis.
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2.5 Appendix
2.5.1 Tables
Table 2.1  Summary of differences between exogenoaisd endogenous growth
models
Category Exogenous Endogenous
Augmented Lucas model Romer model
Solow model

Human capital is
accumulated by...

investing a fraction
of income

spending a fraction o
time acquiring skills

f not modeled

Technology for
production of
human capital

same production
function for C, K
and H

separate sector for
production of H using
only human capital

not modeled

Role of human
capital

input in production

input in production ¢
Y and H

finput in production
of Y and A

Growth rate

outside of the

within the model

within the model

determined... model
Determinant of Exogenous rate of human capitall stock of human
long-run growth | technological accumulation capital
change
Effect of a level effect rate effect (relevant | rate effect (though
permanent change (relevant variable: | variable: 1-u*) not explicitly
in the variable S, modeled)
governing the
accumulation of
human capital
Effect of a one-off| level effect level effect rate effect

increase in the
stock of human
capital

Source:Schutt (2003).
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Table 2.2  Centripetal and centrifugal forces

Centripetal forces Centrifugal forces
Linkages Immobile factors

Thick markets Land rent / commuting
Knowledge spillovers and other pure Congestion and other pure
external economies diseconomies

Source:Fujita and Krugman (2004), © RSAI 2004.
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Table 2.3  Overview NUTS levels 1, 2 and 3 in the EU

Country NUTS 1 NUTS 2 NUTS 3

BE Gewesten / Régions  Provincies / Provinces Arigsginenten /

Arrondissements

BG (Rajoni)

(Rajoni za planirane) (Oblasti)

cz Uzemi Oblasti Kraje

DK - Regioner Landsdeler

DE Lander Regierungs-bezirke Kreise

EE - - Groups of Maakond

IE - Regions Regional Authority

Regions

GR ! "# #$
(Groups of (Periferies) (Nomoi)
development regions)

ES Agrupacion de Comunidades y Provincias + islas
comunidades ciudades Autonomas + Ceuta, Melilla
Autonomas

FR Z.E.AT+DOM Régions + DOM Départements + DOM

IT Gruppi di regioni Regioni Provincie

CY - - -

LV - - Statistiskie rétoni

LT - - Apskritys

LU - - -

HU Statisztikai Tervezési-statisztikai Megyék +
nagyregiok régiok Budapest

MT - - Gzejjer

NL Landsdelen Provincies CORORP regio’s

AT Gruppen von Bundeslander Gruppen von politischen
Bundeslandern Bezirken

PL Regiony Wojewddztwa Podregiony

PT Continente + RegioeComissaoes de Grupos de Concelhos
autonomas Coordenacao regional

+ Regioes autonomas

RO Macroregiuni Regiuni Judet + Bucuresti

SI - Kohezijske regije Statighe regije

SK - Oblasti Kraje

FI Manner-Suomi, Suuralueet / Maakunnat / Landskap
Ahvenananmaa Storomraden
/ Fasta Finland,

Aland

SE Grupper av Riksomraden Lan
riksomraden

UK Government RegionsCounties (some Upper tier authorities or

Country grouped); Inner and

groups of lower tier

Outer London; Groupsauthorities (unitary
of unitary authorities authorities or districts)

Note: DOM stands for French overseas departments.
Source:Eurostat (2011b); http://epp.eurostat.ec.europ@dtiiropean Union, 1995-2013.
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Table 2.4  Overview NUTS levels 1, 2 and 3 in Candite Countries and EFTA

Country NUTS 1 NUTS 2 NUTS 3
ME - - -
HR - Regija upanija
MK - - 0 *
(Statisti&ki regioni)
TR Bdlgeler Alt bolgeler ller
IS - - Hagskyrslu-sveedi
LI - - -
NO - Landsdeler Fylker
CH - Gross-regionen Kantone
Grandes regions Cantons
Grandi regioni Cantoni

Note: Eurostat emphasises that the MK code is provisional
Source:Eurostat (2011c); http://epp.eurostat.ec.europ@diriropean Union, 1995-2013.
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Table 2.5 Minima and maxima for population size

Level Minimum Maximum
NUTS 1 3 million 7 million
NUTS 2 800 000 3 million
NUTS 3 150 000 800 000

Source:Eurostat (2011d); http://epp.eurostat.ec.europ@®etnropean Union, 1995-2013.
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2.5.2 Figures

Figure 2.1 Long-run evolution of GDP per capita inthe world

Figure 1: The evolution of regional GDP per capita and the ‘Great Divergence’
—— Western Europe
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Source:Snowdon (2008).
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Figure 2.2 Human history in the long run

Figure 3: One million years of human economic history represented by a

100.2 metre soccer field
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Figure 4: The final metre of human economic history: 8000 Bc-2000 AD
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Figure 5: The final 2.5 centimetres of human economic history: 1750-2000
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Source:Snowdon (2008).
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Figure 2.3 Circular causation
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Figure 2.4 Transport costs and real income
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Figure 2.5 NUTS classification
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Figure 2.6 NUTS 0 regions (EU)
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Figure 2.7 NUTS 1 regions (EU)
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Figure 2.8 NUTS 2 regions (EU, Candidate CountrieEFTA)
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Figure 2.9 Administrative regions of Belarus
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Figure 2.10 Administrative regions of Russia
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Figure 2.11 Administrative regions of Ukraine
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3. Are you NUTS? The factors of production and their bng-run

evolution in Europe from a regional perspective

Standard economic growth models generally considésrent factors of production such

as land, capital, labour, technology and humantakpihese are common in theoretical
models and empirical applications but more evideiscstill needed for their long-term

regional evolution. Therefore, this paper traces ékiolution of specific aspects of these
factors in the European regions and cities throilnghuse of different proxies. The data
have been collected and calculated from a wideearfigliverse historical and spatial data
bases. A particular feature is the definition ad Buropean regions according to the NUTS
classification of the European Union. Thus, thegoagpves a rough outline of some of the
most important long-term regional tendencies thaufd be taken into account in research

directed to past and recent time periods.

An abridged version of this chapter has been plabtisnHistorical Social Research
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3.1 Introduction

Economic output is defined in the standard econsniiierature as a result of the
interaction between different factors of productiohhe most common factors of
production are land, capital, labour, technology,amore recently, human capifa/t
least some of these factors are used in almo#tedretical economics models in this area
and have been approximated using econometric applis in a variety of ways.
Nevertheless, there is often a separating line d@twstandard economics which
commonly works with data from the last decades eomhomic history which is more
concentrated in historical frameworks. In contragneral and broad theories such as
Unified Growth Theory (Galor 2005, Galor 2012) hareabled to get the full picture of
economic development in the very long run.

On the other hand, economic geography theories sasghNew Economic
Geography (e.g., Krugman 1991a, b, Fugaal. 1999, Krugman 1999) explain the
inequalities and convergence processes that cleasscieconomic activity in space. They
have also been applied to historical settings. Nbetess, testing Unified Growth Theory
models in particular needs more data for the lang while New Economic Geography
models rely on geographical and spatial componehisse access has been progressing
over the last yeas.But there is still much more potential which hast yet been
appropriately exploited.

For this reason, the aim of this paper is to givewgh descriptive outline of the

various factors of production in Europe in a lorgat regional perspective. Moreover, a

® Other factors of production are, for example, abcapital (Felice 2012), entrepreneurship and rahtu
resources (Baumol and Blinder 1991). SeeeXal. (2009) for a brief historical overview on the thies of
the factors of production.

® In Europe, the EU has set up an initiative calleflastructure for Spatial Information in the Eueam
Community (INSPIRE). It aims at providing more sphtlata, even though primarily directed to therent
time. The underlying directive was set up in 200 antil now it is an ongoing project whose full
implementation is obligatory by 2019 (European Cassion 2012b).
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particular feature of our approach is that we usmrmon boundaries throughout time,
enabling long-term regional comparisons. These Bares are defined according to the
Nomenclature for Territorial Units of Statistics Y¥S)’ that has been developed by the
European Union. It is the standard regional breakrdused for data in the current period,
often provided by the official Statistical Officé the EU, Eurostat. In addition, we exploit
city data to complement the picture on the spaallution of the factors of production.

Although the employed data are in part standardhen literature, they have not been
presented within such a common and combined framewidis feature may give new

insights into the economic long-run evolution inrépe.

The paper is structured as follows: The first sectjives a brief introduction to
the factors of production and various economic gnownodels that rely on them.
Afterwards, the methodology and the data are desdrin detail. Subsequently, we present
the results of applying the methodology for theefimost common factors of production:
land, capital, labour, technological progress amahdin capital. A final conclusion sums up

the paper.

3.2 Brief overview of economic growth models

Let us briefly take a look at the different economiowth models. Growth models may be
categorised into exogenous and endogenous growtdelso(Schitt 2003). First,
exogenous growth models do not explain growth énrttodel itself but growth is assumed
to be given at an external rate. To name an exanmgleclassical growth modeds la
Solow use the factors of production capital, laband technological progress (Solow

1956). There are also varieties of these Solow isod®r instance, the human capital

" The abbreviation comes from its French versiddgrhenclature des Unités Territoriales Statistiues
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augmented Solow model introduced explicitly humapitl into the production functich.
Second, endogenous growth models are different #gogenous growth models in the
way that economic growth is not exogenously givendetermined by the model. Because
the rate of economic growth is very important andynbe distinctive in different
economies, this may allow an improved understandintpe dynamics behind economic
growth.

There are two major different types of endogenowmsvth models, focussing
either on human capital accumulation or technoklgichange. Human capital
accumulation is a strand that was initiated bygbminal work of Lucas (1988). In these
models, growth is dependent on the maximum groat# in the economy and the share of
time that is spent by individuals on the acquisitad skills. Moreover, the second type of
endogenous growth models was founded by Romer [19%98e importance of
technological change for the creation of econom@amth is underlined in these models.
Economic growth depends, first, on the stock ofg&glehich expands as the variety of
goods increases. Second, the existence of knowlsdijevers is assumed because all
workers (here researchers) have equal accessstfirtbieasing) stock (Schutt 2003).

The most recent contributions in the area of ecoagmowth come from Unified
Growth Theory and New Economic Geography. Unifigedw@h Theory aims at explaining
economic growth in the very long run since the bemig of human kind. Therefore, it is a
broad and flexible framework which can be adaptedpecial cases (Galor 2005a, Galor
2012). On the other hand, the goal of New Econo@eography is to understand why
concentration of economic activity occurs in sp@¢eigman 1991a, b, Fujitat al. 1999).

Concentration is a characteristic feature of ecan@utivity and of human activity, which

8 For more information on the link between econogriewth and human capital, see Demeulemeester and
Diebolt (2011).
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is highlighted by economic hubs such as Siliconléyahnd urban centres such as Tokyo.
Both theories are helpful to consider both the seng term and the spatial part of
European development. Therefore, the informatioovided in this overview may

contribute to bring together theory and facts.

3.3 Methodology and data

We use the NUTS classification which has progresdgitteen developed by the European
Union over the last decadesThis is a standard geographical break down of [Eean
space. More precisely, it includes the countriethefEU, EFTA and Candidate Countries
of the EU.

It is defined by three basic principles which hdveen set up to improve
comparability throughout Europe: population sizegdmanistrative divisions and
geographical units (see Eurostat 2011d). What ttiesnean? The first principle is based
on the criterion that the regions should have alairpopulation residing in them. For this
reason, different thresholds have been defined twidietermine whether a region is
classified as being a NUTS 1, 2 or 3 region (NUTf808n 150.000 to 800.000, NUTS 2
from 800.000 to 3 million and NUTS 1 from 3 to 7llion inhabitants). The second
principle favours the use of already existing adstiative regions. This rule makes data
collection much easier because the national aui®ralready provide the data at the
corresponding regional break down. Thus, thereoidifference between the European
classification and the national one, saving effortl avoiding biases and contradictions
between different classification systems. Thirdpgyaphical units should not be defined
according to a certain category but by general gerfvhis principle also improves the

comparability of these regions.

° In this paper we always refer to the NUTS 2008sification.
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In this way, Europe is categorised into severatiayThe lowest level of regional
aggregation is the NUTS O level, i.e., the couldrel. The second level is NUTS 1, which
in most cases corresponds to the first regionaklletFor small countries such as
Luxembourg or Malta, the NUTS 1 level remains id=aitto the country level. The same
principles apply to NUTS 2 and NUTS 3, each timading more aggregated regions into
their constituting subregions. This means that a.NUTS 2 region is always perfectly
made up by (one or) several NUTS 3 regions, allgvarsmooth change from one NUTS
level to the next.

Because the NUTS classification is only availabte the EU, EFTA and
Candidate Countries to the EU, we use the curregibnal administrative units for the
other European countries (in particular in easkrrope).

To perform the analyses of this paper, a very braagie of sources have been
used. First, we have used specialised publicatibas treat one (or more) particular
aspect(s) in this paper. For example, we use ety dy Bairoctet al. (1988) and data on
universities by Riegg (2004). These are data iateto spatial data points, that is cities or
the locations of universities. Second, we use abbdl data on historical regional
development. For instance, Coale and Watkins (1p8®)ide data on fertility and marital
status. The historical regions were brought intwespondence with current NUTS regions
as best as is possible in such exercises. Thirdysed spatial data (such as raster data)
whose information has been averaged for each Ni@gm. An example are altitude data
provided by Hijmanst al. (2005). By combining these various methods and datirces,
we get insights into the evolution of regions thave constituted Europe today and in the
past. Note that the purpose of this paper is onmlgive a rough outline of the different
factors and of their evolution. Therefore, it isther intended nor attempted to explain

regional differences or their evolution which would beyond the limits of this paper. We
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have to limit ourselves to highlighting some parée striking aspects of the considered

variables in time and space.

3.4 Results

3.4.1 Land

3.4.1.1 Altitude

Land is constituted by different aspects. One elgnigat may be considered is altitude.
Altitude affects economic actors in different waysirst, it increases the cost of

transportation because it is more costly and tioresaming to transport goods or people to
locations that are on a higher altitude level. his tway, second, mountains may also
constitute natural barriers. These barriers mayndethe limits of a territory (e.g., the

Pyrenees for the Franco-Spanish border) and inerdes likelihood of separate social,
cultural and economic developments because they plozate exchange and

communication between different peoples.

A map of average altitude in the European regiateeaNUTS level is presented
in Figure 3.1. The Alps are clearly visible. Thetfthat Spain is Europe’s second country
in altitude (behind Switzerland) can be easily geds Important parts of Norway, the
Balkans and the Caucasus region are also locateatloer mountainous areas. In contrast,
low altitude characterises in particular Englandyrtimern Germany, Denmark, the

Netherlands and many parts of European Russia.

3.4.1.2 Temperatures
Temperatures are also natural conditions that hmeen used in different publications
explaining different growth patterns. Moreover, thal of land is heavily affected by

climatic conditions. Thus, temperatures have bessdun the literature as instrumental
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variables (e.g., Galat al. 2009) which underlines the appropriateness ofidensg them
in the present context.

In international comparisons, temperature may bkelil to the distance to the
equator, the existence of deserts, tropical andrapibal weather conditions. The
differences in Europe are not as high as in a wodd perspective but still remarkable and
important for shaping local culture and local ecores.

Taking a look at Figure 3.2, one can see that theersouthern a region is located,
the higher are the average annual temperatureset®wthe Alpine regions have lower
values due to their high altitude. This observatian also be made e.g. for the Carpathian
regions.

However, it may be interesting to ask how theseptatures have been evolving
in the past. Given the context and importance dhys global warming discussions a
clearer insight into past changes might be usé&fof.example, one may consider Figure
3.3, showing the change in the average annual textype between 1930 and 1960. Note
that the data are not calculated for individualiorg this time. The average change in
temperature in that period is between -0.5 and@.f@t most of central Europe. This
means that there was no change or the temperatareased on average. Moreover, at the
outskirts of Europe, i.e., broadly speaking theritbe Peninsula and Belarus, Ukraine,
Russia and a part of the Baltic region, the changa® 0.0 to 0.5°C, that is there was no
change or an increase in average annual temperdtueeonly regions were temperatures
changed more than 0.5°C were Iceland and the et of Russia (-1 to -0.5°C) and the
very eastern parts of European Russia (0.5 to 1°C).

Moreover, Figure 3.4 shows the average annual teahpes between 1900 and
1910. Unfortunately, the available data do not take account an important part of

European Russia. No important changes are vigibgich an overall map in comparison
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to current data but differences exist at the Idea¢l which cannot be explained in detail
within the limits of this paper.

An additional insight can be obtained from Figur®, 3epresenting the daily
average temperature range in Europe between 1901%0. There are some differences
worth to be highlighted. The average daily tempgeatanges are less important in Italy
than in the Iberian Peninsula or the Balkans, algitothe average annual temperatures are
similar. The Iberian Peninsula and important paftsBulgaria and Romania have the
maximum values in this category. Central Europeagions (e.g., in Germany and

Denmark) have lower temperature ranges as thediblaeighbours (e.g., Sweden).

3.4.1.3 Precipitation
Precipitation has also been used by recent pulditaias an instrumental variable (e.g.,
Galoret al. 2009). We proceed the same way as before. SeeeR3gbl for average annual
precipitation between 1950 and 2000. In each daghest precipitation values come from
different geographic areas. The first group coasi$tregions with a direct contact with the
Gulf Stream (e.g., Iceland, Ireland, Scotland, Nmywnorthern parts of Spain and
Portugal). Second, a further area comprises thentams in the Alpine region down to
Greece. Low precipitation characterises many regionSpain and in the south-east of
European Russia.

In sum, the maps show that land conditions varyteqsignificantly in the
European regions. These differences have an imyadrtgact on regional economic and

social development.

3.4.2 Capital and labour
Unfortunately, there is a “lack of long-run serfes capital across countries” (Prados de la

Escosura and Rosés 2010, p. 141), in Europe aewvlese. Recent efforts have been
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made for some European countries (e.g., Foldvatiam Leeuwen 2010, Prados de la
Escosura and Rosés 2010). Still, if this fact isetfor series across countries, this
conclusion applies even more so to regions. Thexefwe are not able to directly show
capital accumulation in the European regions bwehi@ be content with much more
general notions. For this reason, we put both abpitd labour in the same section. First,
we present the overall economic development todaly ia the past before considering

economic proxies and labour characteristics inezlésrms.

3.4.2.1 General regional economic development, today and the recent past

Important geographic disparities in economic attiviave always existed in Europe and
are still clearly observable. The explanation adst spatial regimes is a major challenge
for academic researchers and policy makers alikeeréffore, EU policy attributes an
important share of its budget to regional funds.(ithe European Regional Development
Fund (ERDF), the Cohesion Fund and the EuropeanalSécnd (ESF)) (European
Commission 2008). In total, the overall Cohesiotidydfor the period 2007-2013 has a
budget of € 347.4 billion. This budget is spenttba ‘Convergence objective’ (81.5 %),
the ‘Regional Competitiveness and Employment’ dibjec(16 %) and the ‘European
Territorial Co-operation’ objective (2.5 %) (EurgreCommission 2008). These funds are
allocated to the regions most in need of economogness (Figure 3.7). Globally, one can
state that these funds are primarily focusing oanbtes that formerly constituted the
eastern Communist countries (e.g., East Germangn&oRomania) or on countries in
southern Europe (i.e., Greece, southern ItalyspaErSpain and most regions in Portugal).

This general distinction between two large groupsegions is helpful but not

sufficient. There are also major differences witkimch groups. Therefore, one should
consider alternative measures. GDP per capita abaious candidate. As shown in Figure
3.8, a cluster including the regions with the hggh&DP is located in northern Italy,
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western Austria, southern Germany, the Benelux tms) the Greater London region and
southern Ireland. Other more dispersed regions t@se high GDP levels, such as
southern Finland, the Stockholm region, the MadBdsque and Navarra regions, the
Greater Paris region and eastern Scotland. Itparant that within country differences are
quite important in the European countries todayictvis why regional funds will also be
attributed in the future (see also Figure 3.9 aigdiie 3.10).

Going a bit more back in time, the spatial conadiin of GDP has evolved
rather slowly but geographic concentration was atiVancing in the period between 1984
and 1999 (Lopez-Rodriguet al. 2007, Lopez-Rodriguez 2008). Nevertheless, thégatm
be an overall convergence process underway, asdimparison of the year 2008 with
2000 suggests (Figure 3.11). Most of the regioas lave a low GDP per inhabitant have
higher growth rates than the richer regions. Howetle current financial and debt crisis
may threaten this convergence process as someriesuparticularly in southern Europe

have to cope with major economic fallbacks.

3.4.2.2 General regional economic development in the longun
In addition, our aim is to consider the long-termolation of economic activity in the
European regions. To this end, one may refer toctimeept of the Blue Banana (Brunet
2002, see also Hippe and Barmeyer 2009). This esmnarea has had a very import
impact on economic development in Europe — andonbt since a few decades. In fact,
Braudel (1979) estimates that this region in céffraope was already crucial in the™.3
century. Therborn (1995) even believes that it dusek to the 9 century. In sum, “[t]he
core of European industrial societies proves talbsost identical with the city belt that
dominated economic development in pre-industriabfge” (Heidenreich 1998, p. 315).
Where is this area located and what are its origiigure 3.12 roughly highlights
the basic concept (see Brunet 2002). Products frmreastern Mediterranean arrived in
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the commercial trade cities of northern Italy. Thexere two major possibilities to
transport them to the consumers of north-westeno&u first, shipping the goods through
the Mediterranean Sea all around the coasts ofcEramd the Iberian Peninsula. The
alternative was to transport them by means of siti@rough central Europe. The Rhine has
always constituted a natural trading route, belregdecond longest river in Europe and the
longest in western Europ@.Subsequently, the Hanse transported these comigmdit
north-eastern Europe. For these reasons, the R¥asean important means of transport
and enabled the local communities to become rigtling cities. This, in turn, attracted
individuals from other areas which led to the giowft the local population. Until today,
the Rhine is a major transport axis and the mopbniant waterway for trade in Europe.
This is one reason why we find a banana in pomradiensity in Europe in the past (1930,
Figure 3.13) and still in the present (Figure 3.14)ese important populations in the Blue
Banana area lead today to a prominent spatiallalision of the European population.
Therefore, the Blue Banana has been the drivecari@nic growth in Europe. In
consequence, it has also spurred innovation andnédagical process over the last
centuries, as Zundorf states: “[w]herever and wkenénnovations occurred in Europe,
imitators soon appeared who provoked a competsimeggle resulting in a rapid diffusion
of these changes. Nowhere was this diffusion ohgba faster and more lasting than in the
blue banana that has always had the best developesi of communication through a
dense girdle of cities” (Zuindorf 1997, p. 244, skated by Heidenreich 1998, p. 315).
These aspects make it particularly appropriate tkemreference to the Blue
Banana in a long term approach. Still, estimatibase been made that this area has
become and will become less important in the futlifee decline of coal industries over

the last decades which were located close to theeRMmas contributed to this tendency.

1% The longest European river is the Danube.
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Moreover, other geographic constructions such asMbditerranean Arc or the Atlantic
Arc have shown other geographical areas that hese particular growth schemes due to

improved European cooperation (Ministere des AdémiEtrangéres 2006).

3.4.2.3 Measures of regional economic development in therig run

We can get an intuition of regional economic depglent in the past when considering
the share of individuals dependent on agricultar&930 (Figure 3.15). This variable can
be taken as a rough proxy for industrialisationréspecifically, a higher share stands for
a lower degree of industrialisation. However, we Baot able to distinguish between the
industry and service sectors which may bias theltsesStill, it is evident that most British
regions are highly industrialised. In other west&uropean countries we find several
important regions with a low share of individuatgpendent on agriculture as well, such as
in Belgium, northern France and different partsGd#rmany and Scandinavia. But the
Greater Athens region is also an important geogcaplilier. In contrast, most regions in
the Balkans (in particular Yugoslavia) and the USB&highly based on agriculture. Only
Moscow as the capital is more industrialised (aaskll on services).

Taking a closer glance at the agricultural sec®rsach, it is also possible to
consider its per capita productivity in 1930 (FigB.16). In general, those regions that
have a low share of individuals dependent on aljuia have also a high productivity.
This result may come from the fact that less irtinals are employed in the agricultural
sector but those are very productive because they better technologies at their disposal.
Therefore, the most productive regions in agriceltare located in the UK, the
Netherlands, Denmark, southern Belgium, northeamé&e, northern Germany and Saxony.
The USSR, Yugoslavia and Albania are the most itapbrcountries with low per capita

agricultural productivity.
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For much longer time spans, data are availablehfereconomic prosperity of
individuals living in European cities. One standardicator are real wages of workers.
Real wages are obtained by dividing nominal waggsat index for consumer prices.
Alternatively, Allen (2001) also calculates welfai@ios which are based on real wages.
These welfare ratios are defined as “average aneasadings divided by the cost of a
poverty line consumption bundle for a family. A fee€ ratio greater than one indicates an
income above the poverty line, while a ratio ldsentone means the family is in poverty*
(Allen 2001, p. 4253 Therefore, they give an indication of the relagpeverty or richness
of the individuals working in a city. Allen (2012)ffers data for both real wages and
welfare ratios from 1300 to 1900 on two differeypids of workers: building labourers and
craftsmen (see Figure 3.17 to Figure 3.32). In g@neraftsmen gain more than building
labourers.

The data on building labourers indicate that théfame ratios are lower in many
European cities around 1500 than during the twaoucs before. In most cities in the™.6
century, the welfare ratios for the labourers agWw the poverty line. Only in London,
Anvers, Amsterdam, Warsaw and Vienna are the ratlose 1. The economic situation of
building labourers does not improve over the folloyvcenturies; in fact, the contrary was
often the case. The only cities above the povénty dre London, Anvers and Amsterdam
during the 1% and the 18 century. Welfare ratios increase above the linghim 14"
century, Paris and Warsaw joining the other thigesc However, building labourers in
other cities in central Europe and southern Eudpklive below the poverty line at the

beginning of the 2D century.

' More specifically, Allen clarifies that this powgrline “is computed for a notional family of a maa
women, and two children, and the nonhousing commoogEtheir poverty line income is set equal toethr
times [a specific] basket of goods [...] [which] pides only 1941 calories per day. [...] It was possital
get by on less [...] but this level of calories aratigty of consumption mark a line between respditab
and destitution” (Allen 2001, p. 425/426).
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Similar results apply to craftsmen with the difiece that craftsmen have higher
real wages and their welfare ratios are mostly ahkitve poverty line. Welfare ratios are
often the highest in London and Anvers throughouet Craftsmen in different German
cities and later also in Italy see their welfareosdecrease below the line. Overall, there
are striking differences in the welfare ratiostué /arious European cities whose evolution
diverged particularly between the™@énd the 18 century. At the end of the period, i.e.,
the beginning of the 1B century, welfare ratios increased almost everyahand

permitted higher real wages than over the pasticest

3.4.2.4 Commodity prices (wheat)

Commodity prices play a fundamental role in our emsthnding of the evolution of the
European economy and trade. The commodity which(jwadbably) obtained the highest
degree of attention is grain in general and wheapdrticular. Grain was an important
consumed good before the™@entury and was a key product in European tradetHese
reasons, data are much more available for this dgload on others, allowing to trace its
long-term evolution.

Thus, for the long run before 1800, the databaseAllsn and Unger (2012)
provides a good starting point (Figure 3.33 to F&g8.38). Note that only those cities are
depicted where enough data are available for thesidered time spaff. In the 1%'
century, grain prices appear to be higher in Befgand the Netherlands than in other
European cities. The overall evolution from thd' 16 the 17" century is one of increasing

grain prices in most cities. The changes to tH& déhtury are much more ambiguous. In

2 Data are available yearly and are averaged blaime spans. We excluded those cities for eank ti
span where the data are available for less tharaisyfor the time span of 100 years between 1360860
and 25 years between 1800 and 1899. We took théshbld to avoid a possible bias resulting of the
inclusion of only a part of a typical business eycfaking the assumption that a typical businestedyas a
length of at least 7 years, we avoid this biasnténaportant part while retaining a maximum of thai&ble
data.
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many French cities grain prices fall, while thegneen constant in the UK and rise in cities
such as Naples. Finally, the first 25 years of 388 century see a sharp increase in grain
prices almost everywhere in Europe. Moreover, wha@tes in eastern Europe are
generally lower than in western Europe.

The evolution of wheat prices in a higher numberEafopean cities between
1800 and 1913 is further highlighted in Figure 3t8%Figure 3.43, using Jacks’ database
(Jacks 2005, 2008Y. The relative price positions of the European sitie each other is
generally similar to that shown using the Allen duwlger (2012) database, although the
inclusion of cities is in many cases different (g@re Figure 3.38 to Figure 3.39). Note
also that another definition of wheat prices isdulsere.

In general, wheat prices fell throughout the fhiatf of the 18' century and also
over the first decades of the"™6entury. However, there is a clear increase ofatvpeces
in the period 1850 to 1874 when comparing it to5.821849. Thus, although the overall
trend was a decrease in wheat prices, importariatians characterised the L@entury.
These variations would be even more striking wha&nguyearly or monthly data instead of

the proposed 25 year averages (see Jacks 2005f@(®6etailed analysis).

3.4.2.5 Population

We consider different characteristics of regionadl @patial population distribution. The
first one is urbanisation. Urbanisation rates h&een used in order to approximate
economic development in the long run by author$1sagc Acemogliet al. (Acemogluet

al. 2002, Acemogluet al. 2005a). We present here the spatial distributibrthese

urbanised areas, that is the location and sizetiesdn the European space from 800 to

13 Data are available monthly and are averaged bysyaad by larger time spans. We excluded thosesciti
for each time span where the data are availabléefs than 7 years for the time span of 25 yeansdsn
1800 and 1899 and for the time span of 14 yeansdmat 1900 and 1913. This criterion follows the same
principle as for the Allen and Unger (2012) databi@simproved comparability.
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1850. The data stem from Bairoehal. (1988) (Figure 3.44 to Figure 3.54). The threshold
for inclusion in the database is a minimum of 50@tabitants at some point in time in the
period.

Let us very briefly and roughly sketch some impatrtghanges during the
millennium. At the beginning of our time period (BAD), the largest European city is
located in the southern part of Europe, i.e., iai®under Muslim domination: Cordoba.
By the year 1000, it is joined by another importeity under Muslim rule, Palermo. This
scheme remains for two centuries, until in 1200gbpulation of Paris is of similar size as
some of its southern counterparts. In western Eyrdpe most important areas of
agglomerations are located in northern Italy, nemhFrance, Belgium, western Germany
and in the very south of Spain and Italy. Thus, fowl point of the European economy
shifts more and more to the north, “to an axis fritw®d Low countries to Lombardy” (De
Long and Shleifer 1993, p. 677). The entire eastathof Europe (from central Germany
to the east) is characterised by very few citiesrahe entire period which is why the
urban population is mostly concentrated in weskrrope.

This general distribution remains in existence floe next centuries with the
exception that the southern agglomerations becase important and Paris grows to
become the largest city of Europe. Moreover, Napkesomes an increasingly important
city. London grows quickly and overtakes Paris ifO@ The dominance of London
becomes more pronounced the more the IndustriablReen advances until 1850. In
eastern Europe, many more small cities are estedolidn addition, the spectacular growth
of St. Petersburg is particularly impressive aitercreation in 1703, overtaking Moscow
by 1850.

To get an insight into the rather recent distribatiof the population, we use

Moriconi-Ebrard’s (1994) dataset on European agegl@ations and show their distribution
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in 1950 and 1990 (Figure 3.55 to Figure 3.56Yhe general pattern from 1850 has
remained intact but urbanisation is progressinghduether, so that most agglomerations
are becoming larger and larger. The most impordggiomeration becomes Moscow in
1990, overtaking the former Russian capital of Fitersburg and other major European
capitals such as London (largest agglomeratior®80)and Paris.

Another aspect has attracted the interest of relees in the last decades and
particularly in the last years: fertility. In faatjfferent fertility patterns have existed in
Europe in the past. In most of Europe, a particlaropean Marriage Pattern (EMP)
prevailed. The European Marriage Pattern refethgéaegions west from an imagined line
going from Russian St. Petersburg to Italian Teesthe famous Hajnal line (Hajnal 1965,
Hajnal 1982). In this area, women were marriedaftdar having become fertile but often
many years later so that their average age at agarfivas relatively high. After marriage
no restrictions were set on fertility (Voigtlandend Voth 2009). This peculiar way of
fertility limitation did not exist in the east ofuEope.

Note that there are three conditions for fertildgcline (in particular marital
fertility) (Coale 1973). First, fertility has to bdetermined by individuals voluntarily, so
that they can choose the number of their childBatond, it has to appear advantageous to
have fewer children than the generations beforel #ird, it is important that appropriate
and effective techniques are available to indivisitia reduce fertility.

Recent growth models also take into account fertilunified Growth Theory,
among others, explicitly refers to the demograpghamsition (e.g., Galor 2005a, Galor
2012). The well-known Quantity-Quality Trade-Off deds a decision that parents have to

take (e.g., Guinnane 2008, Bleakley and Lange 28@gkeret al. 2010, Beckeret al.

4 The dataset includes agglomerations of at lea@0@Gnhabitants. See Moriconi-Ebrard (1994) for enor
detalils.
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2012). Parents have to choose to invest eithehénquantity (number) or the quality
(education) of their children, being limited by 8neonstraints. The increased importance
of human capital for future earnings of childrenseen to be an essential factor for the
demographic transition and ultimately economic grow

Related to fertility is also infant mortality. Falin fertility are often accompanied
by reductions in infant mortality, which is why tleeis still an ongoing discussion on the
interrelatedness of these factors (see e.g., Eagtwad Lipton 2011, Galor 2012). For
example, the data tell us that infant mortality westicularly high in eastern Europe
during the interwar period (see Figure 3.57 foradat 1930-31). But also in the Iberian
Peninsula, southern Italy and parts of Bavarianhfaortality was relatively important.
The most advanced regions came from Scandinavi@aka, the Netherlands, Switzerland
and France.

A major project on the creation of a European ligrtdatabase was the European
Fertility Project (EFP) (see Coale and Watkins 1&@6more information). It created an
abundant collection of fertility data for Europetire 19" and 28 century. We use three
indicators to get an insight into the regional rilsttion of fertility and marriage behaviour
in Europe between 1870 and 1960, the most imporiam span during which the
European Demographic Transition took place. Ficdgl fertility is defined as “a measure
of the fertility of all women in the population” (@le and Treadway 1986, p. 154). The
same principle also applies to marital fertilitgpnsidering the fertility of married women.
Second, the marital status is “the ratio of the benof births produced by married women
in [...] a population to to the number that woulddreduced if all women were married”
(Coale and Treadway 1986, p. 154). Watkins claifigat this indicator represents “the
proportions married at each age” (Watkins 198&15) and can thus be used as a proxy

for nuptiality.
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We present a brief summary of the main tendendi¢stal fertility in Figure 3.58
to Figure 3.61. In 1870, the lowest fertility pastsiin France, which had already known
low fertility throughout the 19 century, and in Ireland, the Scottish Highlandd parts of
Sweden. On the other hand, the highest fertility Ii@en calculated in southern Russia and
Romania. The other countries lie between theseextiemes. In 1900 most other regions
of the UK join France with lower fertility, Francill progressing in low fertility levels.
But also in various other parts of Europe totaliligy falls to similar levels (e.g., Norway,
Latvia and Madrid).

The general tendency to lower fertility is cleanysible in most European
countries in 1930. Nevertheless, while this trepdtiues to advance in most parts of
Europe, in particular France, Germany, Austria, thé and Norway show a pattern of
increasing fertility in 1960. Total fertility is mohighest in Albanid®

Let us further consider the fertility of married men. Marital fertility is shown in
Figure 3.62 to Figure 3.65. The lowest values farital fertility in 1870 are again found
in France. France is followed by many regions dadnbteithania (the Hungarian part of
Austria-Hungary), German Mecklenburg, Italy’s Lazeégion and several Spanish regions
(Madrid, Catalonia, Balearic Islands). Higher ndrifertility dominates in particular in
many regions of the Russian Empire and Scandin&loaever, the highest shares come
from south and west Germany and Belgium.

In 1900, the picture remains globally the samembrst cases, marital fertility is
reduced in comparison to 1870. In France, all mgioave reached a similar low marital
fertility index of about 0.3 to 0.45, only (histoally Gaelic speaking) Bretagne stands out

and, to a lesser extent, some regions in northagmkhorth France.

15> Before 1960, there is no data available on Alhafiferefore, it is possible that Albania had alsehigjh
fertility rates before that time.
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A more radical evolution show the values for 19Bfarital fertility has further
declined in most European regions. This trend iy wrong in Germany, Austria and
today’s Czech Republic, where many regions are oiowhe forefront of low fertility. The
shift is equally important in England and partsSefeden. Regions of the USSR have now
the highest marital fertility. Other regions in Bpe characterised by relatively high
marital fertility are located in particular in leeld, the Iberian Peninsula, southern Italy and
Yugoslavia.

Finally, the tendency to lower marital fertility ontinued in many European
regions in 1960. This is particularly true for thegions of the USSR. However, some
countries are already experiencing a renewed iger@a marital fertility. France is once
again the leader in this trend, increasing its tabfertility in almost all its regions. Similar
are the changes in parts of Germany and Austria. highest marital fertility remains in
Catholic Ireland, Muslim Albania and Buddhist Kalkigy.

In addition, Figure 3.66 to Figure 3.69 highlighétevolution of the marital status
(nuptiality) during the demographic transition. Been 1870 and 1900, a reduction in the
marital status, i.e., an increase in the averageaagnarriage, is apparent in the British
Isles, northern Spain and Transleithania. In Gegneard Scandinavia, one can observe the
reverse tendency in several regions. The highestahatatus index is generally found in
eastern Europe.

In 1930, the higher marital status in eastern Eeinigpin most cases at the same
level as in French regions and some German regimsutlier are the Balkans where
higher marital status is still common. A very lovamtal status is characteristic for Ireland,
the Scottish Highlands, distinct regions of Norw&yyeden and Finland as well as in

Alpine regions.
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Contrary to what may have been expected from tHesedescriptions, the trend
towards lower marital status is reversed betweeBOl1l8nd 1960 and the European
Marriage Pattern vanishes. Instead, in almost atbfge marital status increases, i.e., the
average age at marriage falls. Particularly in Camist countries in eastern Europe but
also in many parts of western Europe the increaskarly visible.

Finally, note that the study of historical and lelegm fertility trends in Europe is
important to understand the current and future ecoo and social development in the
world. As Engelen and Puschmann stress, the “nggrigehavior in the present-day Arab
world shows striking similarities to nuptiality patns which have been described by
Hajnal and adherents as typically Western Europd&migelen and Puschmann 2011,

p. 387). One may also come to similar conclusion®ther regions of the world.

3.4.3 Technological progress

Technological progress is a very important factor nnodels that intend to explain
economic growth. Clearly, there are very differemhys to highlight technological
progress. For example, technological progress andvation may be measured using
patent grants (e.g., Aast al. 2002, Diebolt and Pellier 2009a, b, c, Diebolt d&llier
2011, Diebolt and Pellier 2012). Another key fadtdtuencing the spatial distribution of
economic activity is the transport of goods andiab The Industrial Revolution brought
about a revolution in transportation. An illustvati example of the advancement in
transportation in Europe in the long run is givgrBoetagnolleet al. (1997) (Figure 3.70).
The authors highlight that the average time ofdliavg from Ireland to the south of Italy
was two months in 1500. This time was reduced tly one day by 1990. The figure
shows the space-time contraction that has charseterthe further advancement of

transportation in Europe (Janelle 1969, Juillard2l Bretagnollest al. 1997).
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Related to this is a key driver of transportatiaming the Industrial Revolution:
the railway. The railway has been a quick and effstetive means of transport. The
railway network was very important in the furthedvancement of the Industrial
Revolution. Its evolution is highlighted in Figuge71 (taken from Morillas-Torné 2012).
The densest networks are located in the UK, Beneloxthern France and the German
Empire in 1880. Scandinavia, the Iberian PeninsliEy and eastern Europe clearly
lagged behind. Until 1940 the network was enlargjetbst everywhere in Europ@Given
the progress of alternative means of transport @gslane), the lines in service have been

reduced in some countries until 2000.
3.4.4 Human capital

3.4.4.1 Basic human capital

With the term basic human capital we refer to natfesic education, as highlighted by the
ability to count or to read and write. A long-teparspective on basic human capital has
been advanced by Hippe (2012a), referring alsatlee work, in particular by A'Hearet

al. (2009), Hippe (2012b) and Hippe and Baten (201@aj)en the detailed illustration in
other work, this paper only highlights that, higtally, the earliest and most advanced
regions in education can be found in the Germamigntries (Scandinavia, Prussia,
Netherlands). In contrast, the regions which cawghonly very late (if at all) are located
in the European periphery, i.e., in the IberianiR&rla (in particular Portugal), eastern
Europe (Belarus, Russia, Ukraine, etc.) and soasth-&urope (the Balkans and the

Caucasus region).

18 Countries in the East of EU members are not ta@naccount in the figure (e.g., Ukraine, Russia).
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3.4.4.2 Advanced human capital

More advanced human capital may refer to the saidy level of tertiary education. The
number of students or similar variables are notlabie at a European regional scale. For
this reason, we trace the evolution of the locatiohenduring universities in the European
space from 1300 to 1944. The original data haven lme¢egorised according to different
centuries. Note that the data do not refer to miVersities that existed at each particular
point in time. They only include those universittbat persisted at least until the first half
of the 2" century, i.e., institutions of higher educationiethwere not of temporary
existence and did not close down. For this reasbe, number of higher education
institutions increases at each period in time.l,Siil allows to take some general
conclusions (see Figure 3.72 to Figure 3.80).

The first institutions of higher research (createsfore 1300) were located in
Bologna, Cambridge, Lisbon, Montpellier, Naples,le@ns, Oxford, Padua, Paris,
Salamanca, Siena and Toulouse. Thus, all theséutitsts were located in France, Italy,
Portugal, Spain and the UK. These countries ineckdlseir number of higher education
institutions over the following centuries and otloeuntries followed their example. In
particular, the Holy Roman Empire began to inveshigher education. First enduring
Scandinavian universities were created between 24d0L500 and in today’s Russia only
between 1700 and 1800 (in Moscow and St. PeterskbOngly between 1900 and 1944
there was a massive increase in the number of giigs in Russia, when most other parts

of Europe had already a dense net of universities their territories.

3.5 Conclusion

This paper has given an outline of the regional lang term evolution of the factors of
production in Europe. The factors of production key to standard economic growth
models and their applications. We have used a vadge of different sources and proxies
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to trace the evolution of land, capital, labouchteological progress and human capital.
Nevertheless, there are evidently many other ater® ways to measure these factors
proposed by theory. Given the focus of this paperhave advanced the following aspects
of land: altitude, temperature and precipitatioec@d, capital and labour have been
highlighted by the general economic developmengl ngages (i.e., welfare ratios),
commodity prices (wheat), (urban) population, infarortality, fertility and marital status.
Third, the evolution of technological progress wdmwn by the advance of transport
technologies. Last, human capital evolution wasi@aarly demonstrated by the location
of institutions of higher education.

Although we have only outlined very roughly theicel distribution over time
of these proxies, this sketch may allow a cleaverall picture of how economic activity
has been evolving in space in Europe over thecEsturies. In this way, it may underline
the possibilities existing in this area of reseamrtd motivate more profound future
analysis of the issues at stake. This will allomuach better and profound understanding of

economic development in Europe at the regionall levie long run.
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3.6 Appendix

3.6.1 Figures

Figure 3.1 Average altitude by NUTS 3 regions, cd.950-2000

. High : 2127,95

Low :-13,4717

R

Source:Own calculations, based on data provided by Hijneire. (2005).
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Figure 3.2 Average annual temperature by NUTS 3 regns, ca. 1950-2000

. High : 254,032

I 4 Low :-69,9315

-

lwry s

Note: Mean temperature is expressed in °C x 10.
Source:Own calculations, based on data provided by Hijneire. (2005).
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Figure 3.3 Change in average annual temperature, 39-60
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Note: Temperature is expressed in °C.
Source:Data provided by Deichmann and Eklundh (1991).
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Figure 3.4 Average annual temperature by NUTS 3 ragns, 1901-1910

. High : 17,17 {;5)//"
e el o <,
Low : -2,22 f‘ - P " e

Jvs Vs

Note: Mean temperature is expressed in °C.
Source:Own calculations, based on data provided by Milc{2004) and Fronzekt al. (2012); see also
ALARM (2012).
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Figure 3.5 Average daily temperature range by NUTS regions, 1901-1910

Note: Temperature range is expressed in °C.
Source:Own calculations, based on data provided by Milc{2004) and Fronzekt al. (2012); see also
ALARM (2012).
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Figure 3.6 Average annual precipitation by NUTS 3 egions, ca. 1950-2000

. High : 2699,2

* Low : 122,102

Note: Precipitation is expressed in mm (L mm =11/ m?).
Source:Own calculations, based on data provided by Hijrera. (2005).
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Figure 3.7 Structural Funds 2007-2013 in the EU

Structural Funds 2007- 2013:
Convergence and Regional Competitiveness and Employment Objectives

- Convergence Ragions*
Phasing-out Regions
B enasing in Regions

Competitiveness and Employment Regions

'REGIOgis

*with a GDP/head below 75% of thie EU average

0 1,000 km

Source:Inforegio (2008); © European Union, 1995-2013.

88



Ralph Hippe Human capital formation in Europe at the regideaél — implications for economic growth

Figure 3.8 GDP per inhabitant (in PPS) in Europe, @08
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Source:Eurostat (2011f); http://epp.eurostat.ec.europaeiuropean Union, 1995-2013.
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Figure 3.9 Within country differences in GDP per irhabitant in Europe, 2008 (in

PPS)
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Figure 3.10 Eligibility simulation 2014-2020
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Source:European Commission (2011), © European Union, 2011.
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Figure 3.11 GDP per inhabitant (in PPS) in Europe2008 compared to 2000
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Figure 3.12 The origins of the Blue Banana
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Source:Own presentation, based on Brunet (2002). Backgtonap by Wikimedia Commons (2007).
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Figure 3.13 Population density, ca. 1930

Note: Population density is defined as inhabitants pef. ko data available for Komi Autonomous Region
and Murmansk.
Source:Own calculations, data provided by Kirk (1946).
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Figure 3.14 Population density in the European regins, 2007

Source:Eurostat (2009), © European Communities, 2009; &matp http://epp.eurostat.ec.europa.eu,
© European Union, 1995-2013.
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Figure 3.15 Share of total population dependent oagriculture, ca. 1930

Source:Own calculations, based on data by Kirk (1946).
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Figure 3.16 Agricultural productivity per capita, ca. 1930

Note: The indicator is the “average per capita produttief persons dependent on agriculture” (Kirk 1946,
p. 262).
Source:Own calculations, based on data by Kirk (1946).
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Figure 3.17 Welfare ratios for building labourers n European cities, 1300-1399

Source:Own calculations, based on data by Allen (2012).
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Figure 3.18 Welfare ratios for building labourers n European cities, 1400-1499

Source:Own calculations, based on data by Allen (2012).
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Figure 3.19 Welfare ratios for building labourers n European cities, 1500-1599

Source:Own calculations, based on data by Allen (2012).
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Figure 3.20 Welfare ratios for building labourers n European cities, 1600-1699

Source:Own calculations, based on data by Allen (2012).
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Figure 3.21 Welfare ratios for building labourers n European cities, 1700-1799

Source:Own calculations, based on data by Allen (2012).
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Figure 3.22 Welfare ratios for building labourers n European cities, 1800-1849

Source:Own calculations, based on data by Allen (2012).
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Figure 3.23 Welfare ratios for building labourers n European cities, 1850-1899

Source:Own calculations, based on data by Allen (2012).
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Figure 3.24 Welfare ratios for building labourers n European cities, 1900-1914

Source:Own calculations, based on data by Allen (2012).
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Figure 3.25 Welfare ratios for craftsmen in Europea cities, 1300-1399

Source:Own calculations, based on data by Allen (2012).

106



Ralph Hippe Human capital formation in Europe at the regideaél — implications for economic growth

Figure 3.26 Welfare ratios for craftsmen in Europea cities, 1400-1499

Source:Own calculations, based on data by Allen (2012).
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Figure 3.27 Welfare ratios for craftsmen in Europea cities, 1500-1599

Source:Own calculations, based on data by Allen (2012).
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Figure 3.28 Welfare ratios for craftsmen in Europea cities, 1600-1699

Source:Own calculations, based on data by Allen (2012).
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Figure 3.29 Welfare ratios for craftsmen in Europea cities, 1700-1799

Source:Own calculations, based on data by Allen (2012).
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Figure 3.30 Welfare ratios for craftsmen in Europea cities, 1800-1849

Source:Own calculations, based on data by Allen (2012).
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Figure 3.31 Welfare ratios for craftsmen in Europea cities, 1850-1899

Source:Own calculations, based on data by Allen (2012).
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Figure 3.32 Welfare ratios for craftsmen in Europea cities, 1900-1914

Source:Own calculations, based on data by Allen (2012).
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Figure 3.33 Average wheat prices in European citied300-1399

Note: Prices are in grams of silver for one litre.
Source:Own calculations, based on data by Allen and Uiig@t2).
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Figure 3.34 Average wheat prices in European citied400-1499

Note: Prices are in grams of silver for one litre.
Source:Own calculations, based on data by Allen and Uiig@t2).
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Figure 3.35 Average wheat prices in European citied500-1599

Note: Prices are in grams of silver for one litre.
Source:Own calculations, based on data by Allen and Uiig@t2).
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Figure 3.36 Average wheat prices in European citied600-1699

Note: Prices are in grams of silver for one litre.
Source:Own calculations, based on data by Allen and Uiig@t2).

117



Ralph Hippe Human capital formation in Europe at the regideaél — implications for economic growth

Figure 3.37 Average wheat prices in European citied700-1799

Note: Prices are in grams of silver for one litre.
Source:Own calculations, based on data by Allen and Uiig@t2).
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Figure 3.38 Average wheat prices in European citied4800-1824

Note: Prices are in grams of silver for one litre.
Source:Own calculations, based on data by Allen and Uiig@t2).
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Figure 3.39 Average wheat prices in European citied4800-1824

Note: Prices are given in dollars per 100 kg of wheat.
Source:Own calculations, data provided by Jacks (20056200
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Figure 3.40 Average wheat prices in European citied825-1849

Note: Prices are given in dollars per 100 kg of wheat.
Source:Own calculations, data provided by Jacks (20056200
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Figure 3.41 Average wheat prices in European citied4850-1874

Note: Prices are given in dollars per 100 kg of wheat.
Source:Own calculations, data provided by Jacks (20056200
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Figure 3.42 Average wheat prices in European citied875-1899

Note: Prices are given in dollars per 100 kg of wheat.
Source:Own calculations, data provided by Jacks (20056200
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Figure 3.43 Average wheat prices in European citied900-1913

Note: Prices are given in dollars per 100 kg of wheat.
Source:Own calculations, data provided by Jacks (20056200

124



Ralph Hippe Human capital formation in Europe at the regideaél — implications for economic growth

Figure 3.44 Location and size of European cities(08

Note: City size in thousand inhabitants.
Source:Own graphical presentation of data provided by &diet al. (1988).
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Figure 3.45 Location and size of European cities(09

Note: City size in thousand inhabitants.
Source:Own graphical presentation of data provided by &diet al. (1988).
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Figure 3.46 Location and size of European cities0D0

Note: City size in thousand inhabitants.
Source:Own graphical presentation of data provided by &diet al. (1988).
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Figure 3.47 Location and size of European cities200

Note: City size in thousand inhabitants.
Source:Own graphical presentation of data provided by &diet al. (1988).
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Figure 3.48 Location and size of European cities 300

Note: City size in thousand inhabitants.
Source:Own graphical presentation of data provided by &diet al. (1988).
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Figure 3.49 Location and size of European cities400

Note: City size in thousand inhabitants.
Source:Own graphical presentation of data provided by &diet al. (1988).
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Figure 3.50 Location and size of European cities500

Note: City size in thousand inhabitants.
Source:Own graphical presentation of data provided by &diet al. (1988).
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Figure 3.51 Location and size of European cities 600

Note: City size in thousand inhabitants.
Source:Own graphical presentation of data provided by &diet al. (1988).
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Figure 3.52 Location and size of European cities,700

Note: City size in thousand inhabitants.
Source:Own graphical presentation of data provided by &diet al. (1988).
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Figure 3.53 Location and size of European cities800

Note: City size in thousand inhabitants.
Source:Own graphical presentation of data provided by &diet al. (1988).
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Figure 3.54 Location and size of European cities850

Note: City size in thousand inhabitants.
Source:Own graphical presentation of data provided by &diet al. (1988).
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Figure 3.55 Location and size of European agglometians, 1950

Note: Agglomeration size in thousand inhabitants.
Source:Own graphical presentation of data provided by etami-Ebrard (1994).
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Figure 3.56 Location and size of European agglometians, 1990

Note: Agglomeration size in thousand inhabitants.
Source:Own graphical presentation of data provided by mi-Ebrard (1994).
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Figure 3.57 Infant mortality, 1930-31

Note: Infant mortality is defined as “number of infantadles per 1000 live births” (Kirk 1946, p. 261).
Source:Own calculations, data provided by Kirk (1946).
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Figure 3.58 Total fertility, 1870

Source:Own calculations, data provided by Coale and Watkir986).
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Figure 3.59 Total fertility, 1900

Source:Own calculations, data provided by Coale and Watkir986).
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Figure 3.60 Total fertility, 1930

Source:Own calculations, data provided by Coale and Watkir986).
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Figure 3.61 Total fertility, 1960

Source:Own calculations, data provided by Coale and Watkir986).
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Figure 3.62 Marital fertility, 1870

Source:Own calculations, data provided by Coale and Watkir986).
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Figure 3.63 Marital fertility, 1900

Source:Own calculations, data provided by Coale and Watkir986).

144



Ralph Hippe Human capital formation in Europe at the regideaél — implications for economic growth

Figure 3.64 Marital fertility, 1930

Source:Own calculations, data provided by Coale and Watkir986).
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Figure 3.65 Marital fertility, 1960

Source:Own calculations, data provided by Coale and Watkir986).
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Figure 3.66 Marital status, 1870

Source:Own calculations, data provided by Coale and Watkir986).
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Figure 3.67 Marital status, 1900

Source:Own calculations, data provided by Coale and Watkir986).
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Figure 3.68 Marital status, 1930

Source:Own calculations, data provided by Coale and Watkir986).
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Figure 3.69 Marital status, 1960

Source:Own calculations, data provided by Coale and Watkir986).
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Figure 3.70 Transport revolution in Europe over time

Source:Bretagnolleet al. (Cybergeo1997).
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Figure 3.71 Evolution of railways in Europe, 1880-200

Source:Morillas-Torné (2012).
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Figure 3.72 Location of enduring universities, 1300

Source:Own calculations, data provided by Ruegg (2004).
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Figure 3.73 Location of enduring universities, 1400

Source:Own calculations, data provided by Ruegg (2004).
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Figure 3.74 Location of enduring universities, 1500

Source:Own calculations, data provided by Ruegg (2004).
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Figure 3.75 Location of enduring universities, 1600

Source:Own calculations, data provided by Ruegg (2004).
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Figure 3.76 Location of enduring universities, 1700

Source:Own calculations, data provided by Ruegg (2004).
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Figure 3.77 Location of enduring universities, 1800

Source:Own calculations, data provided by Ruegg (2004).
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Figure 3.78 Location of enduring universities, 1850

Source:Own calculations, data provided by Ruegg (2004).
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Figure 3.79 Location of enduring universities, 1900

Source:Own calculations, data provided by Ruegg (2004).
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Figure 3.80 Location of enduring universities, 1944

Source:Own calculations, data provided by Ruegg (2004).
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4. How to measure human capital? The relationship beteen numeracy

and literacy

Recent research has increasingly employed the ag@ing method to approximate
numeracy. But is this approach complementary terothore standard proxies of human
capital? To answer this question, we compare nurgerdth another major indicator of
human capital: literacy. The results show that maye correlates well with literacy. This
is underlined by descriptive historical evidenceregions in Europe and OLS regressions

for a number of today’s developing countries.

This chapter is based on a working paper whichbeas published iEconomies et Sociétés
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4.1 Introduction

There has been a recent surge in research on hoapétal in general, as portrayed by
Unified Growth Theory (e.g., Galor 2005a, Galor 2))Jand on measuring human capital
adequately today and in history. Concerning histdrevidence, approaches focusing on
literacy or signatures rates have been complemebyedther proxies, such as book

production or numeracy (e.g., Baten and van Zar&f¥)8, Crayen and Baten 2010a). In
particular, numeracy has been approximated by gee leeaping method in a range of
recent studies. This method allows to obtain vdkiatiormation on basic levels of human

capital which were characteristic for most histarisocieties. In this way, it is also

possible to calculate earlier estimates on humaitatahan other methods (such as school
enrolment rates or literacy). But to trace backhlstory of human capital in the long run,

it appears crucial to make the link between hunagital indicators to assess the long-term
implications of human capital on the economy aredgbciety. However, evidence on the
relationship between numeracy and other human algpibxies has been restricted to a
few studies mostly at the national level or at tbgional level for one particular country

(e.g., A'Hearret al. 2009, Crayen and Baten 2010a).

For this reason, in this paper we use a recenthstcacted large data set on
numeracy, covering most of the European regionshén 19" century, to advance the
understanding of the relationship between numeaacyanother major indicator of human
capital: literacy. This dataset is complementedadglitional regional data for developing
countries outside Europe in the"™26entury. By using these data we are able to coenpar
numeracy and literacy data at the regional levalifferent parts of the world at different
points in time. This enriches the existing literatin both space and time dimensions.

Our results indicate that there is a high correfabetween numeracy and literacy

indicators. First visual analyses by using scafilats are verified by several OLS
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regressions of literacy and other possible deteantsion numeracy. Literacy appears to be
a robust determinant of numeracy in all specifaadi

The paper is organised as follows: first, we reviée literature on literacy and
numeracy and the historical educational contextenThwe present the data and the
methodology to compare the different proxies of hantapital. In particular, the age
heaping method is used to approximate numeracytlamability to ‘read and write’ to

measure literacy. The next section highlights #salts. Finally, the last section concludes.

4.2 Literature

4.2.1 Literacy

There is a broad range of human capital proxieshvare used today. Woessmann (2003)
lists some of them. He names variables such asagédneaugmented labour input, adult

literacy rates, level of educational attainment amdrage years of schooling. Still, not all

of them can be used in an historical perspectivaalige data are often not sufficiently

available. Therefore, the most important historfaixies for human capital in Europe are

literacy (taking the form of the ability to ‘reachéh write’ and signature rates), and, more
recently, numeracy. Other indicators include boasdpction, school enrolment ratios, the

number of schools or the number of teactérs.

In the next sections, we review first some of thierature on literacy, before
taking a closer look at the relationship betwe&grdicy and numeracy. Finally, numeracy
itself and the broader context are highlightedsthllowing a broader understanding of the
Issues at stake.

The capacity of writing has a very long traditiatthough it was only open to the

elites of society during most of history. Still #¥50, more than 90 % of the worldwide

7 An example for the use of historical school eneitrratios is the paper by Becleral. (2012).
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population was not able to write and did not haseeas to institutions teaching it (Cipolla
1969). Therefore, the broad majority of the popatatwas excluded from literacy.
However, literacy is very important because it fsoml for enabling individuals and social
groups to extend their understanding of themsedweistheir world” (Vincent 2000, p. 24).

In this way, individuals are more receptive to ndeas and adapt themselves faster to the
changing demands of their work and their environmehis is a crucial point because the
advances in technology necessitated this flexybilit different areas of the job market
throughout history.

In general, literacy is a very popular measurenmagthod of human capital.
However, interest in its historical development teaguished for a long time. Pioneering
works by Cipolla (1969) and Stone (1969) initiateid research field. Since then, research
has been conducted much more widely on historitgaby (Graff 2009). As Graff (1991)
points out, one can classify research on histolitedacy over the last decades in three
broad generations. The first generation was cansttby research during the end of the
1960s, in particular by Schofield (1968), Cipolk®§9) and Stone (1969). Nevertheless,
already some works in the 1950s were predecesd$aditssoresearch line (Webb 1955,
Fleury and Valmary 1957). The first generation tadaa foundation for upcoming studies
by stressing and demonstrating the importanceterfalcy. Furthermore, it indicated future
research possibilities with respect to more extensiumerical sources and broader
research themes. Based on these results, a seenathgjon began its work in exploiting
even more detailed quantitative data and distirgogs historical patterns of literacy.
Finally, the third generation has particularly beepting for more interdisciplinary
research between different fields to advance tleviedge on literacy. In this context, the
study of literacy combined with the one of numerapypears to be a logical and valuable

addition to the existing literature.
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Considering data availability, literacy rates ire ttorm of reading (and writing)
ability are available for most European countria/drom the middle of the ®century
onwards. Accordingly, Cipolla states that “for {heriods preceding the second half of the
nineteenth century the information [on illiteracg very poor” (Cipolla 1969, p. 15).
Therefore, many studies on early literacy develapmese signature rates of conscripts or
newly married couples (e.g., Schofield 1981, Miid93, Reis 2005). In the case of the
latter, marriage contracts or other official docmtsehad to be signed by the eligible
person. However, this person was not always ableigo the contract. For this reason,
taking the share of people who were able to sigh mspect to the entire population might
be employed as an indicator of literacy.

The idea of taking signature rates of marriage re@is is nothing new. For
instance, this proxy was already employe&iatistique générale de la Franlem 1854
onwards (Furet and Ozouf 1977). Interest in recanshg educational levels is nothing
new either. In 1877 Louis Maggiolo, ancient reaibNancy Academy, began his work in
recollecting marriage signatures from all over Egfor the years 1686 to 1690, 1786 to
1790, 1812 to 1816 and 1872 to 1876.

Still, there are potential biases and disadvantagdss method. For example, did
the individual sign the corresponding document aswhis done by another person, such
as the bride or the priest? In France, newly marceuples were obliged by law to sign
their marriage contract since 1647, before it wigsnothe priest who signed them. Yet this
example may not be confounded with other countess stringent on marriage signatures.
For instance, it was not obligatory for a couplesign the registers in Italy (Cipolla 1969).
Moreover, even when laws were passed, their agijgicavas often a different matter, with
biasing effects on the data. The degree of spatdltime coverage is thus very different

from country to country in Europe.
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More globally, a range of methodological and comgabissues have to be
addressed when measuring literacy. What is illdgPaThere are several possible answers
which make it not always easy to define literacwianique way. One can define a literate
person by his capacity to read and write and #erdite one by the lack of this capacity.
However, there is still a group of ‘semi-illiteratgCipolla 1969) who can read but not
write. In some censuses of the™@entury data were explicitly collected for thosens
illiterates, in others they were not. Another isthet arises is the question of the quality of
reading and writing. More specifically, people miag able to read but not necessarily
capable of understanding the content. On the dthed, a person who is able to sign may
not be able to write anything else than the nambasebeen trained to write in some way
in order to fulfil certain minimum requirements foontracts. Finally, literacy is measured
using age categories which may be different frora oauntry to another and may vary
over time. For this reason, literacy data is atd@ddn some countries for the population
e.g. above 7 years and in others the threshol8 ige&rs onwards, etc. This may possibly
make it difficult to compare these data directly.

Furthermore, Woessmann (2003) explicitly addresisedack of further skills in
this proxy: “Any educational investment which occum top of the acquisition of basic
literacy — e.g., the acquisition of numeracy, ofital and analytical reasoning, and of
scientific and technical knowledge — is neglectedthis measure” (Woessmann 2003,
p. 243). Thus, it appears necessary to condudiduresearch on numeracy in general and

on the link between literacy and numeracy in paléc

4.2.2 Literacy and numeracy

However, compared to the literature on literacgesgch on numeracy is still in its infancy
(see e.g., Mokyr 1983 homas 1987, Emigh 2002, Netz 2002). Why is thexh s gap
between these two research fields? A major prodlanresearchers has long been the

167



Ralph Hippe Human capital formation in Europe at the regideaél — implications for economic growth

quantification of numeracy (A’Hearet al. 2009). A coherent measure was lacking
because few statistics were collected on numeracthe past (Thomas 1987, Vincent
2000). Some even believed that it was impossibleottstruct one (Cohen 1982). As we
will see later on, this has been overcome by tleetsgping strategy (A’Heaet al. 2009).

Nevertheless, research on both indicators appedrs helpful to understand the
development of human capital due to several reasorss, their link is already identifiable
in the terms themselves. In fact, an alternativentior numeracy is ‘quantitative literacy’
(Steen 1997, Chiswickt al. 2003, A’Hearnet al. 2009), suggesting that the concept of
literacy is applied to quantitative capacities. éaatal evidence further suggests that there
is a relationship between the two proxies. For gdamyoung children who are good in
literacy (here: reading) are often also high periiog in numeracy (arithmetic) (Bulcock
and Beebe 1981).

Second, literacy and numeracy have been closedytivined throughout history.
Accordingly, Netz (2002, p. 323) points out thdtétte is no difference between the history
of numeracy and the history of literacy”. In andienltures, the use of numerical symbols
paved the way for verbal symbols. For instanceatglysing the emergence of writing in
Mesopotamia, Schmandt-Besserat (1992) comes toadheusion that “in early cultures,
numeracy drives literacy rather than the other maynd” (Netz 2002, p. 323).

An example for the linkage between literacy and eraoy are also the ‘Arabic
numerals’ widely used around the world today. Intfahese Arabic numerals should
rather be called ‘Indian’ numerals since they wiareented in India. Their first recorded
images on pillars date from around 250 BCE (Woadd ¥oods 2000). Subsequently,
they were passed on to other neighbouring cultet@sh traded with India. In this way,
people from the Middle East adopted and eventw@alpted this numerical system. It took

quite some time for its breakthrough in Europe,utiio Only beginning from 976 CE
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onwards it became known in Europe because Europeatsd with Middle Easterners

(Woods and Woods 2000). As Europeans did not krewotrigins of the numerals, they

named them ‘Arabic numerals’. Later on, the invemtof the printing press led to a

process of standardisation of the numerals whiatremsed their acceptance among
Europeans. Finally, Europeans brought this systenttter parts of the world by means of
their trades and conquests.

In consequence, Arabic numerals eventually repldbedold Roman system in
Europe. They did so because they have several &y First, Roman numerals do not
allow calculation as easy as Arabic ones and latges cannot be expressed in a short
manner. Second, there is no means to obtain freciad a symbol representing zero does
not exist. Third, it is possible to record trangacs, in contrast to calculations which had
to be done with counters such as an abacus (Thbd&84. This, however, is a key feature
of Arabic numerals. It combines numerical and vegractices so that arithmetic can be
put down by the use of paper and pen, and not bgtecs. In this way, both practices are

linked to each other and their histories are intiered.

4.2.3 Numeracy

Numeracy (and particular arithmetic) may be infleexh by different additional factors,
most importantly education, state bureaucracy amitalism (Emigh 2002). Population
statistics such as censuses and tax assessmenes] cant by the state may oblige
individuals to keep records and correspond to theciibed requirements. Nevertheless,
Emigh (2002) argues that the chain of causatios the other way round because states
may have also reacted to a rise in numeracy bydaollg more thorough data. Otherwise
the role and the power of the state on the pomulatiould be overemphasised (Tilly 1999,

A’Hearnet al. 2009).
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Moreover, market capitalism furthered numeracy tlueghe necessity to keep
records and be able to calculate. Accordinglyharétic was also perceived as being at the
core of trade (Hodder 1671, Thomas 1987). Tradesstate bureaucrats and plenty of
other occupations needed arithmetic (Thomas 198@&yertheless, numeracy was also
important in local economies without market capstal (Emigh 2002). Therefore,
numeracy already played an important role in evayydife before the Industrial
Revolution. As the Catasto of 1427 in Florence Mhigts, the ability to work with
numbers was needed for transactions such as pygades, payment for whatever service,
testaments or dowries (A’Heaen al. 2009).

By contrast, calculating was not accessible to rotdperceived to be needed by
everyone. Taking the example of early modern Emlamost grammar schools did not
teach arithmetic before 1660 and afterwards onlyorm of an extra. As a result, still
during the last decades of the™dentury, “probably fewer than four hundred menldou
be said to be mathematically minded” (Cohen 198239p. The focus lay on literary
classes at school, also because mathematics Waksségarded in society. The attitude by
the public was rather negative, mathematics wasepard as an anti-social object
(Thomas 1987). Moreover, arithmetic was considdmede only important for certain
occupations and not for the general training anccation of everyone. These occupations
were to be found in commerce and trade. In contrasfher society despised such
occupations to be beneath its status. On the ¢itded, the bottom of the society had no
access to educational facilities. Only at the ehthe 17" century did this slowly change
and arithmetic was included in the curricula of emgrammar schools. But this was not
always the case. For example, arithmetic becamgatbty at Eton only in 1851 (Houston

2002).
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The importance for improved navigation and risimgrseas trade helped to spur
this formation of arithmetic skills alongside conmecial developments. In addition,
reformers favoured the inclusion of arithmetic hesma “it disciplined the mind,
encouraged inductive thought, and developed habipsecision, attention to detail, and a
love of factual knowledge” (Houston 2002, p. 1@hally, as Thomas (1987) resumes the
research on this point, this development led toattienowledgement of mathematics being
a fundamental part of the education of a gentlerimarEngland in the 1B century.
However, the change in attitude towards a gentlésregtucation was not equivalent to the
one of a lady. Mathematics was not deemed to beoppgpte for women. Accordingly, it
was mostly not taught to girls. Not surprisinglygmen are mostly less numerate than men
in many historical numeracy studies in Europe alsgévehere (e.g., Manzel and Baten

2009).

4.2.4 Some economic and social implications

The evolution and relationship of literacy and numeg has also to be seen in a broader
social and economic environment. Because thige® darge domain to be treated in detail
within the framework of this paper, it appears maygpropriate to focus on a few
important issues in this conteXt.

First, Baten and van Zanden (2008) show that tlearaalation of human capital
had an important positive influence on economiongnobefore the Industrial Revolution.
In contrast, Mitch (1993) and Mokyr (2002) argueattiduring the first phase of the
Industrial Revolution in England, the basic schmistem was not substantially
contributing to economic growth. Economic growth regher accelerated despite the

education system to that time. Only during the Hertadvancement of the economy

8 For a detailed discussion of the literature on lihk between education and economic growth, see
Demeulemeester and Diebolt (2011).
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became education increasingly important becausee sbasic knowledge in different
disciplines was required for more and more occopati This need for skilled personnel
after mid-19" century finally evoked a surge for educationaliliées and education in
general. Education became much more widely availtizin before.

Social developments encouraged this spread of @daoc&or example, illiteracy
became to be deemed to be a national disgrace I[{p@69). Moreover, education was
perceived as a requirement and a manifestatiorhefstate’s authority (Green 1990,
Vincent 2000). More schools were set up and thi®dcattendance rose. These facts
illustrate the new importance given by the stat¢ht education of the people. The state
became the principal promoter of schooling andaegd in some ways the church in
enforcing education, although the latter still @dyan important role. In fact, no institution
other than the church had the necessary facilities, means and the experience of
managing the bureaucratic requirements in orderptovide large-scale teaching.
Therefore, as Vincent (2000, p. 7) puts it, “theamty of [...] structures of power [other
than the state], the family, private philanthroghe market place and the church, to realize
this objective was called into question”. In consauce, the church joined more
vigorously the efforts of the state later on.

Nevertheless, even if the church and the state amodeed to improve the
guantity and the quality of education, parents $tdld a preeminent influence on the
education of their children. Until the final compign by the state (and afterwards), there
were at the beginning very convincing reasons adet one’s children go to school. In
addition to fees, clothing and stationary, pardrad to do without the contributions that
the work of the children made to the income offtmaily. Moreover, the training given by
schools was not always regarded as important ffuture work of their children either.

For this reason, authorities aimed at meeting tieéepences and demands of parents in
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order to increase the effective enforcement of slihg laws. For example, they adapted
the school calendar more to the needs of the Ear&till, school attendance was not
granted itself by a law (Vincent 2000).

Therefore, “across Europe as a whole, formal schgatannot be taken as a
proxy for the distribution of reading and writingiltss” (Vincent 2000, p. 57; Houston
1985). For this reason, direct literacy values tded by individuals during censuses
appear to be better suited for this purpose. Thaetines once more the meaningfulness

to use literacy data (to be able to ‘read and Vyritethe present study.

4.3 Data

We analyse numeracy and literacy by using histbdeasus data from Europe in the"19
century and more recent data from other continéuatimg the middle to the end of the™20
century. Almost all data stem from official cengusblications- First, historical numeracy
estimates are derived from the database collecyedHippe and Baten (2012a). This
database covers almost all European countrieseatetional level in the fcentury.
Literacy data have been added to this source wiaiable, mostly taken from the same
official publications. Thus, the European countriesluded in our dataset are Greece,
Hungary, Ireland, Italy, Russia, Serbia and Spain.

Second, we use the Integrated Public Use Micro8atdes (IPUMS) database
which includes population microdata for many cowastrin the world from the 1960s
onwards (Minnesota Population Center 2011). Cleadge heaping and illiteracy have still
to be sufficiently present in these censuses topeoenboth human capital indicators.
Crayen and Baten (2010a) and Hippe and Baten (2012 already demonstrated that

age heaping was already low in many of today’s stidlalised countries at the national and

19 All data except the data from India. These arévddrfrom an employment survey (see Table 2).
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at the regional level at the end of thé"t@ntury. For this reason, we use available IPUMS
data from developing countries in the Americas,dsfrand Asia for the second half of the
20" century. As before, because literacy and numeaaeyoth upper bounded, we always
use the earliest census data for each countryadaiin IPUMS to avoid biases as best as
possible?® By using these criteria, we selected data fronivigol Brazil, Chile, Colombia,
Ecuador, India, Kenya, Mexico, Panama and Tanzariare both age heaping and

illiteracy were still observable. Table 4.1 and [Ea.2 give details on both datasets.

4.4 Methodology

What are the advantages of using regional dataadsof national ones? Cipolla (1969)
explicitly points out thatintranational differences in human capital can be eguall
important asnternational ones. The importance of interregionalatéon is confirmed for
many countries in the ¥9century by Hippe and Baten (2012a). The data af fraper
suggest that regional variation appears to be igerificant in numeracy, allowing a
closer comparison of these regional numeracy ddtalieracy data.

Taking regions as the standard unit of analysis a@amsiderably improve and
complement the existing results obtained at thonak level. This reasoning has also been
recently promoted by other economic theories as, éoample, by New Economic
Geography and its Nobel laureate, Paul Krugman,(&ggman 1991b). The regional
perspective has the advantage that inherent crassivy differences do not bias the results
as might be the case when performing pure countryparisons. This is particularly
helpful for literacy comparisons because literaggswot always measured in the same
way in each country and at each point in time. dnt@ast, numeracy values are directly

derived from total census outcomes and do not eelychanging definitions throughout

% They are also lower bounded but this is not aneis®ncerning the data used here.
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history. This appears to be an important advantdgeimeracy for means of comparison.
Moreover, early signature rates typically rely ather small samples and do not cover the
whole population but only a specified fraction swh married people at different ages,
military recruits, etc. The majority of literacytdan this study are derived from the ability
to ‘read and write’ as stated by all individualscensuses and not only specific categories
of the population. Therefore, it is a more modena anore complex interpretation of
literacy which is still used in developing countrieday.

Because the majority of age heaping studies dteatier recent (e. g., A’'Hearn
et al. 2009, Manzel and Baten 2009, Manethl. 2012, Stolz and Baten 2012), it appears
necessary to explain the underlying methodologygeneral, the age heaping method takes
advantage of the fact that in many historical @édficlocuments the ages of the concerned
group of people are listed. This is notably theecamspopulation censuses but also other
material can be used.

More specifically, individuals were asked their sigey a census taker. These
statements are available either in individual ogragate form. However, individuals did
often not know their exact age. This is why a hegps discernible on certain ages, i.e.,
the so-called age heaping. For example, an indafidias 33 years old but told the census
taker that he was 35. This means that there arar cleunding effects because the
individual was not able to count correctly. In cegsence, a heaping on ‘0’ and ‘5’ is
visible in many historical cases.

Evidently, reasons other than human capital mightaliributable to this age
heaping effect. These include the role of admiaigins in public affairs when conducting
the census and false age declarations on purpasge\¢r, Crayen and Baten (2010a)
have shown that the influence of human capitahes most important factor. Moreover,

earlier studies on this numeracy proxy have shoviaigh correlation between numeracy
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and literacy on a national and in some cases aetjienal level (Crayen and Baten 2010a,
Hippe and Baten 2012a). These findings underlimesilgnificance of the human capital

effect. The inherent characteristics of this metlavd also quite advantageous. Age
statements are available for (almost) all time gugiover the last couple of centuries and
beyond. Thus, the long-term measurement of humpitatdoecomes possible. Moreover,

these data are often quite more spatially avaijableaning that the analysis can be
brought to smaller spatial units than before.

Nonetheless, it is clear that the age heaping rdetidy captures very basic
numerical abilities. In this sense, it is a prory very basic human capital values. These,
however, persisted in today’s industrialised caestuntil the 19 century and in many
developing countries until today.

In comparison, literacy as measured by the abibtyread and write’ concerns
already higher human capital levels. A more basitcator would be the ability to ‘read
only’. This indicator is given only in few histoatcensuses, the majority preferring both
capacities, i.e., to reaahd write. Exemptions prove the rule, as one of théydaaders in
literacy, Sweden, was actually a leaderaadingbut not necessarily iwriting. The aim
was to enable believers to read the bible. Writingzontrast, was not strictly relevant for
this purpose. Still, the higher competencies rexglifor reading and/or writing lead
generally to the observation that numeracy valeemaasured by age heaping are lower
than literacy values. This is important to knowvthe further analysis of the data.

In addition, both literacy and numeracy proxiesdusethis study rely on output
values, i.e., they measure the performance of iddals in given tasks such as reading. On
the other hand, other human capital measures ssiggn@lment rates, the number of
schools or teachers are input indicators. Theyrdesdor example, how many children go

to school but it is apparent that the attendanca ethool is more beneficial for some
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students than for others. The learning successoisequal among all individuals. In
contrast, the human capital proxies analysed hexasore the actual acquisition of some
basic component of human capital. This makes thettelbbcomparable than using input
proxies.

Moreover, proxies such as enrolment rates do natuca the labour force since
children are still going to school. For this reastheir educational level does not represent
the one of the labour force in production (Woessmaf03). Using the standard age
definition of numeracy, however, this is broadlg ttase.

The calculation of the ABCC Index, which is abledapture this age heaping
behaviour of individuals, is as follows. The mostuitive way is to begin with the

Whipple Index (which is also used by the Unitediblad). It is defined as

)*

m4$ %&,(— %- . (4.1)

& x4
wherei stands for years of age andor the number of observations. Values range from
100 to 500. A value of 100 means that age heaginpi present and one of 500 that all
age observations end on ‘0’ and ‘5’. Because #@mg)e is not very intuitive, A’'Hearet al.
(2009) propose a new index, the ABCC Index, whighailinear transformation of the
Whipple Index:

" /l
- - ! 4.2
011 2 1 7 4. |l (4.2)

The ABCC Index has the advantage to be handier ttawWhipple Index. Here,
values range from 0 to 100, where 100 is the maximumeracy level and 0 the lowest.
This makes the analysis much easier because Wtaawes are commonly defined as
percentage shares. Thus, the ABCC Index achievésglaer comparability between
literacy and numeracy values than the Whipple Indéerefore, the following analyses

are performed by using the ABCC Index.
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Ideally, literacy should be defined in this study a
) )
6789:;< 9=, Y (4.3)

*e *4
whererw stands for the number of individuals able to ‘read write’”* This would give
the same age range as for ABCCs and would argadloly a maximum of comparability.
Unfortunately, this perfect standardisation is aletays possible because literacy is often
defined as a share of individuals able to readvente above a certain age, often the age of
7 years. Therefore, the ABCCs are compared withattaglable literacy definition in each

case. Details on the literacy definition of eachirdoy can be seen in Table 4.1 and Table

4.2. Moreover, Table 4.3 and Table 4.4 present steseriptive statistics.

4.5 Results

To get a first insight into the quantitative reteiship between numeracy and literacy,
Figure 4.1 to Figure 4.6 present scatter plotbfih indicators at the regional level for the
different countries under study intfl@entury Europe.

Literacy and numeracy appear to be well correlatethe regional level in these
countries. However, there are some apparent cutliEhese outliers are mostly highly
urbanised areas which are characterised by (fghehiliteracy rates than other regions.
This is notably the case in Greece (Attica, ileg greater Athens region; Figure 4.2), in
Russia (e.g., the largest cities Saint PetersbodgMoscow; Figure 4.5) and Serbia (the
largest cities Belgrade and NiS; Figure 4.6). Bgban Italy (Figure 4.7) the regions of
two of the three largest cities, i.e., Naples aminB, are more advanced in literacy than
their rather average numeracy level would sugdestween an ABCC of 80 to 85). A

possible reason might be that bureaucracy was taipoin the capital and that literacy

! Including if a person is only able to ‘read’.
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was thus very important. Moreover, access to sshwak much higher and easier in these
urbanised regions and the focus was possiblyrstile on reading and writing ability than
on numerical capacities.

In addition, the relationship between the ABCCs étatacy is not always the
same. When the ABCC values are already quite litghacy rates vary although the range
of ABCCs is quite limited (e.g., in Spain). Thisaclyes when the ABCCs are on a lower
level. A similar observation can be made whenditgrrates are fairly low. In this case,
literacy rates do not vary very much but ABCCs ds,for example in Serbfa.What
might cause these differences in the slope? CleAB{ZCs and literacy rates are bounded
by 0 and 100 (%). This means that as ABCCs geeclmsthe upper limit, literacy rates are
wider ranging and the relationship becomes lessoitapt. Therefore, when the mean
values of the ABCC are higher, the slope is legh.hThis is a common issue for bounded
variables and so for the two variables under armatg®.

Furthermore, Figure 4.8 displays the relationshipoday’s developing countries
where the ABCC did not yet attain its upper bouhdha time when the censuses were
taken. Similar tendencies appear as in the forratasgt. However, the literacy values are
generally not as low as in some European countnighe 19" century. More precisely,
Chile has on average the highest ABCC and literBojivia and Kenya are characterised
by the highest ranges in literacy. In contrast, ighest deviation from the mean ABCC
value appears in India. The fact that the data ctvore an employment survey might be
related to this. Still, the relationship also appda hold in these cases.

To test these first visual impressions, we use @&gessions to evaluate the

relationship between literacy and the level of ABCI@ the latter IPUMS sample for

2 Not taking account here of the apparent urbariesstl
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developing countrie$’ An advantage of the IPUMS database is that itnalas to include
several explanatory variables to perform the regjoes. A caveat, however, is that all
variables are not always available for all coustri€or this reason, we include only
variables that are available for most countriegshia sample to achieve a maximum of
representativeness.

We test the impact of the different determinantstioen ABCC by several OLS
regressions. The regression model including allamgiory variables is

ABCG = o+ 1literacy + ,urbanisation+ zelectricity
(4.4)
+ ayoung+ scapital + j,

wherej is a regionliteracy is the share of literate individuals in the popola (23-72
years),urbanisationis the share of individuals living in urban ardas defined in the
IPUMS databaseglectricityis the share of individuals with electricity irethhouseholds,
youngis the share of individuals aged 18 or lesgital is a capital region dummy and
are the non-observed influences on the ABCC.

The first explanatory variable is literacy. Evidgnthis is the crucial explanatory
variable because we want to test the relationskipvden numeracy and literacy. Second,
urbanisation may also have an impact on the ABQ@t Tirbanisation might play a role
has been indicated by the earlier scatter plotyaiglwhere outlier regions where often
more urbanised ones. Third, the level of infragtiteeand administration in a region might
have an impact on the ABCC. We proxy for this lebebugh the variable electricity. The
level of infrastructure and administration withimeggion might have a positive impact on
the ABCC because basic education may benefit frofrastructure and infrastructural

improvements (schools, etc.). Fourth, we include ghare of individuals aged 18 or less

% n an alternative model, we run Tobit regressibesause the given upper limit for the ABCC (100ymbi
bias the results (the lower limit of 0 is not redev given our dataset). We find that the use ofTtbieit model
does not affect the results obtained by running OLS
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(young) to check for the demographic compositiothef population. Younger people can
generally be expected to be better educated oragedhan their parents. Therefore, the
higher the share of young people in a populatibe,higher their later contribution to the
ABCC, increasing its overall level (see also A’Heat al. 2009). Finally, we control for
the influence of capital regions by including a itapdummy?®* Capital regions are often
quite distinct from other regions because of thgadrtance of the capital for the
administration and governance of a country but alseconomic and cultural terms. This
reasoning was also highlighted by the fact thatescapitals appeared to be outliers in the
aforementioned scatter plots.

We proceed in the following manner: first, we regrehe different explanatory
variables individually on the ABCC to check theiindual significance of each variable.
In the second round, we run the regressions isdhge way but keep always literacy in the
model. In this way, we evaluate the importancatefdcy with regard to other variables on
the ABCC. Finally, the last regression includesealblanatory variables.

Note that we always control for individual countiixed effects by including
country dummie$® Because countries have e.g. different geograplaindl institutional
characteristics, the country dummies allow us ke tdnese inherent differences between
countries explicitly into account so that they dot rbias our results. Moreover, as
mentioned before, because all variables are noayswvavailable for all countries, the
number of regions varies depending on the variahdaded.

The results are shown in Table 4.5. In the firse fregressions of individual

explanatory variables, all explanatory variablesegt young are significant and have the

24 Capital regions are the following: in Bolivia ‘Queza’, in Brazil ‘Distrito Federal’, in Colombia tBjota’,

in Chile ‘Santiago’, in Ecuador ‘Pichincha’, in liad ‘Delhi (Delhi)’, in Kenya ‘Nairobi’, in Panama
‘Panama’, in Mexico ‘Distrito Federal’ and in Tamda ‘Dodoma urban’.

% In a further specification (not shown), we alsolimle time dummies in the form of decade dummies to
control for the possibility of time effects. Thesudts are unaffected.
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expected sign. Literacy is highly positively coateld with the ABCC at the 1 % level. A
positive correlation exists also with the levelusbanisation and electricity. Furthermore,
capital regions have a higher ABCC than other megjio

The next set of regressions includes literacy aach eof the other explanatory
variables. Interestingly, literacy remains highbysgiively correlated (significant at the 1 %
level) and its coefficient is very stable in algressions between 30 and 35. In contrast, the
other explanatory variables are not stable but ghaven in part their sign. This is the
case for urbanisation and electricity. On the othand, young turns positive and
significant, whereas the capital dummy is now ingigant.

Finally, the last regression includes all explanateariables. Again, literacy’s
sign, level of significance and its coefficient sable with regard to the other
specifications. However, this is not the case lierather variables. In particular, electricity
changes its sign once again and the coefficienarbénisation more than doubles. The
respective sign and the significance of the youmd) @apital variables remain, while both
coefficients increase.

Therefore, the importance of literacy in explainthg ABCC is nearly unaffected
by the individual or joint inclusion of the otheanables. This is not the case for the other
variables in our regressions. The robustness dfethiesults underlines once more the
positive and significant relationship in our sampletween literacy and numeracy, as

measured by the ABCC.

4.6 Conclusion

This paper has analysed the relationship betweerptaxies of human capital, numeracy
and literacy. The importance of human capital islarined both by recent theoretical
work such as Unified Growth Theory (e.g., Galor 280and numerous empirical studies.
When comparing the literature on both indicatong, literature on literacy appears to be
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large with regard to the one on numeracy. Furthegmthe literature and the empirical
evidence employing both human capital indicatorthatsame time are limited. For this
reason, the present study addresses this gap litereture. We show that numeracy and
literacy have been historically intertwined so that least theoretically, a connection
between the two variables should be at hand.

This link has been further investigated by usingtdrical census data from
Europe in the 19 century and more recent data from developing cmsbutside Europe
in the 20" century. Numeracy was proxied by the ABCC Inded Hteracy by the ability
to ‘read and write’. To allow a better comparakilibetween the two human capital
proxies, similar age ranges of the individuals wesed, i.e., in most cases individuals
between the ages of 23 and 72 years.

First descriptive evidence shows that numeracy laedacy indicators are well
correlated both historically and in more recentaddthe slopes become less high when
ABCCs come closer to its maximum value. On the otiend, very low values of the
ability to ‘read and write’ lead to a much more ongant range in ABCC values. This
observation is common for bounded variables. Moeeothe historical data of several
European countries show some outlier regions. Thase (mostly) attributable to
comparatively highly urbanised areas where literaagyes are often much higher than
numeracy ones. The importance of literacy for adstiative tasks might play a role here.
Still, both indicators of literacy and numeracy egpto be well linked to each other.

This outcome is underlined by further evidence frd@veloping countries using
the IPUMS database. By regressing several possdie&rminants on numeracy, literacy is
shown to be its main determinant. This is indicat®d the robustness of its high
significance and by the stability of its coefficiemhese results confirm once more the

positive correlation between literacy and numeracy.
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Still, neither numeracy nor literacy may approgigatcapture human capital in
today’s more advanced countries. However, theseatats may deliver very valuable
information on human capital formation in the pastl for some regions of the world even

today.
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4.7 Appendix

4.7.1 Data

Data on European countries: see Hippe and Batel?)0
Data on Developing countries: Minnesota PopulaGemter (2011). Integrated Public Use
Microdata Series, International: Version 6.1 [Mahreadable database].

Minneapolis: University of Minnesota
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4.7.2 Tables

Table 4.1  Details on historical European data

Country Code Census Sexes  ABCC Literacy
definition  definition
Greece GR 1907 Both 23-32 yrs. 23-32 yrs.
Hungary HU 1869 Both 23-72 yrs. T+ yrs.
Ireland IE 1841 Both 23-72 yrs.  26-75 yrs.
Italy IT 1871 Both 23-72 yrs. 23-72 yrs.
Russia RU 1897 Both 23-72 yrs.  23-72 yrs.
Serbia SR 1895 Both 23-72 yrs. T+ yrs.
Spain ES 1887 Males  23-72yrs. 21-70 yrs.
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Table 4.2  Details on data from developing countries
Country Code Census Density Sexes ABCC Literacy
years definition  definition

Bolivia® BO 1976 10 % Both 23-72 yrs. 23-72 yrs.
Brazil BR 1960 5% Both 23-72 yrs. 23-72 yrs.
Chile CL 1960 1% Both 23-72 yrs. 23-72 yrs.
Colombia (6{0) 1964 2% Both 23-72 yrs. 23-72 yrs.
Ecuador EC 1962 3% Both 23-72 yrs. 23-72 yrs.
Indid’ IN 1983 0.091 % Both 23-72yrs. 23-72 yrs.
Kenya KE 1989 5% Both 23-72 yrs. 23-72 yrs.
Mexico MX 1960 15% Both 23-72 yrs. 23-72 yrs.
Panama PA 1960 5% Both 23-72 yrs. 23-72 yrs.
Tanzania TZ 1988 10 % Both 23-72 yrs. 23-72 yrs.

Note:a)Excludes 11 states in the north. b) Employmenteyurv
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Table 4.3  Descriptive statistics for ABCC and liteacy in Europe

Code Obs. ABCC Literacy

mean sd min max mean sd min max
ES 50 93.34 4.70 83.90 100.00 0.53 0.17 0.27 0.84
GR 26 61.43 8.17 50.64 79.83 0.37 0.08 0.27 0.64
HU 18 89.97 3.29 82.23 94.73 049 0.09 031 0.63
IE 32 73.24 4.13 65.39 81.88 050 0.16 0.21 0.82
IT 69 88.62 6.93 72.62 99.01 029 0.15 011 0.65
RU 35 80.06 6.39 66.85 91.78 0.24 0.09 0.16 0.60
SR 18 60.08 9.30 41.77 82.75 0.17 0.14 0.06 0.61

Note:c) Spain includes as Bbservation its African possessions (Alhucemasit&eChafarinas, Melilla,
Penon de Velez de la Gomera and Rio de Oro) whielstdl a part of Spain.
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Table 4.4  Descriptive statistics for ABCC and liteacy in developing countries
Code Obs. ABCC Literacy

mean sd min max mean sd min  max
BO 80 8499 7.64 6547 98.09 048 0.19 0.13 0.8
BR 16 86.87 5.95 7453 95.57 052 0.15 031 0.75
CL 26 90.59 2.87 83.12 95.88 0.78 0.09 0.63 0.94
CO 30 86.37 6.44 65.27 98.27 064 0.15 031 0.9
EC 19 76.90 6.94 67.53 88.39 060 0.12 0.39 0.82
IN 75 62.40 854 4434 85.86 045 0.15 0.21 094
KE 41 84.39 9.02 53.70 97.22 055 0.20 0.14 0.92
MX 32 80.15 7.06 65.25 91.78 065 0.15 0.35 0.88
PA 28 92.15 5.12 77.39 100.00 064 0.18 0.20 0.93
TZ 113 75.34 899 47.36 89.58 054 0.13 0.22 0.90
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Regressions of literacy and other determants on ABCC

Table 4.5
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4.7.3 Figures

Figure 4.1 ABCC and literacy in Spain

o
=h D *e ™2
Lo _| e © . ° * % % °
© e %, °
° o .o ° °
o %.. o
°
3 - PRI
O
O
@
<

3 4 5 .6 7 .8
Literacy rate

Note: Only data for the male population are available.
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Figure 4.2 ABCC and literacy in Greece
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Note: Only data for the ages 23 to 32 years are available
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Figure 4.3 ABCC and literacy in Hungary
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Figure 4.4 ABCC and literacy in Ireland
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Figure 4.5 ABCC and literacy in Russia
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Note: Russia comprises Russia’s European part in todeyrders.
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Figure 4.6 ABCC and literacy in Serbia
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Figure 4.7 ABCC and literacy in Italy
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Figure 4.8 ABCC and literacy in developing countris
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5. Regional inequality in human capital formation in Europe, 1790 —

1880

Recent theoretical advances reveal the importahbarman capital for long-run economic

growth. However, the absence of data makes itcditfito measure human capital before
1870 at the national level, let alone at the regiidevel within countries. By using the age
heaping method and a large, new dataset, we appatxithe numeracy values in more
than 570 regions in Europe between 1790 and 188@.r@sults indicate a significant gap
in numeracy levels between advanced west and té&hirapean countries and the rest of
Europe. Nevertheless, differences in basic numdsatyeen and within countries became

smaller over the 1®century, as the periphery solved its basic nunyepacblem.

This chapter is based on a working paper co-authari¢h Joerg Baten (University of Tuebingen). The
concept for the paper was developed jointly; thalyses and writing were equally shared. It has been

published in th&scandinavian Economic History Review
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5.1 Introduction
Human capital is one of the most important deteamis of economic growth, particularly
during the transition from Malthusian stagnationm@dern growth, as highlighted by
Unified Growth Theory (Galor and Weil 2000, GalodaMoav 2002, Galor 2005a, Galor
2012). Already, the first endogenous growth modelthe 1980s revealed its importance
(Lucas 1988, Romer 1990). However, were regionadjiralities in education aggravated
or smoothened within countries over thé"I@®ntury? Answering such a question using
quantitative techniques has turned out to be difificalthough doing so is important in
order to understand the importance of human capitahe long run. Because human
capital cannot be measured directly, proxies sucht@racy, schooling or numeracy are
commonly employed. Thus, estimations of human ehpévels in Europe have been
possible for some countries at the national level

One of the key characteristics of this study i tha are able to take a look at the
regional level. In fact, most previous studies amhan capital have either considered the
national level, thereby comparing different Eurapeesountries, or have shown the
differences within one country (e.g., Allen 200%cBer and Woessmann 2009). We go
beyond these limits and explore the evolution af #re inequality in numeracy of most
European countries at the regional level. Congigerégions in lieu of countries allows to
improve our understanding of underlying determisaahd consequences. Renowned
authors such as Cipolla highlight that these regjiaiifferences in human capital within a
country can be important, and can in part be evghen than between countries, and
therefore they should be taken into account (Cgpd®69). More generally, recent
economic theories such as New Economic Geogragayusdderline that the regional level
is the most pertinent level of analysis (Krugmar®ll®. For these reasons, it appears

crucial to obtain more evidence on regional ineijeal that provide much more profound
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insights than mere national averages. Therefore,pper is a contribution toward filling
this gap in the literature. It explores human adpévels for the first time in the regions of
Europe during the period between 1790 and 188@&nhyloying the age heaping method
to calculate numeracy values. This method has asangly been used in the recent
literature on long-run human capital formation (e4'Hearn et al. 2009, Crayen and
Baten 2010a). As a result of our large, new datavge are able to cover nearly all of the
countries of Europe, totalling more than 570 regicanging from Portugal to Russia and
from Norway to Italy.

The study is structured as follows: first, we aglisome important aspects of the
existing evidence on the development of economifopeance and of human capital in
Europe in the 19 century. Then, the age heaping method is preseStessequently, the
characteristics of the data and the spatial metlbggicare discussed. Our data stem from
population censuses that were taken mainly in 8feckntury. The historical regions are
coded into today’s current regions. For this reasom employ the NUTS classification
developed by the European Union. Descriptive, gagjohic and statistical results on mean
numeracy values follow in the next section. We ys@humeracy first on the national and
then on the regional level. Based on these reswkscompute regional inequalities in
numeracy. Regional inequality within a country isasured by the coefficient of variation,
thus allowing comparison across all European castA final conclusion summarises

the results of the paper.

5.2 Economic differences between European countries the 19" century

How did the economies of the various European c@min the 18 century develop in
comparison to each other? O’'Rourke and Williamgatesthat, during the second part of
the 19" century, economic performance was converging betwthe ‘core’ and the
‘periphery’ countries in Europe (O’Rourke and Wihinson 1997). The term ‘core’
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describes the geographic location of countriesurofe and their industrial output at the
same time. In this context, the core countriesubel Belgium, France, Germany, Great
Britain, the Netherlands and Switzerland, wheréasperiphery countries include Finland,
Ireland, Italy and Spain. Taking GDP per capitaaasxample, the authors conclude that
periphery countries had values of only about atbirthe core countries’ values in 1870.
Although the periphery advanced until 1914, thdofeing decades revealed important
growth differences within this group. In particylarhile the Scandinavian countries
caught up to the core, countries in southern Eufepebehind it. Slow growth for the
southern European countries was found by Good amd®dod and Ma 1999). In contrast,
countries in central and eastern Europe grew ahrhigher rates, resulting in a pattern of
overall convergence. Ivanov and Tooze are lessnigtic for the case of the Balkans
because their data suggest that GNP per capitaatin Bulgaria throughout the period
(lvanov and Tooze 2007). Similarly, Foreman-Peadk bains argue that countries such as
Serbia and Greece were not able to generate hhtlyrates (Foreman-Peck and Lains
2000).

How can we explain these differences in economevgr? For example, Tortella
describes the case of the ‘Latin’ countries in digte., Italy, Spain and Portugal (Tortella
1994). These countries share common cultural arugjrgphic attributes, which could
partially explain their similar economic retardatiaup to that time. He argues that
agricultural conditions were worse than in the lhemh countries of Europe due to the
adverse characteristics of the climate and the, sehich decreased agricultural
productivity and the possibilities of technologigabgress. Long-lasting budget deficits of
the governments and similar, detrimental land tersystems were other drawbacks to
these countries’ efforts to catch up economicaljoreover, the education of the

population, as approximated by literacy rates, wasa much lower level than in Great

202



Ralph Hippe Human capital formation in Europe at the regideaél — implications for economic growth

Britain, France or Belgium. Basic education, as suead by literacy (and, we may add,
numeracy), could have an impact on the individualkéveral ways: on the one hand,
workers may become more productive, and on ther dthed, they may be able to adapt
faster to changing environments and new challengeslly, they acquire new skills and

learn more quickly. Thus, the lack of education rbaya factor that limited the economic

performance of these countries.

5.3 Human capital and education in 18' century Europe
In line with this reasoning, Sandberg showed tlthication was an important factor for
long-run economic development in Europe (Sandb8i®)L Support for the argument that
education mattered for economic growth has beeambksiied for a range of countries,
including Prussia and ltaly (e.g., Zamagni 1978ckee et al. 2011). Nevertheless, the
exact relationship between human capital and grawtihe 19" century is still not very
clear?®

More generally, the question of the contributionhaiman capital to economic
growth has a long history. These discussions haea lgoing on during many decades if
not centurie$! An important part of those discussions with adrisal dimension have
focused on the contribution of human capital to théustrial Revolution (IR). David
Mitch found that literacy and educational developtndid not increase during the period
of the IR in England (Mitch 1993). Joel Mokyr supteal this point in his knowledge based
interpretation. However, England was already oregy\high level of advanced human

capital before its Industrial Revolution reallyrséa (Mokyr 2002). Baten and van Zanden

As an example, O’'Rourke and Williamson argue that,the period between 1870 and 1913, forces of
globalisation were more important for economic depment than education. See O’Rourke and Williamson
(1997).

" For an excellent overview see Demeulemeester aiobld 2011).
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highlight that book production was unusually highrtie UK during the early 18century
(Baten and van Zanden 2008).

A higher level of knowledge of individuals may gesy be argued to be
beneficial for society as a whole. For this reasomn ideal world all social groups should
have the maximum level of any kind of knowledge.Beomore restrictive, the notion of
useful knowledge appears to be important in outecdnUseful knowledge is defined by
Mokyr as knowledge dealing “with natural phenomémat potentially lend themselves to
manipulation, such as artifacts, materials, eneagy living beings” (Mokyr 2002, p. 3).
However, to be even more specific, one can sayth®three most important aspects of
useful investment in knowledge or education in 188 century were numeracy, literacy
and skills that were specific to trade (Allen 2Q089¢quiring knowledge in these areas was
helpful or even necessary for different parts @& gopulation. For example, trade by its
very essence deals with quantities and thus withlbrars. Being engaged in trading needed
a certain basic knowledge of numeracy. But alsrdity skills were quite valuable for
economic development, as Becker and Woessmann éBgaker and Woessmann 2009).
This was not only true for the upper classes. Billand Baten show that even farmers had
to deal with numbers (Tollnek and Baten 2011). &mample, they had to be numerate in
climate-sensitive decisions about harvest timing taey were also engaged in small trade
operations to sell their products in the marketsThade it necessary for them to acquire
basic numeracy skills.

One central limiting factor in this analysis is thaeailability of data on human
capital. Unfortunately, evidence on regional depetent and regional inequality of human
capital in Europe before the t?Osentury is still rather scarce, particularly ftvettime
before 1870. Human capital cannot be measured tljiretnstead, it has to be

approximated by related, quantifiable variablesafgles of such proxies employed for
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modern times include literacy, numeracy, enrolntatgs, years of schooling or books per
capita (e.g., Benavot and Riddle 1988, Baten amdAamden 2008, A'Hearat al. 2009,
Becker and Woessmann 2009).

In addition to these indicators, the beginning ofmpulsory schooling had a
strong effect on subsequent educational levels. iAimmum level of the education of
soldiers and ordinary citizens was supposed to iama& the military and economic
position of the country (Brint 2006). This motivati was one of the reasons why more and
more countries constructed mass education systarivgydhe 18 century. These systems
replaced, integrated or partly expanded the mdirmal private or religious institutions
that had existed until then (Soysal and Strang 1989

Religious institutions had played a major role moyding and thus enforcing
specialised instruction for centuries, particularlyProtestant countries (Vincent 2000).
Consequently, alliances between the state andahenal church facilitated nationwide
education in some countries. In others, howevdrpaling laws even led to conflict, as
both the state and religious organisations strubtgecontrol schooling. For instance, the
Catholic Church fought in France against the siaterder to teach conservative values,
whereas the state preferred to promote Republidaasi Hence, compulsory schooling
was enacted relatively recently and in a successayl (by the Ferry law in 1882). As a
consequence, many different religious and socgtalps tried to inhibit the development
of a unified educational system in Great Britaimy&l and Strang 1989). Furthermore,
formal education stressed the individual's educetioachievement and socialisation.
Weber stated that these attributes are similathéoreasoning given by Protestants of
having a direct link to God (Weber 1958). As aremdative to his famous Protestant
working ethic, Becker and Woessmann argue thateBtartitism encouraged reading the

Bible, so Protestants became more literate thamrotiligious groups (Becker and
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Woessmann 2009). This generated a more educatedatiop which could also use these
skills for economic activities. Finally, this presg spurred economic development in these
countries. In any case, national Protestant chsrgbeeerally supported mass schooling, as
they did in Prussia, while the Catholic Church wéien opposed to it, e.g., in France.

Consequently, the introduction of compulsory schmgpl/aried enormously in the
European countries. Prussia, Sweden and Scotland e pioneers in introducing
compulsory schooling. Denmark (1814), Greece (188#) Spain (1838) were the first to
follow in the 19" century, whereas other western European counsies) as Belgium
(1914) and the Netherlands (1900), were very fatkis pursuit®

However, merely passing schooling laws and thdtyeat schooling have often
been two different matters (Flora 1975). For instarstates such as Greece, Portugal and
Spain were eager to achieve mass education, buiritfieence at the local and the societal
level was often too weak to achieve this goal. ©@thdditional methodological concerns
arise as well, because compulsory schooling lagsired, in part, merely erecting school
buildings. This, however, is not always equivalémtteaching pupils on a compulsory
basis. For these reasons, compulsory schooling Ewsnot an appropriate means to
measure time differences in human capital developnes early schooling laws did not
ensure higher enrolment rates in later decadesantiries (Vincent 2000, Adick 2003).
For instance, Prussia’s initial lead in schooliagi$ in the 18 century did not result in
higher enrolment rates at the end of th® &éntury than in countries that had not had such
laws passed until then (Schneider 1982).

In addition, most other methods are not able tanesé human capital levels

before the second part of the™@entury. For instance, school enrolment data are

% These dates refer to the years when the first itapp general schooling laws were passed. Thess law
aimed at enforcing the attendance of all childretil they reached some specific age.
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generally rather scaréd.To obtain literacy rates, signature rates are lisea range of
studies (e.g., Schofield 1981, Mitch 1993, Reis3)0The potential disadvantages of this
method are openly acknowledged by their applicdfdsinstance, it is not always possible
to discern if the person himself signed a marriagetract, nor is it always clear what
importance has to be attributed to the respongibést in this context. Additionally, this
indicator is not always available in order to comepthe regions of Europe on a larger
scale.

Still, we may take a glance at some results ofdlstgdies. An important study on
literacy was published by Cipolla already in 19€%pplla 1969). This study, although not
the first>® opened a major discussion on literacy in the fuithy years. Graff has added a
number of studies on this issue (Graff 1987, Gta81, Graffet al. 2009).

Recently, Allen published his influential book dretBritish Industrial Revolution
in which he also provides estimates for the prapordf adults who could sign their names
in different parts of Europe (Allen 2009, see a¥essy 1980, Graff 198Mlis estimates
show that literacy in 1800 was by far the highesthe Netherlands (68 %), followed by
England (53 %) and Belgium (49 %). France (37 %) &ermany (35 %) lay in the
middle, while the lowest shares were found in Ité22 %), Austria-Hungary (21 %),
Poland (21 %) and Spain (20 %). Globally, one maymarise that there is a pattern of
north-western countries which had signature ratel above those in eastern Europe and
in southern Europe. Unfortunately, there is no ena® included on other important
European regions and countries such as Scandineatend, Russia and south-east Europe

as a whole.

%9 A notable exception is Prussia, see e.g., BeakegMdoessmann (2009).
% Earlier studies on literacy include, e.g., the bpeFleury and Valmary (1957).

207



Ralph Hippe Human capital formation in Europe at the regideaél — implications for economic growth

By contrast, the ‘age heaping’ strategy allows tmego beyond most of the
limitations already mentioned. Thus, A’Heahal. trace numeracy levels for 16 European
countries between 1350 and 1840 (A'Heash al. 2009). They observe a striking
discrepancy between numeracy in western Europe fgance, UK, the Netherlands) and
eastern Europe. High numeracy levels were alreadgd for the western European and
Scandinavian countries in the™L@nd 18' centuries. Central Europe generally comes close
to western European numeracy levels, whereas eaBerope stays far behind. The
differences are greatest at the beginning of tha fita eastern Europe in the"LZentury.
Similar results were established in an even marentpaper on the development of global

numeracy (Crayen and Baten 2010a).

5.4 Deriving age heaping from historical censuses

The age heaping method investigates the numellis sikia population and has been used
in a multitude of recent studies (e.g., de Moor aad Zanden 2008, A’'Heawt al. 2009,
Manzel and Baten 2009). It uses the declarationslemia census records or other
documents, as is also the case in this study. Getiaging itself has a very long history
and, therefore, the age heaping technique can dx fos long-run estimations of human
capital. The ancient Egyptians, Persians, Hebr&veeks, Romans and Japanese had
already conducted censuses. The motivation forethéstorical censuses was “limited to
matters of wealth, military campaigns, or defeng&dyer and Draaijer 1992, p. 6). During
the Middle Ages, censuses and the counting of geapte rather rare. A well-known and,
for its time, very detailed example of a census W@sDomesday Book of 1085, which
counted the English population for tax purposestddoer, censuses on the city level were
reported in Europe during the"1and 16' century. As trade between cities and countries
increased during the Renaissance, not only weresggoounted increasingly more often,
but the rulers also became interested in knowiggrihmber of their subordinates. This
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went hand in hand with a change in the perspedfiviee ‘value’ of the people. Individuals
were no longer regarded only as taxpayers or gsldiiet also as economic assets by the
state authorities. The importance of this manpdiwgher increased during the Industrial
Revolution.

The first prototypes of what is commonly called thedern census include those
of New France (Québec) in 1666 and of Iceland i63LTOn a much larger scale, Sweden
undertook its first census in 1749 (Goyer and Deadi992). Modern times witnessed a
great proliferation of census taking, beginningadecennial basis in the United States
(1790) and England (1801) and quinquennially inntoas such as France (1801). On the
international level, states exchanged their viewsensus taking increasingly more often,
culminating in the International Statistical Corgges being held. The first of these
congresses took place in Brussels (1853). They miademmendations and the first
principal requirements for census taking (SahaB)98

The wealth of this census material generated in1#& century allows us to
construct estimates of human capital for the whodl&urope. By using the age heaping
method, we can take advantage of the fact that ainthe basic questions posed to
individuals by a census taker was their age. Howeparts of a population did not know
their exact age in Europe at that tifieConsequently, individuals rounded their ages by
‘0’ and ‘5.%? For example, a 47 year old man would erroneousietiold the census taker
that he was 50 years old. Census records therd&piet a typical heaping of these ages.

The census of Bulgaria serves as an example (Fgliye

%L Yet age heaping is still observable in currentsoses in parts of Asia and Africa.

%2 The question may arise whether all individualdestatheir ages by themselves. Friestral. find by
distinguishing between males and females in thata dhat a large gender gap in literacy existed als
numeracy. This is a strong indication that femalese asked themselves because the differences dietwe
both gender gaps would be much more pronounceds@giét al. 2012).
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One can discern also other heaping patterns. Fampbe, there is a modest
preference for ages ending on ‘8’ compared to il é@’. However, people rounding on
‘8" are often a middle group who can specify thage more precisely than people
rounding on ‘0’ or ‘5’, but they cannot report akaet age. In previous studies, the best
way to model age heaping has turned out to focutherextreme cases (A’'Heaet al.
2009). These extreme cases are very clearly thadnog effects on ‘0’ and ‘5.
Empirically, the correlation with other human capindicators is maximised.

Factors other than human capital could also bébatéd to the age heaping
phenomenon. For instance, intentionally false aggadations, which were made in order
to avoid the negative consequences of being paat pdrticular age group, and bad state
administrations played some role. Also, the awaserad one’s age in early adulthood is
often increased because of events such as markyeever, other studies have already
demonstrated that educational investments playntbst important role in age heaping,
when they are included in multiple regressions, @wad other institutional factors have no
systematic impact (Crayen and Baten 2010a).

Moreover, age heaping is highly correlated witlerlcy indicators, which has
already been demonstrated by previous research gayen and Baten 2010a). In order
to make an analysis with regional data, we plot bhgaping against literacy data. The
literacy rate is defined here as the share of iddals in the population that is able to read
and write. We use the smallest available admirtiggaunit. With respect to our data, this
unit is most often the county level. For examples find a high correlation between
literacy and numeracy in Ireland in the census &f11(Figure 5.2). We are also able to

plot the data separately, age group by age grobe.dlfferences between one age group

% Moreover, because this has been the standard Wagplculating numeracy values derived from age
heaping, it allows to be in line with the other tdutions. This standardisation enables us aneroth
researchers later on to compare the numeracy vahradifferent studies directly.
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and another are thus shared by both indicatorsth@n@ase is Serbia in 1895 (Figure 5.3).
However, literacy data are not distinguishable @& & the case of Serbia. For this reason,
we look at the relationship between age heapin@ifcages between 23 and 72 years and
the overall literacy data. We obtain a similar pietwith corresponding resufts.

One advantage of age heaping is that, in contoalteracy rates, the indicator
measuring age heaping is calculated using theatathe age distribution in the population
statistics. Therefore, it is not explicitly givem the statistics. As a consequence, it is less
prone to voluntary manipulation by state authasiti€hese authorities may have had, in
some cases, an interest in governing a populatianacterised by high literacy levels in
order to hush up the backwardness of their eduta#ind their economic system.
Nevertheless, statisticians may be tempted to dmibet peaks in the age distributions to
arrive at the real age structdren addition to factors such as costs and time womsion
being used in establishing detailed statisticsiridividual age years, this may be another
reason for why a range of census publications doésontain tables on individual ages
but on age groups.

All'in all, age heaping allows for the measurenmathe basic numeric skills of a
population in general and an analysis of the dewetnt of human capital in most
European regions in a long-term perspective ini@addr. In this paper, it is calculated by
using a transformed Whipple Index, the ABCC Indéke original Whipple Index (WI)
relates the number of age observations on ‘0’ &\dd the total of observations. It is

defined as follows:

% Nevertheless, we want to indicate that the pdisibemains that numeracy could improve in a patioh
independently of improved literacy or schooling.t@eet al. consider China and find evidence for such a
case in this East Asian country (Batetnal. 2010). Basic numeracy is in fact an ability whitdn also be
trained in households by using calendars, numéyidaimanding games for children and similar devices

% Yet if they did so, then age heaping would norynh# equal to zero, which can mostly be identified.
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)*

S O (5.1)

& *+
wherei stands for the years of age amdétands for the number of observations. Values
range between 100 and 500, where a value of 10@isnbat age heaping is not present
and 500 means that all age observations are iriptesitof five2° Because this range is not
very intuitive, A’Hearnet al. proposed a new index, the ABCC Index (A’'Heatal.
2009). It is a linear transformation of the Whipjptelex, as can be seen by the following
formula:

I I
Y ; 5.2
011 2 1 7 4. |l (5.2)

The ABCC Index has the advantage that it is moreessible and more
comprehensive than the Whipple Index. Values apenfO to 100, where 100 is the
maximum numeracy level and O the lowest. Consetpyetite range of this index is
identical to the ranges of other conventional iedjcwhich makes comparisons easier.
Therefore, the following analyses are performedgighe ABCC Index.

Additionally, as in previous studies, we limit cage data to the years above 23
and below 72. Under the threshold of 23, it is gmeghat individuals did not themselves
declare their age and their parents did it for thBtareover, ages above 72 may be prone
to a selection bias because only those who adeatitie can be counted. Because the
individuals benefiting from a long life represemtlypa part of the total, it is advisable to
exclude them from the analysis. Consequently, tiraeracy values can be calculated for
five subsequent birth decades. Moreover, as prapbgeCrayen and Baten, we have
adjusted the age group ranging from 23 to 32 ydmsause this age group heaps

systematically more on multiples of 2 and less ouitiples of 5 (Crayen and Baten

% values below 100 are also possible but are noynfialind in samples with a low number of observation
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2010a)*’ Because the ABCC is derived from the Whipple Indée use of this formula
automatically gives us the age corrected ABCC value

Moreover, it is conceivable that the individualdfa higher end of the age range
(e.g., between 53 and 72 years) heap considerabig than their younger counterparts.
However, older people do not significantly misrapaore often their age relative to what
can be expected, as has also been put forward &ye@rand Baten (Crayen and Baten
2010a). In other words, it is true that older peppbr example those aged 63-72, seem to
have lower numeracy. However, during thé"1gnd 28' century this can be entirely
explained by the fact that they were born earheime, when educational inputs were still

lower.

5.5 Data

To compare the development of numeracy in most fi@ao regions, a large, new dataset
has been assembled from many individual sources;alyy census records. This has the
advantage that official documents are used. Theseften well documented with respect
to the methods employed during census taking. Blessieasurement problems can thus
be avoided or corrected. Additionally, the data kxygd are total population censuses,
meaning that we have included all individuals atfeaountry between the ages of 23 and
72 years® This makes the data much more representative fkemmative measures which
only use selected groups, such as married peoplmildary recruits. Altogether, the
database includes samples covering over 570 regio8@ European countries (in today’s

borders) for the time period between 1790 and 1880.

3" n practice, the precise adjustment of the cooeding age group is an addition of “0.2 Whippletsifior
every Whipple unit above 100" (Crayen and Baten(@Q1p. 95). This implies a reduction of ABCC
estimates by roughly one quarter.

3 Except for the census of Greece in 1907, whagedhly possible to include age data from peoplevben
the ages of 23 and 32 because data for individesisyis only available up to the age of 34.
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An overview of the countries covered in this stuwhd the corresponding time
frame is given in Table 5.1. Clearly, not all thatal refer to the same time period. The
reason for this is that the censuses included waken in different years and decades.
Whereas the earliest data are from Ireland, Fratloe, Netherlands, Belgium and
Denmark, the most recent data come from Portugal Gyprus® In general, there is a
tendency to have the earliest censuses from cesntrinorth-western Europe and the last
in south-eastern Europe. We will see later on enghper that this globally corresponds to
the core-periphery in numeracy. For this reasom, could come to the conclusion that
censuses are only held after some basic level owfenacy or literacy is established. Yet
evidence from other world regions does not suppluig scheme, because there were
already censuses in e.g. Roman Palestine in Hildiitees where literacy or numeracy
levels were very low. Still, the costs of takingdapublishing a census inhibited these
statistical analyses in less advanced regions fonger time than in the more advanced
western Europe.

Still, the detailed geographical coverage allowsalgses of the regional
distribution of human capital, which has not be@&sgible until now. Moreover, future
research will enable us to fill in some of the nmgsdata.

An issue that has to be taken into account whedystg data from different
census years is border changes. Because natiom@rbahanged during the" @entury
in some cases, due to wars or other events (RegFrench region Alsace was annexed by
the German Empire in 1871), it is possible thaggian is not listed in any available census
or is included in censuses of two different cow#riln the former case, we had to limit
ourselves to these data restrictions, and in tierlease, we interpolated the corresponding

regional values or opted for the most appropriate for intra-country comparisons.

% The exact sources are documented in the appendix.
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For the age heaping method to be employed, datadoridual ages are required.
Unfortunately, some countries preferred not to thekindividuals of the population their
exact age. In its place, these had to declare #lgeinn certain age groups (20 — 25 years or
20 — 30 years, etc.), for example, as in some Gerstates prior to unification. In these
cases, it is not possible to use the age heapinipodhe In contrast, due to space
requirements or other reasons, countries sometintksated aggregated age groups in
their official census publications instead of indival years. This is true for some available
publications, e.g., for Greece or Malta in the perof our study. Unfortunately, original
census lists have not always survived to allowcirapilation of individual, disaggregated
data, which could otherwise be used to obtain ¢geired individual ages.

Finally, Sweden is a special case, due to its tiadof using birth registers and
similar documents to construct population dataeed of questioning the population itself
in a real census. This means that age data wemenotd by the responses of individuals.
For this reason, we cannot use these data. The caseecan be made for Finland, which
inherited the same counting strategy from its tunder Swedish rule. Population registers
were not always used but it was clearly the pretémethod to estimate data on the whole
population? Consequently, the evidence does not yet cover &wexhd Finland®
However, it is still possible that further researaight allow us to collect data for these
countries and from sources not yet available toSuid, we were able to include all other
countries of Europe, except small area states, asithalta or Vatican City, in this stud.

This yields a geographical coverage previously brea@d in the literature.

“%1n contrast, data on the population of the majteswere collected by census takers, as in dfueopean
countries. Thus, these data are also charactdrisade heaping. Nevertheless, because all our détarare
homogeneous in the sense that they always covewtioée population, and because the exact relatipnsh
between the urban and rural population is not yéicgently clear, we decided not to include thekda in
the framework of this study.

“! Nevertheless, the Finnish data already indicateribmeracy should be at a high level in this cgunt

2 For Romania, we only have data for the parts @Hhbngarian Kingdom.
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However, it is important to explicitly define whet meant by a ‘region’. Our
territorial definition of a region corresponds teetcurrent NUTS classification employed
by the European Union. The ‘Nomenclature des Uni@sitoriales Statistiques’ (NUTS,
Nomenclature of Territorial Units for Statisticspsvadopted in 1988 to produce regional
statistics within the European Union. NUTS covdtshe member states of the EUthe
EFTA countrie§* and Candidate Countrf@svhose aim is to join the EU. It is obvious that
territorial units in the European countries in @ century were, in many cases, quite
different from today?® In particular, two World Wars changed the teriisrof many
existing countries, and new countries were formegdiikiding old Empires (in particular,
Austria-Hungary). In addition, World War Il had roajimpacts on the (ethnic and
linguistic) composition of the population of manggirons and administrative reforms
carried out by the states changed the territohalacteristics of a multitude of regions.

By contrast, European population density pattemgestayed more or less the
same in Europe for more than a hundred years (Miamineberg 2005). Marti-Henneberg
measured a high correlation of 0.83 by comparing plopulation density patterns in
Europe in the years 1870 and 2000. Thus, many yigbpulated areas have attracted
individuals for decades and centuries. Based os fsult, current population density
patterns may correspond roughly to those in thersbdalf of the 19 century and, in
many cases, even before then. With this in ming, dlear that the use of NUTS territorial

categories does allow for a rough estimation afi@ategional human capital values.

3 These are Belgium, Bulgaria, Czech Republic, Dekm@ermany, Ireland, Greece, Spain, France, Italy,
Cyprus, Latvia, Lithuania, Luxembourg, Hungary, MalNetherlands, Austria, Poland, Portugal, Romania
Slovenia, Slovakia, Finland, Sweden and the Uritiedjdom.

“ Lichtenstein, Norway and Switzerland.
“5 Montenegro, Croatia, FYROM, Turkey and Iceland.
“6 Notable exceptions include Spain and France.
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In addition, using the administrative units of th€" century would not be
currently possible, as there is no data set aveil@bus with boundaries at such a detailed
subnational level for the whole of Europe. Howewnploying current NUTS regions has
some additional advantages: first, it allows umttke the data more comparable over time
because we look at constant and fixed boundariesorfsl, it gives us the ability to
compare the data from the" 8entury with more recent data, in future research.

Furthermore, we take into account the changingnatiboundaries by attributing
today’s NUTS regions to national (or, in part, éthimoundaries of the {ocentury, where
necessary. For instance, Poland is defined byortddss within the Russian Empire during
the 19" century. For this reason, some current Polish Nustons are treated as German
regions, as they formed part of the German Empihennvthe census was taken. We
proceed similarly with other regions of this kitfd.

Consequently, we choose to adapt the territoriahiadtrative divisions of the
19" century as closely as possible to those of theentiNUTS classification, although
this inevitably leads to some geographical inacdes Thus, data between 1790 and 1880
are available for some countries at the NUTS 3llerel others are available at the
NUTS 2 level. To harmonise territorial sizes, weeapfor the smaller NUTS 2 level for all
regions in our further data analy&fsUnfortunately, the NUTS classification is only
available for the member states of the EuropeantJand Candidate Countries, as well as
EFTA members. For this reason, a somewhat correspgrelassification had to be found

for other European countries. This concerned, miqudar, countries located in east and

4" As a caveat, we should note that we cannot djrectinpare the historical numeracy and today’s namer
level due to population movements, but this conguariis the purpose of this study.

“8 For mapping purposes, we decided to use the sshaliailable territorial unit to highlight the regial
differences as clearly as possible.
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south-east Europe, such as Russia, Ukraine, BedadiSerbia. In these cases, we take the
current territorial administrative division of tleesountries.

Table 5.2 gives more details on the countries hadégions contained in our data
set. For many countries, we have data for the lowegional classification units, i.e.,
NUTS 39 still, this does not necessarily mean that datalévaot be available for even
smaller units. In the case of Austria, the 33 NUBI&®&gions have been formed from more
than 70 original countiesBezirks-Hauptmannschaftgin the Austrian Empire located in
today’s Austria. The collected data are also siryildetailed for other countries, such as
the other parts of the Austrian-Hungarian Empir&$ 3) and the United Kingdom and
Italy (NUTS 2). Clearly, this wealth of regionaltdaeduces possible biases arising from

the use of current administrative borders.
5.6 Results

5.6.1 The development of human capital in the Europeanauntries
To obtain a general idea of the distribution of AB@alues for Europe, we have calculated
the ABCCs for all European countries between 1780 E80 in our data set. The results
are depicted in Figure 5.4. Its sole purpose ishow general tendencies and, hence,
country labels have been omitted. As our first dusion, we state that ABCC values differ
importantly throughout Europe. Numeracy ranges betw25 and 100 ABCC points.

In our second step, we have divided the Europeamtdes into several
macroregions, due to the large number of countnieder study. These are the core

industrial European countris Austria-Hungary, the western European periphery

49 0r similarly small units for countries not inclutlim the NUTS classification.

0 Our classification of the core countries corresjmoto the one employed by O’Rourke and Williamson,
except that it has been extended by also includinggmbourg. See O’Rourke and Williamson (1997).
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countries, the east European countries and theh-smst European countrigs.The
attribution to one macroregion was effected mabyyreason of geographical location and
economic output. Core Europe is constituted by trtesisuch as France, Germany and the
United Kingdom. The case for the macroregion Aaskiungary is self-evident, as it is
made up of the regions of the dual monarchy. Th&teve periphery consists of countries
from Scandinavia (Denmark, Iceland, Norway) pldand, Italy, Spain and Portugal. The
regions of the Russian Empire have been attribtdeshstern Europe and, in part, south-
east Europe (Armenia, Azerbaijan, Georgia), whitdo a&omprises countries from the
Balkans. By employing this classification, all mamygions also comprise a similar
number of countries.

The details on the development of ABCCs in the owmi geographical
macroregions can be found in Figure 5.5 to Figufe Because the focus here is on the
differences within the macroregions and on a cléswalisation of the ABCC trends, the
scale of the ABCC mean values/exy different in each figure. This always has to beta
into account when interpreting the development &CE values. But, it makes the
interpretation of trends within the macroregionsiea

Several results can be highlighted: countries ftoenEuropean ‘core’ are already
characterised by high ABCC values at the beginoihthe 19" century (Figure 5.5). The
differences between these countries are minorowadfh France catches up to Belgium and
the Netherlands between 1790 and 1820.

The regions of the Austro-Hungarian Empire are naverse (Figure 5.6). For

Cisleithania (today mainly constituted by Austtiae Czech Republic and Slovenia), the

®1 Core Europe is comprised of Belgium, SwitzerlaBermany, France, Luxembourg, Netherlands and the
United Kingdom, Austria-Hungary of Austria, Czeclefblic, Croatia, Hungary, Romania, Slovenia and
Slovakia, the Western Periphery of Denmark, Spaéland, Iceland, Italy, Norway and Portugal, Easte
Europe of Belarus, Lithuania, Latvia, Estonia, Mndd, Poland, Russia and Ukraine and South-Eastpéuro
of Albania, Armenia, Azerbaijan, Bosnia-HercegoviBailgaria, Cyprus, Georgia, Greece, Macedonia and
Serbia.
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ABCC values are high and similar to those in theecdhe picture is different for
Transleithania (today mainly constituted by Hunga®jovakia, parts of Romania and
Croatid?); Croatia enjoyed the highest ABCC values inifialfollowed by Hungary,
Slovakia and today’s Romanian provinces. Notalilis brder stays rather constant over
time, except that Romania overtook Slovakia laterthe period. The Croatian and
Romanian provinces follow similar patterns; thiglso true for Hungary and Slovakia. All
parts of Transleithania are converging over thetapan covered.

Taking a closer look at the western periphery (F@gG.7), the Scandinavian
countries are characterised by very high ABCC \alutaly, Spain and Portugal are
evolving rather slowly with values at around an ABGf 90. Ireland is on a much lower
level than other western European countries, hatgtogressing.

Most regions of the Russian Empire form the easbfean countries (Figure
5.8). The range of ABCC values is very strikingisitastonishing that the Baltic States
have such varied ABCC levels: Estonia is charaszedrby ABCC levels on the same level
as in the core countries, whereas Latvia and Littauollow only after large intervals.
Lithuania finds itself with Belarus at the end betnumeracy ladder. Moreover, Poland
initially has an important lead over Russia andditke.

Finally, south-east Europe (Figure 5.9) featureslolvest numeracy values in our
data set. The Caucasus regions (forming part oRtiesian Empire) and Albania are the
least numerate of all European regions. Numeradyuigaria is somewhat higher and is
increasing. Serbia, Bosnia-Herzegovina, Macedonth@yprus do better, but the earliest

data are already relatively late with respect todther countries.

2 Today'’s Croatia was split between Cisleithania gtiyoDalmatia) and Transleithania (Croatia-Slavinia
Here we refer only to the part belonging to Traitiséia.
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All in all, we find noticeable differences in nuraey between and within the
observed macroregions.

These national results may be compared to othecatats which have been
available before. In particular, we have alreadytiomed Allen’s data on signature rates
in 1800 (Allen 2009). The overall picture that wet drom our numeracy data may be
described as being similar to his data, but noagsan all respects. Germany is one of the
top numeracy countries, whereas it is only in thddbe for signature rates. Austria-
Hungary also performs better in numeracy thantardcy. In contrast, Poland, Italy and
Spain are (or can be estimated from our data tooheq similar numeracy level as in
literacy in the first decades of the™@entury. Moreover, the Netherlands is the clear
leader in literacy in Allen’s data and our data eoto the same conclusion. Belgium and
England had similar literacy levels while our d&ia Belgium and the United Kingdom
would suggest a slight advantage for Belgium. Tesult may, however, be very well
driven by our inclusion of Scotland and Wales, Wwhis why these data in the above
presentation are not exactly comparable to Allefte point of view that France was on a
lower level than its advanced neighbours from tle¢hirlands, Belgium and England is
also confirmed by our data. We may add that Fravee probably a late arriving nation in
the top group of numerate countries but progressarg quickly. In sum, our numeracy
estimates globally support Allen’s evidence, butneoimportant differences remain.
Moreover, we are able to provide evidence for nkagbpean countries, whereas the data
on signature rates are much more limited. Thisrgek considerably the geographical

scope of previous studies.

3 However, there might be a bias in signature rasause we are considering all of Germany, whereas
signature rates typically come from few locatiopepending on the location this may explain thetietdy
low literacy values for Germany at that time.
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5.6.2 Taking a closer look at the educational differencein Europe

How can we explain these differences in human alpA first look might be attributed to
the possibilities of generating human capital: ediooal policies and schooling
institutions. Because the western European cosnaral parts of the western periphery
have been shown to feature very high numeracy salnegeneral, it appears more
important to consider the less numerate countpaijcularly in eastern and south-eastern
Europe.

Why were the differences so large in the Russiapita® In particular, the Baltic
states appear to be anything but homogeneous. 4 ebusider these regions in greater
detail. Lithuanian education faced important retitsns under Russian rule, e.g.,
Lithuanian schools and publications in Lithuaniaarevnot allowed (Giedraitienet al.
2007). Similarly, in Belarus, education in the fowh schools was mostly limited to
populations in cities (Sroka 2007). Because the BRiifferences in the Baltic States are
similar to the literacy rates, one may refer todiov, who attributes these differences to
religion (above all, to Protestantism in the regi@vlironov 1991). The Lutheran Church
played an important role in promoting literacy ist&ia (Raun 1986). In this sense, the
numeracy results also reflect the heritance of $hedule in the country (1561-1721).
From the 1% century onward¥, the ability to read became obligatory for everyam the
Swedish Empire, i.e., mainly today’s Sweden, Fidland Estonia (Johansson 2009). This
tradition of providing education may also have citmited to the high numeracy values in
Estonia.

Moreover, countries formerly belonging to the OteamEmpire do worse in terms

of numeracy than most other regioisThis particularly concerns the BalkatisThe

* Particularly important was the Church Law of 1686.
% The most important exception to this trend is@aeicasus region, which has equally little numeracy.
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Ottoman education system was not well developednguthis period. After the
educational lead of the Islamic world in medievalds, the human capital revolution that
took place in the west did not happen in the OttoBapire.

As an example, we can take a look at Bulgaria whashwe have seen, has one of
the lowest ABCC rates in our sample. Bulgaria itssindependence in 1396 and from that
time was ruled by the Ottoman Empire until its fida jureindependence in 1968 Very
few educational facilities were available until tt@" century, and these were mostly small
cell schools. This also highlights the importantée Orthodox Church in Bulgaria and in
other countries in the Balkans. It “promoted edwratwhich it considered an important
means for upholding the Christian faith under thito@ans” (Daskalova 1996, p. 6).
Nevertheless, nothing comparable to a modern eidumcaystem was established. This is
also illustrated by the fact that only 142 cell@als existed in 1762 and this number grew
to only 235 by 1835 (Crampton 2007). A widespreadhtionwide’ drive to foster
education was created much later than in othertcesnMoreover, the teaching that was
available was mostly in Greek. However, the inttllal elite of Bulgaria disapproved of
the increasing cultural hegemonialism by the Greekse and more with the passage of
time. They wanted to establish schools in whichté@ehers used their own language. The
wealthy mostly sent their children abroad, prefgrat Russia, Constantinople or western
Europe. Until the liberation, this amounted to ab@Q0 Bulgarians in total (Crampton
2007). These expatriates also had a major influemcthe development of the Bulgarian

educational system, as they urged the advancenfig¢hé system. Thus, moving towards

%% |n particular, this is Serbia (independence fubgognised internationally in 1878), Bosnia-Heraéga
(occupied by the Austro-Hungarian Empire in 1878 kter annexed in 1908), Montenegro (independent i
1878), Albania, Bulgaria (self-government re-essdiddd in 1878 (Principality of Bulgaria), unificati with
Eastern Rumelia in 1888g jureindependence in 1908), Romania (independence8)18lacedonia (part
of Serbia in 1913) and to some extent Greece @realependent in 1830).

" The principality of Bulgaria was alreadie factoindependent in 1878 and was unified with Eastern
Rumelia in 1885.
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the use of the Bulgarian language in educatior@litias and opening up new lay schools
marked a new, second step in Bulgarian developnf@mally, Bulgarians advanced from
mutual to new class schools, the first being et in Gabrovo in 1840.

Clearly, the struggle for the use of their own laage played an important part in
the development of Bulgarian education. The fiestlhook that was written in Bulgarian
was published in 1824, but there was hitherto maodardised form of Bulgarian; only in
the 1870s did a standard, written language eméwgether factor promoting educational
development came from the increasingly prosperowss. With rising economic progress
and growing financial possibilities, the town coimavere the driving forces behind the
improved education of the people because theythelineed for better educated workers.
Furthermore, they were able to bear some of thes cmsnected with setting up schools
and training teachers (Daskalova 1996). Still, drerall education level of the Bulgarian
people remained low during the8entury although it progressed continuously.

Albania provides a similar picture, as the Albasidrad to fight for Albanian-
language schools and education, which were banpéidebOttomans (Kostovicova 2005).
One issue was the establishment of a written lagguand another one was the
determination of the type of alphabet to be useel,(iLatin, Greek or Arabic). As a
consequence, the struggle for education in Albanmianked the move towards Albanian
nationalism. The way of ruling practised by theddtans in south-east Europe might
therefore be an important factor in explaining lthe educational levels obtained.

Finally, the examples above can also highlightdifieculties and potential biases
that may arise when using or approximating litereatgs as long as a written language is
not clearly defined by a state, people or regioncdntrast, numeracy uses the statements
of numbers, which are less dependent on languageatmn, particularly in south-east

Europe.
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5.6.3 Regional differences at the European level

To get insight into the regional disparities betw&giropean regions, Figure 5.10 to Figure
5.17 depict the regional ABCC values between 1800 H870>° Some supplementary
information is revealed by the maps. For examplerd is a general north-south difference
in Italy: northern regions feature higher ABCC \eduthan southern regions. This is not
unexpected, as differences between the south anddtth of Italy have prevailed until
today. A similar tendency can be seen in Francendfiough there is not such a clear
divide as in Italy. Nevertheless, the north of eemas a lead on the south (albeit with
some exceptions), a characteristic also apparenhanliteracy data (Furet and Ozouf
1977).

In contrast, the reverse geographic case can lmelfiotuNorway. Here, the distant
and less populated northern provinces, particulgmymark, are not at the same level as
the southern ones. Moreover, these regions wereonigt far away but also sparsely
populated. Schools could only be provided at geeat because pupils had to walk long
distances and urban teachers were typically ndingito work there. For these reasons,
schooling had already been delayed with respetii@ather provinces at the end of the
18" century (Guttormsson 1990). An analogous obsematan be made for the first birth
decades observed in Great Britain, where in pdatiicthe Highlands of Scotland have
lower ABCC values than the Lowlands and some pafrtEngland. This is interesting
because previous historians of education saw Suwbtks a pioneer in Europe (e.g.,
Lockridge 1974). Still, this generally refers t@tbuccess of educational campaigns in the
Scottish Lowlands. By contrast, the Highlands pssseé “a primitive economic and social

structure, few schools, and poor communicationgiu$ion 1987, p. 60), augmented by a

% |n order to discern as many regional differences passible, the lowest available administrative
classification (NUTS 3 or NUTS 2) has been seleatdtie cartographic representation.
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language barrier due to the wide diffusion of Gaalnd adverse geographical conditions.
These factors also led to lower literacy attainnmanes than in the Lowlands in the first
half of the 18 century. The ABCC values suggest a similar redialigparity between
these region3’

In Spain, a core-periphery pattern is discernibléae regions in southern
Andalusia and north-western Galicia are charaadrisy low numeracy. The area in
central-northern Spain is the most advanced incthentry. One might initially expect
north-eastern Catalonia, and particularly the itrisregion of Barcelona, to be among
the leading regions within Spain. However, this wasthe case. Neither in numeracy nor
in literacy was Barcelona leading, as can be ddrivem figures published by Nufez
(Nufiez 1992).

In the Russian Empire, we highlight the case ofdibeof Odess&’ Its high level
of numeracy is in line with literacy figures, withdessa on a similar level as the two major
cities of the Russian Empire, namely, St. Petegshad Moscow Odessa itself is located
on the north-west shore of the Black Sea and fedt(until today) a major seaport. Either
the economic success engendered a need for trgamet also literate and numerate)
workers or the remarkable numeracy (especially haf dewish minority) enabled the
harbour city to grow to a commercial centre. Aldee peasants were surprisingly apt in
calculating (Goodwin and Grennes 1998). Moreoverthie Polish provinces, the south-
western and eventually the central provinces ardMadsaw have a lead on the eastern

ones.

% Nevertheless, the reasons why the Lowlands ofl@ubtlo not generally show higher numeracy ratas th
many regions in England still have to be explonathier.

% The numeracy of the surrounding region is showthénmaps; the numeracy of the city itself is $tijher
throughout time. We refer here to the numeracyefdity.

®1 Odessa had higher literacy rates than St. Petey$tut lower rates than Moscow. See Herlihy (1986).
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Finally, numeracy is very high in the regions oé terman Empire and the
German speaking parts of Austria-Hungary. With rdgib the German Empire, the
regions with the lowest ABCC values are found instMerussia, Upper Silesia and partly
East Prussi&

In general, throughout Europe, it appears thatntlest backward regions within
countries, as judged by numeracy, are often foumgbdripheral geographic locations,
which are characterised by a lack of infrastructanel less economic power. However,
more research is still needed to clarify the deteamts of regional human capital

formation on a European scale.

5.6.4 Inequalities of regional human capital distribution

Based on these first cartographic impressions, wan statistically observe regional
differences in the distribution of human capitathin countries? To answer this question,
we measure regional inequality by using the coiefficof variation (CV). Using the CV
has the advantages that it is a dimensionless nuih@ that it allows comparisons
between the different countries, even though treseldifferent means. It is defined as the
standard deviation of regional ABCC values of antou( ) divided by the average ABCC

value of a country (1), multiplied by 100:
1> —=. /! (5.3)

We proceed similarly to the description of ABCC me¥ However, we exclude
those countries that had nearly solved their basimeracy problem because the proximity

to an ABCC value of 100 would bias the CVs. Thiplegs to core and Scandinavian

%2 still, one has to take into consideration the adsehigh level of attained numeracy in Prussia. this
reason, the differences are not very large.

% Not all countries are included for the calculatifithe ABCC means since only data on the natitenal

is available for the smaller countries (e.g., Lukenrg, Iceland, Estonia, Cyprus) and thus regional
inequalities cannot be measured.
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countries. Hence, we avoid potential ‘bounded \deiaproblems. Thus, Figure 5.18 to
Figure 5.21 highlight the outcomes for the macrmmeg, As in the case of the ABCC
means, the different scales have to be taken ortsideration.

In general, regional variation is shrinking throagh time in most countries.
Considerable differences in the CV can initially fimund in Transleithania (eastern
Austria-Hungary), Ireland, Italy and Spain. Howeubey decrease over the decades. The
paths of the different countries are different &dfrom a linear, straight improvement in
numeracy over time. Still, nationwide homogenegyiricreasingly being attained within
these countries. Numeracy in east European reguithin their modern frontiers is still
widely dispersed, but it is also diminishing. Eugap Russia is characterised by the
highest regional variation. Given the vast tergitoovered by this country, even when only
considering its European part, this is not a vargpssing result. A particular case is
Serbia. Serbia already includes the region of Vdiwa”, which belonged to Austria-
Hungary but was united with Serbia after World WarThus, it benefited from the
educational infrastructure of the Kingdom of Hungakccordingly, this northern region is
characterised by considerably higher ABCC valuas the rest of Serbia. This has led to a
very high coefficient of variation and it may alkayhlight the persistence of regional
human capital patterns over time. The only coumiith widening regional disparities in
our sample is Bulgaria. In Bulgaria, the southegions advance much more with respect
to ABCC values than do their northern counterpaesulting in an increasing south-north
gap. This result may also be the outcome of thierdift timing of independence in the
north and the south. Moreover, the northern regioosld have benefited from the
proximity to the Danube, a major trade route ewslay. Still, Bulgaria was geographically

and ethnically diverse. These differences may ltawngributed to the overall divergence.

® The underlying census was the first undertakeriigoslavia in 1921.
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In summary, one can generally state that a reductd basic numeracy

differences took place within and among most Euaopmsuntries in the 1ocentury.

5.7 Conclusion

This paper has examined the long-term developmehtuman capital in more than 570
regions in Europe between 1790 and 1880. We hagd tlse age heaping method to
approximate human capital values and the NUTS ifileestson to categorise regions
according to current national borders. Even thdoggh methods have their limitations and
are prone to some possible biases, this has enabl¢ol estimate, for the first time, the
levels of human capital for most European regionshie 18' century and to calculate
regional inequalities over time.

Due to the large number of regions and countriefeustudy, we have divided
the European countries into five macroregions: awdastrial European countries, Austria-
Hungary, western European periphery countries, Eagbpean countries and south-east
European countries. Core western and central Earopeuntries enjoyed high numeracy
levels throughout the period. Low and medium levalsnumeracy were dominant in
periphery countries, particularly in eastern andtiseeastern Europe. However, many of
these countries were solving their basic numeraoplpm by the middle of the 19
century.

Regional inequalities, as measured by the coefficed variation, were also
important in many countries. As the population @bantry improves its numeric abilities,
regional differences become less striking. Stilie tpersisting inequalities in many
countries highlight the importance of our regioapproach. In fact, working with data on
the national level does, in part, conceal majdied#nces within countries. For this reason,
future research should focus on the human capséilaltion at the regional level and on
the factors explaining why some regions perforntdse¢han others.
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5.8 Appendix

5.8.1 Data

Country Census year Source

Albania 1918 Preliminary dataset "Albanische Volkdzng von

Austria

(Cisleithania)

Belgium

Bulgaria

Cyprus

Denmark

France

German
Empire (incl.
Luxembourg)

1880

1846

1893

1946

1845,
1801/1803,
1787

1851

1880

1918", entstanden an der Karl-Franzens-Universitat
Graz unter Mitarbeit von Helmut Eberhart, Karl Kiase
Siegfried Gruber, Gentiana Kera, Enriketa Papa-
Pandelejmoni und finanziert durch Mittel des
Osterreichischen Fonds zur  Forderung  der
wissenschaftlichen Forschung (FWF). Special thdoks
Siegfried Gruber for providing the data.

K. K. Statistische Central-Commission (1882).
Oesterreichische Statistik. Ergebnisse der Vollksmih
und der mit derselben verbundenen Zahlung der
hauslichen Nutzthiere vom 31. December 1880, 2.
Band, 1. Heft [Austrian Statistics. Results of temsus
and of the count of domestic working animals on
December, 31 1880, Vol. 2, number 1], Wien:
Kaiserlich-konigliche Hof- und Staatsdruckerei.

Statistique de la Belgique (1849). WWafon.
Recensement General. 15 octobre 1846 [Population.
General census on October, "8846], Bruxelles:
Imprimerie de Th. Lesigne.

Statistique de la principauté de gBrie (1893).
Résultats du recensement pour la Principauté de
Bulgarie au ler janvier 1893 [Results of the cernsus
the Principality of Bulgaria on January' 1893], Sofia:
Imprimerie de I'Etat.

Government of Cyprus (1946). Censu$ajulation
and Agriculture 1946, Nikosia: Government Printing
Office.

Dansk Demografisk Database,

Kildeindtastningsprojekte og Dansk Data Arkiv,

Folketaellingen 1845, CD-ROM; Dansk Demografisk
Database, Kildeindtastningsprojektet og Dansk Data
Arkiv, Folketaellingen 1801 og 1803, CD-ROM; Dansk

Demografisk Database, Kildeindtastningsprojektet og
Dansk Data Arkiv, Folketaellingen 1787, CD-ROM.

Statistique Générale de la Francebj18atistique de
la France, Tome Il, 2e série, Territoire et Popoigt
1851 [Statistics of France, Vol. Il"®series, Territory
and Population, 1851], Paris: Imprimerie impériale.
Statistik des Deutschen Reichs (1883). Voldsurdy im
Deutschen Reich am 1. Dezember 1880, Band LVII
[Census in the German Empire on Decemb&r1880,
Vol. LVII], Berlin Verlag von Puttkammer &
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Greece

Hungary
(Trans-
leithania)

Iceland

Ireland

Italy

Netherlands

Norway

Portugal

1907

1869

1901

Muhlbrecht.

Royaume de Grece (1909). Résultatstigias du
recensement général de la population effectué le 27
octobre 1907, Tome | [Statistical results of thaegal
census of population on October,™1907, Vol. 1],
Athenes: Imprimerie nationale.

Kdnigliches Ungarisches Statistisches BurekirX).
Ergebnisse der in den Landern der ungarischen Krone
am Anfange des Jahres 1870 vollzogenen Volkszahlung
sammt Nachweisung der nutzbaren Hausthiere [Results
of the census in the countries of the Hungariamvorat
the beginning of 1870, including the results foe th
domestic working animals], Pest: Druck des
Athenaeum.

Rothenbacher, F. (2002). The Europeanlation 1850
—1945, Basingstoke: Palgrave Macmillan.

1841, 1851,Census of Ireland (1843). Report of the commiss®ne

1861

1871

1846

1865

1940

appointed to take the census of Ireland, for thar ye
1841, Dublin: Alexander Thom; (1855). The Census Of
Ireland for the year 1851, Part IV, Report on Agesl
Education, Dublin: Alexander Thom and Sons; (1863).
The census of Ireland for the year 1861. Part dépdtt
and tables on ages and education. Vol. I., Dublin:
Alexander Thom and Sons; (1863). The census of
Ireland for the year 1861. Part 1. Report and éaln
ages and education. Vol. 1., Dublin: Alexander irho
and Sons; Database of Irish Historical Statistics :
Literacy, 1841-1911, UK Data Archive, no. 3582;
Database of Irish Historical Statistics : Age, 18211,

UK Data Archive, no. 3574.

Statistica del Regno d'ltalia (1874). nGenento 31
Dicembre 1871. Popolazione per eta , sesso, state c
ed istruzione, Vol. Il [Census on December$'3B71.
Population according to age, sex, civil status and
instruction, Vol. Il], Roma: Tipografia Cenniniana.

Volkstellingen 1795-1971, onliast accessed 12 June
2012,
http://www.volkstellingen.nl/nl/volkstelling/jaargiv/18
49/.

Minnesota Population Center (2008).rtiNcAtlantic
Population Project: Complete Count Microdata. \tatsi
2.0 [Machine-readable database]. @ Minneapolis:
Minnesota Population Center. Dataset: The Digital
Archive (The National Archive), Norwegian Historica
Data Centre (University of Tromsg) and the Minnasot
Population Center (2008). National Sample of thé518
Census of Norway, Version 2.0. Tromsg, Norway:
University of Tromsg.

Instituto Nacional de Estatistica 48)9 VIII
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Russian
Empire

Serbia and
Yugoslavia

Spain

Switzerland

United
Kingdom

1897

1895, 1921

1900

1870

1881

Recensamento Geral Da Populacao no Continente e
llhas Adjacentes em 12 de Dezembro de 1940, Vol. |
[8" General census of population of the Continent and
the adjacent islands on Decembef" 12940, Vol. ],
Lisboa: Imprensa Nacional de Lisboa.

+ , - ()* ) -
C /O 1  (1899), /2 | 32 .
4 2, ) . , 1897 *,

[The first universal population census of the Rassi
Empire, 1897],.- 0* .

Servia (1899). Dénombrement de la Popuolaans le
Royaume de Serbie le 31. Décembre 1895. Deuxiéme
Partie [Census of the population in the Kingdom of
Serbia on December, %$11895. 2° part], Belgrade:
Imprimerie de I'Etat du Royaume de Serbie; Kraljevi
jugoslavija (1932). Opsta drzavna statistika. Di&fini
rezultati popisa stanovnistva od 31 januara 192d go
[General government statistics. Final results o th
national census on January, ®311921], Sarajevo:
Drzavna stampatrija.

Direccion general del Instituto geagoaly estadistico
(1903). Censo de la Poblacion de Espana, segun el
Empadronamiento hecho en la Peninsula € Islas
adyacentes en 31 de diciembre de 1900 (1907). Tomo
lll. Clasificacion de los habitantes por su edad,
combinada con sexo, estado civil e instruccion
elemental [Census of the Population of Spain, altogr
to the census lists for the Peninsula and the adjac
Islands on December, 311900 (1907). Tomb III.
Classification of the inhabitants according to age,
combined with sex, civil status and elemental
education], Madrid: Imprenta de la Direccion gehera
del Instituto geogréfico y estadistico.

Statistisches Bureau des eidgesuben Departement
des Innern  (1874). Schweizerische  Statistik.
Eidgenossische Volkszahlung vom 1. December 1870.
Zweiter Band. Die Bevélkerung nach Alter, Geschtech
und Familienstand [Swiss Statistics. Census on
December, ¥ 1870. Vol. Il. The populaction according
to age, sex and civil status], Zirich: Orell, Flui&sCie.
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5.8.2 Tables

Table 5.1 Time span of covered countries

Birth decade
1780 1790 1800 1810 1820 1830 1840 1850 1860 1870 1880 1890
Cyprus
Portugal
Greece

Albania

Spain
Iceland
Bulgaria
Russian Empire
Austria (Cisleithania)
German Empire
Luxembourg

U] ¢
Serbia (and Yugoslavia)
Hungary (Transleithania)
Italy
Switzerland

Ireland

France

Netherlands

Belgium

Denmark

Note: Grey-shaded are birth-decades covered with censtdsree.
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Table 5.2  Regional classification units

Code Country NUTS SNUTS 2 Non-NUTS
AL Albania 1
AM Armenia 1
AT Austria 33

AZ Azerbaijan 1
BA Bosnia-Herzegovina 1
BE Belgium 11

BG Bulgaria 5

BY Belarus 4
CH Switzerland 25

CY Cyprus 1

Ccz Czech Republic 14

DE Germany 46

DK Denmark 10

EE Estonia 1

ES Spain 49

FR France 85

GE Georgia 1
GR Greece 24

HR Croatia 11

HU Hungary 19

IE Ireland 2

IS Iceland 1

IT Italy 22

LT Lithuania 1

LU Luxembourg 1

LV Latvia 1

MD Moldova 1
MK FYROM 1
NL Netherlands 11

NO Norway 19

PL Poland 7

PT Portugal 7

RO Romania 16

RS Serbia 3
RU Russia 34
Sl Slovenia 11

SK Slovakia 7

UA Ukraine 15
UK United Kingdom 32

Note: Always the lowest available administrative divisignlisted. “Non-NUTS” refers to countries which
are not in the NUTS classification. Serbia includégvodina, Montenegro and Kosovo. Russia includes
only European Russia.
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5.8.3 Figures

Figure 5.1 Age heaping in the census of Bulgaria&23)
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Figure 5.2 Regional relationship of age heaping anliteracy in Ireland 1841
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Figure 5.3 Relationship of age heaping and literaciyn Serbia 1895
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Note: Literacy refers to the ability to read and writdléTABCC is calculated by merging all individual y&a
between 23 and 72 years old since literacy dataaravailable for individual age groups.
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Figure 5.4 Mean ABCC values for all European counies
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Figure 5.5 ABCC mean of Core European countries
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Figure 5.6 ABCC mean of the regions of Austria-Hungry
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Figure 5.7 ABCC mean of the western periphery
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Figure 5.8 ABCC mean of east European countries
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Figure 5.9 ABCC mean of south-east European coungs
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Figure 5.10 Regional ABCC differences in 1800
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Figure 5.11 Regional ABCC differences in 1810
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Figure 5.12 Regional ABCC differences in 1820
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Figure 5.13 Regional ABCC differences in 1830
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Figure 5.14 Regional ABCC differences in 1840
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Figure 5.15 Regional ABCC differences in 1850
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Figure 5.16 Regional ABCC differences in 1860
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Figure 5.17 Regional ABCC differences in 1870
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Figure 5.18 ABCC CV of the regions of Austria-Hungay
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Figure 5.19 ABCC CV of the western periphery
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Figure 5.20 ABCC CV of east European countries
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Figure 5.21 ABCC CV of south-east European countre
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6. ‘Keep them ignorant.’ Did inequality in land distri bution delay

regional numeracy development?

A number of theoretical studies in the Unified Gtowlheory framework argue that
inequality in land distribution has a negative effen human capital formation because
landowners do not have incentives to promote edugtinstitutions or are not willing to
pay the necessary taxes. Using a large data seegianal numeracy in i9century
Europe, we analyse the relationship between laeduality and human capital. We find a
substantial negative effect from land inequalityiéas industrialised countries, especially

when instrumenting land inequality with soil andratic suitability indicators.

This chapter is based on a working paper co-authari¢h Joerg Baten (University of Tuebingen). The
concept for the paper was developed jointly; thalyses and writing were equally shared. It has been

submitted to an academic journal.
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6.1 Introduction

In their Unified Growth Theory, Galor and Weil (Z)0and Galor and Moav (2002)
consider human capital to be a crucial factor fopl&ning the explosion in economic
growth. In a recent paper, Galor, Moav and Vollr@809; GMV) argue that inequality in
land distribution has a negative effect on the tgraent of institutions that promote
human capital. Although land availability allowdtetcreation of economic prosperity in
some land-abundant countries during the early phade development, the former
beneficial effects of land were reversed after @opeof population growth because of the
subsequent inequality in land distribution.

During the transition from an agricultural to ardustrial economy, a major
conflict arose between agricultural landholders,tlo@ one hand, and capitalists, on the
other hand. Landholders did not benefit as mucinfam increase in the human capital of
their workers as did capitalists. According to GMNKe reason for this result is that human
capital raises the productivity of workers much enon industry than in agriculture
because land and human capital are less compleryeAa consequence, the return on
land declines as the wages of workers rise becatigbe higher level of education.
Moreover, educated workers have more incentivemiitgrate to urban, industrial areas
than do their less educated counterparts. Thisrtlgpaof workers from their fields is
obviously contrary to the interests of landholdéks.a consequence, they tried to hinder
the developing ‘rural exodus’.

For this reason, as GMV describe the process, lan€s inhibited educational
policies and reforms that aimed at augmenting theerpl education of the people. In
contrast, capitalists could take advantage of thledn standards in education by increasing
their industrial output. Therefore, as long as laiders had sufficient political power to

hinder education reforms, they did so. As a consege, inequality in land distribution
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may be seen as an obstacle to human capital fammatd, thus, as a factor in slowing
down the process of industrialisation and the @weabf economic growth. We would
argue that this effect might have been even masaqumced the case in countries where
landed elites were quite powerful, such as RussiaSpain. In this respect, land inequality
is a driving force in the emergence of the greaéjence in income per capita, which has
long-run implications that we can still see in therld today.

GMV assess their theoretical model by empiricatiemce from the US in the first
decades of the 30century, even if, in this case, the industrialeslimight have dominated
national politics. In contrast, in this study wesess the detrimental effects of land
inequality on the development of basic numericélssin Europe in the 19 century. We
employ the age heaping method which measures #re shthe population which could at
least report its own age exactly, rather than tapgpa rounded age in censuses. By using a
new and large data set on numeracy, adding releglata on land distribution and
including several control variables, we trace tfiect of land inequality on human capital
in Europe at the regional level.

We also take care to differentiate between theasdno in the less industrialised
east and south and the more industrial westernop&tirope. Based on GMV'’s theory, we
would expect that the land inequality effect degerah bargaining between large
landowners and industrialists. It is very likehathn the less industrialised east and south,
the political power of landowners was still consatdy stronger than in the western
European countries, in which the industrialists tedeén over a large share of the decision
power.

We employ different econometric estimation stragedb check the robustness of
our results and to address endogeneity. First,sgg0L. S models constructed as panels and

as country-specific regressions. Second, we chkekcausality of land inequality on
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numeracy by employing an Instrumental Variable (Afproach. Similar to GMV and

Easterly (2007), we use geological and geographiaahbles (cereal suitability, altitude,

ruggedness) as instruments which have the advamta@e intrinsically exogenous. To

ensure that our instruments are uncorrelated, wduscipal Component Analysis (PCA).
Our results suggest that land inequality has ataobal negative effect on numeracy in
less industrialised countries.

The paper is structured as follows. First, we liete literature on human capital,

land distribution and land reforms. Second, we dlescthe data used in this study and
underline the regional land distribution in Eurapdahe past. We highlight the modelling

strategy and the empirical results in the nextigecT he last section concludes.

6.2 Literature review

6.2.1 Economic growth and inequality

Inequality is one important mechanism that explalifferent growth patterns around the
world that led to the great divergence. Initialthe inequality literature focused on
redistributive policies. In particular, proponerdf the political economy channel first

argued that the majority of voters would vote faligies that favour redistribution in

contrast to growth. For this reason, higher taxeganight be expected in more equal
societies (Alesina and Rodrick 1994, Persson ame(liai 1994). However, Perotti (1996)

did not find evidence for this mechanism.

Later, research concentrated more on the lobbybilityaof different societal
groups to maintain the status quo or change thstiegi distribution of property. By
influencing politics, powerful landowners were abte delay policies aimed at
redistributing property and at enabling poor wosker obtain a higher level of education.

Unlike other sources that concentratepmtitical changes, GMV focus on theconomic
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incentives for landowners to hinder institutionalanges that would promote education
and, thus, economic growth. However, the dynamieconomic development may bring
about changes in the behaviour of landowners, evieen political structures stay the
same.

Research has long focused imwomeinequality in contrast téand inequality
(e.g., Kuznets 1955). Deininger and Squire (1998kstigate the relationship of both
variants of inequality with growth, using worldwideuntry data from the second half of
the 20" century. One of their results is that initial laimkquality has a negative and
significant influence on later growth, in contrast initial income inequality. On a
theoretical level, this relationship may be exptainn two ways. First, it is possible that
“credit rationing in the presence of indivisiblev@stments — in schooling, for example —
may prevent the asset-poor from making economigalbfitable investments” (Deininger
and Squire 1998, p. 260). In this way, land inedyahfluences the individual ability to
invest. Second, the possession of assets may bapamtant factor in determining one’s
individual capacity to take part in the politicarigaining process and in promoting one’s
interests, which are affected by political decisioMoreover, the significant relationship
between initial land inequality and growth is onlglid for lower-income countries. It
actually does not hold for high-income national iteed. Nevertheless, initial land
inequality still has an influence on school attaemtn Therefore, the link between land
inequality and human capital formation and accutdas confirmed.

Mechanisms influencing growth other than inequalifyve been discussed in the
literature. For example, the quality of instituttonmay affect growth because good
institutions may protect property rights and bedwanve to fostering policies that promote

technological and economic progress. Acemeaglal. (2005a) argue that different types of
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colonies, depending on whether settlers or noresgtivere in the majority, led to different
types of institutions, which may or may not haverpoted growth.

In addition, geography and natural geographicaditams affect the distribution
of wealth and, thus, the economic growth procesdribental climate and disease could
delay the transition from an agricultural to anusttialised economy. Similarly, Engerman
and Sokoloff (2000) argue that initial factor endognts in the New World had a major
influence on the development of institutions artteréby, on economic growth. These
endowments may explain the differences in insbingi Because factor endowments were
quite unique in the colonies, they may have hadomamt and enduring effects on the
economy. For example, the quality of soil and ctendetermined which commodities
could be grown in these colonies. Moreover, sonmaroodities are much more suitable
for large-scale production because considerableaunees of scale can be achieved. A
good example of this economic advantage are sugatgtions. The advantage of their
large-scale production led to larger farms and a®d the import of cheap slaves to work
on these large plantations. In this situation, uaity rose in terms of landownership,
wealth and human capital. As a consequence, ingguehs cemented between a small
elite class owning large tracts of land and theanmiigj of individuals who owned only a
small portion. As a result, the elite class hadgbeer to maintain its economic influence
by shaping political institutions. For this reasontial factor endowments led to inequality
promoted by institutions and, therefore, to differes in economic growth during later
stages of development. Although Williamson (201@p éDobado and Garcia (2010)
recently challenged the long-run view of Engermad &okoloff, the basic mechanism for
the period since the TQ:entury Is still plausible.

Easterly (2007) also addresses the inequality-draelationship. He comes to the

conclusion that a high level of structural inequalhinders the development of
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mechanisms, such as schooling, that enable ecorseualopment. He further argues that
this structural inequality was brought about byaaign conditions, as presented by
Engerman and Sokoloff (2000).

Nevertheless, Glaeset al. (2004) see human capital accumulation as a more
important factor for economic growth than instibms. They argue that human capital had
a positive influence on the development of institos, and novice versaThey show that
the previous standard measures of institutions west able to establish a causal
relationship between institutions and growth. ladtetheir results suggest that human
capital plays a more important causal role. Theiahievel of education is strongly
associated with later economic growth. This corinactsupports the human capital
approach taken by GMV.

In view of these considerations, does the arguroe@MV hold, that landowners
used their economic power to influence the politmracess against educational and other
reforms? Literature on this phenomenon remaingivels scarce (Wegenast 2009). One
of the first theoretical considerations was madeBbyles (1978). He argued that there
was an important difference between capitalistor{fmting education) and landowners
(hindering education), as put forward by GMV.

In general, anecdotal historical evidence shows ldr@owners have used their
local power to influence policy, particularly wittegard to education. In Spain, a land
reform was initiated at the beginning of the 198Ader the Second Spanish Republic also
because leftist politicians thought that large tamders would influence local voters in
order to obtain seats in the Spanish parliamerda{Rind Rosés 2011) and pursue their
own interests.

In ltaly, the government was not eager to promatel Iredistribution measures

that would have improved productivity in the aghatal sector. It did not want to
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decrease landowners’ income because they had asrtamp share of the votes until 1911
(Federico 2009). These clientele politics had apaot on the policies of the state. This
impact was marked by an absence of action in thgéhsand an activist help for
commercial landowners in the north (Elazar 1996).

Lobbying was also an important factor in preserving large estates held by the
landed aristocracy in countries like Hungary. Thstacracy controlled the state and could
therefore protect its farms from competition witmadler and more efficient farms
(Kopsidis 2009).

In England and Wales, large landowners had a 60&tesof parliamentary seats
before the Voting Reform Act in 1885, which gaveniaworkers the right to vote
(Swinnen 2002). As a consequence, the landownee shtapped considerably, to 30 % in
1885 and to 10 % in 1919. Up until this time, lawders dominated the political scene and
could influence the government actions that suitedr needs.

In addition, Lindert (2004a, b) emphasises the ingmee of the public’s right to
vote in order to give more children the chancettera primary schooling. In an historical
comparison, Lindert analyses the factors accourfonghe differences in primary school
enrollment for a range of countries in the periamhf 1881 to 1937. Taking a closer look at
voting rights, he assesses whether the opposidaridowners significantly impeded the
speed of schooling progress. He relates the sligrewer held by landowners inversely to
the overall share of men who were allowed to vdie. distinguishes between non-
democracies (such as the Austria-Hungarian Empetig, democracies (e.g., the UK) and
more widespread democracies. He concludes thatil@ndemocracy did not have, on
average, a higher schooling rate than a non-demmpctdigher schooling rates were,
however, the case for more widespread democragges consequence, Lindert stresses

that landowners were an important obstacle to dducaeforms. They feared paying
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higher taxes for financing the education of the seas Moreover, they were afraid that
workers would leave agriculture and that they wolld increasingly opposed to
domination by landowners. These three ‘threatgirguments against education are also in
line with the predictions by GMV.

Utilising more recent data, Erickson and Vollraf®@4) also show that a lower
degree of land inequality goes hand in hand withrger public provision for education.
Other studies, for India (Banerjee and lyer 200&8) &atin America (Wegenast 2009),
come to similar conclusions. In addition to usirte tindirect effect of education,
landowners tried to directly reduce the mobilityvadrkers by legal means, as highlighted
by Huber and Safford (1995).

Clearly, a number of other factors might have hadimpact on numeracy
development, both across regions and over time. @rnée important forces could be
integration into markets. As there was a broadditenvards basic numeracy between the
Middle Ages and the early $Ccentury in most countries, one could hypothedisg one
of the driving forces was the integration into netrkconomies, which required the ability
to process numbers, at least in a very basic wayveder, some societies were more
successful than others in developing those baglis.skhe Istanbul region of the Ottoman
Empire, for example, was a market economy sinceQttemans ‘inherited’ a highly
urbanized and commercialized economy from the ByaarfEmpire. However, Crayen and
Baten (2010a) found that this region had a muchetomumeracy during the £%entury
than very isolated subsistence regions in nortls®andinavia or north-eastern Russia, as
we present here in this study. Hence while therdeiarly some contribution of the market
economy driving basic numeracy over time, it is sotclear that cross-sectional patterns

can be easily explained with this factor alone.
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6.2.2 The economic and social effects of large farms: trexample of England
The question of the right size of a farm was hd#pated in many European countries for
a long time. For example, Levy (1911) discussegptrécular case of England, which was
the leader of industrialisation. He states thatléinge farm system was perceived to be the
most appropriate method of agriculture in Englapda 1880. For this reason, there was
also a tendency towards the concentration of laaldlifgs. However, this tendency
radically changed afterwards, and the merits ofildianad holdings were emphasised.

Before 1880, English economists argued that laage holdings would increase
agricultural productivity, particularly in grain @wing, as large farmers had the necessary
capital resources to employ the most up-to-date@gural methods and tools to cultivate
their land. Moreover, the large farmer had the hurcapital to “appreciate and to apply
the advances made in agricultural science. He lteavin order to enlarge his mind, and he
read the scientific treatises on agriculture, whtod small holder regarded as the height of
folly” (Levy 1911, p. 2, from Middleton 1807%.As grain prices rose between 1765 and
1815, capital was increasingly invested in thig@ea@nd even people from other classes,
such as doctors and lawyers, wanted to participatkese attractive profits by becoming
farmers (Levy 1911). Land was also let in largeldimys than before. To the landowner,
this ‘engrossing’ of farm land had several advaesad-irst, he could increase his rent
because large farmers could afford to pay highetsre&Second, he was able to save costs
on repairs. Third, it was easier for him to colldw rent from a small number of tenants
who possessed much land.

Nevertheless, large farmers preferred to emplopuadrs who did not possess
any land. The large farmer wanted to manage his fas efficiently as possible. The

ownership of land and the consequent duties inghlwe his view, would distract the

% See Weiss-Bartenstein (1917) for a similar arguritefavour of large farms in Bulgaria.
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attention of the labourer from his work at the &afgrm. “[H]e wanted his men to be as
dependent as possible upon their employer, andsecprently, to depend for their
livelihood on their wages” (Levy 1911, p. 37).

This dependence not only concerned the ownershipanfl but also the
acquisition of knowledge and education (e.g., Lihd2004a). The opposition of
landowners in England is well illustrated by a coemnmade by Davies Giddy (later
president of the Royal Society) in the House of @mmns in 1807: “giving education to
the laboring classes of the poor ... would ... be mligjal to their morals and happiness; it
would teach them to despise their lot in life, @&t of making them good servants in
agriculture [...]; it would render them insolent tieeir superiors...” (quoted in Lindert
2004a, p. 100%°

Low wages in agriculture and the expropriation wia$i landholders contributed
to the exodus from rural to urban areas and, tirasy agriculture to industry. Workers
hoped to ameliorate their position by working inaavn or city. For this reason, the
detrimental social consequences of large land hg&deventually changed the opinion of
some advocates of large farming in Englahd.

The description of the English case illustrates emrafirms the general hypothesis
of GMV that large landowners had an interest inpkeg their labourers and in hindering
educational policies. As a consequence, Englandahawbdest level of schooling before

1891 (Lindert 2004b).

% Similarly, taking another example from Germanyaaded conservative from Silesia in 1800 wrote the
following: “[i]s it not true that the lords experiee far more difficulty in maintaining authority @wvtheir
serfs than they did when the latter were stiltéiate?” (quoted in Lindert 2004a, p. 101).

®" However, the system of large farms still progresisethe period after the introduction of the Chaws
from 1815 to 1846. Neither during this time norafthe abolition of the Corn Laws did corn pricesmase
(contrary to general expectations). Therefore,piditability of arable farming still attracted necapital.
Large farms also advanced in this period. Thusntmaber of large holdings (here defined as 100 orem
acres) increased in the period between 1870 ané.188vertheless, private and state efforts aimed at
lowering the social costs of large farms took hiotan 1880 onwards, and, as a consequence, the mwhbe
large holdings decreased in favour of smaller mgjdli
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6.3 Data

6.3.1 Overview
To assess the relationship of land inequality ancheracy, we primarily use data from
population and agricultural censuses from Europeamtries in the 19and 28 centuries.
First, how can we specify inequality in land distiion? We define a large
agricultural land holding as extending to more tH&0 hectares, as is also indicated by
contemporary classificatioti. Note that we take into consideration theea of these
holdings, in contrast to thefumber®® One possibility would be to use the distributidn o
land holdings as an indicator of land inequalityt Bhe importance of differences in the
number of large holdings over total holdings mayt he regarded as the crucial
determinant of the impact of large land holdingsause, typically, the shares involved in
considering th@umberof large holdings are very smaflBy contrast, the share afeais
much higher and differs much more between countAdsirther advantage of using area-
based rather than owner-based measures is thatross-country comparisons, the
inclusion of very small holdings in the statistiearies considerably. Because the very
small holdings constitute an important share ofibenber of holdings, the share in the
number of holdings would be very much biased ifusmn definitions are different. The

use of the area shares of large holdings avoidspttiblem because the area share of the

® For England, Levy (1911) defines large farms asva250 to 300 acres, which is approximately 100 to
120 hectares. A similar designation can be apgbe@ermany (1882), Cisleithania (1902) and Ital93Q).

As already shown, the underlying theory highligthts importance of large landowners. Thus, the inétyu
measure should take into account their share veipact to the total land available. In contrasheot
inequality measures that measuneerall land inequality, such as the Gini coefficient, dat accurately
reflect the basic argument of the theory.

% For example, Beckast al.(2010) use this as an instrument.

' In Prussia, for example, 0.2 % of farmers wergdalandowners (Beckest al. 2010). The difference
between 0.1 and 0.3 might be less important, coetptar the share of land owned by large landowneirsgb
40 to 60 %.
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smallest holdings is very small and does hardlgcfthe area share of the largest land
holdings.

Data on the area of agricultural holdings are ndisnmevailable by bin size (e.g.,
0-5 hectares (ha), 5-20 ha, 20-50 ha, 50-100 hé,oaer 100 ha), which allows us to
directly calculate the share of large holdings bydihg the total area of holdings larger
than 100 hectares by the total area of all holdihgdowever, the measurement unit
‘hectare’ was not used in all European countries.ifstance, holds were used in Hungary
and acres were employed in the United Kingdom. Aeresequence, we converted the data
into hectares and weighted the size categoriesestioso 100 hectares by their
corresponding sharé.By using this methodology, we were able to compheeshare of
large land holdings throughout Europe. Summaryissieg on this variable are given in
Table 6.1.

One potential caveat is that detailed agriculturehsuses, which included

information on the size of farms, were taken in thiagropean countries only in the second

" This calculation is used for all countries exc@jsleithania, where only data on the number ofcagjuiral

land holdings by size categories are availabldatcbunty level. Here, we assume that the ared fa#rms

within a given size category is equal to the valtithe average size of that particular categorypraposed
by GMV. For instance, given a category from 10 foh2ctares, we consider all farms to be 15 ha lakge
the bin sizes for smaller and medium holdings aiéecfetailed (below 0.5, 0.5-1, 1-2, 2-5, 5-10;200) 20-

50, 50-100 ha), we estimate large landholdings dgutating the share of smaller holdings and takhmy
difference of the smaller holdings below 100 ha.to

In contrast to data on the counties, data on tka af agricultural holdings is also available foe tcrown
lands of Cisleithania. Thus, we are able to comphee obtained values with the official estimations.
Excluding the Austrian Littoral and Dalmatia, th&imated values are highly and significantly catetl, by
96 %, with the given values in the statistics. Heere the official calculation, particularly for Dahtia,
raises important doubts because, even if we asghatethe area of all farms in each size category
corresponds to the upper bound of the size catetioeyshare of the land holdings below 100 hailisfat

too low. It may be possible that the missing knalgke of the local people of the hectare systemdeithis
discrepancy (which is indicated in the introductiminthe agricultural census) or that not all laraldings
were included.

Furthermore, the overlapping regions from Cisleithain 1902 and Italy in 1930 (Alto Adige, Trentino
Gorizia and Trieste) are highly and significardtyrelated (about 99 %), indicating that the Aastriittoral
may well have had a much higher share of largeihgédthan indicated in the official statistics. Fhesult
would confirm our estimations for these regions.

Moreover, in Russia, the shares were calculateasing two separate publications (see appendix).

2 For example, 1 acre is about 0.405 hectares. fiaBd and Scotland, size categories are 100-308sacr
and 300-500 acres. Therefore, we calculated thes gifahe holdings larger than 100 acres (aboutia)tand
larger than 300 acres (about 120 ha). We then atthdadl by weighting the former by 0.264 and theckaltty
0.736 because the latter is closer to the meaabie/é 100 hectares’.
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half of the 18 and the first decades of the"™€enturies. Our numeracy evidence refers to
the same period, but we would have preferred inagudata from an earlier period to
avoid potential contemporaneous correlation problelfor example, the first agricultural
census was taken in the Austrian part of Austriagitury (Cisleithania) in 1902. The
earliest evidence (see Table 6.2) comes from theetiKingdom and Ireland (1875 and
1881, respectively) and the latest from Italy apai8 (1930). Clearly, the unavailability of
earlier data may appear to be a major obstacldtairing meaningful results. However,
land inequality can generally be seen as quitelestaber time. Agrarian reforms were
enacted in western Europe as a reaction to theckrevolution at the beginning of the
19" century, but, afterwards, no radical changes weferced. This agrarian situation is
confirmed by taking a closer look at the evidemoenf some of the countries. For example,
Eddie (1967) shows that the share of large landihgs, with a definition similar to that
used in this paper (above 200 holds or 115 hegtaremained almost constant in
Transleithania (the Hungarian part of the Habsktmgpire) in the period between 1867
and 1914, although changes occurred within thedifft size groups. For example, at the
regional level, the share (in area) of large laottlings in England, Wales and Scotland,
changed, on average, by less than 2 % between d&&73.895 (see details in Table 6.3).
According to the statistics, the largest differendetween 1875 and 1895 occurred in
England in the small counties of Rutland (- 6 %J &stafford (+ 5 %), in Wales in
Carnarvon (+ 4 %) and in Scotland in Clackmannaesf# 7 %) and Ayr (+ 6 %). In all
other counties, the differences were even smallemany counties, almost no changes
occurred. Thus, these results highlight, once mitwe stability of the share of large land
holdings over time.

In eastern Europe, similar questions about lanttidigion and land reform were

more intensively discussed than in western Eurdpeutaone century later. The First
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World War altered the political and economic pasi§ of many countries. In addition, the
creation of new countries as a consequence of #we encouraged major agricultural
reforms in some European countries. Neverthelagsdata stem from all countries from
before this period of major transition, excepthie tase of Spain and Italy, where earlier
data is not available. The agricultural censusea® wee first ones in Spain and Italy. How,
then, was land distribution affected in thé"1&ntury and the first decades of thé"20
century in Italy and Spain?

The south of Spain had an important share of lagjates since the Reconquista.
A Liberal Reform was enacted at the turn of th8 é&ntury but did not have a very strong
effect on land distribution — the large estate®\nflalusia remained intact. Church lands
were expropriated and privatised, but much of &mellwent into the hands of already large
landowners. The next important change was a refibilah was only approved in 1936.
However, it was not entirely implemented becausehef Civil War (Pidal and Rosés
2011). For this reason, we argue that the shalargé land holdings in the 1930 data is a
reasonable indicator of late"l@entury land inequalit{’

In Italy, discussions on the redistribution of ldmeban after the unification of the
country. Nevertheless, few policy activities wemgaduced and fewer still had any strong
effect (Dovring 1965). Although minor transfers Wween large landowners and smaller
peasant owners took place until later in the cegntobo major redistribution of farm sizes
took place. Our argument is therefore similar &t tf Spain.

What about land reforms in other countries in tio& tentury? In France, the
government did not make great efforts to changeféine structure existing since the

French Revolution. Dovring (1965) notes that ud®40, France was one of the least

3 The regions in the north of Spain are not incluitethis census. The first time that they wereuded was
in the 1960s. Because this agricultural censuslig kate, we have not included these data.
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performing actors of political land redistributioAlthough the intention of improving the
situation of small farmers was expressed, action mastly limited to words alone.

In Austria-Hungary, no active land reform was umalezn in the considered time
period. Hungary was characterised by large estasgtsvere the result of the long, ongoing
threat of the Ottoman Empire. These estates betbmgea nobility class that led the
military and could therefore justify its ownerskapd protection of large lands. However,
land changes occurred because of the liberatidheoHungarian serfs in the middle of the
19" century, which created new smaller farms but atsmbined existing larger ones. No
major changes to the overall pattern occurred timgilFirst World War (Dovring 1965).

Liberating the serfs in 1861 also had repercussiorRussia. In contrast to the
generally held idea that consolidation of the fabesefited the serfs, the reality was that
peasants only obtained their previous share of ldmel, or less. Nevertheless, the
incompetence of many landowners with regard toragrarganisation and production and
the competition arising from peasant labour lechtdecrease in large estates after 1861
(Dovring 1965). However, the farming structure & tend of the 19 century
underestimates the importance of large farms iritsehalf of the century.

In Serbia, farms were mostly small after indeperddnom the Ottoman Empire
in 1882. Although no official agrarian reform togkace, parts of the land were
redistributed because peasants took over the laomd the former Ottoman landowners
who fled from the country. Given the departure lod foreign landowners, large farms
disappeared, and Serbia became a country of samallmedium-sized peasant farms (Von
Franges 1937). Thus, a new land reform that ainidatesmking up larger farms was not
necessary. Furthermore, although a major redisgtobuof land was enacted in other
regions of the newly created Kingdoms of the Se@lveats and Slovenes after World War

[, Old Serbia was almost completely unaffected.irilar statement can be made about
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Bulgaria. After independence in 1878, the Bulgagamernment redistributed some of the
land from the departing Turks in small pieces (&4r@8004). Therefore, agricultural census
data from the end of the #@entury might underestimate the share of largagdan these
two countries. Nevertheless, both countries hadipusly been characterised by a rather
small share of large farms. Thus, the role of th®i®an agricultural system and the retreat
of the large Turkish farmers after independenc&enbia and Bulgaria are important in
analysing farm sizes in the Balkans.

In addition to regional distribution of land, theeasurement and development of
regional numeracy in Europe in the™&entury is a focal point of this study. In contris
literacy data, evidence on numeracy has the adgarghbeing available earlier and more
broadly at the regional level. Therefore, by makiusg of a new and large dataset, Hippe
and Baten (2012a) highlight the regional inequaditin numeracy development in more
than 570 European regions between 1790 and 1886ra&% numeracy was already quite
high in many central European and Scandinavian tcesn southern and eastern Europe
lagged behind; even in western Europe, some rediadsrelatively low numeracy levels
(for an example, see Figure 6.1). The lowest nuayevalues were found in south-eastern
Europe. Nevertheless, many of these ‘periphery'ntoes were able to catch up to the
other countries over time. Moreover, the fact tmany countries were characterised by
considerable regional differences in numeracy Uzt the importance of taking a more
disaggregated view. Rather than simply focusingmss-country differences, we see the
need to examine within-country variation more thugialy.

Therefore, in this paper, we use the database Hpe and Baten (2012a) to
model the impact of regional differences in landtribbution on numeracy. However, as
some central and north European countries alredidyned the maximum numeracy level

by the middle or the end of the ™ @entury, this upper-bound problem would bias the
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results. For this reason, we excluded these casnfrom the analysis. Consequently, we
primarily concentrate on periphery countries inteetn and eastern Europe, but also
include two advanced countries with sufficient oegil variation in numeracy (France and
the United Kingdom). More specifically, the inclubleountries are Austria (Cisleithania),
Hungary (Transleithania), the UK, France, Italy,sBid* and Spain (see Table 6.1). In
total, these countries include more than 300 region

Our indicator of numeracy is the ABCC Index. The @B has been used in a
multitude of recent publications (e.g., A’Heanal. 2009, Crayen and Baten 2010a, Hippe
and Baten 2012a). The ABCC Index takes advantagieeofact that in historical censuses
(and in contemporary ones in some developing c@ms)frmany people did not state their
exact age correctly. Many individuals rounded tlagjes to values ending in ‘0’ and ‘5'.
This preference for certain values leads to a chbenatic ‘age heaping’ pattern in
demographic statistics and can be used to infemtheeracy of the population. As has
been shown by Crayen and Baten (2010a), the mgsartant factor for explaining age
heaping is education. Not all individuals knew thetact age and thus had to estimate it.
Therefore, this age heaping allows us to measuwreviéiny basic numerical ability of a

population. The ABCC Index is calculated as follows
)*
011 Al A(. $ Y%, Y- (6.1)
& *+
wherei stands for the years of age anstands for the number of observatiéhas in the

literature, we take only ages between 23 and® Because we are only interested in the

level of numeracy in this study, we take all agg®tp 72 years) together.

" Not all regions of European Russia (excluding Reéland the Caucasus regions) are included becatese d
on small land holdings are not available for theggons.

> This formula is derived from transforming the d@m@ Whipple Index into the ABCC Index and
simplifying the formula.
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This indicator is clearly not a perfect measure iaman capital, but rather a
proxy for basic numerical skills. However, basic numerical skiéise preconditions for
more advanced skills. Persons who are not abletimnn those basic skills will also not
be able to work as accountants or engineers, btheonther hand only a fraction of them
will develop the skills to become accountants ogieeers. A perfect human capital
measure in our view would be a composite indexasidand advanced text-related skills,
of basic and advanced numerical skills, of techgickl, social and organizational
creativity, and perhaps other components. Howegien that such perfect composite
indexes are impossible to construct for most realdwsituations, scholars often use proxy
indicators for more broad concepts and this is weato as well.

We use current regional boundaries as defined &yNUTS classification of the
European Uniori’ This classification begins at the national lewUTS 0) and goes down
to the county level (NUTS 3} Clearly, there were considerable border chang&uiope
in the 2¢" century, particularly in eastern Europe. Howewersome countries, such as
France and Spain, internal and external borderdlyhathanged. Nevertheless, border
changes are taken into account as well as podsybltributing the historical regions to
the current NUTS regior’S.Because our data are quite detailed for many cesntsuch
as for Austria-Hungary, and sometimes even mucherdetailed than NUTS 3, we avoid
border problems in many cases because smallemegi@ accumulated into larger NUTS

regions. In general, the data are mostly availdI&UTS 2 and NUTS §°

® We also adjust for the first birth decade (2320/8ars), as proposed by Crayen and Baten (2010a).

" NUTS (Nomenclature of Territorial Units for Staiis) is used by EU and EFTA members as well as
official Candidate Countries for the EU. For coigdroutside the NUTS classification, in particuiar
Eastern Europe, we use the current regional adiratiige classification used by these countries.

8 Moreover, the LAU (Local Area Units) are the nertaller level, including districts.
" That is, historical regions were matched as cjoaslpossible to current NUTS regions.

8 More precisely, data are available on NUTS 3 far former regions of Austria-Hungary (i.e. Austria,
Croatia, Czech Republic, Hungary, Slovakia, Slozeaind parts of Italy, Poland, Romania, Ukraine and
Serbia), France and Spain as well as on NUTS Biilgaria, Ireland, Italy and the UK. Exceptions #re
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6.3.2 Regional land distribution in Europe

Having looked at the national level, let us now assuch more detailed dataset to see
how land was distributed in Europe at the regideatl. In Figure 6.2, we show the share
of large land holdings in the European regions. HBomith of Spain (particularly,
Andalusia) and the south of Italy are generallywad as a stronghold of latifundists and
large farms. This perception is partly confirmeddoy data. In Italy, the southern region of
Calabria and the region around Rome (today’s Laaoparticular, are characterised by a
high share of large farms.

Along with the Austro-Hungarian parts of Cisleitirand Transleithania, the
Czech lands have a lower share of large farms,ew@ihlicia is much more unequal.
Hungary is characterised by a higher land inequahtt, however, differs regionally.
Interestingly, the Transylvanian region appeaisedhe least unequal.

In the United Kingdom, large farms prevail in theestrn and southern parts, as
well as in the border regions up to Scotland. lotlaad, the Lowlands have a higher share
than the Highlands. In contrast to the situatiothim United Kingdom, land appears to be
rather equally distributed.

With regard to the European part of the Russian iEana high share of large
farms can be found in the western parts (and, itigodar, in the Belorussian regions) and
also in the east.

In contrast to more northern countries, the Balkauntries of Serbia and
Bulgaria are characterised by a very low sharafd land holdings. As has already been
highlighted, both countries had mostly peasant gaohsmall size, which made it very

difficult for farmers to generate sufficient outdor a living (Berend 1985), even though

greater regions of London (on NUTS 1) and ParisNQTS 2). For countries where the NUTS classifimati
is not applicable (e.g., Russia), we use datahfictirrent administrative provinces.
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Bulgaria was considered the “peasant lapdr excellencé (Eddie 1967, p. 304,
accentuation in original). Large land holdings wah®most non-existent in these countries

when the agricultural censuses were taken.
6.4 Results

6.4.1 OLS models
Did the share of area owned by large landowners lavsystematic impact on the
numeracy of the regional population?

We plot the relationship between numeracy and iaeduality in the European
countries that are available for study in Figui@ @s can be seen, there is a negative slope
for most countries. Exceptions are France and,essly, the United Kingdom. In these
countries, a positive relationship prevails.

To better understand these differences, we usefdlf@ving OLS regression
model:

ABCG = (+ jshare _100ha+t ,popdens+ ;metropolis
(6.2)
+ 4share prot+ |,
wherei denotes the specific countfBCCdenotes the level of numerashare_100has
the share of the land above 100 ha (= share o¢ lEgners) popdensis the population
density’, metropolisis a dummy variable for metropole regidfhsshare protis the

percentage share of protest&htend comprises the non-observed influences on the

ABCC.

8 That is, the number of individuals in a region pguare kilometre.

8 This variable includes the major cities in the minies under study. These are always the capitisci
except for Russia, where historically both Moscavd &t. Petersburg have been capital cities and have
obtained similar importance regarding populatiare sand political influence. Therefore, metropolgioas

are in Russia St. Petersburg and Moscow, in Ausfi@nna, in France Paris in Italy Rome, in Hungary
Budapest, in Spain Madrid and in the UK London.

8 More concretely, it is the number of Protestanta region divided by the total population in aioeg
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First, we have included population density becaasmore dense population
allows schooling with much lower commuting cost®(Bcekineet al. 2007). Second, we
added a dummy variable for metropoles becaus@psetlarge cities, more public goods in
education were created by the government. Finally, constructed a Protestant share
variable. Protestantism has a reputation for matestantial educational inputs for large
parts of the population (Becker and Woessmann 20B8yish minorities accounted for
only small shares of the population.

We take a two step approach, first constructingr@epand then considering each
country separately. We decided to report robustalpes in order to avoid
heteroskedasticity problems, although we treat eagion with equal weight here,
cumulatively, as one historical experience.

For the panel analysis, we group our data into thifierent categories (see Table
6.4). The panel approach has the advantage to a@llewnclusion of more observations
than otherwise possible. Note that we always ireleduntry dummies to control for
country fixed effects.

In column 1, we include those countries that we m@st interested in, i.e.,
today’s Russia, Hungary, Spain and Italy. Theséonsgwere less industrialised around
1900; hence, their focus on agricultural productioight have given power to regional
landowners. In fact, our results indicate that landquality has a highly significant
negative impact on numeracy at the 1 % level. Iditah, the metropolis variable is
positively significant, showing the possible impaétlower commuting costs. All other
control variables are insignificant.

If we enlarge our sample to all regions exceptliermost industrialised countries
(column 2), the negative sign for land inequalgyonce more confirmed, even though it

has turned insignificant (p-value = 0.121).
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Next, in column 3, we only take into account thestimdustrialised European
countries in our sample, i.e., Austria, France tredUnited Kingdom. In contrast to our
previous results, the coefficient of land ineqyalg now positive and significant. The
metropolis and the share of Protestants varialdescange their sign. The negative sign
for the share of Protestants can be explained dyatt that both France and the UK were
quite homogeneous in religious terms, France beingtly Catholic and the UK mostly
Protestant. We have kept this variable in this mwwlufor better comparability with our
previous results but it is clearly better suitedtfte less religious homogeneous countries
of Hungary (Transleithania) and the Russian Empilereover, population density is
positively significant this time. Overall, the moaglvanced development status of these
countries has altered the relationship between racyeand our explanatory variables.
Therefore, the subsequent analysis will clarifg timding.

Finally, we include all countries in our panel reggion in column 4.
Unsurprisingly, land inequality is neither negalyveor positively significant given our
previous ambiguous results. All other controlsas® insignificant.

After these panel results, we consider each hedbicountry separately. This
strategy allows us to specify our panel resultsefch country and check their robustness.
For example, there remains the possibility thatdb&ined findings might not be entirely
comparable across countries because the defintidand holding might vary slightly
between historical countries (even if the countuyndhies should capture this effect in the
panel regressions). Regressing each country ingallidavoids possibly arising biases due
to the use of different regional units.

We included only countries for which sufficient ebgations were available.
However, given the modest number of regions in scontries, an outlying region can

readily make a coefficient statistically insignditt. This is the case in Hungary. For this
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reason, we have decided to report the coefficientife whole country, as well as for the
country minus one region of Hungary. In additiore added the Protestant share variable
only for Hungary and Russia because, as noted almwest of the other countries were
relatively homogenous in religious terms.

As a result, all of the coefficients for the shaf@rea owned by large landowners
are negative and substantial in southern and eak@rope (Table 6.5). In southern and
central Spain, as well as in Italy, the effect v&dent. In the 50 Hungarian regions, the
coefficient is not statistically significant becauke central Hungarian region of Fejer had
a special development. Its proximity to the Hungarcapital might have played a role
here. After reducing N to 49, the Hungarian landemcoefficient is significant. In Russia,
the coefficient is substantial and significant. Timeestment in metropolitan schooling was
significant and large in the cases of Spain andsRughe opposite being true for Italy and
Hungary. Finally, we obtain a negative sign for plagion densities in southern and
eastern Europe, after controlling for land inedqyadind metropolitan effects. In Spain and
Russia, this sign is statistically significantsipite of the relatively small number of cases.

The share of Protestants had a positive influemdmth Hungary and Russia. The
very high percentage of Protestants in the Badtgian has probably led to the significant
coefficient in Russia. In Hungary, although there positive educational and economic
results, the coefficient is insignificant. Thessulés confirm the widespread literature on
higher educational achievement in Protestant regiexsen though, in Russia, there also
might be a hidden cultural effect. In general, éplanatory shares are quite substantial in
southern and eastern Europe, maxima being aro&nd Gpain, Italy and Russia.

In central and western Europe, we find again opgposigns for most of the
variables in France and the UK (Table 6.6). Laayedbwnership had a negative sign in

Austria, which, however, was a borderline case un regional classification because it
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included some eastern European regions in todaiisibe and some Balkan regions.
Land inequality was statistically insignificant,ttvia p-value of 0.148. It seems that at the
higher level of industrial and educational develepin as in France and the UK, the effect
of large landownership loses its importance andhingyen be a sign of human capital-
intensive agriculture (note the positive significann the UK). Numeracy is dependent on
other factors. Interestingly, large urban aggloriiens appear not yet to be a driving force,
either — London and Paris have negative coeffisieitpotential explanation might be the
presence of large numbers of factory workers, wao less financial means to invest in
their children’s education.

In sum, the OLS models confirm the large landoweféct for our southern and
eastern European samples. At this point, it seenieave been a core effect in European

development.

6.4.2 Instrumental Variable Models

Next, we need to consider endogeneity. The resoltghe ordinary least squares
regressions could be affected by reverse causklityexample, apart from the direction of
causation running from the inequality of land viee tpolitical economy of landlords
opposing primary schooling (and the tax burden toates with it), one can also imagine
that in the long run, regions with relatively goeducation even for small-holders could
reach a lower inequality level of land distributi@as those peasants could buy more and
more land. They might also influence political wityi in favour of land reforms, as
Cinnirella and Hornung (2011) have pointed out tlee case of the historical German
kingdom of Prussia. On the other hand, educatedllsoiders might decide to sell their
plots in order to obtain the return to their huncapital investment in other industries — in
nearby cities, for example. Instrumental variabd@ineation allows to circumvent these
issues of endogeneity. Easterly (2007) and GMV hiaeently advocated the use of
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climatic, geological and similar variables whichoal types of agriculture that are
correlated either with higher or lower efficienzes of scale. Cereal production, for
example, is already highly productive on quite dnmiaim units as has been amply
demonstrated in the agricultural economics litegtwhereas many other crops are more
efficient to use in large units. Cereal productrequires relatively clear-cut climatic and
soil characteristics; hence we can use those toydoo the suitability for cereals.

The advantage of climatic and geological suitapiliariables are their
intrinsically exogenous nature, whereas the actwap use would be influenced by
educational levels. Similarly, altitude and itsiaaility (ruggedness) are quite exogenous
variables. In order to cope with potential non-déiriges, we also include square root terms
next to the linear terms of cereal suitabilityjtatte and ruggedness.

It has become a standard in the literature to upergipal component analysis
(PCA) if a number of soil and climatic variableg arsed as instruments which are highly
correlated. For example, the correlation coeffitigincereal suitability and altitude is 0.68,
the one with ruggedness is 0.70, and between tter kavo 0.78 (all are significant at
levels below 1 %). This high degree of correlatwould influence the first stage of the
regression, weakening the performance of the imsnis. The PCA components in
contrast are uncorrelated by construction. Out fimmponent explains 83 % of the total
variation of the six suitability, altitude and rweginess variables (including their square
root terms), the second component an addition&ol&hd the third component 7 %. All

three components together explain a cumulative 8BtBe variatior?”

8 The first component loads positively on altitud®.¢-1 both for the linear and root term) and rugges
(+0.41 both for the linear and root term), and niegly on cereal suitability (-0.40 and —0.41 fordar and
root term). The second component particularly pasibn cereal suitability (+0.62 and +0.55, roand less
so on the other four (between +0.24 and +0.31hcigral component 3 loads positively on altitude.680
and +0.44) and negatively on ruggedness (-0.48@bd), almost no loading for suitability (+0.09,08).
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We base our first stage of the two stage-leastregastimate on the following
equation:

Landineq= 1+ ,PCA+ 3PCA+ ,PCA+ sX+ | (6.3)
where PCA;,, PCA, and PCAg are the principal components of altitude, ruggednand
suitability andX is a vector of other exogenous variables.

We have also to take into account the exclusiorrricsn. The exclusion
restriction implies that the instrumental variabts not have a direct influence on the
ultimate dependent variable. The research on laeduality has found broad support that
the exclusion restriction holds, as illustrated. dag Easterly (2007), Ramcharan (2010)
and Cinnirella and Hornung (2011). In fact, Eastd2007) has carefully studied the
applicability of the exclusion restriction of s@ihd climatic suitability. He addresses the
issue by referring to theoretical considerationsl @orresponding econometric testing
methods. One possibility for such a direct caubahaoel is the possibility that wheat/rice
and sugar have different effects on the wealthhef Ibcal population. This could be a
potential direct causal influence on cognitive ities, as those might depend on different
investment possibilities. On the other hand, Ebstargues convincingly that the
difference in wealth effects of those agricultugabds are quite limited, compared to all
the other goods which countries are producing. biditeon, he uses tests of
overidentification for the econometric testing démtification. His arguments provide clear
theoretical justifications of the fact that clin@atind soil quality variables are instruments
that do not violate the exclusion restriction. @ficse, we will use also overidentification
tests below, bearing in mind the limitations ofthtrategy.

In Table 6.7, we show the results of the two-stiagst-squares (2SLS)
regressions. Column and 1 and 2 refer to the emsted southern European countries

which interest us most, and column 3 reproducesréelts for all European regions.

282



Ralph Hippe Human capital formation in Europe at the regideaél — implications for economic growth

Firstly the results confirm that the three prin¢ipamponent variables are modestly good
instruments of land inequality. They jointly coatd with land inequality, as is
documented by the ‘first stage’ section of Tablé @he F-statistic of about 7 is still below
the usual threshold of 10, hence we employ a Lunitdormation Maximum Likelihood
(LIML) estimator in column 2. The results barelyadige. Secondly, the instruments
influence the dependent variable only through tbeemtially endogenous variable, land
inequality, as we discussed theoretically beforewk have three instruments, there is the
possibility of overidentification. However, the §an test for over-identification cannot
reject the null hypothesis that all three instruteesre uncorrelated with the error term.
This might be taken as additional tentative evigethat the exclusion restriction holds.

As a main result, the significant impact of laneqnality on early numeracy
remains a very consistent determinant of humantalapi eastern and southern Europe
(column 1 and 2). Most of the other controls arggnificant, except for the metropolis
variable, which has a positive and significant ictpén all of Europe, the land inequality
variable has a negative and marginally signifigeagact on human capital. The change of
signs compared to the panel analysis we used afbemmnstrates that the instrumental
variables probably also reduce measurement eragribithis case.

We may also check whether land inequality is ecdoalty significant. We use
the method of calculating the effect of one staddiaviation of the explanatory variable
on the dependent variadfe We find that the effect of one standard deviatiasniand
inequality is quite remarkable: in eastern and Isewut Europe, it explains about 40 % of

the standard deviation of the dependent variablaemacy. Considering all of Europe, it

% The calculation is done as follows: multiplicatiofithe coefficient of the explanatory variabletire 1V
regression (see Table 7) with its standard deviadiad then division of the result by the standardiation
of the dependent variable (see Table 8).
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still accounts for 20 % of the standard deviatibnameracy. In consequence, these results

confirm once more the important effect of land &gy on numeracy.

6.4.3 Comparison of our results with other data

Other data available at the national level allowtausompare and validate our results for
the relationship between numeracy and land inetyuali Europe in the 19 and 28
centuries. As an alternative to our main databasetake data from Vanhanen (2003) on
the share of literates as a proxy for human capital population and data on the share of
family farms as a rough proxy for small and medisized farms (in contrast to large
farms). Clearly, family farms can lead to quitefeliént extensions. Thus far, this indicator
does not correspond to the reverse of large faNesertheless, this analysis allows us to
obtain an impression of the education-inequalitatrenship in European countries over
time.

Figure 6.4 to Figure 6.6 show this relationshid b8, 1888 and 1918 for a range
of European countries. A clear, positive relatiopsk discernible in the second half of the
19" century. This result confirms the prediction tlatather equal distribution of farm
sizes favours human capital formation. Howeves tbklationship becomes less significant
over time. The figures show that the share of dies mostly rises in many countries,
whereas the share of family farms is more or lesstant. Countries such as the United
Kingdom, France, Belgium, Switzerland, Denmark, &&e and Norway had very high
literacy values in 1918. These high rates contedub the dissolving relationship in later
decades. Moreover, as countries became more imaisgtd, the power of landowners
decreased because the newly rich capitalists esestcan increasingly higher degree of
influence in politics and in the economy, promotiaducation as argued by GMV.
Therefore, the inequality-education relationshipdtl have become less significant as
countries were more and more industrialised anddemers were less important. These
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factors may explain the changing relationship betw&858 and 1918. Nevertheless, the
proposed negative relationship between land inéguaid human capital is confirmed by

the data.

6.5 Conclusion

This paper has analysed the relationship betweeqguality in land distribution and
numeracy, as proposed by Unified Growth Theoryngisa large dataset for European
regions in the 1®and the first decades of the"™2€entury.

Galor et al. (2009) argue that land inequality plays a majde rm delaying
educational improvements. They support their themae model by analysing the
experience of the US at the beginning of th& 2éntury. However, is this situation an
exceptional case or is it also true for Europe?

We employed a large and new dataset on numeradhdiform of age-heaping-
based ABCC indices) and land inequality in morentB20 European regions in the second
part of the 18 and the first part of the Z@entury. In addition, we controlled for several
other explanatory factors. More specifically, weluded population density, a dummy
variable for metropole regions and the share ofdtants in the population. Moreover, we
used panel and country-specific OLS models to chibek robustness of our results.
Finally, we employed Instrumental Variable estimatimodels to establish causality,
taking advantage of intrinsically exogenous geaaljand geographical variables. As is
standard in the literature, we used Principal Camepd Analysis to ensure that our
instruments are uncorrelated.

Our results suggest that, in earlier phases of simidlisation, the unequal
distribution of land did indeed have a negativeeeffon numeracy development. The
finding is consistent with the theory of GMV, besauhey argued that the effect depends
on bargaining between large landowners and indiists. It is very likely that in the less
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industrialised east and south, the political powedandowners was still considerably
stronger than in the western European countrieshich the industrialists had taken over
a large share of the decision power. This impagigs that a more equal distribution of
land, for example, by implementing a land refornaynhelp foster educational attainment

and economic growth at this stage of development.
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6.6 Appendix

6.6.1 Data

Data on land inequality

Country Census year

Source

Austria 1902
(Cisleithania)

Bulgaria 1908
France 1882
Hungary 1895

(Transleithania)

Ireland 1881

Italy 1930

Russian Empire  1905/06

Serbia 1905

Spain 1930

United Kingdom 1875, 1895

K. K. Statistische Zentral-Kkommission (1909).
Osterreichische Statistik. Band LXXXIII. Ergebnisse
der Landwirtschaftlichen Betriebszahlung vom 3.iJun
1902, Kaiserlich-Kdnigliche Hof- und
Staatsdruckerei, Wien. K.K. Statistische
Zentralkommission (1903). Gemeindelexikon der im
Reichsrate vertretenen Konigreiche und Lander, I-
XV, K.K Hof- und Staatsdruckerei, Wien.

Direction Générale de la Statistiqé914).
Statistique de la Propriété Fonciére pendant I'anné
1908, Imprimerie de I'Etat, Sofia

Ministere de [I'Agriculture (1887). t&tique
Agricole de la France (Algérie et Colonies), Rémtglt
généraux de I'enquéte décennale de 1882, Imprimerie
administrative Berger-Levrault et Cie, Nancy.
Ungarische Statistische Mitteilungen (1900gué\
Folge. XXIV. Band. Landwirtschaftliche Statistikrde
Lander der Ungarischen Krone, 3. Teil, Pester
Buchdruckerei-Actien-Gesellschaft, Budapest

Census of Ireland (1882). Part lIn&al report, with
illustrative maps and diagrams, tables, and appendi
Alexander Thom and Sons, Dublin.

Istituto Centrale di Statistica del Regml’ltalia
(1936). Censimento Generale dell’Agricoltura 19
Marzo 1930, VIII, Vol. I, Tipografia I. Failli, Rma.
5678 9:;7<= '898>'8>76'@ 1=
@ A>868 (1907). Statistika zemlevladeniia 1905 g,
Svoddannykhpo 50-ti guberbiiam Evropeiskoi Rossii,
St. Petersburg; (1907). Kizdaniiu ‘Statisticheskaia
svedeniiapo zemel'nomvoprosu v Rossii, St.
Petersburg.

Palairet, M. (1979). Fiscal Pressund &easant
Impoverishment in Serbia before World War |,
Journal of Economic Histor3: 719-740.

Carrién, P. (1932). Los latifundios &spana,
Gréficas Reunidas, Madrid.

(1875). Agricultural netsi of Great Britain, with
abstract returns for the United Kingdom, British
possessions, and foreign countries, 1875, Eyre and
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Spottiswoode, London; (1896). Agricultural retuois
Great Britain, with abstract returns for the United
Kingdom, British possessions, and foreign countries
1895, Eyre and Spottiswoode, London.

Data on numeracy

See Hippe and Baten (2012a).

Data on population density and protestant share
Same sources as for the ABCC in Hippe and Bateth2@) except supplementary area
data for Hungary from Ungarisches Statistischegbiain (1911). Neue Folge. XIX

Buchdruckerei der Aktiengesellschaft Athenaeum,dpadt.

Data on cereal suitability
Cereal suitability data are raster data with altggm of 5 arc-minutes provided by FAO
and IIASA (2007).Suitability of global land area for rainfed prodimn of cereals
(intermediate level of inputs) (FGGDpnline, last accessed 5 December 2012, dataset
downloadable at http://www.fao.org:80/geonetwonkisn/resources.get?id=14077&fname
=cereal_int.zip&access=private, see also documentatat http://www.fao.org/
geonetwork/srv/en/metadata.show?id=14077). For rdetails, see Van Velthuizen, V.,
Huddelston, B., Fischer, G., Salvatore, M., Atam@n, Nachtergaele, Fet al. (2007).
Mapping biophysical factors that influence agricutil production and rural vulnerability,
Rome: FAO. Regional data have been derived fromdhtaset.

The suitability of land for a crop (in this caseeads) is estimated by “comparing
likely attainable vyields with the maximum biologdicgield for that crop in ideal
environmental conditions. Land where attainablddgieare very close to the maximum

potential yield is classified as very suitable tbat crop, whereas land where attainable
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yields are far below the potential maximum is dféss as only marginally suitable or not
suitable” (Van Velthuizeret al. (2007, p. 2). More specifically, the employed ahility
index (SI) “reflects the suitability make-up of arpcular gridcell. In this index VS
represents the portion of the gridcell with atthieayields that are 80 percent or more of
the maximum potential yield for the specified inpaenario. Similarly, S, MS and mS
represent portions of the gridcell with attainayields 60-80 percent, 40—60 percent, and
20-40 percent of the maximum potential yield, resgely. Sl is calculated using the
following equation:SI = VS*0.9 + S*0.7 + MS*0.5 + mS*0.3, where: VS/ery suitable;

S = suitable; MS = moderately suitable; mS = magdiy suitablé (Van Velthuizenet al.
(2007, p. 26).

The intermediate level of input assumption is deWes: “Under the intermediate
level of input, improved management assumption, fmening system is partly market
oriented[.] Production for subsistence plus commaérgale is a management objective.
Production is based on improved varieties, on midabaur with hand tools and/or animal
traction and some mechanization, is medium labotensive, uses some fertilizer
application and chemical pest disease and weedatomdequate fallows and some
conservation measures.” (Van Velthuizgral. (2007, p. 23).

Thus, similarly to Haber (2012), we argue that ithiermediate level of inputs
adequately represents the available level of inpnt$ the management methods of our

historical European context.

Data on altitude and ruggedness
Data on altitude (median) and ruggedness (standiewdation of altitude) are ESRI grid
raster data with a resolution of 30 arc-secondsigeal by Hijmans, R. J., Cameron, S. E.,

Parra, J. L., Jones, P. G. and A. Jarvis (2005)y Viggh resolution interpolated climate
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surfaces for global land areamternational Journal of Climatology25: 1965-1978.
Regional data have been derived from this dataset.

Altitude is defined as elevation above sea leveh{eters).
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6.6.2 Tables
Table 6.1 Summary statistics for landshare > 100ha
Census Obs. Share >100ha Definition
mean sd min  max
AT 1902 (Austria) 75 0.41 0.20 0.03 0.83 Total area
BG 1908 (Bulgaria) 6 0.06 0.05 0.02 0.15 Total area
ES 1930 (Spain) 27 0.37 0.19 0.02 0.70 Total area
FR 1882 (France) 85 0.31 0.15 0.00 0.65 Total area
HU 1895 (Hungary) 51 040 0.16 0.00 0.71 Total area
IE 1881 (Ireland) 3 0.21 0.08 0.12 0.27 Total area
IT 1930 (ltaly) 21 0.36 0.17 0.10 0.74 Total area
RU 1906 (Russia) 39 0.39 0.12 0.09 0.69 Total area
UK 1875 (United Kingdom) 31 0.37 0.14 0.13 0.62 iZrand grass
SR 1905 (Serbia) 1 0.04 --- 0.04 0.04 Arable area
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Table 6.2 Census years of data for land inequalitgnd human capital
Country Census years for data on
Share > 100ha ABCC

Austria (Cisleithania) 1902 1880

Bulgaria 1908 1893

France 1882 1851

Hungary (Transleithania) 1895 1869

Ireland 1881 1841, 1851, 1861
ltaly 1930 1871

Russian Empire 1905/06 1897

Serbia 1905 1895

Spain 1930 1900

United Kingdom 1875, 1895 1881
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Table 6.3 Changes in shares of large holdings ingéHJnited Kingdom
County Difference* County Difference*
England Wales
Bedford 0.00 Anglesey 0.03
Berks 0.03 Brecknock 0.03
Buckingham 0.00 Cardigan 0.03
Cambridge -0.01 Carmarthen 0.01
Chester -0.01 Carnavon 0.04
Cornwall 0.00 Denbigh 0.00
Cumberland -0.01 Flint 0.01
Derby 0.01 Glamorgan 0.02
Devon -0.02 Merioneth 0.02
Dorset 0.02 Montgomery 0.01
Durham -0.02 Pembroke 0.00
Essex -0.01 Radnor 0.02
Gloucester 0.00
Hereford 0.01 Scotland
Hertford -0.03  Aberdeenshire 0.00
Huntigdon 0.00 Angus 0.01
Kent 0.01  Argyll 0.00
Lancaster -0.01 Ayr 0.06
Leicester -0.01 Banff 0.00
Lincoln -0.01  Berwickshire 0.00
Middlesex 0.00 Bute 0.00
Monmouth 0.01 Caithness 0.05
Norfolk -0.01  Clackmannanshire 0.07
Northhampton -0.01 Dumfriesshire -0.05
Northumberland 0.02 Dunbartonshire -0.04
Nottingham 0.03 East Lothian 0.00
Oxford 0.00 Fife 0.00
Rutland -0.06 Inverness-shire -0.01
Salop 0.02 Kincardinshire 0.03
Somerset -0.01 Kinross-shire 0.02
Southhamptom 0.03 Kirkudbrightshire -0.01
Stafford 0.05 Lanarkshire 0.01
Suffolk -0.01  MidLothian 0.00
Surrey -0.01  Morayshire -0.01
Sussex -0.01 Nairnshire -0.01
Warwick 0.00 Orkney 0.04
Westmoreland 0.00 Peeblesshire -0.03
Wilts 0.01  Perthshire 0.01
Worcester 0.01 Renfrewshire 0.00
York, East Riding 0.03 Ross andCromarty 0.00
York, North Riding 0.00 Roxburghshire 0.00
York, West Riding 0.00 Selkirk -0.03

Shetland -0.03
Stirlingshire -0.01
Sutherland 0.02
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County Difference* County Difference*
Wigtown 0.00
West Lothian 0.00

Note: London has been omitted since it was not yet ligtetB75. * Difference is the difference in the gha
(in area) of large land holdings (1875-1895).
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Table 6.4  Panel OLS regressions of numeracy on laravned by large landowners

and other determinants

1) (2) 3) (4)
East/South
Regions East/Southenlarged  Centre/West All Europe
Share >100ha -18.11*** 572 4.73* 0.19
(0.000) (0.117) (0.023) (0.922)
Pop density 2.76 27.65 2.48* 0.06
(0.965) (0.398) (0.099) (0.968)
Metropolis 6.10** 1.88 -2.29%* 1.64
(0.044) (0.377) (0.041) (0.319)
Share Prot. 0.05 0.05 -0.04*** 0.05
(0.216) (0.172) (0.000) (0.165)
Constant 97.54**  84.53***  96.68*** 98.67***
(0.000) (0.000) (0.000) (0.000)
Country FE Yes Yes Yes Yes
Observations 92 183 145 328
R-squared 0.59 0.68 0.27 0.70

Note:*** ** * indicate significance at the 1, 5 and 1fercent level. Robust p-values in parentheses.
T Russia, Hungary, Spain, Italy. 8 All countriecept Austria, UK, France. ¥ Austria, UK, France. In
Russia, metropolis includes St. Petersburg and Mesén Spain Madrid, in Italy Rome, in Hungary

Budapest, in Austria Vienna, in UK London, in FrarRaris
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Table 6.5 OLS regressions of numeracy in southermd eastern Europe on land

owned by large landowners and other determinants

1) (2) 3) (4) (5)
Country Spain Italy Hungary (Tr.Hungary (Tr.) Russia
Regions excl. 0 0 0 1 0
Share >100ha -16.61**%24.44* -6.78 -9.76* -14.08*
(0.000) (0.094) (0.193) (0.052) (0.067)
Pop density -0.33*** 0.15 0.16 0.18 -0.35*
(0.008) (0.237) (0.144) (0.103) (0.053)
Metropolis 17.19** 2.27 2.96 3.13 14.92%**
(0.001) (0.528) (0.336) (0.299) (0.002)
Share Prot. 0.05 0.05 19.27***
(0.200) (0.214) (0.000)
Constant 100.60**85.35*** 85,23*** 85.74*** 83.23***
(0.000) (0.000) (0.000) (0.000) (0.000)
Observations 27 18 50 49 43
R-squared 0.54 0.40 0.07 0.09 0.33

Note:*** ** * indicate significance at the 1, 5 and 1Percent level. Robust p-values in parentheses.
Excluded region in Hungary is Fejer. Hungary inésidTransleithania, Spain includes only central and
southern Spain, Russia includes European RussidgmdRussia, Ukraine, Belarus and Baltic States). |
Russia, metropolis includes St. Petersburg and Mesién Spain Madrid, in Italy Rome, in Hungary
Budapest, in Austria Vienna, in UK London, in FrarRaris.
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Table 6.6  OLS regressions of numeracy in central ahwestern Europe on land

owned by large landowners and other determinants

1) (2) (3)
Country Austria (Cisl.)France UK
Regions excl. 0 0 0
Share >100ha -1.53 9.93*** 14.00
(0.143) (0.007) (0.180)
Pop density -0.01 0.06* 0.02
(0.270) (0.055) (0.207)
Metropolis 4.19 -7.94** -30.06
(0.160) (0.007) (0.204)
Constant 98.61*** 88.00*** 88.71***
(0.000) (0.000) (0.000)
Observations 75 81 32
R-squared 0.03 0.10 0.19

Note:*** ** * indicate significance at the 1, 5 and 1Percent level. Robust p-values in parentheses.
Excluded region in Hungary is Fejer. Hungary inésdTransleithania, Spain includes only central and
southern Spain, Russia includes European Russidgmdrussia, Ukraine, Belarus and Baltic States). |
Russia, metropolis includes St. Petersburg and Mesén Spain Madrid, in Italy Rome, in Hungary
Budapest, in Austria Vienna, in UK London, in FrarRaris.
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Table 6.7 IV regressions

(1) (2) (3)
Countries East/South East/South All
Estimation 2SLS LIML 2SLS

Panel A. First Stage. Dependent variable: landuabty

PCA component1 -.021 -.021 .029
(0.231) (0.231) (0.000)

PCA component2  -.035 -.035 .004
(0.096) (0.096) (0.754)

PCA component3  -.092 -.092 -.007

(0.001)  (0.001)  (0.627)

Panel B. 2SLS estimation. Dependent variable: naayer

Share > 100ha -24.13**  -24.36*  -11.18*
(0.019) (0.020) (0.098)
Pop density -7.37 -7.78 -1.47
(0.898) (0.892) (0.638)
Metropolis 6.63** 6.65** 2.51
(0.023) (0.023) (0.167)
Protestant 0.05 0.05 0.05
(0.498) (0.498) (0.315)
Constant 100.78*** 100.91*** 103.77***
(0.000) (0.000) (0.000)
Adj. R-squared 0.547 0.546 0.643
First-stage F-stat ~ 6.819 6.819 9.671
Over-ID test (p-val) 0.707 0.706 0.098

Note: *** ** * indicate significance at the 1, 5 and Jfiercent level. T Russia, Hungary, Spain, ltalfor§
the LIML regression, we report the p-value of thed&rson-Rubin chi-square test. In Russia, metrepoli
includes St. Petersburg and Moscow, in Spain Madndtaly Rome, in Hungary Budapest, in Austria
Vienna, in UK London, in France Paris.
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Table 6.8  Descriptives of the IV regression

East/South All
Variable obs mean sd mn max obs mean sd min max
ABCC 91 84.39 9.13 60.48 98.12 327 89.93 9.46 51.70 100.00
Share >100he91 0.39 0.15 0.02 0.71 327 0.37 0.17 0.00 0.83
Popdensity 91 0.02 0.02 0.00 0.08 327 0.04 0.11 0.00 1.98
Metropolis 91 0.05 0.23 0.00 1.00 327 0.04 0.19 0.00 1.00
Protestant 91 7.25 15.48 0.00 80.00 327 13.61 30.90 0.00 100.00
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6.6.3 Figures

Figure 6.1 Regional ABCC differences in 1830

Source:Hippe and Baten (2012a).
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Figure 6.2 Share of large land holdings > 100ha iBuropean regions

Note: For Poland, Portugal, Greece and north-westerireastern Spain, no early land inequality data of
comparable quality are available; central and mortHEurope were not included because ABCC valugs di
not vary sufficiently.
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Figure 6.3 ABCC and landshare > 100ha in selecteduopean countries
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Figure 6.4 Relationship of literacy and family farrms in Europe, 1858
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Figure 6.5 Relationship of literacy and family farrms in Europe, 1888
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Figure 6.6 Relationship of literacy and family farrms in Europe, 1918
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7. Spatial clustering of human capital in the Europearregions

Human capital is an important factor for economiowgh. However, studies comparing
(almost) the entire European continent at the regjidevel are rare. Therefore, we
investigate in this study the spatial distributiohbasic human capital in Europe in the
long run. To this end, we employ the methods of |&xgtory Spatial Data Analysis to
analyse the spatial heterogeneity of human caipitdde European regions by using cross-
sectional evidence for 1850 and 1930. The reshtisvsa pattern with one core and several
periphery clusters. Moreover, spatial clusteringsists throughout the time period. Spatial
outliers are rather rare. Geographic location gatial interactions appear to be important

for the human capital of a region.

This chapter is based on a working paper whichbleas published iEconomies et Sociétés
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7.1 Introduction

Human capital is an important factor for economiovgh. Particularly Unified Growth

Theory underlines that human capital plays a mage in the long-run economic
development from stagnation to growth (e.g., Galwt Weil 2000, Galor and Moav 2002,
Galoret al. 2009, Galor 2012).

Still, many studies compare human capital levely ahthe national level across
countries. However, considerable differences maideswithin nations (e.g., Canasal.
2003, Dieboltet al. 2005). Hippe and Baten (2012a) show that regiomaduality in
human capital was considerably high (but decreagorgmany European countries in the
19" century. Thus, taking a closer comparative lookhatdifferences within countries at
the European level may considerably advance ouwlauge on the importance of human
capital.

Economic theories such as New Economic Geograplyy, (Eujitaet al. 1999)
have further highlighted the appropriateness of rigional unit as the basic unit of
analysis. Regional data also allow to evaluatedifiasion process of knowledge from one
region to another. Accordingly, knowledge spillavet the local level have attracted the
interest of many researchers (e.g., Jaffal. 1993, Anseliret al. 2000, Del Barrio-Castro
and Garcia-Quevedo 2005).

For these reasons, the aim of this paper is toys@aéxplicitly the spatial
distribution of human capital in Europe in the longn. What role did geographical
proximity play for human capital formation? To themd, we take the new and large
database used by Hippe and Baten (2012a) for ragimmmeracy in the {dcentury and
add supplementary data for human capital in th @shtury. In particular, we employ

regional literacy data from censuses for the 19B9Kirk 1946).
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The spatial distribution of these data are inveséid by the use of the methods of
Exploratory Spatial Data Analysis (ESDA). Thesdeatrecent methods have increasingly
been employed to investigate the role of spacespatial effects on economic and social
variables. For example, one application of thes¢hats has been the analysis of the
spatial distribution of GDP and patents as welcasvergence processes at the regional
level (LOpez-Bazet al. 1999, Baumonét al. 2003, Le Gallo and Ertur 2003a, Diebolt and
Pellier 2009a). In fact, it is not sufficient totdet clusters by only mapping data because
human perception tends to find patterns even idoandata (Messneat al. 1999). In this
way, we would run the risk of taking spurious carsgbns. Furthermore, it is not possible
to evaluate the significance of these clusters.ctmtrast, ESDA allows a clear
identification of spatial clusters and to checkitlsggnificance. Therefore, we can evaluate
the evolving spatial heterogeneity of basic humapital in the European regions by
employing these methods.

The specific methods used in this study are Morartlse Moran scatter plot and
the Moran significance map. We also check the rolass of the applied methodology.
The results highlight the spatial clustering ofioe@l numeracy and literacy throughout
our period. The overall pattern in 1850 consisiim@ clustering of high and low values
can still be observed in the 1930s. Hence, geograbproximity to central European
countries appears to be an important explanatocyorffafor regional human capital
distribution in Europe. However, we also identigveral distinct spatial regimes that do
not follow this pattern.

The paper is structured as follows. First, we dbecthe general evolution of
education in the 9and the first decades of the™2€entury. Second, we present the data
and the methodology. We employ the age heapingadéth proxy for basic numeracy in

1850 and use literacy data in 1930. Our data aagdregated at the regional level. For
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this reason, we have attributed the historical lames to a constant set of current
administrative units. These are the NUTS categasessed by the European UnfSrhis

strategy allows us to improve the comparabilityoof data throughout time. Third, we
introduce ESDA as a tool for evaluating the spatiaterogeneity of human capital
inequality in Europe. The fourth section presehis tesults of the application of these

methods. Finally, the last section concludes.

7.2 Evolution of basic education in the European regios

Prior to the 18 century, education was not perceived to be impoffar broad segments
of the population. This is also highlighted by thet that more than 90 % of the population
of all continents was not able to write in 1750p@&la 1969). Therefore, education had
been a privilege for the upper classes for a vemg time. Still in the 18 century, this fact
can be illustrated for the case of Serbia: “[e]docain Servia is strong at the top and
weak at the bottom” (Report of the Internationah@aission 1914, p. 270). Nevertheless,
this attitude changed radically as education becaémée seen crucial not only for
achieving the authority of the state (Green 199thceht 2000) but also for nation
building, national integration and for encouragiagonomic development (Mishkova
1994).

In the decades between 1870 and the First World, \W@wcation played an
increasing role in public discussion. The genedaication of the people was, however, not
only perceived by western European countries agngortant stake for development. In
eastern Europe important efforts were also madedse the gap to the more advanced

Western societies. At the beginning of the pertbd; region had very low enrolment rates

8 NUTS stands for Nomenclature of Territorial Urfibs Statistics. Eurostat distinguishes betweeredsifit
NUTS levels, beginning with NUTS 0 (the countrydévand going down to NUTS 3 (approximately the
county level).
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which improved during the following years (Benawatd Riddle 1988). Bulgaria is a
particular appropriate example. After the creatidrthe Bulgarian Principality in the year
1878, primary education was made compulsory byBhbkyarian constitution in 1879
(Mishkova 1994). Subsequently, several laws reiteradhe endeavour to significantly
improve the basic education of the people. Moreottee state actively supported the
construction of new schools and more pupils wetewad to acquire basic education.
Finally, the effects of this policy bore fruits:témnational observers evaluated that the
educational situation in Bulgaria was better thanother Balkan states in the 1910s
(Report of the Commission 191%).

What about the regional differences in basic hurpapital in the European
countries to that time? A general improvement dfibaducation throughout the 19
century can be seen in the development of regionaleracy (Hippe and Baten 2012a).
Scandinavia, the UK and central Europe had alredidyned very high numeracy levels in
the first decades of the 1@entury, while southern and eastern countries agc®pain, the
Balkans and the Russian Empire lagged behind. Mereoregional patterns are
observable. For example, Spain is characteriseda lyore-periphery structure where
periphery regions, in particular in the west (Galicand in the south (Andalusia), have
lower levels of basic numeracy than the more céndgions. In contrast, Italy is divided
into a northern part with high numeracy and a seutlone with rather low values.

However, the authors not only considered the ggumgcal aspect of the regional
distribution of human capital but also its evolatithroughout time and the inequalities
that existed in the different European countridgeylshow that, in general, the inequalities
(as measured by the coefficient of variation) disfied in these countries during thé"19

century.

8" The same was still true 30 years later (Kirk 1946)
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The main tendencies of this study are corroborbyeesearch using other human
capital indicators. For example, the data used ioyilla and Hornung (2011) indicate
that enrolment rates of 6 to 14 year olds wereadlyehigh for contemporary standards in
Prussia in 1816 (on average 60.3 %). These ratesaged during the century. In 1849,
they already reached 80.2 %. The lowest rates mewdly found in the Poznan provinces,
which were also those provinces with the lowest &BGn Hippe and Baten’s (2012a)
study. Regional variation was even less importantha end of the 19 century, as
demonstrated by average enrolment rates of 9315 2886 and 94.4 % in 1896.

Moreover, Felice (2012) assembled human capita datlarger Italian regions in
the 19" and 28 centuries. His human capital index is a combimatid literacy and
enrolment rates. He finds that there were largeinces in 1871 which decreased during
the following decades. North-western regions haal tlilghest values, followed by those
from the centre/north-east. Finally, the south #relltalian islands were characterised by
lower human capital.

For Spain, Nufez (1992) shows that literacy rabiewi a similar core-periphery
pattern as indicated by numeracy data. Literacgsratcreased so that almost the whole
population in the northern regions was literatethe 1930s. However, other regions,
particularly in the south, lagged behind. Thus, therespondence between the overall
regional variation in numeracy and literacy ha® ddeen demonstrated by Hippe (2012b)
for a set of historical European regions and sofrieday’s developing countries in Africa,
Asia and Latin America.

Moreover, Kirk (1946) considers literacy in the wdhaof Europe during the first
decades of the 3Dcentury. He shows that there remains importanibned) variation in

literacy around 1930. In fact, the overall patteans similar to those detected by Hippe
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and Baten (2012a) for the L@entury. The most advanced countries are locategritral,
northern Europe and western Europe (see Figure 7.1)

There are some elements that may explain the difters between the countries
and the regions within the countries. In particuléirk names language, the dominant
religion and political components as explanatogtdes. Language might play a role when
the language used by parts of the population diffieam the official language of the state.
This may lead to a disadvantage for children tletayschool and have to learn a new
language.

Second, religion might be considered as a factertduthe importance attributed
to reading the scriptures. Protestant regions aremlly more advanced in literacy than
others, a result that has once more been hightighyeBecker and Woessmann (2009).

Third, history counts because the former politibalundaries that had been
modified by World War | are still visible in the 30s. Kirk takes the examples of Alsace-
Lorraine being the most literate region in France tb its heritage of the public school
system in Germany. Moreover, the borders of thenérr Austro-Hungarian Empire are
still apparent.

Fourth, government policies contributed to the degHiteracy was fought in the
first decades of the T9century. In particular, Latin countries did noffgtiently succeed
in putting educational policies into place. Poriuigajust one obvious case. In contrast,
countries in eastern Europe were better able tmodote more thoroughly general
education as a means to boost their developmeheigears before 1930.

Nevertheless, apart from these factors, Kirk stgtgte clearly that space plays
the predominant role in the explication of the gdadistribution of literacy: “the most
important element in the degree of literacy wasggaphical proximity to, and cultural

intercourse with, the more literate regions of Raststern Europe” (Kirk 1946, p. 187).
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These examples demonstrate once more the import@noet only analysing
national human capital formation but of looking \what happens inside countries.
However, Kirk makes this hypothetical statementhaitt any (spatial) econometrical
analysis. In contrast, we are able to test thiothgsis about the crucial impact of space on

regional human capital distribution in Europe.

7.3 Data

The data used in this paper are taken from segerakces. First, the database created by
Hippe and Baten (2012a) has been used to estitmateegional distribution of numeracy
in Europe around 1850. Regional numeracy valuesal@ilated through the use of the
age heaping method (e.g., A’'Heaeh al. 2009, Crayen and Baten 2010b, Stetzal.
2013). Age heaping describes the fact that in rhizdbrical censuses (and other sources)
the actual age distribution deviates from the etqztone®® More precisely, much more
individuals reported ages on 0 and 5 as could heaby the case. Hence, these people
were not aware of their own age. For this readuey tounded (or heaped) their ages. This
age heaping phenomenon can be taken advantagecafcidate an index which proxies
numeracy’® We use the ABCC Index in this study because ¢hisracterised by the same
value range as literacy data, i.e., it varies fiorto 100. The ABCC is calculated in the

following way:

)*
011 A( A(. $ %, v - (7.1)

8 This pattern is still observable in today’s cersusf a variety of developing countries during $eeond
part of the 200 century (see Hippe 2012b).

8 Other reasons leading to age heaping can alsanbgined. However, Crayen and Baten (2010a) and
Hippe (2012b) show that education is clearly thestmmmportant factor.
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wherei stands for the years of age amdtands for the number of observatidhas it is
the standard definition in the literature, we take ages between 23 and 72 to proxy for
basic numerical skills around 185D.

Second, Kirk (1946) collected an impressive datselan Europe in the interwar
period. We use the data on regional literacy frammdata set. The definition of literacy
used by Kirk (1946) is

6789:< $ 9=, %-. (7.2)
C C

whererw corresponds to the number of individuals in agegble to read and writa,to
the total number of individuals in that region ano the years of age. As can be derived
from the formula, the age threshold of individualde included in the data is 10 years.
Two questions might arise: first, why do we usehbmimeracy and literacy data?
Second, can we use both proxies in combinatiothi®isake of evaluating the evolution of
human capital? To answer the first question, weeliawdeal with the fact that literacy data
are not available for many countries as early &0 18 consequence, we have to rely on
another proxy for this point in time. This proxy tise ABCC. On the other hand, the
ABCC has already reached or is close to its maxirtev@l in 1930 for an important range
of countries, even more than it is the case ferdity. For this reason, the ABCC cannot be
used throughout our time period either. Second,care use numeracy and literacy also
because a significant positive correlation betwdmse two indicators has been found in
several studies (A’Hearat al. 2009, Crayen and Baten 2010a, Hippe and Batena?012

Hippe 2012b). Moreover, both numeracy and literay output measures, measuring the

% This formula is the result of a linear transforimatof the Whipple index into the ABCC Index.

1 Note that we adjust for the first birth decade (@32 years), as proposed by Crayen and Bater0§0lh
addition, we take earlier or later ABCC values astimated these values by linear extrapolation umzaot
all the data are available for this point in time.
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actual performance of an individual in numeracy éitetacy. This makes them better
comparable than using an output measure in congmetith an input proxy such as
school enrolment. School enrolment only measuresptioportion of pupils enrolled at
school without giving us information on the actkalowledge obtained in school. This
knowledge might evidently vary very importantly ésaso Vincent 2006Y

Nevertheless, we are aware of the potential meamme bias using different
proxies. Still, we believe that this strategy aldows to pursuit the goal of this paper to
highlight the spatial distribution of basic humapital in our period.

After discussing the human capital proxies employedhis study, we have to
define the notion of a ‘region’. To make the datdtér comparable, we use a standard
administrative definition. This means that we haamverted historical administrative
borders into today’s NUTS regions (see also Hipmpe Baten 2012a). Obviously, internal
and external borders have changed throughout aiodo€elhis is very much the case for
eastern European countries such as Poland, Hungady Russia due to wars and
revolutions. In contrast, countries such as Fraaecd Spain have almost completely
remained with identical administrative divisionsridg the last 150 years. The latter
countries clearly allow a much easier comparisdwéen historical data and current data.
Where administrative units have changed, we adapiednethodology as best as possible
to this. However, caution has to be taken withitherpretation of individual cases when
borders have changed importantly. Although thisatefy has the aforementioned

inconveniences, we proceed in this way becausagtthe very important advantage to

92 ppart from the fact that there is (to our knowlejigo database available yet for school enrolmentter
indicators, such as years of schooling, at theoregdilevel to that time.

315



Ralph Hippe Human capital formation in Europe at the regideaél — implications for economic growth

allow a look at more or less the same regionalctire throughout our period.
Nevertheless, we had to adapt some regions toettessities in the different censudés.

How aggregated are our data? We have data avaibebldl NUTS levels. For
example, we could use the lowest NUTS level, NUT#$13Spain, France, Austria or
Slovakia. Clearly, we would prefer to analyse tlaadalways at the highest level of
regional disaggregation to use all the informatwailable, i.e., to maximise the number of
regions and avoid possible biases involved in udiigher aggregated regional units.
However, we prefer to use NUTS 2 in general andoime particular cases, NUT¥' Ito
standardise the regional classification. It is imgot for the following ESDA methods to
operate on similar levels because our estimatiomsdvotherwise be potentially prone to
biases related to different sizes of our unit algsis. For this reason, we merged NUTS 3
regions to NUTS 2 regions and weighted the humaitalavalues according to the total
population in the region.

This strategy allows us to construct a data sdtushan capital proxies in the
European regions. However, according to Kirk (194éne countries do not report any
literacy rates in the 1930s anymore. This has djréeeen the case since the beginning of
the century (UNESCO 1953). These are generally tti@snwith very high literacy rates
such as the Scandinavian countries, Germany dokh& In consequence, Kirk estimated
that these countries had illiteracy rates betweemd 5 %. Because there is no regional
variation in these estimates, we would automagicéind intentionally) create positive

spatial autocorrelation if we left these countiieshe data. This would clearly violate the

% This is particularly true for Russia. In fact, thvinces of the USSR, particularly of the UkraimiSSR,
as listed in Kirk (1946), are bigger in 1930 th&e tnes in 1897. Moreover, the current administeati
structure does not have an equivalent to NUTS B/(NRTS 0 or NUTS 1 and NUTS 3). In consequence,
we had to merge several smaller regions into bigggions which would constitute NUTS 2 regions. Séhe
bigger regions are formed in accordance to histbpcedecessors.

% These are the greater Paris and London regions.

% More specifically, UNESCO (1953) mentions DenmaBermany, the Netherlands, Norway, Sweden,
Switzerland and the United Kingdom.
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fundamental concepts of the analysis strategy eyedloin consequence, we excluded the
countries concerned from northern and central Eurbjote that our results are, therefore,
limited to this specific setup and could be altafadl European regions could be included.
This has always to be taken into account in ther lahalysis. Nevertheless, we can still
work with a large data base for western, southemh @astern Europe and are able to
evaluate spatial clustering for these large pdrisuoope.

Descriptive statistics of the data can be found@able 7.1. There are around 190
regions in our data set for each point in time.uéal range between 26 and 100 for the
ABCC in 1850 and between 17 and 100 for literac)®30. The regions belong to the
following countries (within current borders): Alban Armenia, Austria, Azerbaijan,
Belarus, Bosnia-Herzegovina, Bulgaria, Croatia, dbzeRepublic, Estonia, France,
Georgia, Greece, Hungary, Ireland, Italy, Latviathuiania, Macedonia, Moldova,
Montenegro, Poland, Portugal, Romania, Russia,i&efjovakia, Slovenia, Spain and

Ukraine®®

7.4 Exploratory Spatial Data Analysis

Geographic location has an important influencehengrowth of the economy (e.g., Fujita
et al. 1999, Azomahouwet al. 2009) but also on knowledge flows (Paci and U€419).
Maps and other means of visualisation may helgéatify specific spatial patterns in the
data. However, they are not sufficient because thegrpretation is subjective. This is also
why it is possible to perceive spatial patterns mtiee data are clearly random (Messgier
al. 1999). Moreover, the evaluation of the significauod potential spatial clusters is out of
reach without further tools of analysis. Therefotlee use of appropriate methods is

important to identify significant spatial autocdatgon.

% We do not have ABCC data neither for some regibas were not Greek at the date of the underlying
census nor for the principalities of Romania in .85
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What is spatial autocorrelation? Spatial autocatieh is at hand when similar
values coincide with similar location (see Ansei®01). There are two types of spatial
autocorrelation: positive and negative spatial eomieelation. First, positive spatial
autocorrelation means that there is a clusteringigth (or low) values of a given random
variable in space, whereas negative spatial autelation refers to a clustering of
dissimilar values. In the latter case, a regiosuisounded by neighbours with significantly
higher or lower values. Particular spatial pattamesy arise due to spatial heterogeneity,
resulting in clusters of regions with high educagiblevels (the core regions) and clusters
of regions with low levels (the periphery regions).

In this paper, we investigate the spatial heterefjgmf human capital among the
European regions. By comparing several pointsmetive are able to get an insight into
the persistence of spatial inequality in humantehpiuring our period. For this reason, we
identify global and local spatial autocorrelatioly lising Exploratory Spatial Data
Analysis®’

ESDA is a “set of techniques aimed at describingl asualizing spatial
distributions, at identifying atypical localizati®mr spatial outliers, at detecting patterns of
spatial association, clusters or hot spots, astiggesting spatial regimes or other forms of
spatial heterogeneity” (Le Gallo and Ertur 2003al9/; see also Haining 1990, Bailey
and Gatrell 1995, Anselin 1998a, b). These teclescpllow the computation of, firstly,
global and, secondly, local spatial autocorrelation

On the one hand, Moran’s | statistic is used i fhaper to detect global spatial

autocorrelation. This statistic is a standard apgno to calculate global spatial

" The following presentation of ESDA (Moran’s |, Mar scatter plot, LISA) is based on Le Gallo andiErt
(20034, b) and Dall'erba (2005).
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autocorrelation. It is defined in the following wé&gliff and Ord 1981, Le Gallo and Ertur
2003b):

ZEF Fe=c € ¢ C
Cc F (.

(7.3)

wheret is the year of observation (here: t = 1850, 198@8,the number of NUTS regions,
X is an observationu is the mean value of the observations &hdrepresents a
standardisation factor which is equal to the tstah of all the elements of the spatial
weight matrix?® The elements of the spatial weight matrix whiehdn the diagonaiy;,
are equal to zero and the other elememfsdenote in each case the spatial connection of a
regioni to a regior].

It is possible to rewrite Moran’s | statistic imaatrix form by defining a vecta
of the human capital observations for a given yeaich is in deviation fromu. Denoting
W as the spatial weight matrix, this gives us:

o H!F,
Cc HF

Note that the vectowz is also called spatially lagged vector, represgnthe

(7.4)

averages of human capital values of the neighbbwurasing spatial weights. Therefore,
Moran’s | indicates the level of linear dependebetveerz andWaz.

The outside influence which possibly affects eaefion can be normalised by
row-standardising the spatial weight matrix, sottkach individual row sums to 1.
Consequently, the scaling factris now equal tm, simplifying Moran’s | statistic to

HoF
C HE (7.5)

Moreover, the expected val&gl) of Moran’s | is equal to

BThatis#th F F &
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It (7.6)

Thus, when Moran’s | is larger thdf(l), there is positive spatial autocorrelation in the
data, when it is smaller, there is negative spati#bcorrelation.

Clearly, there are different ways of constructirige tspatial weight matrix.
However, the inherent characteristics of our regidburopean data make it particularly
appropriate to use a spatial weight matrix whickesived from the k-nearest neighbours
within the great circle distana between the centroids of regions. This matrix hesn
used by earlier publications referring explicitlp the NUTS 2 classification at the
European level (e.g., Le Gallo and Ertur 2003a/ &dla 2005) and in other domains (e.qg.,
Pace and Barry 1997, Pinkse and Slade 1998). lar@dacce with Le Gallo and Ertur
(2003a), the spatial weight matrix takes the folfayform:

= C [ 1Pi6 Rt

| #= o C PISGTS CUVN=% C =cC #H (7.7)

Fe=c O

K#= ¢ C [IPISC Y S C #HHHHH
di(k) being the critical cut-off distance fdr i.e., it “is the K' order smallest distance
between regionsandj such that each regiarhas exacthk neighbors” (Dall’erba 2005).
Row standardisation allows to account for relatimelieu of absolute distance. The
resulting matrix isw*. As Le Gallo and Ertur (2003a) and Dall’erba (2008e use the
great circle distance with a minimum loequal to 10 in order to allow the connection of
islands such as Sicily, Corsica or the Greek Idadthe mainland. Otherwise we would
have zero values for some rows and columns. Beaausiater empirical results are based
on the selected criterion of the spatial weightrmatve check the robustness of our results

by increasing the number &fto 15 and 20. The increase in the numbek @@sults in an

increase in the part of international connectiddall(erba 2005).
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On the other hand, the global Moran’s | statistiwesl not allow a closer
examination of outliers and regional spatial clusgg For example, it is possible that high
values of human capital are concentrated in somgcpkar clusters and low values in
others. Moreover, outlying regions that deviatengigantly from their surrounding
neighbours should be taken into focus. Thereforeuse the Moran scatter plot (Anselin
1996) and the Local Indicators of Spatial Assoo@{lLISA) (Anselin 1995) to analyse the
contributions of individual regions and clustersrefions to the overall pattern of global
spatial autocorrelation.

First, the Moran scatter plot allows to study sgatistability at the local level. It
is divided into four quadrants by the zero valueseach axis. The horizontal axis depicts
the human capital values in units of standard diewvia (vectorz). The vertical axis
reflects the standardised spatially weighted awerfag the human capital valueg/g).*
The quadrants represent the four different typespafial association between a region and
the surrounding neighbours. In the case of thidystu

Quadrant | (high-high (HH); upper right) shows ttegions in the data set
which have human capital values above the mean,attegage of their

neighbours’ human capital also being above the mean

Quadrant Il (low-high (LH); upper left) shows thegrons which have human
capital values below the mean, the average of tlte@ghbours’ human capital

being above the mean,

Quadrant Il (low-low (LL); lower left) shows thegions which have human
capital values below the mean, the average of tlte@ghbours’ human capital

being below the mean, and

% That is the average in human capital of the regmnrounding a region.

321



Ralph Hippe Human capital formation in Europe at the regideaél — implications for economic growth

Quadrant IV (high-low (HL); lower right) shows thegions which have
human capital values above the mean, the averatpeiofneighbours’ human

capital being below the mean.

These quadrants can be classified into two categjofirst, HH and LL indicate
positive spatial autocorrelation, i.e., a regiosusrounded by regions with similar values.
The reverse case is given in the second categone@dtive spatial correlation, i.e., the
quadrants HL and LH. Spatial outliers can be eadiytified by the use of these scatter
plots.

Nevertheless, Moran scatter plots do not allowutlyg whether the detected local
spatial clusters are significant or not. For tlgason, we use a Local Indicator of Spatial
Association (LISA). According to Anselin, a LISA $do fulfil two criteria: first, “the
LISA for each observation gives an indication af g#xtent of significant spatial clustering
of similar values around that observation” and sd¢co‘the sum of LISAs for all
observations is proportional to a global indicabbrspatial association” (Anselin 1995,
p. 94). Thus, we employ a local type of Moran'satistic (Anselin 1995):

G

[ c

c ¢ € AP ¢ « €% (7.8)

C
The interpretation of this LISA is similar to theneo of the global Moran’s |
statistic: there is positive local spatial autoetation whenl;; is positive and negative
spatial autocorrelation when it is negative. Pgttine information obtained by the Moran
scatter plot and the LISA together gives us theaiaignificance map (Anselin and Bao
1997). This map highlights, through the use ofed#ht colours, the regions that are

characterised by significant (positive or negatsqgitial autocorrelation.
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7.5 Results
We highlight first the results for global spatialtecorrelation before taking a closer look

at local spatial autocorrelation (Moran scattet,didoran significance map).

7.5.1 Global spatial autocorrelation

Table 7.2 shows Moran’s | statistic for the proxaéhuman capital at the different points
in time % We employ a permutation approach using 10000 petions as proposed by
the literature (Anselin 1995). It appears from tiable that there is positive spatial
autocorrelation in our data because the Morantatissics are always significant at the
level p =0.0001. Moran’s | is generally lower fine ABCC in 1850 than for literacy in
1930. More specifically, Moran’s | of the ABCC hasvalue for k =10 of 0.6031. In
contrast, literacy’s Moran’s | is 0.7140 in 193Mefefore, the statistics imply that regional
human capital is clustered in space in 1850 and.198is means that we do not find a
random distribution of human capital but that higlexels of human capital cluster with
higher ones antlice versaThus, we find a significant clustering of Europeagions by
using this global indicator.

When we use more nearest neighbours (15, 20) alwdlai@ the Moran’s |
statistics, the sign and significance of the glagadtial autocorrelation do not change. The
expected value in both cases (ABCC in 1850 andalitein 1930) is -0.005. Since the
number of k-neighbours is higher, Moran’s | is low&lobally, these results confirm the

appropriateness of our spatial weight matrix.

7.5.2 Moran scatter plots
In this section, we want to investigate whethereha&re regions that do not fit into the

overall spatial pattern as indicated by the Mordrsgatistics. In other words, we want to

190 Al calculations in the following sections wererfsemed by using GeoDa.
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detect spatial outliers or atypical locations. us purpose, we use first Moran scatter
plots and then Moran significance maps in the sektion.

The results for the Moran scatter plot can be sedfigure 7.2 and Figure 7.3.
Note that we have used k =10 in this case. Mosthef observations are located in
quadrants | (HH) and 1l (LL), i.e., these regicare positively spatially autocorrelated. As
can be seen in Table 7.3, about 85 % (HH =55.Q6+ 30.2 %) of all regions are
associated with similar values in 1850 and 88 % @HB9.7 %, LL = 47.9 %) in 1930. The
share of positive spatial autocorrelation is themefquite similar but the distribution
between HH and LL clusters is different.

Moreover, there are a number of regions which shaw association with
dissimilar values, i.e., LH or HL. It appears tliagre are more regions that are able to
have higher basic human capital values than tleghbours than the other way round.

In fact, in 1850 there are 9.5 % of all regiongha HL quadrant and only 5.3 %
in the LH quadrant. HL regions are predominantlytimern Russian regions (including
Moscow), Estonia, Latvia and a range of regionated on similar latitude from Serbia
(Vojvodina) over Romania (Sud-Muntenia), some Ukia regions to Russia (Rostov). A
somewhat third scheme is constituted by Puglia @athbria in southern Italy. On the
other hand, there are three clusters discerninghii.H quadrant. One is located in the
western and southern peripheral regions of Ibdfiart(igal’s Centro, Spain’s Galicia,
Andalucia, Murcia and Comunidad Valenciana). A seécaluster comprises Eastern
Polish and western Ukrainian regions. Finally, &eotLH region is the Border, Midland
and Western region in west/north-west Ireland. &tea was the harshest hit by the Irish
famine of the 1840s. This might explain its undéigrenance in human capital.

In 1930 we have a similar scheme with 7.2 % in Kie quadrant and almost

identically 5.2 % in the LH quadrant. The HL regaare all located in eastern and south-
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east Europe, except for Asturias in Spain. In paldr, these are Moscow and some
regions in its north-east, the St. Petersburg redistonia, Latvia, the Ukrainian Krim
island, Polish Podkarpackie, Romanian Vest and #@ylg Severen tsentralen and
Yugozapaden (including the capital, Sofia). Theeca$ Bulgaria might confirm our
introductory comments on this country, stating titatvas particularly successful in
elevating the overall human capital of its popwiatiduring the decades following its
independence. The picture is much more diverséhiotH regions, coming from different
corners of Europe. More specifically, LH regione &rcated in Spain (Aragon, Castilla-La
Mancha, Comunidad Valenciana), Italy (Sardegnapa@a (Jadranska Hrvatska), Poland
(Swietokrzyskie) and neighbouring Ukraine (Zakatippat Romania (Nord-Vest) and
Russia (Kareliya).

Some regions are negatively spatially autocorrdlared are located far from the
mean value of basic human capital. In 1850, theggons are from the Balkan and
Caucasus regions and have very low values. The séservation can be made for the
1930s, when southern Balkan countries (Albania lsiadedonia) and eastern Caucasus
regions have still not caught up to other regions.

Because the Moran scatter plot does not give attigation of the significance of

the obtained results, we use in the next step thaisignificance maps.

7.5.3 Moran significance maps

Local Indicators of Spatial Association are helpfal extend our understanding of the

results previously obtained. Therefore, we use Ma@@nificance maps. The statistical

results of these maps are summarised in TableFitgk, most of the regions which are

significant (also called hot spots) are found thei the HH or LL quadrants. This shows a
tendency of positive spatial autocorrelation incgpdn each year, most regions are in the
HH cluster. Second, there are not many observatathssignificant values which fall into
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the other two (HL and LH) quadrants. In fact, aerdiin the LH and LH clusters are almost
not existent (0.1 to 1.5 %).

After these first impressions, we can have a di@at at the Moran significance
maps. Note that in the maps (Figure 7.4 and Figusgthe regions with significant values
are coloured according to the underlying spatigime 1°*

In both 1850 and 1930, there is a clear pattenegibns in central Europe to be in
the HH quadrant. The regions concerned are prignfidm France, northern Italy, Austria,
(to that time) western Poland, the Czech Repullloyenia and Hungary. Catalufia in
Spain is also associated to this cluster in bothsn@n the other hand, a first LL cluster is
located in the southern Balkans (primarily Seriacedonia, Albania and Greece). In
1850, two other ones are visible in Belarus/westeussia and the greater Caucasus
regions. The same can be said for 1930, excepinthah more Russian (and Ukrainian)
regions are now also significantly in this LL cleistin this case, the southern regions of
Portugal, Spain and lItaly are also concerned. Wiseather clusters appear to be in line
with the notion of geographical proximity to nostlestern European countries as an
explanatory factor, the Belarusian case showstltese have to be other additional factors.
In fact, one would expect only very eastern regionfRussia to be characterised by LL
clusters because they are the most distant regidmwever, this is not true for today’s
Belarus. An alternative explanatory factor is lamequality which is shown to
significantly affect numeracy formation in the RiassEmpire (Hippe and Baten 2012b).

In addition, some regions do not fit the generattgsa of positive spatial
autocorrelation. In 1850, for example, this is ttese for today’s Ukrainian region
Zakarpattia Oblast, an historical multiethnic regidhis region had lower ABCC values

than its surrounding regions. Cultural and languaaeiers might have contributed to this

91 park red = HH, light red = HL, dark blue = LL, higblue = LH.
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relatively low result. In general, the atypical it are mostly at the outskirts of the
neighbouring cluster. In 1930, among others, thisrue for Crimea in Ukraine and the
greater region around Bulgaria’s capital Sofia épd/ugozapaden). In the latter case,
Bulgaria’s success in the fight against illiteramnight explain this positive spatial outlier.

Still, negative spatial autocorrelation is rareha data set.

7.5.4 Robustness checks

We checked the robustness of our results by inicrgdlse number of k-nearest neighbours
to 15 and 20. If the choice of k does not havegaiicant impact on the results, most
observations would have to lie on the diagonal.tTfiathey would not change from one
category to another. The results in our case amarsuised in Table 7.5 and Table 7.6.
Evidently, the use of alternatives for k does righificantly change our results. In fact,
most of the observations lie on the diagonal. Duéhe larger inclusion of neighbouring
regions, the first line for k =15 and k =20 imates that there are some regions that
formerly were not significant which now become #igant. As can be seen in the case of
k =15, these regions become to be positively autetated in the majority of cases
(HH=4.2 %, LL =5.5%), whereas the move to niegatutocorrelation almost only
happens to LH regions (LH=2.1 %, HL =0.5 %). Bamare the conclusions when
increasing k to 20. Therefore, these results confire appropriateness of the choice of the
spatial weight matrix. For this reason, we canrififem these checks that our results are

robust to different specifications.

7.6 Conclusion
This paper has analysed the spatial clusterinpefégional distribution of human capital
in Europe in 1850 and 1930. We have used the dsgalday Hippe and Baten (2012a) and

Kirk (1946) to construct evidence on the basisvad tross-sections. To this means, we
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have employed several proxies for human capitest,five have used the ABCC method to
proxy for basic numeracy levels around 1850. Themnhave added literacy levels for the
1930s. Regions were defined according to the NU&Sstication of the European Union.
This fixed classification allowed a maximum of caangbility of the evolution of regional
disparities in basic human capital throughout time.

By using Exploratory Spatial Data Analysis (ESDAgthods (Moran’s |, Moran
scatter plot, Moran significance map), we invesadathe spatial heterogeneity among
European regions in human capital. We had to exchuorthern and central European
regions due to imposed data constraints, so tletfdbus is on western, southern and
eastern European regions. Therefore, our findipgéyao this specific regional setup.

The results show that Europe was characterisednbiynportant core-periphery
pattern, as evidenced by important HH and LL chsstdhe HH cluster is located in
central Europe, while several LL regimes existastern Europe and in 1930 also in south-
western Europe. Nevertheless, some regions were w@blperform better than their
neighbours or had significantly lower basic humapital. These outliers showing negative
spatial correlation are rare in the sample.

These results imply that there were clear spatigdters in Europe in the past.
These spatial clusters persisted over longer tieT@g@s. In consequence, the influence of
the surrounding regions has been an important meatant of a region’s own human
capital. In particular, geographic proximity to tmeost advanced countries in north-
western Europe appears to be an important explgntgtctor for the regional distribution
of human capital in Europe. Nevertheless, the emcst of clusters and outliers which do
not fit to this overall pattern show that there atieer determinants of human capital. The
effect of land inequality, for example, explainggimal numeracy distribution which

cannot be explained by geographical proximity (ligmd Baten 2012b). These results are
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complementary to better understand and explaironagihuman capital distribution and
indicate the road to take in future research pobaythis topic. Space is important for
regional human capital formation but the right eational, social and economic policies

may allow a region or a country to escape fronsfatially given destiny.
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7.7 Appendix

7.7.1 Data
ABCC data: Hippe and Baten (2012a)

Literacy data: Kirk (1946)
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7.7.2 Tables

Table 7.1  Descriptive statistics for human capitaproxies

Year  Proxy obs. mean SC min max
1850 ABCC 189 87.23 13.7( 26.38 100.00
1930 Literacy (> 10 yrs.) 194 69.96 20.7¢ 17.00 99.51
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Table 7.2  Moran’s | statistic for regional human caital proxies, 1850 and 1930

k=10 k=15 k=20
Year Proxy Moran’s | sd Moran’s |  sd Moran’s |  sd
1850 ABCC 0.6031 0.0291 0.5471 0.0234 0.4930 0.0202

1930 Literacy (>10yrs.) 0.7140 0.0295 0.6634 882 0.6214 0.0205

Note: The expected value for Moran’s | statistics in 18®5@ in 1930 is -0.005. All statistics are sigrafit
at p = 0.0001. The number of random permutatiod9@90.
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Table 7.3  Percentage of observations in each quadraof Moran’s scatter plot

(k=10)
Year Proxy HH LL HL LH
1850 ABCC 55.0% 30.2% 9.5% 5.3%
1930 Literacy (>10yrs.) 39.7% 47.9% 7.2% 5.2%
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Table 7.4  Percentage of observations in Moran’s sificance map (k = 10)

Year  Proxy Not sig. HH LL HL LH
1850 ABCC 45.5% 37.0%  15.3% 1.1% 1.1%
1930 Literacy (>10yrs.) 32.9% 34.0% 30.4% 1.5% 0.1%
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Table 7.5 Robustness analysis for 1850 and 1930<K.0 to k = 15)

k=10/k=15 Not sig. HH LL HL LH

Not sig. 87.7% 4.2% 5.5% 0.5% 2.1%
HH 0.3% 99.7% 0.0% 0.0% 0.0%
LL 2.1% 0.0% 97.9% 0.0% 0.0%
HL 0.0% 0.0% 0.0% 100.0% 0.0%
LH 0.0% 0.0% 0.0% 0.0% 100.0%
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Table 7.6  Robustness analysis for 1850 and 1930<K.0 to k = 20)

k=10/k=20 Not sig. HH LL HL LH

Not sig. 84.6% 4.7% 7.0% 0.8% 2.9%
HH 0.5% 99.5% 0.0% 0.0% 0.0%
LL 2.6% 0.0% 97.4% 0.0% 0.0%
HL 0.0% 0.0% 0.0% 100.0% 0.0%
LH 0.0% 0.0% 0.0% 0.0% 100.0%
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7.7.3 Figures

Figure 7.1 Literacy (in %) in the European regions,ca. 1930

Note: There was no estimation on literacy of Luxembourgilable but it should be between 0 and 5 % as in
the neighbouring regions.
Source:Own calculations based on data by Kirk (1946).
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Figure 7.2 Moran scatter plot for ABCC in Europe, @. 1850 (k=10)
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Figure 7.3 Moran scatter plot for literacy in Europe, ca. 1930 (k=10)
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Figure 7.4 Moran significance map for ABCC in Europe, ca. 1850 (5 % pseudo-

significance level, k=10)
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Figure 7.5 Moran significance map for literacy in REirope, ca. 1930 (5 % pseudo-

significance level, k=10)
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8. Remoteness equals backwardness? Human capital andarket access

in the European regions: insights from the long run

Human capital is generally considered to be an mapo factor to generate economic
growth. Moreover, New Economic Geography (NEG) hasome a major tool to address
questions of regional inequalities and convergepomesses. In an important recent
contribution, Redding and Schott (2003) add humegital to a two sector NEG model,

highlighting that remoteness represents a penaly ¢jives disincentives to invest in
human capital. But is this hypothesis consisterth idng-term evidence? We test the
persistence of this effect at the regional levehmhistorical setting. In particular, we use
numeracy and population potential to proxy for haneapital and market access in the
European regions in 1850. Alternatively, we alse lileracy to measure human capital in
1930. The results show that market access hasndicagt positive influence on human

capital in OLS, Tobit and IV regression models. §hilne paper confirms the ‘penalty of

remoteness’ hypothesis for Europe in the long run.

This chapter is based on a working paper whichbleas submitted to an academic journal.
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8.1 Introduction
Human capital is generally perceived to be a kegofafor today’s knowledge-driven
economies. This is particularly true for Europe @mel European Union. For this reason,
the Council of the European Union highlights th@]ducation and training have made a
substantial contribution towards achieving the loexgn goals of the Lisbon strategy for
growth and jobs” (Council of the European Union 200 119/2).

Still, the EU is facing important challenges in regional policy. Although the
EU has aimed to decrease economic and social gimequalities over the last decades,
there still remain important differences betweed wiithin countries. This is also true for
education which is not equally distributed in spaleus, the question arises how one can
explain these differences.

One possible explanation advanced by theory angaiticular by models from
New Economic Geography (NEG) is that consumer niarglay an important role in the
distribution of economic development. These motialge already been tested empirically
for the last decades (e.g., Redding and Venabl€gl,2D0pez-Rodriguezt al. 2005,
Breinlich 2006, Lopez-Rodriguez arf€aifia 2006, Head and Mayer 2011) and have
confirmed the predictions provided by these ratieeently developed theoretical models.
A patrticular case including human capital formatisrpresented by Redding and Schott
(2003). The authors develop a theoretical NEG meHelving that remoteness from large
consumer markets gives disincentives to individtalsncrease their human capital. For
this reason, this ‘penalty of remoteness’ explawsidwide inequalities in human capital
accumulation. Subsequent empirical studies folBi@pean regions for the last couple of
years have also confirmed the predictions of thdeh@e.g., Lopez-Rodriguet al. 2005).

Nevertheless, (to our knowledge) there has nobgeh any evidence for the long-

term evolution of market access and human capitaduch a setting. This, however,
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appears particularly important to understand thangks that have shaped today’s
European regions in the long run. This may consiolgrenlarge the recent analyses for
the short term which may be only part of a muchdatong-term process.

For these reasons, this paper explores the impmatah market access for the
spatial distribution of human capital in the pastore specifically, we use regional
numeracy values that have been calculated by teehagping method for 1850 as our
human capital proxy. As has been proposed by ttentditerature, we exploit data on the
distribution and size of cities in Europe to motgtorical market access. Moreover, we
test the robustness of our results by employimgdity as an alternative indicator of human
capital in 1930.

The results show that market access has a sigmifie@gative influence in OLS,
Tobit and IV regressions. In the latter case wedisignce to Luxembourg and area size of
European countries as instrumental variables. Titurp that we get from these
regressions is that the ‘penalty of remoteness’othgsis theoretically advanced by
Redding and Schott (2003) is confirmed by our histd data. This implies that the
‘penalty of remoteness’ is not a current trend Hag existed for (very) long time periods,
the present being only a very special case ofgetgshenomenon.

The paper is structured as followed: first, we adeisthe literature on human
capital formation in the European regions in thet@nd the main contributions of New
Economic Geography. Then, we present the underlyiagretical NEG framework which
has been originally proposed by Redding and S¢B6a3). Subsequently, the data and the
econometric specifications are discussed. In thethiosection we show the results. The

final section concludes.
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8.2 Regional human capital formation in Europe, today ad in the past

Human capital formation in the European regions dt#®cted the attention from many
researchers (e.g., Lopez-Rodrigusizal. 2005, Breinlich 2006, Loépez-Rodriguez and
Faifia 2006). For example, one can highlight thetrimrtion by Rodriguez-Pose and
Tselios (2011) for the present. They use Exploya®patial Data Analysis to test the
spatial distribution of educational attainment iestern Europe between 1995 and 2010.
They find that educational attainment is strongiyrelated with inequality and that regions
tend to cluster in space. Proximity plays an imgirtrole for educational attainment even
today. Moreover, there are noticeable differencesveéen the north and the south of
western Europe and the urban and rural communities.

However, as the authors state, “[tlhe geographgdofcation, especially at [the]
subnational level, is a huge black box” (Rodriglewse and Tselios 2011, p. 358). If this
is still true for today, one can imagine how theeiaiion is for the past. New evidence on
the regional distribution of human capital in thesphas recently been provided by Hippe
and Baten (2012a) and Hippe (2012c). For examplestars were already clearly
identifiable in 1850 and 1930, as evidenced by rmagyeand literacy data (Hippe 2012c).
Using ESDA, a core-periphery pattern is discernvbiln regions close to the (potentially)
most developed countries in human capital havirghighest human capital values (see
Figure 8.1 for 1850). In general, when going furtheray from the centre, human capital
levels decrease. The regions in the Belarusiaromegie particular outliers because they
have consistently lower values than their neighbauhnich is why they fall into the LL
(low-low) cluster. Moreover, the fact that the evtestern part of Ireland was severely hit
by the Great Famine between 1845 and 1852 may ¢t@aveibuted to the fact that it has
fallen into the LH (low-high) cluster, meaning thais a region with low human capital

values which is surrounded by regions with high bhontapital values. Finally, the
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Zakarpattia region in today’s Ukraine has histdiycaeen quite ethnically mixed which

can explain the fact that it is also characterlsgteing in the LH quadrant.

8.3 NEG and the economic geography of Europe

New Economic Geography has become an importauwt iflebconomics over the last years.
This is also highlighted by the recent attributiminthe Nobel Prize for Economics to its
founder, Paul R. Krugman, in 2008. New Economic @gsaphy models enable to

understand why economic activity and individualgstér in space. In other words, it is
possible to clarify the reasons for the existenfcarban agglomerations, e.g., Tokyo and
Mexico City, and areas with concentrated activéiych as the Manufacturing Belt in the
United States and the Blue Banana in Europe. Ity tancentration is the most evident
characteristic of economic geography (Krugman 199This statement is confirmed by
taking a look at the unequal regional distributtdrGDP per capita in Europe (Figure 8.2).
That economic geography still plays an importané for the distribution of economic

development can also be illustrated by the useigiré 8.3. There is a clear correlation
between GDP per capita and the approximate econaerndtre of the EU in 1999,

Luxembourg.

The increasing and in part spectacular growth banragglomerations particular
in developing countries further shows that econogeiography is an important factor for
the distribution of the population in the past, apdand probably in the future. The
distribution of the European population may besiitated by using population density data
(Figure 8.4). The most densely concentrated poipulatare predominately located in
England, Belgium, France, Germany and ltaly.

Given these facts, it is not astonishing that poincakers are faced with the
question how to deal with these inequalities. Ecoicogeography in general and NEG in
particular have gained attention due to the procas&uropean integration and its
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consequences for regional inequalities (Fugital. 1999). In this context, human capital is
clearly one important factor that has to be takea account. In fact, when workers move
from one location to another they do not only takéh them the unit of labour that is

available in the economy but also their incorpatdteman capital. The accumulation of
human capital has important socioeconomic impliceti It may possibly enable higher
growth rates and lead to convergence or divergprmeesses. However, the incentives for
individuals to invest in their human capital andeithgeographic location are not

independent, as can be shown by the following NEs@eh

8.4 Theoretical model
The proposed NEG model has originally been develdme Fujitaet al. (1999). This
model has two sectors, i.e., agriculture and manufeng. However, the model does not
take into account human capital accumulation. Tdgsor has only been added by Redding
and Schott (2003). Their model focuses on the acteon between human capital and
input-output linkages, taking account of transpasts and assuming increasing returns to
scale. One of their main results is that counttle®t are remotely located from main
markets have to face higher trade costs and a akri@ the skill premium than other
countries if one assumes that manufactures ardivedia more skill intensive than
agricultural goods. In this way, the effect of ana#e location has the same consequences
as a reduction in the relative price level of mactires. Due to the assumption that the
required skills in the manufacturing sector arehbigthan in agriculture, skilled workers
face a fall in their relative wages. Thus, the moee for an unskilled worker to invest in
human capital and become skilled is decreased.

Lépez-Rodrigueet al. (2005) have tested the model with recent datarefoee,
in line with Lépez-Rodriguezt al. (2005), we will investigate econometrically the
importance of market access in the long run lateindhe paper. In the following, we first
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present the model by Redding and Schott (2003) simélar way as put forward by the
authors and Lopez-Rodriguetal. (2005). However, we adapt the model to the coraéxt
this paper by explicitly considering regions (irsteof countries as in the original model).

First, we consider the preferences and the endowenteat have to be modelled.
Accordingly, Europe is constituted Iy’ a b cd regions. Every region is characterised
by an endowment of consumers. Every consumer has one single unialodur. The
supply of this unit of labour is inelastic, i.ehete is no disutility. The units of labour are
initially unskilled but can endogenously decide Wiee they invest in order to become
skilled. Consumer preferences are identical for allConsumption is restricted to two
types of goods: first, the production of the adtial sector is limited to one homogenous
good. Second, the manufacturing sector producesmgerof differentiated manufactures.
The preferences follow a utility function in Coblpiglas form,

ec . 'g¢ mmlih €h (8.1)

where | denotes a region which demands (or imports) a gbodepresents the utility
function, A is the quantity that is consumed of the agricaltuyood, M denotes a
consumption index which consists of varieties dfiedentiated manufactures a@befines
the share that is expended on manufactures.

The consumption inde is defined by
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wherei denotes a region which produces (or exports) @ gdalenotes the elasticities of
substitution between the pairs of varieties of nfactured goods. Note that consumers

prefer more variety: an increase thleads to a rise in the substitutability among the

348



Ralph Hippe Human capital formation in Europe at the regideaél — implications for economic growth

varieties, engendering a decline in the preferetceextend consumption over the
differentiated manufactures. Moreovés, is the quantity of varieties which are produced
ini and[ kG is the quantity of every variety that is produged for consumption in. The
second part of (8.2) takes advantage of the lawultr (see below) that in equilibrium all
products and their corresponding quantities thgtorei produces are at the same time
demanded by. For this reason, we can take out the indlard in consequence the integral
can be rewritten in the form of a product.

In addition to the aforementioned consumption indexwe introducer g as a
manufactures price index which takes into accob@tgrices of the distinct varieties' )
that are produced in regiorand that are sold in regign

Pon, "o p L
re i j s'oF ! Sk #Hi v sty o (8.3)
where the second part takes advantage of the Hattwe have symmetrical equilibrium
prices.

Second, we define the production technologies wealn the two sectors. In the
first sector, the produced agricultural good is bgeneous. Production is set within the
framework of perfect competition and is characestiby constant returns to scale,

u C Vv Vo ih wh 4 (8.4)
where is the agricultural sector’s output,is the quantity of unskilled workers in the
sector,D is the quantity of skilled workers and is an index of agricultural productivity.
For simplicity, Redding and Schott (2003) take shkendard assumption that trade does not
involve any costs. However, they relax this assuwngdater on to allow for shipping costs.

In the second sector, the production of the difieaseed manufactured goods is

characterised by increasing returns to scale aed ascombination of the two types of
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labour (skilled, unskilled) and of the intermediaitgputs of manufactured goods.
According to this setup, the cost function whichepresentative firm of regionhas to
face is

x =Y =% {1} (8.5)
where=Ydenotes the wage of workers that are skilled (atiteir input share); * denotes
the wage of workers that are unskilled (antheir input share), denotes the price index
that applies for manufactured goods (with~ e its input share). Moreover,
stands for an inverse indicator of technologicficeincy,; denotes the requirement of
fixed inputs and FR ¢ denotes the overall output that the firm produfmesall
European markets. Note that the above mentionedioation takes again the form of a
Cobb-Douglas function.

Furthermore, trade in manufactures involve icebargts, that is a part of the
carried load is lost during transportation fromo j so that€l; «  units of a good have to
be shipped to ensure that one unit arriveg in consequence means that trade
does not incur any trade cos&y; is assumed to include all possible trade costg,(e.
transportation and communication costs).

In the next step, we introduce now endogenous tma&# in human capital into
the model. Redding and Schott (2003) take the gssomthat a conversion is possible
from an unskilled to a skilled worker. Denotingiadividual asz, this conversion incurs a
fixed cost of education H units in terms of unskilled labour. The underlyidga is that
real resources are consumed to become skilled whailits in the fact that the education
cost is a proportion of the wage of unskilled labddoreover, the quantity of unskilled

labour that is needed to become skilled is deperaletwo factors. In particulay, H

fo

, Wwhere denotes the overall environment provided by ingths and government
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policies that have repercussions on the educatieh and: H denotes the individual's
personal ability. This ability ranges between tin@ts of a lower { and an upper bound

() which are subject to human biology. Its cumulatilistribution function is.. :

t $:S: ,wheret : denotes its probability density function whiclalso assumed to be

subject to human biology and equal for all regions.
Given the above mentioned assumptions, an indivViduaill only take the

decision to invest in human capital if
=Y =2Y_—=? (8.6)

i.e., if education costs are lower than (or eqoalthe difference between the wages of a
skilled and an unskilled worker. The equation dedian implicit critical value far above
which all individuals choose to invest in humanitapThis value: * giving the supply of

skills in equilibrium is
=Y ‘ (8.7)

An individual having the ability * does neither prefer to become skilled nor to
remain unskilled but is indifferent to both optiofi$erefore, this equation is termed the
‘skill indifference condition’. A graphical represgtion of the relationship betweerf

=Y

and _z is provided by Redding and Schott (2003), see reig8l5. Only if an

individual has an ability above* he will choose to get further education. For more
intuition we additionally plot the correspondinglat@nship for ability and cost in
education (Figure 8.6).

We consider next the consumer equilibrium. The cores equilibrium is derived

by the maximisation of consumers’ utility. Thisliyi is restricted by a budget constraint.
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Denoting J(; the total expenditure on manufactures by consunmejs the demand of
consumers for varieties that have been producedgioni is given by (by application of
Shepherd’s lemma o)
[ ¢ st 'Jere (8.8)

Jeré  representing the market capacityy( J cr¢ ) which measures the demand in
j, i.e., the importing region. This market capaaitymprises the total expenditure for
manufactures if (Jé, being constituted by intermediates and final comstion) and the
price index for manufactures d), the latter corresponding to the prices charggdhie
competing firms.

Finally, let us turn to the producer equilibriunm. the agricultural sector, profit
maximisation combined with constant returns toesgave the condition that the unit cost

of production is equal to the price, i.e.,
S =yv.=2 v (8.9)

where the numeraire is the homogeneous agriculjmad, givings for all regiong.
Considering the manufacturing sector, profit masgation by the representative

regioni firm is equal to the function

% = =Y =7 { ] ¥ (8.10)

As the varieties have equal weights in the abovatimreed utility function, all firms in
regioni have an identical equilibrium price. To obtainstprice one has to solve the first

order conditions, resulting in

(8.11)
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meaning that a firm takes advantage of a constamk-ump which is above the marginal
cost. By substitution of (8.11) into (8.10), theofir function in equilibrium takes the

following form:

St
% G{ 2 } (8.12)

Thus, a firm breaks even (zero profits) given eagy into the market if its output is equal
to the constant ? . To sell this quantity of units, the firm has tet & price
established by its demand function (8.4). Thususe (8.4) to obtain the break-even price

for the quantity sold by a firm ini:

st o= Jgd gL (8.13)

o =Y =7 e = Jgs €y ! (8.14)

to which the literature refers as the ‘wage equatitt defines the maximum level of
wages that receive both categories of workersfitmas ini are able to pay, taking account
of the demand for its produced goods (in the equabin the right-hand side) and of the
costs involved for the production of the intermeeianputs (left-hand side). In other
words, the wage level inis dependent on the weighted total purchasing paweall
regionsj. The weighting function declines the more theatises betweenandj increase.
This equation is also the beginning for the analysi spatial wage structures in many
contributions in the literature. We will call itaHmarket access’ of regian

This equation can be taken as a function of theashehfior labour in space under
the condition of perfectly mobile labour. In fagthen the income of the neighbouring

regions rises both the demand from labour and wasgesicrease. On the other hand, the
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demand and the wages decrease when transportrisests the considered locations. This
leads to the fundamental result from New Economao@saphy models that advantages in
market access (or market potential) increase fawmioes (Head and Mayer 2004). Thus, a
good and easy access to important markets leatis tesult that the concerned production
sites recompense production factors (higher wabeger land rentals) because they
benefit from lower trade costs.

We can rewrite the wage equation as

=y =z *—Jg o (8.15)

wheres replaces the different former constants gnd is the market access i0fBy using

(8.3) we can represemt asr {D }™! | so that the wages for the two types of
labour can be expressed as

- (8.16)

whereD is the supplier access of regiorin other terms, wages are dependent on both
market and supplier accessiofThose regions that have a good access to thdysapp
manufactures (i.eD is high) have a lower index of manufacturing psige ). For this
reason, they are able to pay higher maximum wageause they face lower production
costs than other regions. If the access to the etarfor manufactures is also good (i.e.,
g is high), they can increase the price for theiodgpwhile at the same time they are
still able to sell sufficient output in order toc&athe given production costs. In this latter
case, maximum wages which firms are able to paynareased once again.

Combining equations (8.9) and (8.16) (i.e., theozmofit conditions for
agriculture and manufacturing, respectively) gitles wages that are paid to workers with
and without skills in equilibrium. If we join equah (8.7), i.e., the skill indifference

condition, it is possible to obtain the equilibriuralationship that exists between the
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geographical location of a region and endogenoussiments in human capital. Thus, we

have,

(8.17)

(8.18)

By means of (8.17) and (8.18) Redding and Sch6@32 show that if both the equilibrium
g andD decrease, if the manufacturing sector is assumdxe tskill intensive with
regard to the agricultural sector and if the regimnincompletely specialised, then the
equilibrium moves to a new equilibrium with lowekiled wages but higher unskilled
wages (see Figure 8.7), i.e., the isoprice linanahufactures is shifted inwardly. This
implies that the critical ability level* increases. This change induces a lower supply of
skilled and a higher supply of unskilled labour.

More specifically, the decrease gf andD has led to a smaller size of the
skill intensive manufacturing sector. The reductiorsize means that there are now more
skilled workers in the market than there is demmmdhem in agriculture. Therefore, the
wages of skilled workers decrease whereby theative wages in comparison to the ones
of unskilled workers fall.

In this way, remoteness leads to smaller incentteegvest in human capital.
This means that the model predicts a positive icglahip between market access and

human capital investment.

8.5 Data and methodology
We test the theoretical model by the use of diffeatasets. We employ numeracy as a
proxy for regional human capital formation in Eueop 1850. Numeracy is derived from

the age heaping method. Age heaping as a methodafoulating basic human capital
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values has been established by the rather redenatlire (e.g., A’'Hearret al. 2009,
Crayen and Baten 2010a, Hippe and Baten 2012aippet2012b). In particular, we use
the ABCC Index to measure numerical abilities. Tindex has the advantage that it is
comparable to other standard proxies becausentgergoes from 0 to 100, as is also the
case for other share proxies. In fact, it meastivesshare of individuals that are able to
calculate. More specifically, historical censusadéand other sources), and in part even
data for today’s LDCs, show a clear pattern of cbng. Many people were not able to
calculate their age. Therefore, they guessed Huarto fulfil the census requirements set
up by the state. Given that human biology servea fast aid for calculations (e.g., five
fingers on one hand, ten fingers in total), theynaed their ages on 0 and 5. It has been
shown that this rough proxy is well correlated watiner standard human capital proxies
such as literacy (A’Hearet al. 2009, Hippe 2012b) and primary school enrolmemnay€n
and Baten 2010a).

The underlying formula of the ABCC Index is
>
011 AC A(. $ Y% | % - (8.19)
g -
wherei denotes a regiotk,the number of years, the number of individuals artdhe time
period.

The human capital data have been taken from the aedv large database
provided by Hippe and Baten (2012a). These datdased on original historical census
data. The advantage of this measurement methdthidttalways takes into account the
entire population and not, as other historical gexf human capital (e.g., signature rates)

only parts of it. For this reason, it is represaémgafor the whole population and is not

prone to biases that naturally reside in more glantidicators. In this way, we are able to
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measure the regional distribution of basic numefemy Portugal to Russia. In total, there
are 299 regions in our dataset (see Table 8.1dscriptive statistics)’?

Moreover, the data on urbanisation are providedayoch et al. (1988). It is,
alongside with a similar database by De Vries ()}98he standard database on
urbanisation in the long run. In fact, the datzdréack the cities of Europe until the year
800, starting from 1850. For a general geographikatration of the data for 1850 see
Figure 8.8. Cities are included if they fulfil a mmum threshold of population size
between 800 and 1800. This threshold is 5000 ithatsi. In total, there are 2201 cities in
our database. We excluded two observations bedhagewere geographical outliers so
that we have used the remaining 2199 cities forcatoulations>®

Market access has been proxied by population patentthe recent literature
(e.g., Lopez-Rodriguezt al. 2005). Population potential is a standard wayeoggaphy of
representing changes in the pattern in which céresdistributed in space. This method is
much more precise than the mere comparison of niapsables to identify the relative
location of a city within a greater network of otleéties. Two factors are essential in the
evaluation process: first, the size of the popatatf cities. Second, the distance of a city
to the other regions in the network. In practiaee adds to the population size of a city the
population sizes of the other cities, each timeéddie by their distances to the original city.
This is done for every city in the data. In thisywa potential value is assigned to each
city. To be more precise, the mathematical fornmleorrespondence to Lépez-Rodriguez

et al.(2005) is

192 Gjven the variable “Distance to Luxembourg”, wesd@xcluded Luxembourg in all our regressions and
do not list it here.

193 These outliers are Ponte Delgada which is on therds Islands and far off the European continent.
Moreover, we excluded Oral which is not locatethia limits of today’s definition of Europe.
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| _ | n 134} |

n —

9 o (8.20)

m

where MA stands for the market potential iatPa is the population of andD;; is the
distance that exists betweeandj, eachi andj representing individual nodes.

For the econometric specification of the relatiopsbetween investment in
human capital and market access, we first tesiradatd OLS regression model as used by
the literature. The basic framework is the follogrin

v 011 ecl * "Vvg | T (8.21)
where ABCC is the numeracy index (in logarithmic termB)A is the market access (in
logarithmic terms),i is a region and are the unexplained residuals. The basic OLS
framework is later complemented by Tobit and Insieatal Variable regressions.

In addition, note that ‘region’ stands for a NUT&yion in our case. NUTS is the
official Nomenclature for Territorial Units of Ststics which has been developed by the
European Union. It comprises all countries of thé EFTA and Candidate Countries of
the EU. For countries outside this area, e.g., Busge used the current administrative
division. This allows us to make our data compagabl current data and other research.
Given the fact that market access and distancevies@oint data (cities and the central
point of each region, respectively), the NUTS legah just be attributed without any
further difficulties. The case is different for hamcapital data which were available only
for the historical regions. In this case, we depebtbthe correspondence of these historical
regions to current regions as best as possibleauBecwe have often more detailed data
than needed for this study (e.g., ttepartementén France, therovinciasin Spain or the
Bezirks-Hauptmannschaften Cisleithania (the Austrian part of Austria-Hamyg), the
possible biases are importantly reduced becauseaweeasily aggregate our data from

province or county level. As a standard, we use B2Tas the basic unit of analysis which
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is also the standard unit in most other contrimgiin our ared® In this way, we were

able to create a unique dataset for the Europepon®in 1850.

8.6 Results

The calculated population potential values aresitited in Figure 8.9 and for western
Europe in greater detail in Figure 8.10. In thddiwing we also refer to countries and
regions in their current boundaries. It is appatbat the highest population potentials are
found in the areas of Paris, London and Manchestdrthe wider locus until the western
parts of Belgium. Given the size of the aforemamib cities, in particular of Paris and
London, this is not surprising because these werdwo most populated cities of Europe
in 1850. Still, the figure highlights that they wemot isolated from other population hubs
but were the centre of a greater accumulation pfifadion in western Europe. This can be
explained by the long-term geographic change oheeuc importance from northern Italy
to this area, as has also been postulated by Br&l@e9). This is also in line with the
concept of the existence of a “blue banana” whias Iheen put forward by Brunet (2002),
a concentration of population and economic actreenfnorthern Italy over the course of
the Rhine River until the UK and even Ireland.

In general, the more one distances oneself frontéindére in western Europe, the
lower are the potential population values. Goirmgher away from the centre, the highest
estimated values are located in the regions obtkeFrance, Germany, Switzerland, Italy,
parts of Austria and a part of Spain (Catalufia)isRaegions are already in the next level.
Nevertheless, there are some outliers to the duertal Large cities create their own high
local population potential which explains the diffiet shading in the areas of e.g., Madrid,

Hamburg, Berlin, Prague, Vienna, St. Petersburghdosicow.

194 An exception is Greater London, where we had ®the NUTS 1 level due to unavailability of more
disaggregated data.
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In the next step, we investigate the relationslepveen market access and human
capital. To this end, we plot market access agémesABCC (Figure 8.11). Unfortunately,
the ABCC has already achieved its maximum levelGff in several countries. This is why
there are a number of regions that are limitedneyupper bound. Nevertheless, there is a
clear relationship between market access and teGAButlying regions are in particular
Greater London (UKI) at the very right and Albaatahe bottom of the figure.

To test this relationship econometrically, we perfed different regression
models. First, we began with standard OLS regrassi®he results are shown in Table
8.2. Market access has a highly significant positifluence on the ABCC (column ¥},
To compare our results for market access with dégtdo Luxembourg as proposed in the
literature, we also computed this distance (in ratlogarithm) and show the results in
column 2 (and also in the subsequent steps). istdo Luxembourg is negatively
significantly correlated to the ABCC. To avoid lBaswe also include dummies for the
most important outlying regions in our data as lmp®driguezet al. (2007). These
regions are London (with by far the highest magaential) and Albania (with by far the
lowest ABCC) (column 3). Both London and Albani& aegatively significant. The case
for Albania is clear due to its very low ABCC. Landis at the top of the market potential
scale. Still, it has not achieved the maximum a#thlie level of numeracy, which one may
expect from its substantial market potential. Thaes its coefficient is negative but not
very large. The inclusion of these outliers impwensiderably the explanation of the
ABCC, as the increase in the (adjusted) R? undeslin

However, we have seen in the scatter plot thatthes a number of regions that

have already achieved the upper bound of 100 ABGiGtp in 1850. This given upper

195 Note that we have opted for the presentation efrésults with the logarithmic form of the ABCC. We
have also done all regressions without this transétion and obtained the same results (only theevaf the
coefficients changed which is a logical consequaidke transformation).
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limit may bias our results because some of thegiemse would have had higher numeracy
values. For this reason, we take this fact expfiditto account by running the same
regressions with the Tobit model. The Tobit modelorporates the problem of upper or
lower bounds in its estimations. The lower bounddsimportant in our case but the upper
limit is. Thus, in total, there are 41 regions whare right-censored by the mod® The
results when using the alternative Tobit modelsir@wvn in columns 5 to 8. Globally, there
are not any big differences to our OLS estimatek drerefore, the Tobit model confirms
the robustness of our former results.

Nevertheless, it is still possible that our resals biased by endogeneity. In fact,
one can imagine that market access is correlatddalernative variables that may have a
significant influence on numeracy. Thus, to be dblédentify whether there is causality
between market access and numeracy, we also penfistramental variable regressions.
In the given case, an instrumental variable halet@ determinant of market access but
also has to be exogenous to numeracy. Moreoverydhable should not be prone to
influences of another underlying variable which ndrjwe its values and affects both
market access and numeracy.

As Lépez-Rodrigueet al. highlight, “geographic variables seem to be thestmo
adequate candidates for such an instrumental Varestimation” (Lopez-Rodrigues al.
2007, p. 223). Thus, in line with Redding and Vdaalh(2004), Breinlich (2006) and
Lopez-Rodriguezet al. (2007), we take the distance from Luxembourg as fost
instrumental variable. This variable captures tiaatages conferred by being close to the
centre of Europe. Second, as proposed by the sathers, we use the (area) “size of a

region’s home country” (Lopez-Rodriguez al. 2007, p. 223), capturing the advantages

1% Because we use the logarithmic form of the ABC@ehé¢he upper limit (corresponding to 100) is
approximately 4.6052.

361



Ralph Hippe Human capital formation in Europe at the regideaél — implications for economic growth

that are created by big national markets for theketaaccess of a regidft’ The results are
shown in column 9. The IV estimates are once agéaghly significant and show the
expected signs. This confirms once more the impogaf market access for numeracy.

However, one may wonder if our results are robasthe use of other human
capital variables and other time periods in thet.p@me standard indicator for human
capital in the past (and still in today’s develapoountries) is literacy. For this reason, our
results would need to be confirmed by the use & #ternative indicator. However,
European wide data for literacy is only availabieumd 1900 onwards but the earliest data
on cities or, in this case, agglomerations (takemfMoriconi-Ebrard 1994) after 1850 are
only available for 1950. Therefore, we use literdaya from 1930 (by Kirk 1946) and take
as the best approximation of market access in 2@ on European agglomerations in
1950:°®

We take the same approach as for numeracy in 18BD fend that the
agglomeration data appear to be quite similar atdi@b0 (see Figure 8.12 to Figure 8.14).
The relationship between market access and litesalso evident (see Figure 8.15). Note
that there are no literacy data for several dewslopountries in 1930 such as the
Scandinavian countries, Germany or the UK. Kirk4@Pestimates that these countries
had literacy rates between 95 and 100. In theviatig, we exclude the regions from these
countries (as has been done in Figure 8.15). Adtarely, we can also take the hypothesis
that these regions had a literacy rate of 100.ny @ase, there are no apparent outliers.

Therefore, we do not include additional dummiesnathe previous ABCC analysis. The

197 Borders and countries in ca. 1850 are considddedause we are interested in the domestic markkt an
trade advantages, we consider Germany as beingitates by those countries that had joined Ziodlverein
(German Customs Union). Data on country sizes @oggaphical square miles) come frodmnuaire
Statistique et Historique Beld&857).

1% \we are very well aware of the fact that World Waaffected important portions of regional popubeis
which may have a biasing effect on our estimatesvéVer, authors such as Marti-Henneberg (2005) show
that population concentrations are highly correlagé¢ the regional level between 1870 and 2000 which
suggests that data from 1950 are still a good aqupesion for 1930.
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corresponding regression results are shown in T&aBleThe coefficients are higher than in
1850 which can be explained by the fact that ldgraates are more dispersed than
numeracy rates. The exclusion of the developedtdesrwithout any official literacy data
(column 1 to 3) or their inclusion (column 4 to @es not affect the significance of the
results. Market access appears to explain signifigiauman capital in every model.

All'in all, we find a core-periphery pattern in e similarly to the literature that
analyses the EU today. Market access has a signifimfluence on human capital,
confirming the ‘penalty of remoteness’ hypothedareover, because we are referring to
the rather distant past with our data, the cumregional distribution of human capital and
economic development appears to be rather stalheilonger run.

This gives important implications for regional myli Remote regions need to
obtain better access to the main European markeis.this reason, it appears to be
essential to advance improvements in infrastrucncefocus even more on investments in

human capital.

8.7 Conclusions

This paper has analysed the importance of marlostsado explain the spatial distribution
of human capital levels in the European regionshim past. The central question is if
remoteness was connected to backwardness in theapasas been postulated by Redding
and Schott (2003) and tested by e.g., Lépez-Rodrigual. (2005) for the present.

In particular, we used the age heaping methodderoio approximate numeracy
values for 1850. Moreover, data on European chieege been used to proxy for market
access. In this direction, the standard concepbptilation potential has been employed to
generate average market access estimations f&uttopean regions.

The results show that market access is highesieimegions constituting England,
northern France, Belgium and the Netherlands. treg®, the farther away one goes from
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this centre, the lower is the market access. Thezeive find a core-periphery structure
also in the past.

Moreover, OLS, Tobit and IV regressions of markatess on numeracy highlight
that numeracy is significantly higher in regionghwhigher market access. We also control
for outlying regions which improve the explanatoppwer of the model. Further
robustness checks have been performed by usimgdytedata for 1930. Thus, after the
literature has in particular used educational mtent for the current period, our numeracy
estimates show that the ‘penalty of remotenessbthgsis is not only valid for today but
that its importance can be traced back even tontiddle of the 19 century. This
underlines once more that this penalty has existed long time in Europe. Thus, it may
continue to exist also in the future if not thehtigpolicy decisions are taken. Improved
infrastructure and greater incentives for investimanhuman capital appear to be very

important in this context.
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8.8 Appendix

8.8.1 Tables

Table 8.1  Descriptive statistics for ABCC and markeaccess, ca. 1850

Variable obs. mean sd min max
ABCC 299 90.81 12.27 26.38 100.00
Market access 299 4465.12 2200.10 995.13 17165.47
Distance 299 14.19 11.36 0.61 51.50
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Market access and ABCC, ca. 1850

Table 8.2
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Market access and literacy, ca. 1930

Table 8.3
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8.8.2 Figures

Figure 8.1 Moran significance map for ABCC in Europe, ca. 1850

Source:Hippe (2012c).
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Figure 8.2 Regional GDP per capita (in PPS), 2008

Source:Eurostat (2011f); http://epp.eurostat.ec.europ&european Union, 1995-2013.
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Figure 8.3 GDP per capita and distance from Luxembarg in EU, 1999

Source:Breinlich (2006), by permission of Oxford UniveysRress.
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Figure 8.4 Regional population density, 2007

Source:Eurostat (2009), © European Communities, 2009; &matp http://epp.eurostat.ec.europa.eu,
© European Union, 1995-2013.
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Figure 8.5 Relationship between ability and relatie wage

Source:Reprinted from Redding and Schott (2003), Copyr{@0603), with permission from Elsevier.
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Figure 8.6 Relationship between ability and cost irducation
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Figure 8.7 Equilibrium wages (skilled, unskilled) ad relative unit factor

requirements

Source:Reprinted from Redding and Schott (2003), Copyr{@0603), with permission from Elsevier.
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Figure 8.8 Location and size of European cities, 58

Source:Own graphical presentation of data provided by @&diret al. (1988). Size of cities is shown in
thousand inhabitants.
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Figure 8.9 Population potential in Europe in 1850

Note: Graphical representation using natural breaks §)emith 32 classes. Values decrease from the highes
to the lowest value in the following broad ordercofours: white, pink, blue, green, yellow, orarzgel red.
Source:Own calculations, city data provided by Bairaattal. (1988).

376



Ralph Hippe Human capital formation in Europe at the regideaél — implications for economic growth

Figure 8.10 Population potential in Europe in 1850zoom to western Europe

Note: Graphical representation using natural breaks §)emith 32 classes. Values decrease from the highes
to the lowest value in the following broad ordercofours: white, pink, blue, green, yellow, orarzgel red.
Source:Own calculations, city data provided by Bairathal. (1988).
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Figure 8.11 ABCC and market access, 1850
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Figure 8.12 Location and size of European agglometians, 1950

Source:Own graphical presentation of data provided by kmi-Ebrard (1994). Size of agglomerations is
shown in thousand inhabitants.
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Figure 8.13 Population potential in Europe in 1950

Note: Graphical representation using natural breaks §)emith 32 classes. Values decrease from the highes
to the lowest value in the following broad ordeicofours: white, pink, blue, green, yellow, orarzgel red.
Source:Own calculations, data on agglomerations provideibriconi-Ebrard (1994).
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Figure 8.14 Population potential in Europe in 1950zoom to western Europe

Note: Graphical representation using natural breaks §)emith 32 classes. Values decrease from the highes
to the lowest value in the following broad ordercofours: white, pink, blue, green, yellow, orarzgel red.
Source:Own calculations, data on agglomerations providebriconi-Ebrard (1994).
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Figure 8.15 Literacy and market access, ca. 1930
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9. Regional human capital formation in Europe in the bng run, 1850 —

2010

Human capital is an important factor for econommd @&ocial development, as has been
underlined by recent theoretical models. A rangecatftributions has focused on the
international evolution of human capital over thstldecades and beyond. However, the
regional dimension of human capital in Europe remmainsufficiently explored,
particularly in a long-run perspective. For thiagen, this paper addresses this gap in the
literature and highlights the regional evolutionhefman capital in Europe between 1850
and 2010 by using numeracy, literacy and educdtmtt@inment proxies. The results show
that intranational inequalities in human capitatdalways been important and are often

more important than international differences.

This chapter is based on a working paper whichbleas submitted to an academic journal.
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9.1 Introduction

Human capital has obtained considerable attentmm both researchers and public policy
makers recently and the in more distant past. Hucagital is often assumed to positively
affect a variety of socio-economic factors sucheasnomic development (Lucas 1988,
Romer 1990, Galor 2005a, b, Galor 2012), democaacyhuman rights (McMahon 1999,
Sen 1999, Beach 2009).

Nevertheless, many authors in the human capiedaliire concentrate either on
recent developments or on the evolution in hist@ill, there are some studies that
establish a link between historical and more readsitta and that try to follow the
development of human capital in the longer run. Eesv, these studies typically take as
the basic unit of analysis either the country Ideef)., Barro and Lee 2001, Morrisson and
Murtin 2009) in order to make international comparis or they take the regional level
and in one country (e.g., Felice 2012).

In fact, studies that focus on the regional leveEuropeand take a long-term
approach, bringing together current data with distaistorical ones, are rare. Yet this
appears particularly important given the fact tmanan capital plays an important role for
society and for economic development in the long ru

For this reason, this paper explores the long-teviution of human capital in
Europe at the regional level. We employ differamdicators for subsequent periods of
time. In particular, we use three proxies: numerditgracy and educational attainment.
These proxies have some important characterisicscammon which make them
particularly appropriate for the study of their @rperiod, thus allowing an evaluation of
human capital throughout time. In this way, we caderline the evolution of human
capital by taking into account the years 1850, 190880, 1960, 2000 and 2010. In

addition, we address the question on the evolwregiuality in human capital, employing
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two standard measures, the coefficient of variadod the Gini coefficient. For a better
comparison, we also adapt historical regional bauded to current NUTS 2 regions. In
total, we have between 160 and 340 NUTS 2 regionsur database for the different
years.

The results show that intranational inequalitieshumman capital have been
important at the different points in time. Regiomkififerences are in many cases quite
persistent and are often higher than internatiooreds. Moreover, the coefficient of
variation and the Gini coefficient indicate impartavariations in inequality between
countries throughout time. These findings underlthe limitations of cross-country
analyses and the need for further human capitabrek at the regional level in Europe.

The paper is structured as follows: first, we higiil some of the most important
contributions in the human capital literature thetke long-term comparisons or trace the
long-term evolution of human capital in Europe. Téecond part explains the basic
underlying methodology. The third section portralys different data sources that have
been used in this study. Subsequently, the resultshe regional evolution of human
capital and on the differences in regional inedigaliare highlighted. Finally, a conclusion

sums up the paper.

9.2 Human capital formation in Europe in the (very) long run

Human capital has been emphasised to be a cruatabrfto improve the lives of
individuals (e.g., Vincent 2000). For example, eg@lmus growth models have stressed
the important role of human capital (Lucas 1988miep 1990). Furthermore, a long-run
view on economic growth has been proposed by Uhifssowth Theory (e.g., Galor
2005a, b). Unified Growth Theory highlights thatnimn capital is essential for the
creation of long-run growth. However, human capigaa theoretical concept that cannot
be measured easily empirically. This is especitlhg in the long run. Nevertheless, the
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literature has put forward different proxies foe tlong-run formation of human capital in
Europe. In particular, it is possible to traceew®lution in Europe by the use of numeracy,
literacy and book production.

First, A'Hearnet al. (2006) give some first indications on numeracyrfation in
Europe in the very long run (see Figure 9.1). Thalgulate numeracy values for some
European countries or larger regions (i.e., thespnd the United States up to Roman
times by employing the age heaping method. Moreifpally, they find that the Alpine
region was characterised by the lowest numeraayegafi.e., the highest Whipple Index
(W1)). It had a WI of about 400 in 300 AD. In coast, Italy had the highest numeracy
level, followed by France and Germany. Clearly, faet that Italy had the highest
numeracy values is not a very surprising but ratheonfirming finding due to the high
level of general living standards, infrastructuned aechnology that characterised the
Roman civilisation. The right hand part of the figunicely illustrates the gradual decrease
of the WI and thus the evolving progress in numgfagm 1300 to 1900 in the different
countries.

More detailed information on a higher number ofdag&an countries allow Figure
9.2 for western and northern and Figure 9.3 fotreéand eastern Europe (A’Heaghal.
2009). Note that this time the ABCC Index is usedtsat numeracy increases with higher
ABCC values. The general tendency of increasing eragy values is also confirmed
when considering more European countries. ArourisD1#he Netherlands were already
more advanced in numeracy than (the more develapadhern Italy. The split between
the north and the south of Italy is already clearfible because the southern part of Italy
had very low numeracy levels both around 1450 abd0l1 Data for southern Italy is
lacking for the centuries afterwards but we knoanfrHippe and Baten (2012a) and Felice

(2012) that important differences were still visitdt the beginning of the ®Sentury
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which became consecutively less pronounced urdilrad the middle of the 30century.
According to Felice (2012), there is a renewed @muall) tendency of divergence in the
decades after 1960.

The differences in the other western and northarofiean countries between
1600 and 1850 are less striking. The UK was a naoyeteader in 1700 but other
countries such as Denmark, the Netherlands, Belgknance and Norway reached soon
higher numeracy levels. Belgium appears to have haée rapidly advancing as its catch-
up phase was relatively short between 1700 and.1800

On the other hand, if one takes a closer look gtifei 9.3, it becomes clear that
many central and eastern European countries hagl lmwmeracy values than their western
and northern European counterparts. In Germanye tisea similar divide as in Italy in
1700 but this time it is not a clear geographicakdon but a religious one: the Protestant
region was more advanced in numeracy than the Gathiwe, giving further evidence to
theories underlying the positive influence of Psté@tism on human capital such as Weber
(1958) and Becker and Woessmann (2009). Centralgean German speaking countries
(Germany, Austria, Switzerland) had higher numerhey countries to their east in 1700.
Nevertheless, the latter progressed throughouirtie period whereas Protestant Germany
fell back between 1750 and 1800, Switzerland bewngnthe numeracy leader before
Austria and Poland. This description of numeracy Unatil now been limited to the country
level (with some exceptions) but different projeate underway that will also highlight
more regional differences within these countriesumeracy in the near future (e.g., Juif
and Baten 2013). These new projects will considgrabprove our understanding on the
formation of human capital in the European regionse very long run.

Second, research on literacy has allowed furthgigitts into European human

capital formation. For example, Houston (2001, Feg9.4) portrays the evolution of
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regional male literacy in western Europe from befd700 until 1970. He defines a
threshold (i.e., at least 50 % of males betweerar2 50 years have to be literate) and
divides the European regions and countries interdint categories. These categories show
when a region has surpassed this threshold leurila® to the evolution in numeracy, it
can be seen that Germanic countries (Germany, &tatrd, the Netherlands, Sweden)
were the leaders in literacy, having surpassedthiheshold already before 1700. This
might also be due to the fact that those countme® at least in part Protestant countries.
The south-east of England and the larger Edinbarghs in Scotland were similarly quick
as the aforementioned countries. Moreover, literapyead gradually to neighbouring
regions in Belgium, France and northern lItaly adl we to the other regions in Great
Britain (except Wales) and Iceland until 1790. Gepgical proximity appears to have
been a decisive factor in the diffusion of knowledig general and of literacy in particular.
The pattern is still visible but less striking ftre next category, the regions
surpassing the threshold until 1850. French mem fadmost all regions became by
majority literate during this time period. Exceptsoare the Celtic region of Bretagne,
some central regions and Corsica. It is possikd¢ ttie language barrier which separated
some of these regions from their French speakimghbeurs played a role here. The same
suggestion can be made for the late progress ire8Vahd Ireland. The strongholds of
Gaelic speaking regions in Ireland’s western paty surpassed the threshold until 1900.
However, one has to keep in mind that literacy édingéd by reading and writing a
particular language (often the official and not thgional language) and this might have
biased the results here. In Spain, the northerromegof Asturias and Castilla La Vieja
were the literacy leaders. Most other Spanish reggurpassed the limit only until 1900
(except in the south where it took more time). he same class fall the north-western

regions in Portugal, the remaining regions in mdland France as well as the north to
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central Italian regions. Finally, the last Europeagions became by a majority (male)
literate, except for some southern and northerrtugoese regions which were the last
ones to achieve the threshold until 1970.

Third, literacy is linked to the production of bakAfter Gutenberg’s invention
of the printing press, an increasing number of Isoakere printed. We may also briefly
consider its evolution in different European coigstbetween the ¥5and the 18 century
(Figure 9.5, Baten and van Zanden 2008). The Isadelbook production were Italy and
the Netherlands in 1450. In contrast, Sweden hadaWwest number of produced books.
This might be astonishing as Sweden was one oédhlg high achievers in male literacy.
In fact, we see that the number of new editionsrpiélion inhabitants (log scale) caught
up in an impressive manner to the other countregsvéen 1550 and 1600. Later on, a
church law was passed in 1686 to advance the mgabilities with the aim that every
Swede should be able to read the bible. This pa@ation may have contributed to the fact
that it became the second most advanced countriydiok production in 1750, just ahead
of the UK but still largely behind the Netherlandsdifferent case is the evolution of book
production in Spain. Spain had a number of produsmmoks similar to the UK in 1450.
Whereas the UK increased it importantly afterwa®ganish book production advanced
only slowly; too slowly in comparison to the othmore dynamic countries.

The evolution presented above mostly stops in 8feahd 18 century. For the
second half of the 9century until today, there are different databamesilable. These
are in part international databases, including gean data mostly at the national level or
sometimes referring to large regions constitutimgse countries. Some of the most well-
known are provided by Banks (1971), Flora (198®n&vot and Riddle (1988), Barro and
Lee (2001), Mitchell (2003), De La Fuente and Doawdn(2006), Cohen and Soto (2007)

and Morrisson and Murtin (2009) (see an overviewable 9.1). One has to add that these
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databases are not always independent from andthparticular, the most recent ones are
in part constructed from earlier databases and difkerent measurement and correction
methods. As can be easily seen, the most poputaigsr for the last decades have been
educational attainment and years of schooling. dlseussions and the intention to

improve these databases underline once more theé floeemore and better data (e.g.,

Krueger and Lindahl 2001, De La Fuente and Domégaecis).

Nevertheless, even given these ongoing improvenatrite international country
level, the regional level is still not adequatedpresented in Europe. Only for the last 10 to
15 years are comparable regional data availabpecesly from the European Statistical
Office Eurostat. If one wants to go back furthertime, data collection becomes much
more difficult. This is true in particular if ons interested not only in western but also in
eastern Europe.

Moreover, the differences between regions haveatitdcted sufficient attention.
Even for current periods, Rodriguez-Pose and Ts€R001, p. 358) clearly conclude that
“despite [the] flourishing of education researdie geographical dimensions of education
remain largely underexplored” (see also Hippe 2D1Peus, it is apparent that more needs
to be done in this direction. Therefore, this papentributes to fill this gap in the

literature.

9.3 Methodology and data

For the comparison of regional human capital in litveg run it is important that the
employed variables follow some basic common prilesipClearly, this is a difficult task
as, theoretically, there are many different postés to measure human capital. However,
in practice their number is substantially reduces do lacking data availability in the
different European countries. For these reasonsyseethree variables that may each be
considered the representative variable of thepeesve time period.
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The first variable is numeracy, calculated by tke af the age heaping method. It
is still a rather recent method but has becomery dgnamic research field as evidenced
by the number of publications over the last yearg.( A’'Hearnet al. 2009, Manzel and
Baten 2009, Crayen and Baten 2010a, Hippe and B#i#Ra). Numeracy is a particular
appropriate proxy if the aim is to measure humapitahin early periods of human
development. This proxy can be employed until t8¥ 2entury in many European
countries and in some of them even later on. Beceegional data for other human capital
variables is much more restricted and less broadeimgraphical coverage, it may be
expected that this method will still have more ®sscand more contributions in the future.
The details of this method have already been déstlisn earlier publications (see e.g.,
Hippe and Baten 2012a, Hippe 2012b). Thus, we dagaoanto more detail in this paper.
Let us only mention that there are characteristigping patterns on ages in historical and
even in some current LDCs’ censuses. In particdgpart of individuals did not report
their exact age but rounded it on 0 and 5. The nmygortant reason for this was that they
did not know and were not able to calculate thegje.alt can be shown that one can
measure numerical capacities by taking advantageiofounding pattern. In practice, the

ABCC Index is defined as
)*
011 G A( A( . $ %&G! %G - (91)
& *+

wheren is the number of all observations and the number of years in regipat point in
timet. Numeracy is used to measure human capital arb854.

Second, the next variable is literacy. Literacynieasured by the ability to ‘read
and write’. This proxy has been used for a longetend is still used in many international

publications today (see e.g., UNESCO 2005). Intsltomeasures the reading and writing

abilities of individuals as stated to census takeras filled out in census forms. We take
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one common definition for literacy that was usedhie earlier decades of the™6entury
and that is similarly used until toda$*

6789:;<G 9:G ) %G (92)
C C

whererw is the number of individuals who are able to ‘read write’ andN is the total
number of years of age. Unfortunately, some coesitdo not collect information on the
literacy of the total population, as is the cage far the Scandinavian countries at the turn
and the first decades of the"2@entury. Hence, they cannot be included in thislyst
Finally, literacy as the measure of the educatiotm® population is progressively replaced
by the level of educational attainment during tb& @entury in most countries.

Therefore, the third and last variable is educaiattainment. It is one of the
standard measures used in today’s official pubboatand has been widely used in the
literature on human capital today and in the repast (and in part beyond) (e.g., Redding
and Schott 2003, Lépez-Rodriguet al. 2005, Breinlich 2006, Rodriguez-Pose and
Tselios 2011). It measures the share of individuhlst have surpassed a certain
educational threshold level, in particular primasgcondary or tertiary education. Clearly,
education systems vary importantly throughout Earapd have been subject to changes
throughout history. This makes it more difficultdompare educational attainment. Still, it
Is possible to obtain a level of sufficient startilsation which allows to compute human
capital values. This is common practice in inteoral publications in general, comparing
different countries in the world, and in publicaisoon Europe and the European Union in
particular. Eurostat provides standardised measimesll of its members. A further
advantage of taking regions as the unit of analgsisompared to countries is that the

regions are bound to the same educational systenhawe to adhere to the same ruling

199 For more details see appendix.
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principles. Therefore, within country comparisome generally not biased by differences

in the education systems. We measure educaticaat@ent in the following way:

B B
&7 °=8S ¢ i 8¢, ¥ C (9.3)
& &

wherele is the number of individuals who have achievedgrmary, primary and lower
secondary education as highest level of educatidmas the number of all individuafs®
We have opted for this definition because both maee and literacy indicators are
proxies of rather basic human capital. In contria#ting e.g. the share of individuals with
tertiary education would clearly be an indicatornebre advanced human capital. This
measure would be less revealing on the abilitieth@foverall population. For this reason,
it appears more appropriate to choose a proxyherattainment of rather low education.
This proxy captures the basic attainment of theepbpulation.

For long-term comparisons, although it is cleart teach variable does not
measure the same attributes of human capital,imp®rtant that the variables have some
common characteristics to improve their compargbilihere are several features that are
common or at least similar to all three variabldsclv underline the meaningful use of
these variables in the present study.

First, all variables are in some sense represgatafithe contemporaneous period
at which there were collected.

The reason for this is related to the second chenatc that all educational

variables have mostly been calculated (or are i gieectly taken) from official census

10 This definition is based on the availability oftaldy Eurostat, referring to ISCED levels 0 to dtéthat
the Eurostat data are derived from the EU Labourcd-&urvey and refer to the “economically active
population”, including both employed and unemplojrdividuals and following the principles set up te
ILO (see e.g., ILO 1982). In contrast, the censat dor Russia in 2012 refer to the overall popoiat
Alternatively, it is also possible to take the agege of 25 to 64 years old for the countries mtegi by
Eurostat. Because both age ranges are correla@¥5d%, the results do not importantly change wimng
the alternative age range. We prefer the definiibages above 15 years because it allows us lodedhe
data on Russia in 2010 and enables easier compavifio literacy.
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publications or official surveys. These officialamnents are generally intended to provide
public policy makers and the general public witbigations on the state of the population
in different contexts. They may be better suiteghtbther rather unofficial documents. For
this reason, the common underlying document typetetline the methodology common

to all variables.

Third, some of the variables may be argued to beenmo less direct output
measures. This is clear for the case of literacgretthe ability to ‘read and write’ is
measured. This is also true for numeracy althohghoutput has to be computed from an
age distribution. In view of educational attainmetitis is also the case for tertiary
education. Even though one may consider secondhrgagion not to be a direct output
measure, it is still a relevant variable charaststiby distinctive regional inequalities. In
particular, early school leavers play a significaole here. They are those individuals
“who leave education and training with only lowexcsndary education or less, and who
are no longer in education and training” (Counéithee European Union 2011, C 191/01).
The Council of the European Union confirms thas iesue is important. It stresses that the
reduction in the number of these early school |leai® essential to achieve some of the
key objectives of the Europe 2020 strategy (Coumicihe European Union 2011). Still in
2009, the early school leavers constituted a shire4t.4 % This arguably still (too)
high share illustrates that the successful accampient of primary education and parts of
secondary education cannot be taken for grantethé®mwhole population until today. In
consequence, this has even more so been the cdeegast.

Fourth, all numeracy, literacy and educational iattent measures are

considering an important part of the total popolatiin other words, they are not restricted

1 Therefore, the goal of the Europe 2020 stratedy ieduce this share to 10 % until 2020 (Countthe
European Union 2011).
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to some particular social groups in society suchmégary recruits or married couples
which are commonly used to approximate literacyubng signature rates. Furthermore,
they normally consider both sexes (not only mailegpntrast to military recruitment data.
Thus, all variables are a measure of the basic hurapital of the overall population and
are not subject to biases that may arise whenaphyrt of the population is considered.

Fifth, and directly connected to this, one shoubthsider a similar part of the
population with regard to age. All variables arencaonly defined by the use of a certain
age threshold, i.e., they only take into accourg thdividuals above a certain age
threshold. Numeracy takes account of the great nibajof the individuals that constitute
the population of the other two variables. In capsance, all proxies measure the share of
individuals that have similar years of ages.

Finally, the sixth and maybe the most important smn characteristic for the
actual measurement of human capital is the dedmibof the variable at stake. All three
variables are defined by an identical value rang&hkvgoes from 0 (or 0 %) to 100 (or
100 %). The reason for this is that every varialmasiders the share of individuals that
have some form of education. The rest of the inllizls does not have this attribute. In
other words, every variable is derived from a bmardicator. In consequence, all
variables are subject to the same advantages aadwv@dintages inherent to share measures
(for consequences see also Hippe 2012b). This commeasurement framework makes it
particularly appropriate to consider numeracy,rdity and educational attainment for
estimating regional human capital in Europe frorb@8ntil today.

Given this common measurement framework, humantalagata have been
collected from a variety of sources. First, theadat numeracy have been taken from the
large database by Hippe and Baten (2012a). Sedwedcy data have been added for

1900 and 1960 from the census publications of tfferdnt European countries under
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study (see appendix for more details). Moreovee, data referring to 1930 have been
taken from Kirk (1946). Finally, educational atteient data for 2000 and 2010 have been
collected from Eurostat (Eurostat 2011i). They haeen supplemented by census data

from Russia in 20182
9.4 Results

9.4.1 Evolution of human capital in the European regions1850-2010

A first intuition on the overall evolution may bernved from descriptive statistics for all
human capital variables. They are given in Tabke Before 2010, we have the highest
number of regions in 1850, taking advantage ofl#nge database by Hippe and Baten
(2012a). The number of observations is constadeoreasing during the ®@entury until
the most recent data for 2000 and 2010. Interdgtiagthough the indicators and the time
periods are very different, the descriptive stassshow that not only the number of
regions but also the standard deviation, minimughrmaximum values are very similar in
1850 and 2010.

Overall, we may summarise that there is sufficianrtation for all variables at all
points in time to obtain relevant and pertinenulss The definition of literacy between
1900 and 1960 is (almost) identical so that we make some general comments on its
evolution. Note, however, that not always the sametries are included (in particular the
data for 1960 refer only to peripheral Europeanntoes) which is why this first very
general impression of the data can be biased amdisriie be confirmed by more detailed
analyses in later parts of the paper. Nevertheesssne would have hypothesised, literacy

Is progressing over the time period 1900 to 1960 wyional inequalities decrease as

112 The Russian census data have been classifieddingdo similar classes as specified in the Eutakisa,
i.e. ISCED levels 0 to 2.
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literacy approaches its maximum level. Moreovere omay indicate that the number of
observations and the distribution of our measuredhicational attainment in 2000 are
relatively similar to those of literacy in 1930. tAson more regions become available in
2010, but the minimum and mean values show thatataunal attainment is progressing
until the present.

Let us now turn to the more detailed analysis ef data. Due to the different
points in time covered in this paper, we limit @amalysis of each point in time to the most
important aspects and discuss the most noticehbleges.

One possibility is to use boxplots to see diredtijranational variation and
possible regional outliers. Boxplots allow an ea&saluation of regional variation by
providing different pieces of information at thenmsatime. First, boxplots highlight the
minimum and maximum regional values within a countn between, they also depict the
lower quartile, median and upper quartile valuaghls way, it is possible to get a clearer
understanding of the regional distribution of hunsapital values. In addition, outliers can
be distinguished from the other observations sbttiase regions with exceptional high or
low values can be identified. For this reason, #pproach enables to get a closer picture
of regional variation.

The results are shown in Figure 9.6 to Figure 9Nidie that there are always two
figures for one point in time (except for the maestent points): first, the historical
countries are considered and second, the counttlginwtheir current administrative
borders. We have opted to highlight the resultsdoth possibilities because there are
different implications stemming from the use offeliént administrative borders.

By considering historical countries, one can tak® iaccount the historical
aspects of human capital formation. For exampleg; et an empire break up? One reason

could lie in regional inequalities. Still, one himsbe aware that these historical borders
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changed and that e.g. the Ottoman Empire doesf@tto the same territory at each point
in time.

On the other hand, the use of current borders alkovirace back the evolution of
regional inequalities throughout time. This metHody enables us to infer conclusions for
the long-term evolution of human capital and huncapital inequality in a particular
country. Therefore, these results are important tfer present and may allow policy
implications for today’s world. Nevertheless, we ot always explicitly refer to each
figure in detail to avoid unnecessary repetition.

To begin with the data on the ABCC around 1850, rtfzest important regional
differences exist within the (European part of tb&oman Empire, (the European part of)
Russia, Spain, Portugal, Transleithania and Italgure 9.6). It is clear that the Ottoman
Empire had the highest regional variation and inegal the lowest ABCCs. Moreover, the
Irish regions that were part of the United Kingdenre clear outliers. As Hippe and Baten
(2012a) note, there is also an important north¥salifference in Italy and France, to a
(much) lesser degree the reverse can be said efdyoiSpain appears to be characterised
by a core-periphery pattern. The case in Rusgiaoie complicated: the Caucasus region
and the Belarusian regions are the least numeraike wh particular Estonia has the
highest numeracy values. The latter may be at&ibtd their historical and cultural ties to
the most advanced countries in literacy (and nuayria Scandinavia.

In the next step, we consider literacy in 1900. &me literacy did not yet attain
its maximum value in many countries, one can olesaragre regional variation than in the
ABCC (Figure 9.8). Cisleithania (AT) has a veryhignge in literacy to that time (from
about 0.2 to almost 1). Regional inequalities ds® gersistent in a number of other
countries between 1850 and 1900. This is the casdag Spain, Hungary and Italy. Less

but still important variation is apparent in thet@dtan Empire, Portugal and the Russian
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Empire. In Greece, the Greater Athens region leaalésother regions far behind.
Comparing our results to those using current adstrative borders, one may add that in
today’s Russia Moscow and Yaroslavl were importamitiiers. Kéarnten is estimated to
have a lower literacy rate than the other Austregions.

Advancing to 1930 (Figure 9.10), many results @f pinevious points in time are
confirmed, underlining the persistence of humantahmequalities. Regional variation is
impressive in the new state of Poland which conifoemer regions from the Russian,
German and Austro-Hungarian Empire before World WaiThis circumstance may
probably well explain the stark contrasts stillexistence in the 1930s. In addition, most
outliers are regions that are in some way or oditypical for their country. For example,
the Zakarpatska region was part of Czechoslovakid World War Il (and is now part of
Ukraine) but has historically been a rather ethhjcaixed region. In France, the island of
Corsica has a lower level of literacy. In geneislands are often different from the
mainland and are often less developed. In GrebeeThrace region was annexed in 1923
so that the fruits of the government efforts canyett be observed. In Russia, the two
outliers Kalmykia and Dagestan are also differeaif many other regions. Kalmykia is
the sole European Buddhist region, while Dagestanmixed region with numerous ethnic
(and non-Russian) groups, the majority being Muslimview of the current country
borders, one should take into account the fact Fhegsian Kaliningrad was still part of
Germany (Konigsberg) which explains the very higgracy level for Russian standards.

In 1960, the literacy scale already indicates thegional variation has
considerably decreased. For this reason, notettleahumber of considered countries is
limited to less developed regions in western, easiad south-eastern Europe. The highest
regional variation can be observed in Spain, laalg Yugoslavia (Figure 9.12). Portugal

has the lowest average literacy rates, even loian the European part of the Soviet
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Union. The northern, Baltic and larger urban regioh Estonia, St. Petersburg, Moscow
and Murmansk are outliers in the latter (takingrenot borders, the northern region of
Komi is added to this group of regions).

Taking educational attainment in 2000 (Figure 9.1¥§ can include much more
countries. Still, Portugal is at the lower boundeducational attainment. This highlights
the historical continuity of Portuguese low humaapital performance in a European
comparison. Its capital, Lisbon, has significangh@r levels of educational attainment.
Nevertheless, Lisbon is still at the very bottomtleé educational attainment of other
countries (except Malta which has still lower edigmaal attainment). The highest average
values come from the Czech Republic and Slovakighwbonstituted one country until
1992. Other former Communist countries have algh l@ducational attainment levels,
such as Eastern Germany (e.g., Dresden, Leipzigm@hz), Poland or Hungary. Given
our indicator, within-country regional inequalitiese relatively small when compared to
literacy data in 1900 or 1930. For example, ltalgégional educational disparities are
relatively small. Still the highest inequalitiegdound in Spain.

Finally, the current situation in 2010 is highligdtby Figure 9.15. Clearly, the
overall picture is similar to that in 2000 even ubbh some countries have been added.
Thus, Portugal takes once again the last positioneducational development. Malta
follows. Russian disparities are relatively smalit Ihistorical literacy leaders are once
more significant positive outliers (Moscow, St. &sburg, Murmansk). In general, one can
state that educational attainment has been riginiggl the first decade of the 2&entury.
Nevertheless, regional inequalities are strikingil tine present, underlining the importance

of the regional level for academic research anctpohakers.
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9.4.2 Evolution of intranational inequality

The evolution of inequality within a country maysalbe an interesting aspect to take
account of. Hippe and Baten (2012a) have applisddiea to the evolution of numeracy in

the European regions between 1790 and 1880. Weogrtigir methodology because it is

also particularly suitable for the present contdkbre specifically, we use the coefficient

of variation (CV) as our regional inequality measurhe CV is defined as

1> é M (9.4)

where is the standard deviation of regional human chpiidues and u represents the
average population-weighted human capital valués Teasure is especially appropriate
for our study because it is a number without dinmrs and thus enables an easy
comparison between the countries of our datasethwdie characterised by very different
mean values.

The complete results for all points in time arewshdn Figure 9.16 to Figure
9.19. Note that we show the results for 1900 to01®8h and without Serbia which is an
apparent outlier (Figure 9.17 and Figure 9.18). clisions can only be cautious because
the number of countries and regions vary in thaskdt Nevertheless, it is clear that Serbia
was marked by very high regional differences. Thaifferences may result from the fact
that Serbia was created from regions that formédyonged to countries with very
different levels of development, e.g., Austria-Hangand the Ottoman Empire, and that
we consider Kosovo to be still part of Serbia. Aligh regional inequalities decrease until
1960, Serbia was not able to relinquish theserdiffees as all other countries.

Furthermore, Portugal appears to have been chasstteby important regional
differences throughout history even though thisntguis rather small and homogeneous
in cultural terms. This finding underlines once mdhat regional variation can be striking

even for small countries. Other countries with hi@k's are in particular Italy, Spain,
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Greece and Russia. Still, these CVs have diffetanses in each case. For example, Italy
shows striking north-south differences over thetwees. More specifically, the north has

relatively high levels of human capital while theuth lags behind. The core-periphery

pattern in Spain has led to similar important regiodisparities. The Greater Athens

region in Greece is not only the capital regiongha country but in this way also the

administrative, economic and educational centrgingiit an advance to other Greek

regions. Finally, although we are only consideting European part of Russia, this is still

a huge area, comprising different ethnical anducaltgroups, so that regions do not

develop their human capital at an identical paceuphout time.

As an alternative standard measure of inequalitis also possible to construct
population-weighted Gini coefficients® The results (Figure 9.20 to Figure 9.23) are quite
similar to those obtained for the CV. For exam@erbia had historically the highest
inequality in human capital. In general, the oudlithat have very high Ginis are not as
pronounced as for the CV. Still, the ranking amtmg different countries at each point in
time is almost unchanged. Therefore, the use ofdime coefficient validates the results

obtained by using the CV.

9.5 Conclusion

This paper has traced the long-run evolution of &rpapital in the European regions
between 1850 and 2010. Human capital is an impoféator that has to be considered in a
variety of setups because it affects economic awcthksdevelopments. The role of human
capital has particularly been stressed by parth@feconomic growth literature in the last
decades, from Endogenous Growth Theories (Luca8,1R8mer 1990) until the recent

contributions by Unified Growth Theory (e.g., GaRfl05a).

113 See Jenkins (1999/2010) for details of calculation
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We have constructed a new and large database fr@ariedy of sources. The data
from different points in time have allowed to const a dataset that covers at least an
important share of all European countries in 188m0, 1930, 1960, 2000 and 2010. To
our knowledge this is the first time that it hassibegyossible to show and analyse the
regional evolution of human capital during suclomagl time period for such an important
number of countries located in the European continko this end, three different proxies
have been used: numeracy, literacy and educatiattainment. More specifically,
numeracy is measured by the ABCC Index, literacyth®y share of individuals able to
‘read and write’ and educational attainment by share of employed individuals having
attained an education level above lower seconddugation. We show that this choice is
not arbitrary but that the inherent characteristitthese variables make them appropriate
for the purposes of this study.

For a general overview of the evolution of humapited in the long run, we have
presented some of the literature that has con&tbavidence on human capital in a longer
historical perspective. More precisely, we have foutvard the evolution of numeracy,
literacy and book production.

After this point of departure, we have traced thel@tion of human capital in the
European regions between 1850 and 2010. The mokingt result is that regional
differences have been characteristic for many Eeanpcountries in the past and the
present. Regional persistence in human capitarilgrgy in many cases. In addition, we
measure regional inequality by the coefficient afiation and the Gini coefficient. Both
show that some countries have been much more uh#earaothers. The high regional
differences within countries underline that croessttry analyses miss an important part of
the human capital story. For this reason, morearebeneeds to be done at the regional

level in Europe. This paper has done a further stiepthis direction. The new evidence is
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important both for academics and policy makers bgeait contributes to the
understanding of long-term developments which amportant for the present and the

future.
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9.6 Appendix

9.6.1 Data

Data for 1850

Hippe, R. and J. Baten (2012a). Regional InequahtyHuman Capital Formation in

Europe, 1790 — 188&candinavian Economic History Revjed@ (3): 254-289

Data for 1900

Country Census year Source

Albania 1918 Preliminary dataset "Albanische Volddzng von
1918", entstanden an der Karl-Franzens-Univer§itdiz
unter Mitarbeit von Helmut Eberhart, Karl Kaser,
Siegfried Gruber, Gentiana Kera, Enriketa Papa-
Pandelejmoni und finanziert durch Mittel des
Osterreichischen Fonds zur Forderung der
wissenschaftlichen Forschung (FWF). Special thaioks
Siegfried Gruber for providing the data.

Austria 1900 K. K. Statistische Central-Commission (1903).

(Cisleithania) Oesterreichische Statistik. Ergebnisse der Volksréih
vom 31. December 1900, 2. Band, 2. Heft, Wien,
Kaiserlich-Konigliche Hof- und Staatsdruckerei.

Bosnia- 1910 Mayer, M. (1995). Elementarbildung in Jugostaw
Herzegovina (1918-1941), Minchen, R. Oldenburg Verlag.
Belgium 1900 Statistique de la Belgique (1903). (Rafmon.

Recensement général. 31 décembre 1900, Bruxelles,
Typographie-Lithographie A. Lesigne.

Bulgaria 1900 Principauté de la Bulgarie (19063sitats généraux du
recensement de la population dans la principauté de
Bulgarie au 31 décembre 1900, 1-ére livraison, &oph
Imprimerie “Gabrovo”.

Cyprus 1911 Mavrogordato, A. (1912). Cyprus. Repond general
abstracts of the census of 1911, London: Waterlow &
Sons Ltd.

France 1906 Statistique Geénérale de la France 8f19Bésultats

statistiques du recensement général de la populatio
effectué le 6 mars 1906, Paris.

Greece 1907 Royaume de Grece (1909). Résultatsstigiaes du
recensement général de la population effectué le 27
octobre 1907, Tome I, Athénes: Imprimerie nationale

Hungary 1900 Magyar Statisztikai Kbzlemények (19@Vinagyar szent
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Country Census year Source

(Trans- korona orszégainak 1900. Evi. Népszamlalasa. Hakmad

leithania) rész. A neéepesseg reszletes leirdsa. Budapest: Pesti
Kdnyvnyomda-Részvénytarsasag.

Ireland 1901 Census of Ireland, 1901 (1902). RaiGéneral Report,
Dublin: Brown & Nolan Ltd.

Italy 1901 Ministero di agricultura, industria ensmercio (1907).
Anuario statistico italiano 1905-1907, Fascicolantr,
Roma: G. Bertero e C.

Montenegro 1900 MacKenzie Wallace, D. (2006). Arshtistory of Russia
and the Balkan States, Elibron Classics, Adamardie
Corporation.

Portugal 1900 Ministerio dos negocios da fazend20§lL Censo Da
Populacao Do Reino De Portugal No 1. De Dezembro De
1900, Vol. Il, Lisboa: A Editora.

Romania 1899 Royaume de Roumanie (1905). Résulifisitifs du
dénombrement de la population (décembre 1899),
Bucarest, Eminesco.

Russian 1897 + , - * ()* ).

Empire : / /0 1 (1899-1905). /2
/| 32 . 4 2 : ) : ,
1897*., .- 0* . Various tombs. Note that data are
unavailable for some gubernias.

Serbia 1906 Direction de la Statistique d’EtatRlwyaume de Serbie
(1908). Annuaire statistique du Royaume de Serbie,
Onzieme Tome, Belgrade, Imprimerie de [I'Etat du
Royaume de Serbie.

Spain 1900 Direccion general del Instituto gedgoafy estadistico
(1903). Censo de la Poblacion de Espana, segun el
Empadronamiento hecho en la Peninsula é Islas
adyacentes en 31 de diciembre de 1900, Tomo Il and
Tomo lll, Madrid: Imprenta de la Direccion genecal
Instituto geografico y estadistico.

United 1901 Hechter, M. (1976). U.K. County Data, 1851496

Kingdom [computer file]. Colchester, Essex: UK Data Archive

[distributor]. SN: 430, http://dx.doi.org/10.5255(DA-
SN-430-1. Although all efforts are made to ensure t
quality of the materials, neither the original dataators,
depositors or copyright holders, the funders of Bsa
Collections, nor the UK Data Archive bear any
responsibility for the accuracy or comprehensiveneafs
these materials.

Note: Age definitions are as follows: Italy = 6+; AustriBosnia-Herzegovina = 7+; Spain = 8+; Albania,
Belgium, Bulgaria, France, Greece, Ireland, Pottugassian Empire = 10+; Hungary, Romania, Serbia =
11+; Cyprus = 15+; United Kingdom = unavailablecanparison of the included data for Ireland with th
source for Ireland as listed above has revealedasimverall results, so that an age definitionl6f+ can
reasonably be assumed). Age definitions are eifirectly given in the publication or have been &irlg
estimated from available age definitions in oradebé as close as possible to the standard definifiages
above 10 years. The various age definitions asulzated here may possibly not significantly affdw final
results. For example, the percentage change ofj asb+ instead of a 10+ definition is below 1 %radand.
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Data for 1930
Kirk, D. (1946). Europe’s Population in the Interwar Year$rinceton: Princeton

University Press

Data for 1960

Country Census year Source
Bulgaria 1956 : () 0/
: )2 / (1960). 2/
/| + 0) 4* 2 1. XIl.
1956 *+ , 3 0 , ) * I, B2:
+4C/ + " 0) o/ "
Greece 1961 Royaume de Grece (1968). Résultateatunsement de

la population et des habitations effectué le 19sni&61,
Vol. lll, Athénes: Office nationale de Statistique.

Hungary 1960 Kozponti  Statisztikai Hivatal (1962)1960. Evi
népszamlalas, Budapest, Allami Nyomda.

Italy 1961 Istat (2012). Serie Storiche, Tavola.Z¥,.lonline, last
accessed 3 August 2012,

http://seriestoriche.istat.it/fileadmin/allegatifiszione/tav
ole/Tavola_7.1.1.xls.

Poland 1960 Glowny Urzad  Statystyczny (1960). Biule
statystyczny. Spis powszechny z dnia 6 grudnia 1960
Ludnosc. Gospodarstwa domowe, Wyniki ostateczne,
Seria “L”, various issues, Warszawa.

Portugal 1960 Instituto nacional de Estatistica®()9X Recenseamento
Geral Da Populacao, Tomo lll, Lisboa: Sociedade
Tipogréfica.

Romania 1956 Republica Populara Romina (1961). r&areintul

Populatiei din 21 Februarie 1956, Rezultate Gepgeral
Bucuresti, Direfla Centrala de Statistica.

Spain 1960 Instituto nacional de Estadistica (196%enso de la
Poblacion y de la Viviendas de Espana, segun la
Inscripcion realizada el 31 de diciembre de 196amd
[ll, Madrid: I.N.E. Artes graficas.

USSR 1959 Demoscope (201F8. F 2 - 2
1959 *+ . 8 7. + 2
/I 0 0/F / 2 . G9H. | .1562

336 J.1591-1594, online, last accessed 8 August '2012,
http://demoscope.ru/weekly/ssp/rus_edu_59.php.

Demoscope (2012)E F 2 - 2
1959 *+ . 8 2,5. + | *
2 231 ) 0 /0
G9H. | .1562 . 336 J.1535-1548. )2
GO+ /| 2 ) , + " 0K
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Country Census year Source
* (0 -/ 2 ", online, last accessed 8
August 2012,
http://demoscope.ru/weekly/ssp/sng_mar_59 r.php.
Yugoslavia 1961 Statisticni urad Republike Sloveni{2012). Popis

prebivalstva 1961, Prebivalstvo, staro 10 let &8, \po
spolu, starosti in pismenosti, online, last acogsS8e
August 2012,
http://www.stat.si/publikacije/popisi/1961/1961 2.ddf

Note: Age definitions are as follows: Italy = 6+; HungaBoland, Portugal, Spain = 7+; Bulgaria, Romania
= 8+; Greece, USSR, Yugoslavia = 10+. Age defingi@are either directly given in the publicationhave
been linearly estimated from surrounding availadgie definitions to be as close as possible totdredard

definition of ages above 10 years.

Data for 2000 and 2010

All countries except Russia: Eurostat (2011i). Exuitally active population by sex, age

and highest level of education attained, at NUT&Ie 1 and 2 (1000), online,

last accessed 22 June 2012, Ifst_r_Ifp2acedu;//fefyp.eurostat.ec.europa.eu, ©

European Union, 1995-2013.

Russia:/

0/F

accessed

2 2K). ,B (2012).7
04) . ) I+ , online, last
October 2012, http://lwww.perepis-

2010.ru/results_of the_census/tab8.xls.
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9.6.2 Tables

Table 9.1 Databases on international evolution ofuman capital in the longer term

Authors

Time period Human capital proxies

Banks (1971)

1860-1966 Primary, secondary and atgrti
school enrolment; literacy; number of
books

Barro and Lee (2001)

1960-2000 Educational attammeyears of
schooling

Benavot and Riddle (1988)

1870-1940 Primary enralmates

Cohen and Soto (2007)

1960-2010 Educational atem years of
schooling, enrolment rates

De la Fuente and Doménech
(2006)

1960-1995 Educational attainment, years of
schooling

Flora (1983)

1810-1977 Enrolment rates, number wbilp,
number of teachers

Lindert (2004a, b)

1830-2000 Enrolment rates, yedrschooling,
teachers

Mitchell (2003)

1830-1919 Primary, secondary andrtidry
education (number of pupils and
teachers)

Morrisson and Murtin (2009)

1870-2010 Years of sdimy
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Table 9.2  Descriptive statistics for the human cafal indicators

Indicator year obs. mean sd min  max
ABCC 1850 304 91.96 11.64 26.38 100.00
Literacy 1900 230 0.57 0.30 0.05 1.00
Literacy 1930 238 0.74 0.21 0.17 1.00
Literacy 1960 168 0.82 0.11 0.59 0.99

Educational attainment 2000 254 0.70 0.16 0.14 0.95
Educational attainment 2010 339 0.77 0.12 0.26 0.97
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9.6.3 Figures

Figure 9.1 Very long-term evolution of numeracy inEurope

Note: Whipple Index values on y-axis (for orientatione timaximum WI value (500) corresponds to the
minimum ABCC value (100) and vice versa (100 and 0)
Source:A’Hearnet al. (2006).
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Figure 9.2 Long-term evolution of numeracy in westen and northern Europe

Note:it* refers to northern Italy, it' to southern Italy
Source:A’'Hearnet al. (2009).
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Figure 9.3 Long-term evolution of numeracy in cental and eastern Europe

Note:de* refers to Protestant Germany, de’ to Cathoker@any.
Source:A’'Hearnet al. (2009).
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Figure 9.4 Evolution of attainment of literacy threshold in the European regions

Note: The literacy threshold refers to the time periocewithe share of literate male individuals betwe@n 2

and 50 years surpassed 50 %.
Source:From Houston (2001)Encyclopedia of European Social Histpr¢E. © 2001 Gale, a part of
Cengage Learning, Inc. Reproduced by permissiorwwengage.com/permissions.
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Figure 9.5 Book production in Europe, 1450/99-17599

Note: Data refer to the number of new editions per milliochabitants, log scale on vertical axis.
Source:Springer and the Journal of Economic Growth, 13 2808, p. 220, Book production and the onset
of modern economic growth, Baten, J. and J.-L. ¥anden, Fig. 1; with kind permission from Springer

Science and Business Media.
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Figure 9.6 Regional variation in ABCC by historicalcountries, 1850
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Note: The Ottoman Empire refers to Albania, Bosnia-Heoxigp, Bulgaria, Cyprus and FYROM. The
United Kingdom comprises the main countries ofBlniéish Isles, i.e., the United Kingdom and the Rlelic

of Ireland (independence of the Republic of Irelands declared in 1916 and recognised in 1922).
Accordingly, Cyprus is separately considered butnbat it was administered by the British Empiirece
1878 and finally annexed in 1914. For simplicityasens, Germany refers to the German Empire in its
borders from 1871 onwards and Austria and Hungaryhe external and internal borders from 1867
onwards. The same methodology applies to the athantries.
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Figure 9.7 Regional variation in ABCC by current cantries, 1850
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Figure 9.8 Regional variation in literacy by histoical countries, 1900
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Note: Boshia-Herzegovina is considered as a separatetrgo{note that it was under Austrian-Hungarian
jurisdiction since 1878 and finally annexed in 1p0Bhe Ottoman Empire refers to Albania, Kosovo and
FYROM. The United Kingdom comprises the main coigstiof the British Isles, i.e., the United Kingdom
and the Republic of Ireland (independence of theuRkc of Ireland was declared in 1916 and recagphis
1922). Accordingly, Cyprus is separately considdsatinote that it was administered by the Britishgdire
since 1878 and finally annexed in 1914.
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Figure 9.9 Regional variation in literacy by currert countries, 1900
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Figure 9.10 Regional variation in literacy by histeical countries, 1930
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Figure 9.11 Regional variation in literacy by current countries, 1930
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Figure 9.12 Regional variation in literacy by histeical countries, 1960
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Figure 9.13 Regional variation in literacy by current countries, 1960
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Figure 9.14 Regional variation in educational attaament by current countries, 2000
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Figure 9.15 Regional variation in educational attaament by current countries, 2010

‘_| —
PRAHA® Gy
2 . b RURE Y QERABYFRN - % s hél?SFE:E@évF‘
° RAHAL - o MU NSKW
8 o - ® HOVEDSTAD =
N _ ° IKIE ﬁ
£ ® NENETSKI
i g @ CHECHENSKAYA
S
: é
c
O © -
IS
(&)
>
o)
(]
=
o
5~ & MALTA
s
(\! -

PIEESORP RIS P NI Q3 S

425



Ralph Hippe Human capital formation in Europe at the regideaél — implications for economic growth

Figure 9.16 CVs over time for the European countrig, 1850
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Figure 9.17 CVs over time for the European countrig, 1900-1960
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Figure 9.18 CVs over time for the European countrig, 1900-1960 without outlier
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Figure 9.19 CVs over time for the European countrig, 2000-2010
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Figure 9.20 Gini coefficients over time for the Euopean countries, 1850
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Figure 9.21 Gini coefficients over time for the Euopean countries, 1900-1960
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Figure 9.22 Gini coefficients over time for the Euopean countries, 1900-1960
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Figure 9.23 Gini coefficients over time for the Euopean countries, 2000-2010
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10. The long-run impact of human capital on innovationand economic

growth in the regions of Europe

Human capital is an important factor for innovateomd economic growth. This statement
is often made in current academic research andypdebates. However, the long-run
impact of human capital on current innovation andn®emic development has mostly not
been taken into consideration, let alone at theneg level. This paper fills this gap in the
literature and makes the link between the pastthadoresent. Using a large dataset on
regional literacy and numeracy in thé™&nd 28 century, we find that historical regional
human capital is a key factor explaining regionalpdrities in innovation and GDP per

capita even today.

This chapter is based on a working paper whichbleas submitted to an academic journal.
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10.1 Introduction

Economic growth is one of the predominant researelas in economics. Many theories
have been developed to better understand the caumsksonsequences of economic
growth. For example, some of the most importantoiacfor long-run growth are the
quality of institutions (e.g., North 1981, Acemogit al. 2005b, Fourie and von Fintel
2010), geography and naturally given geographiaaidiions (e.g., Diamond 1997,
Engerman and Sokoloff 2000), income inequality.(éAesina and Rodrick 1994, Persson
and Tabellini 1994) and land inequality (e.g., Ga&iloal. 2009).

Another important factor is human capital accumaigtas has been put forward
by prominent authors such as Glaeser (Glaesel. 2004) or Galor (Galor and Moav
2002, Galor 2005a, Galor and Moav 2006, Galor 20H2wever, human capital is not
only essential for economic growth as such but &sdhe creation of innovations. For
instance, an increase in human capital may inducseain the number of innovative
entrepreneurs and products, thus indirectly spgreconomic growth through the channel
of innovation (e.g., Dakhli and de Clercq 2004)fdnt, the crucial role of innovation for
economic growth has been underlined by a largeatitee in this area (e.g., Solow 1957,
Romer 1986, Lucas 1988, Crosby 2000, Capello amzil2012, see also WIPO 2012).
For these reasons, education and innovation aceimlgortant pillars of the EU’s long-
term strategy “Europe 2020” to boost economic ghointEurope (European Commission
2010a, b). Nevertheless, the long-run implicatiohshuman capital on innovation and
economic growth need further research, even thehighissue has been touched upon in
different contexts (e.g., Baten and van Zanden 28@8n and Jaeger 2009). Therefore,
the question remains whether pre-existing humaitatap important for the creation of

long-run growth.
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Thus far, most of the studies in this area onlyetaknational perspective by
focusing on countries. However, regional differenge human capital may be even more
important than nationals ones (e.g., Cipolla 196®nsidering regions allows to overcome
the inherent problems of cross-country analysesrag explain why some regions are
richer than others. Therefore, in this paper welyseathe long-run impact of human
capital on innovation and economic growth at thggamal level in Europe. To this end, we
use the large database assembled by Hippe (201#eh wcludes data on human capital
levels between 1850 and 2010 for many Europeammsgand countries. Furthermore, we
add relevant data on innovation and economic gramthadditional control variables that
stem from a large range of sources. Regions areedcaatcording to the NUTS
classification throughout time. In total, we have to 200 NUTS 2 (or corresponding)
regions in our database. In this way, we are abdnalyse the relationship between human
capital, innovation and economic growth in a regiaand long-run perspective.

The results show that historical human capital isignificant determinant of
today’s regional levels of innovation and economéwelopment in Europe. In particular,
literacy in 1930 has a significant influence onreuat patent applications per capita and
GDP per capita. In addition, supplementary resioitsl850, 1900 and 1960 confirm this
finding. Therefore, our results suggest that his&r human capital has important
persisting effects on economic development undgiayo

The paper is structured in the following way. Firgte present the relevant
literature on the relationship between human chpriaovation and economic growth in
Europe. Then, we discuss the employed methodoltlygy, underlying data and our
econometric strategy. Finally, we show the curnatationship between human capital,

innovation and economic growth and analyse the-lomgrelationship between historical
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human capital, current innovation and economic ginayging OLS regression models. The

last section concludes.

10.2 Literature

Human capital may directly affect economic growthrwlirectly, in particular through the
generation of technology. According to Acemoglu akator (2012), there are several
channels through which human capital may affechrietogical progress. Firstly, they
stress that the individuals with the highest talently contribute to technological progress
by the use of their human capital if they havertheessary access to educational facilities.
These individuals probably influence most impotamechnological progress. Secondly,
the workforce in more general terms may affect netbgy, first, due to the externalities
derived from human capital and, second, becauseahuwapital alters and increases the
incentives to invest more in technological progrdssr example, it is possible that a
technology is only sufficiently profitable if therare enough workers who have the
necessary skills. Finally, technological progress/rbe influenced by the workforce’s mix
of skills and human capital.

In general, the literature on human capital, intievaand economic growth as
such is very large. Human capital was already clamed in early works by Smith and
Marshall (see Demeulemeester and Diebolt 2011). ddew it took much longer for
human capital to emerge as a key factor for ecoongmwth. In fact, the most important
contributions were developed from the middle of 288 century onwards. In particular,
Becker (e.g., see Becker 1964) is widely acknowdedgs a founder of human capital
theory, stressing that human capital increasepribductivity of workers. Similarly, Arrow
(1962) highlights the effect of experience on techinchange. In addition, Nelson and
Phelps (1966) emphasise that human capital is iapwrtant for implementing and
adopting new technologies. Later on, Schultz (1®f§ues that workers are better able to
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cope with changes in the economic structure andilbamew technologies if they have
more human capital.

Around the beginning of the 1990s emerged new #imal advances. An
extension of the original Solow growth model wassanted by Mankivet al. (1992), the
so-called human-capital augmented Solow modekgti@tly included human capital as a
factor in the Cobb-Douglas production function. Arer kind of growth models, the
endogenous growth models, was initiated by Rom@8g) and Lucas (1988). The former
focuses on human capital accumulation and ther lattéechnological change. The aim is
to endogenise the various factors which may leadcmomic growth in the model. In
general, these models consider human capital tarbémportant driver for economic
growth.

Finally, the newest contribution in the area of lamncapital and economic growth
are the Unified Growth models (e.g., Galor and V2600, Galor and Moav 2002, Galor
2012). Their aim is to explain economic developmienthe (very) long run. In these
models, human capital is attributed a crucial rolethe creation of economic growth.
They also incorporate the notion of a quantity-gyakade-off which originally stems
from Becker (1981). According to this theory, pdsdiace a trade-off between the quantity
(number) and the quality (education) of their cteld Whereas the quantity of children
prevailed during most of human history, parentsabetp prioritise child quality in the
course of development. The increased investmehtuman capital spurred technological
progress and economic growth. Ultimately, more ctiguality meant less quantity of
children, reducing the number of children, leadiodower fertility rates and causing the
demographic transition. Modern growth, therefore, characterised by the negative
relationship between GDP per capita and fertilayes (see also Galor and Weil 1999,

Galor and Weil 2000).

438



Ralph Hippe Human capital formation in Europe at the regideaél — implications for economic growth

All in all, these different theories show that humeapital in an important driver
for economic growth. Still, there has been somedrowersy about this issue over the last
decades. In fact, Demeulemeester and Diebolt (2ffé&) to several alternating waves of
optimism and scepticism on the relevance of hunapital to generate growth since the
Second World War. The contributions by authors sastSolow (1956), Mincer (1958),
Schultz (1961) and Becker (1964) led to the consene the 1950s and 1960s that
education makes an important contribution to ecanognowth. In contrast, the 1970s
where more marked by scepticism in a time of ecaaaownturn. The new important
theoretical contributions of the 1990s (Lucas 1988mer 1990) reinvigorated once again
the case for human capital. These optimistic ideae supported by different empirical
studies (e.g., Barro 1991, Mankaet al. 1992, Barro and Lee 1993) but also more critical
voices appeared such as Benhabib and Spiegel (128w) Pritchett (2001)
(Demeulemeester and Diebolt 2011). Measurement eray account for some of these
results (Krueger and Lindahl 2001). Thus, Sianesl &an Reenen conclude in their
literature survey in 2003 that “as a whole we famifident that there are important effects
of education on growth” (Sianesi and Van Reenen32@0 197). Moreover, the more
recent studies by, e.g., De La Fuente and Domé(ga6), Cohen and Soto (2007) and
Ciccone and Papaioannou (2009) show the cruciahé@tngf human capital on growth. The
key contribution of cognitive skills (including n@racy and literacy skills) is further
highlighted by Hanushek and Woessmann (2008).

In addition, Goldin and Katz (2008) analyse theerof human capital for the
creation of economic growth and world leadershiphi United States. They come to the
conclusion that the United States led the worldeims of education in the $@entury,
enabling the US to become the economic leader enwhbrld. Moreover, both human

capital and technological progress affect inequalfitthe society. Whereas technological
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progress tends to widen the differences betwedardiit skills groups (i.e., low skill and
high skill groups), investing in human capital n@unter this evolution which otherwise
would lead to more inequality (see also Galor aneil\®000). In other words, skills are
assumed to be more demanded when technologicargs®agdvances and this new
demand may be set off by additional investmentdhhuman capital. Thus, inequality
increases if the demand for skills is higher th@nsupply and decreases in the opposite
case. Education is thus shown to be the centratezie for the explanation of economic
growth in the US. Furthermore, by enlarging thelyses of the approach taken by Goldin
and Katz, Acemoglu and Autor (2012) find that hunsapital is still even more important
for economic development.

The literature on the impact of human capital ambvation on economic growth
in the European regions is also quite large (é€=ggerberget al. 1997, Cappelert al.
1999, Badinger and Tondl 2003, Rodriguez-Pose amdc€nzi 2008, Sterlacchini 2008,
Ljungberg and Nilsson 2009, Cuaresetaal. 2012). For example, Badinger and Tondl
(2003) investigate whether human capital and intioma(as measured by patent
applications) have a significant impact on the dgtowates of Gross Value-Added per
capita in 128 regions between 1993 and 2000. Bathrelative patent applications and
higher education variables are shown to have aifgignt impact. However, medium
levels of education are not significant which hights that economic growth in Europe’s
‘knowledge-driven’ economies is boosted by the bgihform of educational attainment.
Moreover, Sterlacchini (2008) finds that human tapiin the form of higher education)
and a region’s knowledge base have a significadtpasitive impact on economic growth
in twelve EU15 countries between 1995 and 2002alinCuaresmaet al. (2012) use a
data set including 255 EU regions to analyse whitctheir 48 potential determinants are

significantly explaining economic growth between9%9and 2005. Two of their most
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important results are that capital regions growefathan other regions and that human
capital (i.e., higher education) is a robust deteamt of economic growth. Thus, these
different studies show that human capital is anartgnt determinant of economic growth
in the European regions today.

But what do we know about its long-term impacthe tvorld in general and in
Europe in particular? There have some been stwdiesh shed some light on the question
whether historical human capital and technology tenafor today’s economies. For
instance, Comiret al. (2010) take a long-run perspective and show tiatetis a strong
relationship between technology in 1500 AD and enirrGDP per capita as well as
technology adoption in the world. Moreover, Batew daeger (2009) find in their sample
that human capital and patents in 1910 have agtamadl significant effect on GDP per
capita in 1960. These findings suggest that histbriactors may be important for the
explanation of current or recent economic levels.

We advance this line of research by focusing omreginstead of countries in a
European perspective. Using regions instead oftc@snconsiderably sharpens the picture
because countries may be composed of regions wariehvery different to each other.
Regional differences may thus be very high. Howeubrs information is lost in
employing average for countries. Unfortunately,ioagl data for innovation proxies such
as regional patent applications are not availableurope for the past. For this reason, it is
impossible to identify the interconnection betwéeman capital and patent applications at
the regional level in the past in all of EuropelllSit is possible to show the long-run
effects of human capital on innovation and econogrmwth, using regional historical
human capital data and current innovation and eoangrowth data. Can we thus find a

persisting effect of historical human capital odag's economic growth and innovation?
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10.3 Methodology and data

In our study it is very important to clarify firshe underlying concepts. Human capital,
innovation and economic growth are rather large\aaglie ideas whose measurement has
to be specified in greater detail.

The human capital data used in this study come fiidfarent sources. First, we
employ the new and large database created by HBfji?a) which traces human capital
between 1850 and 2010. From this database, wehasgeairs 1850, 1900, 1930 and 1960
to follow the evolution of human capital. Human italpis proxied by numeracy (ABCC)
in 1850 and by literacy (ability to read and write)1900, 1930 and 1960. Additional data
on educational attainment have been added fromskatr(2012).

Both numeracy and literacy indicators may be careid appropriate for their
respective time period. Before 1900, literacy data not available for many European
countries. Even in 1900 a range of countries dacoosider literacy in their censuses. This
is the case for e.g. Scandinavian countries sucbesmark or Sweden but also for
Germany, Switzerland or the Netherlands. In gendlese are countries where basic
reading and writing skills can be considered almuwstersal. They had their own specific
reasons to refrain from this question in the censos example, the Swiss administration
considered that a sufficient literacy level waseatly attained in 1860, as the
corresponding 1860 census documents highlighti¢Bsaihes Bureau 1862). According to
the census materials, military data had shown 38 of recruits were able to read and
write in the Bern region and even 100 % of recruigse literate in the Solothurn region
already at the middle of the "i@entury. Similarly, the Netherlands had alreadsy\régh
literacy levels if one considers recruitment dataly 15 % of recruits were illiterate (not

or only unsatisfactorily able to read and writelBb67/1858 (Statistisches Bureau 1862).
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These examples highlight the very high levels ieréicy which existed in
(probably all of) the countries where literacy wad asked in the census anymore at the
end of the 19 century. For this reason, it appears more suitablese another indicator for
the earliest point in time. Numeracy as proxied thg age heaping method is the
appropriate choice because, first, it is — asdigrdata later on — directly derived from
censuses. Second, it refers broadly to the sama@atam (the entire population, excluding
certain age groups). This allows a better comparisioboth indicators. Taking military
data from recruits would not allow to take the majarts of the population into account
but only a very small selected group: men, in @mjitservice, of rather younger age and
limited to a defined small age range. Moreoveriaea data are often not available.

In consequence, numeracy is the appropriate iratiegtich is also available for
almost all European regions around 1850. Numeracyneasured by the age heaping
method which has been used in an increasing nuofbecent publications (A’Hearat
al. 2009, Manzel and Baten 2009, Crayen and Baten&(Hippe and Baten 2012a). The
method takes advantage of the fact that in histbiensuses (and also still in part in
censuses in developing countries, see Hippe 20tt2&hg is a heaping phenomenon on
ages particularly ending on 0 and 5. One can shwt individuals were not able to
calculate their own age, so that they did not refhair exact age but only a rounded age.

The deviation from the ideal age distribution (whatl ages are represented by
the same share) can be employed to create an mdaguring numeracy. This index has
originally been the Whipple index (WI) but has nettg been improved by the ABCC
Index (see A’Hearrt al. 2009). This index has the same value range aadifg0 to 100
percentage points or simply points) which makesmamsons much easier.

Therefore, we employ the ABCC Index also in thiglgt It is defined as
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y
011 A( A(-.- 9% Y%, Y g- (10.1)
& x4
wherei is the number of yearg,is a regiont is the point in time and is the number of
individuals™*

Second, literacy was the standard education variatdund the turn of the %0
century and the first half of the ®@entury in many European countries. llliteracy had
be eradicated — this was a common tenor in all igan countries. Success, however, was
quite different not only in these countries bubaisthin these countries. For this reason, a
completely literate population was not achievedaniany European countries in 1900 and
still in 1960 illiterates were more or less commommany European countries. This fact
underlines our methodology to use literacy as aumdn capital indicator for the period.
After 1960 one may presume that the ability to read write is more or less attained by
the entire population so that other education g have to be used. We define literacy
as

6789::< 9= ¢, %o (10.2)
C C

whererw is the ability to read and write ard is the total number of years. The age
definition is the standard contemporary definiteomd has also been used by Kirk (1946),
whose literacy data we use for 1930. However, timpleyed literacy definition is not
always used by all countries in 1900, 1930 and 186k (1946) states that differences
due to the age definition are minor in 1930. Fa data in 1900 and 1960, the data have
been collected in such a way to correspond the rerattly possible to the standard

definition, thus avoiding potential biases.

114 See Hippe (2012a) for more details.

444



Ralph Hippe Human capital formation in Europe at the regideaél — implications for economic growth

Finally, educational attainment is of the standhtonan capital indicators in
research for the present. Educational attainmemtirmelude different educational levels,
i.e., primary, secondary and tertiary educationpddeing on the context and the interest
of the researcher, educational attainment measbeeshare of individuals which have
attained primary, secondary or tertiary educatigrin our study, we define educational
attainment as

JS 77 ¢ ® G, % g (10.3)
C s
wherest is the number of individuals with upper secondarytertiary education as their
highest level of educatiolt® The data in our database refer to 2000 and 2008.

Furthermore, innovation is a very large concept andifficult to be measured
statistically. One standard way is to take the nemdd patent applications or grants (e.g.,
Acs et al. 2002, Diebolt and Pellier 2009a, b, c, Diebolt d&llier 2011, Diebolt and
Pellier 2012). Historically, intellectual propentights in the form of patents go back to the
15" century. The first predecessors of patent rightsewgranted in the trade hotspot of
Venice (the so-calle@arte Veneziana(Machlup and Penrose 1950, Diebolt and Pellier
2009b). In this way, inventors had privileges oveeir inventions during ten years.
Subsequently, the second important law in the histf patents is the ‘Statute of
Monopolies’ in England in 1623. This statute gavenwpoly rights to inventors which had
created new inventions and outlawed monopoly mgek in all other cases. Afterwards,
the first modern law on patents was passed in thieet) States in 1790, quickly followed

by the first respective French law in 1791. Thhs, English, American and French patent

115 vears of schooling is an alternative expressiosetiaon the similar idea, only that not the share of
individuals at a certain level is taken accounbuatfthe total number of years.

118 These are the levels 3 to 6 according to the nat@nal Standard Classification of Education (IBCE
1997) (UNESCO 1997).
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laws inspired laws in the other European countriesng the 18 century (Machlup and
Penrose 1950, Diebolt and Pellier 2009b). An owswbn the first patent laws in the
different European countries is given in Table 1@&dé&cording to the data presented, the
first countries with modern patent laws were Frartbe Netherlands, Austria, Russia,
Sweden and Spain. In some countries patent lawe wely passed after World War |,
such as Greece. Overall, it took more than a cgrdtter the French revolution for all
European countries to pass modern patent laws.

In addition to patent applications, other variabtbat are used to measure
innovation include investments in R&D (e.g., Cohemd Levinthal 1989), changes in
productivity (David 1990, Von Tunzelmann 2000),l@metrics (Andersen 2001) and data
on (international) expositions and fairs (Moser 200Patent statistics have certain
setbacks; for example, organisational changes awkmow cannot be patented and not all
patented products become innovations (Griliches OL9Nevertheless, patents are
generally considered to be the best indicator (€gntwell 1989, Anderson 2001) and are
most frequently employed (Diebolt and Pellier 200%t particular for the past. Therefore,
we use patent applications per million inhabitantshe European Patent Office (EPO) as
our indicator of innovation. The regional data cdnoen Eurostat (2012).

Lastly, economic growth is measured in a standaag iy GDP per capita (in
PPS) as presented by Eurostat (2012).

We use scatter plots and regression models to sséhe relationship of regional
human capital, innovation and economic growth. #a influence of historical human
capital on current innovation and economic develepin we employ standard OLS
regression frameworks which are formulated in t®iing way:

»¥ “T78%7C ;¢ .Cl . c#l 2(' e (104)
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SY 1o o #HH ec| o ol Ze| T (10.5)
whereln(Patents/c)s the number of patents per million inhabitamsldgarithmic terms),
In(GDP/c) is GDP per capita (in PPS and in logarithmic tgrriksis the human capital
indicator, X are other explanatory variablgs,s a region and are the unexplained
residuals.

X is composed of different variables which may haweinfluence on economic
development. In particular, in 1930 these are téealility, marital status, population
density (in logarithmic terms), the share of indiv@ls not dependent on agriculture, infant
mortality, a dummy for capital regions, a dummy toe newer EU regions and country
dummies. There is a large literature showing thatial) fertility can have an important
effect on growth (e.g., Barro and Becker 1989, Reek al. 1990, Galor and Weil 1996,
Galor and Weil 2000, Galor 2012). In our case, e the total fertility data provided by
the famous Princeton European Fertility Projecticwiilefines total fertility as “a measure
of the fertility of all women in the population” @@le and Treadway 1986, p. 154).

Moreover, marital status comes from the same soanckis “the ratio of the
number of births produced by married women in [.. jaoulation to to the number that
would be produced if all women were married” (Coated Treadway 1986, p. 154). In
other words, according to Watkins this measureasgnts “the proportions married at each
age” (Watkins 1986, p. 315) and can thus be usea @®oxy for nuptiality. There have
been important nuptiality differences in Europdhe past, as has most famously been put
forward by Hajnal (1965). According to this authesgstern Europe was characterised in
the past by a specific European Marriage PattekiR)Ewhich was unique in the world. It
consisted basically in much lower average agesaatiage in western Europe than in other

parts of the world, including eastern Europe. Thiifferences in the average age at
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marriage may also explain differences in econoreietbpment (de Moor and van Zanden
2010, Foreman-Peck 2011).

The supplementary data, which are only available 1830, come from Kirk
(1946). Population density is measured (in logarithterms) as the number of individuals
per square kilometre. Population density, as KlasehNestmann (2006, p. 623) point out,
“generates the linkages, the infrastructure, th@atel and the effective market size for
technological innovations”. In this way, it may fes innovations and economic
development in the long run.

The next variable is the share of the total popahatvhich is not dependent on
agriculture. This share roughly proxies the regi@anomic development in 1930. Shares
of agriculture or industry have been used in défgrhistorical publications where GDP
per capita estimates are not available (e.g., G@#, Hatton and Williamson 1994,
Becker and Woessmann 2009). Indeed, although weotashow the relationship for
historical GDP per capita estimates due to lackaif, Figure 10.1 shows that there is a
relationship between this historical share andenirGDP per capita. Some outliers are
apparent, such as Luxembourg (LUOO) and Brussétd QB but the general pattern clearly
holds.

In addition, infant mortality may represent a vhharelated to health and may
promote economic growth through different chaniselsh as population growth (Kalemli-
Ozcan 2002).

Moreover, the capital region dummy has been intteduecause capital regions
have often specific characteristics due to themiadstrative functions. The dummy for the
newer EU regions captures the fact that these deanoined the EU later on and have had
different historical and economic experiences ia plast, having mostly been part of the

Communist bloc before the fall of the Soviet UnitMore specifically, these regions come
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from the newest 12 EU members (Bulgaria, CyprugczRepublic, Estonia, Hungary,
Malta, Poland, Romania, Slovenia and Slovakia). thaa reason, West Germany is also
part of the ‘old’ member states, while (former Coomist) East Germany is considered as
part of the ‘new’ states even though it was alreaanified with West Germany in 1990.
Finally, there may be different inherent charastess of countries (e.g., institutions)
which may bias the results. Therefore, the inclugibcountry dummies allows to control
for these country fixed effects.

Most variables are available for 1930, which is wig focus in our analysis on
this year. Additionally, we supplement our evidefmel930 with data for 1850, 1900 and
1960. This enables us to show the differences twer when explaining current regional
economic disparities.

Descriptive statistics on all variables are shownlTable 10.2. We have up to
almost 200 regions in our dataset. However, we bawensider the question how a region
is defined in this paper. Clearly, the regions @3Q and at other points in time are not the
same as today, at least for most European countfid®r this reason, the historical
regions have been adapted to the NUTS classifitaifothe European Union (see also
related work by e.g., Hippe 2012a, b). More prdgjsere use NUTS 2 regions as our
standard regional classification, which is also elam the relevant literature in regional
economics (e.g., Badinget al. 2004, Herwartz and Niebuhr 2011, Scherngell andb&a
2011).

Moreover, note that the availability of the data t& quite different at each time

period. In particular, the Eurostat data for therent period (2000 and 2008) refer only to

117 For example, Spain and France have preserved atm®same regions and regional boundaries until
today.
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countries of EU27, EFTA and some Candidate countriEor this reason, the
corresponding regressions only consider thesemsgio

On the other hand, whereas the ABCC data for 18%tsider most of the
European regions in the larger sense, the litedaty for 1900 and 1930 only refer to those
countries where literacy was still measured. Stilgst countries can be included in this
study. In contrast, literacy in 1960 is only avhi&afor a reduced number of countries (see
appendix). For this reason, the results for tha &@t 1960 are less comparable than for the
other time periods. Still, they allow to get sondditional insights for the respective

regions at the beginning of the second half of2@f&century.
10.4 Results

10.4.1 Regional economic development, innovation and humarcapital in the
European regions today

Before analysing the long-run impact of human @pdn innovation and economic
growth, we consider the relationship of the latteo. Figure 10.2 and Figure 10.3 show
this relationship for 2000 and 2008. In summarythdggures highlight a general positive
relationship between GDP per capita and patenicgtigins per million inhabitants to the
EPO in Europe in the presenf.However, the ‘new’ member countries did virtuatigt
apply to the EPO at all in 2000. This phenomenanbecome less striking in 2008 when
more and more of these regions begin to increasevation. The most important outliers
are Inner London (UKI1), Brussels (BE10), Luxemlgp@rU00) which had much higher
GDP per capita levels than their relative numbepaient applications would suggest. On
the other hand, Germany’s core industrial zoneshan greater region around Munich

(Oberbayern, DE21) and Stuttgart (DE11) apply mmcie often than any other regions in

118 Note that data are available for more regionsdi®&than in 2000.
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2000. In 2008 they are still in the leading groalphough their extraordinary number has
strikingly decreased. Finally, the lowest GDP papita are found in particular in the two
newest member states, Bulgaria and Romania.

In addition, Figure 10.4 and Figure 10.5 depictrtlationship between GDP per
capita and this time the share of persons that bateened a higher form of education. The
differences between the western and the (ex-Constjueastern European regions are
quite evident. In both 2000 and 2008, there is sitpe relationship between the two
variables. In the new member states, the relatipnghstill clearer than in the ‘old’
regions, having GDP per capita values mostly ooweet level. Consequently, the highest
shares of higher education are found in East GeymBrague (CZ01) and Bratislava

(SKO1).

10.4.2 The influence of historical human capital on regioal economic development
and innovation today in the European regions

In the next step, we use standard OLS regressiaeisito dig deeper into the relationship
between human capital and innovation on the onel lzexd between human capital and
economic growth on the other hand. We start byntaki look at current indicators (Table
10.3) We only include those control variables fdrieth we have also similar historical
data later on. The regressions suggest that thdogeth human capital indicator (i.e.,
educational attainment) has a positive and sigaitiempact on GDP per capita and patent
applications per capita in 2008. Fertility does appear to be important in the European
regions today for economic development, also bec#us European regions have already
accomplished the demographic transition.

The results for historical human capital indicatansl other explanatory variables
are highlighted in Table 10.4. Note that we alwegtude country dummies to control for
country fixed effects. We begin this part with tieéationship between patent applications
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per million inhabitants and historical economic audial indicators for 1930 because we
have the highest number of available explanatorialbes at this point in time.

In each case, human capital is a significant pasigxplanatory variable of
current patents per million inhabitants, mostlyreat the 1 % level. In fact, literacy is the
only significant explanatory variable in 1930 indilng all other available explanatory
variables (column 1). When only those variablesrettata are also available for the other
time periods are considered, the dummy for the nelld regions turns significant
(column 2). This means that the newer EU regiongeha lower number of patent
applications per capita than the older EU regi@es$efis paribuy This negative sign in all
cases corresponds to the descriptive evidence shotlie figures above.

Considering the data for 1960 (column 3), literecggain highly significant. This
time the human capital variable is joined by tdéatility which is negatively significant.
This means that regions with higher total fertility 1960 have lower patent applications
per capita in 2008. This finding fits well with tHeerature on the negative economic
impact of higher fertility. However, note that ttiata include fewer countries in 1960 than
in 1930 (and in 1900 and in 1850), i.e., for thedere literacy data are still availabfé.
For this reason, the results are not directly cowaiga to those in 1930.

Finally, the data for 1900 (column 4) and 1850 owh 5) further highlight the
importance of human capital on current economidored disparities in innovative
activities in Europe; the human capital indicatoeach time positively significant. All in
all, these results confirm the positive long-rurpauat of regional human capital. Is this

also true for GDP per capita?

119 These countries are Bulgaria, Greece, Hungarly, aland, Portugal, Romania, Soviet Union, Szaid
Yugoslavia.
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In Table 10.5, we reproduce the results with GDP gapita as the dependent
variable. Globally, the results are similar to #ag®seviously shown. Column (1) shows
that literacy is a significant and positive detararit of GDP per capita in 2008 at the 1 %
significance level. This confirms the hypothesiatthistorical human capital is important
for economic development in the long run. Maritakss is negatively significant, meaning
that those regions where couples married on avexadier to that time have lower current
GDP per capita. This appears to be in line withaesumption that early marriage may
have negative consequences on economic developMergover, the capital regions have
significantly higher and the newer EU regions low8DP per capita. The other
explanatory variables do not have any significaifiéct. Column (2) shows the same
regression but only includes those explanatoryaldes for which data are available at the
other historical data points. This change affeetgerl variables. Fertility in 1930 is now
significantly negatively related to GDP per cagitestead of marital status) and the newer
EU regions do not have significant lower GDP pepiteaanymore. In turn, the exclusion
does not affect the significance of literacy, ufiderg the robustness of this finding. For
this reason, we can conclude that the level ofdig in 1930 significantly predicts current
levels of economic development.

We run the same regressions also for other yedfwipast. The conclusions are
quite analogous in 1960 to those in 1930 becatms®adiy in 1960 is once again positively
significant and fertility negatively.

Going back to the beginning of the”26entury and earlier, we obtain once again
similar results for the impact of human capitalaamrent economic development. Column

(4) depicts the results for literacy in 1900 anduom (5) for numeracy (ABCC) in

453



Ralph Hippe Human capital formation in Europe at the regideaél — implications for economic growth

1850*%° In both cases, the human capital indicator is ligbsitively significant, whereas
marital status is negatively significant. Capitatianew EU regions are also significant.

These results for human capital and other indisasrdifferent historical points
in time suggest that those regions that had a highdowment in human capital in the
past, that is even more than one hundred yearshay® higher GDP per capita levels
today than those regions which lagged behind. Mareocapital regions are more
prosperous than other regions.

To conclude, we find a positive and significantluehce of historical human
capital on current innovation and economic develepimHuman capital appears to be the
most important factor contributing to today’s inatien and economic growth in our
analysis. This suggests that human capital formatioEurope at the regional level is an

important driver of economic development in thegoan.

10.5 Conclusion
This paper has focused on the relationship betwm@man capital, innovation and
economic growth in the European regions in a largitperspective. There already exists
a large literature on the effects of human capited economy growth (e.g.,
Demeulemeester and Diebolt 2011). However, thetiegigvidence for the regional level
in Europe remains scarce. Therefore, by using geland new dataset we analyse the
relationship between historical human capital andrent economic indicators in the
European regions.

We have employed different indicators of human tedpiinnovation and
economic growth. These proxies are numeracy, tteend educational attainment for

human capital, patent applications per million inikents for innovation and GDP per

120 Note that total fertility and marital status date not available for 1850 but only for 1870. Ttere, we
take this point in time as the closest proxy fos(.8
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capita (in PPS) for economic growth. Regions hasenbdefined according to the NUTS
classification system set up by the European Utboallow a maximum of comparability
throughout time. Human capital data are availale dountries which still reported
literacy or allowed the calculation of numeracyirastes in 1850, 1900, 1930 and 1960. In
contrast, countries such as the Sweden, the Natits] Germany or the UK did not
include information on literacy in their officiakasuses. Kirk (1946) considers that these
countries had (almost) achieved full literacy. bnsequence, these countries are not part
of our analysis.

The results show that human capital is the mostifsggnt historical factor to
explain current patent applications per capita amgrent GDP per capita. Other
explanatory variables that have been considered paqgulation density, share of
individuals not dependent on agriculture, infantriality, total fertility, marital status, a
dummy for newer EU regions and a capital dummy.eNthiat all regressions include
country dummies to account for country fixed effedndependent of the point in time
considered between 1850 and 1960, human capitalappo be a significant determinant
of current regional economic disparities.

Therefore, our analysis suggests that historicaindmu capital formation is
important to explain current economic prosperitgha European regions. For this reason,
it appears crucial not to neglect long-term evolusi that have key implications for today’s
economic development. For this reason, still mateaaced studies on long-run human
capital formation in the European regions and otbars in the world appear to be

essential to better understand economic developmeéhé past, present and the future.
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10.6 Appendix

10.6.1 Data

Regions of the following countries are includedhia regressions at each point in time:

1850 (plus GDP/c and patents/c):
Austria, Belgium, Germany, Denmark, Estonia, Spdinance, Hungary, Ireland, Italy,
Lithuania, Luxembourg, Latvia, Netherlands, PolaRdstugal, Romania, Slovakia, United

Kingdom

1900:
Austria, Belgium, Bulgaria, Spain, France, Gredtengary, Ireland, Italy, Lithuania, Latvia,

Poland, Portugal, Romania, Slovakia, United Kingdom

1930:
Austria, Belgium, Bulgaria, Estonia, Spain, Finlakdance, Greece, Hungary, Ireland, ltaly,

Lithuania, Luxembourg, Latvia, Netherlands, Poldddstugal, Romania, Slovakia

1960:
Bulgaria, Estonia, Spain, Greece, Hungary, Italythdania, Latvia, Poland, Portugal,

Romania

2008 (except GDP/c and patents/c):
Austria, Bulgaria, Czech Republic, Germany, Denmakknland, Greece, Hungary,

Netherlands, Poland, Portugal, Romania, Swedeng8ia, Slovakia
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10.6.2 Tables

Table 10.1 First patent laws in the European countes

Country First patent law Note

Austria 1810

Belgium 1855 Before: application of patent laws Frince
and Netherlands

Bulgaria 1921

Czechoslovakia 1919

Denmark 1894

Finland 1898

France 1791

Germany 1877 Before: earlier separate patent lawshe
various states

Great Britain 1852

Greece 1920

Hungary 1894 First separate patent law from Aastri

Ireland 1927

Italy 1859 Before: earlier separate patent lawsthe
various states

Luxembourg 1880 Before: application of Dutch 1@&fent law

Netherlands 1809

Norway 1885

Poland 1919

Portugal 1852

Romania 1906

Russia/ USSR 1812

Spain 1826

Sweden 1819

Switzerland 1888

Turkey 1880

Yugoslavia 1921

Note: Countries refer to those existing in 1964.

Source:Based on Federico (1964).

457



Ralph Hippe Human capital formation in Europe at the regideaél — implications for economic growth

Table 10.2 Descriptive statistics

Variable obs. mean sd min max
Capital 198 0.06 0.24 0.00 1.00
Newer EU regions 198 0.20 0.40 0.00 1.00
ABCC 1850 198 0.96 0.05 0.74 1.00
Total fertility 1870 198 0.37 0.06 0.23 0.51
Marital status 1870 198 0.51 0.09 0.28 0.75
Literacy 1900 147 0.65 0.27 0.13 1.00
Total fertility 1900 147 0.35 0.09 0.20 0.68
Marital status 1900 147 0.54 0.11 0.31 0.77
Literacy 1930 131 0.82 0.18 0.32 1.00
Total fertility 1930 131 0.25 0.07 0.05 0.44
Marital status 1930 131 0.55 0.09 0.32 0.80
In(Pop. density 1930) 131 4.43 0.90 0.69 8.82
Infant mortality 1930 131 0.11 0.04 0.04 0.20
Not dep. on agr. 1930 131 0.56 0.20 0.14 0.99
Literacy 1960 94 0.88 0.10 0.61 0.99
Total fertility 1960 94 0.22 0.05 0.12 0.33
Marital status 1960 94 0.62 0.08 0.48 0.82
Higher edu. attain. 200¢ 147 0.77 0.15 0.18 0.97
Total fertility 2008 147 151 0.23 1.13 2.27
In(GDP/c 2008) 198 10.06 0.35 8.88 11.15
In(Patents/c 2008) 197 3.80 1.53 -0.77 6.26
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Table 10.3 Relationship between regional GDP per pda, patent applications per

capita and higher education in 2008

(1) 2)
Dependent variable In(GDP/c 2008) In(Patents/c 2008
Higher edu. attain. 2008 0.98** 5.35%**
(0.038) (0.004)
Total fertility 2008 -0.09 0.46
(0.544) (0.473)
Capital 0.47*** 0.66***
(0.000) (0.010)
Newer EU regions -0.46*** -1.66***
(0.000) (0.000)
Constant 9.82%** 0.10
(0.000) (0.956)
Country FE Included Included
Observations 147 140
R-squared 0.86 0.90

Note:*** ** * indicate significance at the 1, 5 and J@ercent level. Robust p-values in parentheses.
GDP, patents, higher education and fertility dataderived from Eurostat (2012) datafiles.

459



Ralph Hippe Human capital formation in Europe at the regideaél — implications for economic growth

Table 10.4 Relationship between regional patent afipations per capita in 2008 and

historical variables

(1) 2) 3) (4) ()
Dependent variable In(Patents/c 2008)
Literacy 1930 5.55%** 4.56***
(0.001) (0.000)
Total fertility 1930 1.70 0.49
(0.542) (0.792)
Marital status 1930 1.01 0.82
(0.656) (0.687)
In(Pop. density) 1930 0.23
(0.185)
Infant mortality 1930 1.32
(0.801)
Not dep. on agr. 1930 -1.25
(0.185)
Capital 0.36 0.36 0.22 0.42 0.68***
(0.265) (0.131) (0.403) (0.103) (0.002)
Newer EU regions -0.73 -1.67%%* -1.19** -1.52%*  J13%*
(0.127) (0.000) (0.010) (0.000) (0.000)
Literacy 1960 9.99***
(0.000)
Total fertility 1960 -8.14%**
(0.000)
Marital status 1960 0.16
(0.945)
Literacy 1900 3.73%**
(0.000)
Total fertility 1900 -2.08
(0.282)
Marital status 1900 0.88
(0.545)
ABCC 1850 4.49**
(0.015)
Total fertility 1870 0.28
(0.865)
Marital status 1870 -1.30
(0.266)
Constant -2.77 0.01 -3.05 1.21 -0.19
(0.319) (0.996) (0.144) (0.141) (0.908)
Country FE Included Included Included Included uUdsd
Observations 126 142 87 142 197
R-squared 0.87 0.85 0.81 0.82 0.81

Note:*** ** * indicate significance at the 1, 5 and 1Percent level. Robust p-values in parentheses.
Patents/c refers to patent applications to the B&Qmillion inhabitants.
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Table 10.5 Relationship between regional GDP per pda in 2008 and historical

variables
1) 2) (3) (4) ()
Dependent variable In(GDP/c 2008)
Literacy 1930 0.85*** 0.83***
(0.001) (0.000)
Total fertility 1930 -0.11 -0.51*
(0.802) (0.072)
Marital status 1930 -0.55** -0.39
(0.047) (0.110)
In(Pop. density) 1930 0.01
(0.629)
Infant mortality 1930 -0.66
(0.415)
Not dep. on agr. 1930 0.16
(0.307)
Capital 0.34%** 0.34*** 0.41%** 0.49***  (0.48***
(0.000) (0.000) (0.000) (0.000) (0.000)
Newer EU regions -1.11**  -0.30***  -0.56***  -0.46** -0.36***
(0.000) (0.000) (0.000) (0.000) (0.000)
Literacy 1960 1.89***
(0.000)
Total fertility 1960 -1.69***
(0.000)
Marital status 1960 0.02
(0.970)
Literacy 1900 0.70***
(0.000)
Total fertility 1900 0.21
(0.557)
Marital status 1900 -0.53*
(0.061)
ABCC 1850 1.29%**
(0.001)
Total fertility 1870 0.26
(0.499)
Marital status 1870 -0.58**
(0.019)
Constant 10.50***  Q.58*** 8.98*** 9.58***  8.95***
(0.000) (0.000) (0.000) (0.000) (0.000)
Country FE Included Included Included Included Uasd
Observations 131 148 94 147 198
R-squared 0.91 0.90 0.88 0.83 0.78

Note:*** ** * indicate significance at the 1, 5 and Jfercent level. Robust p-values in parentheses.
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10.6.3 Figures

Figure 10.1 Relationship between share of agriculte, 1930 and GPD/c, 2008

GDP/c, 2008
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Figure 10.2 Regional per capita GDP and patent apjgations to the EPO in Europe,
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Figure 10.3 Regional per capita GDP and patent apjgations to the EPO in Europe,

2008
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Figure 10.4 Regional per capita GDP and higher edation in Europe, 2000
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Figure 10.5 Regional per capita GDP and higher edation in Europe, 2008
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11. Summary, policy recommendations and directions fofuture research

This thesis has analysed the formation of humaitaiap Europe at the regional level and
its implications for economic growth.

Several broad conclusions emerge from its reshltst, numeracy as measured
by the age heaping method is closely related terdibman capital proxies, particularly to
literacy. It is thus a complementary approach amadens existing knowledge on human
capital formation in Europe and in other regions tbé world. In particular, its
characteristics allow the use of a long-run, regiompproach to human capital that is
unmatched by other indicators.

Second, human capital formation as measured by raaye literacy and
educational attainment at the regional level indperfrom the 19 to the 2% century is a
story of success: human capital levels in Eurogeimreach case increasing throughout
time. Nevertheless, important regional differene@thin countries characterise many
European countries. These intranational disparites be even larger than international
ones, highlighting the appropriateness of the regitevel as the unit of analysis.

Third, land inequality played an important rolenameracy formation at the end
of the 19" century in Europe. Corresponding to the predictiofh a theoretical model
related to Unified Growth Theory, it appears thatager land inequality decelerated
numeracy formation in the less industrialised ragiof Europe. This result also implies
that land inequality was also an important hurdleeiconomic growth.

Fourth, the geographical location of a region determinant of its past numeracy
or literacy level. Regions that belonged to theecof Europe formed a cluster that was
characterised by very high levels of human capithereas most of the peripheral regions
in western, southern and eastern Europe couldswaipe the influence of remoteness. This
finding was illustrated through Exploratory Spafizdta Analysis and by econometrically
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testing a New Economic Geography model that focosethe impact of market access on
human capital.

Fifth, historical human capital is related to catreconomic disparities. More
specifically, historical human capital levels irethd” and 28" centuries can significantly
explain current regional differences in patent egaplons per capita to the European Patent
Office and GDP per capita. Therefore, human cagstan important factor that has to be
considered to explain regional growth processes.

These results may imply different policy recommdimates. First, the effects of
human capital are long lasting, and human capstamiportant for generating economic
growth. Therefore, increasing the human capitahefpopulation should be a key pillar of
policy actions focusing on economic developmentlickomakers need to focus on
providing an environment that produces incentivsridividuals to increase their human
capital in keeping with economic conditions, parély in periphery countries. Land
reforms may be a tool for achieving greater pragpan the least developed countries in
Europe and on other continents where agricultutepdays an important role. In more
advanced countries, policy actions designed, foamgle, to provide improved
infrastructure may support human capital formatoynintegrating regional and national
markets and offsetting the disadvantage produceerpteness.

The important discrepancies that characterised m&uoyopean countries
throughout history until the present may furthetdicate the need to take policy decisions
that explicitly address the inherent charactesstiteach region. Many policy discussions
continue to focus exclusively on the national levidie present economic, financial and
debt crisis in Europe presents a further illustratof this. However, national ‘one size fits
all’ policies may not always be appropriate for veegion. The proper application of the

principle of subsidiarity appears to be essentatdmbine the necessary harmonisation,
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standardisation and integration of policies at tiaional and European levels with
sufficient margins for individual responsibilityjitiative and policy actions at the regional
and local levels.

Furthermore, there are several areas that mayweadditional attention in future
research. On the one hand, these are related tiniesrand statistics. It may be possible to
trace the long-term evolution of human capitaltiartback in time by taking advantage of
existing or new sources. In this way, it may besglae to construct a detailed history of
human capital that encompasses existing evidente dge heaping method is a
particularly advantageous and fruitful means ofaamvng this knowledge. This long-term
approach is especially important because it makgassisible to validate theoretical models
and hypotheses concerning the (very) long run, ssdinified Growth Theory.

Similarly, a more detailed examination of the regib level may help to
understand differences at the local level. Thegefdr may be interesting to extend the
methodology from the NUTS level to the local lewdlny regional trends are the product
of local processes, and the disaggregation of thegiens permits further insights in the
formation of human capital and its economic effeé&tdopting a European perspective
may further extend research that is too often &ohiby national borders. Moreover, this
thesis has employed technology that uses geogaphmformation systems. GIS are
advancing in many areas of daily life and are gismually taking hold in economics. The
possibilities that GIS offer are substantial, matarly for the spatial analysis of many
relevant topics in economics. Future research shdwither exploit the opportunities
offered by GIS and spatial econometric methods s&éheethods also make further tools
available to test models derived from theories aghNew Economic Geography.

Finally, it may also be important to enrich the lggsigs of human capital by

accounting for indicators that comprise differeatdls and forms of human capital. In this
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thesis, the focus has been on rather basic hunmtalcLlearly, there are also much more
advanced forms of human capital. Their simultanecnissideration may improve the
approximation of human capital in a region. Furtheticators may be added and new
proxies may be developed that enable an improvexsanement of human capital.

On the other hand, research not only has to advamegirically but also
theoretically. The validation of theory appeardéoa necessary condition to better analyse
the past and the present and improve or developmedels. More and better data can
improve theory but are not a necessary conditiontie elaboration of better theories.
These theories, however, are important to solverthey riddles that academics and policy
makers consistently face. In the present contkid,mheans that unveiling the fundamentals
of the process of economic growth and focussingt®tong-run and spatial aspects to a
greater extent has the potential to change theweagonceive of economic development
in time and space.

In these ways, it will be possible to better untierd and explain human capital
formation and the impact of human capital on s@donomic outcomes in the past and the
present. Therefore, incorporating the dimension®aih time and space in the analysis
appears to be essential because history and géxygnaadter.

Human capital will also be crucial for shaping Wherld of tomorrow. This is also
emphasised by the Council of the European Unigassing that “[e]ducation and training
have a crucial role to play in meeting the manyiseconomic, demographic,
environmental and technological challenges facingpfe and its citizens today and in the
years ahead” (Council of the European Union 200219%/2). Never forget that, as one of
the major initiators of human capital theory andoBlolaureate, Gary S. Becker, reminds

us, we are currently living in the “Age of Humanpgtal” (Becker 2002, p. 3).
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