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Abstract

In a recent contribution, Redding and Schott (208&) human capital to a two sector
NEG model, highlighting that remoteness represanpgnalty that gives disincentives to
invest in human capital. But is this hypothesissistent with long-term evidence? We test
the persistence of this effect at the regionalll@van historical setting. The results show
that market access has a significant positive émftie on human capital in OLS, Tobit and
IV regression models. Thus, the paper confirmspbaalty of remoteness’ hypothesis for

Europe in the long run.
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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 thi@]ducation and training have made a
substantial contribution towards achieving the logign goals of the Lisbon strategy for
growth and jobs” (Council of the European Union 20C 119/2). Still, the EU is facing
important challenges in its regional policy. Altlgbuthe EU has aimed to decrease
economic and social inequalities over the last desa there still remain important
differences between and within countries. The eureeonomic crisis has further widened
previous convergence tendencies. Similarly, edacas not equally distributed in space.
Thus, how can one explain these differences?

One possible explanation advanced by theory anghiticular by models from
New Economic Geography (NEG) is that consumer niarglay an important role in the
distribution of economic development. These motelge already been tested empirically
for the last decades (e.g., Breinlich 2006, Faifid BOpez-Rodriguez 2006, Head and
Mayer 2011) and have confirmed the predictions ioley by these rather recently
developed NEG models. A particular case includinghéin capital formation is presented
by Redding and Schott (2003). The authors develiyearetical NEG model showing that
remoteness from large consumer markets gives @éisiives to individuals to increase
their human capital. For this reason, this ‘penafyremoteness’ explains worldwide
inequalities in human capital accumulation. Subsatiuempirical studies have also
confirmed the predictions of the model for the Ewan regions for the last couple of
years (e.g., LOpez-Rodriguetal.2007).

Nevertheless, (to our knowledge) there has notgenh any empirical evidence

for the long-term evolution of market access anthé capital at the EU or European



regional level. This empirical evidence, howeveppears particularly important to
understand the changes that have shaped todayspéam regions in the long run. This
may considerably enlarge the recent analyses éosltlort term which may be only part of
a much larger long-term process.

For these reasons, this paper explores for thetiime the importance of market
access for the spatial distribution of human céjpitéhe European regions in the past. We
combine and adapt several databases to create amgwe dataset. More specifically, we
use two different human capital indicators at dédfe points in time to test the robustness
of our analysis. First, we employ regional numerasyimates for 1850. The age heaping
method enables us to estimate numeracy (e.g., AiHaaal. 2009, Hippe and Baten 2012,
Hippe 2012a). Second, we use literacy as an atteenauman capital proxy. Literacy is
certainly the most employed indicator for humanitedpn the past. Therefore, we can
check the overall numeracy results by using regdiditeracy outcomes in 1930. Both
indicators also allow to better model the proposkeeory than alternative historical
education variables. In addition, as has been megpdy the recent literature, we exploit
data on the distribution and size of cities in Bpgréo model historical market access.

The results show that market access has a sigmifieggative influence in OLS,
Tobit and IV regressions. In the latter case wedisgnce to Luxembourg and area size of
European countries as instrumental variables. V8e abntrol for outlying regions in
several specifications. In sum, the ‘penalty of o&ness’ hypothesis theoretically
advanced by Redding and Schott (2003) is confirtmgaur historical data. This result
implies that the ‘penalty of remoteness’ is nouarent trend but has existed for long time
spans, the present being only a very special daséaoger phenomenon.

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

capital formation in the European regions in thet@nd the main contributions of New



Economic Geography. Then, we briefly present thaedying theoretical NEG framework
which has been originally proposed by Redding actib& (2003). Subsequently, the data
and the econometric specifications are discusgetthel fourth section we show the results.

The final section concludes.

2. Related literature

2.1 Regional human capital formation in Europe, today and in the past

Human capital formation in the European regions dt#®cted the attention from many
researchers (e.g., Badinger and Tondl 2003, Bokirfl006, Faifia and Lopez-Rodriguez
2006, Sterlacchini 2008). For example, RodriguegzeP@nd Tselios (2011) use
Exploratory Spatial Data Analysis to test the spatistribution of educational attainment
in western Europe between 1995 and 2010. They tivad educational attainment is
strongly correlated with inequality and that regicend to cluster in space. Proximity
plays an important role for educational attainmemen today. Moreover, there are
noticeable differences between the north and tlihsof 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 Eugdp the past has recently been provided
by Hippe and Baten (2012). They use the age heapiatpod to calculate numeracy
estimates, i.e., whether individuals are able tintor calculate (e.g., A’Heaswt al. 2009,
Crayen and Baten 2010). They show that regionalemaay values steadily improved
almost everywhere in Europe during thé"t@ntury. Leaders in numeracy were countries

in Scandinavia, in central Europe and the Unitedgdom. Many of the regions in these



parts of Europe had already very high numeracy esalat the beginning of the 19
century. In contrast, Southern and Eastern Eunmpeitantly lagged behind. They needed
many more decades to attain similar levels, in paen until the beginning of the first or
the second half of the $0century. In addition, regional differences in nuawy were
quite striking in most of these countries. For eglen a core-periphery pattern
characterised Spain. The regions in the north ofilMahad the highest numeracy levels
while those at the southern periphery (Andalusiad @&n the north-western periphery
(Galicia) followed with a large gap. In contrastnarth-south gap is visible in Italy. The
lowest numeracy values were calculated for regiorke Balkans and the Caucasus. Still,
most countries and regions were able to improventiteeracy levels of their population
during the 19 century. In consequence, regional inequalitiestimeracy diminished over
that period.

Numeracy is one possibility to measure human dapitéghe past but there are
also other proxies. However, one has to note thatther measure is available at such a
scale to that time period. Nevertheless, one cansfon individual countries to check the
validity of the numeracy data. In fact, the mospartant tendencies in numeracy can also
be detected when employing other indicators. Fstaimce, Cinnirella and Hornung (2011)
use data on Prussian counties in th& déntury. Taking a look at the data one can see tha
the counties of Poznan province had the lowest @@t rates (6-14 year olds),
confirming the lower numeracy levels in the stugyHippe and Baten (2012).

Another country example is provided by Felice’s 2D recent study on the
regions of ltaly during the 19and the 28 century. In contrast to the above-mentioned
studies, he uses a specifically constructed hurapitat measure which takes into account
both enrolment rates and literacy. He shows thgioral differences in human capital

peaked around 1871 but diminished during the nextades. Northern regions had a



distinct lead to other regions, followed by centeald ultimately southern and island
regions.

Furthermore, Nufiez' (1992) Spanish literacy dataewinme a core-periphery
structure similar to the one highlighted by numgra€inally, the correspondence of
regional numeracy and literacy data has been pphasised by Hippe (2012b), using data
for a number of European countries around the Imégnof the 18 century and adding
more recent data for current developing countnedsatin America, Asia and Africa during

the second half of the 2@entury.

2.2 NEG and market accessin Europe

New Economic Geography (NEG) has become an impiofiigld in economics over the

last years. NEG models enable to understand whyaoseir activity and individuals

cluster in space (e.g., Krugman 1991a). In othedsiahey allow to clarify the reasons for
the existence of urban agglomerations, e.g., Tokgd Mexico City, and areas with
concentrated activity, such as the Manufacturingg Bethe United States and the Blue
Banana in Europe. In fact, concentration is the tneegdent characteristic of economic
geography (Krugman 1991b). Accordingly, the regiatistribution of GDP per capita in

Europe is quite unequal.

The spectacular growth of urban agglomerationstiquéarly in developing
countries, further shows that economic geograplayisnportant factor for the distribution
of the population in the past, today and probablyhe future. Given these facts, it is not
astonishing that policy makers are faced with thestjon of how to deal with these
inequalities. Economic geography in general and Ni&E@articular has gained attention
due to the process of European integration andoitsequences for regional inequalities
(Fujita et al. 1999). In this area, the concept of market acoesnarket potential plays a
very important role in many NEG models (e.g., Ct@&@04, Redding and Venables 2004,
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Hanson 2005, Niebuhr 2006). Having a good accesar¢e markets is deemed to be a
fundamental economic advantage of a region. Themaif market access, however, is
older than NEG. Harris (1954) initially proposec tboncept. Later applications include
Clark et al. (1969) and, in particular, Keebtd al. (1982) (see also Niebuhr 2006). The
latter authors show that market potential is loviregteriphery regions. The highest market
potential, in contrast, was found in north-westeéumope, including West Germany and the
Benelux countries. However, these studies lackéd geeoretical foundations. These were
only later provided by NEG, so that newer studiesable to test the implications of these
theoretical models. Initially, these were countiydées (e.g., Roos 2001, Brakman 2004,
Mion 2004, Ottaviano and Pinelli 2006) which getigr&mphasise the importance of
market access. More recently, new studies alsoddkaropean approach (e.g., Head and
Mayer 2006, Niebuhr 2006) and generally confirmhiipotheses set up by NEG.

Market access may also have effects on the acctioulaf human capital.
Human capital is clearly an important economic daathich may enable higher growth
rates and lead to convergence or divergence prexedsowever, the incentive for
individuals to invest in their human capital andeithgeographic location are not
independent. In particular, higher market accessy nemcourage human capital
accumulation. This hypothesis has been validated tgnge of publications focussing on
the worldwide national level (e.g., Redding and @&cl2003) and later on the European
regional level. In particular, the latter includhe twork by Lépez-Rodriguez and co-authors
(e.g., Lopez-Rodrigueet al. 2005, Faifia and Lépez-Rodriguez 2006, Lépez-Roezigt
al. 2007). The results of these papers clearly indidhat human capital levels (as
approximated by educational attainment levels) ek when moving from NUTS 2
regions with high market access to those with lowarket access in the year 2000.

Therefore, market access is a crucial factor imibieg human capital formation in the



present time. However, has this always been the?clsit a more general pattern that has
persisted until the present time? This paper domies to answer this question by

analysing econometrically the importance of madaetess in the long run.

3. Theoretical mode€

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 transparsts and assuming increasing returns to
scale. One of their main results is that counttlest 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 anm#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 moe for an unskilled worker to invest in
human capital and become skilled is decreased.

Because the main contribution of this paper is eicgdi we only briefly present
some foundations and results of Redding and Ssh@003) modet.We adapt the model
to the context of this paper by explicitly considgrregions (instead of countries as in the
original model). First, we consider the preferenaed the endowments that have to be

modelled. Accordingly, Europe is constituted b¥¢ {1, ..., R} regions. Every region is

¥ We follow Lépez-Rodrigueet al. (2007) and limit ourselves to the supply side leé tmodel. For a
complete presentation, see e.g., Lopez-Rodrigtiak (2005).



characterised by an endowmentlgfconsumers. Every consumer has one single unit of
labour. The supply of this unit of labour is ingiesi.e., there is no disutility. Consumer
preferences are identical for &ll. Consumption is restricted to two types of godist,

the production of the agricultural sector is lindit® one homogenous good. Second, the
manufacturing sector produces a range of diffeaéedi manufactures. The preferences
follow a standard utility function in Cobb-Douglsm.

Let us now define the production technologies imgdlin the two sectors. In the
first sector, the produced agricultural good is bgeneous. Production is set within the
framework of perfect competition and is characeatiby constant returns to scale,

V=0SHPUD™, 0 < <1 (2)
whereY; is the agricultural sector’s output{is the quantity of unskilled workers in the
sector,S/is the quantity of skilled workers ar’is an index of agricultural productivity.
In the second sector, the production of the diffeaeded manufactured goods is
characterised by increasing returns to scale aed ascombination of the two types of
labour (skilled, unskilled) and of the intermediatputs of manufactured goods.

In the next step, we introduce endogenous invedtinehuman capital into the
model. It is assumed that a conversion from an illedkto a skilled worker is possible.
Denoting an individual ag this conversion incurs a fixed cost of educatip(z) units in
terms of unskilled labour. The underlying idea hattreal resources are consumed to
become skilled which results in the fact that tHacation cost is a proportion of the wage

of unskilled labour. Moreover, the quantity of uiliskl labour that is needed to become

skilled is dependent on two factors. In particul@f(z) =%, where h; denotes the

overall environment provided by institutions andve@omment policies that have

repercussions on the education cost@fx) denotes the individual's personal ability. This



ability is subject to human biology. Thus, an indual z will only take the decision to
invest in human capital if

h;
a(z

S U
w; — W; =

) wy, @)

i.e., if education costs are lower than (or eqoalthe difference between the wages of a
skilled w;) and an unskilledw) worker. The equation defines an implicit critivalue
for a above which all individuals choose to invest inmtan capital. This value; giving

the supply of skills in equilibrium is

a; = —hi
NG @
An individual having the abilityx; does neither prefer to become skilled nor to
remain unskilled but is indifferent to both optio&herefore, this equation is the ‘skill
indifference condition’. Only if an individual has ability aboven; he will choose to get
further education.
After defining the producer equilibrium and profitaximisation, we can obtain
the zero-profit condition, i.e. the wage equatitirdefines the maximum level of wages

that receive both categories of workers that finmisare able to pay:
Sya UNl-«a 1 1
WD) W)™ = = (MAs, (4)
l

where ¢ is a composite constant; stands for an inverse indicator of technological
efficiency, a is the input share of skilled workers wagesgdenotes the elasticities of
substitution and/4; is the market access iof

Combining the zero-profit conditions for agricukuand manufacturing gives the
wages that are paid to workers with and withoullskn equilibrium. If we join the skill

indifference condition, we obtain the equilibriuralationship that exists between the
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geographical location of a region and endogenoussiments in human capital. Thus, we

have,
dw; dw/
0=¢p—F+0-¢)— ()
Wi w;
dw; dw/ 1dMA;
_ =_ 6
e s TA- DT = ©)

i i
These equations show that if the equilibriddd; decreases, if the manufacturing sector is
assumed to be skill intensive with regard to thacaural sector and if the region is
incompletely specialised, then the equilibrium n®vwe a new equilibrium with lower
skilled wages but higher unskilled wages. This iegplthat the critical ability leved;
increases. This change induces a lower supply ibédland a higher supply of unskilled
labour.

More specifically, the decrease ®&fA; has led to a smaller size of the skill
intensive manufacturing sector. The reduction ire smeans that there are now more
skilled workers in the market than there is demmmdhem in agriculture. Therefore, the
wages of skilled workers decrease whereby thedtivel wages in comparison to the ones
of unskilled workers fall. In this way, remotendsads to smaller incentives to invest in
human capital. This means that the model predigssitive relationship between market
access and human capital investment.

While this basic two sector model has so far beseduo explain the current
economic geography of Europe, it appears even rappeopriate for the past. Clearly,
whether to switch from agriculture to manufacturilsgnot a policy question for most
European countries anymore. The service sectobé@sme much more relevant, both in
terms of GDP and employment, than agriculture imynauropean countries. In contrast,
the simple structure of the model may even morseatjomirror the development during

the European industrialisation process. Most Euwanpeountries only began to
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industrialise during the 19or even the 2B century. For example, Broadberry (2009)’s
data show that agriculture had still a share of&h agricultural employment in West
Europe in 1870. The share increases to 57 % inhSButope and even 70 % in East
Europe. Without taking major assumptions, it isdewit that these shares would be even
higher for 1850, illustrating the crucial stakeagfriculture in Europe at that time. Ongoing
industrialisation in West Europe increases the eshaf industry while decreasing
agricultural employment to 32 % in 1929. Neverths|ea third of overall employment is
still a relevant share for agriculture, particwaflcompared to only 5 % of employment in
West Europe in 1992 (and certainly less today). el@w, industrialisation occurred later
and slower in other, peripheral parts of Europeeréfore, the same share only dropped to
53 % in South Europe and to 66 % in East Europ&929. Therefore, the theoretical
model's two sector model and the associated switoim unskilled to skilled workers
appears related to the historical period underystiié., 1850 and 1930). The higher
market access in the core industrialising Europeauntries would imply that skilled

workers are rarer in the periphery. Can we find theoretical result also in the data?

4. Dataand methodology

We test the theoretical model by the use of diffedatasets. In particular, we use regional
numeracy and literacy as our human capital prokigst, we employ numeracy as a proxy
for regional human capital in Europe in 1850. Nusegris derived from the age heaping
method. Age heaping as a method for calculatingcbasman capital values has been
established by the recent literature (e.g., A’'Heatrral. 2009, Crayen and Baten 2010,
Hippe and Baten 2012, Hippe 2012b). In particue, use the ABCC Index to measure
numerical abilities. In fact, it measures the shafrendividuals that are able to calculate.

More specifically, historical census data, and ant gven data for today’s LDCs, show a

12



clear pattern of rounding. Many people were noé ablcalculate their age. Therefore, they
guessed their age to fulfil the census requiremsetap by the state. Given that human
biology serves as a first aid for calculations (€fige fingers on one hand, ten fingers in
total), they rounded their ages on 0 and 5 (sem H#sper 2008). It has been shown that
this rough proxy is well correlated with other stard human capital proxies such as
literacy (A’Hearnet al. 2009, Hippe 2012b) and primary school enrolmenmay€n and
Baten 2010). The underlying formula of the ABCCdrds

14 72

ABCC;; = 125 — 125 X Znsj,it/z niie | 7)

j=5 j=23
wherei denotes a regiof,the number of years, the number of individuals anidhe time
period. Its formula illustrates that one calculates share of age observations ending on
‘0’ and ‘5’ in relation to all observations. Onekés into account all ages between 23 and
72, the standard in the numeracy literature. TheC&Bwith its limits of O and 100 is
comparable to other share indexes, in particularacy.

The human capital data have been taken from the aedv large database
provided by Hippe and Baten (2012). These datebased on original historical census
data. The advantage of this measurement methdthidttalways takes into account the
entire population and not, as other historical @exof human capital (e.g., signature
rates), only parts of it. For this reason, it ipresentative for the whole population and is
not prone to biases that naturally reside in mamtigd indicators. In this way, we are able
to measure the regional distribution of basic naogrfrom Portugal to Russia. In total,

there are 299 regions in our dataset (see Talde dekcriptive statistics).

“ Given the variable “Distance to Luxembourg”, werdn@xcluded Luxembourg in all our regressions amd d
not list it here.
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Second, literacy is our alternative human capitalxp and available for 1930.
Literacy data are not available for a range of paem regions for 1850, which is why the
ABCC Index is the more suitable indicator for tiperiod. However, literacy became a
standard human capital indicator during the sedwitiof the 18' century and was used in
many countries throughout the first half of thé"2@ntury. Many public debates focused
on the eradication of illiteracy in a number of &wean countries. Still, this aim was
sometimes not achieved until the second half of2@i&century, so that it is a valuable
indicator for 1930. Therefore, it can be used asrépresentative human capital proxy for
1930. Literacy is defined as

N N
Literacy;; = z rwj,it/z N it (8)
j=10 j=10

whererw denotes the ability to read and write ahds the total number of years.
In other words, literacy is the share of individuél0+ years) who are able to read and
write in a region at a given point in time. Datamstoriginally from Kirk (1946) and have
been adapted for the purposes of this paper.

Both numeracy and literacy have the advantagethiest are share variables. In
fact, the proposed NEG model divides individual® iekilled and unskilled workers. A
defined level of numeracy is nothing more than share of numerate to innumerate, a
level of literacy is the share of literate to dliite individuals. We can take the simple but
straight forward assumption that an unskilled woikeinnumerate (in 1850) or illiterate
(in 1930). Similarly, it is reasonable to assumat thn innumerate person can decide to
become numerate and an illiterate one to becoreealéd. The endogenous investment
assumption in the model, from unskilled to skilledrkers, can thus be illustrated by our
indicators. These parallels show the correspondéet&een our empirical specification

and the underlying theoretical model. Therefore, lmoary human capital or skill proxies
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follow more closely the theory than other potenadlication variables, such as years of
schooling®

Moreover, the data on urbanisation are providedvny different sources. For
1850, we use the data provided by Bair@thal. (1988). It is, alongside with a similar
database by De Vries (1984), the standard dataiyasebanisation in the long run. In fact,
the data trace back the cities of Europe untilygmer 800, starting from 1850. For a general
geographical illustration of the data for 1850 &&égure 1. London is by far the largest
European city, followed by Paris. Cities are quitense in most of Europe, except
Scandinavia and Eastern Europe, where Russia’'dataft. Petersburg, is the most
important city. Cities are included if they fuld minimum 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 forcaloulations’

Because the Bairookt al. database does not cover later points in time, aceth
use another database for our literacy regresslarnfact, European wide data for literacy
are only available around 1900 onwards but theiesarbata on cities (or, in this case,
agglomerations) after 1850 are only available 85Q. Therefore, we use literacy data
from 1930 and take as the best approximation oketaaccess in 1930 data on European

agglomerations in 1950. These agglomeration data have been assembledobigdvii-

® In addition, these variables are not availablauifferent points in time for most of Europemarly, the
distinction between skilled and unskilled workesddss clear cut for educational attainment le\@l®n if it

was available (which is not the case), given tive dxtent of higher or even secondary educationurope

in the 19" and large parts of the ®@entury, it would not be a representative skithyr either.

® 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.

" 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 aqupedion for 1930.
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Ebrard (1994) and are compatible to the Bairethal. databasé. It is a worldwide
database with a threshold of 10000 inhabitant®®B01so that the entire database includes
up to 26000 worldwide agglomerations. A graphidlaistration of these data for Europe
shows their general resemblance to those in 18®Kgyure 2). While London is still the
most populous European city, there have been iseseén population elsewhere. For
example, Russia’s new capital, Moscow, is now sicgmtly larger than St. Petersburg and
other capitals and agglomerations such as Atheow €in increased importance in the
European urban landscape. However, the overalingidhat we get from 1950 is quite
similar to the 1850 data.

Furthermore, market access has been proxied bylggapupotential in the recent
literature (e.g., Lopez-Rodriguet al. 2005)° Population potential also appears to be the
best available proxy in historical European appitces® It is a standard way of
representing changes in the pattern in which cities distributed in space. It allows to
identify the relative location of a city within aegter network of other cities. Two factors
are essential in the evaluation process: firststhe of the population of cities. Second, the
distance of a city to the other regions in the mekw In practice, one adds to the
population size of a city the population sizesha dther cities, each time divided by their
distances to the original city. This is done foemvcity in the data. In this way, a potential
value is assigned to each city. To be more predike, mathematical formula in

correspondence to Lopez-Rodrigwtal. (2005) is

® Moriconi-Ebrard’s (1994) database includes aggi@tien data from 1950 to 1990.

® Clearly, it would be preferable to use an evers@laheory-based measure, including regional paiw
interregional trade flow data. Yet, as Lépez-Rodeiget al. (2007) already emphasise, this measure is not
available for today. Without surprise, it is notadable for the past either, so that we have tg ol our
alternative but fairly good proxy estimates.

19 Other economic measures, such as regional GDP datanot yet available for an important part of
European regions, in particular in Eastern Europe.
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Po; Po, Po;
MAl:POL+—++ :P0i+ Z -, (9)
D; Din ij

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 testralatd OLS regression model as used by
the literature. The basic framework is the follogrin

In(HC;) = By + B1In(MA;) + &;, (10)
where HC is the respective human capital indicator (i.eumeracy or literacy; in
logarithmic terms)MA is the market access (in logarithmic terms$, a region and are
the unexplained residuals. The basic OLS framewstlter complemented by Tobit and
instrumental variable regressions.

In addition, note that ‘region’ stands for a NUT&gjion 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., Rusge 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 levah be attributed without any further
difficulties. The case is different for human capiata which were available only for the
historical regions. In this case, we developedctreespondence of these historical regions
to current regions as best as possible. Becaushawe often more detailed data than
needed for this study (e.g., thiépartementsn France, therovinciasin Spain or the
Bezirks-Hauptmannschaftein Cisleithania (i.e., the Austrian part of Auatilungary

before its disestablishment), the possible biasesmaportantly reduced because we can
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easily aggregate our data from province or couengll As a standard, we use NUTS 2 as
the basic unit of analysis which is also the stashdmit in most other contributions in our
area™ In this way, we are able to create a unique dafas¢he European regions in 1850

and 1930.

5. Reaults

We first present our results for numeracy in 185@ aubsequently check their overall
robustness with the literacy data in 1930. Theuwated population potential values for
1850 are illustrated in Figure 3. In the following refer to countries and regions in their
current boundaries. It is apparent that the higpegiulation potentials are found in the
areas of Paris, London and Manchester and the Wwdas up to Belgium and the western
parts of Germany. In the current literature, thisaas often called Golden Triangle and has
also been identified by market access studies aschopez-Rodrigueet al. (2007) for
2000. The similarity of our historical market aceesstimates to their current estimates
further shows the validity of our approach and ofeptially existing long-term spatial
configurations. Given the size of the aforementtbroities, in particular of Paris and
London, the shape of the triangle is not surpridiegause these were the two most
populated cities of Europe in 1850. Still, the figunighlights that they were not isolated
from other population hubs but were the centre gfemter accumulation of population in
western Europe. This can be explained by the leng-tgeographic change of economic
importance from northern Italy to this area, as &las been postulated by Braudel (1979).

This is also in line with the concept of the existe of a “blue banana” which has been put

X An exception is Greater London, where we had ® the NUTS 1 level due to unavailability of more
disaggregated data.

18



forward by Brunet (2002), a concentration of popala and economic active from
northern Italy over the course of the Rhine Rivatiliuhe UK and even Ireland.

In general, the more one distances oneself frontéidére in western Europe, the
lower are the potential population values. Goirgher away from the centre, the highest
estimated values are located in the regions obtkeFrance, Germany, Switzerland, Italy,
parts of Austria and Spain. Polish regions areadlyan the next level. Nevertheless, there
are some outliers to the overall rule. Large cititesate their own high local population
potential which explains the different shading Ire tareas of e.g., Madrid, Hamburg,
Berlin, Prague, Vienna, St. Petersburg and Moscow.

In the next step, we investigate the relationslepvieen market access and human
capital. To this end, we plot market access agdmesABCC (Figure 4). Unfortunately, the
ABCC has already achieved its maximum level of ib8everal 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 Albaaiathe bottom of the figure. Thus, the
scatterplot allows us to identify the most relevautiiers that we should incorporate in our
econometric models.

To test this relationship econometrically, we perfaifferent regression models.
As OLS is the most basic and standard estimatiadhade we begin with OLS regressions.
Subsequently, we will also test alternative modbkt incorporate issues concerning the
scale of the dependent variable (i.e., Tobit mgdelsd regarding endogeneity (i.e.,

instrumental variable models).

19



The results of the baseline OLS regressions arerstio Table 2. Market access
has a highly significant positive effect on numgrat the 1 % level (column 1§.A 1 %
increase in market access increases numeracy ByA).a sizeable effect. To compare our
results for market access with distance to Luxentdp@s proposed in the literature, we
also computed this distance (in natural logarittamdl show the results in column 2 (and
also in the subsequent steps). Distance to Luxergbdsl negatively significantly
correlated to the ABCC at the 1 % level. To avaasbs, we also include dummies for the
most important outlying regions in our data as [BRedriguezt al. (2007). As identified
above, these regions are London (with by far tlghdst market potential) and Albania
(with by far the lowest ABCC) (column 3). Both Lamd and Albania are negatively
significant at the 1 % level. The case for Albaisaclear due to its very low ABCC.
London is at the top of the market potential sc8kl, it has not achieved the maximum
attainable level of numeracy, which one may exfecrh its substantial market potential.
Therefore, its coefficient is negative but not véasiyge. The inclusion of these outliers
improves considerably the explanatory power of mhedel, as the increase in the R2
underlines (from 0.27 to 0.44 in the case of theketaaccess specifications, see column 1
and 3).

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
limit may bias our results because some of thegeme would have had higher numeracy
values if the limit was not existing. For this reaswe take this fact explicitly into account
by running the same regressions with the Tobit rholdege Tobit model incorporates the

problem of upper or lower bounds in its estimatiofise lower bound is not important in

12 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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our case, but the upper limit is. Thus, in totagre are 41 regions which are right-censored
by the modef? The results when using the alternative Tobit madelshown in columns 5
to 8. The coefficient of market access increasgghtf from 0.17 to 0.18 in the new
specification while remaining significant at the % level (columns 5 and 7). The
coefficients of distance to Luxembourg (column @deaof the dummies also increase
(column 7). Comparing the distance to Luxembourglehancluding dummies (column 8)
to its equivalent OLS specification (column 3) ralgethat the inclusion of the upper bound
has turned the London dummy insignificant and @sfficient dropped to zero. Apart from
this expected result, there are not any large reiffees to our OLS estimates. In
consequence, the Tobit model confirms the robustoksur 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 nawe its values and affect both
market access and numeracy.

Thus, in line with Redding and Venables (2004),ilreh (2006) and Lopez-
Rodriguezet al. (2007), we take the distance from Luxembourg asfiost instrumental
variable. This variable captures the advantage$eoma by being close to the centre of
Europe. Second, as proposed by the same authorgsevéhe (area) “size of a region’s

home country” (LOpez-Rodriguest al. 2007, p. 223), capturing the advantages that are

3 Because we use the logarithmic form of the ABC@ehéhe upper limit (corresponding to 100) is
approximately 4.6052.

21



created by big national markets for the market sea# a regiod? The use of a similar
strategy as previous authors also enables us tdhput results for today into a larger
historical context, which is the aim of this pap€hne results of our IV models are shown
in column 9 and 10. The IV estimates for (logarittymmarket access are once again
highly significant at the 1 % level. The signs dfcaefficients do not change and the level
of the coefficients is close to the one in our otbpecifications. In other words, the
coefficient of (logarithmic) market access was Grithe OLS, 0.18 in the Tobit and now
increased slightly to 0.19 in our IV models. Theeffigients of the dummy variables
remain within the limits of the OLS and Tobit masl@nd thus barely change. In sum, the
IV results confirm once more the importance of neddccess for numeracy.

However, one may wonder if our results are robasthe use of other human
capital variables and other time periods in thd.pHserefore, our alternative indicator for
human capital in the past is literacy in 1930. s reason, our results would need to be
confirmed by the use of this alternative indicatdiowever, given the use of another
dependent variable (i.e., another human capitatyprahe consideration of a later time
period (i.e., 80 years later than our numeracynmegts), and another dataset for the
calculation of market access (although compatibté the dataset for 1850), we clearly
would not expect to obtain the same results, inolydhe same level of coefficients. In
particular, the scatterplot has shown that literaaies are much more dispersed than
numeracy rates. For this reason, we expect higbefficients in our 1930 regressions.
Nevertheless, we expect to come to the same broadusions using this alternative

specification.

14 Borders and countries in ca. 1850 are considdedause we are interested in the domestic markkt an
trade advantages, we consider Germany as beingjtates by those countries that had joined Ziodlverein
(German Customs Union). Data on country sizes @oggaphical square miles) come from Annuaire
Statistique et Historique Belge (1857).
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To achieve a maximum of comparability with our eairtesults, we take the same
approach as for numeracy in 1850. First, we firad the results of the population potential
calculations appear to be quite similar around 1(@&@ Figure 5). The ‘core’ of population
potential is still located within the Golden Tridagi.e. the industrial areas of England,
Paris, Belgium and western Germany. The IberianinBata, Scandinavia and eastern
Europe makes still up the periphery. Some diffeesnemerge, however. For example,
there appeared to be only two significant city cesiwith a high population potential in
eastern Europe, that is St. Petersburg and Moshlow, these two cities are joined by
Donetsk. In contrast, the cities in Spain and Ry@ttare not so relevant outliers anymore.
The higher fertility rates and increasing urbangain eastern Europe over the previous
century may explain these changes. Still, the dvpadtern is quite robust to these rather
minor changes. In addition, it appears to be gitfire closely related to current market
access estimations by Lépez-Rodrigetzal. (2007). Similar to their data for the year
2000, Romanian Bucharest is now a positive oufiecompanied by Bulgarian Sofia).
Major population potential levels are now extendingiil Polish Wroclaw and Italian
Milan, again quite similar to the recent data f@0Q. These findings give additional
validity and show the robustness of our estimatiand may indicate of the long-term
nature of regional market access levels.

Next, plotting market access and literacy shows tihair positive correlation is
also quite clear (see Figure 6). Note that theeenar literacy data for several developed
countries in 1930 such as the Scandinavian cognt@ermany or the UK. Kirk (1946)
estimates that these countries had literacy ragegden 95 and 100. In the following, we
exclude the regions from these countries (as hes tene in Figure 6). Alternatively, we
can also take the hypothesis that these regions ligeracy rate of 100. In any case, there

are no apparent outliers. The relationship betwWéeracy and market access is even closer
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than for numeracy. Therefore, we do not need ttude additional dummies as in the
previous numeracy analysis.

The corresponding regression results are showrlmheT3. This time, we propose
two different specifications. First, we exclude theveloped countries without any official
literacy data (column 1 to 3). Column 1 shows tbhgtmarket access is again positive and
highly significant at the 1 % level. That is, a liBérease in log market access increases
literacy by 0.56 %. This is substantially more thiwe 0.17 % that we obtained for
numeracy in 1850. As noted above, this higher levetesponds to our expectations. All
coefficients are higher than in 1850 because Ltereates are more dispersed than
numeracy rates. A similar reasoning applies to tigher negative and significant
coefficient for log distance to Luxembourg (colu@in As we have excluded all estimated
literacy data for developed countries, the remagimiountries do not reach the upper bound
of 100 % literacy. For this reason, we do not nieegerform Tobit regressions. Even if we
perform them, we get the same results (not shoWmgrefore, we proceed with the IV
estimation, using the same strategy as in our nagyeregressions (column 3). The
coefficient of log market access remains highlyngigant at the 1% level and largely
stable, increasing only slightly from 0.56 to 0.9his is the same tendency we have
already observed in our numeracy sample.

Second, we include the developed countries withr thetimated literacy rates
(column 4 to 8). Most of these countries have estiaah literacy rates of 95-100 % Thus,
we assume that these countries had literacy r&t€800%. As now a number of countries
have reached the upper limit, we perform Tobit gees in addition to OLS modéefd.

Although we prefer to exclude countries that hdaeedame estimated literacy rate for each

15 See Kirk (1946) for more information.

® These countries are Denmark, Germany, Irelandhédieinds, Norway, Sweden, Switzerland, United
Kingdom and parts of Austria.
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region, as we did in our previous specifications talternative strategy may allow us to
show the effects of including all of Europe. Wertstgain with OLS models (column 1
and 2). While the significance levels are identicthk coefficient of log market access
(column 4) decreases from previously 0.56 to 0.2k do the higher number of
observations (with a high level of literacy). Howey log distance to Luxembourg
(column 5) remains unchanged. Moving to Tobit medéhe coefficient of log market
access increases from 0.51 (column 4) to 0.77 fwol6) by about 50 %. However, the
same appears for log distance to Luxembourg (coldmin consequence, taking account
of the upper limit increases the coefficient eveorenthan when excluding the countries
with estimated high literacy rates (see the inttmdels in column 1 to 3) because we add
a high number of regions that have achieved themulopit (without the estimated literacy
rates we have 201 observations (column 1), now & [B27 (column 4)). Finally, we
perform the IV regression which brings us to theadevel as in the initial OLS models
without the estimated regions. In other words, Ww&aim a positive and highly significant
coefficient of 0.57, the same level as in our prasilV estimation in column 4, although
we have included a higher number of (estimatedgmfagions. While the coefficients are
higher, as expected, in our literacy regressioms1fi80, the significance of the results
remains robust. In consequence, market accesshighdy significant determinant of
human capital in every model.

All in all, we thus find a core-periphery pattern Europe similarly to the
literature that analyses the EU today. Market e&xt@s a significant influence on human
capital, confirming the ‘penalty of remoteness’ biesis. Moreover, because we are
referring to the rather distant past with our d#ta, current regional distribution of human

capital and economic development appears to berratable in the longer run.
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This gives important implications for regional myli Remote regions need to
obtain better access to the main European markets.this reason, it appears to be
essential to advance improvements in infrastrucncefocus even more on investments in

human capital.

6. Conclusions

This paper has analysed the importance of marlostsado explain the spatial distribution
of human capital levels in the European regionthenlong run. The central focus of the
paper is whether remoteness was connected to bedhess in the past, as has been
postulated by Redding and Schott (2003) and tdsfexlg., LOpez-Rodrigues al. (2007)

for the European regions in the present.

In particular, we construct a new combined datasetg two different indicators
of human capital, numeracy and literacy, to chduek rtobustness of our results. More
specifically, we employ, first, the age heaping moelt in order to approximate numeracy
values for 1850. Second, literacy is a standarddmoapital proxy in Europe for the end
of the 19" and the first half of the J0century. Therefore, we use literacy in 1930 as our
alternative specification. These two binary indicatalso partly mirror the assumptions of
the underlying theoretical model. Moreover, datakamopean cities have been used to
proxy for market access. In this direction, thendtad concept of population potential has
been employed to generate average market accesstests for the European regions.

The results show that market access is higheshenrégions of the Golden
Triangle, i.e., England, northern France, Belgiumd avestern Germany. In general, the
farther one moves away from this centre, the law/éhne level of market access. Therefore,

we find a core-periphery structure also in the past
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Moreover, OLS, Tobit and IV regressions of mark&tess on numeracy highlight
that numeracy is significantly higher in regionghwhigher market access. We also control
for outlying regions which improves the explanatpower of the model. Thus, after the
literature has in particular used educational mt&int for the current period, our numeracy
and literacy estimates show that the ‘penalty ofateness’ hypothesis is not only valid for
today but that its importance can be traced baek ¢w the middle of the facentury.

This underlines once more that this penalty hastedifor a long time in Europe.
Thus, it may continue to exist also in the futdraat the right policy decisions are taken.
Improved infrastructure and greater incentivesifimestment in human capital appear to

be very important in this context.
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Tablel

Descriptive statisticsfor ABCC and market access, 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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(1) 2) (3) (4) (5) (6) (7) (8) 9) (10)
Dependent variable In(ABCC)
In(MA) 0.17*** 0.17*** 0.18*** 0.18*** 0.19*** 0.19***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Dummy London -0.18*** 0.03*** -0.21***  0.00 -0.21%**

(0.000) (0.000) (0.000) (0.679) (0.000)
Dummy Albania -1.20%** -1.18*** -1.21%%* -1, 19*** -1.19***

(0.000) (0.000) (0.000) (0.000) (0.000)
In(Dist. to Lux.) -0.10*** -0.09*** -0.12%** -0.11%**

(0.000) (0.000) (0.000) (0.000)

Constant

Estimation
Observations
Prob. (F-Statistic)
R-square

3.12%k% 4 7%
(0.000) (0.000)

OLS OLS
299 299

(0.000) (0.000)

0.27 0.25

B.12%k% 4 71%0% 301, 478, 3 02Kk 4.7k D QFFrk D ghrrx
(0.000) (0.000) (0.000) (0.000) (0.000).0¢D) (0.000) (0.000)

OLS OLS Tobit Tobit Tobit  Tobit IV IV
299 299 299 299 299 299 299 299
(0.000) (0.000) (@Y (0.000) (0.000) (0.000) (0.000) (0.000)
0.44  0.42 0.27  0.45

Note: *** ** * indicate significance at the 1, 5 antD percent level. Robust p-values in parentheses.
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1) (2) 3) 4) ) (6) (7) (8)

Dependent variable In(Literacy)
In(MA) 0.56*** 0.57*** (.51*** 0.77*** 0.57***
(0.000) (0.000) (0.000) (0.000) (0.000)
In(Dist. to Lux.) -0.24*** -0.24*** -0.36***
(0.000) (0.000) (0.000)
Constant -5.72%**  (0.25%** -5 84*** 5 2]1*** (.32*** -7.62*** (Q.72*** -5,78***

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000).0Q0)

Estimation OoLS oLSs v OoLSs OoLS Tobit Tobit v
Obs. excluded Estimated Estimated Estimated None None e NorlNone None
Observations 201 187 186 327 306 327 306 301
Prob. (F-Statistic) (0.000) (0.000) (0.000) (0.000) Q@@pP (0.000) (0.000) (0.000)
R-square 0.44 0.38 0.49 0.50 0.44 0.56

Note: ***, ** * jndicate significance at the 1, 5 artD percent level. Robust p-values in parentheses.
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L ocation and size of European cities, 1850

Figurel

Source:Own graphical presentation of data provided by @&diret al. (1988). Size of cities is shown in

thousand inhabitants.
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Figure2 L ocation and size of European agglomer ations, 1950

@ 100 f

Source:Own graphical presentation of data provided by KEmi-Ebrard (1994). Size of agglomerations is
shown in thousand inhabitants.
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Figure3 Population potential in Europein 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, oraragel red.
Source:Own calculations, city data provided by Bairaathal. (1988).
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Figure4  ABCC and market access, 1850
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Figure5 Population potential in Europein 1950

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, oraragel red.
Source:Own calculations, data on agglomerations provide®briconi-Ebrard (1994).
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Figure 6 Literacy and market access, ca. 1930
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Appendix

Data

Regional data in 1850 include the following cousggr(in current borders):

Albania, Armenia, Austria, Azerbaijan, Bosnia-Hegaeina, Belgium, Bulgaria, Belarus,
Switzerland, Czech Republic, Germany, Denmark, ritafoSpain, France, Georgia,
Greece, Croatia, Hungary, Ireland, Italy, Lithuanlauxembourg, Latvia, Moldova,
FYROM, Netherlands, Norway, Poland, Portugal, RommaRussia, Slovenia, Slovakia,

Ukraine, United Kingdom, Serbia, Montenegro.

Regional data in 1930, without estimated obsematiinclude the following countries (in

current borders):

Albania, Armenia, Austria, Azerbaijan, Bosnia-Hegaeina, Belgium, Bulgaria, Belarus,
Czech Republic, Estonia, Spain, France, Greeceati@ardiungary, Italy, Lithuania, Latvia,
Moldova, FYROM, Poland, Portugal, Romania, Russ#gvakia, Ukraine, Serbia,

Montenegro.

Regional data in 1930, with estimated observatiomsude the following countries (in

current borders):

Albania, Armenia, Austria, Azerbaijan, Bosnia-Hegaeina, Belgium, Bulgaria, Belarus,
Switzerland, Czech Republic, Germany, Denmark, ritaf&Gpain, France, Greece, Croatia,
Hungary, Ireland, ltaly, Lithuania, Latvia, Moldgv&kYROM, Netherlands, Norway,
Poland, Portugal, Romania, Russia, Sweden, Sloyvakieaine, United Kingdom, Serbia,

Montenegro.
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Numeracy asan indicator for human capital

Numeracy and other human capital indicators arergdly closely related. Recent research
has provided evidence for this in a range of castercluding literacy (e.g. A’'Hearet al.
2009, Hippe 2012b) and primary school enrolmerm. (€rayen and Baten 2010). Detailed
evidence most closely related to the current sigdyrovided by Hippe (2012b). Hippe
analyses numeracy and literacy in the Europeawomegn the 18 century, taking a similar
sample used in Hippe and Baten’s (2012) and thuslatabase. For example, considering

the case of Irish regions in 1841, the close mtetnip is quite clear:

Literacy and numeracy in Ireland, 1841
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Source:Hippe (2012b).
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However, one would not always expect such an alpedect pattern to emerge.
Numeracy measures other human capital charactsristian literacy. Its method of
calculation is different from literacy, as literagy most often provided in historical
censuses. In contrast, numeracy is derived frondesgebutions provided in such censuses
but it is not directly stated in the censuses. His way, it may in some cases have
advantages to literacy, as the distribution ofrdity is related to the distribution of
linguistic (and thus ethnic) groups. The provismhlinguistic skills in the predominant
state language was often one important aspect s§ mducation in f9century Europe.
Census questions sometimes only included a lowebeu of languages to choose from as
actually existed in a country. For example, in fRassian Empire it was not deemed
possible (and wanted) to include all languagehédensus questionnaire, as the number
of different languages amounted to the hundredsewise, imagine the case for countries
such as France, where a high share of Frenchrtstidiel not speak French in the middle of
the 19" century. The case is even more evident in counsiech as Austria-Hungary.
While literacy is the standard indicator for thé"hd parts of the 30century, it may be
prone to some biases that numeracy is not. In régpect, the use of two alternative
indicators allows us in this study to avoid any@asions which are solely based on one of
these proxies. This provides a higher level ofaiety and robustness.

Note that the characteristic age heaping pattenotisa European cultural trait. It
can be found similarly in other countries and wa#ddions. For example, Hippe (2012b)
also considers microcensus data from developingitces in Africa, Asia and Latin
America in the second part of the"26entury. Comparing the derived numeracy values
with literacy data, he finds similar tendenciesrakistorical Ireland, illustrating the close
relationship between numeracy and literacy throughione and independent of cultural

characteristics in these considered continents:
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Literacy and numeracy in developing countries

bo br
S |
i 2 JUISE g
°
of . 3
s %0 °
.
o |
n
o
cl co

Lo

100
[ _J
$

.‘ Ld

50
1

0
1

ec in
2.
—
° °
° ® L] ° [ ]
oe® ° ®e
° LY 0
O ¥ %o °
O S f. °
m ° °
<

0
1

100
L

50
1

0
1

pa tz
g1 S o
o2 s X
. o o... ®
° .
° 4 id
®eg ©
- A
o4
T T T T T T
0 15 1 0 £ 1

Literacy rate
Graphs by co

Note:bo = Bolivia, br = Brazil, cl = Chile, co = Colonshiec = Ecuador, in = India, ke = Kenya, mx =
Mexico, pa = Panama, tz = Tanzania
Source:Hippe (2012b).
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