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Abstract

The paper proposes a set of metrics and a methodology to measure the progress that
European Union Member States are making towards the development and integra-
tion of capital markets. It identifies a set of indicators and analyzes the performance
of these countries over the 2007-2018 period using a composite indicator approach
(in both a static and dynamic environment), based on the six priorities related to
achieving a well-functioning and integrated European capital market included in the
European Commission Capital Markets Union Action Plan. The author uses robust
clustering to identify groups of countries and tracks their development over time.
He finds that the process of capital market development and integration process has
started but is not completed and that it is mainly associated with countries’ adher-
ence to European increasing trends driven by the benchmarks rather than the policy
actions of countries aimed at catching up with the best performers.
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1 Introduction

European capital markets have experienced a continuous push towards development
and integration in the last decades (Baele et al., 2004). Since the Treaty of Maas-
tricht, the free movement of capital has been the backbone of EU’s single-market
mission, aimed at allowing European citizens to complete financial operations (e.g.,
in terms of investments, banking transactions, shares acquisitions) and companies
to invest and raise cheaper capital uniformly across the European Union. A further
relevant milestone was the introduction of the euro, which boosted capital market
integration in the European Monetary Union until the 2007-2008 financial crisis,
when this trend reverted to negative (ECB, 2018). Indeed, the financial crisis and
the subsequent sovereign debt crisis (2010-2013) have constituted a restraining fac-
tor for the integration process in Europe, both on the banking market (Emter et al.,
2019) and in terms of cross-border capital flows (Howarth & Quaglia, 2013). The
2015 Capital Markets Union (CMU) is considered the EU policy response to these
negative trends (Quaglia et al., 2016).

Specifically, CMU policies were designed to enhance capital markets under sev-
eral tangential perspectives. First, capital market integration is thought to be prodro-
mal to risk reduction in the overall system. Indeed, more integrated capital markets
would enable easier economic risk-sharing among countries (Agenor, 2001; Bekaert
et al., 2006; Veron & Wolff, 2016). Second, the ability of companies (and SMEs in
particular) to improve their access to finance also depends on capital market devel-
opment (Bekaert et al., 2005). In particular, more developed markets would extend
the financing portfolio from banking loans to capital market instruments (Veron &
Wolff, 2016) and fintech opportunities (Demertzis et al., 2018). Moreover, increas-
ing capital in the equity markets would make their access cheaper, further stimulat-
ing investments (Dye et al., 2017; Kose et al., 2006). Third, within an integrated
context it becomes easier for savers to better exploit investment opportunities, both
to look for superior returns and to diversify their investment portfolio (Agenor,
2001; Boldeanu & Tache, 2016). These factors are also corroborated by the promo-
tion of long-term and sustainable investments and by the development of a more
structured alternative finance market (e.g., for venture capital/private equity), which
is still limited in Europe with respect to the United States (AFME, 2018). Overall,
in the case of the CMU all these areas would concur to provide beneficial economic
effects, with the development of a stronger connection between individual savings
and economic growth through the means of investments (European Commission,
2015).

Given the relevance of capital market (CM) development and integration in the
EU political agenda, this work is aimed at investigating this process across the 28
EU countries' from 2007 to 2018. We leverage the CMU Action Plan policy frame-
work? and key objectives proposed by the European Commission (2015) to develop

! The United Kingdom is included as an EU member state within the analysed sample.
2 For reference, see the official regulation “European Commission, COM (2015) 468 final—Action Plan
on Building a Capital Markets Union”.
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a set of metrics based on different quantitative approaches. Despite our research
being mostly linked to existing literature measuring financial integration,’ this work
aims to introduce two main novelties.

First, we do not focus our analysis on the standard definition of financial integra-
tion but, rather, investigate the broader concept of capital market integration and
development as emerging from the definition of the European policymaker. Specifi-
cally, we deviate from the most common definition of financial integration—based
on the idea that an economic area is integrated if all countries have the same oppor-
tunities to access the market (Baele et al., 2004; Lemmen & Eijffinger, 1996)—and
we adopt a measure of the development and integration of capital markets more
closely related to the approach devised by the policymaker. This approach ena-
bles the development of an EU-specific monitoring tool, which could nevertheless
be also applied to other geo-political contexts after adapting the underlying policy
framework. Second, we conduct a robust statistical analysis adopting a set of differ-
ent metrics specifically aimed at measuring multi-faceted concepts like capital mar-
ket development and integration.

More specifically, we first use composite indicators: synthetic measures summa-
rizing different relevant and related dimensions into a single comprehensive number
(Nardo et al., 2008). The goal of this approach is twofold: on the one hand, to define
and provide a simple-to-interpret tool to measure CM development and integration,
and on the other hand, to observe the evolution of this indicator for the whole EU-28
and each individual country from 2007 to 2018, both through static comparisons
of ranks emerging from composite indicators and through dynamic performance
assessments based on data envelopment analysis (DEA; Coelli et al., 2005) and the
Malmquist Index (Fare et al., 1994a, 1994b). This latter approach also allows us
to disentangle the dynamic performance into country-specific versus more global
European Union “environmental” drivers. Then, we cluster countries along differ-
ent CM-related dimensions, adopting a statistically robust technique, i.e., a robust
trimmed clustering model (Garcia-Escudero, Gordaliza, et al., 2008). This analysis
helps us capture country-level patterns across clusters in time that could be associ-
ated with a change in the progress of the development and integration of their capi-
tal markets.

Our results indicate that most European Union countries saw their capital mar-
kets develop and improve during the last decade, despite the process of convergence
to the highest levels of the EU benchmarks being still ongoing. This result seems
to suggest that EU common policies towards market integration provide beneficial
effects for member states, in line with similar findings by Cherchye et al. (2007)
for a broader set of internal markets and by the ECB (2018) for financial markets.
Hence, we complement the existing literature by specifically analyzing capital mar-
kets, in light of the relevance and policy momentum emerging from the implementa-
tion of the Capital Markets Union Action Plan.

3 See, for instance, Hoffman et al. (2019) and Baltzer et al. (2008) for a review. Differently from works
focused on financial integration (e.g., ECB, 2018, and Hoffman et al., 2019), we adopt volume (rather
than price) indicators for all analyses.
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At the same time, by decomposing the dynamic development of EU capital mar-
kets via the Malmgquist Index based on Fire et al. (1994b), we find that most of the
beneficial effect is not guided by relative shifts towards the European benchmarks
but, rather, by changes in the benchmarks for performance themselves. This result,
consistent with Cherchye et al.’s (2007) interpretation, communicates that the Euro-
pean Union framework, and more recently the CMU policy, are creating a suitable
environment conducive to global performance improvement, which most member
states are exploiting to various extents.

Our work also contributes to the literature on the relationship between market
integration and financial crises, as well as related policy responses in integrated
markets such as the European Union (Emter et al., 2019; Howarth & Quaglia, 2013).
Our results on capital markets go in the same direction as what has already been
found in the literature on cross-border banking (Emter et al., 2019) and highlight
a reduction in the integration of capital markets in Europe during the period of the
sovereign debt crisis, i.e., between 2010 and 2013. At the same time, after the intro-
duction of the CMU Action Plan the level of capital market development and inte-
gration once again settled on the values prior to the crisis. This reaffirms the impor-
tance of a single capital market in the EU as a resilient asset to respond to crises,
similarly to what has already been experienced for the banking union (Howarth &
Quaglia, 2013).

At the same time, we find that this more recent leap forward in the integration
and development of EU capital markets (contemporary to the launch of the CMU
Action Plan) seems to be equally driven by both the catching up of countries lagging
behind during the crisis and the further improvement of the top performers, thus
suggesting that (additional) policy initiatives at the EU level are becoming increas-
ingly relevant to consolidate an environment that can further boost capital market
development and integration.

Lastly, our findings show also relevant policy implications on economic growth.
Indeed, we find that our CMU indicator is positively correlated to standard global
capital market openness measures, i.e. the Financial Openness Index (Chinn & Ito,
2006) and the Capital Control Indicator (Fernandez et al., 2016). Hence, our results
seem to confirm the CMU Action Plan as a concrete and relevant driver for Euro-
pean mid-term growth, given the positive relationship between financial and capi-
tal market openness and economic growth (see, for instance, Bussiere & Fratzscher,
2008).

The remainder of this work is organized as follows. Section 2 includes a descrip-
tion of the theoretical policy-based framework constituting the rationale for the
monitoring of the progression of CM integration and of the selection of the associ-
ated indicators, as well as a discussion of the performance of EU countries based
on a composite indicator approach. In Sect. 3, we move to the dynamic assessment
of country performance based on data envelopment analysis and a robust clustering
approach. Moreover, leveraging a Malmgquist Index analysis we investigate whether
these dynamics are driven by an individual country’s ability to catch up to Europe’s
top performers (those with the most developed capital markets) or by the bench-
marks themselves improving. To corroborate our findings, we then investigate the
correlation of our composite metrics with standard de jure capital market openness
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measures (in Sect. 4) and compare our findings to those obtained with similar met-
rics in the literature (in Sect. 5). Lastly, Sect. 6 offers some concluding remarks.

2 Measuring capital market development and integration
2.1 The policy framework

To measure the progress of EU countries in the development and integration of
capital markets, we follow the framework established by the European Commission
in its Capital Markets Union (CMU) Action Plan (European Commission, 2015).
Specifically, the European Commission has identified six central objectives,* the
pursuit of which are beneficial for the realization of a single EU capital market: 1.
financing for innovation, start-ups, and non-listed companies; 2. making it easier for
companies to raise funds on capital markets; 3. promoting investments in long-term,
sustainable projects and infrastructure projects; 4. fostering retail and institutional
investments; 5. leveraging bank capacity to support the economy; 6. facilitating
cross-border investments and promoting financial stability.

The first two objectives seek to introduce financing sources other than bank credit
for companies at all stages of life. This is particularly important for access to alter-
native financial instruments in the pre-IPO phase, while the latter objective aims to
facilitate companies’ access to public markets and the capture of debt and/or equity
instruments. The third objective reflects the need to channel capital towards infra-
structure and sustainable investments so as to favor new employment and strengthen
sustainable growth, respectively. Objective 4 calls for a greater opening of the mar-
ket for (retail and institutional) investors to increase their savings by offering house-
holds the best options for their pension decisions. Objective 5 aims to strengthen
the capacity of banks to continue supporting economies through financing. This is
made possible by transferring risk from the original lender to investors, freeing up
the banks’ capital for new credit grantings. Finally, Objective 6 includes initiatives
to create a fully integrated market with harmonized rules and without obstacles to
the flow of capital, in order to increase the EU’s ability to compete globally.

In this work, we consider these objectives as basic “pillars™ with which to meas-
ure the progress of countries towards CM development and integration. The two
main reasons are that we aim to limit arbitrariness in the framework definition by
selecting a truly exogenous one that is defined by the policymaker; second, we want
to introduce a monitoring instrument in line with the policy framework. However,
there is still a certain degree of arbitrariness given that more than one indicator
could actually be assigned to each objective.

4 In 2017, the European Commission published a mid-term review of the CMU Action Plan, introducing
a new key objective of “strengthening supervision and deepening capital markets in the EU”. This pillar
is not included in our framework, mainly because its introduction can only be evaluated for the last two
years of the sample (2017-2018).

5 In the rest of this work, we use both terms interchangeably.
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2.2 Theindicators

The selection of representative indicators underlying the theoretical framework
results from a mixture of different criteria. First, we look for a good compromise
between the fulfillment of the indicators with respect to their main objectives and
the availability of data in our sample. Consequently, we initially tried to adopt indi-
cators from European Commission documents (e.g., European Commission, 2016).
We then analyzed previous works measuring the progress of capital markets in the
EU in order to broaden the set of possible indicators (AFME, 2018; European Cen-
tral Bank, 2018). As a second criteria, we select indicators with a yearly frequency
(for the 2007-2018 period) and for all individual EU-28 countries, so as to avoid
imputing missing data. Third, we give preference to data whose source is public and
official, in order to facilitate replication of the analysis over time. However, these
three criteria are subject to data availability restrictions. In particular, we confirm
the lack of official statistics with the required granularity for indicators related
mainly to Pillar 1 (for example, on venture capital and private equity) and 3 (for
example, on alternative bonds). Therefore, for these cases we use data from private
sources, based on the pragmatic idea that each objective should be characterized by
at least one indicator.

The adoption of these criteria results in 11 indicators, two for each of the first 5
pillars and 1 for the last, which are available for the 2007-2018 period and for the
28 EU countries. The indicators used are designed in such a way that their (posi-
tive) growth is associated with a positive contribution to the improvement of capital
markets. Pillar 1 is composed of two different indicators that describe the degree to
which alternative financing instruments, namely venture capital and private equity,
are being introduced. These indicators are expressed as the ratio between private
equity or venture capital volumes and outstanding loans from non-financial corpora-
tions (NFCs). Therefore, an increase in this ratio would show the growing relevance
of alternative instruments compared to traditional financing. Similarly, two indica-
tors within Pillar 2 measure access to debt and equity markets: “relevance of NFC
debt” and “relevance of NFC equity”. In these cases, the total outstanding debt or
publicly traded shares of firms are compared to outstanding NFC loans. Also in this
case, a growing ratio indicates greater access to capital markets for firms. Pillar 3
also consists of two different indicators. On the one hand, the “adoption of alterna-
tive instruments” is formed as the ratio between the number of green, social, and
sustainable bonds® issued over the total number of bonds issued. An increase in this
ratio means that the diffusion of alternative bonds is becoming more relevant in the
relevant market. On the other hand, investments through public—private partner-
ships are used as an absolute value (expressed in billion euros). Pillar 4 is based on
savings from both retail and institutional investors expressed as a fraction of gross
domestic product. A rise in these indicators implies an increasing availability of sav-
ing funds. Pillar 5 consists of two indicators: first, the ratio between the issuance
of covered bonds and the total amount of outstanding loans in the economy, which

6 According to the definition adopted by “Dealogic”.

@ Springer



Measuring the relative development and integration of EU... 1049

shows the ability of banks to transfer risk to the market, and second, “deposit-taker
capital adequacy”, an indicator produced by the International Monetary Fund that
describes the soundness of the financial system and measures regulatory Tier 1 capi-
tal to risk-weighted assets.” Finally, the sixth pillar measures how the share of for-
eign investment is changing. As an approximation, we consider home-bias, which is
a measure of the overweighting of domestic investments in a country (Schoenmaker
& Bosch, 2008). We take its complement to 100% to ensure it makes a positive con-
tribution to the overall metrics. An increasing share of foreign investment means
more interconnected equity and debt markets within the EU, which could lead to
greater financial stability (Nardo et al., 2017).

Table 1 describes the selected indicators assigned to the six objectives and the
average EU performance for each of them before and after the adoption of the CMU
Action Plan in 2015.%

In the last four years of the sample, the mean value increased for nine of the
eleven indicators compared to the average for the 2007-2014 period. Conversely, a
negative evolution was seen in Pillar 5 (with slightly decreasing covered bonds) and
Pillar 3 (PPP more than halved). Furthermore, the performance among countries is
quite heterogeneous, with some results contrary to the average. In particular, less
than 50% of countries reported a decline in the indicator for cross-border portfolio
debt and equity investments in 2015-2018. However, the performance of most mem-
ber states in all indicators is in line with the mean in terms of sign.

2.3 The composite indicator approach

Despite generally increasing in time, countries’ performances in the pillars are at
least partially contrasting, with a few indicators showing lower performances in the
2015-2018 period. This variability does not provide a clear picture of the overall
phenomenon and needs to be synthesized by a single number. For this purpose, we
adopt the composite indicator, as a tool that can better measure multidimensional
phenomena (Floridi et al., 2011). In fact, this method allows pooling several indica-
tors into a single number and comparing the aggregate performance of the observed
individual units with each other and over time (Saisana & Tarantola, 2002).

7 A limited number of missing values were imputed using various sources (i.e., the European Central
Bank and the World Economic Forum) as references, as reported in the footnote to Table 6 of the Appen-
dix.

8 The selected set of indicators can fully represent the progress of CM development and integration
according to the framework of policymakers. Indeed, this work should in principle focus on the integra-
tion of capital markets only within the EU, as the framework is based on the original structure of the
CMU Action Plan (European Commission, COM (2015) 468 final), which contains a series of specific
measures dedicated to EU member states. This means that when it comes to international capital flows,
all indicators should only refer to cross-border movements within the EU. This would be the case in par-
ticular for Pillar 6, which is directly related to cross-border investments, and partly also for Pillars 1 and
2, as EU countries generally have access to foreign equity and debt capital markets. In this work, we were
able to distinguish between regional (EU) and global cross-border flows for Pillar 6, as the granularity
of the underlying source (i.e., FinFlows) made this analysis possible. However, due to limitations in the
chosen data sources, we were unable to do the same for the others.
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Therefore, it is a useful metric to examine the evolution of the relative performance
and progress of individual countries in our sample in relation to CM development
and integration.

However, the composite indicator literature suggests that the relative performance
of countries is subject to the “arbitrary” approach used to construct the composite
indicator itself (Valdes, 2018). In particular, each phase of the construction of the
indicator (that is, the normalization of the raw data, the weighting of the normal-
ized data, and their final aggregation) implicitly entails a source of arbitrariness and,
consequently, variability of the final composite (Bohringer & Jochem, 2007; Ebert
& Welsch, 2004).

In order to account for the level of arbitrariness, following Saisana and Munda
(2008), Munda and Saisana (2011), and Floridi et al. (2011) we adopt a “non-sim-
plistic” approach for composite indicator construction (Luzzati & Gucciardi, 2015).
The intuition behind this methodology is to directly propose a “plausible” rank,
rather than a single one based on a specific ad hoc combination of (normalization,
weighting, and aggregation) techniques. Following this approach, we generate 32
different yearly rankings for the 2007-2018 period, emerging from the combination
of five normalization, four weighting, and two aggregation techniques.” We produce
11 different “experiments”,'® each keeping one technique fixed and changing the
others. Hence, five experiments come from normalization, four from weighting, and
two from aggregation. For each of these scenarios, we calculate the average rank by
member state and year. The minimum and maximum values among these averages
can vary between 1 and 28 (even if in practice some ranks are not filled due to the
average in the experiments) and represent the delimiters of the range of possible
ranks. Lastly, to determine the plausible rank, we take the average of the ranks of the
11 experiments, again by country and year.

We first provide a visual representation of the results for 2018, which are in line
with the outputs produced by Saisana and Tarantola (2002), Saisana and Munda
(2008), and Luzzati and Gucciardi (2015), among others. Specifically, Fig. 1 rep-
resents the ranking of the 28 EU countries according to our (plausible) composite
indicator metrics.

The uncertainty around the construction of composite indicators and related
rankings is embedded within this kind of representation. In particular, on the one
hand countries are ordered using the plausible rank (indicated with a dark grey
dot!!), based on the definition already provided. The emerging result provides the
plausible ranking of EU countries for 2018 for our composite indicator metrics.
Nevertheless, this is a peculiar ranking since it does not cover the entire possible
distribution (from 1 to 28) but is instead capped at 3 and 25 and some inner ranks

9 Tables 7, 8, 9 and 10 in the Appendix report details on the different techniques, their combinations,
and an example of composite indicator scores for the whole sample based on z-score normalization,
equal weighting by indicator, and linear aggregation. The scores and rankings for all 31 other composite
indicators are available upon request.

10" See Table 11 in the Appendix as reference for the adopted “experimental” set-up.

! The associated label indicating the rank is rounded up to the unit for graphical clarity.
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1052 G. Gucciardi

are never covered (for instance, 4, 12, and 16), since ranks are calculated as aver-
ages of different experiments. On the other hand, the light-grey bar represents the
plausible range, which is delimited by a lower and an upper bound, respectively
obtained as the minimum and the maximum value of the ranks obtained by the
country according to the 11 experiments. The more extended is the bar, the larger
is the maximum dispersion around the average of the country’s ranks.

What emerges from this analysis is that despite this ranking embedding the
uncertainty inherent the construction of composite indicators through ranges of
rankings, an individual country’s ranking domain is still limited to a few posi-
tions. In other words, our approach allows discriminating country performance,
for instance, determining if, on average, one country exhibits a relatively bet-
ter performance than another. For example, Denmark (the top-placed) shows a
clearly better performance than Latvia (the last one), but also compared to France
and the Netherlands (the 6th and the 7th), despite some uncertainty still remain-
ing for closer ranks. All in all, we can rely on our plausible ranking approach as a
tool for comparing performance between countries.

Based on this method, we can also provide a first descriptive grouping of mem-
ber states based on their 2007-2014 ranking and their growth performance in the
period from 2015 to 2018, as illustrated in Fig. 2.

In this figure, the overall region is divided into four quadrants by two axes.
The first separates member states along the vertical axis into those with a promis-
ing standing (first half of the ranking) and those with potential for improvement
(second half). The second groups countries along the horizontal axis into those
rising (right side) and declining (left side) in their relative rank. To prevent a
strict interpretation of the data, we additionally include a “buffer” area between
-5 and + 5 percent in which the performance of member states may be regarded
as constant over time.

Four clusters appear from this depiction. First, the “moving ahead” group
in the upper-right quadrant reflects top-level performance consolidation, with
more than 5% gains from 2007-2014 to 2015-2018. On the opposite side of the
matrix, three “falling behind” states are losing ground in their rankings and were
already in the bottom half of the 2007-2014 standings. Two countries are “los-
ing momentum”, meaning they maintain a strong position but have a large rela-
tive decrease in ranking compared to the previous period. Four member states, on
the other hand, are “catching up”, having gained a considerable boost in ranking
that shows them converging toward more solid performances. All other member
states exhibit steady performances when comparing the periods before and after
the CMU Action Plan.

This descriptive approach acknowledges different levels of development and inte-
gration of capital markets within the EU and provides suggestive indications that
the EU process of convergence in this field has not been accomplished and is still
ongoing. Nevertheless, we find an overall average improvement since 2015. This
insight is not surprising given that, on the one hand, the Action Plan is a progressive
program with actions to be implemented from 2015 to 2019 and, on the other hand,
many of the dimensions underlying the composite indicator require a congruent time
to favorably react to the enacted policies.
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Fig. 1 Composite indicator plausible rank and range by EU country (2018)

2.4 Decomposing capital markets metrics by CMU key objectives

While one of the primary benefits of composite indicators is that they provide a syn-
thesis of heterogeneous phenomena, decomposing the final scores into their compo-
nents may be beneficial in understanding the function that each underlying indicator
or objective plays in determining the final ranking. With this in mind, we analyze
the variation in the pillars from the broader capital market metrics, constructing a
country ranking for each of the six components and comparing it to the plausible
ranking derived from the overall composite indicator. In other words, we evaluate
member states based on the six objectives underpinning the CMU Action Plan to
determine whether the resulting rankings are (on average) more or less aligned with
the plausible ranking derived from the overall CMs metrics and which pillars com-
pensate for each other.'?

12 If the difference between one pillar’s rank and the plausible rank falls within the range [ 1; 1], we
consider it to be negligible and we interpret the pillar’s performance as aligned with the overall one. In
other words, if that pillar is used as a proxy it may be a “good guess” of the entire CMs indicator. If the
discrepancy is greater (smaller) than one, we conclude that the examined pillar is over-(under-)estimating
the total rank. As a result, if the number of “good guesses” for each pillar is limited, then we conclude
that it provides greater variability in the CMs ranking definition. For the purpose of robustness, we have
also used sum-of-square metrics to assess ranking discrepancies, finding similar results.
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Fig.2 CMs performance matrix (2015-2018 vs. 2007-2014) by EU country. The taxonomy used to
define the quadrants in this figure is adapted from Fagerberg and Srholec (2005)

For this analysis, we choose 2018 as the reference year. Interestingly, the 2018
rankings based on individual pillars do not provide the same member state posi-
tions as the plausible ranking (shown in Fig. 1). Comparing rankings reveals that
pillar 4 (foster retail and institutional investments) has the most consistent behav-
ior with the plausible ranking of one. On the other hand, the pillars showing more
variability are the fifth and sixth. This variation reveals that states listed in the
top half of the plausible ranking are penalized when only pillars 5 (leverage bank
capacity to support the economy) and 6 (facilitate cross-border investment and
promote financial stability) are included. This finding is policy-relevant since it
might indicate countries’ vulnerable areas, which can be the focus of measures to
further promote CM development and integration. Looking at the objectives with
the greatest difference as compared to the plausible ranking (i.e., 5 and 6), some
of the member states with the most important gaps are not in the Eurozone, which
according to our assessment may function as a facilitator for cross-border invest-
ment in the absence of currency risks.

Overall, these data yield two major conclusions. First, while there is evidence
that fostering retail and institutional investments (i.e., objective 4) appears to be
the best single proxy for investigating CMs performance at a glance, the definition
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of a metric measuring capital market development and integration is inherently
multi-faceted and cannot be fully synthesized by a single pillar without losing rel-
evant information supplied by the others. Second, based on evidence that mem-
ber state performance is not uniform across pillars and that some of them (i.e., 5
and 6) exhibit more relevant changes in rankings, policymakers could set different
priorities for each objective to foster CM development and integration according
to a more focused and efficient approach.

3 Dynamic performance assessment

Up to this point, we have examined member state performance in terms of their rela-
tive position in annual rankings from 2007 to 2018. Despite the ability to compare
countries across time, this type of investigation is inherently static because rankings
are created on an annual basis and any improvement (worsening) in a country’s rank
can only offer information about its relative position. In this section, we adopt a col-
lection of tools that can shed the light on two further relevant perspectives: whether
the country is improving its performance in comparison to a common benchmark,
and whether the overall performance of the EU-28 is rising (lowering) over time.
To examine the evolution of member state performance over time in this way, we
use two complementary methodologies: data envelopment analysis (Charnes et al.,
1978; Farrel, 1957) and the Malmquist Index (Caves et al., 1982; Fire et al., 1994a,
1994b; Malmquist, 1953). Furthermore, for the sake of robustness we compare the
DEA findings to those obtained from a robust cluster analysis.

3.1 Data envelopment analysis

The original aim of data envelopment analysis (DEA) is the evaluation of the effi-
ciency of productive “decision-making units”, based on inputs and outputs, in a non-
parametric setting in which the functional form of the production function is not
known a priori. The objective is to identify the most limited set of viable inputs
for each examined unit in order to determine the greatest potential output (Coelli
et al., 2005). As a result, units can be rated depending on their proximity to the
efficiency frontier: If their efficiency cannot be improved given their inputs, units
are on the frontier and receive the highest possible score (that is, 1), whereas if it
can be improved using a feasible different combination of inputs, their score is rep-
resented as a fraction of 1, based on the distance from the frontier itself (Charnes
et al., 1978).

Interestingly, this technique has also impacted the literature on composite indica-
tors, for two primary reasons. First, DEA provides a ranking of units based on some
input and output variables, just like composite indicators provide a score (and hence
a ranking) based on the aggregation of sub-indicators. Second, DEA enables this
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ranking to be obtained without establishing a hard functional form in the indicator’s
construction.?

As a result, and in line with Cherchye et al. (2007), in our framework units cor-
respond to the 28 EU member states, inputs are created as an equal-to-one dummy
variable, and outputs are the 11 indicators'* underpinning the CMs metric. Further-
more, the reference periods are the years from 2007 to 2018.!> We first present the
2018 results, which are depicted in Fig. 3.

In 2018, nearly 40% of member states reached the CMs metrics frontier (in blue
in Fig. 3), decreasing from 46% in 2017 but still a higher value than the average
for the whole sample period (37%). Remarkably, while four countries moved away
from the frontier between 2017 and 2018, two of them reached it over the same time
period. At the same time, more than half of the member states that were below the
frontier in 2017 managed to improve their relative performance, moving closer to
or reaching it in 2018. Furthermore, in 2017 and 2018 the average distance to the
frontier, computed as the arithmetic mean of the distance to the frontier by country,
remained relatively steady (87%).

We also replicated the analysis comparing the average post-CMU Action Plan
performance to that before the implementation of the CMU Action Plan. Spe-
cifically, we compute the average number of members states on the frontier in the
2007-2014 period versus 2015-2018, as shown in Table 2.

Two major outcomes emerge. First, since 2015 the proportion of countries mov-
ing to the frontier has risen, on average. Indeed, during the post-CMU Action Plan
period almost 40% of member states received a score of 1, compared to only 36%
from 2007 to 2014. This outcome serves as a further signal of the convergence of
EU member states towards the development and integration of capital markets.
Moreover, this approach provides some insights that help link the consequences of
the European Sovereign Debt Crisis to the evolution of EU capital markets. Indeed,
the share of member states on the frontier reached an average of approximately 34%
in the 2010-2013 period, decreasing from 38% in the previous period (2007-2009)
but increasing again since 2014 and stabilizing, as previously stated, roughly at the
pre-crisis level in the post-CMU phase. This is also consistent with Emter et al.
(2019), who find a link between deteriorating financial assets due to the crisis and
the reduction of financial market integration displayed by the retrenchment of EU
cross-border banking.

Overall, these findings reflect the outcomes of the composite indicator analysis: a
rising performance since 2015, with a light slowing in the final years of the sample.

13 This is especially important in terms of the weighting system because DEA may apply weights to
dimensions by design in order to provide the best possible results for the units given their dimensions.
This feature, also known as the “benefit of doubt” (BoD) in the related literature (Melyn and Moesen,
1991), is especially important since it decreases the amount of arbitrariness in the indicator’s develop-
ment.

4 To prevent bias in the DEA estimation due to the presence of zeros in some of our indicators, we use
a transformation of the indicators based on Bowlin (1998), which adds an extremely low scalar (in our
instance 1E-16) in the presence of zeros. The Malmquist Index analysis follows the same transformation.
15 The DEA indicator calculated for the whole sample is presented in Table 12 of the Appendix.
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Indeed, while on average the European Union experienced an essentially steady
performance in terms of capital market development and integration progress from
2017 to 2018, a drop in the number of member states on the frontier (from 13 to 11)
emerged over the same period.

3.2 Robust cluster analysis

Following Cariboni et al. (2015), we conduct a robust cluster analysis to provide
more evidence for previous conclusions, with the goal of further studying the
dynamic trajectories of member states toward EU capital market development and
integration. With this in mind, we use the robust trimmed clustering model estab-
lished by Garcia-Escudero et al. (Garcia-Escudero, Gordaliza Ramos, et al., 2008;
Garcia-Escudero, Gordaliza, et al., 2008), due to its applicability and suitability to
our investigation approach.

This technique allows us to take advantage of three important features. First, the
suggested number of clusters does not need to be chosen a priori since the most
appropriate number arises from a statistical criterion (e.g., the Bayesian information
criterion, BIC), which allows the selection of the most informative model, thereby
minimizing ex ante assumptions (Fraley & Raftery, 1998). Second, unlike standard
techniques such as k-means, this methodology allows for more flexible clustering as
well as “non-spherical” shapes (Garcia-Escudero et al., Garcia-Escudero, Gordaliza,
et al., 2008). Third, this approach retrieves a number of outliers from the data, which
may be removed from the overall clustering estimation to prevent biases (Rocke &
Woodruff, 1996).

Our clustering is based on the same eleven variables that underpin the formu-
lation of our CMs (composite indicator) metrics. We adopt the MATLAB func-
tion fclust to estimate the clusters using robust approaches (Riani et al., 2012).
However, given the number of investigated countries, this approach is not able
to handle the estimate of more than two clusters;'® therefore, we first run a prin-
cipal component analysis (PCA) to obtain a reduced number of components to
include in the clusterization, yielding four components.!” Even though these four
components are not always dominated by a single variable, a predominance for
each of them may be established. Specifically, based on factor loadings analysis'®
we get that the first component is guided by two pillar 4 indicators (retail and

16 sclust starts by estimating k ellipsoids based on i+ 1 observations (where i is the number of indicators)

chosen at random for each group. In our case, therefore, since the dataset has 28 countries and 11 indica-
tors:

fork=2:(i+1) *k=12 * 2=24;

fork=3:(i+1) *k=12 *3=36;

hence, tclust would fail for any k> 2.
17 Table 13 in the Appendix shows the PCA analysis results. The number of components is determined
using both Kaiser (1960) and Jolliffe (1973) criteria, since the number of components showing larger-
than-one eigenvalues (also taking into account their confidence intervals, as shown in Fig. 6 of the
Appendix) and explaining approximately 70% of total variance is equal to four.
'8 Shown in Table 14 of the Appendix.
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Fig. 3 Countries on the 2018 DEA frontier

institutional investments) and one pillar 2 indicator (relevance of NFC equity).
The second is driven by cross-border portfolio debt and equity investments and
deposit-taker capital adequacy, the third by the covered bonds indicator, and the
fourth by the use of alternative instruments.

The robust trimmed clustering methodology depends on the specification of
three parameters to estimate our clusters: the supposed number of clusters (k), the
proportion of outliers to be discarded (a), and the restriction factor on the covari-
ance matrix shape (RF). Given the size of the sample (28 member states), we test
two potential values for k£ (2 and 3) and three for a (3.6, 7.1, and 10.7 percent,
respectively accounting for the exclusion of one, two, or three countries from the
sample). Furthermore, we investigate six alternative degrees of restriction factors,
namely 1 [equivalent to the conventional k-means clustering technique (Hartigan
& Wong, 1979)], 5, 50, 100, 200, and 500. As a result, we estimate 36 alternative
cluster analyses based on the three selected parameters. The optimal specifica-
tion is then chosen based on the monitoring of the BIC. The estimate is done year
by year for the duration of the analysis (2007-2018). This allows us to assess
the consistency of the optimal specifications over time and the performance of
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Table 2 Evolution of the number of countries on the frontier
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Countries on the
frontier (#)

Average ratio (%) 36% 40%

countries’ CMs metrics through a dynamic analysis of their membership in the
same or other clusters.

Coming to the results shown in Fig. 4, our robust clustering trimmed estimation
leads to the selection of a model with three outlier countries and two clusters for
each year of the sample.”

The first implication of the trimming is the exclusion from clustering of mem-
ber states with consistently high performance (signaled with grey in Fig. 4). Among
the outliers, we get several countries that perform extremely well in one or more
components when compared to the average. This is certainly the case of the United
Kingdom, which outperforms in many areas, and Denmark, which is significantly
strong in the covered bonds indicator, the Danish covered bond market being one
of the oldest and most advanced in Europe (Dick-Nielsen et al., 2012), as well as
Sweden and Luxembourg. Nevertheless, outstanding performances are not neces-
sarily equally distributed across all pillars, with some outlying countries showing
less robust performances in specific areas (e.g., cross-border investments and finan-
cial stability in the case of the UK). Moreover, we do not consider a few additional
member states exhibiting an outlying performance in only a few years of the sample
as strict outliers.

Regarding the characterization of the two clusters, we divide them into “standard
performers” and “top performers” (shown in Fig. 4 with green and blue, respec-
tively), where the latter is defined as the group of countries performing better for the
majority of the components underlying the cluster estimation.”’ We should empha-
size that the components that determine the definition of the “top performer” group
are not homogeneous and stable over time and are dependent on the yearly cluster-
ing estimation. For instance, member states allocated to the “top performer” cluster
in 2007 exhibit quite good or very good performances in components 1, 2, and 4
(though only fair performance in component 3) but countries assigned to the same

19" As displayed in Fig. 7 of the Appendix, the analysis of the BICs suggests a substantial stability of
the features of the most informative models. Indeed, for the whole sample we should choose two clus-
ters (k=2) and three outliers (¢ =10.7%). Trimming is therefore important for model definition. At the
same time, the restriction factor should be higher than 100 and, in particular, equal to 500 for most years
(2007-2008, 2010-2015, 2017-2018) and equal to 200 for 2009 and 2016, even though even in these
cases the difference between the 100 and 500 versions is quite small. This indicates that an ellipsoidal
shape, rather than the usual spherical k-means structure, is better suited to categorizing our data.

20" At least three of the four components extracted from the PCA and used for clustering. In the event of a
tie (2 versus 2 components), we choose the cluster with the highest median value of component centroid
locations as the “top performer”.
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Fig.4 Evolution of clusters by country and year (2007-2018)

cluster in 2018 show top performance in components 1 and 4. However, other fac-
tors are more commonly correlated with high performance. Indeed, in eleven of the
twelve sample years components 1 and 4 are essential in establishing the criteria for
the “top performer” cluster. Together with pillars 2 and 3, which are partially cov-
ered by components 1 and 4, these two components make up all of the contents of
pillar 4 (foster retail and institutional investments) and appear to be primarily linked
with a strong overall performance in CM enhancement. Conversely, a good perfor-
mance in components 2 and 3, which sum up all the contents of pillars 5 (leverage
bank capacity to support the economy) and 6 (facilitate cross-border investment and
promote financial stability), is associated with membership in the “top performer”
cluster only in 25% and 50% of cases, respectively, confirming the insight regarding
the limited correlation of pillars 5 and 6 with the overall CMs metrics (see para-
graph 2.4).

Looking at individual performance, several countries exhibit very consistent
trends across the whole period. Specifically, four member states are always clustered
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among the “standard performers” (Greece, Croatia, Hungary, and Romania), while
another ten are mostly part of this group, as they are classified as such for at least 80
percent of the period (Bulgaria, Cyprus, Czech Republic, Germany, Ireland, Estonia,
Latvia, Poland, Portugal, and Slovakia). On the other hand, in addition to Denmark,
Luxembourg, Sweden, and the United Kingdom, three countries stand out as “top
performers”: the Netherlands (for eight years) and Italy and France (for six years).
The remaining seven member states show occasional variation in their patterns, with
some of them belonging to the “top performer” cluster in the first (e.g., Belgium,
Malta, and Slovenia) or last years of the sample (e.g., Finland, France, and Spain).

Investigating the aggregate pattern of countries over time, we can see that the
ratio of member states moving towards higher performance has been growing since
2015. Indeed, as indicated in Fig. 4 about 28% of countries, on average, belong to
the “top performer” cluster in the post-CMU Action Plan period, whereas the ratio
for the 2007-2014 period was just 18%, accounting for a 9-pp difference between the
two phases. Furthermore, if we isolate the European Debt Crisis period (2010-2013)
we see that the proportion of member states belonging to the “top performer” cluster
is lower (10%) than in the post-CMU Action Plan phase and declined compared to
the prior period (2007-2009).

Hence, these findings overall support the conclusions of the DEA, providing solid
evidence on average increasing levels of CM development and integration, particu-
larly after the drop due to the European Sovereign Debt Crisis and since the launch
of the CMU Action Plan.

3.3 Measuring the evolution across time through the Malmquist Index

So far, we have observed that an increasing performance in terms of capital market
integration and development has been materializing in recent years. The next step
is to determine whether this growth is mostly due to increases in the “relative” per-
formance of countries against European market benchmarks, to benchmarks them-
selves improving over time, or to a balanced combination of these two outcomes. To
address this question, we use the methodological approach developed by Caves et al.
(1982), who proposed the adoption of DEA within a dynamic context.

The underlying idea in Caves et al.’s work is to expand the DEA method by meas-
uring the development of unit performance across two periods through the estima-
tion of the ratio of the distance between each point and a shared benchmark. Indeed,
the possibility of using DEA to compare unit performance over time is restricted
by the fact that individual ranks are intrinsically referenced to distinct frontiers that
change over time. In contrast, the Malmquist Productivity Index (MPI) compares
the change in performance between two observations from year to year by deter-
mining the ratio of the distances of these observations from the common frontier.
In other words, the MPI traces the change (from period 7 to period #+ 1) in each
country’s performance relative to the frontier during the same time period (at period

@ Springer



1062 G. Gucciardi

tor t+1).2! As a result, within this context it is feasible to compare both the per-
formance of a country over time as well as against other countries (Bosetti et al.,
2007).

Another interesting feature of the MPI is the possibility of decomposing the
index into two factors (or effects), usually called “efficiency” and “technical”
effects (Wang, 2015), whose product is by construction equal to the MPI. While
these two definitions and their interpretation directly come from the productiv-
ity literature, they are adaptable to our setting. Intuitively, a country can reach
the frontier (i.e., the benchmark performance) through two (combinable) effects.
First, it can simply improve its own performance (efficiency effect). Second,
it may come nearer to the frontier because the frontier itself moves (technical
effect). In our setting, the efficiency effect would therefore measure the “idiosyn-
cratic” capital market development and integration progress of each country, once
the overall trend of the market (technical effect) has been taken into account.

More formally, the first factor can be defined as the ratio of the relative CM
performance at time ¢ and 7+ 1 with respect to the frontier in the same period.
In our case, it can be interpreted as the share of the evolution of the capital mar-
ket metrics inherently due to the individual country’s behavior (we call this the
“idiosyncratic” effect). In other terms, this effect describes countries’ dynamic
behavior within a DEA-like setting: An increase in this factor (i.e., a>1 ratio)
represents a convergence towards the frontier, while a decrease (i.e., a< 1 ratio)
indicates a divergence from it. On the other hand, the second factor is defined
as the geometric mean of two ratios: 1. the distance between a country’s per-
formance at time ¢ and the frontier taken first at time ¢ and then ¢+ 1; 2. the dis-
tance between a country’s performance at time 7+ 1 and the frontier taken first
at time ¢ and then 7+ 1. In our setting, we can think of it as the share of capital
market development and integration evolution due to the global common best-
practice trends (we call this the “adherence to global trends” effect). In practice,
an increase in this factor (i.e., a> 1 ratio) signals that the movement of the fron-
tier from ¢ to t+ 1 is favorable for the country, determining an improvement in the
CM metrics.

As a result, we compute the MPI for the CM metrics (MCMs) for our sample,
which includes the 28 EU member states as units of investigation from 2007 to 2018.
We specifically look at the progression of CM Malmquist performance, compar-
ing post- and pre-CMU Action Plan outcomes. To do this, we calculate the annual
index by country and then take the geometric average of those results for the years
2007-2014 and 2015-2018, respectively. Lastly, we compute the geometric average

2! To reduce arbitrariness, it is generally computed towards both borders (7 and 7+ 1) and the final MPI is
derived as their geometric average.

22 Several works have used this technique since Fire et al. (1994a) and Fire et al. (1994b), mostly to
investigate productivity changes over time. Its application to composite indicators has recently renewed
and expanded interest in this useful tool, particularly in the social (Bernini et al., 2013; Carboni and
Russo, 2015; Peir6-Palomino and Picazo-Tadeo, 2018) and environmental (Kortelainen, 2008; Wang,
2015; Wang, 2019; Wang et al., 2016) fields.
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of these outcomes by member state to produce the average EU-28 performance for
the two periods, which is displayed in Table 3 alongside the factor decomposition.

Since 2007, the 28 EU member states have seen an improving yearly performance
(+4.4%) on average, based on this synthetic index. Furthermore, we find no sig-
nificant variation in annual performance when comparing the pre- and post-CMU
Action Plan periods (+4.3% vs. +4.5%, respectively). Remarkably, the total effect
for the entire sample appears to be driven by the “adherence to global trends” fac-
tor (+4.5%), implying that the improving performance of member states in CMs
is based on improving EU best-practice trends and an openness to global markets
rather than country-specific policy initiatives allowing them to catch up to those
benchmarks. In other words, this result reveals the predominant positive impact of
a more favorable policy environment on CM development and integration and con-
firms that this progress in not guided by performance shifts with respect to best-
performer countries.

At the same time, the adherence to global trends seems to be crucial mostly in
the pre-CMU period (+5.8%), given that it more than compensates for the declin-
ing level of the idiosyncratic component (-1.3%), consistent with our DEA results.
Conversely, since 2015 the two factors have contributed equally to the average
Malmquist CM Index rise, with both components exhibiting a 2.2% annual increase.
This result may be motivated by the fact that the European Sovereign Debt crisis
might have generated a move away from the best performers for some countries
(with a negative average idiosyncratic effect in the first period) and that the CMU
policy mix, developed starting from 2015, managed to provide equal weight and rel-
evance to both the catching-up factor in the following period (+2.2% average of
the same effect in the 2015-2018 period), as well as the change in the benchmarks
(though implicitly generating an overall reduction of this “genuine growth”).
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Fig.5 Openness of capital markets: global trend versus idiosyncratic effects (2007-2018)
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We now turn to Fig. 5 to further explore the relationship between the decomposi-
tion of performance into the two factors and the overall evolution of the index, mak-
ing use of geographical heterogeneity.

This graph combines two types of information. First, the color assigned to mem-
ber states describes the 2007-2018 total MCM index. Countries in green substan-
tially boosted their performance (>5%), those in red considerably reduced it (-5%),
and those in blue exhibited a steadier performance. Second, member states are dis-
tributed along two axes that reflect the “idiosyncratic” and “adherence to global
trends” effects. Figure 5 shows that the “adherence to global trends” factor has a
larger dispersion than the “idiosyncratic” one.

This finding has two interpretations. First, the EU’s global market openness
appears to be more important than extra country-specific efforts to determine capi-
tal market enhancements. Indeed, we see that the eight member states with a sub-
stantial improvement in performance overall (in green in Fig. 5) have also seen an
improvement in the “adherence to global trends” component (in seven cases greater
than 5%). In other terms, global market openness appears to be more predictive of a
country’s overall good progress in capital market development and integration than
additional attempts to catch up to the EU benchmarks. Indeed, all member states
that showed a considerable increase in the “adherence to global trends” component
saw an increase in the overall index (and larger than 5% in 70% of cases). Second,
a substantial increase in the “idiosyncratic” component does not appear to be the
most effective predictor of an overall improvement in capital market integration
(approximately 12% of the occurrences). In other words, according to our metrics
once the global market trends have been taken into account, country-specific initia-
tives (potentially including actions implemented in accordance with the CMU) may
not be sufficient to catch up in terms of capital market development and integration.

When focusing on the components of the changes in performance by country,
we find that global change is systematically more important than idiosyncratic ones
(in approximately 90% of cases). This result confirms that the overall development
and integration of capital markets is mostly driven by a favorable policy environ-
ment within the EU. In order to provide further insight into this phenomenon, we
compare the Netherlands and the UK, two countries at the frontier at the beginning
and the end of the sample (i.e., whose idiosyncratic effect is equal to 100%) and for
which we find the maximum and minimum level of environmental effect (+ 13% and
— 5%, respectively). This difference means that the environmental effect has contrib-
uted more strongly for the Netherlands, which shows a more balanced performance
across the different pillars in the spirit of the policy mix, compared to the UK, which
was in turn penalized by its strong specialization in some pillars and very low per-
formance in others, particularly with respect to CMU pillar 6 (cross-border invest-
ments and financial stability).

Two major conclusions arise from this analysis. On the one hand, the annual
rise in the Malmquist CMs Index of EU member states is mostly explained by their
involvement in global markets. When the global trend is considered, country-spe-
cific “idiosyncratic” catching-up initiatives do not appear to play a role in the devel-
opment and integration of capital markets. On the other hand, while this finding is
valid when looking at the 2007-2014 period, global patterns have explained just half
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Table 3 Evolution of Malmquist CM Index and effect decomposition (yearly average for 2007-2014,
2015-2018, overall period)

Overall effect (%) “Idiosyncratic” effect “Adherence to
(%) global trends”
effect (%)
Overall period +44 -0.02 +4.5
2015-2018 +4.5 +2.2 +2.2
2007-2014 +4.3 -13 +5.8

of the overall growth since 2015, with benchmark catching-up shifts (mostly after
the crisis) appearing as increasingly important to sustain the prior yearly growth
pace.

Our findings are consistent with previous works analyzing the process of develop-
ment and integration of the EU economies. In particular, leveraging a DEA compos-
ite indicator and a Malmquist analysis, Cherchye et al. (2007) find that the EU mem-
ber states progress in different sectors, mostly thanks to the improvement of best
practices rather than due to catching-up components, thus concluding that belonging
to the EU environment is conducive to performance improvement for member states.

4 Comparing capital market development and integration metrics
with de jure capital market openness measures

The Malmquist analysis suggests that the growth in our CM development and inte-
gration metrics is mostly guided by the adherence of countries to global trends
towards open European capital markets.

To further corroborate these results, in this section we investigate the correlation
between our capital market development and integration metrics and some popular
measures of capital account and market openness. On one hand, we proxy capital
market development and integration using both our composite indicator’® and the
DEA scores. On the other hand, to account for global capital market openness trends
we adopt a set of de jure openness measures, since they describe the presence of
barriers to capital account transactions through an index according to which larger
values are associated with lower restrictions to capital flows (Bussiere & Fratzscher,
2008).

All these measures are based on different interpretations and subsequent cal-
culations of the IMF’s Annual Report on Exchange Arrangements and Exchange
Restrictions (AREAER), which provides as output a dummy variable codifying
the restriction of international financial flows. Based on Cerdeiro and Komaromi
(2019), in this work we consider and discuss the following measures.”* The first is

2 In particular, the one built through the z-score normalization and linear aggregation of the equally
weighted indicators.

24 A detailed discussion of the differences among the indices goes beyond the scope of this work. For a
deeper description, see Quinn et al. (2011).
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the Quinn Index (Quinn, 1992, 1997), which is constructed on capital and financial
current account regulations, covering relevant aspects such as payments for imports,
receipts from exports, payment for invisibles, receipts from invisibles, and capital
flows by residents and by non-residents (Quinn et al., 2011). The second measure is
the Chinn-Ito Financial Openness Index, also known in the literature with the acro-
nym KAOPEN (Chinn & Ito, 2006). This index is obtained by taking the first stand-
ardized principal component of the AREAER dummies related to current account
and capital account transactions, requirements on export proceed surrenders, and the
existence of multiple exchange rates. For our purposes, we consider its normalized
version with the [0, 1] range, where 1 indicates fewer restrictions on transactions.
The third measure is the Capital Control Indicator, also known with the acronym
FKRSU (Fernandez et al., 2016). This index allows coding the presence of capital
account restrictions for twelve different asset classes. Moreover, it provides a distinc-
tion between resident and non-resident transactions in the domestic and foreign mar-
kets. The fourth measure is the Wang—Jahan index (Jahan & Wang, 2017), which is
more specifically built to assess lower-income countries and, for this reason, is less
appropriate in this context than the original AREAER document. For the purposes
of our correlation analysis, we adopt the Financial Openness Index (KAOPEN) indi-
cator, mainly because the dataset is publicly available and because it covers most of
our sample (27 countries® from 2007 to 2017). For the sake of robustness, we also
use the Capital Control Indicator (FKRSU), despite it covering only 23 countries®®
for the same time span.

From a statistical point of view, we estimate the correlation between our metrics
for capital markets development and integration and the de jure capital market open-
ness measures performing both a rank-correlation analysis and an OLS estimation.
Rank correlation is used to estimate the relationship between rankings of different
variables. Here, we run eight different estimations based on the combination of
comparisons between the composite indicator and the DEA with the ranking of the
Financial Openness Index and the Capital Control Indicator, respectively, and using
both the Spearman and Kendall rank correlation techniques.

Table 4 shows that a positive correlation emerges in all specifications, with
coefficients of around 0.4 for all Spearman correlations. As expected, Kendall’s
tau shows lower coefficients, but still around 0.3. All correlations are statistically
significant, with the specifications including the Capital Control Indicator show-
ing weaker p values. These results suggest that countries with higher-than-aver-
age levels of the capital market development and integration metrics also have a
higher probability of reduced de jure barriers to capital flows and of being more
open to global capital markets, thus confirming our previous findings.

We now estimate the same correlations with standard OLS. Following Fernén-
dez et al.’s (2016) methodology, we first take the average value over the com-
mon sample period (2007-2017) for each country and each variable (i.e., com-
posite indicator, DEA, Financial Openness Index (KAOPEN), and Capital

25 The index is missing for Luxembourg.
26 The index is missing for Estonia, Croatia, Lithuania, Luxembourg, and Slovakia.
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Control Indicator (FKRSU)). We then regress them according to the following
specifications:

CI, = a + f KAOPEN, + ¢;; (1)
DEA, = a + p KAOPEN, + ¢;; )
Cl, = a + p FKRSU, + ¢;; A3)
DEA = a +  FKRSU, + ¢;; )

where CI;,, DEA, KAOPEN,, and FKRSU, are the average values over the sample
period of the scores of the composite indicator, DEA indicator, Financial Opennness
Index, and Capital Control Indicator for country i, respectively, while ¢; is the error
term. We are interested in determining the value of the § coefficient in each of the
specifications, since it represents the correlation between the de jure measure of
capital openness and our capital market development and integration metrics.

Table 5 shows the results of the OLS estimations. We find that the coefficients
are positive and statistically significant in all cases, with higher significance lev-
els for the specifications including our composite indicator as the dependent vari-
able. Moreover, the correlation is slightly stronger when we use as regressor the
Financial Openness Index rather than the Capital Control Indicator Index. Hence,
overall, a positive correlation between our metrics and the de jure capital open-
ness emerges, consistent with the ranking correlation analysis.

These results provide complementary evidence to the Malmquist factor
decomposition analysis. Indeed, the choice to reduce (or eliminate) legal barri-
ers to international capital transactions can represent a good approximation of
countries’ implicit adhesion to the global capital markets trend of openness.
Therefore, with this analysis we may argue that within our sample, a high level
of development and integration of capital markets is positively correlated to
high levels of adhesion to the global market, approximated by the de jure cap-
ital market openness. These findings also have important (policy) implications
for economic growth. Indeed, given the positive relationship between financial
and capital market openness and economic growth (see, for instance, Bussiere &
Fratzscher, 2008; Bumann et al., 2013; Langfield & Pagano, 2016; and Benczur
et al., 2018) and our CMU indicators being correlated to global capital market
openness (rather than to country-specific measures), our results seem to confirm
the CMU Action Plan as a concrete and relevant driver for European growth, at
least in the medium to long term.
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5 Comparing capital market development and integration metrics
with similar measures in the literature

To the best of our knowledge, this is the first attempt in the literature to use compos-
ite indicators and cluster analysis to track the development and integration of capital
markets in the European Union. Other papers, however, have focused their research
on using composite indicators to assess relatively comparable concepts, such as eco-
nomic integration (Konig & Ohr, 2013), globalization (AT Kearney/Foreign Policy
Globalization Index, 2002), and finance (Baele et al., 2004).

A more recent publication, comparable to ours, is the European Central Bank
(ECB)’s periodic report (European Central Bank, 2018), which presents a compos-
ite indicator of financial integration in Europe. In particular, the ECB develops two
metrics, a “price-based” one and a “quantity-based” one, aggregating data on cross-
border holdings for different asset classes. Because we focus on volumes rather than
prices, our composite indicator should be compared to the latter. Despite there being
some variation in scope, granularity, and methodology between the ECB and our
composite index,”’ some common patterns seem to emerge. Indeed, according to
the ECB’s quantitative indicator, from the late 1990s to 2017 financial integration
reached a peak between 2005 and 2008, declined until 2013, and lately rose again
(2015-2017), albeit not returning to pre-crisis levels. This finding appears to be con-
sistent with our DEA analysis, which was also supported by the robust clustering
approach, and highlights improving performance in the post-CMU Action Plan era,
but not entirely compensating for the drop shown in prior years during the crisis.

6 Concluding remarks

The objective of this paper was to provide a set of tools to measure the progress
of EU-28 member states toward the development and integration of capital markets
(CMs). To begin, we defined the scope of the analysis by selecting as a theoretical
framework the 2015 European Commission Capital Markets Union (CMU) Action
Plan, which is based on six key objectives to be pursued in order to enhance CM
development and integration across Europe.

Because of the multidimensional nature of the CMU Action Plan, we identified the
composite indicator as the best instrument for synthesizing multi-faceted phenomena

7 First, the underlying indicators are different, with the ECB using the share of cross-border lending
among monetary financial institutions (MFIs), MFI and investment fund shares of cross-border holdings
of debt securities, and MFI and investment fund cross-border holdings of equity. Second, our compos-
ite is built at the EU-28 level and by individual countries, consistent with the CMU policy, while the
ECB provides its indicator for the Euro Area only, not allowing for comparisons of relative performance
across countries. Third, the ECB adopts a single methodology to develop the indicator, while we adopt a
robust approach that takes into account 32 different methodological combinations. Lastly, the ECB indi-
cators are given in comparison to data as of the end of the first quarter of each year, whereas we utilize
year-end statistics.
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Table 4 Spearman and Kendall rank correlations between our composite indicator and DEA ranks, with
the Financial Openness Index (KAOPEN—Chinn & Ito, 2006) and Capital Control Indicator (FKRSU—
Fernandez et al., 2016) ranks

Spearman Financial Capital con-  Kendall’s tau Financial Capital
openness trol indicator openness control
Index index indicator

Composite indicator ~ 0.39%* 0.38* Composite indicator ~ 0.27* 0.27*

DEA 0.40%* 0.40* DEA 0.30%* 0.27*

##% k% and * indicate significance at the 1%, 5%, and 10% level, respectively

into a (set of) scores and corresponding rankings. To limit arbitrariness, we created
a collection of composite indicators arranged into “experiments” based on the alter-
native construction approaches that could be used. The average value of the experi-
ments for each member state and year of the sample was then used to calculate a
“plausible” ranking. We looked for changes in countries’ plausible ranks, and we
found that the transition to higher levels of CM development and integration is still
underway, with increasing average outcomes emerging after 2015.

To determine which of the rationales underpins the performance of countries,
we compared their positions based on the six primary objectives of the CMU and
the overall CMs indicator. It became clear that the performance of member states
across the major objectives is not uniform and that some of them—in the areas of
the soundness of banks and of cross-border investment facilitation—exhibit peculi-
arities when compared to the overall metric. This finding, which is also supported by
the clustering analysis, enables the investigation of policy implications in the field of
CM development and integration.

We next conducted a dynamic investigation using data envelopment analysis
(DEA) and a Malmquist Index analysis to evaluate the development of member
states’ performance in relation to annual benchmarks. Compared to the pre-Action
Plan period, DEA revealed an increase in the average number of countries at the
CMs metric frontier after 2015. Furthermore, this technique enabled the identifica-
tion of member states with deteriorating performances during the European Sov-
ereign Debt Crisis (2010-2013). We achieved similar results using robust cluster-
ing analysis, which revealed that the percentage of member states migrating to the
“top-performer” cluster from the “standard” one has been growing in recent years,
following a decrease during the European crisis. These findings are also consistent
with those obtained and presented by the ECB (2018) through the construction of a
financial integration composite indicator.

Finally, the Malmquist Index allowed us to examine the trajectory of countries’
performances from 2007 to 2018. In the whole sample, we found a rising perfor-
mance in the yearly average of the Malmquist CMs metric for the 28 EU member
states, with no significant variation between the post- and pre-CMU Action Plan
periods. Furthermore, by considering the entire time span, we were able to account
for the factors driving this evolution. Indeed, the growth was mostly guided by
countries’ adherence to open global capital markets (particularly between 2007 and
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Table5 OLS regressions between our composite indicator and DEA scores with Financial Openness
Index and Capital Control Indicator scores

Variables (1) ) 3) 4)
Composite indicator DEA Composite indicator DEA

Financial Openness Index (KAOPEN)  1.55%#* 0.33*
0.54) 0.17)
Capital control indicator (FKRSU) 1.26%* 0.30*
(0.59) (0.15)
Constant — 1.48%%** 0.53%**%  —1,06%* 0.59%##:*
(0.46) (0.16) (0.44) (0.13)
Observations 27 27 23 23
R-squared 0.14 0.12 0.12 0.14
R-squared within 0.137 0.115 0.123 0.136

Heteroscedasticity-robust standard errors in parentheses
#kp <0.01; *#p <0.05; *p<0.1

2014) rather than by idiosyncratic factors, which appear to be more relevant since
2015. Finally, when looking at member states experiencing a considerable growth
in the Malmquist CMs metric, it appears that global market openness, rather than
country-specific policy initiatives, is decisive in predicting the CMs enhancement of
EU countries. As a result, additional efforts to establish European and national poli-
cies in this area might be beneficial to improve the overall development and integra-
tion of CMs in Europe. This result is further reaffirmed by a set of rank-correlation
and OLS estimations confirming the relationship between our metrics and some de
Jjure measures of global capital market openness, which could be thought of as prox-
ies of countries’ adhesion to global capital markets.

Overall, our findings indicate that the development and integration of capital mar-
kets in Europe has started, although the process of convergence to higher levels has
not been completed and is still underway. This is not surprising given that the Action
Plan was still in effect at the end of 2018 and that the dimensions underpinning our
metrics might not respond quickly to the identified policies. Nonetheless, our meas-
ures appear to be primarily related to EU member states’ average adherence to the
worldwide trend of increased openness of capital markets. At the same time, the
adoption of (additional) policy initiatives is becoming increasingly relevant, if not
necessary, in order to consolidate this long-term growth.

Appendix

See Tables 6,7, 8,9, 10, 11, 12, 13, 14 and Figs. 6,7 .
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Table 7 Normalization techniques

Name Rule
Rank Each country gets a decreasing score (from 28 to 1) depending on its
position in each indicator ranking
.
Z-score I o= XN e
a gomiic
Min-max * —minx’”
g i
qc maxx’” —minx’*
. ¢
Distance from the best perfor- I o= Yo
mance 9¢ maxx;
Distance from the average Jo=
performance a9 x e

I! is the normalized indicator for indicator g, country c, and year ¢. t" is the reference year, g indicates
the arithmetic mean, ¢ indicates the standard deviation, and min and max the minimum and the maxi-
mum values

Dealing with panel data, we need to normalize data for ranking and z-score with a year-by-year
approach, while we adopt a single reference year for the entire panel for rescaling and distance-from-
reference-point techniques. We adopted 2007 (i.e., the first available year) for all indicators, with the
exception of the adoption of alternative instruments for which we used 2018 (i.e., the last available year)
because alternative bonds emissions started in 2012

Table 8 Weighting systems

Name Rule
Equal weighting by indicator (EWI) The same weight is attributed to all indicators
Equal weighting by pillar (EWP) The same weight is attributed to all six pillars, and within them indicators

are weighted according to the EWI method

Principal component analysis (PCA) PCA reduces the dimensionality of the original dataset to a subset of
relevant factors without a significant loss of information. Once factors
are estimated, identified on the basis of the eigenvalues, and rotated, it
is possible to construct the weights to be attributed to each indicator as
the scaled-to-one value of the factor loading square, in proportion to the
variance explained by each factor (Nardo et al., 2008)

Regression analysis (RA) RA allows the estimation of weights through a linear model (in this case,
a fixed-effects panel regression), in which the regressors are the indica-
tors underlying the composite indicator and the dependent variable is
a proxy of the benefit associated with a high level of the composite
indicator. In our case, we have used as dependent variable the annual
GDP growth rate since the achievement of a real capital market in the
EU is related to a greater mobility of capital (European Commission,
2016; European Commission, 2015), with the aim of reducing financial
instability through the development of the financial system and thus
favoring economic growth.* The weighting system is then expressed as
the (rescaled-to-one) absolute value of the statistically significant coef-
ficients estimated through the regression

#For further details on relevant literature related to the positive impact of financial system development
on economic growth and, in particular, the need for diversification of the composition of finance among
banking and capital markets to achieve growth, see, for instance, Cournéde and Denk (2015), Langfield
and Pagano (2016), andBenczir et al. (2018)
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Table9 Aggregation techniques

Name Rule Type

Linear (additive) average Ccl = ZQ w It Compensatory”
c g=1"4"qc

Geometric average crt = HQ 1 X!V Partially compensatory”
c g=1" gc

Multi-criteria Condorcet—Kemeny—Young-Levenglick (CKYL) Non-compensatory®

ranking procedure (Munda & Nardo, 2005)

Cl, is the composite indicator for country c, with Z?:]Wq = land OSWqS 1,forallq=1,...,Qand c=1,
..., C, where W, is the weight and / e is the value of the country normalized indicator

Based on the Gan et al. (2017) categorization. Greco et al. (2019) identify a further category named
“mixed strategies”, which we do not consider in this work, basically being combinations/hybridizations
of the three main categories

%This method allows good (bad) performance in certain indicators to compensate for bad (good) perfor-
mance in others (Greco et al., 2019)

This method is useful to reduce the compensability of poor performance in some indicators by high
values in others due to the “geometric-arithmetic means inequality” (Beliakov et al., 2007; Bullen, 2013).
Although the compensation is not constant as in the linear method and is lower for lower levels of the
indicators, the geometric method is therefore not fully non-compensatory (Greco et al., 2019). Moreo-
ver, the assumptions related to mutually preferential independence are still valid also in this case (Nardo
et al., 2008)

“This method is fully non-compensatory, based on two main principles: On the one hand, its goal is to
generate an order among the performances of the analyzed countries, thus ultimately constructing their
own rankings (Munda & Nardo, 2005); on the other hand, all the dimensions of the analyzed phenom-
enon must contribute separately to the definition of the phenomenon as a whole, without compensations
(Grabisch et al., 2009; Pollesch & Dale, 2015). Since the non-compensability of the results comes at the
cost of greater computational effort (especially in the presence of many analyzed countries), several indi-
cators (Gan et al., 2017), and combinations of normalization and weighting techniques, in this work we
stick to the first two aggregation methodologies
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Table 11 Composite indicators experimental set-up

Rankings Normalization Weighting Aggregation
1 Rank EWI Linear

2 Rank EWP Linear

3 Rank PCA Linear

4 Rank RA Linear

5 Z-score EWI Linear

6 z-score EWP Linear

7 z-score PCA Linear

8 Z-score RA Linear

9 Min-Max EWI Linear

10 Min—Max EWP Linear

11 Min-Max PCA Linear

12 Min-Max RA Linear

13 Distance from the average perf EWI Linear

14 Distance from the average perf EWP Linear

15 Distance from the average perf PCA Linear

16 Distance from the average perf RA Linear

17 Distance from the best performance EWI Linear

18 Distance from the best performance EWP Linear

19 Distance from the best performance PCA Linear

20 Distance from the best performance RA Linear

21 Rank EWI Geometric
22 Rank EWP Geometric
23 Rank PCA Geometric
24 Rank RA Geometric
25 Distance from the average perf EWI Geometric
26 Distance from the average perf EWP Geometric
27 Distance from the average perf PCA Geometric
28 Distance from the average perf RA Geometric
29 Distance from the best performance EWI Geometric
30 Distance from the best performance EWP Geometric
31 Distance from the best performance PCA Geometric
32 Distance from the best performance RA Geometric

Overall, we produce 32 different basic rankings based on the feasible combinations of normalization,
weighting, and aggregation methodologies. The rankings are generated for any year of the sample (2007—
2018). We then produce 11 different experiments, focusing each of them on one technique such that five
experiments come from normalization, four from weighting, and two from aggregation. Specifically, we
start by focusing on composite indicators built using “rank” normalization techniques (experiment 1),
then “z-score” (experiment 2), “min—max” (experiment 3), “distance from the average performance”
(experiment 4), and “distance from the best performance” (experiment 5). Then, we move to composites
built using “EWI” weighting (experiment 6), “EWP” (experiment 7), “PCA” (experiment 8), and “RA”
(experiment 9). Lastly, two final sets of experiments are based on “linear” (experiment 10) and “geomet-
ric” (experiment 11) aggregations. For each of the experiments, we calculate the average rank by country
and year. Finally, we take the average of the ranks of the 11 experiments in order to get the final “plausi-
ble” rank (by country and year)
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Table 12 DEA indicator for the 28 European Union countries from 2007 to 2018

Country 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
AT 070 081 074 079 079 075 077 090 0.78 076 0.74 0.74
BE 098 1.00 099 100 097 092 09 089 090 088 0.87 0.86
BG 1.00 075 084 100 085 075 076 059 074 067 073 0.70
CY 068 1.00 066 072 0.67 045 069 054 062 057 058 0.62
CZ 077 092 100 100 1.00 083 100 1.00 084 079 0.82 091
DE 092 091 076 083 0.80 088 1.00 092 093 095 1.00 094
DK 1.00 1.00 1.00 100 100 1.00 1.00 100 1.00 1.00 1.00 1.00
EE 1.00 096 1.00 100 100 1.00 1.00 100 1.00 100 1.00 1.00
EL 092 100 092 071 063 043 065 048 063 059 070 0.59
ES 065 087 072 100 069 072 069 100 1.00 08 100 097
FI 1.00 1.00 092 094 0.89 1.00 085 0.81 097 096 0.89 092
FR 088 0.89 088 089 1.00 09 100 1.00 1.00 100 1.00 1.00
HR 1.00  1.00 095 100 1.00 089 099 0.71 077 091 0.81 0.83
HU 1.00 075 0.71 067 0.63 060 072 046 056 057 0.60 0.63
IE 1.00 1.00 1.00 1.00 100 096 098 100 1.00 1.00 1.00 1.00
1T 068 0.68 070 067 066 065 081 0.8 070 078 1.00 0.80
LT 073 064 055 065 066 071 085 0.69 092 066 100 1.00
LU 1.00 1.00 1.00 100 1.00 1.00 100 1.00 1.00 100 1.00 1.00
LV 1.00 066 065 1.00 075 073 079 065 1.00 100 1.00 0.73
MT 079 0.87 081 076 075 073 073 0.82 079 100 096 091
NL 1.00 1.00 1.00 1.00 100 1.00 1.00 100 1.00 1.00 1.00 1.00
PL 071 1.00 080 100 0.72 068 076 0.67 073 070 0.78 0.73
PT 1.00 100 087 095 070 071 073 073 077 074 085 1.00
RO 1.00 1.00 080 1.00 063 062 070 050 064 059 0.68 0.69
SE 086 0.84 081 083 0.8 070 100 1.00 1.00 100 1.00 1.00
SI 058 0.67 054 054 053 053 063 056 069 074 0.65 1.00
SK 055 077 075 072 071 074 072 081 081 100 073 0.73
UK 1.00 1.00 1.00 100 1.00 1.00 100 1.00 1.00 100 1.00 1.00
Max 1.00 1.00 1.00 1.00 100 1.00 1.00 100 1.00 1.00 1.00 1.00
Min 055 0.64 054 054 053 043 063 046 056 057 058 0.59
StdDev 0.15 0.12 0.14 0.14 0.15 0.17 0.13 0.19 0.14 0.16 0.14 0.14
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Table 13 Results of principal
component analysis conducted
on the eleven indicators

Component  Eigenvalue Difference  Proportion Cumulative

underlying the CMs metrics 1 3.76519 2.18898 0.3423 0.3423
2 1.57621 0.382 0.1433 0.4856
3 1.19421 0.171796 0.1086 0.5941
4 1.02241 0.168239 0.0929 0.6871
5 0.854173 0.134396 0.0777 0.7647
6 0.719777 0.118188 0.0654 0.8302
7 0.601589 0.127309  0.0547 0.8849
8 0.47428 0.12223 0.0431 0.928
9 0.35205 0.0667047  0.032 0.96
10 0.285345 0.130576  0.0259 0.9859
11 0.154769 0.0141 1

Table 14 PCA: factor loadings (>0.5l or, if none, >10.4l)

Indicator Comp. 1 Comp. 2 Comp. 3 Comp. 4

Adoption of private equity instrument - - - -
Adoption of venture capital instrument - - - -
Relevance of NFC Debt - - - -
Relevance of NFC Equity 42% - - -
Adoption of alternative instruments - - - 87%

Public—private partnerships (PPPs) - - - -

Retail investments (assets) 42% - - -
Institutional investments (assets) 42% - - -
Covered bonds - - 75% -
Deposit-taker capital adequacy - 50% - -
Cross-border PD and PE investments - 63% - -
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Fig.6 Scree plot of eigenvalues (and related confidence interval) after PCA
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Fig. 7 BIC scores for 36 different combinations of cluster numbers (K=2, 3), « (A=1, 2, 3), and restric-
tion factors (RF=1, 5, 50, 100, 200, 500) by year
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