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An Annual Estimate of Spatially Disaggregated Populations: Spain, 1900-2011

Abstract

Long-term population estimates are usually based on decennial (or roughly decennial),
census-type data, especially those that go beyond the aggregate or national level. The lack of
annual population datasets, however, restricts the range of analysis and therefore our
knowledge of populations’ behaviour over time. This paper contributes to this scant
literature by providing two new long-term, annually and spatially disaggregated population
estimates for Spain, a key case study. We use a set of official sources and propose a
straightforward method to estimate Spanish annual populations at two levels of spatial
disaggregation, the provinces (NUTS IIl) and their capital-cities (a selection of LAU
[I/NUTS V), between 1900 and 2011. For the cities, our estimates account for changes in
boundaries. Our proposed method is especially suitable for countries with a lack of long-
term, systematic, historical migration statistics, a common issue. To test the robustness of
our estimates, some comparisons are made with previous more aggregated-level or decennial
census-based estimates, and a preliminary analysis of the evolution of disaggregated Spanish

population is presented.
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1 Introduction

The long-term estimation of population is a cornerstone of research in historical
demography, historical geography, economic history and regional science. It is not only the
importance of knowing populations by themselves, but also their strong relationships to
economic growth and any other societal change. In Europe, national population estimates are
a principal part of collections of historical statistics comparing nations (e.g. Mitchell 1992).
Within countries, a favourite unit of analysis has been the city (e.g. De Vries 1984; Bairoch
et al. 1988).

However, long-term estimates of populations tend to be based on population
censuses, which are generally conducted every ten years or so. As recently recalled by
Ronsse and Standaert (2017), while this approach is helpful for some analyses, it limits the
scope of research. A common solution is the use of interpolation, which admits several
variations. One simple method consists of using only consecutive censuses to estimate the
annual in-between observations. An alternative uses additional information in order to obtain
these unobserved values, although there is no single criterion to link different sources. In this
regard, the recent application of state-space models helps the researchers to combine census
data with related demographic variables, such as births, deaths and migration (Ronsse and
Standaert 2017).

As far as we know, there are only three long-term estimates of annually and spatially
disaggregated populations. Sharma (2003) used a sample of 100 Indian cities for the 1901-
1991 period; Bosker et al. (2008) constructed a dataset of 62 West-German cities for the
1925-1999 period; and Ronsse and Standaert (2017) constructed a dataset of 2,681 Belgian
municipalities for the 1880-1970 period. Sharma (2003) and Bosker et al. (2008) consider
only the largest cities, while Ronsse and Standaert’s (2017) sample includes all Belgian

municipalities.



In this paper, we provide an annual estimate of the Spanish population for the 1900-
2011 period based on the decennial censuses and two further, related variables: the annual
numbers of births and deaths. We, therefore, go beyond the use of a simple interpolation
method. Instead, we apply the so-called inter-census balance method to estimate the
difference between census (total) population growth and the natural increase (births minus
deaths). The resulting residual provides us with an estimate of inter-census net migration,
which acts as the third related variable. The three variables, births, deaths and estimated
migration, are then combined with population figures at census dates. Principally, this
straightforward approach obviates the need to use ‘direct’ annually and spatially
disaggregated measures of internal and international migration, which are not always
available. In fact, in the case of Spain, they are inaccurate, incomplete or non-existent for a
significant part of the period covered here. Our approach also assumes that the population
data and the number of births and deaths were reliably collected—an issue to which we will
turn below.

To establish a time-series model, we propose two complementary spatial units of
analysis, for which the data necessary to apply our approach are available: the province
(NUTS I1I) and its capital city (representing a selection of the main LAU II/NUTS V units).
The use of these boundaries is a compromise between the whole country, or regions, and
municipalities, which will allow scholars to establish links with different, available
indicators. For the cities, we account for changes in boundaries.

We extend the scant literature, providing annually and spatially disaggregated
populations, to Spain, an important case study. The demographic evolution of Spain
associated with modern economic growth has been extensively studied and is a topic deeply
rooted in the debate on the country’s relative backwardness over a significant part of its

recent history (e.g. Prados de la Escosura 2017). However, almost all research on the long-



term evolution of Spanish population has only used census data, thus missing all the inter-
census population dynamics.

In this regard, recent studies include those of Marti-Henneberg (2005), Ayuda et al.
(2010a, 2010b) and Gregory et al. (2010), at the province level; and Reher (1994), Lanaspa
et al. (2003), De Cos and Reques (2005), Goerlich et al. (2006, 2015), Tafunell (2005),
Espinha da Silveira et al. (2013), and Gonzélez-Val et al. (2014, 2017), at the municipal
level, using different population size thresholds.! For the most recent years, Bayona-i-
Carrasco and Pujadas (2019) and Pujadas and Bayona-i-Carrasco (2019) complete the census
series with the annual revision of the municipal register. Also at census dates, Beltran-Tapia
et al. (2018) use the partido judicial (district), which is composed of several municipalities
and disaggregated at a lower level than the province. As a key aspect of long-term
comparisons, sometimes research has paid special attention to geographic changes in
municipal boundaries. For example, Goerlich et al. (2006, 2015), Franch-Auladell et al.
(2014), Marti-Henneberg et al. (2016) and Chatel et al. (2017), based on geographical
information system (GIS) tools, use the 2001 or 2011 census as the base reference to
homogenize the population series.

A major strand of the literature covers the most recent decades, and usually draws on
annual data to estimate the contribution of internal migration to population growth or
decline, and the spatial distribution of population at different levels of disaggregation (e.g.
Cabré et al. 1985; Recafio 2004; Recafio and Domingo 2006; Franch-Auladell et al. 2009;
Franch-Auladell and Recafio 2011; Lépez-Gay 2014; Bayona-i-Carrasco et al. 2018). While,
the estimation by Alcaide-Inchausti et al. (2007) is an intermediate step between long-term

approaches that only use decennial censuses and those that apply interpolation to obtain

! De cos and Reques (2005) and Cardesin and Miras (2017) provide comprehensive reviews.



annual data: by using related demographic variables to construct five-year estimates of
provincial populations for the twentieth century.

Few studies for Spain provide long-term annual estimates at any geographical level.
At the national level, Maddison (2001) and Nicolau (2005) essentially apply linear
interpolation to census years; and Maluquer de Motes (2008) and Prados de la Escosura
(2017) use methods based on related variables. Also based on related variables, De la Fuente
(2016) has constructed an annually and spatially disaggregated estimate of the Spanish
population, but he uses Autonomous Communities (NUTS 11), instead of provinces (NUTS
[11), as the unit of analysis, and the period covered, 1950-2015, is comparatively short.
Finally, Almarcha et al. (1975) provides annual values at the provincial level for the 1900-
1970 period, but they are simply calculated by interpolation—and data for 22 scattered years
are missing. Almarcha’s et al. (1975) estimates tend to coincide with those of the Spanish
Statistical Office (Instituto Nacional de Estadistica, INE)—which also provides an annual
estimate for capital cities.

This paper focuses on the construction of two new, long-term, annually and spatially
disaggregated estimates of the Spanish population. The rest of the paper is organised as
follows. In Section 2, we present the data sources and the methodology. Section 3 compares
our estimates with those from previous authors. Section 4 provides an analysis of the
evolution of province and capital-city size distributions, as a first exploration of the basic

characteristics of our dataset. Section 5 concludes.

2 Data sources and estimation method
2.1 Data sources
We use two main data sources established by the Spanish Statistical Office (Instituto

Nacional de Estadistica, INE), available at http://www.ine.es/: the decennial censuses and



http://www.ine.es/

the yearly Movimiento natural de la poblacion (natural growth of population). The censuses
provide population figures, and were conducted in years ending in zero, between 1900 and
1970, and one, from 1981 onwards. The Movimiento natural de la poblacion provides the
difference between the number of births and deaths.

Scholars have considered Spanish censuses—including the census carried out in
1940, right after the Spanish Civil War—, to be reliable and consistent over time (e.g. Reher
and Valero-Lobo 1995, pp. 29, 51, 54; Goerlich et al. 2006, pp. 29, 53; Maluquer de Motes
2008). Up to 1991, the censuses provided both ‘de facto’ and ‘resident’ populations. Only
resident population is provided thereafter. De facto population refers to all persons present in
the area of reference at the census date. Whereas resident or ‘de jure’ population refers to all
persons with legal residence, present or not, in the area of reference at the census date.
Resident population, therefore, includes international and internal out-migrants. For the
1900-1991 period, we follow the most common choice in long-term population estimations,
including the Spanish Statistical Office’s own estimations, that is, the use of de facto
population (e.g. Nicolau 2005; Maluquer de Motes 2008; Prados de la Escosura 2017; see
also Sanchez-Alonso 2010). From 1991 onwards, we follow the unavoidable procedure of
splicing the (so far) de facto population series with the resident population series, as done by
Maluguer de Motes (2008) and Prados de la Escosura (2017). Certainly, this criterion breaks
the coherence of the series. However, the comparison of both population definitions yields a
negligible difference.?

As for the Movimiento natural de la poblacion, a systematic yearly estimate starts in
1900, and that is the reason for the period covered here. In spite of some problems associated

with data collection at some points in time, the Movimiento has been portrayed as very

2 Prados de la Escosura (2017, pp. 190-191). See also Goerlich et al. (2006, p. 4) and De la
Fuente (2006, p. 4).



reliable (e.g. Reher and Valero-Lobo 1995, pp. 85, 90-91; Alcaide-Inchausti et al. 2007, p.
12; Maluquer de Motes 2008). We used the definitive revisions of preliminary estimates as
provided by the Spanish Statistical Office.®

A further official source at the capital-city level available from 1996 onwards is the
annual revision of the municipal register (Padrén continuo), which we used for the inter-
census years between 1996 and 2001, and 2001 and 2011. The municipal register includes
those individuals who reside regularly in each municipality, and it is updated with births and
deaths. Registration is compulsory.

The units of analysis of our two estimates are the province (NUTS I111) and its capital
city. Except for one case up to 1927 (see Table 1), the number of inhabitants of capital cities
is above 10,000, which is a standard urban threshold in Spain (Tafunell 2005, p. 457). The
number of provinces, and therefore the capitals, 49, has remained unchanged. The two
provinces corresponding to the Canary Islands are joined together (due to the census
reporting criteria during the first decades of the twentieth century), and the Spanish enclaves
of Ceuta and Melilla in northern Africa have been excluded. As discussed above, several
studies use decade-by-decade observations at the, more disaggregated, municipal level.
However, except for capital cities, our proposed method cannot be applied to all
municipalities, since the necessary data to estimate annual net migration, that is, annual
records of births and deaths, are not consistently available for such a long period: at best,
from 1975 onwards, and recording criteria may vary (Reher and Valero Lobo 1995, p. 90;
Egea 2000; Nicolau 2005). Furthermore, the bulk of economic and social historical
information in Spain that is susceptible to be matched with demographic series is mostly

available at our chosen geographical levels (especially the province).

% The list of all specific sources, including their date of publication, is available from the

authors upon request.



2.2 Estimation method

To obtain annual estimates of population, our method is comprised of two main
procedures, in relation to boundary changes in the spatial units considered, and, particularly,
the estimation of values in-between censuses.

A fundamental feature of long-term population estimations is the homogenization of
spatial units, since boundaries may have changed over time. There have been practically no
relevant administrative changes in the case of the provinces (Goerlich et al. 2006, p. 76;
2015, p. 114). However, 31 out of 49 capital cities, of different size, have changed their
boundaries at some point in time over the 1900-2011 period, as a result of annexations and
segregations of (usually neighbouring) municipalities. Previous estimates of homogeneous
long-term populations in Spain include those of Garcia-Fernandez (1985) and Goerlich et al.
(2006, 2015) for the twentieth century. More recently, using GIS Marti-Henneberg et al.
(2016) and Chatel et al. (2017) have extended Goerlich’s et al. (2006) series of resident,
municipal populations, estimating backward (until 1870) and forward (until 2011).*

Our estimate, which, as explained above, is based on two linked populations, de facto
and resident, follows the homogenization criteria proposed by the Spanish Statistical Office
(‘Alterations to the municipalities in the Population Censuses since 1842°).% Using the 2011
census as reference, for each—in our case—capital city these criteria account for 13 types of
change since 1900, regarding the, predominantly, annexation and, often more recently,
segregation of municipalities.® Below, in section 3, we will offer a comparison between our

population estimate and that of Goerlich et al. (2015), who apply a similar, official sources-

* The areal interpolation method (e.g. Gregory 2002; Gregory and EIl 2006) is used as
reference.

5> Available at: https://www.ine.es/intercensal/?L=1.

® The list of annexations and segregations is available from the authors upon request.
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based, methodology. Table 1 summarizes the descriptive statistics of provinces and capital

cities at census dates.

[Insert Table 1 around here]

In order to estimate the annual population, both for provinces and capital cities, we
use population figures at census dates, and the natural increase—births minus deaths—for
each inter-census year. Then, we applied the inter-census balance method to obtain the
difference between census population growth and the natural increase over the period
between two consecutive censuses. The resulting residual provides us with an estimate of
inter-census net migration—out-migrants minus in-migrants, which is thereafter annualized,
that is, divided by the number of years between censuses. It is therefore assumed that net
migration is homogeneous throughout all inter-census years. The final annual estimate of
population for each inter-census year is the result of adding the annual natural increase and
the annualized net migration to the first census figure, and then operating recursively. For the
capital cities, we applied this method to inter-census periods up to 1991 and the 1991-1996
period. From 1996s onwards, we used the annual revision of the municipal register instead,
as explained above.

The approach described in the previous paragraph is similar to those used in annual
estimations at the national level (Maluquer de Motes 2008; Prados de la Escosura 2017),
annual estimations at the regional level (De la Fuente 2016), and five-year estimations at the
provincial level (Alcaide-Inchausti et al. 2007). The main difference between previous
estimations and ours is that the former, for some periods, use additional, specific data on

international emigration and immigration as a result of which the estimated residual obtained



via the inter-census balance method is somewhat reduced and assumed to correspond to
internal, but not international, migration.

Our contribution is to estimate annual populations at more disaggregated spatial
units, and for a longer period. Therefore, we favour the use of the estimated inter-census net
migration instead of any specific migration data, for two main reasons. First, there are
shortcomings related to the use of international migration statistics at different points of time
(Losada and Viso 1997; Ortega and Silvestre 2006; Alcaide-Inchausti et al. 2007, p. 24;
Maluquer de Motes 2007, 2008; Sanchez-Alonso 2010; Prados de la Escosura 2017, pp. 189-
190). In fact, for some rather long periods, scholars simply rely on the inter-census balance
method (Maluquer de Motes 2008, pp. 146-147; De la Fuente 2016, p. 5). Not to mention the
lack of international migration statistics at the level of capital cities. Second, provincial
statistics may not capture internal-to-international stepwise migration adequately. Thus,
some rural migrants may have spent a period in a city or elsewhere within the country before
undertaking a subsequent, international movement. The extent of this phenomenon remains a

topic of debate (Silvestre 2005; Sanchez-Alonso 2010).

3 Estimates compared

In this section, we compare our estimate of the Spanish population at the national,
provincial and capital-city levels with key previous estimates. As most of the existing ones
only consider the national level, we begin with the total Spanish population. We aggregate
our estimates of annual populations for all 49 provinces, comprising the entire territory of
the country, in order to compare the total with the result of annual estimations of the Spanish
population by Nicolau (2005), Maluguer de Motes (2008), De la Fuente (2016), Prados de la

Escosura (2017), and the Spanish Statistical Office. Time spans may differ. Figure 1, panel

10



a, brings together the estimates in logarithmic scale.” The estimates tend to be very much
alike, and no extraordinary deviations can be observed. The main differences are observed
over the 1930s and 1940s, in particular during the years of the Spanish Civil War (1936-
1939) and its aftermath. Figure 1, panel b, zeroes in on that period. Estimates only based on
interpolation, that is, those of Nicolau (2005) and the Spanish Statistical Office, seem to
underestimate the total population for the war period, while Maluquer de Motes (2008) and
Prados de la Escosura (2017) provide the highest population values. Our estimate hovers in

the mid-range and displays a smooth evolution during the war years.

[Insert Figure 1 around here]

We also compare our database with others at more disaggregated levels. To do that,
we estimate the empirical density functions using adaptive kernels for the whole 1900-2011
period in order to assess whether our dataset under- or overestimates the population of large,
medium or small provinces and capital-cities. Figure 2, panel a, shows the empirical density
functions for provinces. We compare our annual estimates with those of Alcaide-Inchausti et
al. (2007), which—based on interpolation—provide five-year values. Therefore, we
interpolate these values to fill in the gaps in order to obtain an annual series. Apparently, the
two series display a similar size distribution, with no remarkable deviations, but there seem
to be small deviations for medium-sized provinces, for which Alcaide-Inchausti et al. (2007)
slightly overestimates the density. We run the Kolmogorov-Smirnov (KS) test to check
whether both distributions are significantly different. The KS test’s null hypothesis is that
the two samples come from the same distribution, and this hypothesis is rejected at the 5%

significance level (p-value = 0.011).

" Unreported results without applying the log scale are similar.
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[Insert Figure 2 around here]

Figure 2, panel b, shows the empirical density functions for capital cities. Here our
annual estimate is compared with that of Goerlich et al. (2015). Like ours, this estimation
method accounts for changes in city boundaries. The authors provide decennial values
coinciding with census dates, so again we interpolate these values to fill in the inter-census
gaps. The results show slight deviations in density for medium-sized cities, and the KS test
points to the existence of non significant deviations between both distributions (p-value =
0.465).

Overall, as shown in Figures 1 and 2, we do not find important deviations between
our population estimates and previous estimates at the national level, with the main
exception of the civil war years; but we find significant differences at the provincial level.
As for the capital-city level, our estimate as a whole is consistent with the homogeneous
estimate by Goerlich et al. (2006, 2015), which would indicate that we have successfully
controlled for changes in boundaries. Therefore, it would be fair to say that our new annual
datasets are reasonable and within the limits established using previous estimation methods
and, at the same time, provide new evidence at spatially disaggregated levels, especially the

province.

4 The evolution of province and capital-city size distributions

A standard analysis of the evolution of population over time involves fitting a Pareto
distribution to the data in order to estimate the shape of its size distribution (e.g. Cheshire
1999; Gabaix and loannides 2004). Aimed at assessing changes in the Spanish population

system, previous research has applied this method to different spatial units over different
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periods (e.g. Reher 1994; Lanaspa et al. 2003; Goerlich and Mas 2010; Gonzalez-Val et al.
2017). For instance, regularities and changes in city sizes at different points have been
found, related to major economic transformations, such as industrialisation and domestic
market integration (Gonzalez-Val et al. 2017). However, all these studies are based on
decennial (census) data. So, the main advantage of our population estimates is the use of
annual data.

Let us denote S as the size or population of a unit—that is, a province or capital-
city—and R as its corresponding rank (1 for the largest, 2 for the second largest and so on).
Within a long-term temporal framework, it is necessary to use a relative measure of size,
since, for example, 10,000 inhabitants represented a larger population size in 1900 than in
2011. Thus, we define the relative size of a unit as the quotient between its population and

the contemporary average,

w

[EEN

N
NS

where N is the sample size. A power law (Pareto distribution) links the province or capital-
city relative size and rank as follows: R(s): As™®. This expression is usually specified and

estimated in its logarithmic version:
In(R)=b-aln(s)+¢&, (1)

where & is the error term, and b and a are the parameters that characterize the distribution.

The latter is known as the Pareto exponent. When a =1, Zipf’s law is observed, which

13



points to a constant relationship between rank and size. In other words, when ordered from
largest to smallest, the size of the second unit is half that of the first one, the size of the third
unit is a third of the first one and so on. Thus, the greater the coefficient, the more
homogeneous are the province or capital-city sizes; in addition, an increase in the coefficient
over time would imply a process of convergence in province or capital-city sizes.
Correspondingly, the smaller the coefficient, the less homogeneous are the province or
capital-city sizes; and a decrease in the coefficient over time would imply a process of
divergence in sizes. As proposed by Gabaix and Ibragimov (2011), we specify equation (1)

by subtracting 1/2 from the rank to obtain an unbiased estimation of a:

In(R—%j:b—aln(s)hc:. )

We use our annual dataset based on a consistent set of provinces and capital-cities.
Figure 3 reports the results of an OLS estimation of Equation (2). For the whole 1900-2011
period, panels a and b refer to provinces and capital-cities, respectively. Regarding provinces
(panel a), the results show that the estimated Pareto coefficient decreases at a relatively
constant rate over time, which indicates a continuous process of divergence in size.
Estimated values at the end of the period are close to one, and from the 1940s onwards we
cannot reject that a4 =1, which means that Zipf’s law holds from the middle of the twentieth
century to 2011. Results for capital-cities (panel b) show that the Pareto exponent tends to
stay at the same level throughout the period covered, with the estimated coefficients close to
one in all possible sub-periods, thereby finding evidence in favour of the fulfilment of Zipf’s

law.
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[Insert Figure 3 around here]

Therefore, these results point to different behaviours in the dynamics of population
depending on the spatial unit considered. At the level of provinces, the estimated coefficient
(as reported in Figure 3, panel a) decreases over time. That is, a process of divergence
between provincial populations and, as a result, an increase in the spatial concentration of the
national population is shown—since the sum of provincial populations accounts for the
whole Spanish population. This result is consistent with that of Ayuda et al. (2010a, 2010b),
but here we provide year-by-year, instead of decennial, evidence of the evolution of
provincial population growth over time. On the other hand, the distribution of population
across capital-cities was quite stable throughout the period covered (see Figure 3, panel b).
This is a different result from those produced by previous research that uses decennial data
and different sample sizes and city definitions, which shows a decreasing trend in the Pareto
exponent (Lanaspa et al. 2003; Goerlich and Mas, 2010; Gonzalez-Val et al. 2017).
Although the change in the trend observed from the early 1970s is in line with the
decentralization process of population from the largest cities shown by Garcia-L6pez et al.
(2015) and Marti-Hennenberg et al. (2016).

One final confirmation of the evolution in the degree of evenness or unevenness of
the population distribution may be provided by the Gini coefficient—which, as is well-
known, does not impose a specific size distribution (Pareto for rank-size coefficients). Figure
4 shows the annual results at both the provincial and capital-city levels, again considering
relative sizes. The different evolution in the coefficients between provinces and cities is
notable. The coefficient clearly increases over time in the case of the provinces, which

indicates a divergent behaviour of relative populations; while in the case of the capital-cities

15



the coefficient tends to remain constant until around 1970, when it decreases slightly and

points to a soft convergence in relative sizes.

[Insert Figure 4 around here]

The possibility of estimating further analysis by year will also allow us to delve
deeper into the dynamics of size distributions for particular periods. Thus, the short- and
long-term effects of key demographic events such as the flu pandemic (1918-1919) and,
particularly, the Spanish Civil War (1936-1939) may be approached from a different angle.
For example, even though the flu pandemic and the civil war disrupted national population
growth (e.g. Maluquer de Motes 2008; Prados de la Escosura 2017), the preliminary analysis
presented here (in Figures 3 and 4) would suggest that none of these events seems to have
had a significant effect on the size distribution of provinces and capital cities. Another
possibly meaningful effect that would require further research is that of the baby boom in the
1950s and 1960s. Although small when compared with other countries, as shown by Van
Babel and Reher (2013), our results, particularly for the provinces (Figures 3 and 4),
nevertheless point to rising unevenness in the population distribution over those decades.
This is indicated by the acceleration in the fall of the Pareto exponent (Figure 3) and the rise
in the Gini coefficient (Figure 4). A contemporary rise in emigration and internal migration
may also be considered here. However, Spanish emigration in the 1960s has recently been
depicted as modest, again as compared to other countries (Sanchez-Alonso 2010); internal
migration may have been of more importance (Paluzie et al. 2009). In any case, a further,
more specific time-series approach is needed in order to pinpoint the precise extent of these

and other impacts in both the short and the long term.
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5 Conclusions

Long-term estimates of population, beyond those only built on decennial (or roughly
decennial), census-type data, have to deal with the lack of annual information. That may be
the reason why, to the best of our knowledge, there are only three annually and spatially
disaggregated population estimates, for Belgium, Germany and India (Ronsse and Standaert
2017; Bosker et al. 2008; Sharma 2003). By using information from official Spanish sources
from 1900 to 2011, we have proposed an estimation method based on the decennial
censuses, the annual numbers of births and deaths, and an estimate of the inter-census net
migration. Our approach to migration numbers is elementary. However, because it avoids the
use of ‘direct” measures of historical internal and international migration, it is eligible to be
applied to other countries for which these measures are imprecise, recorded under different
criteria or simply not available.

This paper adds to this scant literature by providing information on the particular case
of Spain, a latecomer to modern European economic growth regarding which there is a rich
debate on the role played by population in this process. However, the estimation of long-
term, annually and spatially disaggregated populations had not previously been addressed.
We have applied this method to provinces (NUTS I11) and their capital-cities (a selection of
LAU II/NUTS V), which, given available data on births and deaths, are two suitable levels
of spatial disaggregation for the case under study. For the cities, our estimates account for
changes in boundaries. Future research may also match these new data to other available
demographic, economic and social indicators.

We have made robust comparisons between ours and previous population estimates.
If we aggregate our provincial estimates, national values are plausible and consistent with
those of previous literature estimating the national, annual, population. However, the main

contribution of this paper is to provide a new and distinctive long-term, annual dataset at two
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sub-levels. Here, our data provide new evidence of the spatial distribution of populations.
Thus, an initial examination of the evolution of the population estimates at the two
disaggregated geographical levels corroborates some previous findings obtained only using
decennial (census) data: basically, the long-term spatial concentration of the total population
of the country, and the recent suburbanization of the largest cities. However, the comparison
of density functions reveals deviations in, particularly, medium-sized provinces and capitals;
and the fitting of a Pareto distribution suggests a different evolution of the capital-size
distribution.

This paper presents a new dataset, but it only touches upon its uses. To go a step
further, in ongoing research we try to expand on the exploitation of the fully dynamic nature
of annual population datasets (Bosker et al. 2008, 343). For instance, by investigating the

persistence of different types of historical population shocks.
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Tables

Table 1. Selected characteristics of provinces and capital cities at census dates

a. Provinces

1900 1910 1920 1930 1940 1950 1960 1970 1981 1991 2001 2011
Population 18,594,405 19,926,910 21,303,102 23,563,867 25,877,971 27,976,755 30,430,698 33,823,918 37,616,495 39,201,748 40,709,455 46,651,078
Mean 379,478 406,672 434,757 480,895 528,122 570,954 621,035 690,284 767,684 800,036 830,805 952,063
Median 337,964 349,923 358,149 365,512 407,497 422,089 451,474 464,867 489,636 520,401 536,731 640,129
Coef. var. 0.48 0.50 0.55 0.64 0.66 0.71 0.85 1.08 1.18 1.18 1.21 1.24
Min. 96,385 97,181 98,668 104,176 112,876 118,012 138,934 114,956 98,803 94,130 90,717 94,610
Max. 1,054541 1,141,733 1,349,282 1,800,638 1,931,875 2,232,119 2,877,966 3,929,194 4,726,986 4,935,642 5,423,384 6,421,874
b. Capital
cities

1900 1910 1920 1930 1940 1950 1960 1970 1981 1991 2001 2011
Population 3,266,440 3,637,291 4,279,178 5,366,342 6,619,822 7,774,377 9,427,088 12,123,727 13,930,234 14,435,417 13,933,130 15,128,440
Mean 65,329 72,746 85,584 107,327 132,396 155,488 188,542 242,475 278,605 288,708 278,663 302,569
Median 29,395 32,657 34,447 42,183 58,808 72,108 80,826 109,873 136,040 152,490 149,646 165,491
Coef. var. 1.68 1.69 1.79 1.94 1.79 1.85 2.00 2.04 1.80 1.68 1.64 1.64
Min. 7,736 8,144 8,167 10,588 13,441 17,297 19,589 23,030 28,225 31,068 31,158 35,660
Max. 576,538 659,775 848,383 1,137,943 1,326,674 1,645,215 2,259,931 3,146,071 3,188,297 3,084,673 2,938,723 3,198,645
No. <10,000 1 1 1 0 0 0 0 0 0 0 0 0
% of
provincial
population 17.57 18.25 20.09 22.77 25.58 27.79 30.98 35.84 37.03 36.82 34.23 32.43

Notes: The only capital city below 10,000 inhabitants up to 1927 is Soria. City definitions in Panel b account for changes in boundaries as a

result of annexations and segregations of municipalities.

Sources: See section 2.
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Figures
Figure 1. Annual estimates of the Spanish population
a. All years (1900-2011)
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Figure 2. Empirical density functions, pool 1900-2011
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Figure 3. Evolution of the estimated Pareto exponents
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Notes: The Pareto exponent is estimated using Gabaix and Ibragimov’s Rank-1/2 estimator.
Dashed lines represent the standard errors calculated applying Gabaix and Ioannides’s

(2004) corrected standard errors: Gls.e.=a-(2/ N)l/ ? where N is the sample size.
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Figure 4. Gini coefficients by year

-

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
Year

Provinces ------- Capital cities

30



	Notes: The Pareto exponent is estimated using Gabaix and Ibragimov’s Rank- estimator. Dashed lines represent the standard errors calculated applying Gabaix and Ioannides’s (2004) corrected standard errors: , where  is the sample size.

