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Abstract

Political scientists are increasingly interested in the role that geography plays in shap-
ing political preferences and outcomes. At the center of many of these questions is the
existence of economic disparities across geographic political units, such as nations,
sub-national regions, urban and rural areas, and electoral districts. In this research
note, we briefly review recent research examining the relationship between economic
and political geography to show its growing impact in the field of political science.
Next, we discuss how existing measures of regional inequality from research in eco-
nomics fit the concepts and units of political geography. We compare measures of
regional economic inequality according to their theoretical and empirical properties
and show their value in replications of existing scholarly research. Furthermore, we
introduce a new measure of regional inequality that is consistent across the scope and

scale of political units.
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1 Introduction

Until recently, geography has been "a blind spot for political scientists" (Rodden, 2010, p.322).
Conceptual insights, empirical innovations, and breakthroughs in data collection have all brought
geography into focus in the field. In particular, recent research has highlighted the importance
of variation in economic geography to political phenomena. This research note provides a brief
review of the economic geography research agenda in political science and discusses measures of
regional economic inequality for use in political science.

Unlike previous research in the fields of economics and geography, political scientists are cen-
trally concerned with what we label the "unit question" of how sub-national economic measures
match relevant political jurisdictions. Most political science research offers theory that both po-
litical and economic processes are important to the outcome under examination. Thus, scholars
are keenly interested in whether regional measures are accurate and stable representations of the
political concept of interest.

The most common measures of regional inequality are aggregated, national values of sub-
national GDP or income per capita used for cross-national comparison. The process of aggregation
introduces complexity related to the comparison of regions across and within units, and other em-
pirical concerns. Research on political geography requires informed choices about the analytical
unit (region concept), the capture of spread (dispersion vs. concentration), and the analytic weights
(e.g., population, vote share, land area) based on the theoretical construct.

We address these theoretical and empirical concerns of measuring regional inequality in the fol-
lowing sections. We first address the growing interest in regional inequality in political research.
We then describe the conceptual and theoretical differences across existing measures and provide
guidance on how to locate available data. We discuss the unit of analysis in detail, showing dis-
tinctions across unit levels in directly comparable data from the European Union’s (EU) member
countries. Finally, we offer a new scope and scale-independent measure of regional inequality, and

compare existing measures in replications of recent region-focused political science research.



2 Politics, Economics, and Regions

Political science is experiencing a surge of interest in electoral and economic geography in the-
oretical research and empirical applications. Theoretically, geography is highly consequential in
electoral and distributive politics, which are nearly always organized spatially. Moreover, eco-
nomic clustering, both by firms and individuals, may shape political systems organized around
geography. While these ideas are not new to the field, political scientists increasingly have empir-
ical tools (data and methods) to explicitly consider geography in their analyses. At the center of
this recent research is the measurement of economic concepts at politically-relevant units.

The rising interest in political and economic geography within the discipline of political sci-
ence comes from a broad recognition of geographically-organized politics and its consequences
(Weingast et al., 1981; Rehfeld, 2005; Rogers, 2015). For example, recent scholarship has pointed
to economic geography in explanations of why widely accepted institutional hypotheses, such as
those regarding the relationship between electoral rules and redistribution, do not always show an-
ticipated results in empirical testing (Rickard, 2012; Jusko, 2015; Jurado & Leon, 2016; Menendez,
2016). In these accounts, it is the variation in voters’ economic interests across electoral districts,
not simply the institutional design of those districts, that help to explain differences in distribution.
Similarly, research emerging primarily from U.S. politics looks to the geographic spread of voters
to explain patterns of party success (Bishop, 2009; Rodden, 2010). Each of these authors points to
the importance of the economics underlying political geography as their key explanatory factor.

Research on the EU countries has been particularly interested in the intersection of political
and economic geography (Hooghe & Marks, 2001). In particular, contributions by Bolton and
Roland (1997) and Beramendi (2007, 2012) highlight the inherent distributive conflict in political
unions such as the EU with diverse economic geography. It also places economic disparities cen-
tral to political conflict over secession, whether from the nation state or the EU (Sorens, 2005).
Related research focuses on differences in governance quality across EU sub-national regions that

is intimately linked to their historical economic development (Charron & Lapuente, 2013).



Growing interest in the relationship between political decentralization and political parties
has also emphasized the relevance of regional disparities. Economists have examined whether
decentralization (either economic or political) may exacerbate or reduce economic disparities
(Lessmann, 2009, 2012; Rodriguez-Pose & Ezcurra, 2009). Political scientists have sometimes
reversed this question, asking how regional disparities may shape political outcomes (Beramendi,
2007; Toubeau & Wagner, 2015; Lee & Rogers, 2016). Research into the role of institutions in
party system nationalization have also considered the relevance of economic geography (Chhibber
& Kollman, 2009; Brancati, 2008; Crisp, Olivella, & Potter, 2013).

Regional economic inequality is also increasingly considered as a relevant parameter pre-
dicting civil conflict (Buhaug & Gates, 2002; Lessmann, 2015). Civil conflict tends to be a
geographically-bounded phenomenon that requires intense coordination amongst like-minded or
similarly-aggrieved combatants (Buhaug et al., 2011; @stby et al., 2009; Raleigh & Hegre, 2009).

Scholars are taking geography more seriously in statistical analyses as well. Spatial concerns
are now paramount in many political questions (Franzese & Hays, 2007). Among the many ap-
plications of spatial interdependence are fiscal competition amongst nearby nations and states
(Tiebout, 1956) and the geographic spread of civil conflict (Buhaug & Lujala, 2005). Scholars
are expected to consider the relevance of geographic interdependence, and to model it explicitly
in econometric designs. In the next section we detail the advances in data availability on eco-
nomic geography and regional disparity, and compare existing approaches for their theoretical and

empirical strengths.

3 Issues in Measuring Regional Inequality

3.1 Data Availability

Governments increasingly make data available to measure the extent of the regional divide (Ezcurra
& Rodriguez-Pose, 2009). Advanced industrial democracies lead the way by providing very high

quality data on economic variables and related concepts at multiple geographic levels. The U.S.



Census Bureau, for example, consistently releases economic indicators for a wide range of geo-
graphic aggregations, including the nation, state, county, city, metropolitan statistical area, and
electoral district, among others. As part of their coordination within the EU, member coun-
tries comply with statistical standards to calculate economic variables at four structural levels:
NUTS3 (Parish, Canton, Oblast, City & Regency, County, or Municipality), NUTS2 (Region,
State, Province, or Prefecture), NUTS1 (Region, Group of NUTS2), and NUTSO (Country).1
These data are widely used in research on the EU, with coverage in most cases since 1970 and
in Eastern Europe from 1990 or 1995. OECD nations also provide sub-national data, typically at
the equivalent of NUTS?2 level in their "Regional Statistics" category.

Outside of the most developed nations, many national statistical agencies also provide data
on sub-national regions, typically at the equivalent of the NUTS2 level.”> These data are most
commonly available for federal countries, and those outside of the Middle East and Sub-Saharan
Africa. See Online Appendices 1-2 for a summary of available regional GDP data and a global
outlook of the intra-country variance in terms of regional GDP disparities at NUTS2-level.

The most common measures of regional inequality use sub-national GDP or GDP per capita
values. These are the most widely available data across countries and over time. A smaller set of
studies employ sub-national income data, typically from the Luxembourg Income Study (Mahler,
2002). Income data should be employed with particular caution in subnational studies because they
may not be directly comparable across countries, regions, or over time. The concepts of economic
productivity and income are distinct, yet many scholars will need to rely on GDP data to capture
relative incomes given much greater data availability for the latter concept (Gennaioli, La Porta,
De Silanes, & Shleifer, 2014).

Data availability can dramatically affect the size of the sample available for examination. This

may lead to misleading inferences in comparative contexts. Cross-national analyses using region-

INUTS (Nomenclature of Territorial Units for Statistics) is a geocode standard established by the
European Commission’s Eurostat (http://ec.europa.eu/eurostat).

ZWhere countries do not provide region level data, or where there is reason to question the quality
of provided data, researchers are beginning to look at alternative sources such as the satellite
nighttime light data (e.g., Lessmann, 2015; Hodler & Raschky, 2014; Harbers, 2015; Marx &
Rogers, 2016).



level economic data are likely to "oversample" affluent nations (Lessmann, 2015). Given that
affluent nations have, on average, much lower levels of regional economic disparity than poorer
nations, this sample bias may lead scholars to accept or dismiss hypotheses too readily based on

the available data.?

3.2 Reliability

The most important standard for reliable cross-national (or cross-state) regional inequality mea-
sures are: they should be independent of the number of regions considered, robust to population
size, insensitive to shifts in average GDP levels, and satisfy the Pigou-Dalton transfer principle
(Lessmann, 2012). This principle says that an arithmetical transfer from rich to poor regions re-
duces inequality (see for detail in, Dalton, 1920; Pigou, 1912; Ezcurra & Rodriguez-Pose, 2009).
Each of the measures we consider below meet these criteria.

As with all government-produced data, scholars should thoughtfully consider the accuracy of
their measures. Regional statistics, when used as evidence of regional leaders’ accomplishments
or when considered as criteria for centralized inter-regional distribution, might reasonably reflect
political bias. The direction of that bias is not entirely obvious. While some leaders, as pointed
out by Wallace (2016), have a clear reason to inflate their statistics, other regional actors may
have incentives to underestimate their calculations (Kerner, Jerven, & Beatty, 2015).4 Even where
concerns with the politicization of data are minimal, countries surely vary widely in the quality
(error) of regional data. Yearly estimates of regional GDP may be extrapolated from the previous
economic census, limiting the year to year reliability of the data. Accordingly, the source of these
data, their potential problems, and ways to mitigate those problems should be explicitly discussed
by scholars.

The interpretative value of regional economic statistics may also be challenged by commuting

and the cost of living. In the smaller nations of central Europe such as Denmark and the Nether-

3See Appendix Figure 1 for a global map of regional inequality of GDP per capita using available
data for the RDGINI measure.

4See Alt, Lassen, and Wehner (2014) for skepticism about EU economic accounts data.



lands, for example, large percentages of individuals commute outside of their residential location
for work.? Economic data based on either residential location (such as income surveys) or based
on labor-output (such as productivity statistics) can give skewed impressions of region level condi-
tions in some nations and clusters of nations (Spiezia, 2002). Region-level cost of living concerns
are also relevant. Income surveys that do not adjust for cost of housing and other basic needs can
overestimate regional inequality in standards of living. Scholars should consider whether these bi-
ases are likely in their sample and relevant to the theoretical questions, and adjust the calculations

of income accordingly (see, e.g. Gennaioli et al., 2014).

3.3 Dispersion versus Concentration

Regional inequality can come in many forms, depending on distinct distributions of regional eco-
nomic output. The two most popular concepts of regional inequality are the dispersion, of overall
spread in economic productivity, and the concentration of productivity in particular regions. Dis-
persion and concentration are related but distinct concepts. Standard measures of regional inequal-
ity, such as coefficients of variance or the region adjusted gini coefficient (detailed below), capture
economic dispersion. The distributions may take different shapes that can be compared in scales
such as skewedness and kurtosis. Most often these comparative statics assume the unimodality of
the distribution to examine whether they are left or right skewed (indicating more equal or less
equal regions).

Some theoretical questions may be less concerned with dispersion, and more interested in how
sub-national regions cluster. In particular, many studies focus on the geographic concentration of
economic activity — where relatively small areas of the national territory account for large percent-
ages of national production (Spiezia, 2002). In situations of concentration, certain regions would
stand apart from the majority of regions. The relationship between concentration and dispersion is
unclear. It may be that one region stands apart, but the remaining regions are very similar in (low)

productivity. Measures of dispersion would capture, to some extent, the separation of the highly

5The same concern is relevant in multi-state metro areas in the U.S.A., such as Washington D.C.
and New York City.



productive region from the cluster of less productive regions but the overall dispersion value would
be relatively low. This appears to fit the case of Spain, shown in Figure 1 below. If scholars be-
lieve that concentration is an important phenomenon aside from dispersion, they require distinct,

appropriate measurement concepts (Spiezia, 2002; Jurado & Leon, 2016; Chen & Rodden, 2013).

3.4 Political Units

When measuring regional inequality, scholars need to make choices about the appropriate unit of
analysis. In many cases, the units (countries, states / provinces / regions, counties, cities) will
emerge clearly from the research question and theory. For example, research on distributive pol-
itics and party system nationalization looks to the electoral district to evaluate spatial variation.
Research on fiscal federalism focuses on the sub-national administrative levels (state, municipal)
as the relevant political locus. However, when it comes to an empirical discussion about the na-
tional political outcomes affected by sub-national geography, the units are not always obvious.® To
take the (extreme) US case, many overlapping jurisdictions could be appropriate units to national
outcomes, such as the state (Senate electoral district), the congressional electoral district, the city,
the county, and the regional associations of government (in cases of transportation policy). Any or
all may be important to a particular political outcome. Researchers need to pay particular attention
to what level of analysis best represents their political question.

Even where the unit may be obvious, available data may not match the theoretical unit. A
vexing empirical problem for researchers studying comparative or American politics, in particular,
is variability between electoral districts and statistical units. Scholars may have theories about
distributive politics related to electoral targeting of resources that depend on economic geography
(Rickard, 2012; Jurado & Leon, 2016; Menendez, 2016). However, standardized geo-codes for
statistical purposes may not always match electoral districts. In the European context, for exam-

ple, electoral districts may be equivalent to or subsets of NUTS2 or NUTS3 districts in most na-

®Underlying the unit question is also a theoretical concern. Geography may matter because of
geographic sorting—similar people choose to live in the same area (Bishop, 2009). Or the place
itself has a causal effect as people in the same area are exposed to common influences, and as a
result exhibit similarities (group-dependent models).



tions, but the economic geography data will not always correspond precisely, particularly for lower
house or sub-national electoral districts. In Slovenia, for example, electoral districts span NUTS2
and NUTS3 identifiers, making it nearly impossible to assign economic or socio-demographic in-
dicators to that geographic unit. Moreover, geographic specifications may change over time, such
as US House of Representative districts. In other cases, the reporting may be different across
the same measure. For instance, within Luxembourg Income Study data, Belgium sometimes re-
ports NUTS2 level aggregation, and sometimes NUTSI1 level, eliminating the possibility of direct
comparisons of LIS data at the region level over time.

Research on "neighborhood effects" has long recognized inherent challenges in identifying and
measuring geographic concepts consistently. For many political questions based on clearly identi-
fiable political units, this issue will be minor. However, research on topics such as dissemination
of political ideology or local spatial effects on voting, for example, the unit is not so obvious
(Fortunato, Swift, & Williams, 2016). Research of this type must make assumptions about what is

rn

an individuals’ "neighborhood." These assumptions are likely to vary considerably across individ-
uals, and not always in predictable ways (Kwan, 2012). Work in political geography must directly
address this potential for ecological fallacy. It is not always obvious what the "true" causal unit
of geography would be. In these cases, an association between a geographically defined variable
and an outcome may be spurious or an incorrectly defined geography might lead to an unverifiable
false negative.

A related, but distinct, concern in geographic analysis is the Modifiable Areal Unit Problem
(MAUP). The simple description of MAUP is that different aggregations of the same data will lead
to very different conclusions about that geographic area (Wong, 2009). A clear, politics-relevant
example of MAUP is gerrymandering, which is an example of the "zoning problem" of MAUP.
Electoral gerrymandering is possible because of spatial grouping of similar individuals, namely
voters more inclined to support one party or the other. Accordingly, politicians can design electoral

districts that are more favorable to one party or the other simply by reorganizing district aggregation

without altering the underlying demographics of the state. Scholars may also face problems when



drawing boundaries that create biased or arbitrary units of measure. The zoning problem is most
severe when there is severe spatial autocorrelation in the concept of interest (income, partisanship,
race, health-factors, etc.).

The scale problem is another concern with MAUP. It is the tendency for data to normalize
(reducing the influence of outliers by taking median and mean values) at greater levels of aggre-
gation. For example, the GDP per capita of California is reasonably similar to the GDP per capita
of Minnesota. This is a reasonable assessment of the states as a whole, but it obscures tremendous
variation at the sub-state level, particularly in California. The GDP per capita numbers appear
similar because Sicilon Valley, San Francisco, and Los Angeles, are averaged with low GDP per
capita central California areas. Minnesota also has within-state productivity dispersion, but it is not
nearly as dramatic as California’s. Whether the scale problem is an issue depends fundamentally
on the research question. If the unit of analysis is US Senate elections (which are based at the
US state level) the scale problem is not a concern because the election matches state-level data.
However, if scholars use state-level data to assess House congressional districts, the state level
aggregation will be a more accurate predictor across the six districts of Minnesota than it will be
across California’s fifty-three individual districts. The smaller scale will more accurately capture

variation, but the unit should match the theoretical concept.

4 Existing Measures of Regional Inequality

Existing studies have adopted several measures of cross-nationally comparable, time-varying in-
dicators of regional inequality. These measures capture different conceptual features of regional
inequality. The formulas for calculating regional inequality vary depending on three factors dis-
cussed above: 1) the choice of economic indicator (productivity versus income); 2) the use of
analytic weights; 3) the applicable concepts of geographic spread in economic properties (disper-

sion versus concentration). These measures vary according to these three factors.’

"We present all measures with economic values of GDP calibrated on a per capita basis. We use
GDP for consistency across examples. Political scientists are most often concerned with per capita
measures of regional GDP rather than aggregate GDP. These measures can be easily adapted to



The most simple, easy to interpret, regional inequality measure is the coefficient of variation

(COV). COV is a dispersion measure without analytical weights and is constructed as follows:
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where y denotes the country’s average GDP per capita, y; is per capita GDP of region i, and n is
the number of regional units. COV is a widely used measure in the literature on regional economic
growth and convergence (Barro & Sala-i Martin, 1992; Sala-i Martin, 1996).

Political scientists will often require a regional inequality measure that scales to important
political features, such as population or land area. It may be important to know in research on civil
conflict, for example, that a highly populated region has a very low GDP per capita or a sparsly
populated region has very high per capita GDP. The COV measure would give the same analytical
weight to both regions. A population weighted coefficient of variance (WCQOV) adjusts for these

differences in population according to the following formula:

1/2
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where p; represents the share of the country’s total population in the region i. Values of WCOV are
calculated as the ratio of the standard deviation to the mean (y) when p; is equally applied to every
region (i.e., 1/n) within a country. However, when assigning a different value of p; to these regions
according to their proportion of population, it is mean-independent. WCOV is thus robust against
single extreme observations, in addition to satisfying the Pigou-Dalton transfer principle (Dalton,
1920; Pigou, 1912).

Similar to COV or WCOV, the measure of region-adjusted Gini Coefficient (RDGINI) is popu-
larly used as an alternative to the dispersion of income spread across sub-national regions. Unlike

COV or WCOV, RDGINI retains meaningful information about the extent of relative deprivation,

other economic concepts and values.
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not merely economic spread. In RDGINI, additional weight is given to a region’s per capita pro-
ductivity as it veers father away from the mean of the inter-regional wealth distribution. This
weighted value makes the inequality measure more sensitive to changes in the upper or lower tail

of this distribution. RDGINI is calculated as follows:

2T iy,
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Existing research in economics and political geography that employs the COV, WCOV, and
RDGINTI typically relies on the most widely available regional unit, NUTS2, and assumes that
the variance in the number of units has no effect on the measures. Nations vary considerably in
how many regional units exist at this level (see Table 1 for variation in our EU sample across
countries and across NUTS2 and NUT3 levels.) This assumption may be misleading: it would
require that there is no within-unit variation (Bochsler, 2010). We build upon existing research on
the measurement of party system nationalization (which has similar unit concerns) to construct a
measure that is standardized across the number of units (see Bochsler, 2010, p.163). We calculate
a new standardized gini indicator based on the formula developed by Bochsler (2010) to measure
regional inequality (a modification of RDGINI), independent of the number political units consid-
ered. Thus, at least in theory, this measure should not be sensitive to the size or number of regions
involved. We demonstrate in the replications below that this indicator is the most stable available
across different political units and nations. The standardized adjusted Gini coefficient of regional

GDP, labeled INEQ_SPNS, is constructed as follows:
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where y; is for a region’s GDP and y; is thus the accumulated proportion of regional GDP. In

the equation, the value subtracted from 1 represents portion of regional equality, equivalent to the
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measure of ‘party nationalization” developed by Bochsler (2010). We do this subtraction to obtain
the residual commensurate with the measure of regional inequality. This modification creates an
cross-nationally comparable regional inequality index ranging from O to 1, where the larger the
value, the higher the level of regional inequality.

The measures described above—COV, WCOV, RDGINI, and INEQ_SPNS-are dispersion mea-
sures that weight elements differently. The adjusted geographic concentration (AGC) is a measure
of economic concentration that captures whether economic productivity is disproportionately held

in one or a small number of regions (Spiezia, 2002). This AGC is constructed as follows:®

Ziﬂyi—ai’
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where a; is the area of the region i as a share of the country area. AGC is an index ranging from
0 to 1, with the higher value being more concentration of national GDP in a certain administrative
sub-national region. It uses both the economic and geographic weight over all regions within a
country, thus accounting for within and between country differences in the size of regions.

Figure 1 provides a general idea of country distributions according to WCOV, INEQ_SPNS,
and AGC with data from the NUTS2 level. All data for this analysis are from Cambridge Econo-
metrics and Eurostat. In this figure we use the GDP concept (GDP per capita, population-weighted
GDP per capita, share of GDP) relevant to their respective measures. For each measure, we have
chosen countries with low values (top row) and high values (bottom row) to illustrate the distinct
distributions the measures capture. In the first column, we include the Netherlands and the UK. The
Netherlands has a relatively narrower distribution of GDP per capita (all regions between 25000€
and 45000€) in comparison with the UK (20000€ to over 80000€). The frequencies have been
weighted by population to demonstrate the WCOV concept. The highly populated Dutch regions
are near the middle of the country distribution. In comparison, the more of the UK’s population is
located in regions closer to the bottom of the highly dispersed distribution. In column 2 we com-

pare the Netherlands and Belgium, representing variation in INEQ_SPNS. Again, the Netherlands

8Chen and Rodden (2013) and Jurado and Leon (2016), for example, use this measure.
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has a very compact distribution (this time the frequency is unweighted). Belgium’s regions are
more dispersed, and one region (Brussels) is much more productive than the other regions. Be-
cause INEQ_SPNS weights more heavily at the ends of the distribution, Belgium has a high value
on this measure. Column 3 shows variation on AGC, which compares the concentration in regions’
share of GDP. Both Austria and Spain have 1 or 2 regions that produce a substantial percentage of
GDP (18-25%). However, the majority of Spain’s regions produce very little (>5%) of GDP while

most of Austria’s regions produce over 5% of the nation’s GDP.

5 Country Variation in Regional Units

Each of the summarized regional inequality measures has analytic value, depending on the theoret-
ical question at hand. In this section we point out some challenges to the stability and interpretation
of these measures based on the "unit question."

Table 1 summarizes cross-national differences in the number of regions at the NUTS2 and
NUTSS3 levels in our sample.” The observed variation both across countries and across unit levels
is substantial. The number of NUTS2 regions in Germany is more than 15 times larger than that
in Ireland and Slovenia. The size of unit differences across Germany’s NUTS2 and NUTS3 is also
very large, as shown in column 3’s calculation of the difference across units. This is noteworthy,
in part, because NUTS2 data is commonly substituted for NUTS3 data in years in which NUTS3
are not available (and vice versa) in datasets in which one of the levels is missing.

The concern with variation across the number of units may be minor if it does not influence the
aggregation measures. We examine this question in Figure 1, which compares regional inequality
measures (dispersion and concentration), depending on the level of geographic aggregation for
Germany, Belgium, and Sweden. These countries were selected to provide variation in difference
between the number of NUTS2 and NUTS3 regions (column 3 of Table 1). Conceptually, the

regional inequality trend of NUTS2 should be directly comparable with that of its subset data at

9We also report the comparative measures of regional inequality by separating the NUTS2 level
from the NUTS3 level. This comparison report can be found in Online Appendix 3.
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Table 1: The Number of Political Units by NUTS, 2011

Countries NUTS2  NuTs3 Rankedby
Difference

Germany 31 326 295
United Kingdom 41 133 92
Italy 21 107 86
France 26 100 74
Poland 16 66 50
Spain 19 59 40
Greece 13 51 38
Romania 8 42 34
Belgium 11 44 33
Netherlands 12 40 28
Austria 9 35 26
Portugal 7 30 23
Bulgaria 6 28 22
Finland 5 20 15
Hungary 7 20 13
Sweden 8 21 13
Norway 7 19 12
Slovenia 2 12 10
Czech Republic 8 14 6
Denmark 5 11 6
Ireland 2 8 6
Slovenia 4 8 4

Notes: The NUTS classification (Nomenclature of Territo-
rial Units for Statistics) is defined on the basis of adminis-
trative divisions applied to the Eurostat member countries.
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the NUTS3 level.!” So long as these values are calculated using the same measure of regional
inequality, their trends and values should be similar.

Figure 2 shows that unit level choices in aggregation measures may influence how we evaluate
cross-country inequality. We demonstrate these concerns with three cases, Belgium (33), Germany
(295), and Sweden (13), that vary considerably in difference in the regional units across NUTS lev-
els (see Table 1). Figure 1 shows that, at least for the three indicators shown (WCOV, INEQ_SPNS,
AGC), Sweden’s measures are very stable across NUTS2 and NUTS3 levels. NUTS2 and NUTS3
in the Swedish case are relatively similar in size and trends. The unit challenge becomes more
apparent in the Belgian case. While the trends across the two units in each of the three measures
are similar, their levels vary. In particular, the interpretation of the Belgium’s regional concentra-
tion level would be potentially very different if measured at the NUTS3 level (high) or NUTS2
level (moderate). This may reflect theoretical differences across the levels, or more likely may
reflect differences in the statistical aggregation of the levels and the number of units (MAUP). Ger-
many shows the biggest difference across NUTS2 and NUTS3, with big diverence most apparent
in WCOV and AGC. The choice of unit can have a significant impact on the measures in question.

As shown in the center row of Figure 2, the INEQ_SPNS measure is more consistent in all
three nations across the NUTS2 and NUTS3 levels. INEQ-SPNS is designed to provide a measure
for regional inequality that is not influenced by the number or the size of the units. When scholars
do not have a specific regional concept in their theory, or where data are not available at for the unit

concept of interest, INEQ-SPNS is likely to provide a more reliable measure of regional dispersion.

6 Regional Inequality in Relevant Studies

To demonstrate the properties of the common regional inequality measures, and to show their
value in emerging research, we replicate results from three relatively recent published, high impact

articles focused on regionalism and economic and political geography.!! We chose these three

IONUTS3 regions are always subsets of NUTS2 regions.
Replication data are available at melissazrogers.com
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papers for their variation in the dependent variables, variation in their samples, and their variation
in methodology. We intend to demonstrate that regional inequality is relevant to these studies and
show how the different measures perform, based on theoretical expectations and the unit of analy-
sis. For each study, we show results with dispersion and concentration measures calculated at two
regional units (NUTS2 and NUTS3). Using NUTS2 and NUTS3, which are produced from the
same data, allows direct comparison of the effect of the unit. Data constraints in our regional in-
equality measures mean the original samples could not be fully preserved, but the general findings
are universally preserved in the replicated studies.

First, we replicated Toubeau and Wagner (2015), which studies how national parties’ left-right
ideological position on the economic or cultural dimensions may affect their preferences for de-
centralized government policy decision making. They argue that national parties placing a higher
value on market efficiency (economically right wing parties) are more likely to advocate decen-
tralized decision making. Parties emphasizing national unity and territorial integrity (culturally
conservative parties), on the other hand, tend to prefer centralization.

Table 2 presents our replication results for (Toubeau & Wagner, 2015). Their dependent vari-
able is party positions on decentralization and their econometric approach is multi-level (party and
country level) modeling. M1 is our replication of their basic finding, with the sample reduced to
match our data on regional inequality. M1 and all additional replications (M2-M7) show strong
support for their basic findings.

In Toubeau and Wagner’s basic model (M1), they include the COV in regional GDP per capita,
with data from the NUTS2 level. Their results show a significant, positive effect of dispersion
on party positions in favor of decentralization. We add to their model three other regional in-
equality measures (two dispersion, one concentration), measured at both the NUTS2 and NUTS3
levels. The idea is to examine how the different indicators and different units hold across the same
specification.

In theory, regional inequality may influence party preferences for decentralization through its

effects on fiscal structures or on the party system (Beramendi, 2012). Centralization is a subject
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Table 2: Multilevel Linear Regression Model Predicting the Effect of Party Positions on Decen-

tralization (Toubeau & Wagner, 2015)

M1 M2 M3 M4 M3 Mé T
Toubean Extension  Extension  Extension  Extension  Extension  Extension
& Wagner
(201%)
Ideological scales (0-20)
Economically right wing party 0.215%= 0.215%* 0.216%* 0.207%* 0.203%=* 0.202%* 0.207%=*
(0.094) (0.094) {0.095) (0.094) (0.094) (0.097) (0.097)
Culturally conservative party S0330%FE Q331%EE (3109%sx 327 _(325%FF _(301%FF _(310%#=
(0.061) (0.061) (0.061) (0.061) (0.061) (0.062) (0.063)
Partv-level Controls
Regionalist party distance
Economic dimension -03TaEER L 3T4wER (373 -0.3g2%# [ 3g5%EE _Q3FTEEE 0382%F
(0.144) (0.143) (0.145) (0.144) (0.143) (0.149) (0.149)
Cultural dimension -0.002 -0.004 0.007 -0.001 -0.001 0.026 0.022
(0.082) (0.082) (0.083) (0.082) (0.082) (0.084) (0.084)
Vote share -3.334 -3.308 -4.187 -3.379 -3.433 -4.628 -3.984
(3.670) (3.633) (3.674) (3.666) (3.060) {3.808) (3.829)
Participation in the national government  -0.700 -0.719 -0.623 -0.699 -0.701 -0.444 -0.467
(0.837) (0.834) (0.841) (0.838) (0.835) (0.837) (0.839)
Mean government / opposition position  -0.139 -0.185 -0.119 -0.200 -0.225 0.014 0.066
(0.211) (0.213) (0.209) (0.219) (0.225) (0.206) (0.195)
Country-level Controls
Level of zelf-rule 0.035 0.069 0.141 0.049 0.088 -0.019 0.027
(0.062) (0.063) (0.0907 (0.061) (0.068) (0.083) (0.066)
Fegionally based ethnic group -0.082 -0.536 -0.925 0.808 0.614 -0.077 0.946
(1.314) (1.368) (1.513) (1.281) (1.276) (1.736) (1.489)
Area (logged) 1Lg73%s® 1 1045+ 2.566%%F 1.524 %% 1.290%=* 0.613 1.047%=
(0.551) (0.700) (0.866) (0472 (0.610) (0.738) (0.493)
Population (logged) -0.535 -1.401* -1.914% 0.366 0.237 0.030 -0.098
(0.669) (0.848) (1.140) (0.676) (0.638) (0.715) (0.663)
FRegional Economic Disparity
COV (NUTS2) 0.078%=
(0.036)
WCOWV (NUT32) 0.135=*
(0.061)
WCOW (NUTS3) 0.154%
(0.021)
INEQ SPNS (NUTS2) 0.233%=
(0.108)
INEQ SPNS (NUTS3) 0.491%=
(0.221)
AGC (NUTS2) 0.033
(0.063)
AGC (NUTS3) -0.025
(0.047)
Intercept -5.616 -10.516 -13.210 -5.544 -14.601 3.886 1.114
(7438 (8.535) (10.642) (7.428) (9.960) (9.700) (7.040)
-2log likelihood -135.100 -134 886 -135.630 -135.069 -135.013 -137.242 -137.257
AIC 300201 299772 5301.259 300.138 300.031 304.484 304515
M (parties) 62 62 62 62 62 62 62
N {countries) g 2 2 2 g g 2
Notes:

Outcome variable: party support for decentralization, sealed from 1 to 20, with 20 the most positive stance.
Multilevel mixed-effects linear regression.

Standard errors are in parentheses and significant at *¥*p<0.01, **p<0.03, *p=0.1.

Data for 8 OECD countries in 2003

Country coverage: Belgium, Bulgaria, Finland, Ttaly, Bomania Slovakia Spain, the United Kingdom.
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of contention as regional inequality grows because rich regions increasingly bear the fiscal bur-
den of the country. Furthermore, regional inequality increases heterogeneity in the national party
system, putting competing pressures to represent local constituencies with different interests. In
both theoretical accounts, dispersion of regional inequality is expected to positively correlate with
preferences for decentralization.

Table 2 shows a consistently significant, positive relationship between dispersion of regional
economic productivity (COV, WCOV, INEQ_SPNS) and decentralization, irrespective of political
units considered at NUTS2 or NUTS3. The coefficient estimates vary somewhat, depending on the
unit choice, but the results are not sensitive to the choice of measure or unit.

The measure of concentration of regional GDP per capita, AGC, on the other hand, is not
significantly related to party positions on decentralization at the NUTS2 or NUTS3 level. We
attribute this null finding to a theoretical difference between dispersion and concentration that may
impact either fiscal structures or the party system. Concentration implies a small number of very
productive regions that may prefer decentralization for either economic reasons or concerns with
the party system. However, it also implies a lot of less productive regions with shared interest in
centralization for fiscal reasons. Thus the ultimate effect on the party positions in the aggregate is
not clear. Importantly, this result shows that the theoretical choice of dispersion or concentration
can be very important, depending on the question at hand and the sample of countries.

In Table 3, we replicate Rickard’s (2012) results linking electoral rules and the size of gov-
ernment spending, dependent on the geographic concentration or spread of economic interests.
Rickard argues that whether proportional representation electoral systems or plurality electoral
rules target more resources depends on whether economic interests are dispersed or concentrated.
Specifically, governments with proportional representation rules are expected to distribute more
resources when economic interests (here measured with manufacturing employment) are more
broadly dispersed. However, when manufacturing employment is geographically concentrated,
governments with plurality electoral rules are expected to distribute more in response to con-

stituency interests.
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Table 3 summarizes replication results from Rickard’s (2012) with our reduced sample. Her
dependent variable is subsidies to manufacturing (% of total spending). Throughout M1-M7,
Rickard’s basic results hold, showing that PR governments tend to spend more, but plurality elec-
toral systems spend more when manufacturing interests are geographically concentrated. We again
introduce our disperion and concentration measures at the two unit levels to this analysis. Across
all measures, the relationship between regional inequality and manufacturing subsidies is positive,
and nearly always significant. The results suggest that both dispersed and concentrated regional
inequality are relevant to government spending of this kind, and in similar ways.'> However, the
WCOV dispersion measure does show some sensitivity to the unit choice. The NUTS2 unit is
positive and significant, but the NUTS3 unit is positive and insignificant. This null finding may
reflect a theoretical issue, that the NUTS2 level more closely captures the electoral unit of interest
in these cases, or the finding may be spurious. In such cases, validating across different dispersion
measures and different units increases the validity of the findings. Moreover, the results shown in
M4 and MS reveal the greater consistency of the INEQ_SPNS measure across the different unit
measures.

Finally, we replicate Brancati’s (2008) study showing political decentralization increases the
strength of regional parties. Brancati argues that decentralization creates greater opportunities for
regional parties in the region and the nation, thus increasing the likelihood that regional parties
emerge as political decentralization increases.

Table 4 replicates Brancati’s (2008) data analysis with added regional inequality measures.
Brancati’s basic result, that political decentralization increases regional party strength, is pre-
served across models. Controlling for regional inequality in these models substantially increases
the model fit (shown in an R-squared increase from 0.350 in M1 to 0.619 in M2). The results have
a smaller sample than Brancati’s original models, however, so they cannot be directly compared.

The regional inequality measures each have significant correlations to regional party strength

20ur regional inequality concentration measure of GDP per capita may be somewhat collinear
with Rickard’s geographic concentration of manufacturing employment measures adopted by
Rickard (2012). Rickard’s blends data from NUTS2 and NUTS3 regions to produce her mea-
sures. This is theoretically reasonable when it matches the electoral unit of interest.
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Table 4: OLS Regression Model Predicting the Effect of Decentralization on Regional Party

Strengths(Brancati, 2008)

hil M2 M3 hi4 ¥ ] hda M7
EBrancati Extenzion  Exfension  Extension  Extension  Extension Extension
(2008)
Political Decentralization 16.305%%=  22.105%%%  204275%% (2.0097%% 15231%%= 2]1.801*== 16.756%*=
(2.903) (2.410) (2323 (3.166) (2.511) (3.1200 (2.830)
Presidentializm 3203 -0.620 4205 488 2181 19275%#= 10.832%=
(3.596) (2.822) (2.767) (3.689) (31200 (3.721) (3.188)
Total Number of Eeglons 0.107 0.101 0.102%== 0020 0.135% 0.184%= 0.103
(0.082) (0.063) (0.064) (0.097) (0.071) {0.078) (0.080)
First Elections -2.658 0620 -5.87% -1.835 -6.883 -3.485 1.543
(6.621) (5.07%) (3.131) (6.350) (5.804) (6.063) (6.797)
Mixed Electoral Systems 5547 -0.1846* 0.739 1005 1630 -2.837 -7.483
(6.154) (4.745) (4.833) (5.875) (5.343) (5.68T) (6.078)
Majority / Plurality Svystems 3124 7.744% 5.887 1.1569 6414 S1.085 -6.405
(5.451) (4.514) (4.428) (5.548) (4.773) (5.122) (3.568)
Regional Economic Disparity
WOV (NUTS2) 0.622%%=
(0.009)
WCOV (NUTS3) 553%==
{0.088)
INEQ SPWE (MUTSI) 455
(0.203)
INEQ) SPNS (NUTS3) -1.218%#=
({0.276)
AGCNUTSED) 0.668%=*
(0.194)
AGC (NUTE3) 0.465%
(0.236)
Intercept -3.662 g.762%%* g.455%= G462 12241%# -35.123F== 210505
(3.411) (3.260) (3727 (6.327) (4.876) (10.731) (11.7146)
N (Countrv Years) 64 64 64 64 64 64 64
Adjusted B2 0350 0.619 0.616 0304 0314 0435 (0.382
Notes:

Outcome variable: the percentage of votes received by regional parties in an election.

OLS regression with decede fixed-effects.

Standard errors in parenthezes and significant at ***p=0.01, **p=0.03, *p=0.1.

Diata for 12 OECD countries from 1980 to 2002

Country coverage: Belzium, Finland, Germany, Greece, Ireland, Norway, Poland, Fomania, Slovenia, Spain, Sweden, the United

Eingdom.
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across all models in Table 4. The results are not sensitive to the unit, but are quite different across
the dispersion and concentration measures. Regional party strength is negatively correlated with
regional economic dispersion, but positively correlated with regional economic concentration. This
distinction appears to be theoretical, reflective of different constellations of regional interests de-
pending on whether regions have divergent or shared interests. These different inequality measures
thus capture distinct economic distributions within nations that impact the formation of national
policy coalitions.

Overall, the replications demonstrate the importance of regional inequality to related studies.
They also show that theoretical consideration of these measures, both in the nature of distribution,
and the political unit from which economic data are drawn, can impact the results and our inter-
pretations of the importance of regional inequality. The replications also reveal the consistency of
our INEQ_SPNS measure, showing it may be an optimal choice where the unit level is ambigious

or data from the most appropriate unit are unavailable.

7 Conclusions and Research Implications

Existing research in economics and geography has made considerable advances in measuring re-
gional economic variation within and across countries. These indicators include calculations of
dispersion and concentration of economic productivity. However, these literatures have not been
centrally concerned with the unit question, and the implications for data comparability and avail-
ability across units. We offer advice on common research challenges in measuring regional in-
equality, and delve deeply into the unit question.

We also show that our measure, INEQ_SPNS, is more reliable across political units than other
measures. If the appropriate data are unavailable and available data are used instead, as is common
practice in cross-national studies, researchers should consider using INEQ_SPNS for more stable
estimates. Furthermore, we provide direction on where to find data on regional economies, and
link to our datasets, which include both national aggregates and regional level data.

We have also demonstrated important theoretical and empirical differences across the two most
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common regional inequality concepts, dispersion and concentration. We show that these distribu-
tions do not always show the same relationship to important political phenomena. The difference

across these configurations of regional inequality may be an important area for future research.

25



References

Alt, J., Lassen, D. D., & Wehner, J. (2014). It isn’t just about greece: domestic politics, trans-
parency and fiscal gimmickry in europe. British Journal of Political Science, 44(04), 707—
716.

Barro, R. J., & Sala-1 Martin, X. (1992). Convergence. Journal of political Economy, 223-251.

Beramendi, P. (2007). Inequality and the territorial fragmentation of solidarity. International
Organization, 61(4), 783.

Beramendi, P. (2012). The political geography of inequality: regions and redistribution. Cam-
bridge University Press.

Bishop, B. (2009). The big sort: Why the clustering of like-minded america is tearing us apart.
Houghton Mifflin Harcourt.

Bochsler, D. (2010). Measuring party nationalisation: A new gini-based indicator that corrects for
the number of units. Electoral Studies, 29(1), 155-168.

Bolton, P, & Roland, G. (1997). The breakup of nations: a political economy analysis. The
Quarterly Journal of Economics, 1057-1090.

Brancati, D. (2008). The origins and strengths of regional parties. British Journal of Political
Science, 38(01), 135-159.

Buhaug, H., & Gates, S. (2002). The geography of civil war. Journal of Peace Research, 39(4),
417-433.

Buhaug, H., Gleditsch, K. S., Holtermann, H., @stby, G., & Tollefsen, A. F. (2011). It’s the local
economy, stupid! geographic wealth dispersion and conflict outbreak location. Journal of
Conflict Resolution, 55(5), 814—840.

Buhaug, H., & Lujala, P. (2005). Accounting for scale: Measuring geography in quantitative
studies of civil war. Political Geography, 24(4), 399-418.

Charron, N., & Lapuente, V. (2013). Why do some regions in europe have a higher quality of

government? The Journal of Politics, 75(03), 567-582.

26



Chen, J., & Rodden, J. (2013). Unintentional gerrymandering: Political geography and electoral
bias in legislatures. Quarterly Journal of Political Science, 8(3), 239-269.

Chhibber, P., & Kollman, K. (2009). The formation of national party systems: Federalism and
party competition in canada, great britain, india, and the united states. Princeton University
Press.

Crisp, B. F, Olivella, S., & Potter, J. D. (2013). Party-system nationalization and the scope of
public policy the importance of cross-district constituency similarity. Comparative Political
Studies, 46(4), 431-456.

Dalton, H. (1920). The measurement of the inequality of incomes. The Economic Journal, 30(119),
348-361.

Ezcurra, R., & Rodriguez-Pose, A. (2009). Measuring the regional divide. In R. Capello &
P. Nijkamp (Eds.), Handbook of regional growth and development theories (p. 329-353).
Edward Elgar Publishing.

Fortunato, D., Swift, C. S., & Williams, L. K. (2016). All economics is local: Spatial aggregations
of economic information. Political Science Research and Methods, 1-21.

Franzese, R. J., & Hays, J. C. (2007). Spatial econometric models of cross-sectional interdepen-
dence in political science panel and time-series-cross-section data. Political Analysis, 15(2),
140-164.

Gennaioli, N., La Porta, R., De Silanes, F. L., & Shleifer, A. (2014). Growth in regions. Journal
of Economic growth, 19(3), 259-309.

Harbers, 1. (2015). Taxation and the unequal reach of the state: Mapping state capacity in ecuador.
Governance, 28(3), 373-391.

Hodler, R., & Raschky, P. (2014). Regional favoritism. Quarterly Journal Of Economics [P],
129(2), 995-1033.

Hooghe, L., & Marks, G. (2001). Multi-level governance and european integration. Rowman &
Littlefield.

Jurado, 1., & Leon, S. (2016). Geography matters: The conditional effect of electoral systems on

27



social spending. British Journal of Political Science.

Jusko, K. L. (2015). Electoral geography and redistributive politics. Journal of Theoretical Politics,
27(2), 269-287.

Kerner, A., Jerven, M., & Beatty, A. (2015). Does it pay to be poor? testing for systematically
underreported gni estimates. The Review of International Organizations, 1-38.

Kwan, M.-P. (2012). The uncertain geographic context problem. Annals of the Association of
American Geographers, 102(5), 958-968.

Lee, D., & Rogers, M. (2016). Regional inequality and the dynamics of government spending
(Tech. Rep.).

Lessmann, C. (2009). Fiscal decentralization and regional disparity: evidence from cross-section
and panel data. Environment and Planning A, 41(10), 2455-2473.

Lessmann, C. (2012). Regional inequality and decentralization: an empirical analysis. Environ-
ment and Planning A, 44(6), 1363-1388.

Lessmann, C. (2015). Regional inequality and internal conflict. German Economic Review.

Mahler, V. A. (2002). Exploring the subnational dimension of income inequality: An analy-
sis of the relationship between inequality and electoral turnout in the developed countries.
International Studies Quarterly, 46(1), 117-142.

Marx, A., & Rogers, M. (2016). Analysis of panamanian dmsp/ols nightlights corroborates suspi-
cions of inaccurate fiscal data. International Journal of Remote Sensing.

Menendez, I. (2016). Globalization and welfare spending: How geography and electoral institu-
tions condition compensation. International Studies Quarterly, sqw028.

@stby, G., Nordas, R., & Rgd, J. K. (2009). Regional inequalities and civil conflict in sub-saharan
africal. International Studies Quarterly, 53(2), 301-324.

Pigou, A. C. (1912). Wealth and welfare. Macmillan and Company, limited.

Raleigh, C., & Hegre, H. (2009). Population size, concentration, and civil war. a geographically
disaggregated analysis. Political geography, 28(4), 224-238.

Rehfeld, A. (2005). The concept of constituency: Political representation, democratic legitimacy,

28



and institutional design. Cambridge University Press.

Rickard, S. J. (2012). Electoral systems, voters’ interests and geographic dispersion. British
Journal of Political Science, 42(4), 855-717.

Rodden, J. (2010). The geographic distribution of political preferences. Annual Review of Political
Science, 13, 321-340.

Rodriguez-Pose, A., & Ezcurra, R. (2009). Does decentralization matter for regional disparities?
a cross-country analysis. Journal of Economic Geography, 1bp049.

Rogers, M. Z. (2015). The politics of place and the limits of redistribution. Routledge.

Sala-1 Martin, X. X. (1996). Regional cohesion: evidence and theories of regional growth and
convergence. European Economic Review, 40(6), 1325-1352.

Sorens, J. (2005). The cross-sectional determinants of secessionism in advanced democracies.
Comparative political studies, 38(3), 304-326.

Spiezia, V. (2002). Geographic concentration of production and unemployment in oecd countries.
Cities and Regions.

Tiebout, C. M. (1956). A pure theory of local expenditures. The journal of political economy,
416-424.

Toubeau, S., & Wagner, M. (2015). Explaining party positions on decentralization. British journal
of political science, 45(1), 97-119.

Wallace, J. L. (2016). Juking the stats? authoritarian information problems in china. British
Journal of Political Science, 46(01), 11-29.

Weingast, B. R., Shepsle, K. A., & Johnsen, C. (1981). The political economy of benefits and
costs: A neoclassical approach to distributive politics. The Journal of Political Economy,
642-664.

Wong, D. (2009). The modifiable areal unit problem. SAGE Publications: London, UK.

29



Measuring Regional Inequality for Political Research

Online Appendix



"90IN0S BIEP 9Y) PUB ‘BIBP 9 JO 9FLIA0D IBdA o) ‘sjrun
Uo1391 JO JoquINU Y} y1un UoI3a1 oY) Jo suondLIosap Sapn[oul MO[oq 2[qe} Y], W0 SIOT0IZBSSI[AUI 18 d[qR[IBAR OS[E dIB SAINSBeaul 9SaY [,
‘[9A9] ZTSLAN Y Jo 1us[earnba ay) je sainseawr J(O) [9A9] [euoIZar Jo o[dures [8qo[3 9[qe[reAr 1S93Ie[ SY) PAIB[NWINIIL IARY AN SAION

10T ‘T 32 [[OTRUUAL) ‘SJUNOIIY [BUOTIBN 0T10Z-1L61 Y€ UOISTAI(] Te1oadg ‘oouraoig BISQUOPU]
S]UNOJ2JY [eUONEN ¥102-0861 9¢ A1o)ua], uoru) ‘dye1g EIpU]

#10T T8 39 I[[OTeUUAD) ‘SOLIOWOU0dH A3pLIquIe) 71020661 L ¢ SLON AreSuny
¥10T ‘T8 19 1joreuudn | €00¢ ‘000T ‘S661 81 yudunredoq Selnpuoy

¥10T ‘T8 39 1joreuuan | 800 ‘000T ‘S661 < ueunedoq e[ewalenysy

#10T "Te 19 I[[OTeUUAD) ‘SOLIOWOoU0oH A3pLIquIe) ¥102-0L61 (! (T SLAN) seudydirg 99931
$10¢ ‘Te 12 I[[OTeUUaD) ‘SOLIIOWOU0dH 25pLIquie)) $102-0861 91 Iopue] Aueu1on
#10T "Te 19 I[[OTeUUdD) ‘SOLIOWOU0oH A3pLIquIe) 1020561 (44 (ZSLAN) uordoy oouelq
#10T "[8 19 I[[OTeUUAD) ‘SOLIOWOU0dH d3pLquie) ¥102-0961 g ¢SLON PUBUL{
¥10C 'Te 30 Toreuuan) 01029661 Sl Ayunop eruolsy

¥10T ‘T8 19 1[oreuudn | 10T ‘6661 9661 14! yudunredoq JopeA[eS [

10T T8 32 [oreuudn | /00T ‘8661 ‘T661 1T $AJLIOUIIA0D) "doy qery 1dA3g

$107 ‘T 19 T[OTeuUan) ‘SIUN0dY [RUOTIBN 0102-9661 $T 0UIA0Ig Iopenog
SOLIAUWIOU0DH dFpLIquIL) ¥10C-0L61 g (ZSLNN) uorsoy Arewueg

$OLIPWOU0oH AFpLIquIE) 71020661 14! (TSLNN) uorday o1qnday yoazy

¥10T 'Te 30 Toreuuan 0102-S661 1T [ede) “Kyunop eleoID

SJUNOJOY [BUOTIBN 2102-0661 €€ rende) ‘quownredoq BIqQUIO[OD)

SJUNOJJY [BUOTJBN 0102-0861 1€ | Knredomunyy ‘uo13ay snowouoiny ‘@ourAold BUIYD

¥10T ‘T8 19 1[Ooreuuan) ‘Sjunoddy [euoneN ¥102-0961 Sl uordoy °IUD
SIUNO2OY [RUONIBN 0102-0L61 €1 KIOIIIQT, “QOUIAOI] epeue)

¥10T 'Te 30 1oreuuan 01020661 8¢ 1SE[90 eLes[ng

SIUNOJIY [eUONEN ¥10C-0L61 LT Tede) “a1erg [tze1g

$10T ‘Te 19 1[oTeuuan) 0102 ‘€961 71 Anug ‘uojue)) | BUIAOSOZISH pue BIusog

SJUNOJOY [BUONIBN 0102-0861 6 usunredo vIAl[og

¥10T ‘T8 19 1[oreuudn | $00T ‘8661 T6E61 9 9oUIAOId utueg

SOLIAUWIOUODH 2FpLIquIL) ¥10C-0L61 11 [ede) “(ZSLAN) 2ourr0lg wnigjeg

10T "Te 19 foreuuan S002T-861 1T uorsoy ysope[sueg

#10T "[8 39 [[[OTeUUAD) ‘SOLIOWOU0dH d3pLIquIe) 01021961 6 (ZSLAN) 2118 4
#10T "8 19 [JOreuuan) ‘$junodoy [euoneN 010C-£s61 L Tede) “arerg elfensny
SIUN0JOY [eUONEN] ‘0661 010d 9002-8S61 $T Tende) ‘eouraoig runuUaSIy

¥10T ‘Te 39 1oreuudn | 6002 100C°0661 4! uorsoy elueqIV

2IN0S | JI3BIIA0)) JWIL], | SHU() JO # () [BUOIZY Anuno)

PIIOA\ U3 punoe J(o [9Ad] [eUoI3ay J0J ANfiqe[reay eie(q ' xipuaddy




10 "[e 12 I[oreuuan) 200T ‘€961 ST A1 ‘s ®IqIog

SJUNOJJY [RUONBN 0102-S661 €8 109[lqng UONRIdPI urISSNY

SOLIIOWIOU0Y 93PLIqUIE)) 010T-S661 8 (T SLON) uoIsoy eIuRWOY

10T "[8 19 I[[OlRUUSD) ‘SOLIOWOUOIF AFpLIquIe) 710T-LL6T S (T SLON) uorsoy [e3nioq
SOLIAWIOU0DH dFPLIqUIE)) 7102-0661 91 | (T SLNN) dryspoarop pue[od

#10T T8 19 T[OTRUUD) ‘SIUN0IDY [EUOEN ¥10T-SL61 L1 uorsoy sourddryq
10T "[€ 19 I[OTeUUDD) ‘SJUN0IDY [EUONEN T102-0L61 T uordoy nig
10T '[8 19 [Joreuusn 800€ ‘T00T ‘T661 81 [ende) “yuounredoq Aen3ereq

SJUNOJJY [eUONIBN 2102-9661 6 QOUTAOI] ewreued

10 "[e 12 I[oreuuan) #002-0L61 14 GRLITNOR | ue)syeq

SOLIJOWIOUOOH d3pLIquIE) ¥102-0L61 L (Z SLAN) Kuno)y KemIoN

10T 'Te 19 T[oreuuan 800T ‘7661 14 uorsoy BLITIN

10 "[e 12 I[oreuuan) $00T ‘000T ‘¥L61 L uor3oy enderediN

$JUNOJOY [BUOHBN ¥102-0861 4 (Z SLAN) pueis| PUB[EaZ MON

10T "Te 32 I[[OIBUUAD) ‘SOLIOWOUOdH dFpLIquIe) #102-0961 11 T SLAN SPUBLIYION
#10T ‘T8 12 [Joreuuan 900T ‘6661 ¢ | uor3ay juowdojaAdq [edoN

10 "Te 19 I[oreuuan 6002-9661 01 ouIA0Lg anbrquiezojy

10T 'Te 19 T[oreuuan 010T-0661 L uordoy 020010]A

£10¢C 'Te 19 T[OTeUUL) ‘SJUNOIIY [RUOTIBN 0102-0661 02 | Aredounyy ‘9ouraoid BI[OSUOIN
#10T "T€ 19 I[OTRUUAD) ‘SIUNOIDY [BUONEN 71020561 43 [eide) erg O0JTXAA
10T 'Te 19 T[oreuuan 010T-0L61 4 aers eIsAerely

10T "[e 12 I[oreuuan) 010Z-0661 ‘€961 8 uor3oy [eonsnelg MAA ‘BIUOPIJEIN

10T 'Te 12 I[oreuuan | 010T ‘S00T ‘000T ‘S661 01 Ayunop eruenyIy

10T 'Te 19 T[oreuuan 000T ‘9661 ‘9861 9 wmsIqg OIOST

10 "[e 32 I[oreuuan) $00Z “000T ‘S661 9T s BIAJR]

10T '[8 19 [Joreuusn S00T ‘000T ‘9661 L 12190 orqndoy zA31Ky

SJUNOJJY [eUOTIBN 1102-S861 01 rende) ‘Qouraroig “doy] ‘earoy

10 "[e 12 I[oreuuan) S00T ‘7961 S ouIAOL] eAuoy|

SIUNOJJY [BUONEN 010Z-0661 91 A1) 18190 ueIsyyezey|

10T 'Te 19 T[oreuuan 010T ‘TO0T ‘L661 4 90UTAOI] uepiof

10T "[€ 19 I[[O[RUUAD) ‘SJUNOJIY [EUONEN] #102-SS61 01 uordoy uedef
10T 'Te 32 I[[OTeuuan) ‘SOLIAUIOU0H d3pLIqUIE)) #102-0S61 0T (Z SLAN) uotsay Aey
SOLIJOWOUOIH dFpLIquIe) #102-0861 [4 T SLON pueaIg

10 "[e 12 I[oreuuan) 0102 ‘S00T ‘000T ST ooutaold | d1qndoy drwelsy ‘ueiy

32anog 38eI9A0)) JWILY, | SHU() JO # JIU() [BUOI3Y Anuno)

(penunuo)) AN[Iqe[reAy ereq QO [euor3ay ‘| xipuaddy




10T & 39 l[oreuuapy 800C-0661 6¢ 9oUIACId Weujorp

¥10T T8 1 Horeuuan) | 0661 ‘1861 ‘1L61 ‘1961 144 2B B[oNZIU2A

10T 'T& 39 l[oreuuany €00T ‘000T ‘S661 4! SUOISoY UBISTaqZ()

7102 ‘TB 19 [Joreuuan | 000T ‘S661 ‘1661 ‘1961 61 Judunredoq Aen3nin

SIUNOJJY [eUONEN ¥102-0561 IS [ede) ‘sorerg S9TBIS PAuf)

SOLIIQUWIOUODH dFpLIqUIL)) ¥102-0861 ov (T SLAN) Aunopy wop3ury| pajun

10T & 39 l[oreuuapy 600C-1861 L SJeIIUY | Sojeliluy qely pojuf)

SIUNOJJY [eUONEN €102-0661 9¢ A1) ‘uordoy Surenn

SOLIIQUWIOUODH dFpLIqUIL)) ¥10C-5661 9¢ ¢ SLON Aoy,

¥10T ‘T8 39 I[oreutdn) ‘Sjunoddy [euoneN 110C-C861 9L 9oUIAOId pue[rey ],
#10T ¥ 19 H[oreuuan) ‘$junoddy [euoneN 01020861 0¢ uorsay BIUBZUE],
10T "[€ 19 I[[OleUUDD) ‘SOLIOWOUOI AFpLIqUIE) 0102-5961 L ¢ SLON PUBLISZ}IMS
SOLIIQUWIOUODY dFpLIqUIL)) 01020861 8 ¢ SLON Uopam§

¥10¢ 'Te 10 Toreuualy 0102-0661 6 20UIAOId eyue] LS

SOLIIQUWIOUODH dFpLIquIL)) ¥102-0L61 61 | (T SLAN) Aunwwoy uredg

SIUNOODY [BUOTIBN 1102-S661 6 90UIA0I] BOLIJY YINOS

SOLIIQWIOU0DY 93pLIqUIL)) ¥102-0661 [4 (T SLON) uorsay BIU9AO[S

SOLIIQUWIOUODH dFpLIqUIL)) ¥102-0661 ¥ (T SLON) uorsoy orqnday yeAo[s

32anog 3gea9A0)) dwiL], | SHuU() JO # JIu) [BUOI3Y £nuno))

(penunuo)) AN[Iqe[reAy ereq a0 [euorday ‘| xipuaddy




‘Ayirenbaur [euor3ar Jo [9A9] 3saY3IY Y} SUIdq [ YIIM ‘] 0] () WOIJ SAFURI I "[OAJ]
ZSLON 8 (Qu1adyj209 1uIg pajsnlpe-uor3ar) N[O UO Paseq SaneA Uedwl ANUNOD JO INSBIW B ST AJifenbaur [euOIS1Id)U] SAION

= Blep oN
9r'0- 180
LE'D-E2'0
£20-910
9LD-EVO
£L0-010
0LD-L0°0
LOD- 00
(usap) Ayrenbaul [euciBaaqy|

PIIOA BU} PUNOIY S8INSSald eANgUISIpaY

Anrenbauy [euor3ay jo dejy 1eqo[D "z xipuaddy



“$9LNUN0D J3qQUAT Je)soiny 21} 0} parjdde suoIsTAIp SABNSTUTIUPE
JO SISBQ 1) U0 PIUNJap ST (SO1)STJELS JOJ SYU[) [ELIOJLLIS T JO SINJB[OUSTION ) UOTJBITISSE[D S LN 9L (S9)0N

(670) LT O (97°0) 950 (+z0) 670 (€c0) cco (LS0) LLD (8) + ED{EAOS
(0F0) 9570 (ET0)+E0 (LTo)zio (9£0) 6170 (TE€0) +T0 (8t prre[ai]
(+£0) €70 (TTO)ET0 (Z10) 8070 (1z0) L10 (TT0) 910 (1) ¢ Nretua(]
(0£70) 870 (91T°0) 810 (£T0) 9170 (++0) #+70 (9€70) £+ 0 (+1) 8 sgndayg yoaz)
(87°0) 870 (91°0) 870 (zr0) 6070 (Lz0) 610 (+T°0) 6170 Tz ETU2A0[S
(0 0) ++70 (ET°0) 050 (ITo)z1o (Ze0) cTo (ST £T0 (61) L Avmon
(L€0) LSO (TT0)+T0 (90°0) 8070 (LSO FT0 (81°0) 0T0 (17) 8 uIpamg
(++0) 9+70 (€T0) 00 (6T0) 6170 (19°0) 9+°0 (£+°0) 6£°0 0D L AmSuny
(£+'0) 050 (FT°0) 8T0 (IT0+10 oz o) L10 (£T°0) LT (07) ¢ pue[m g
(9+0) 9€70 (LT0) 10 oz o) 1Z0 (39°0) 6+°0 (LF0) £+ 0 (8D 9 ELES|NY
(LS0)THO (L1°0) 0T 0 FT0) 110 (€£0) 70 (LT0)TTO (0g) ¢ [eSnuog
(L+0)0g0 (TT0TT0 FT0) 010 (0810 (ST LT O (cos RIS
(9£0) TE0 (60°0) 60°0 (1100170 (0 #1°0 (TTO) LT O (o¥) T1 SPUBRLISTIAN
(1+0) +€70 (FT°0) LTO o1 0) L170 (9£0) #€°0 (TE€0) £€0 (F#) 11 wnis[ag
(€£0) FE0 (61°0) STD (1z0) €0 (LS0) €SO (1+°0) 950 () 8 ETUELIOY]
(£<0) LF0 (0T0) 610 FT0) 110 (0£0) LTO (67°0) £T0 (1<) €1 202210
(6+0) €F 70 (60°0) TT O (ITo) o010 (1z0) 070 (61°0) 810 (6S) 61 uredg
(1+0) 970 (FT°0) 10 oz o) T10 (+<0) 670 (I+°0) €T0 (99) 91 puerod
(9+°0) €70 ) FAN] (ET0) 010 (9+0) 8T0 (£€°0) +T0 (001) 9T 2ouelg
(€£0) 970 (010 TT0 (+10) €170 (€70 +T0 (£T°0) £T0 (Lo 1z Areiy
(€c0) ot 0 (ZTOTT0 (LT0)8070 (8¢0) TH 0 (£+°0) 9€0 (€€T) 1F WOPETTY P2y
(6+°0) +€70 (60°0) 60°0 (BT0) 1170 (6£70) 0T 0 (€0 1T0 (0zE) 1€ ATTRTIEIRL)
2OV SNdS OHNI INIO@A AODM AOD (6S1AN) ZSLON
(£SINAN) TSLNN sJTU[) TenOd JO ON SN0,
“TT0T B2 sanfep

Jojearpuy Ajenbauy [euo13oy pue oAd] SLNN ‘Anuno)) £q sonsnels Arewwns ‘¢ xipuaddy



