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This article empirically analyzes the competitive landscape within the clearing and settlement 

industry. Using panel data for forty-six clearing and settlement institutions from twenty-three 

countries, we confirm that competition between clearing and settlement institutions is limited. We 

show that competition increases with institutional size, with technological development, and after 

horizontal mergers, but not after vertical mergers. In addition, we find that competition in clearing 

and settlement is higher in the US than in Europe and was higher during the global financial crisis 

compared to normal times. 
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1 Introduction 

Amid increasingly globalized financial markets, clearing and settlement institutions need to 

operate in an international and fast-changing environment. To reach an international scale, some 

clearing and settlement institutions went through a massive consolidation process. For example, 

the Belgium-based central securities depository (CSD) Euroclear became the largest international 

central securities depository in the world through a series of acquisitions (of French CSD 

Sicovam in 2001, Dutch CSD Necigef and UK CSD CrestCo in 2002, Belgian CSD CIK in 2006, 

and CSD of Finland APK and Sweden VPC AB in 2008). Although consolidation resulted in 

internationalization and rapid expansion of cross-border clearing and settlement activities, it may 

have also negatively affected the competitive landscape. Due to antitrust concerns, the European 

Commission prohibited a proposed merger between Deutsche Börse AG and NYSE Euronext in 

2012. According to the European Commission, the merged company would have obtained 

near-monopoly power in trading and clearing European exchange-traded derivatives.
1
 

Competition in clearing and settlement is therefore becoming a primary issue. 

We use unbalanced annual financial data from forty-six clearing and settlement institutions 

from twenty-three countries between 1989 and 2012 to perform a comprehensive panel-based 

analysis of competition between clearing and settlement institutions across the European and US 

markets. We employ the Panzar–Rosse model (Panzar and Rosse, 1982, 1987; hereinafter the “PR 

model”) to estimate the competitive indicator H-statistic, which shows whether clearing and 

settlement institutions operate under a monopoly, monopolistic competition, or perfect 

competition. We also compute the Lerner index of monopoly power of clearing and settlement 

                                                             
1  See http://europa.eu/rapid/pressReleasesAction.do?reference=IP/12/94&format=HTML&aged=0&language=EN&

guiLanguage=en. 
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institutions (following Coccorese, 2009; Koetter, Kolari, and Spierdijk, 2012) and the Boone 

indicator (Boone, 2001, 2008). We investigate several factors that affect competition in the 

clearing and settlement industry, including the role of mergers and acquisitions, size, institutional 

structure, technological development, and the global financial crisis. 

We confirm that competition between clearing and settlement institutions is limited: we 

reject the null hypothesis that the H-statistic is positive. We show that competition increases with 

institutional size, with technological development, and after horizontal mergers, but not after 

vertical mergers. In addition, we find that competition in clearing and settlement is higher in the 

US than in Europe and was higher during the global financial crisis compared to normal times. 

To our knowledge, we are the first to analyze competition in the clearing and settlement 

industry using the PR model, Lerner index, and Boone indicator, which have frequently been 

applied in banking literature (Angelini and Cetorelli, 2003; Bikker, Spierdijk, and Finnie, 2006, 

2007). Previous studies provide empirical evidence on the existence of economies of scale, 

relative efficiency, and technological development in clearing and settlement and in stock 

exchange markets (Hasan and Malkamäki, 2001; Hasan, Malkamäki, and Schmiedel, 2003; 

Hasan and Schmiedel, 2004; Schmiedel, 2001; Van Cayseele and Wuyts, 2007).
2
 We analyze the 

competitive environment and factors that affect competition in the clearing and settlement 

industry. 

The reminder of the article is organized as follows. Section 2 discusses the role of clearing 

and settlement institutions, reviews the literature, and builds hypotheses. Section 3 describes the 

methodology. Section 4 provides descriptive statistics and concentration measures. Section 5 

analyzes competition and factors that affect competition in clearing and settlement using the PR 

                                                             
2 Previous studies show that economies of scale, technological development, cost and revenue efficiency, and mergers and 

acquisitions affect the performance of stock exchanges and the clearing and settlement industry (Hasan and Malkamäki, 2001; 

Schmiedel, Malkamäki, and Tarkka, 2006; Nielsson, 2009). 
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model, Lerner index, and Boone indicator. Section 6 provides a robustness analysis. Section 7 

concludes the article. 

2 Literature review 

2.1 Clearing and settlement institutions in Europe and in the US 

Clearing and settlement services facilitate good functioning of capital markets by lowering the 

transaction costs that an investor faces when completing a trade (Giddy, Saunders, and Walter, 

1996; Schaper, 2008). When a security is transacted in the securities market, the trade has to be 

cleared and settled, and only then can the transaction be completed. Clearing is the process in 

which the buyer of a security and its seller establish their respective obligations. Settlement 

implies the transfer of money from the buyer to the seller, and simultaneous delivery of the 

securities from the seller to the buyer. Clearing and settlement institutions guarantee that these 

transactions are performed safely and efficiently. Countries generally have a highly centralized 

and integrated clearing and settlement industry. 

Four types of organizations provide clearing and settlement services: domestic central 

securities depositories (CSDs), international central securities depositories (ICSDs), central 

counterparty clearing houses (CCPs), and custodians. CSDs are engaged in settlement of 

securities traded on their respective domestic markets and are frequently part of the exchange in 

their country. CSDs make possible processing and settlement of securities transactions by book 

entry. They provide custodial services (e.g., the administration of corporate actions and 

redemptions) and play an active role in ensuring the integrity of securities’ issues. Historically, 

ICSDs’ main function was to settle Eurobond trades. They are now active in clearing and 

settlement across various international markets and currency areas. ICSDs typically also provide 

a wide range of ancillary services, such as securities lending, voluntary corporate actions, tax 
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services, proxy voting, and collateral management.
3
 CCPs provide for a safe and secure clearing 

process. Custodians are large investment banks that provide securities custody services to their 

customers. We focus on CSDs, CCPs, and ICSDs in our analysis.
4
 

Clearing and settlement infrastructures differ across the main capital markets. We focus on 

the European and US markets. In the US market, the Depository Trust Company, Fixed Income 

Clearing Corporation, and National Securities Clearing Corporation operate under the Depository 

Trust & Clearing Corporation, and they clear and settle more than US $1.6 quadrillion in 

transactions every year.
5
 

Clearing and settlement infrastructure is less integrated in Europe than in the US. Around 

forty clearing and settlement institutions operate in a domestically oriented and fragmented 

European market. In addition, Clearstream International and Euroclear Group act as ICSDs and 

provide services in many different markets to domestic or cross-border investors. Clearstream 

International clears and settles securities transactions in over 110 countries and its global network 

extends across fifty markets. Clearstream International uses the services of a local agent, which 

can be either a local CSD or a financial institution in the local market. Similar to Clearstream 

International, Euroclear Group focuses on clearing and settlement of international trade securities. 

It operates in more than ninety countries (Giovannini Group, 2002). The costs of cross-border 

clearing and settlement services are significantly higher than in the domestic market (De 

Carvalho, 2004; Giovannini Group, 2002; Schmiedel and Schönenberger, 2005). 

Several initiatives are directed towards establishing more integrated European clearing and 

settlement. In 2012, the European Commission issued a proposal for regulation of CSDs to 

                                                             
3 European Central Bank, “CSD Ancillary Services”, October 28th, 2011. See https://www.ecb.europa.eu/paym/t2s/

progress/pdf/hsg/mtg4/2011-11-07-csd-ancillary-services-status.pdf??b7560d63bcb62dd376a6c405e4133e3c.
 

4 Clearing and settlement represents only a fraction of the business of custodian banks. Therefore, incorporating accounting 

figures of custodian banks into our empirical analysis would distort our measures of competition in clearing and settlement. 
5 See also http://www.dtcc.com/~/media/Files/Downloads/About/DTCC_Capabilities.ashx. 
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strengthen the legal framework for uniform financial market infrastructure in the EU and provide 

a legal basis for introducing TARGET2-Securities (T2S) infrastructure.
6
 T2S infrastructure aims 

at overcoming fragmentation across national settlement systems within the EU by offering a 

single IT platform for settlement across borders, national CSDs, and currencies. According to the 

European Central Bank (2007, 2008), the average costs for securities settlement through T2S 

infrastructure could be reduced to €0.28 per transaction; however, the participation of all relevant 

CSDs is essential for the success of T2S infrastructure. If the participation in T2S infrastructure is 

voluntary, the low number of transactions could raise the costs per transaction (Schaper, 2008). 

The Eurosystem invited all CSDs in Europe to outsource their settlement services to T2S. By 

2012, twenty-two CSDs had signed a legal agreement (“Framework Agreement”) with the 

Eurosystem, including almost all CSDs in the euro area (Mercier and Sauer, 2013). 

In the latest initiative, the European Commission proposed implementation of a European 

capital markets union (see European Commission, 2015a, 2015b). The European Commission 

stresses that there still exist substantial barriers to efficient cross-border clearing and settlement 

despite progress in clearing and settlement integration, such as establishing an equal level playing 

field through common European regulation. Fragmentation in European clearing and settlement 

persists. 

Differences in integration across the US and Europe may affect the level of competition in 

clearing and settlement. 

2.2 Industry structure in clearing and settlement services 

The literature on industry structure in clearing and settlement provides some evidence of 

economies of scale and the type of competition within clearing and settlement. 

                                                             
6 See http://europa.eu/rapid/press-release_IP-12-221_en.htm?locale=en. 
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First, empirical research identifies economies of scale in the clearing and settlement industry 

in the US and Europe. Demsetz (1968) documents the existence of economies of scale in the New 

York Stock Exchange. Hancock, Humphrey, and Wilcox (1999) provide evidence for economies 

of scale in Fedwire electronic funds transfer operations. Adams, Bauer, and Sickles (2004) find 

significant economies of scale and scope in the Federal Reserve’s payment processing services. 

Van Cayseele and Wuyts (2007) find that economies of scale exist in European clearing and 

settlement; however, they are exhausted far below the size of the entire European market. 

Schmiedel et al. (2006) show that the level of economies of scale varies by the size of a clearing 

and settlement institution. Smaller settlement service providers have a high potential to further 

exploit economies of scale. However, larger institutions are already becoming increasingly cost 

effective.
7
 Hasan and Malkamäki (2001) provide evidence for significant economies of scale and 

scope among European stock exchanges. Schmiedel (2001) finds that the size of stock exchanges, 

index of market concentration, quality, structural reorganizations of exchange governance, 

diversification in trading service activities, and adoption of automated trading systems have a 

significant impact on how efficiently trading services are provided in Europe. 

Second, literature on competition in clearing and settlement is rather scant. Van Cayseele 

(2004) argues that quasi-monopolies with low barriers to entry might be the efficient industry 

configuration in European clearing and settlement. In such an outcome, a few (international) 

clearing and settlement institutions would grow sufficiently large to exploit most of the 

economies of scale but would still compete against each other. 

                                                             
7 Developments in the payment processing industry might indicate the future of clearing and settlement services in the EU. 

Beijnen and Bolt (2009) confirm that significant economies of scale are present within eight European payment processors. They 

argue that a single European payment area will facilitate consolidation among European payment processors, which will further 

exploit payment economies of scale. Bolt and Humphrey (2007) see substantial cost efficiency gains in cross-border consolidation 

of payment processing in the European market. A developed payment infrastructure is also important for performance of the 

banking system. Hasan, Schmiedel, and Song (2012b) show that bank performance is higher in countries with more developed 

retail payment service markets. 
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Milne (2007a) argues that several services of clearing and settlement institutions (e.g., the 

book entry function and the transmission of corporate actions) are characterized as a natural 

monopoly, especially at the issuer level. Milne stresses that these core functions should be kept as 

a monopoly to exploit economies of scale. However, competition should increase in all other 

clearing and settlement services at the domestic level, but even more so at the European level. An 

abuse of the clearing and settlement institutions’ monopoly position can be contained by 

regulating the terms and pricing of access (see also Milne, 2007b; Juranek and Walz, 2010) and 

by careful scrutiny of potential antitrust practices by the competition authorities.
8
 

Serifsoy and Weiß (2007) find that market forces coupled with a regulatory framework can 

provide for a contestable monopolies outcome that ensures a high degree of static, dynamic, and 

systemic efficiency. 

2.3 Formation of hypotheses 

During the financial crises, clearing and settlement institutions faced severe pressure and 

potentially higher competition from other financial institutions (e.g., custodian banks). Bernanke 

(1990) points out that clearing and settlement services faced severe problems during the 1987 

stock market crash. Lloyd Blankfein, CEO and chairman of Goldman Sachs Group Inc., said “I 

agree that clearinghouses make things less risky for the regular crisis, but in an extreme crisis that 

could affect the clearinghouse itself.”
9
 Whereas a crisis in the banking sector could make banks 

tougher customers with respect to clearing and settlement institutions, an alternative view is also 

                                                             
8 The decision by the European Commission in 2004 with respect to Clearstream Banking AG, a principal depository for 

securities in Germany, was instructive. The European Commission found that Clearstream Banking AG initially abused its 

dominant position by refusing to supply services and later by charging discriminatory prices to its competitor Euroclear Bank. The 

decision of the European Commission was upheld by the European Court of First Instance (see Judgment of the Court of First 

Instance of September 9th, 2009 in Case T-301/04 Clearstream Banking AG and Clearstream International SA v Commission). 
9 See Elena Logutenkova and Fabio Benedetti-Valentini, “Blankfein Says Clearinghouses May Increase Risks in Crises,” 

Bloomberg Businessweek, September 29th, 2010, http://www.bloomberg.com/news/2010-09-29/

blankfein-says-using-clearing-houses-could-increase-risks.html. 

http://en.wikipedia.org/wiki/Goldman_Sachs
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possible. Substantial government interventions to prop up stability in banking may have made the 

banking system less competitive and more fragmented (see Sun, 2011; Rughoo and Sarantis, 

2014; Hasan and Marinč, 2013). Banks in a less competitive environment may then exert lower 

pressure on clearing and settlement institutions to behave competitively. Our first hypothesis is 

therefore the following. 

Hypothesis 1: Competition in clearing and settlement changed during the global financial 

crisis. 

Lannoo and Levin (2002) examine the structure of the clearing and settlement industry in the 

EU and account for the difference between ICSDs and other clearing and settlement institutions. 

They find that ICSDs incur higher operating costs because of more complex back-office systems 

and higher costs in cross-border settlement. Despite higher costs of cross-border transactions, 

ICSDs face direct competition from other ICSDs or from local clearing and settlement 

institutions. Therefore, we test the following hypothesis. 

Hypothesis 2: ICSDs are exposed to a higher level of competition than other clearing and 

settlement institutions. 

Empirical analysis of the relation between competition and the size of clearing and 

settlement institutions is scant. Borrowing from the banking literature, some studies confirm a 

positive relation between market power and size (see, e.g., Bikker and Bos, 2005; Bikker et al., 

2006). Alternatively, smaller institutions primarily operate on local markets with weaker 

competition, whereas larger institutions primarily operate on an international level with a 

generally higher level of competition. Larger institutions also engage in multimarket contact, 

which increases competition (see Mester, 1987). Several empirical studies based on the PR model 

confirm the negative relationship between asset size and market power (see Bikker, 2004; 

Hempell, 2002). If competition in clearing and settlement is limited to domestic markets but 



 

9 
 

fierce at the international level, we can hypothesis the following. 

Hypothesis 3: Larger size of clearing and settlement institutions is associated with higher 

competition. 

Previous theoretical studies in industrial organization literature did not provide clear-cut 

implications of the effect of merger on competition (e.g., Tirole, 1988). Several studies show that 

horizontal mergers increase the market power of firms towards their customers (Akhavein, Berger, 

and Humphrey, 1997; Bhattacharyya and Nain, 2011), whereas others refute such concerns and 

stress the benefits and spillover effects of efficiency improvements in horizontal mergers (see Fee 

and Thomas, 2004; Shahrur, 2005; Devos, Kadapakkam, and Krishnamurthy, 2009). 

Consolidation in the clearing and settlement systems through vertical and horizontal mergers 

and alliances is modifying the European landscape. ICSDs are increasingly acquiring domestic 

clearing and settlement institutions (see, e.g., the expansion strategy of Clearstream International 

and Euroclear through mergers and acquisitions). The intention of these mergers is to reduce 

costs and boost efficiency, but at the same time international mergers may open up previously 

closed domestic clearing and settlement markets. Hasan, Schmiedel, and Song (2012a) find that 

mergers among stock exchanges improve performance in the short run and in the long run. 

Mergers bring value especially in the case of horizontal and cross-border integration. 

Several authors weigh the benefits of vertical mergers within the trading infrastructure and 

clearing and settlement industry against potential anticompetitive concerns. Tapking and Yang 

(2006) show that vertical integration of domestic service providers (integration of trading 

infrastructure with the clearing and settlement infrastructure) may be desirable if domestic 

investors are not inclined to invest in foreign securities (see also Pirrong, 2007). However, 

horizontal integration of settlement institutions improves welfare if investors want to invest in 

foreign securities. Köppl and Monnet (2007) argue that vertical silos (between settlement 
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institutions and exchanges) can prevent efficiency gains from horizontal consolidation between 

clearing and settlement institutions. 

Rochet (2005) analyzes whether it is optimal for a clearing and settlement institution to 

compete with or be allowed to merge vertically with custodian banks. He finds that the welfare 

effect of a vertical integration depends on the tradeoff between efficiency gains and lower 

competition at the custodian level (see also Kauko, 2007). Cherbonnier and Rochet (2010) 

conclude that vertical integration spurs the need for regulation of access pricing, and this 

introduces new inefficiencies due to the incentives of the ICSD to hide cost information. 

Holthausen and Tapking (2007) also analyze competition between settlement institutions and 

agent banks. They find that a settlement institution raises its rival’s costs to increase its monopoly 

power at the custodian level. We follow the literature and distinguish between horizontal mergers 

between clearing and settlement institutions and vertical mergers between clearing and settlement 

institutions and other institutions (including exchanges, banks, and technology companies). 

Hypothesis 4: Horizontal and vertical mergers affect the level of competition between 

clearing and settlement institutions. 

Developments in information technology might also lead to substantial transformation of the 

clearing and settlement industry. Developments in information technology generally increase 

efficiency in the financial industry but may also increase the transaction nature of financial 

services, which is associated with higher competition (see Boot, 2014; Marinč, 2013). 

Hasan et al. (2003) find that investments in standardization and new technologies increase 

the productivity of stock exchanges. Knieps (2006) argues that implementation of new systems 

and further developments in settlement technology improves cost-effectiveness in post-trade 

markets. Developments in information and communication technology promote integration of 

financial markets in the euro area (see, e.g., Hasan and Malkamäki, 2001; Schmiedel et al., 2006), 
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reduce the importance of location for efficiency of transactions, and foster a single market, 

especially if regulatory barriers are also removed (see Gehrig and Stenbacka, 2007). Information 

technology serves as a competitive factor in the post-trading industry (Schaper and Chlistalla, 

2010). 

Hypothesis 5: Higher technological development is associated with higher competition 

between clearing and settlement institutions. 

Competition in clearing and settlement may differ across markets. Giovannini Group (2002) 

finds substantial barriers to European financial market integration in cross-border clearing and 

settlement. Lannoo and Levin (2002) confirm that the operating cost of securities settlement is 

higher in the EU than in the US. NERA Economic Consulting (2004) finds that the main reasons 

for higher clearing and settlement costs in Europe compared to the US are lower volume, several 

legal, regulatory, and technical barriers to non-domestic clearing and settlement in Europe, and 

differences in market structure. European clearing and settlement might still be substantially 

fragmented, and this might hamper the level of competition compared to the US. 

Hypothesis 6: Competition between clearing and settlement institutions is higher in the US 

than in Europe. 

3 Methodological basis for measuring competition 

We now provide the methodological basis for the competition analysis. That is, we discuss 

concentration indexes, the Panzar–Rosse H-statistic, the Lerner index, and the Boone indicator. 

3.1 Concentration indicators 

Previous empirical studies have measured competition through structural and non-structural 

approaches. The structural approach relies on the structure-conduct-performance (SCP) paradigm, 
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which links concentration, competition, and firm performance. That is, SCP assumes that the 

market structure, reflected in the level of concentration in the market, affects firm behavior, 

which in turn determines firm performance (Bain, 1951; Mason, 1939). The two most commonly 

used concentration indices in empirical SCP studies are the concentration ratio (CR) and 

Herfindahl–Hirschman index (HHI). CR measures the total market share of a given number of 

firms with the largest market shares. HHI is the sum of the squares of the market shares of the 

firms in the market. The problem with structural measures is that concentration does not 

necessarily determine the competitive behavior of firms in the market. For example, in a 

contestable monopoly, a monopolistic firm may set competitive prices under the threat of new 

entry. 

A non-structural approach to measuring competition is the new empirical industrial 

organization (NEIO) approach. Unlike the SCP paradigm, which tries to determine competition 

from the market structure in a given industry, NEIO models directly analyze firm conduct to 

detect the market power of firms. 

3.2 Panzar–Rosse model 

NEIO models can rely on a comparative statics analysis, as in the PR model. The PR model 

identifies the market power by using the index H-statistic. The H-statistic is calculated as the sum 

of revenue elasticities with respect to input prices. It measures how much a change in factor 

prices affects the firm’s equilibrium revenue. 

The PR model was widely applied to measure competition in the banking industry (for the 

US banking industry, see Shaffer (1982b); for the Canadian banking industry; see Nathan and 

Neave (1989) and Shaffer (1993)). Vesala (1995) investigates how deregulation in the 1980s 

affected competition among Finnish banks. Coccorese (2004; 2009) analyzes the competitive 
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conditions in the Italian banking industry. Hempell (2002) analyzes competitive behavior of the 

German banking industry. Matthews et al. (2007) and Maudos and Solís (2011) employ the PR 

model and Lerner index to analyze competition in the British banking industry and in the 

Mexican banking industry, respectively. These findings mostly indicate that banks operate under 

monopolistic competition.
10

 

According to Bikker and Haaf (2002), the PR model assumes a log-log marginal cost 

function (MC) of the following form. 

ln MC = α0 + α1 ln OUT + ∑ β𝑖
m
i=1 ln FIP𝑖 + ∑ γ𝑗

p
j=1 ln EXCOST𝑗

 (1) 

where 𝑂𝑈𝑇 is the output of a clearing and settlement institution, 𝐹𝐼𝑃i are the factor input prices 

(regarding funding, personnel expenses, and other non-interest expenses), and 𝐸𝑋𝐶𝑂𝑆𝑇𝑗
 are other 

exogenous variables to the cost function. We assume that the marginal revenue function is log-log. 

That is, 

ln MR = δ0 + δ1 ln OUT + ∑ γ𝑗
q
k=1 ln EXREV𝑘

 (2) 

where 𝐸𝑋𝑅𝐸𝑉𝑘
 are variables that define the institution-specific demand function. A 

profit-maximizing institution operates where the marginal cost is equal to the marginal revenue 

(ln MC = ln MR). Equating (1) and (2), we obtain 

ln OUT∗ = (α0 − δ0 + ∑ β𝑖
m
i=1 ln FIP𝑖 + ∑ γj

p
j=1 ln EXCOST𝑗

− ∑ γ𝑗
q
k=1 ln EXREV𝑘

) / (α1 − δ1) (3) 

The reduced-form revenue equation is computed by multiplying equilibrium output and the 

common price level, which is ln 𝑝∗  = ζ+ η ln ( ∑ OUT∗
𝑖 i ) . We employ the following 

                                                             
10 Several studies analyze competition in the banking industry across countries. De Bandt and Davis (2000) provide evidence that 

the behavior of large banks in the EMU was less competitive compared to banks in the US. Competition appears to be lower 

among small banks, especially in France and Germany. Bikker and Haaf (2002) worked on a study of twenty-three industrialized 

countries and conclude that in local markets competition is weaker than in international markets. Gelos and Roldós (2004) focus 

on eight emerging markets during the 1990s and argue that lower entry barriers mitigated a decline in competition driven by 

consolidation. Claessens and Laeven (2004) analyze competition across fifty banking systems and argue that higher competition is 

associated with lower restrictions on bank entry and on bank activities. Schaeck, Cihak, and Wolfe (2009) provide evidence that 

more competitive banking systems are less likely to undergo a systemic crisis. Liu, Molyneux, and Wilson (2013a) confirm the 

positive relation between competition and bank stability among regional banks in eleven European countries. 
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reduced-form revenue equation in our analysis. 

ln OPINCOM𝑖𝑡 = α + β ln AFR𝑖𝑡 + γ ln PPE 𝑖𝑡 + ζ ln PCE𝑖𝑡 +  Ф (OI𝑖𝑡 OR𝑖𝑡)⁄ + ∑ π𝑗F𝑖𝑡𝑗𝑗 + α𝑖 +

𝜑t +  ε𝑖𝑡   (4) 

where OPINCOMit is the operating income (as a measure of the revenue) of clearing and 

settlement institution i at year t.
11 

Average Funding Rate (AFRit) is the ratio of annual interest 

expenses to total funds. Price of Personnel Expenses (PPEit) is the ratio of personnel expenses to 

total assets. Price of Capital Expenditure (PCEit) is the ratio of physical capital expenditure and 

other expenses to fixed assets. AFRit, PPEit, and PCEit are the clearing and settlement 

institution’s unit input prices of funding, labor, and capital. We add the ratio of other income to 

operating revenue (OIit/ORit) as a control variable to account for the increasing variety of clearing 

and settlement activities. 

We include additional factor variables that may affect the performance of clearing and 

settlement institutions (Fitj denotes one of j factor variables). We include the global financial 

crisis (δt, which equals 1 during the years 2008 to 2010 and 0 otherwise), organizational structure 

(ICSDi, which equals 1 for ICSDs and 0 for other clearing and settlement institutions), 

HorizontallyMergedit (which equals 1 in the year of a merger and 0 otherwise), 

VerticallyMergedit (which equals 1 if a clearing and settlement of institution was vertically 

integrated with exchanges, banks, or technology companies, and 0 otherwise
12

), technological 

development (ICT ratioit, measured as total information and communication technology 

expenditure to GDP in a given country), and USregioni, which equals 1 if a clearing and 

                                                             
11 Following Schmiedel et al. (2006), we use operating income as a measure of clearing and settlement income. We also use total 

revenue as another measure of revenue for a robustness check. Bikker, Shaffer, and Spierdijk (2012) argue that a scaled revenue 

function creates a significant upward bias and incorrectly measures the degree of competition. We follow their suggestion and 

employ the unscaled revenue function. 
12 VerticallyMergedit equals 1 for the entire sample period if the clearing and settlement institution was vertically integrated 

before our sample period. If the vertical integration occurs during the sample period, VerticallyMergedit equals 0 before vertical 

integration and 1 after vertical integration. 
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settlement institution is operating in the US market and 0 otherwise. We also introduce the 

variable Market shareit, which is the ratio of total asset of clearing and settlement institution i to 

the sum of total asset of all clearing and settlement institutions in country j at year t, to control for 

the size effect of a clearing and settlement institution.
13

 

Following Coccorese (2009), all institution-specific and time-varying factors that could 

affect the level of operating income, but are not explicitly addressed in (4), are captured through 

the insertion of dummy variables associated with clearing and settlement institutions and with 

years (denoted by αi and 𝜑t, respectively).
14

 

The PR model (1982, 1987) measures competition through the index H-statistic (Bikker et al., 

2006). The H-statistic is defined as the sum of the elasticities of revenues with respect to input 

prices. In the notation of (4), the H-statistic is given by β + γ + ζ. Panzar and Rosse (1987) and 

Vesala (1995) show that H ≤ 0 is consistent with a collusive or joint monopoly equilibrium or 

monopolistic competition without the threat of entry, 0 < H < 1 is consistent with monopolistic 

competition with free entry, and H = 1 indicates perfect competition. 

We introduce the interaction terms between the input price variables and additional factors to 

analyze what drives competition in clearing and settlement.
15

 

ln OPINCOM𝑖𝑡 = α + β ln AFR𝑖𝑡 + γ ln PPE 𝑖𝑡 + ζ ln PCE𝑖𝑡 +  Ф (OI𝑖𝑡 OR𝑖𝑡)⁄  + ∑ π𝑗F𝑖𝑡𝑗𝑗 +

β𝑗ln AFR𝑖𝑡 × F𝑖𝑡𝑗  + γ𝑗 ln PPE𝑖𝑡 × F𝑖𝑡𝑗 +  ζ𝑗  ln PCE𝑖𝑡 × F𝑖𝑡𝑗 + α𝑖+𝜑𝑡 +  ε𝑖𝑡 (5) 

To preserve the interpretability of the actual level coefficients on the three unit input price 

                                                             
13 The inclusion of the logarithm of total assets as a proxy for the size of a clearing and settlement institution results in an upward 

bias and incorrect measure of competition (see Bikker, Shaffer, and Spierdijk, 2012). We include Market shareit as a proxy for size 

to control for size effect on the dependent variable in regression (operating income or total revenue). Market shareit does not 

unscale the dependent variable and therefore bypasses the main concern of Bikker, Shaffer, and Spierdijk (2012). We thank an 

anonymous referee for this suggestion. Our results are robust even if we do not include Market shareit as a control variable. 
14 The inclusion of year dummy variables and institution dummy variables partially controls for changes in regulation across 

countries and for changes in accounting standards (see also Section 6.4). 
15 Panzar and Rosse (1987, p. 446) show that for a pure monopoly a higher H-statistic is negatively related to market power (in 

the case of constant returns-to-scale Cobb–Douglas technology, see also Shaffer, 2004b). Vesala (1995) confirms the negative 

relationship between the H-statistic and market power in the case of monopolistic competition with free entry (but not for 

monopolistic competition without the threat of entry; see also Shaffer, 1982a, 1983). 
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variables and the factor variable j, we follow Balli and Sørensen (2013) and de-mean the three 

unit price variables and factor variables in the interaction terms. Similar to Barbosa, Rocha, and 

Salazar (2015), we compute the regression coefficients of the interaction terms of three unit input 

price variables and variable j (i.e., βj + γj + ζj) to analyze the change of the H-statistic due to the 

interaction with factor variable j.
16

 

For the robustness check, we use the logarithm of total revenue of clearing and settlement 

institutions (ln TRit) as a dependent variable. All models are estimated using ordinary least 

squares (OLS) regression with White’s (1980) heteroskedasticity-robust standard errors. Table 1 

provides definitions of variables and data sources. All national currencies are converted into US 

dollars and are inflation-adjusted. 

<Insert Table 1 here> 

3.3 Lerner index 

An alternative non-structural technique to the PR model is to estimate a parameter that directly 

measures firms’ competitive behavior from the information on firm costs and demand. For 

example, the Lerner index is a relative mark-up of price over marginal cost and measures firm 

market power (Lerner, 1934).
17

 The higher the mark-up, the greater is the market power. The 

Lerner index ranges from 0 in the case of perfect competition to 1 in the case of monopoly. Liu, 

Molyneux, and Wilson (2013b) examine competition in nine EU banking markets and show 

empirically that the H-statistic and the Lerner index are negatively and statistically significantly 

                                                             
16 Without de-meaning, the coefficients on the unit input price variables in the regression with the interaction terms correspond to 

the partial derivative of the dependent variable with respect to the unit input price variables when the factor variable j equals 0. 

This differs from the interpretation of the unit input price variables in a regression without the interaction terms. By de-meaning, 

the regression coefficients on the unit input price variables in the regression with the interaction terms closely correspond to the 

ones in the regression without the interaction terms (Balli and Sørensen (2013)). See also Popov and Udell (2012), Guidara et al. 

(2013), and Montes (2014). 
17 The Lerner index is widely employed to estimate competition in the banking sector. Coccorese (2009) points out that the 

Lerner index reflects well the bank’s level of marker power. Angelini and Cetorelli (2003) assess the behavior of Italian regional 

banks and find that deregulation led to a reduction in price-costs margins. See also Koetter et al. (2012) and Fu et al. (2014). 
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correlated. That is, the relative price-cost mark-up (a smaller Lerner index) decreases with higher 

competition (a higher H-statistic).
18

 

The Lerner index is calculated as 

Lerner index𝑖𝑡 = (𝑃𝑖𝑡 − MC𝑖𝑡)/𝑃𝑖𝑡 (6) 

Given the limited information on the number of transactions of clearing and settlement services 

provided by each institution, we follow the suggestion in Shaffer (1993) and Berg and Kim (1994) 

and use total assets as measure of output. In our analysis, 𝑃𝑖𝑡 is the output price proxied by the 

ratio of total revenue to total assets for clearing and settlement institution i at time t, and 𝑀𝐶𝑖𝑡 is 

the marginal cost of clearing and settlement institution i at time t.
19

 The marginal cost is derived 

from the total cost function. That is, 

MC𝑖𝑡 =
TC𝑖𝑡

Q𝑖𝑡
(α1 + α2ln Q𝑖𝑡 + α9 ln AFR𝑖𝑡 + α10 ln PPE 𝑖𝑡 + α11 ln PCE𝑖𝑡) (7) 

where the translog total cost function is 

ln TC𝑖𝑡 = α0 + α1ln Q𝑖𝑡 + (α2/2)(ln Q𝑖𝑡)2 + α3ln AFR 𝑖𝑡 + α4 ln PPE 𝑖𝑡 + α5 ln PCE𝑖𝑡 +

(α6/2)(ln AFR𝑖𝑡)2 + (α7/2)(ln PPE𝑖𝑡)2 + (α8/2)(ln PCE𝑖𝑡)2 +  α9ln AFR𝑖𝑡 ∗ ln Q𝑖𝑡 +

α10 ln PPE𝑖𝑡 ∗ ln Q𝑖𝑡 + α11ln PCE𝑖𝑡 ∗ ln Q𝑖𝑡 +  α12ln AFR𝑖𝑡 ∗ ln PPE𝑖𝑡 + α13 ln PPE𝑖𝑡 ∗

ln PCE𝑖𝑡 +  α14ln PCEit ∗ ln AFR𝑖𝑡 +  ε𝑖𝑡 (8) 

and 𝑇𝐶it denotes the total operating expenses and Qit represents the output, measured by the total 

assets of clearing and settlement institution i. AFRit, PPEit, and PCEit represent the input prices of 

the clearing and settlement institution, as defined previously in the PR model. Following Fu et al. 

(2014), Koetter et al. (2012), and Kumbhakar and Lovell (2000), we use the stochastic cost 

                                                             
18 Several other approaches to measuring competition have been developed that mostly build on the Lerner measure of market 

power. For example, Bresnahan (1982) and Lau (1982) estimate the conjectural variation coefficient based on the deviation of 

perceived firm revenues from demand. A high conjectural variation suggests that a firm strongly anticipates its interdependence 

with other firms when setting the level of output and prices (see also Appelbaum, 1979; Iwata, 1974). 
19 Based on earlier studies, we define the output price 𝑃𝑖𝑡 as the ratio of total revenues to total assets; see also Angelini and 

Cetorelli (2003), Maudos and Fernandez de Guevara (2004), Carbó et al. (2009), Koetter et al. (2012), and Fu et al. (2014). 
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frontier analysis to estimate (8). 

We then estimate the Lerner index in (6) by using the marginal cost based on (7). 

Subsequently, we estimate the following regression. 

Lerner index𝑖𝑡 = β0 + ∑ β𝑘𝑗 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠𝑖𝑗𝑡 + ∑ β𝑗𝑗 F𝑖𝑡𝑗 +  ε𝑖𝑡 (9) 

We are interested in how several factors 𝐹𝑖𝑡𝑗 affect competition. We analyze the effect of the 

global financial crisis (δt), organization structure (ICSDi), institution size (Sizeit), the effects of 

horizontal mergers between clearing and settlement institutions (HorizontallyMergedit), the 

effects of vertical mergers between clearing and settlement institutions and other institution(s) 

(VerticallyMergedit), and the geographic location (USregioni) on Lerner indexit. In an additional 

specification, we also include ICT ratioit to capture the effect of technological development. 

As control variables, 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠𝑖𝑗𝑡, we include GDP growthit and Inflationit in a country to 

account for economic cycles. We also add Interest rateit and Number of clearing and settlement 

institutionsit to control for the changes of monetary policy and the market structure of the clearing 

and settlement industry in a given country. We employ the feasible generalized least squares 

(FGLS) estimator to cope with potential heteroskedasticity and autocorrelation problems. We also 

include the institution-fixed effects and time-fixed effects and estimate country-clustered variance 

to control for heterogeneity and changes in unobservable characteristics.
20

 

3.4 Boone indicator 

A more recent measure of competition was proposed by Boone (2001, 2008). The Boone 

indicator captures the link between competition and efficiency. It builds on the efficient structure 

                                                             
20  Standard least squares regressions may produce biased estimation of the parameters of interest because some 

institution-unobserved characteristics and time trends can be correlated with price-cost margin, and also correlated with an 

institution’s type and size, mergers, and technological development. The FGLS estimator has similar properties as the GLS 

estimator, such as consistency and asymptotic normality (White, 1980). 
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hypothesis, which relates firm performance to differences in efficiency. In particular, firms that 

are more efficient also perform superiorly, which results in higher profits. The idea behind the 

Boone indicator is that the relationship between efficiency and profits increases with the degree 

of competition. The Boone model can be characterized as 

ln 𝜋𝑖𝑡 = α + β ln MC𝑖𝑡 + ε𝑖𝑡 (10) 

where 𝜋𝑖𝑡 is the profit, MC𝑖𝑡 is the marginal cost of clearing and settlement institution i at year 

t, and β is defined as the Boone indicator. The Boone indicator β is negative and decreases with 

the level of competition. We use the log-log specification to better deal with heteroskedasticity. 

ln π𝑖𝑡 = α + β ln MC𝑖𝑡 + ∑ β𝑗𝑗 F𝑖𝑡𝑗 ∗ ln MC𝑖𝑡 +  ε𝑖𝑡 (11) 

We are interested in how several factors 𝐹𝑖𝑡𝑗—including the global financial crisis (δt), 

organization structure (ICSDi), institution size (Sizeit), the effects of horizontal mergers between 

clearing and settlement institutions (HorizontallyMergedit), the effects of vertical mergers 

between clearing and settlement institutions and other institution(s) (VerticallyMergedit), ICT 

ratioit, and the geographic location (USregioni)—affect the Boone indicator. We include the 

interaction terms of a marginal cost and factors 𝐹𝑖𝑡𝑗 to analyze the change of the Boone indicator 

due to the interaction with variable j (captured in βj). 

For estimating factors affecting the Boone indicator, we use an instrumental-variable 

estimator. We account for potential endogeneity of a marginal cost and the interaction terms of a 

marginal cost and factor variables by instrumenting them with the lagged values of the regressors 

and exogenous variables of GDP growth and Inflation. Following Baum (2006), we employ the 

two-stage least squares (2SLS) estimator to obtain a consistent and efficient estimation in the 

presence of non-i.i.d. error. We test for the relevance of these instruments using the First-stage F 
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test, and we use Hansen’s J test of overidentification to check their validity.
21

 The regression also 

includes institution-fixed effects and time-fixed effects, and the estimated variance is clustered at 

the country level. 

4 Description of data and concentration measures 

The data are obtained from several sources, including the BankScope database, OECD factbook, 

World Bank, and annual reports of clearing and settlement institutions between 1989 and 2012. 

We focus on US and European clearing and settlement institutions.
22

 

Table 2 provides descriptive statistics of revenues and costs for clearing and settlement 

institutions based on geographic location and institution types. Substantial variability across 

variables indicates that the diversity of economic conditions, changes in technological 

development, and the variety of services provided affect the characteristics of clearing and 

settlement institutions. 

<Insert Table 2 here> 

We can compare the average cost structure of clearing and settlement institutions in the US 

and the EU. In the sample period, the European clearing and settlement institutions have 

significantly higher interest expenses and physical expenses but lower personnel expenses 

compared to the US clearing and settlement institutions. 

                                                             
21 Under the Anderson and Rubin (1949) test of the validity of the instruments, the hypothesis that the instruments are not valid is 

rejected at the 5% level for all regression models based on (10) and (11). Hansen’s J statistic provides a test for the joint validity 

of instruments. The null hypothesis that the overidentifying restrictions are correct cannot be rejected. In addition to this, the 

underidentification test (measured by the Kleibergen–Paap rk LM statistic (Kleibergen and Paap (2006)) and weak identification 

test (measured by the Cragg–Donald Wald F statistic (Cragg and Donald, 1993), and Kleibergen–Paap Wald rk F statistic (Baum, 

Schaffer, and Stillman, 2007)) also confirm the validity of instrumental variables. 
22 We focus on clearing and settlement institutions from the US, the EU countries, and countries closely related to the EU (i.e., 

Switzerland, Iceland, Bosnia and Hercegovina, and Turkey), which are either members of the European Free Trade Association or 

candidate countries for EU accession. The clearing and settlement institutions from these countries are also members of the 

European Central Securities Depositories Association. 
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We can also compare characteristics of ICSDs and other clearing and settlement institutions. 

Personnel expenses and physical expenses are higher for ICSDs than for other clearing and 

settlement institutions. The average total revenue of ICSDs is $881.2 million; this is 2.5 times as 

high as the average total revenue of other clearing and settlement institutions ($340.6 million). 

Average personal expenses and physical expenses are higher for ICSDs compared to other 

clearing and settlement institutions, which is consistent with Lannoo and Levin’s (2002) findings 

that the operating costs of an ICSD are substantially higher than the operating costs of domestic 

providers. 

Table 3 contains the list of clearing and settlement institutions, the Herfindahl–Hirschman 

index, and the CR3 concentration index across countries in our sample. Concentration indicators 

suggest that clearing and settlement services are highly concentrated. As captured by our dataset, 

a single clearing and settlement institution operates in several countries. European security 

markets are substantially fragmented along national lines. The question is whether cross-border 

competition between clearing and settlement institutions can still exist in such a fragmented 

environment. 

<Insert Table 3 here> 

Despite high concentration, competition between several providers might still be possible in 

a contestable market when the threat of new entry forces a local monopolist to charge competitive 

prices. A clearing and settlement market cannot be characterized as a contestable market as 

defined by Baumol (1982) due to non-negligible costs of entry. However, the barriers to entry 

such as culture, knowledge, regulatory, and legal environment have been declining. For example, 

the improved services of ICSDs and their links to local clearing and settlement institutions might 

have contributed to increased competition in the clearing and settlement industry. Competitive 

pressure by ICSDs, which are increasingly acquiring local settlement institutions, is threatening 
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the position of local clearing and settlement institutions in the financial markets. ICSDs might 

then, through the threat of entry, establish more competitive conduct of local clearing and 

settlement institutions (Van Cayseele, 2004). In this case, the structural approach to measuring 

competition through HHI and CR3 is inadequate. A further test of conduct should aim at directly 

addressing the competitive behavior of clearing and settlement institutions. 

5 Empirical Results 

5.1 Empirical analysis based on the Panzar–Rosse model 

 

We now estimate the H-statistic based on the unscaled PR model as presented in (4) and (5). The 

results of the empirical estimation are reported in Table 4. In Panel A, we employ the operating 

income as a dependent variable. Column 1 of Panel A shows that the unit price of labor is 

positively related to the operating income, whereas the unit prices of funding and capital are 

negatively associated with the operating income. The elasticity of the unit price of funding, β, is 

the largest, followed by the unit price of capital, ς, and then by the unit price of labor, γ. This 

shows that funding expenses are the main input factor in clearing and settlement. 

<Insert Table 4 here> 

The H-statistic (β + γ + ζ) in column 1 of Table 4 equals −0.116, and the Wald test shows that 

H = 1 can be rejected. This confirms that clearing and settlement institutions do not operate under 

perfect competition. In addition, we can reject the null hypothesis that H > 0. A nonpositive 

H-statistic is consistent with monopoly, collusive oligopoly, or monopolistic competition (with no 

threat of entry). 

An important feature of the H-statistic is that the PR model must be based on firms that 

operate in long-run equilibrium (see Nathan and Neave, 1989; Panzar and Rosse, 1987). Shaffer 

(1982b) suggests an equilibrium ROE test that uses the return on equity instead of total operating 
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income as the independent variable in (4) to check whether firms operate in long-run equilibrium 

(Bikker et al., 2012; see also Claessens and Laeven, 2004). The null hypothesis H0: H
ROE

 = 0 

suggests long-run equilibrium and H1: H
ROE

 < 0 confirms disequilibrium. Based on a one-sided 

t-test, we can determine that the hypothesis of long-run equilibrium (H
ROE

 = 0) cannot be rejected 

at the 5% level (see the p-value of the ROE test in the equilibrium test in Table 4). Hence, we 

cannot generally confirm that the industry is in disequilibrium. 

We now examine factors that may affect competition in clearing and settlement. 

The global financial crisis: The global financial crisis has no significant effect on the 

operating income of clearing and settlement institutions. The Wald test in column 2 in Table 4 

indicates that the H-statistic significantly increased during the global financial crisis (β1 + γ1 + ζ1 

= 0.124 and the null hypothesis that β1 + γ1 + ζ1 ≤ 0 is rejected at the 1% level). Consistent with 

our Hypothesis 1, competition between clearing and settlement institutions was higher during the 

global financial crisis than during normal times. As a robustness check, we also use total 

revenues as a dependent variable to obtain the same results (see column 2 in Panel B of Table 4). 

Institutional structure: The binary variable ICSDi is positively and statistically significantly 

related to the operating income of a clearing and settlement institution (see column 3 in Table 4). 

An institution that operates cross-border securities clearing and settlement is able to secure 

greater operating income potentially due to a wider range of services, instruments, and products 

that bring more business and higher revenues (this finding is consistent with the comparison 

between ICSDs and other clearing and settlement institutions in Table 2). 

To estimate the direct effect of ICSDi on the H-statistic, we test the statistical significance of 

the sign of the sum of estimated coefficients of the interaction terms between demeaned ln AFRit, 

ln PPEit, ln PCEit, and ICSDit, β2 + γ2 + ζ2. The sum of estimated coefficients of the interaction 

terms equals 0.6493 (Panel A) and 0.5942 (Panel B), respectively, and the null hypothesis that β2 
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+ γ2 + ζ2 ≤ 0 is rejected. This result is consistent with Hypothesis 2, which claims that ICSDs are 

exposed to higher competition than domestic clearing and settlement institutions. 

One explanation is that ICSDs that provide cross-border services compete not only with the 

domestic clearing and settlement institutions in the local market, but also with clearing and 

settlement institutions from other countries and with other ICSDs. Therefore, several barriers to 

cross-border clearing and settlement (as identified by the Giovannini group, 2002, 2003) might 

not substantially lower competition among ICSDs (despite making cross-border clearing and 

settlement substantially more expensive; see Van Cayseele and Wuyts, 2007). 

Merger: We now analyze the impact of horizontal mergers on competition in clearing and 

settlement, using the binary variable HorizontallyMergedit. The sum of the estimated coefficients 

of the interaction terms between demeaned ln AFRit, ln PPEit, and ln PCEit and 

HorizontallyMergedit, β4 + γ4 + ζ4, equals 0.3643 and is statistically significantly positive (see 

column 4 in Table 4). This is consistent with the positive relationship between competition and 

increased horizontal merger activity and confirms Hypothesis 4. According to Tapking and Yang 

(2006), mergers lower operating costs (the link between merged clearing and settlement 

institutions can be terminated after a full technical merger). Our findings indicate that horizontal 

mergers might allow clearing and settlement institutions to exploit lower operating costs in order 

to compete for their customers more intensively. 

We also analyze the impact of vertical integration on competition in clearing and settlement. 

The sum of estimated coefficients of the interaction terms between demeaned ln AFRit, ln PPEit, 

ln PCEit and VerticallyMergedit, β5 + γ5 + ζ5 is statistically significantly negative (see column 5 in 

Table 4). This indicates that the level of competition in clearing and settlement is lower after 

vertical integration. Our finding provides empirical support for Köppl and Monnet (2007), who 

theoretically show that vertical integration (between clearing and settlement institutions and 
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exchanges) can prevent efficiency gains from horizontal consolidation between clearing and 

settlement institutions. 

Geographic location: We now analyze whether geographical location and regulation in 

different countries significantly affects competition between clearing and settlement institutions. 

In column 6 in Table 4, we use the dummy variable USregioni to compare the level of 

competition across the US and European markets. The null hypothesis that β7 + γ7 + ζ7 ≤ 0 is 

rejected at the 1% level. That is, competition measured by the H-statistic is higher in the US 

market than in the European market. This is consistent with several studies showing that the costs 

of clearing and settlement services are higher in Europe than in the US (Lannoo and Levin, 2002; 

NERA Economic Consulting, 2004). 

Institutional size: In column 1 in Table 5, we test the impact of Market shareit, a proxy for 

the size of the clearing and settlement institution, on the H-statistic. The result indicates that 

Market shareit is positively and statistically significantly related to the H-statistic (the Wald test 

shows that β8 + γ8 + ζ8 ≤ 0 is rejected at the 10% level). Hence, competition is increasing in the 

market share of clearing and settlement institutions. This is consistent with the positive 

relationship between competition and the size of clearing and settlement institutions as predicted 

in Hypothesis 3 if market share serves as a proxy for size. 

We estimate the interaction between the H-statistic and size, measured by the logarithm of 

total asset, Sizeit. Sizeit is positively and statistically significantly related to total revenues (see 

column 2 in Table 5). This indicates that large clearing and settlement institutions have higher 

revenues than small ones. The sum of estimated coefficients of the interaction terms between 

demeaned ln AFRit, ln PPEit, ln PCEit, and Sizeit, β3 + γ3 + ζ3 is statistically significantly 
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positive.
23

 This provides further support for Hypothesis 3.
24

 

<Insert Table 5 here> 

Technological development: We also analyze whether competition in the clearing and 

settlement industry has increased with fast development in information and communication 

technology. Column 3 in Table 5 indicates that the sum of estimated coefficients of the interaction 

terms between demeaned ln AFRit, ln PPEit, ln PCEit, and ICT ratioit is statistically significantly 

positive (β6 + γ6 + ζ6 is positive). This provides support for Hypothesis 5, which predicts a 

positive relationship between competition and technological development. We report regression 

with the ICT ratioit as a separate specification because inclusion of the ICT ratioit significantly 

lowers the sample size. 

A caveat is in place. Bikker, Shaffer, and Spierdijk (2012) point to several weaknesses of the 

H-statistic. Bikker et al. (2012) prove that a negative H-statistic does not necessarily indicate a 

monopoly even though the equilibrium test indicates long-run equilibrium. They argue that the 

H-statistic jointly measures competitive conduct and long-run structural equilibrium and, to 

evaluate its applicability, additional information is needed about costs, market equilibrium, and 

even market demand elasticity (see also Shaffer, 2004a and Spierdijk and Shaffer, 2015). 

Therefore, we also analyze competition in the clearing and settlement industry by estimating the 

Lerner index and Boone indicator. 

5.2 Factors affecting the Lerner index 

We now estimate Lerner indexes and regress them against a set of explanatory variables (see 

(9)). The average Lerner index for clearing and settlement institutions in our sample is 0.513, 

                                                             
23 The inclusion of scale in estimation of the H-statistic results in a significant upward bias and an incorrect measure of the degree 

of competition (Bikker et al., 2012). The estimated H-statistic in column 2 in Table 5 is based on a scaled revenue function and is 

therefore not considered for evaluation of competitive condition. 
24 These findings resemble observations in the banking industry. Bikker and Groeneveld (2000), De Bandt and Davis (2000), 

Bikker and Haaf (2002), Hempell (2002), and Bikker (2004) find that competition in banking increases with a bank’s size. 
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which confirms the low level of competition in clearing and settlement. Regression in column 1 

of Table 6 only includes control variables. It shows that GDP growth is negatively associated 

with the Lerner index. This indicates that competition between clearing and settlement 

institutions increases when the economy is growing. The number of clearing and settlement 

institutions in a given country is negatively and significantly associated with the Lerner index. 

Inflation and interest rate are positively but insignificantly related to the Lerner index. 

<Insert Table 6 here> 

We now analyze which factors drive the Lerner index (columns 2 to 16 of Table 6). We find 

that the crisis dummy variable 𝛿𝑡 is negatively associated with the Lerner index. Competition 

between clearing and settlement institutions was higher during the global financial crisis than in 

normal times. This is aligned with Hypothesis 1. 

The dummy variable ICSDi is negatively and statistically significantly associated with the 

Lerner index. The negative relationship indicates that ICSDs face higher competition than other 

clearing and settlement institutions. This confirms Hypothesis 2. 

The Lerner index is negatively (but not statistically significantly) related to the size of a 

clearing and settlement institution. This is aligned with the view that larger institutions are 

exposed to higher competition, providing some support for Hypothesis 3. The dummy variable 

HorizontallyMergedit is negatively (but not statistically significantly) related to the Lerner index, 

and the variable VerticallyMergedit is positively (but not statistically significantly) related to the 

Lerner index. This provides some support for Hypothesis 4, stating that mergers affect the level 

of competition in clearing and settlement. The variable ICT ratioit is negatively (but not 

statistically significantly) related to the Lerner index. This is consistent with the view that higher 

technological development is associated with higher competition in clearing and settlement, 

providing some support for Hypothesis 5. 
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The dummy variable USregioni is negatively and statistically significantly related to the 

Lerner index, indicating that competition between clearing and settlement institutions is higher in 

the US market than in the European market. This provides additional support for Hypothesis 6. 

5.3 Factors affecting the Boone indicator 

We now estimate the Boone indicator and test the effect of several factors on the Boone indicator 

based on (10) and (11). 

<Insert Table 7 here> 

As expected, the regression in column 1 of Table 7 shows that marginal cost is negatively 

and significantly associated with the profit of clearing and settlement institutions. We find that 

the interaction term of dummy variable 𝛿𝑡 and marginal cost, 𝛿𝑡 * ln MCit is negatively and 

statistically significantly associated with profit. This indicates that the negative Boone indicator 

during the financial crisis is lower than in normal times and provides some support for 

Hypothesis 1: that competition is higher during the global financial crisis than in normal times. 

The interaction term between the dummy variable ICSDi and marginal cost, ICSDi * ln MCit, 

is negatively and statistically significantly related to profit. This indicates that the Boone 

indicator is lower for ICSDs than for other clearing and settlement institutions. Consequently, 

ICSDs face higher competition than other clearing and settlement institutions. This confirms 

Hypothesis 2. 

The interaction term between institution size and marginal cost, Sizeit * ln MCit, is negatively 

and statistically significantly related to the profit of clearing and settlement institutions. Hence, 

larger institutions are exposed to higher competition. This confirms Hypothesis 3. 

The interaction term between horizontal merger and marginal cost, HorizontallyMergedit * ln 

MCit, is negatively and significantly related to profit, whereas the interaction terms between 

vertical merger and marginal cost, VerticallyMergedit * ln MCit, are positively and significantly 
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related to profit. This provides further support for Hypothesis 4, which states that mergers affect 

competition in clearing and settlement. Horizontal mergers between clearing and settlement 

institutions are associated with lower market power, whereas vertical mergers are associated with 

higher market power in clearing and settlement. 

The interaction term between technological development and marginal cost, ICT ratioit * ln 

MCit, is negatively and significantly related to profit. This confirms that the ICT ratioit is 

negatively and significantly related to the Boone indicator. Hence, higher technological 

development is associated with higher competition between clearing and settlement institutions, 

confirming Hypothesis 5. 

The variable USregioni * ln MCit is negatively and statistically significantly related to profit, 

confirming that the Boone indicator is lower and that competition between clearing and 

settlement institutions is higher in the US than in Europe. This confirms Hypothesis 6. 

5.4 Competition in concentrated versus non-concentrated markets 

Table 3 shows that a single clearing and settlement institution operates in fourteen countries (out 

of twenty-three in the sample). In column 4 in Table 5, we test the impact of DummyHHIit (which 

equals 1 if a single clearing and settlement institution operates in a given country, and 0 

otherwise). The variable DummyHHIit is statistically significantly and positively related to the 

H-statistic (β9 + γ9 + ζ9 ≤ 0 is rejected at the 1% level). This indicates that clearing and settlement 

institutions from countries with a single clearing and settlement institution behave more 

competitively than clearing and settlement institutions from countries with more than one 

clearing and settlement institution. 

 We now compare the H-statistic, Lerner index, and Boone indicator between the subsample 

of countries that have more than one clearing and settlement institution (subgroup: HHI < 1) and 

countries that have only one clearing and settlement institution (subgroup: HHI = 1). The 
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H-statistic of clearing and settlement institutions is higher in countries with HHI = 1 than in 

countries where HHI < 1 (see Table 8). The Lerner index and Boone indicator of clearing and 

settlement institutions are lower in countries with HHI = 1 than in countries where HHI < 1 (see 

Panel A in Table 10). All of these findings confirm that competition between clearing and 

settlement institutions is higher in countries with HHI = 1 than in countries with HHI < 1.
25

 

A potential reason why competition in clearing and settlement seems to be stronger in 

countries with HHI = 1 than in countries with HHI < 1 might be the predominance of vertical 

integration in countries where several clearing and settlement institutions operate. Vertical 

mergers, which are associated with lower competition, occurred in our sample only in countries 

with HHI < 1. 

As a robustness check, we compare the H-statistic, Lerner index, and Boone indicator 

between a subsample of vertically integrated clearing and settlement institutions (subgroup: 

Vertically integrated) and with a subsample of non–vertically integrated clearing and settlement 

institutions (subgroup: Not vertically integrated). The H-statistic is lower and the Lerner index 

and Boone indicator are higher in the case of vertical integration of clearing and settlement (see 

Panel A in Table 9 and Panel B in Table 10). This confirms that competition in clearing and 

settlement is lower in the presence of vertical integration. 

Because the clearing and settlement industry is heavily regulated, arguably even more in 

countries where there is only one clearing and settlement service provider, intense regulation 

might be another potential explanation for the prevalence of low market power in the clearing and 

settlement industry in countries with only one clearing and settlement provider. Unfortunately, 

because of the limitation of the data, we do not have information to test for this explanation. The 

                                                             
25 The finding that competition in clearing and settlement is higher in countries with HHI = 1 compared to countries with HHI < 1 

also holds for the subsamples of EU countries and euro area countries. 
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exact reasons that explain why clearing and settlement institutions operate under less competition 

in countries where there are several institutions compared to countries with only one clearing and 

settlement institution is an open question and will be addressed in further research. More 

generally, our analysis does not aim to establish the casual relationship between factors and the 

level of competition. Further work is needed on this subject. 

We also compare the H-statistic between clearing and settlement institutions in the presence 

of horizontal merger (subgroup: Horizontal merger) and in the absence of horizontal merger 

(subgroup: No horizontal merger). The H-statistic of horizontally merged clearing and settlement 

institutions is higher than the H-statistic of clearing and settlement institutions that did not 

horizontally merge (see Panel B of Table 9). The Lerner index and Boone indicator are higher in 

the case of horizontal merger compared to the absence of horizontal merger (see Panel C in Table 

10). All of these findings provide further support for the positive relationship between horizontal 

mergers and competition in clearing and settlement. 

<Insert Table 8, Table 9, and Table 10 here> 

6 Robustness checks 

6.1 The EU, euro zone, and US regions 

 

For the competition analysis to be valid, clearing and settlement institutions in our sample need to 

have sufficient strategic interaction. Several clearing and settlement institutions (especially 

ICSDs
26

) provide clearing and settlement services across the world, and therefore a certain level 

of strategic interaction exists between US and European clearing and settlement institutions. 

Another potential concern is that differences in regulation might affect our results. The clearing 

                                                             
26  For example, DTCC has offices in fifteen countries around the world, DTCC Annual Report (2013), 

http://www.dtcc.com/annuals/2013/pdfs/DTCC-Annual-Report-2013.pdf. 
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and settlement industry is heavily regulated and regulation differs across countries.
27

 We 

double-check the robustness of our results by performing analysis on subsamples of the EU, euro 

area, and US (see Table 11), the regions with the most pronounced strategic interaction and with 

high levels of legal, regulatory, and institutional harmonization. 

In the EU, the initially closed markets in which a single clearing and settlement institution is 

operating within one country are opening up. Numerous initiatives aim at unifying the regulatory 

landscape and increasing competition within clearing and settlements (including the 

establishment of TARGET2-Securities infrastructure, EMIR,
28

 MiFID2,
29

 and MiFIR
30

). For 

example, CSD regulation
31

 authorizes CSD groups to i) provide services in the EU such that 

issuers can record their securities in any authorized CSD in the EU and ii) have 

non-discriminatory access to other CSDs and other market infrastructures. Calès et al. (2015) 

provide examples from EU clearing and settlements and build theoretical model to analyze 

competition among the clearing and settlement providers in place and new entrants either in the 

form of branches of existing providers, or providers created ex nihilo. These arguments point to 

the existence of the strategic interaction among clearing and settlement institutions within the 

EU. 

We can reject the null hypothesis that the H-statistic is positive for the subsamples of the EU 

and euro area but not for the US. Competition is therefore limited in the EU and euro area, and is 

less pronounced in the US. For the EU subsample, the global financial crisis 𝛿𝑡, ICSDi, Market 

                                                             
27 In all of our estimations we have included time and institution dummy variables to partially mitigate the concern that the 

differences in regulation are correlated with factor variables (δt, ICSDi, Market shareit, Horizontal mergerit, Vertical mergerit, and 

ICT ratioit) and are therefore affecting the results. 
28 European Markets Infrastructure Regulation (Regulation 153/2013, OJ L52/41, February 23rd, 2013). 
29 Directive 2014/65/EU of the European Parliament and of the Council of 15 May 2014 on markets in financial instruments and 

amending Directive 2002/92/EC and Directive 2011/61/EU, OJ L173/349, June 12th, 2014. 
30 Regulation (EU) no. 600/2014 of the European Parliament and of the Council of 15 May 2014 on markets in financial 

instruments and amending Regulation (EU) no. 648/2012, OJ L173/84, June 12th, 2014. 
31 Regulation (EU) 909/2014 on improving securities settlement in the European Union and on central securities depositories, OJ 

L257/1, August 28th, 2014. 
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shareit, HorizontallyMergedit, and ICT ratioit are significantly and positively related to the 

H-statistic, whereas the variable VerticallyMergedit is negatively related to the H-statistic. These 

results are consistent with our findings from the total sample.
32

 

<Insert Table 11 here> 

6.2 Specialization and type of clearing and settlement institutions 

Table 12 confirms that our result of a nonpositive H-statistic remains robust across different 

specializations and types of clearing and settlement institutions. In the subsample of “broad” 

clearing and settlement institutions that provide clearing and settlement services for the wide 

range of instruments, including derivatives, and in the subsample of “narrow” clearing and 

settlement institutions that focus on bonds and equity securities, we can statistically significantly 

reject the null hypothesis that the H-statistic is positive. The H-statistic is also negative (but not 

statistically significantly nonpositive) for subsamples of CSDs and CCPs. 

6.3 Vertical integration 

The accounting numbers of the vertically integrated clearing and settlement institutions 

include operations outside the clearing and settlement business. This might produce a biased 

estimate of competition in the clearing and settlement industry. To confirm that our main findings 

are not driven by vertical integration, we performed a robustness check on the subsample of 

clearing and settlement institutions that are not vertically integrated. We confirmed that the 

H-statistic is still negative. However, we cannot reject the null hypothesis that the H-statistic is 

positive. The results in Panel A Table 13 confirm that variables including the global financial 

crisis 𝛿𝑡, ICSDi, HorizontallyMergedit and USregioni are positively and statistically significantly 

associated with the H-statistic. We also confirm the positive (but not statistically significant) 

relationship between Sizeit, ICT ratioit, and the H-statistic. Therefore, our main findings also hold 

                                                             
32 When considering the effect of the factor variables on the H-statistic in the euro area subsample, the results predominantly hold, 

but with lower statistical significance. The results are available upon request. 
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for the subsample of clearing and settlement intuitions that are not vertically integrated. 

6.4 Implementation of new accounting standards 

Clearing and settlement institutions in some countries in our sample (including Austria, Belgium, 

the Czech Republic, Germany, Luxembourg, Malta, the Netherlands, Poland, Russia, Spain, 

Turkey, and the UK) changed the financial report standards from the local “GAAP” to 

International Financial Reporting Standards (IFRS) during 2005 and 2006. In order to extend our 

sample period, we include in our sample both periods, before and after the change in the 

accounting standards. Thus, for some of the clearing and settlement institutions in our sample, the 

data are reported according to two different accounting standards: local “GAAP” (before 2005 or 

2006) and IFRS (after 2005 or 2006). 

To check that the inclusion of two periods with different accounting standards does not affect 

our results, we perform an analysis on the subsample of clearing and settlement intuitions before 

the implementation of new accounting standards. The estimated H-statistic is around 0 and we 

can no longer reject the null hypothesis that the H-statistic is nonpositive. The results are 

presented in Panel B in Table 13. We find that ICSDi, Sizeit, HorizontallyMergedit, ICT ratioit, and 

USregioni are positively related and VerticallyMergedit negatively related to the H-statistic. These 

results are broadly consistent with our findings from the total sample. 

<Insert Table 12 and Table 13 here> 

7. Conclusion 

Amid continued merger activities, competition is becoming a foremost issue in the currently still 

fragmented clearing and settlement industry. Using unbalanced annual data from forty-six 

clearing and settlement institutions from twenty-three countries from 1989 to 2012, we analyzed 

competition in clearing and settlement. We used a structural and nonstructural approach: we 
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computed concentration indexes, the H-statistic of Panzar and Rosse’s (1982, 1987) model, the 

Lerner index, and the Boone indicator. 

We investigated the impact of the global financial crisis, organizational type, institution size, 

horizontal and vertical mergers, technological development, and geographic location on 

competition in clearing and settlement. Although several forces, including technological 

developments, the global financial crisis, and the presence of the ICSDs, seem to be pushing 

towards higher competition in clearing and settlement, our findings suggest that clearing and 

settlement institutions operate in noncompetitive markets. We can statistically significantly reject 

the null hypothesis that the H-statistic is positive across several specifications and subsamples. 

Our results support the view of Van Cayseele (2004) that quasi-monopolies with as little cost 

of entry as possible might be the most efficient industry structure among the feasible ones in 

clearing and settlement. The literature finds the presence of economies of scale in clearing and 

settlement (e.g., Van Cayseele and Wuyts, 2007). Clearing and settlement institutions can then 

exploit economies of scale through horizontal growth (either organic or through horizontal 

mergers or acquisitions). We refute the concerns that increased horizontal consolidation and the 

creation of large clearing and settlement institutions might hamper competition. However, 

vertical mergers of clearing and settlement institutions with exchanges, banks, and technology 

companies need to be considered more cautiously from the competition perspective. 

Our findings also suggest that competition between clearing and settlement institutions in the 

U.S market is higher than in the European market. This indicates that renewed initiative is 

necessary to enhance competition between clearing and settlement institutions in Europe. 
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Table 1 Data Structure and Sources 

Variable  Definition Variable Name in BANKSCOPE Data Source 

TR Total revenue ($ million) Total Revenue BankScope  

TC Total operating expense ($ million) Total Operating Expense BankScope 

OPINCOM Total operating income ($ million) Operating Income BankScope  

AFR The ratio of annual interest expenses to total funds, or other Average Funding Rate Total Interest Expense / (Long Term Funding + 

Deposits & Short Term Funding) 

BankScope  

PPE The ratio of personnel expenses to the balance sheet total assets Personnel Expenses / Total Assets BankScope  

PCE  The ratio of physical capital expenditure and other expenses to fixed assets Other Operating Expenses / Fixed Assets BankScope  

OI/OR The ratio of other income to operating income (Net Income − Total Operating Income) / Total 

Operating Income 

BankScope  

Market share The ratio of total asset of clearing and settlement institution i to the sum of total 

assets of all clearing and settlement institutions in country j at year t. 

Market shareijt = total assetijt/∑ 𝑡𝑜𝑡𝑎𝑙 𝑎𝑠𝑠𝑒𝑡𝑖𝑗𝑡
𝑛
𝑖=1  BankScope 

δ A dummy variable for crises, which takes a value of 1 for the period from 2008 to 

2010 and 0 otherwise 

  

ICSD A binary variable; for international central securities depositories (ICSD), ICSD = 1; 

for other clearing and settlement institutions, ICSD = 0  

Annual reports 

1989–2012 

Size The logarithm of total assets representing the proxy for the size Size = log(Total Asset) BankScope  

HorizontallyMerged A binary variable that equals 1 on the year that the merger was announced, and 0 

otherwise  

 

VerticallyMerged  A dummy variable that equals 1 if clearing and settlement institution i was vertically 

integrated with other institutions (including exchanges, banks, and technology 

companies), and 0 otherwise. 

  

ICT ratio Total information and communication technology expenditure to GDP in a given 

country  

OECD Factbook 

(2012) 
USregion A dummy variable that equals 1 if a clearing and settlement institution is from the 

US, and 0 otherwise.  

 

DummyHHI A dummy variable that equals 1 if a country has only one clearing and settlement 

institution, and 0 otherwise.  

 

ROE Return on equity 

 

BankScope  

Lerner index The Lerner index, an indicator of competition, derived from a stochastic frontier 

analysis (SFA) estimate of marginal cost and total assets, with higher values 

indicating less competition 

 

Own calculations 

GDP growth Annual growth rate of GDP at market prices based on constant local currency 

 

World Bank  

Inflation Inflation rate 

 

World Bank  

Interest rate The interest rate charged by banks on loans to prime customers 

 

World Bank  
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Table 2 Data Statistics  
Variable  Regions ICSD versus others 

Total Europe U.S ICSD = 1 ICSD = 0 
Operating Income ($ million) 266.330 238.9 686.19 680.41 214.3 

 [424.3] [418.3] [268.7] [536.6] [397.5] 
(−2.88–3558) (−2.88–3558) (341–1089) (131.44–1772) (−2.88–3558) 

Total Revenue ($ million) 400.82 375.42 787.16 881.18 340.6 

 [591.1] [595.1] [350] [723.5] [568.8] 
(−2.28–4188) (−2.28–4188) (361–1555) (300–2711) (−2.28–4188) 

Interest Expenses ($ million) 116.5 122.78 21.51 67.32 122.9 

 [260.75] [268.1] [2.79] [125.9] [274.4] 
(0.00–1816) (0.00–1816) (14–26.1) (0.12–481) (0.00–1816) 

Personnel Expenses ($ million) 81.4 64.82 207.49 269.84 57.5 

 [134.1] [121.2] [160.4] [201.1] [106.1] 
(0.00–579) (0.00–579) (0.06–532) (26.73–559) (0.00–579) 

Physical Expenses ($ million) 107.01 112.86 63.63 203.65 95.3 
[175.9] [185.5] [55.4] [286.8] [164.9] 

(0.79–1586) (0.79–1586) (8.41–213) (29.89–915) (0.79–1586) 
Fixed Asset ($ million) 36.12 28.78 95.08 126.79 18.8 

 [67.9] [63.96] [78.3] [58.7] [36.6] 
(0.00–256) (0.00–200) (8.11–256) (16.27–256) (0.00–219) 

Total Asset ($ million) 24758 26181 13303 11623 26351 
[87711] [92818] [12308] [11704] [92664] 

(13.21–700049) (13.21–700049) (2241–50898) (1012–50898) (13.21–700049) 
AFR 0.08 0.14 0.01 0.05 0.17 

[0.67] [0.69] [0.01] [0.18] [0.63] 
(0.00–7.00) (0.00–7.00) (0.00–0.05) (0.00–0.75) (0.01–7.00) 

PPE 0.15 0.19 0.03 0.03 0.19 
[0.69] [0.08] [0.027] [0.006] [0.07] 

(0.00–0.51) (0.00–0.51) (0.00–0.10) (0.01–0.10) (0.00–0.51) 
PCE 4.12 6.85 1.16 2.16 6.52 

[2.4] [2.1] [1.97] [1.65] [2.1] 
(0.20–71.34) (0.39–71.34) (0.20–10.86) (0.20–10.86) (0.39–71.34) 

OI/OR 0.73 0.79 0.17 0.38 0.75 

 [1.23] [1.25] [0.129] [0.25] [1.3] 
(−0.58–8.62) (−0.58–8.62) (0.04–0.49) (0.04–1.29) (−0.58–8.62) 

ROE (%) 9.8 9.01 12.5 11.64 10.5 
[17.3] [17.9] [15.3] [8.6] [17.97] 

(−64.45–144.01) (−64.45–144.01) (−13.79–57.19) (−9.88–57.19) (−64.45–144.01) 
ICT (%) 12.29 9.19 29.28 29.27 10.84 

[10.76] [8.57] [2.4] [2.4] [9.9] 
(9.56–32.10) (9.56–25.00) (26.30–32.10) (26.30–32.10) (9.56–32.10) 

Note: This table presents the mean of each variable; the standard deviation is reported in square brackets and the range of each variable is reported in parentheses. All 

currencies are converted into dollars and adjusted for inflation. 
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Table 3 Summary of Clearing and Settlement Institutions in Our Sample, 1989–2012 

Clearing and Settlement Institution ICSD Years Country Specialization33 

Year(s) of 

Horizontal 

Merger 

Year(s) of Vertical 

Integration 
HHI CR3 

Euroclear Bank 1 2000–2010 Belgium broad 
2001, 2002, 2006, 

2008 
2007 

0.5296 1 

Euroclear SA/NV 0 2005–2010 Belgium broad   

Banque Centrale de Compensation 0 2001–2010 France broad  1998 

0.3558 1 

CACEIS Bank France 0 2005–2010 France broad   

Euroclear France 0 1999–2000 France broad   

Euronext Paris SA 0 
1996–2000, 

2009–2010 
France broad 2007 2000, 2001, 2002 

IXIS Investor Services 0 2005 France narrow   

Clearstream Banking AG Frankfurt 0 1995–2010 Germany broad   

0.7717 1 European Commodity Clearing AG 0 2008–2010 Germany broad   

Swiss Euro Clearing Bank GmbH 0 2000–2010 Germany narrow   

Cedel International 1 1993–1999 Luxembourg broad   

0.5011 1 

Centre de Transferts Electroniques 

Société Coopérative-CETREL S.C. 
0 2002–2005 Luxembourg narrow   

Clearstream Banking SA 0 1995–2010 Luxembourg broad   

Clearstream International 1 2000–2006 Luxembourg broad 2000  

Clearstream Services SA 0 1999–2000 Luxembourg broad   

RBC Dexia Investor Services Bank 0 2003–2010 Luxembourg broad  2012 

ABN AMRO Clearing Bank N.V. 0 2004–2010 Netherlands broad  1995, 2010 

0.5226 1 

CITCO Bank Nederland N.V. 0 1994–2010 Netherlands narrow   

Fortis Clearing International B.V. 0 1999 Netherlands broad  2010 

RBC Dexia Investor Services 

Netherlands N.V.  
0 2005–2006 Netherlands broad   

CLS Group Holdings AG 0 2004–2010 Switzerland broad   
0.8207 1 

SIX Swiss Exchange 0 2007–2012 Switzerland broad  2008 

Central Securities Depository of 

Turkey 
0 2004–2012 Turkey broad   

0.5006 1 
Takasbank - Istanbul Settlement and 

Custody Bank Inc 
0 1999–2012 Turkey broad   

Euroclear Plc 0 1999–2010 UK broad   

0.4706 1 

LCH Clearnet Group Limited 0 2002–2011 UK broad 2003, 2007, 2012  

LCH Clearnet Limited 0 2006–2011 UK broad   

RBSI Custody Bank Limited 0 
2001–2002, 

2004–2005 
UK broad   

Fixed Income Clearing Corporation 0 2003–2012 US broad   

0.5882 1 National Securities Clearing 

Corporation 
0 2003–2012 US broad   

                                                             
33 We divided clearing and settlement institutions according to their specialization into ones that focus on bonds and equity securities (“narrow” clearing and settlement institutions) 

and ones that also provide clearing and settlement services for other instruments such as derivatives or commodities (“broad” clearing and settlement institutions). 
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The Depository Trust Company 1 2003–2012 US broad   

The Depository Trust & Clearing 

Corporation 
1 2003–2012 US broad  2010 

Oesterreichische Kontrollbank AG 0 2002–2012 Austria narrow   1 1 

Central Registry of Securities 

JSC-Republic of Srpska 
0 2005–2012 

Bosnia and 

Herzegovina 

narrow 
  1 1 

Central Depository AD 0 2007–2012 Bulgaria narrow   1 1 

Central Depository & Clearing 

Company Inc. 
0 2008–2012 Croatia 

narrow 
  1 1 

Cyprus Stock Exchange 0 2003–2012 Cyprus narrow   1 1 

Central Securities Depository Prague 0 1999–2011 Czech Republic narrow   1 1 

VP Securities Service 0 2006–2012 Denmark narrow   1 1 

KELER Ltd 0 2001–2012 Hungary broad   1 1 

Iceland Securities Depository 0 2010–2012 Iceland narrow   1 1 

Malta Stock Exchange 0 2000–2012 Malta narrow   1 1 

KDPW 0 2002–2011 Poland narrow   1 1 

Central Securities Depository of the 

Slovak Republic 
0 2008–2012 Slovakia narrow   1 1 

Central Securities Clearing 

Corporation 
0 2007–2012 Slovenia narrow   1 1 

RBC Dexia Investor Services España 0 1989–2010 Spain broad   1 1 

Note: 1) HHI is the Herfindahl–Hirschman Index, defined as HHI = ∑ 𝑚𝑖
2

𝑖 . It is the sum of the squared market shares of each clearing and settlement institution as of 2010 in 

each country. 2) CR3 is the share of the market taken by the largest three clearing and settlement institutions as of 2010 in each country. 3) The estimation of HHI and CR3 is 

based on the data in 2010. 4) The data for BNY Mellon CSD and NBB SSS in Belgium were not available. 5) The data for Euroclear Netherlands in the Netherlands were not 

available. 6) The data for the Central Register of Treasury Bills (CRBS) in Poland were not available. 7) The data for Iberclear in Spain were not available. 
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Table 4 The Impact of the Global Financial Crisis δ, ICSD, HorizontallyMerged, VerticallyMerged, and USregion on the H-statistic 
Variable Coefficient Panel A: ln OPINCOM Panel B: ln TR 
  (1) (2) (3) (4) (5) (6) (1) (2) (3) (4) (5) (6) 
ln AFR β −0.0893** −0.0861** −0.0977** −0.0745* −0.0865** −0.0677 −0.0486 −0.0557 −0.0651 −0.0426 −0.0524 −0.0351 
  (−1.97) (−2.03) (−2.41) (−1.78) (−2.16) (−1.50) (−1.19) (−1.31) (−1.58) (−1.01) (−1.30) (−0.74) 
ln PPE γ 0.0436 −0.0395 0.0117 −0.0446 −0.0294 0.00350 −0.0639 −0.0598 −0.0107 −0.0658 −0.0440 −0.0184 
  (0.78) (−0.66) (0.20) (−0.83) (−0.50) (0.06) (−1.08) (−0.94) (−0.18) (−1.16) (−0.71) (−0.27) 
ln PCE ζ −0.0703*** −0.0834*** −0.0820*** −0.0819*** −0.0661** −0.0774*** −0.0723*** −0.0759*** −0.0760*** −0.0737*** −0.0561* −0.0721*** 
  (−3.28) (−3.53) (−3.18) (−3.26) (−2.34) (−2.97) (−2.92) (−3.21) (−2.90) (−2.90) (−1.96) (−2.68) 
OI/OR ψ −0.197*** −0.191*** −0.191*** −0.201*** −0.203*** −0.187*** 0.109** 0.115*** 0.115** 0.105** 0.107** 0.120*** 
  (−3.71) (−3.77) (−3.63) (−3.69) (−3.55) (−3.61) (2.34) (2.62) (2.47) (2.20) (2.11) (2.62) 
Market share п8 0.220* 0.254* 0.196 0.219 0.266* 0.207* 0.275** 0.310** 0.251* 0.272* 0.332** 0.260** 
  (1.73) (1.93) (1.55) (1.59) (1.93) (1.66) (2.09) (2.28) (1.92) (1.91) (2.34) (2.01) 
δ п1 −0.514** −0.370* −0.527*** −0.496** −0.513** −0.519** −0.479** −0.324 −0.499** −0.461** −0.472** −0.493** 
  (−2.58) (−1.84) (−2.67) (−2.49) (−2.44) (−2.55) (−2.28) (−1.52) (−2.38) (−2.19) (−2.11) (−2.28) 
ICSD п2 1.150*** 1.101*** 0.666 1.107*** 1.103*** 1.187*** 1.242*** 1.185*** 0.794 1.199*** 1.223*** 1.278*** 
  (3.39) (3.37) (1.19) (3.16) (3.26) (3.48) (3.88) (3.77) (1.39) (3.62) (3.95) (3.95) 
HorizontallyMerged п4 0.147 0.0888 0.135 0.173 0.135 0.159 0.178 0.110 0.170 0.199 0.177 0.191 
  (1.01) (0.57) (1.02) (1.26) (0.94) (1.11) (1.26) (0.72) (1.31) (1.48) (1.27) (1.38) 
VerticallyMerged п5 −0.0595 −0.0798 −0.0625 −0.0892 0.143 −0.0677 −0.110 −0.132 −0.116 −0.140 0.110 −0.121 
  (−0.32) (−0.43) (−0.32) (−0.44) (0.75) (−0.35) (−0.58) (−0.71) (−0.60) (−0.69) (0.52) (−0.62) 
USregion п7 −1.181*** −1.159*** −1.567*** −1.191*** −1.107*** −0.823 −1.234*** −1.212*** −1.684*** −1.243*** −1.147*** −0.910 
  (−6.08) (−6.01) (−3.96) (−6.11) (−5.41) (−0.66) (−5.95) (−5.83) (−4.06) (−5.98) (−5.30) (−0.67) 
ln AFR × δ β1  0.0182      0.0177     
   (1.34)      (1.04)     
ln PPE × δ γ1  0.0503*      0.0621*     
   (1.72)      (1.92)     
ln PCE × δ ζ1  0.0555**      0.0533**     
   (2.23)      (2.06)     
ln AFR × ICSD β2   −0.0726      −0.0686    
    (−0.64)      (−0.58)    
ln PPE × ICSD γ2   0.671***      0.645***    
    (3.80)      (3.44)    
ln PCE × ICSD ζ2   0.0509      0.0178    
    (0.48)      (0.17)    
ln AFR × HorizontallyMerged β4    0.217***      0.223***   
     (2.65)      (2.63)   
ln PPE × HorizontallyMerged γ4    0.157      0.183   
     (0.83)      (0.90)   
ln PCE × HorizontallyMerged ζ4    −0.00972      −0.0252   
     (−0.12)      (−0.30)   
ln AFR × VerticallyMerged β5     −0.0398      −0.0216  
      (−0.87)      (−0.43)  
ln PPE × VerticallyMerged γ5     −0.0199      −0.00844  
      (−0.13)      (−0.06)  
ln PCE × VerticallyMerged ζ5     −0.0592      −0.0816  
      (−0.93)      (−1.25)  
ln AFR × USregion β7      0.267      0.275 
       (1.08)      (1.01) 
ln PPE × USregion γ7      0.525*      0.513 
       (1.73)      (1.55) 
ln PCE × USregion ζ7      0.0599      0.0234 
       (0.59)      (0.22) 
Constant 𝛼 3.085*** 3.041*** 3.249*** 3.153*** 3.057*** 3.190*** 3.193*** 3.146*** 3.356*** 3.260*** 3.151*** 3.298*** 
  (5.55) (5.44) (5.80) (5.56) (5.49) (5.79) (5.47) (5.30) (5.69) (5.47) (5.51) (5.69) 
H-statistic (β +γ + ζ)  −0.1160 −0.2090 −0.1680 −0.1265 −0.1820 −0.1416 −0.1848 −0.1914 −0.1518 −0.1821 −0.1525 −0.1256 
Wald H ≤ 0 (p-value) 0.9913 0.9889 0.9780 0.9918 0.9778 0.9564 0.9756 0.9705 0.9502 0.9759 0.9400 0.9140 
Wald H > 0 (p-value) 0.0087 0.0111 0.0220 0.0082 0.0222 0.0436 0.0244 0.0295 0.0498 0.0241 0.0600 0.0860 
Wald H = 1 (p-value) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
βj + γj + ζj   0.1240 0.6493 0.3643 −0.1189 0.8519  0.1331 0.5942 0.3808 −0.1116 0.8114 
Wald βj + γj + ζj ≤ 0 (p-value) 0.0070 0.0003 0.0757 0.9884 0.0000  0.0053 0.0017 0.0643 0.9146 0.0001 
Wald βj + γj + ζj > 0 (p-value)     0.0116      0.0854  
Equilibrium test (ROE) (p-value) 0.0714 0.2373 0.2436 0.4480 0.1631 0.3971 0.0714 0.2373 0.2436 0.4480 0.1631 0.3971 
Institution Fixed Effects YES YES YES YES YES YES YES YES YES YES YES YES 
Time Fixed Effects  YES YES YES YES YES YES YES YES YES YES YES YES 
N  309 309 309 309 309 309 309 309 309 309 309 309 
Adjusted-R2  0.955 0.956 0.957 0.955 0.955 0.957 0.970 0.971 0.971 0.970 0.970 0.971 
Notes: The dependent variable ln OPINCOM represents the log of operating income, and ln TR represents the log of total revenue. All regressions are OLS estimation. Dummy variables associated with clearing and settlement institutions and years are 

included. Heteroskedasticity-robust t-values are reported in parentheses. Superscripts ***, **, * indicate significance levels of 0.01, 0.05, and 0.10, respectively. The p-values of the Wald tests are also provided. 
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Table 5 The Impact of Market share, Size, ICT ratio, and DummyHHI on the H-statistic 

Variable Coefficient ln OPINCOM 

  (1) (2) (3) (4) 

ln AFR β −0.0767** −0.0158 −0.133** 0.0305 

  (−2.13) (−0.39) (−2.05) (0.91) 

ln PPE γ −0.101* 0.128** −0.111 0.0778 

  (−1.94) (2.24) (−1.23) (1.34) 
ln PCE ζ −0.0844*** −0.0620*** −0.0643* −0.0835*** 

  (−3.31) (−2.66) (−1.83) (−3.67) 

OI/OR ψ −0.192*** −0.243*** −0.268*** −0.169*** 

  (−3.53) (−3.61) (−6.11) (−3.37) 

Market share п8 0.0290  0.157  

  (0.16)  (0.90)  

δ п1 −0.544*** −0.659*** 1.601*** −0.495*** 
  (−2.64) (−3.05) (6.00) (−2.62) 

ICSD п2 1.246*** 0.568 −0.333 1.216*** 

  (3.61) (1.54) (−0.64) (3.74) 

Size п3  0.339***   

   (6.29)   

HorizontallyMerged п4 0.129 0.0250 −0.0998 0.155 

  (0.87) (0.27) (−1.03) (1.09) 

VerticallyMerged п5 0.113 0.255* −0.0642 −0.143 
  (0.59) (1.71) (−0.28) (−0.68) 

ICT ratio п6   0.0542  

    (1.31)  

USregion п7 −0.935*** −0.759***  −1.193*** 

  (−4.37) (−5.40)  (−6.55) 

ln AFR × Market share β8 −0.106***    

  (−2.61)    

ln PPE × Market share γ8 0.245***    

  (3.25)    

ln PCE × Market share ζ8 −0.0881    

  (−1.62)    

ln AFR × Size β3  −0.0162*   

   (−1.69)   

ln PPE × Size γ3  0.0247***   

   (3.19)   

ln PCE × Size ζ3  0.0101   

   (1.55)   

ln AFR × ICT ratio β6   0.0118*  

    (1.70)  

ln PPE × ICT ratio γ6   0.0200**  

    (2.61)  

ln PCE × ICT ratio ζ6   0.0109***  

    (3.63)  

DummyHHI п9    0.0279 

     (0.09) 

ln AFR × DummyHHI β9    0.529*** 

     (7.51) 

ln PPE × DummyHHI γ9    0.456*** 

     (4.45) 

ln PCE× DummyHHI ζ9    −0.0618 

     (−1.29) 

Constant 𝛼 3.013*** 2.410*** 3.083** 3.420*** 

  (5.57) (5.15) (2.26) (6.83) 

H-statistic (β + γ + ζ) −0.2621 0.0502 −0.3083 0.0248 
Wald H ≤ 0 (p-value) 0.9998 0.2553 0.9755 0.3781 

Wald H > 0 (p-value) 0.0002 0.7447 0.0245 0.6219 

Wald H = 1 (p-value) 0.0000 0.0000 0.0000 0.0000 

βj + γj + ζj  0.0509 0.0186 0.0427 0.9232 

Wald βj + γj + ζj ≤ 0 (p-value) 0.0714 0.0824 0.0008 0.0000 

Equilibrium test (ROE) (p-value) 0.3284 0.7112 0.5707 0.6002 

Institution Fixed Effects YES YES YES YES 

Time Fixed Effects  YES YES YES YES 

N  309 309 209 309 

Adjusted-R2  0.957 0.971 0.962 0.962 

Notes: The dependent variable ln OPINCOM represents the log of operating income. All regressions are OLS estimation. Dummy variables associated with clearing and 

settlement institutions and years are included. Heteroskedasticity-robust t-values are reported in parentheses. Superscripts ***, **, * indicate significance levels of 0.01, 
0.05, and 0.10, respectively. The p-values of the Wald tests are also provided. 
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Table 6 Estimation of Factors Affecting the Lerner Index 

Variable (1) (2) (3) (4) (5) (8) (6) (7) (10) (9) (11) (12) (13) (14) (15) (16) 

GDP growth −0.00106 −0.00106 −0.00106 0.0000100 −0.00205 0.00244 0.0387 −0.00106 −0.000541 −0.00106 −0.000868 0.0344 −0.000868 0.0235 −0.000868 −0.000576 

 
(−0.07) (−0.07) (−0.07) (0.00) (−0.12) (0.14) (1.34) (−0.07) (−0.03) (−0.07) (−0.05) (1.17) (−0.05) (0.69) (−0.05) (−0.03) 

Inflation  −0.0119 −0.0119 −0.0119 −0.0106 −0.00917 −0.0130 0.00605 −0.0119 −0.0121 −0.0119 −0.00755 −0.00475 −0.00755 −0.0166 −0.00755 −0.00769 

 
(−0.57) (−0.57) (−0.57) (−0.52) (−0.44) (−0.60) (0.18) (−0.57) (−0.59) (−0.57) (−0.37) (−0.14) (−0.37) (−0.38) (−0.37) (−0.38) 

Interest rate 0.0119 0.0119 0.0119 0.0105 0.0121 0.0101 0.00846 0.0119 0.0111 0.0119 0.0115 0.00699 0.0115 0.00814 0.0115 0.0119 

 
(0.91) (0.91) (0.91) (0.81) (0.90) (0.72) (0.47) (0.91) (0.84) (0.91) (0.86) (0.38) (0.86) (0.35) (0.86) (0.89) 

Number of Institutions 
−0.436*** −0.436*** −0.0717 −0.408*** −0.436*** −0.468*** −0.363*** −0.0717 −0.419*** −0.436*** −0.000379 −0.223* −0.000379 −0.119 −0.000379 −0.000357 

(−10.94) (−10.94) (−1.37) (−9.48) (−10.86) (−8.15) (−3.32) (−1.37) (−8.27) (−10.94) (−0.01) (−1.85) (−0.01) (−0.49) (−0.01) (−0.01) 

δ 
 

−0.238 
   

     −0.374 0.0787 −0.374 −0.0991  −0.397 

  
(−0.56) 

   
     (−0.86) (0.13) (−0.86) (−0.13)  (−0.89) 

ICSD 
  

−0.729*** 
  

     −0.811*** −0.379  −0.443 −0.161 −0.171 

   
(−6.52) 

  
     (−6.88) (−1.02)  (−1.00) (−0.55) (−0.56) 

Size 
   

−0.0361 
 

     −0.0438* −0.0635 −0.0438* −0.0461 −0.0438* −0.0473* 

    
(−1.63) 

 
     (−1.88) (−1.24) (−1.88) (−0.78) (−1.88) (−1.81) 

HorizontallyMerged 
    

−0.0105      −0.0432  −0.0432 0.0335 −0.0432 −0.0442 

     
(−0.15)      (−0.60)  (−0.60) (0.32) (−0.60) (−0.61) 

VerticallyMerged 
     

0.0751        0.147   

      
(0.94)        (0.41)   

ICT ratio 
     

 −0.0274     −0.0199  −0.0148   

      
 (−1.18)     (−0.83)  (−0.53)   

USregion 
     

  −0.729***     −0.811***  −0.650* −0.648* 

      
  (−6.52)     (−6.88)  (−1.78) (−1.77) 

Market share 
     

   0.0468       −0.0186 

      
   (0.56)       (−0.19) 

DummyHHI 
     

    −0.757***     −0.0548  

      
    (−7.21)     (−0.39)  

Intercept −1.593*** −1.593*** 0.593 −1.667*** −1.609*** −1.735*** −0.823 0.593 −1.549*** −1.593*** 0.711 0.377 0.711 0.736 0.711 0.706 

 
(−2.89) (−2.89) (1.08) (−3.03) (−2.91) (−2.77) (−0.58) (1.08) (−2.78) (−2.89) (1.28) (0.49) (1.28) (0.65) (1.28) (1.27) 

Institution Fixed Effects YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES 

Time Fixed Effects YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES 

N 206 206 206 206 206 206 123 206 206 206 206 123 206 123 206 206 

Wald Chi-square 913.8*** 913.8*** 913.8*** 913.2*** 932.9*** 805.2*** 1789.1*** 913.8*** 899.8*** 913.8*** 944.1*** 1620.1*** 944.1*** 807.4*** 944.1*** 934.9*** 

Notes: The dependent variable is Lerner index estimated by using total asset as the output variable in (7). All regressions are feasible generalized least squares (FGLS) estimation. Dummy variables associated with clearing and settlement 

institutions and years are included. Country clustered, heteroskedasticity-robust t-values are reported in parentheses. Superscripts ***, **, * indicate significance levels of 0.01, 0.05, and 0.10, respectively. 
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Table 7 Estimation of Factors Affecting the Boone Indicator 

Variable  (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) 

ln MC β −1.157*** −0.850** −1.147*** −0.226 −1.082*** −2.266** −1.447*** −1.127*** −0.895** −1.112*** −1.214*** −1.343*** −0.802*** −1.729 −1.291* −1.662** 

 
 (−7.59) (−3.30) (−5.68) (−0.87) (−5.33) (−3.16) (−4.22) (−6.53) (−2.81) (−4.68) (−3.40) (−3.71) (−4.57) (−1.85) (−2.11) (−2.92) 

δ * ln MC β1  −0.502*         −0.292 −0.142   −0.0653 −0.464 

 
  (−2.03)         (−1.15) (−1.05)   (−0.40) (−1.80) 

ICSD * ln MC β2   −1.222***        −5.745*  −1.368** −0.287   

 
   (−3.66)        (−2.18)  (−2.47) (−0.17)   

Size * ln MC β3    −0.182***       −0.106  −0.0467 −0.00422   

 
    (−3.48)       (−0.79)  (−0.81) (−0.04)   

HorizontallyMerged * ln MC β4     −8.374***       −8.349*** −3.624*** −3.491*** −7.866*** −10.98 

 
     (−3.21)       (−3.42) (−35.40) (−15.54) (−3.94) (−0.76) 

VerticallyMerged * ln MC β5      1.561**        0.651  0.599 

 
      (2.74)        (0.58)  (0.97) 

ICT ratio * ln MC β6       −0.0662*          

        (−2.20)          

USregion * ln MC β7        −1.046*   −4.911* −1.380*   −1.608* −1.310** 

 
        (−2.15)   (−2.09) (−2.10)   (−2.24) (−2.52) 

Market share * ln MC β8         −0.595      −0.152  

 
         (−0.77)      (−0.12)  

DummyHHI * ln MC β9          −0.561**      −0.474 

 
          (−3.29)      (−0.91) 

Institution Fixed Effects  YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES 

Time Fixed Effects  YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES 

N  191 162 191 191 191 156 115 191 191 191 115 162 156 156 162 110 

First Stage F-test  37.24 30.70 29.62 110.48 36.91 67.90 14.06 72.58 92.93 56.38 92.69 79.51 112.08 32.04 13.60 69.28 

Prob >F  0.000 0.000 0.000 0.000 0.000 0.000 0.008 0.000 0.000 0.005 0.000 0.000 0.000 0.000 0.000 0.000 

Hansen’s J statistic  4.864 0.214 3.877 3.617 1.560 4.944 1.858 1.419 0.190 0.323 1.601 1.398 4.864 0. 622 1.172 2.298 

Hansen’s J statistic (p-value)  0.182 0.644 0.423 0.460 0.458 0.0844 0.395 0.701 0.909 0.851 0.449 0.706 0.182 0.649 0.760 0.513 

Notes: In each regression, the dependent variable is log of profit, 𝑙𝑛π. All of the interaction terms are demeaned following Balli and Sørensen (2013). All regressions are IV estimation. Dummy variables associated with clearing and settlement 

institutions and years are included. Country clustered, heteroskedasticity-robust t-values are reported in parentheses. Superscripts ***, **, * indicate significance levels of 0.01, 0.05, and 0.10, respectively. 
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Table 8 Comparison of the H-statistic between Subsamples: HHI < 1 vs HHI = 1 

Variable Coefficient Panel A: lnOPINCOM Panel B: lnTR 

  (1) (2) (3) (4) (1) (2) (3) (4) 

  HHI < 1 HHI = 1 HHI < 1 HHI = 1 HHI < 1 HHI = 1 HHI < 1 HHI = 1 

ln AFR β −0.160*** 0.380*** −0.160*** 0.476*** −0.126*** 0.421*** −0.126*** 0.454*** 

  (−3.94) (4.52) (−3.93) (3.88) (−2.89) (4.83) (−2.89) (3.88) 

ln PPE γ −0.0558 0.336*** −0.0560 0.356*** −0.0851 0.317*** −0.0782 0.324*** 

  (−0.80) (2.79) (−0.76) (3.06) (−1.05) (3.11) (−0.93) (3.10) 

ln PCE ζ −0.0851*** −0.144*** −0.0851*** −0.142*** −0.0843*** −0.117** −0.0847*** −0.116** 

  (−3.02) (−3.40) (−3.01) (−3.21) (−2.90) (−2.56) (−2.89) (−2.48) 

OI/OR ψ −0.152*** −0.215** −0.152*** −0.243** 0.106** 0.335*** 0.104** 0.326*** 

  (−2.86) (−2.49) (−2.93) (−2.63) (2.29) (3.61) (2.34) (3.31) 

Market share п7   −0.00172 −0.566   0.0556 −0.196 

    (−0.01) (−1.52)   (0.35) (−0.59) 

Constant 𝛼 2.526*** −1.287*** 2.527*** −1.076** 3.065*** 5.500*** 3.046*** 5.573*** 

  (4.27) (−3.24) (4.20) (−2.66) (4.64) (13.47) (4.56) (13.10) 

H-statistic (β + γ + ζ)  −0.3009 0.5720 −0.3011 0.6900 −0.2954 0.6210 −0.2889 0.6620 

Wald H ≤ 0 (p-value)  0.9993 0.0027 0.9991 0.0027 0.9972 0.0014 0.9963 0.0028 

Wald H > 0 (p-value)  0.0007 0.9973 0.0009 0.9973 0.0028 0.9986 0.0037 0.9972 

Wald H = 1 (p-value)  0.0000 0.0000 0.0000 0.0000 0.000 0.0000 0.0000 0.1462 

Equilibrium test (ROE) (p-value) 0.0222 0.5345 0.0143 0.3355 0.0222 0.5345 0.0143 0.3355 

Institution Fixed Effects  YES YES YES YES YES YES YES YES 

Time Fixed Effects  YES YES YES YES YES YES YES YES 

N  214 95 214 95 214 95 214 95 

Adjusted-R2  0.933 0.931 0.933 0.933 0.961 0.983 0.961 0.983 

Notes: The dependent variable ln OPINCOM represents the log of operating income; ln TR represents the log of total revenue. All regressions are OLS estimation. Dummy variables 

associated with clearing and settlement institutions and years are included. Heteroskedasticity-robust t-values are reported in parentheses. Superscripts ***, **, * indicate significance 

levels of 0.01, 0.05, and 0.10, respectively. The p-values of the Wald tests are also provided. 
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Table 9 Comparison of the H-statistic between Vertically (or Horizontally) Integrated Clearing and Settlement Institutions and Others 

Variable Coefficient Not Vertically Integrated vs. Vertically Integrated No Horizontal Merger vs. Horizontal Merger 

  (1) (2) (3) (4) (1) (2) (3) (4) 

  Not Vertically 

Integrated 

Vertically 

Integrated 

Not Vertically 

Integrated 

Vertically 

Integrated 

No Horizontal 

Merger 

Horizontal 

Merger 

No Horizontal 

Merger 

Horizontal 

Merger 

ln AFR β −0.0437 −0.133** −0.0460 −0.133** −0.184* −0.0671 −0.171* −0.0693 

  (−0.84) (−2.22) (−0.92) (−2.18) (−2.10) (−1.45) (−2.13) (−1.51) 

ln PPE γ −0.0552 −0.320** −0.00254 −0.323** −0.114* −0.0764 −0.137** −0.0523 

  (−0.93) (−2.68) (−0.04) (−2.55) (−1.94) (−1.22) (−2.22) (−0.81) 

ln PCE ζ −0.0666** 0.0394 −0.0621* 0.0400 0.0243 −0.0946*** 0.0494 −0.0978*** 

  (−2.00) (0.74) (−1.86) (0.73) (0.72) (−3.37) (1.26) (−3.47) 

OI/OR ψ −0.197*** −0.233*** −0.191*** −0.233*** 0.00819 −0.186*** 0.0177 −0.188*** 

  (−2.66) (−2.83) (−2.67) (−2.80) (0.05) (−3.45) (0.11) (−3.41) 

Market share    0.403** −0.0289   0.643 0.181 

    (2.53) (−0.07)   (1.58) (1.25) 

Constant 𝛼 2.995*** 2.979*** 2.888*** 2.987*** 4.778*** 3.116*** 3.611*** 3.031*** 

  (7.42) (3.76) (7.77) (3.62) (7.77) (5.65) (3.22) (5.44) 

H-statistic (β + γ + ζ)  −0.1655 −0.4136 −0.1106 −0.4160 −0.2737 −0.2381 −0.2586 −0.2194 

Wald H ≤ 0 (p-value)  0.9505 0.9992 0.8884 0.9989 0.9930 0.9933 0.9937 0.9908 

Wald H > 0 (p-value)  0.0495 0.0008 0.1116 0.0011 0.0070 0.0067 0.0063 0.0092 

Wald H = 1 (p-value)  0.0000 0.0000 0.0000 0.1974 0.0000 0.0000 0.1974 0.0000 

Equilibrium test (ROE) (p-value) 0.3614 0.0280 0.3613 0.0512 0.4715 0.8521 0.4680 0.1201 

Institution Fixed Effects YES YES YES YES YES YES YES YES 

Time Fixed Effects  YES YES YES YES YES YES YES YES 

N  218 50 218 50 272 37 272 37 

Adjusted-R2  0.953 0.862 0.954 0.857 0.953 0.895 0.953 0.904 

Notes: The dependent variable is ln OPINCOM and represents the log of operating income. All regressions are OLS estimation. Dummy variables associated with clearing and 

settlement institutions and years are included. Heteroskedasticity-robust t-values are reported in parentheses. Superscripts ***, **, * indicate significance levels of 0.01, 0.05, and 0.10, 

respectively. The p-values of the Wald tests are also provided. 

 
Table 10 The Lerner Index and Boone Indicator across Subsamples with Differences in HHI, Vertical Integration, and Horizontal Integration 

 Subgroups Lerner Index (Group Means) Group Difference p-value Boone Indicator (𝛽) Group Difference p-value 

Panel A 
HHI = 1 0.1184 

−0.6399 0.0356** 
−0.9653 

−0.2502 0.4326 
HHI < 1 0.7583 −0.7151 

Panel B 
Not Vertically Integrated 0.5267 

−0.0985 0.8583 
−0.9142 

−0.2565 0.0693*** 
Vertically Integrated 0.6252 −0.6577 

Panel C 
No Horizontal Merger 0.670 

0.184 0.7089 
−0.0114 

0.8470 0.0536*** 
Horizontal Merger 0.486 −0.8584 

Notes: The Lerner index of each group is based on the group means; the estimation of the Boone indicator is based on the equation in (10). 
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Table 11 Robustness Check of Subsamples from Different Regions 

EU Euro area US 

Variable  Coefficient (1) (2) (3) (4) (5) (6) (7) (8) (9) 

ln AFR β −0.0996** −0.107** −0.111*** −0.0936*** −0.0939** −0.109*** −0.167*** −0.232*** −0.0490 

  (−2.50) (−2.51) (−2.81) (−2.65) (−2.29) (−2.77) (−2.68) (−7.37) (−1.06) 

ln PPE γ −0.0417 −0.0388 −0.0174 −0.0943* −0.0423 −0.0335 −0.0743 −0.157*** 0.0451 

  (−0.73) (−0.63) (−0.24) (−1.78) (−0.77) (−0.53) (−0.80) (−2.96) (0.73) 

ln PCE ζ −0.0842*** −0.0870*** −0.0637** −0.0877*** −0.0856*** −0.0736*** −0.0641 −0.0227 0.0348 

  (−3.59) (−3.85) (−2.15) (−3.58) (−3.56) (−2.77) (−1.53) (−0.73) (0.82) 

OI/OR ψ −0.187*** −0.184*** −0.190*** −0.186*** −0.191*** −0.199*** −0.234*** −0.196*** 0.239 

  (−3.63) (−3.67) (−3.65) (−3.48) (−3.63) (−3.53) (−5.48) (−3.63) (0.68) 
Market share п8 0.238* 0.263** 0.217* 0.0674 0.233* 0.277** 0.271 0.0649 2.043 

  (1.89) (2.00) (1.70) (0.37) (1.72) (2.01) (1.49) (0.46) (1.24) 

δ п1 −0.620*** −0.504** −0.614*** −0.643*** −0.601*** −0.636*** 1.765*** 1.999*** 1.134 

  (−2.97) (−2.36) (−2.96) (−2.99) (−2.88) (−2.91) (6.31) (8.72) (1.25) 

ICSD п2 1.129*** 1.073*** 0.361 1.209*** 1.094*** 1.052***  1.198***  

  (3.27) (3.24) (0.65) (3.43) (3.08) (3.13)  (3.54)  

HorizontallyMerged п4 0.156 0.0946 0.113 0.139 0.181 0.143 −0.130 0.177*  
  (1.12) (0.63) (0.96) (0.97) (1.39) (1.06) (−1.14) (1.68)  

VerticallyMerged п5 −0.0853 −0.102 −0.0756 0.0733 −0.108 0.121 −0.00129 −0.247  

  (−0.45) (−0.55) (−0.39) (0.37) (−0.53) (0.65) (−0.01) (−1.51)  

ICT ratio п6       0.0951**   

        (2.12)   

  
 F1 = δ F2 = ICSD 

F3 

= Market share 
F4 = HorizontallyMerged 

F5 = VerticallyMerged 
F6 = ICT ratio   

ln AFR × 𝐹𝑗 βj  0.0104 −0.164 −0.0951** 0.207** 0.0484 0.00714   

   (0.68) (−1.60) (−2.34) (2.50) (1.08) (0.90)   

ln PPE × 𝐹𝑗 γj  0.0632** 0.272 0.226*** 0.104 −0.0651 0.0171**   

   (2.15) (0.49) (3.00) (0.52) (−0.42) (2.10)   

ln PCE × 𝐹𝑗 ζj  0.0295 0.215 −0.0716 −0.00228 −0.0467 0.00962**   

   (1.16) (1.10) (−1.29) (−0.03) (−0.74) (2.57)   

Constant 𝛼 2.980*** 2.948*** 3.087*** 2.944*** 3.047*** 2.966*** 1.889 2.302*** 4.393** 

  (5.46) (5.34) (5.28) (5.52) (5.49) (5.42) (1.35) (4.51) (2.92) 

H-statistic (β + γ + ζ) −0.2255 −0.2328 −0.1921 −0.2756 −0.2218 −0.2161 −0.3054 −0.4117 0.0309 

Wald H ≤ 0 (p-value) 0.9956 0.9933 0.9803 0.9999 0.9957 0.9885 0.9711 0.9999 0.7745 

Wald H > 0 (p-value) 0.0044 0.0067 0.0197 0.0001 0.0043 0.0115 0.0289 0.0001 0.2255 

Wald H = 1 (p-value) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

βj + γj + ζj  0.1031 0.3230 0.0593 0.3087 −0.0634 0.0339   
Wald βj + γj + ζj ≤ 0 (p-value) 0.0243 0.0739 0.0616 0.0678 0.9097 0.0148   

Wald βj + γj + ζj > 0 (p-value)     0.0903    

Equilibrium test (ROE) (p-value) 0.0356 0.1221 0.4222 0.2899 0.7120 0.5109 0.3976 0.0043 0.6414 

Institution Fixed Effects YES YES YES YES YES YES YES YES YES 

Time Fixed Effects YES YES YES YES YES YES YES YES YES 

N  287 287 287 287 287 287 187 181 22 

Adjusted-R2  0.955 0.956 0.956 0.957 0.956 0.956 0.958 0.952 0.992 

Notes: The dependent variable is ln OPINCOM. All regressions are OLS estimation. Dummy variables associated with clearing and settlement institutions and years are included. Heteroskedasticity-robust t-values are 

reported in parentheses. Superscripts ***, **, * indicate significance levels of 0.01, 0.05, and 0.10, respectively. The p-values of the Wald tests are also provided. 
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Table 12 Robustness Check of Different Subsamples Based on Specialization and Type of Clearing and Settlement Institutions 

Variable Coefficient “Broad” “Narrow” CSDs CCPs 

  ln 

OPINCOM 

ln TRE  ln 

OPINCOM 

ln TRE ln 

OPINCOM 

ln TRE ln 

OPINCOM 

ln TRE 

ln AFR β −0.151*** −0.120*** 0.0777 0.0909 0.0128 0.0332 −0.252*** −0.188** 

  (−3.62) (−2.68) (1.06) (1.38) (0.21) (0.56) (−2.90) (−2.39) 

ln PPE γ −0.0244 −0.0523 −0.0321 −0.0355 −0.0167 −0.0364 −0.0718 −0.263** 

  (−0.32) (−0.60) (−0.28) (−0.42) (−0.30) (−0.67) (−0.60) (−2.43) 

ln PCE ζ −0.0777*** −0.0766** −0.0874** −0.0692 −0.112*** −0.0996*** 0.167** 0.158** 

  (−2.63) (−2.44) (−2.12) (−1.67) (−4.23) (−3.70) (2.01) (2.08) 

OI/OR ψ −0.136** 0.122** −0.362*** 0.271** −0.360*** 0.0310 −0.143 0.0460 

  (−2.26) (2.29) (−3.67) (2.12) (−5.33) (0.39) (−1.54) (0.63) 

Market share п8 0.230 0.263 −0.861*** −0.601** −0.00460 −0.0161 0.299 0.224 

  (1.51) (1.65) (−2.91) (−2.14) (−0.02) (−0.07) (1.49) (1.18) 

δ п1 −0.464** −0.440** 2.855*** 3.311*** −0.515** −0.451** 2.131*** 1.937*** 

  (−2.20) (−1.98) (10.64) (12.97) (−2.51) (−2.11) (5.28) (5.25) 

ICSD п2 1.709*** 1.555***   1.251*** 1.240***   

  (5.07) (4.40)   (3.77) (3.79)   

HorizontallyMerged п4 0.112 0.111   0.0965 0.145   

  (0.74) (0.75)   (0.61) (0.89)   

VerticallyMerged п5 0.336* 0.251   −0.0193 −0.0713 3.216*** 3.100*** 

  (1.77) (1.25)   (−0.10) (−0.35) (9.66) (9.87) 

USregion п7 −1.176*** −1.264***   −1.484*** −1.532***   

  (−6.00) (−5.96)   (−7.64) (−7.41)   

Constant 𝛼 2.533*** 2.918*** 3.673*** 3.211*** 3.930*** 4.141*** −1.767*** −1.740*** 

  (4.19) (4.35) (4.84) (4.93) (5.57) (5.82) (−3.71) (−3.72) 

H-statistic (β + γ + ζ) −0.2513 −0.2489 −0.0418 −0.0138 −0.1159 −0.1028 −0.1568 −0.2930 

Wald H ≤ 0 (p-value) 0.9952 0.9895 0.4126 0.4650 0.8548 0.8202 0.8487 0.9724 

Wald H > 0 (p-value) 0.0048 0.0105 0.5874 0.5550 0.1452 0.1798 0.1523 0.0576 

Wald H = 1 (p-value) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Equilibrium test (ROE) (p-value) 0.0145 0.0145 0.3365 0.3365 0.4577 0.4577 0.0384 0.0384 

Institution Fixed Effects YES YES YES YES YES YES YES YES 

Time Fixed Effects  YES YES YES YES YES YES YES YES 

N  209 209 100 100 222 222 87 87 

Adjusted-R2  0.939 0.964 0.945 0.984 0.965 0.962 0.12 0.917 
Notes: The dependent variable ln OPINCOM represents the log of operating income; ln TR represents the log of total revenue. “Narrow” clearing and settlement institutions focus on 

bonds and equity securities, and “broad” clearing and settlement institutions provide clearing and settlement services for other instruments such as derivatives or commodities. We 

denote by CSDs the central security depositories and by CCPs the clearing and settlement institutions that focus on clearing. All regressions are OLS estimation. Dummy variables 

associated with clearing and settlement institutions and years are included. Heteroskedasticity-robust t-values are reported in parentheses. Superscripts ***, **, * indicate significance 

levels of 0.01, 0.05, and 0.10, respectively. The p-values of the Wald tests are also provided. 
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Table 13 Robustness Check of Different Subsamples 

 Panel A: Subsample of Clearing and Settlement Institutions That Are Not Vertically Merged Panel B: Subsample of the Period Before Implementation of New Accounting Standards 

Variable   (1) (2) (3) (4) (5) (6) (7) (1) (2) (3) (4) (5) (6) (7) 

ln AFR β −0.0371 −0.0324 −0.0583 −0.0446 −0.0242 0.112 −0.0331 −0.0483 −0.0557 −0.130*** −0.0253 −0.0551 −0.0978** −0.0234 

  (−0.76) (−0.62) (−1.18) (−1.12) (−0.48) (1.57) (−0.65) (−1.17) (−1.56) (−2.62) (−0.70) (−1.16) (−2.02) (−0.31) 

ln PPE γ 0.00386 0.0159 0.0512 −0.0664 0.00784 0.120 0.0424 0.0784 0.0984** 0.110* 0.0736* 0.0816 0.0518 0.0673 

  (0.07) (0.27) (0.83) (−1.34) (0.14) (1.47) (0.64) (1.50) (2.30) (1.67) (1.68) (1.44) (0.84) (1.26) 

ln PCE ζ −0.0478 −0.0488 −0.0565 −0.0497 −0.0477 −0.0102 −0.0505 −0.0325 −0.0199 −0.0494 −0.0332 −0.0209 −0.0102 −0.0695 

  (−1.39) (−1.53) (−1.64) (−1.33) (−1.37) (−0.24) (−1.42) (−1.15) (−0.74) (−1.48) (−1.11) (−0.49) (−0.25) (−1.33) 

OI/OR ψ 
−0.206*** −0.209*** −0.201*** −0.215*** −0.213*** 

−0.252**

* 
−0.198*** −0.288*** −0.295*** −0.260*** −0.298*** −0.327*** −0.184*** −0.288*** 

  (−2.88) (−2.99) (−2.77) (−3.20) (−2.89) (−3.61) (−2.75) (−4.38) (−4.32) (−4.20) (−4.36) (−4.74) (−4.31) (−4.30) 

Market share п8 0.398** 0.418*** 0.355** 0.0784 0.386** 0.0172 0.373** 0.0846 0.0405 0.450** 0.0596 0.0626 0.156 0.0849 

  (2.57) (2.67) (2.30) (0.44) (2.33) (0.11) (2.46) (0.56) (0.26) (2.04) (0.36) (0.47) (0.76) (0.53) 

δ п1 −0.407* −0.252 −0.426* −0.495** −0.375 1.958*** −0.419* 2.613*** 2.643*** 2.583*** 2.655*** 2.756*** 2.258*** 2.612*** 

  (−1.77) (−1.11) (−1.90) (−2.08) (−1.64) (7.78) (−1.81) (8.82) (8.80) (8.77) (8.79) (9.43) (8.02) (8.66) 

ICSD п2 1.276*** 1.239*** 0.608 1.437*** 1.269*** 0.777* 1.300*** 0.386 −0.855 0.320 0.326 0.363 −0.103 0.389 

  (8.50) (8.07) (1.33) (8.78) (8.50) (1.89) (8.38) (0.94) (−1.60) (0.81) (0.76) (0.87) (−0.20) (0.93) 

HorizontallyMerged п4 0.155 0.122 0.104 0.0973 0.173 −0.0162 0.152 0.162 0.0684 0.107 0.174 0.138 −0.160 0.161 

  (0.64) (0.48) (0.50) (0.44) (0.89) (−0.11) (0.65) (0.85) (0.56) (0.66) (1.09) (0.69) (−1.17) (0.83) 

VerticallyMerged п5        −0.310** −0.328** −0.296* −0.366** −0.0233 −0.342** −0.312** 

         (−2.01) (−2.03) (−1.89) (−2.19) (−0.09) (−2.32) (−1.98) 

ICT ratio п6      −0.0326       0.113***  

       (−0.82)       (2.89)  

USregion п7 −1.046*** −1.018*** −1.470*** −0.849*** −1.066***  −0.774 −0.832*** −0.700*** −0.853*** −0.871*** −0.816***  −0.535 

  (−4.88) (−4.92) (−3.62) (−3.75) (−4.90)  (−0.62) (−7.85) (−2.72) (−4.80) (−8.25) (−8.27)  (−0.37) 

  

 F1 = δ F2 = ICSD 
F3 = 

Market share 

F4 = 

Horizontally

Merged 

F6 = 

ICT ratio 

F7 = 

USregion 
 F2 = ICSD 

F3 = 

Market share 

F4 = 

Horizontally

Merged 

F5 = 

VerticallyM

erged 

F6 = 

ICT ratio 

F7 = 

USregion 

ln AFR × 𝐹𝑗 βj  0.0165 −0.128 −0.105*** 0.368*** −0.00709 0.235  −0.338*** 0.127* 0.268*** 0.0749 0.00144 0.223 

   (1.12) (−1.05) (−2.85) (4.13) (−0.98) (0.96)  (−4.05) (1.77) (3.10) (1.33) (0.20) (0.41) 

ln PPE × 𝐹𝑗 γj  0.0374 0.655*** 0.319*** 0.0611 −0.00111 0.503*  0.537 0.0483 0.627 −0.479** 0.0126*** 0.111 

   (1.19) (3.61) (3.76) (0.32) (−0.14) (1.65)  (0.93) (0.39) (1.16) (−2.29) (2.67) (0.61) 

ln PCE × 𝐹𝑗 ζj  0.0726** 0.0318 −0.0430 −0.0492 0.0121*** 0.0603  0.121 0.00793 −0.140 −0.0361 0.0156** 0.352 

   (2.56) (0.31) (−0.50) (−0.59) (3.26) (0.58)  (1.08) (0.14) (−1.09) (−0.66) (2.57) (0.63) 

Constant 𝛼 2.979*** 3.004*** 3.153*** 3.055*** 3.076*** 5.276*** 3.067*** 4.596*** 4.764*** 4.296*** 4.750*** 4.672*** 1.720 4.616*** 

  (7.64) (7.83) (7.91) (8.95) (7.82) (5.18) (7.69) (7.01) (7.41) (6.97) (7.39) (7.05) (1.51) (6.92) 

H-statistic (β + γ + ζ) −0.0810 −0.0653 −0.0636 −0.1607 −0.0641 0.2218 −0.0412 −0.0024 0.0228 −0.0694 0.0151 0.0056 −0.0562 −0.0256 

Wald H ≤ 0 (p-value) 0.8116 0.7600 0.7525 0.9682 0.7723 0.0652 0.3303 0.4885 0.3627 0.8040 0.4128 0.4767 0.6865 0.3829 

Wald H > 0 (p-value) 0.1884 0.2400 0.2475 0.0318 0.2277 0.9348 0.6697 0.5115 0.6373 0.1960 0.5872 0.5233 0.3135 0.6171 

Wald H = 1 (p-value) 0.0000 0.0000 0.0000 0.0009 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

βj + γj + ζj   0.1265 0.5588 0.1710 0.3799 0.0039 0.7983  0.3200 0.1832 0.7550 −0.4402 0.0296 0.6860 

Wald βj + γj + ζj ≤ 0 (p-value) 0.0091 0.0028 0.0591 0.0581 0.3900 0.0000  0.0818 0.0632 0.0429 0.9725 0.0196 0.0639 

Wald βj + γj + ζj > 0 (p-value)           0.0275   

Equilibrium test (ROE) (p-value) 0.6890 0.6166 0.2004 0.5732 0.3805 0.8375 0.3257 0.4865 0.3357 0.4148 0.6717 0.9535 0.4863 0.4148 

Institution Fixed Effects YES YES YES YES YES YES YES YES YES YES YES YES YES YES 

Time Fixed Effects YES YES YES YES YES YES YES YES YES YES YES YES YES YES 

N  259 259 259 259 259 183 259 173 173 173 173 173 119 173 

Adjusted-R2  0.958 0.958 0.960 0.961 0.959 0.967 0.960 0.973 0.975 0.975 0.975 0.975 0.983 0.973 

Notes: The dependent variable is lnOPINCOM and represents the log of operating income All regressions are OLS estimation. Dummy variables associated with clearing and settlement institutions and years are included. Heteroskedasticity-robust t-values are 

reported in parentheses. Superscripts ***, **, * indicate significance levels of 0.01, 0.05, and 0.10, respectively. The p-values of the Wald tests are also provided. 

 


