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1. Motivation



Motivation and Research Background I
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• Increased fragmentation of European securities markets after MiFID I

Competition for investors’ order flow among incumbent exchanges and alternative trading venues

• Effects on stock market quality:

1. Motivation

• Market fragmentation avoids monopolistic positions of 
trading venues that result in high trading costs 
(Economides, 1996)

• Fragmentation is harmful
• if market participants have incomplete 

information about all available orders
• if traders are unable to communicate across 

different liquidity pools quickly and cheaply
(Mendelson, 1987; Garbade and Silber, 1979; 
Pagano, 1989)

• No negative effect of fragmentation on market quality

• Fragmentation even benefits liquidity provision
(e.g., O’Hara and Ye, 2011; Gresse, 2017)

• Technological developments (e.g., HFT, SOR) eliminate 
frictions leading to a virtually integrated marketplace
(Gresse, 2017; O’Hara and Ye, 2011; Riordan et al., 
2011)

vs.                           Empirical EvidenceTheory



Motivation and Research Background II
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1. Motivation

Shortcomings of the existing literature:

• Most empirical studies focus on large caps and highly liquid stocks and do not consider 

smaller stocks, especially SME stocks

• Smaller stocks are traded less frequently and the activity of HFTs, who connect different 

liquidity pools via multi-venue market making and arbitrage trading, is considerably lower 

(e.g., Menkveld, 2013, 2016)

• Market observers claim negative effects of fragmentation for small stocks and that SME 

issuers “should have the right to choose where to be traded to avoid fragmentation of 

already low liquidity” (FESE, 2019)

 It is not clear whether the positive effects of market fragmentation are also valid for 

SME stocks and other less liquid stocks and whether regulatory action is needed



Research Objectives

Symposium on Market Fragmentation in Europe Drivers and Effects of Stock Market Fragmentation 6

1. Motivation

We analyze the impact of market fragmentation on SME stocks in two important dimensions:

1. To understand when and why stocks fragment, we investigate:

• the drivers of stock-specific initial fragmentation events 

• how these fragmentation events affect market quality of the respective stocks [skipped today]

2. To obtain a granular picture of the impact of fragmentation on market quality, we analyze:

• a wide range of market quality parameters for stocks of different size and liquidity classes
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2. Drivers of Stock Market Fragmentation



Data Set
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2. Drivers and Effects of Stock-Specific Initial Fragmentation Events

• Quarterly observations of 1300 stocks that have been traded on one of the largest European 
trading venues (LSE, Euronext Paris, and Xetra) in the period of Q1/2009 to Q4/2019

• We retrieve market shares and volumes traded for the main market and relevant alternative 
venues (Aquis, Cboe CXE, Cboe BXE, and Turquoise) from Fidessa on a per stock basis

• We enrich the data set with prices, volatility, market cap, and main market relative spreads
from Refinitiv Datastream

• We measure fragmentation using the inverse of the Herfindahl index: 𝑖𝑛𝑣. 𝐻𝐻𝑖𝑖,𝑡 =
1

σ𝑗 𝑠𝑗𝑖,𝑡
2

• We define SME stocks as stocks that have a market cap lower than one billion euro and 
differentiate between different liquidity classes based on the number of trades according to 
the European tick size regime

• 10: [0, 10), 80: [10, 80), 600: [80, 600), 2000: [600,2000), 9000: [2000, 9000), inf: ≥ 9000



Fragmentation Levels of SME and non-SME stocks
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2. Drivers and Effects of Stock-Specific Initial Fragmentation Events



Stock Characteristics and Market Fragmentation
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2. Drivers and Effects of Stock-Specific Initial Fragmentation Events

Market Cap

Trading Activity

 Descriptively, the level of fragmentation strongly differs for SME and non-SME stocks

 Also, fragmentation significantly varies for different levels of market cap and trading activity



Methodology
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2. Drivers and Effects of Stock-Specific Initial Fragmentation Events

Heckman Correction Model:

• Test whether there is a selection regarding stocks that fragment

• We follow O‘Hara and Ye (2011) and conduct the first stage of the Heckman correction model 
(Heckman, 1979) by estimating the following probit model:

• 𝑍𝑖 is a binary variable (1 if stock i is fragmented, 0 otherwise)

• 𝑊𝑖 is a vector of variables explaining market fragmentation, i.e., log(mcap) and log(euro-volume) 
and dummy variables for the membership in the different liquidity classes

• The estimate 𝛾 is used to determine the inverse Mills Ratio:

• If the t-statistic indicates that 𝜆𝑖 is significant, a selection is present

OLS Regression Model:

• To not only account for the likelihood, but also the level of fragmentation

𝑖𝑛𝑣. 𝐻𝐻𝐼𝑖 = 𝛽1 log 𝑚𝑐𝑎𝑝𝑖 + 𝛽2 log 𝑒𝑢𝑟𝑜𝑣𝑜𝑙𝑢𝑚𝑒𝑖 + 𝜖𝑖



Drivers of Stock-Specific Initial Fragmentation Events
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2. Drivers and Effects of Stock-Specific Initial Fragmentation Events

Market cap and trading activity significantly influence both likelihood and level of fragmentation
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3. Fragmentation and Market Quality



Data Set
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• Intraday order book and trade data of 868 stocks traded on the major European trading venues 
Euronext Paris, LSE, and Xetra as well as the alternative trading venues Aquis, Cboe CXE, Cboe BXE, 
and Turquoise from BMLL

• Market quality measures are based on consolidated order book information of all available venues 
using one minute order book snapshots

• Observation period: June 2017 (Feb. 2019 for Xetra) to Sep. 2020

• We aggregate all measures by taking the median for each trading day and enrich the data set with 
market cap data from Refinitiv Datastream

• As before, we determine the liquidity class of a stock based on the average number of trades per 
day according to the European tick size regime:

• 10: [0, 10), 80: [10, 80), 600: [80, 600), 2000: [600,2000), 9000: [2000, 9000), inf: ≥ 9000

3. Fragmentation and Market Quality



Descriptive Statistics
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3. Fragmentation and Market Quality



Descriptive Statistics
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3. Fragmentation and Market Quality



Descriptive Statistics
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3. Fragmentation and Market Quality



Methodology
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Matched-Pairs Analysis:

• Following Davies and Kim (2009), we match stocks within each liquidity class to their nearest 
neighbor based on market cap, price, relative spread, and euro-volume in the pre-event quarter

• We then obtain the differences for each variable in our data set and estimate the following 
regression model:

• Δ𝑌 captures the difference between the respective stock and its match in relative spreads, 
Δ𝑖𝑛𝑣. 𝐻𝐻𝐼 is the difference of fragmentation levels and 𝑿 is a vector of control variables including 
differences for log trading volume, volatility, inverse of stock price and log market cap

• We derive the results using fixed effects estimators, include stock and quarter fixed effects and 
apply double clustered SE estimation for the clusters stock and day

3. Fragmentation and Market Quality



Results of the Matched-Pairs Analysis
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3. Fragmentation and Market Quality

• Fragmentation has a positive effect on market quality of highly liquid and actively traded 
stocks in terms of relative spreads, depth, and order imbalance

• Fragmentation has no effect (liquidity class 10) or even a negative effect (liquidity class 80) on 
market quality of less actively traded stocks



Results of the Matched-Pairs Analysis (continued)
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3. Fragmentation and Market Quality

• The impact of fragmentation on market quality follows a hockey stick curve:
• no impact for stocks with lowest liquidity
• negative impact for less liquid stocks and
• positive effects for stocks with higher liquidity

• There is a liquidity related threshold (liquidity class 600) that determines when fragmentation 
becomes beneficial for stock market quality
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4. Conclusion & Policy Implications



Conclusion
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This study provides two major results:

1. Market fragmentation is not exogenous, but rather driven by stock-specific characteristics, 

particularly market cap and trading activity

2. The impact of fragmentation on market quality also depends on market cap and trading 

activity of a stock:

 The impact of fragmentation on market quality shows a hockey stick effect

 There are liquidity-related thresholds where relevant levels of fragmentation emerge 

and where fragmentation becomes beneficial for market quality

 Implications?

4. Conclusion



Policy Implications I
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• In general, fragmentation is beneficial for stock markets (as also shown in other studies)

 Fragmentation leads to an increase in liquidity in terms of spread and quoted volumes

 Consequently, competition between venues not only decreases transaction fees and fosters 

innovation but also decreases implicit transaction costs 

• Nevertheless, industry participants are worried about negative consequences of market 

fragmentation for SME and other less liquid stocks and lobby for regulatory action:

“To address [the negative impact of fragmentation], an SME issuer […] should have the right to

choose where to be traded to avoid fragmentation of already low liquidity, i.e. to limit the

trading of its stock outside its primary market” (FESE, 2019)

 Is such a regulation necessary/meaningful?

4. Conclusion



Policy Implications II
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• Our results show that there is no one-size-fits-all solution as not all SMEs are impacted equally:

• A lot of SME and other infrequently traded stocks experience no negative effect of market 
fragmentation because they only marginally fragment

• Yet, if they do fragment, the effect initially is negative but becomes positive with increasing 
trading activity

• The effect of fragmentation on SME stocks is case-specific and dependent on their activity 
level 

 A regulation allowing SME issuers to prevent their stock from trading on alternative venues 
does not necessarily increase market efficiency and the conditions of SMEs for going and being 
public

 Rather, regulators and market operators should create an ecosystem which enables stocks to 
quickly attract liquidity to reach the tipping point where fragmentation improves market 
quality (e.g., with the help of liquidity provider programs)

4. Conclusion
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Thank you for your attention!
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BACKUP I

Effects of Stock-Specific Initial Fragmentation Events



Methodology I
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• We identify the initial fragmentation event of a stock as the quarter where trading in that stock 
first took place on more than one trading venue:

• 578 stocks were already fragmented in Q1/2009

• 570 stocks have an initial fragmentation event

• 152 stocks do not fragment at all

• Based on the 570 stocks, we identify those stocks that have at least one pre- and 16 post-event 
quarterly observations  420 stocks (94.42% SMEs)

• To identify the effect of market fragmentation on market quality, we perform a matched-pairs 
analysis

2. Drivers and Effects of Stock-Specific Initial Fragmentation Events



Methodology II
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Matched-Pairs Analysis:

• Following Davies and Kim (2009), we match stocks to their nearest neighbor based on market cap, 
price, relative spread, and euro-volume in the pre-event quarter

• We only match stocks with at least 15 potential matches  291 final stock matches

• We then obtain the differences for each variable in our data set and estimate the following 
regression model:

• Δ𝑌 captures the difference between the respective stock and its match in relative spreads, 
Δ𝑖𝑛𝑣. 𝐻𝐻𝐼 is the difference of fragmentation levels and 𝑿 is a vector of control variables including 
differences for log trading volume, volatility, inverse of stock price and log market cap

• We derive the results using fixed effects estimators, include stock and quarter fixed effects and 
apply double clustered SE estimation for the clusters stock and quarter

2. Drivers and Effects of Stock-Specific Initial Fragmentation Events



Effects of Stock-Specific Initial Fragmentation Events

Symposium on Market Fragmentation in Europe Drivers and Effects of Stock Market Fragmentation 30

2. Drivers and Effects of Stock-Specific Initial Fragmentation Events

Main results of the regression analyses:

• Fragmentation after the initial fragmentation event has 
no effect on market quality in terms of main market 
spreads

• However, the average SME stock only marginally 
fragments after being traded on multiple venues for the 
first time



Effects of Stock-Specific Initial Fragmentation Events
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2. Drivers and Effects of Stock-Specific Initial Fragmentation Events

Main results of the regression analyses:

• Fragmentation after the initial fragmentation event has 
no effect on market quality in terms of main market 
spreads

• However, the average SME stock only marginally 
fragments after being traded on multiple venues for the 
first time

• We further filter the 25% most fragmented stocks in the 
data set (105 stocks with average inv. HHi > 1.15 and 
85.07% SMEs)

• These stocks show lower spreads due to fragmentation 
consistent with previous literature
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BACKUP II

Panel Regression Results



Methodology II
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Standard Panel Regression Analysis (full observation period):

• 𝑌 captures each dependent market quality measure, 𝑖𝑛𝑣. 𝐻𝐻𝐼 is the stock’s respective 
fragmentation level and X is a vector of control variables including log trading volume, volatility, 
inverse of stock price and log market cap

• We derive the results using fixed effects estimators, include stock and date fixed effects and apply 
double clustered SE estimation for the clusters stock and day

3. Fragmentation and Market Quality



Results of the Panel Regression Analysis
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3. Fragmentation and Market Quality

• The impact of fragmentation on market quality follows a hockey stick curve:
• no impact for stocks with lowest liquidity
• negative impact for less liquid stocks and
• positive effects for stocks with higher liquidity

• There is a liquidity related threshold (liquidity class 600) that determines when fragmentation 
becomes beneficial for stock market quality


