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Abstract
Purpose – The purpose of this paper is to contribute to a better understanding of the impact of market
liquidity on the daily tracking error of exchange-traded funds (ETFs). It puts a special focus on the
liquidity cost of individual underlying stocks as well as the process of creation/redemption of ETF
shares as key determinants of tracking ability.
Design/methodology/approach – The study is based on daily observations of fund data for eight
fully replicating German equity ETFs for July 2001-October 2013. A regression model with fund fixed
effects is chosen to determine the effect of liquidity cost, creation/redemption and other control
variables on daily tracking error. Data were compiled from issuer websites and Datastream.
Proprietary XETRA Liquidity Measure, which was used as proxy for liquidity cost was supplied by
Deutsche Börse.
Findings – The study finds daily tracking error to significantly depend on the liquidity of underlying
stocks. This finding emerges even though the ETFs in this study predominantly use in-kind
creation/redemption. Even after controlling for creation/redemption, the liquidity impact remains basically
unchanged. One reason might be imperfect replication of index weights: Either the in-kind-basket
delivered in the course of creation/redemption does not perfectly match the benchmark-weights or the
internal rebalancing of weights causes liquidity cost.
Originality/value – To the best of the authors’ knowledge, this is the first paper that uses a specific
liquidity measure for each single stock underlying an ETF. The findings extend the literature by
corroborating the view that liquidity of individual stocks in the underlying portfolio has an impact on
tracking error.
Keywords Financial markets, Fund management, Investment funds, Assets management
Paper type Research paper

1. Introduction
Over the past few years, exchange-traded funds (ETFs) have experienced a remarkable
development from being a mere niche product to becoming “one of the most successful
innovations in the history of investment” (Charupat and Miu, 2013, p. 427). As a result,
they have drawn considerable attention from both researchers and investors. For any
ETF trying to replicate the performance and risk of an underlying benchmark a
decisive if not defining quality is its ability to track its corresponding benchmark as
closely as possible. Although a growing body of literature has confirmed the significant
impact of an ever-increasing number of factors on ETF tracking ability, research on
some potential key determinants still appears to be in its inception, especially for ETFs
in developed markets outside the USA, such as that of Germany.
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Our intention in this paper is to shed new light on the relationship between stock
market liquidity and the performance of the ETF industry. More specifically, we will
investigate the extent to which stock market liquidity affects ETFs’ tracking error.
It should be noted that so far, this relationship has been more or less ignored in the
literature. In fact, pertinent studies identify three factors which significantly drive an
ETF’s tracking error, as follows: the total expense ratio (e.g. Elton et al., 2002; Agapova,
2011; Blitz et al., 2012); changes in index composition and the index replication strategy
(e.g. Frino et al., 2004; Gastineau 2002; Aber et al., 2009); and dividend payments
(e.g. Frino et al., 2004; Elton et al., 2002; Blitz and Huij, 2012).

The impact of stock market liquidity has mostly been ignored based on the
presumption that the creation/redemption of ETF shares is usually performed
in-kind through authorised participants (APs), and that this should shelter the ETF
from any market frictions like transaction costs. A very few studies acknowledge
that market liquidity might nevertheless be an issue. However, these papers
predominantly rely on ETF bid-ask spreads to capture market liquidity (cf. Milonas
and Rompotis, 2006; Delcoure and Zhong, 2007; Shin and Soydemir, 2010); this proxy
is somewhat flawed given that it measures liquidity merely at the aggregate fund
level and that it does not take market depth into account (cf. Hendershott and
Riordan, 2013; Krogmann, 2011).

In this study, we aim to contribute to a better understanding of the impact of market
liquidity on the performance of the ETF industry, or more specifically, on the tracking
error of ETFs. To the best of our knowledge, this is the first paper which uses a specific
liquidity measure for each single stock underlying an ETF. This measure is Deutsche
Börse’s volume-weighted spread XETRA Liquidity Measure (XLM). It measures
the order-size-dependent liquidity costs of a round trip for individual stocks, taking the
entire depth of the limit order book into account (cf. Stange and Kaserer, 2011; Rösch
and Kaserer, 2013). Applying XLM should allow for a more elaborate view of the
liquidity costs of individual stocks in the underlying portfolio of an ETF and its effects
on tracking error.

Our findings extend the literature by corroborating the view that the liquidity of
individual stocks in the underlying portfolio of an ETF has a considerable impact on its
tracking error. This finding emerges even though the ETFs under investigation in this
paper predominantly use in-kind redemption or creation of shares through APs. In fact,
even after controlling for creation/redemption, the liquidity effect remains basically
unchanged. Therefore, the relationship between market liquidity and ETF tracking
ability seems to be rather intriguing. We suggest some explanations in this paper,
although we are not able to isolate any specific channel due to data limitations.
Moreover, we are also able to show that besides the liquidity cost of stocks and the
process of creation and redemption of ETF shares, portfolio adjustments, management
fees, dividend yield, cash distributions to ETF investors and cash holdings also have a
significant and sometimes substantial effect on an ETF’s tracking ability. Finally, by
using an orthogonalisation technique, we show that the effects of total expense ratio,
basket liquidity and distributions on tracking error are highly non-linear.

The remainder of this paper is structured as follows: in Section 2, we give a brief
overview of the relevant literature with a focus on the current state of research on
potential determinants of tracking error. Section 3 comprises the empirical part of the
study. Here, we describe the data and methodology (3.1) and subsequently present (3.2)
and critically discuss (3.3) our findings. Finally, Section 4 provides concluding remarks,
especially with regard to potential future fields of research.
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2. Literature review
Tracking error can be broadly defined as the deviation of an ETF’s price or net asset
value (NAV) return from its corresponding benchmark index return. Price deviations
from the ETF NAV in the form of premiums or discounts are quite common, yet given
the arbitrage opportunities of daily creation and redemption of ETF shares, they can be
expected to remain within rather tight bounds. In contrast, tracking error – that is,
NAV return deviating from the return of the corresponding underlying index – can
accumulate over time and hence significantly affect the long-term performance of ETFs
(Charupat and Miu, 2013).

2.1 Determinants of tracking error in ETFs
The literature describes a wide array of factors which have a measurable effect on the
tracking ability of ETFs. Due to the number of factors, the following section aims to
provide some structure by clustering the relevant identified determinants along
broader categories. However, given the interconnectivity between some of these
parameters, it is sometimes difficult to draw definitive lines.

One widely recognised factor affecting tracking error is management fees: all other
things being equal, the higher the expense ratio of a fund, the more an ETF can be
expected to underperform its underlying index and hence, the larger the tracking error
should be (Charupat and Miu, 2013). This view is supported by the vast majority of
research: Elton et al. (2002), Lin and Chou (2006), Rompotis (2006, 2011), Agapova
(2011), Elia (2012), Meinhardt et al. (2012) and Blitz et al. (2012), among others, show that
an ETF’s expense ratio is key to explaining its tracking error. In contrast to this
majority, Rompotis (2012) cannot verify the relationship between expense ratio and
tracking error to be statistically significant for his sample of German ETFs. Moreover,
while Chu (2011) finds the magnitude of tracking error for ETFs listed on the
Hong Kong Stock Exchange to be positively related to the expense ratio of a fund
(and negatively related to fund size), he observes a negative relationship between
expense ratio and tracking error in a later study of 21 ETFs traded in Hong Kong
between 2009 and 2011 (Chu, 2013). He explains this rather unintuitive outcome by
noting that his analysis does not differentiate between fully replicating ETFs and
synthetic ETFs, and hence it does not account for the potential impact of replication
strategy on tracking ability via expenses and transaction cost. Although this might be
the reason for variation in absolute magnitude in tracking error, however, it does not
sufficiently explain the negativity of the relation.

Frino et al. (2004) use monthly data for the years 1994-1999 and show that tracking
error in index mutual funds for the S&P 500 is significantly related to index revisions,
share issuances, spin-offs, share repurchases, index replication strategy and fund size.
Gastineau (2002) finds for equity index funds tracking the Russell 2000 and S&P 500
indices that changes in index composition (and to a lesser extent corporate actions)
have a significant effect on tracking error due to the transaction cost involved in the
necessary rebalancing of the underlying portfolio. He also argues that better timing of
changes in portfolio composition because of index adjustments can lead to improved
returns for the investor and even outperformance of the benchmark. Yet, he
acknowledges that fund managers might be constrained in their ability to deviate
from precise index replication. The conjecture that tracking error magnitude is
affected by inflexible replication strategies due to fund-managers’ reluctance to alter
their portfolio composition before the official date of index adjustment, for example,
has also been posited by Blume and Edelen (2003) for index mutual funds and by
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Gastineau (2004) and Aber et al. (2009) for ETFs in a study of four iShares ETFs
tracking broad US equity indices. In terms of share issuance in ETFs, Gallagher and
Segara (2006), claim that at least in the case of creation/redemption in-kind – that is,
delivery of the underlying basket in exchange for ETF shares – ETFs do not have to
bear any liquidity cost and hence should not be affected in terms of tracking ability.
Gastineau (2004) further points to the fact that ETF providers tend to charge a fee to
the AP for the creation or redemption of shares, which should cover any other
transaction cost.

Frino and Gallagher (2001) identify dividend payments as another factor with a
significant impact on tracking error in passive funds. This is also verified by Frino et al.
(2004) for their sample of index funds tracking the S&P 500. For the US-traded SPDR-
ETF tracking the S&P 500, Elton et al. (2002) show that the main cause of tracking
error besides total expense ratio is forfeited return due to delayed reinvestment of cash
dividends. Chu (2013) also finds that dividend yield has a positive impact on tracking
error and claims that delays in receiving dividends and costs incurred in reinvestment
erode ETFs’ ability to replicate index performance. For their sample of European ETFs,
Blitz et al. (2012) find the explanatory power of dividend withholding taxes for fund
underperformance with respect to its benchmark to be at least on par with fund
expenses[1]. Applying these findings, Blitz and Huij (2012) show that emerging market
equity ETFs’ expected returns are equal to their respective gross benchmark
index returns minus expense ratio and dividend taxes. Lin and Chou (2006) identify
three factors which determine tracking error in Taiwan’s first ETF, as follows:
first, cash dividends, whose impact becomes particularly obvious during peak dividend
pay-out-season; second, management expenses – indeed, these represent the main
factor causing the gap between two different tracking error series; and third,
stock replacement operations due to, for example, index adjustments in the
underlying benchmark.

With regard to the effect of market liquidity on tracking error, previous research
commonly focuses on widely accepted proxies such as trading volume and bid-ask
spread[2]. Kundisch and Klein (2009) observe the daily returns and tracking ability of
several DAX certificates and one DAX ETF for the period 2001-2006 and show that
the trading volume of the respective ETF is negatively correlated with its tracking
error; this means that on average, tracking error tends to decrease with increasing
trading volume. In contrast, Chu (2013) identifies trading volume, dividend yield and
market risk to be positively related to tracking error magnitude for his sample of
Hong-Kong-traded ETFs. The outcome that trading volume positively affects
tracking error may be unintuitive, yet Rompotis (2006) also presents results for his
international sample of iShares which suggest a significant positive relationship
between trading volume and tracking error, although this is very small in absolute
terms. Closely linked with ETF trading volume is its bid-ask spread. The findings of
several studies suggest a positive effect of spreads on tracking error. For instance,
Milonas and Rompotis (2006), Delcoure and Zhong (2007) and to a lesser extent, Shin
and Soydemir (2010) all verify that a fund’s tracking error is positively affected by the
bid-ask spread. Rompotis (2012) and Meinhardt et al. (2012) come to similar
conclusions for the German ETF market. While Kostovetsky (2003) sees market
liquidity in terms of bid-ask spread as one of the main determinants of tracking error
in common index mutual funds, he rejects liquidity cost as a source of tracking error
in ETFs based on the assumption that in-kind creation/redemption of ETF shares
through APs should shield the fund from any cost.
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2.2 The current state of research and potential research gaps
Although several studies have suggested that there is indeed variation in ETFs’
tracking ability across different markets, research on developed markets outside the
USA is still rather scarce. Given the size of Germany’s ETF market – with a trading
volume of approximately 114 billion Euros in 2013, it is the fifth largest and one of the
most developed marketplaces in the world (Deutsche Bank Research, 2014) – further
research on its microstructure could indeed prove valuable.

While an ever-growing body of literature confirms a significant impact of market
liquidity on funds’ tracking ability, the effect is usually addressed with proxies such as
bid-ask spread or trading volume and normally on the aggregate ETF level[3]. By these
means, however, it is impossible to either fully grasp all dimensions of liquidity,
encompassing market breadth, market depth, immediacy of execution and market
resiliency (cf. Krogmann, 2011) or comprehend the liquidity effect of individual
underlying stocks’ ETF portfolio.

Our research intends to contribute to existing literature in two ways: first, we extend
the empirical evidence on market liquidity as a determinant of ETFs’ tracking ability
by capturing the liquidity impact of underlying stock in our analysis. We do so by
using Deutsche Börse’s unique volume-weighted XLM. Here, price impact information
is used as a measure of the cost of immediate demand for liquidity by investors placing
an order (cf. Krogmann, 2011). XLM measures the order-size-dependent liquidity costs
of a round trip, whilst taking the entire depth of the limit order book into account, and
condenses all daily market impact information for each individual stock into a single
figure. Second, we examine the impact of creation and redemption of shares on an
ETF’s tracking ability. Gallagher and Segara (2006) and Gastineau (2004) both present
arguments against this mechanism being a potential source of daily tracking error.
However, to our knowledge, their claim has not yet been empirically tested.

3. Empirical part
The aim of this section is to describe our research design and subsequently report and
critically discuss the results. Our study focuses on XETRA-traded funds which track
equity indices in the DAX index universe, comprising Germany’s large-cap index DAX,
mid-cap index MDAX, small-cap index SDAX and technology index TecDAX, as well
as related sub-indices and strategy indices based on the constituents of one of the other
named indices.

The overall design of our study is geared towards answering two research
questions, as follows:

RQ1. Does the liquidity cost of individual underlying securities have an impact on
an ETF’s tracking ability?

RQ2. Are there additional significant effects from cash holdings, accrued dividends,
cash distribution to ETF investors, the process of daily share creation
and redemption or portfolio adjustments on ETF tracking error – either
independently or in interaction with liquidity cost?

3.1 Data and methodology
3.1.1 Data. Except for annual expense ratios, all data are collected on a daily basis for
the time period of 1 July 2003-31 October 2013. Since the XLM is only calculated for
stocks within the universe of the DAX index family, our sample is constrained to ETFs
replicating one of these indices. In the given period, a total of 22 XETRA-listed ETFs
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tracked relevant indices. In order to calculate a daily weighted market liquidity proxy
for each ETF portfolio, we have to match daily fund holdings with the respective daily
XLM data on round-trip liquidity cost for individual securities. For this reason, we are
constrained to physically replicating funds in our sample. Overall, ten ETFs on
XETRA fulfil this requirement, two of which have to be taken out of the sample due to
insufficient data availability. Thus, the final sample consists of eight ETFs which track
a total of seven different indices within the DAX universe. As of April 2014, the eight
funds in the sample covered roughly 23 per cent of total ETF trading volume
(approximately 40 per cent, including over-the-counter trading) on Deutsche Börse’s
XETRA trading platform, with the latter covering 70 per cent of trading volume in
DAX index universe ETFs[4].

In terms of use of income, ETFs can either be reinvesting or distributing. That is,
fund management has to decide upon inception whether to accumulate or distribute the
cash dividends which the fund receives from its equity investments. Accordingly, its
tracking ability is measured against a performance or price-index, respectively.
An overview of the eight funds, their International Securities Identification Number,
their use of income and their respective benchmark is given in Table I. Here,
accumulating performance or total return indices are marked with TR, and distributing
price indices are marked with PR.

Daily data on prices, returns and dividends for all relevant benchmark indices and
their respective underlying stocks have been compiled from Thomson Reuters’
Datastream. Daily ETF fund data, particularly portfolio holdings (including cash and
derivatives), NAV, assets under management, total shares outstanding, shares created
or redeemed, cash distributions to investors and total expense ratio were obtained
manually from the websites of the respective ETF providers. Where missing, information
on historical expense ratios is supplemented by Morningstar data.

Deutsche Börse AG has kindly provided daily XLM data for all securities in the
DAX index universe. The XLM is a volume-weighted spread which is automatically
calculated by the XETRA trading system for each individual security from the
visible and invisible parts of the limit order book, including so-called “iceberg orders”.

Fund name ISIN Benchmark Use of income

Deka DAX® UCITS ETF DE000ETFL011 DAX® (TR) EUR Reinvesting
Deka DAX® (ausschüttend)
UCITS ETF

DE000ETFL060 DAX® (PR) EUR Distributing

Deka DAX® ex Financials
30 UCITS ETF

DE000ETFL433 DAX® ex Financials
30 (PR)

Distributing

Deka DAXplus® Maximum
Dividend UCITS ETF

DE000ETFL235 DAXplus® Maximum
Dividend (PR) EUR

Distributing

iShares DAX® UCITS ETF (DE) DE0005933931 DAX® (TR) EUR Reinvesting
iShares DivDAX® UCITS ETF (DE) DE0002635273 DivDAX® (PR) EUR Distributing
iShares MDAX® UCITS ETF (DE) DE0005933923 MDAX® (TR) EUR Reinvesting
iShares TecDAX® UCITS ETF (DE) DE0005933972 TecDAX® (TR) EUR Reinvesting
Note: This table reports the full name (as given in the official prospectus), ISIN, respective benchmark
index (TR for total return and PR for price return index) and use of income for each of the eight
physically replicating ETFs in the DAX index universe which represent the individual panels in
regressions (4)-(6)

Table I.
Overview of ETFs
in observed sample
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Daily values of the XLM for each stock are calculated by XETRA as the equal-weighted
average of all available minute-by-minute volume-weighted spread data points for
several hypothetical standardised trading volumes (e.g. 10,000, 25,000, 50,000 and
100,000 Euros), thereby providing the relative liquidity cost of a round trip for the
respective trading volumes[5].

Daily observations are only taken into account if all necessary information is
available. Trading days with ETFs holding any assets other than equity or cash –
derivatives such as certificates or options, for instance – are also taken out of the sample.

3.1.2 Methodology. In a first step, we calculate daily returns for all eight ETFs and
their respective benchmark indices. Analogous to the majority of literature, we use the
NAV return for the examination of an ETF’s tracking error to its benchmark. One reason
is that given a high-frequency trading environment and differences in exchange closing
times for ETF and index trading, it is almost impossible to perfectly match daily ETF
closing prices with the corresponding index prices. Another more important reason for
using NAV returns is that contrary to quoted price returns, they are not biased by
premiums or discounts which have not been arbitraged away. Using price instead of NAV
returns would bear the risk of wrongfully attributing differences between the ETF return
and benchmark return to tracking ability which are actually caused by non-arbitraged
NAV-price deviations. The daily NAV return of ETF i and the return of its corresponding
benchmark index are expressed by formulae (1) and (2), respectively:

NRit ¼
NAVit�NAVit�1

NAVit�1
(1)

IRit ¼
Indexit�Indexit�1

Indexit�1
(2)

There are actually numerous ways to define and calculate tracking error. Most studies
refer to the methods brought forward by Roll (1992) and Pope and Yadav (1994).
The latter authors further argue that high-frequency data bear the risk of
overestimating tracking error. This is why most studies base their analyses on
weekly or monthly data. However, Meinhardt et al. (2012) show in their analysis of the
German ETF market that the risk of overestimation of tracking error is just as high in
lower-frequency data. We intend to shed light on the short-term effects of market
liquidity on tracking error, and hence, as in Meinhardt et al. (2012) and Qadan and
Yagil’s (2012) work, our research design is based on an estimator that reflects daily
tracking ability. Due to their overall structure, including the ability to create and
redeem shares throughout the trading day, ETFs are increasingly used for short-term
investments and hedging strategies. In light of their potential use as short-term
investment vehicles, we deem it relevant to scrutinise and better understand the effect
of inter-day changes in basket liquidity on daily tracking ability. With this focus, we
have to deviate from previous studies’ research design, where tracking error is mostly
calculated as the standard deviation of differences between benchmark and NAV over
a period of time. For the calculation of daily standard deviations, intra-day matching of
the benchmark index and NAV returns would be required. Yet, given that the intra-day
NAVs which are being reported by are merely indicative figures (iNAV), this procedure
would be unreliable. We therefore resort to an alternative method used and
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corroborated by Milonas and Rompotis (2006), Shin and Soydemir (2010) and
Chu (2011, 2013), among others, where we calculate daily tracking error for ETF i at
day t as the absolute daily deviation of i’s NAV return from its corresponding
benchmark index’ return:

TEit ¼ NRit�IRitj j (3)

In this section, we perform a panel regression, with fund fixed effects to control for
ETF-inherent characteristics. The model with the proposed factors to explain tracking
error TE can be expressed as follows:

TEit ¼ aþvið Þþb1UTERitþb2UXLMitþb3URelCashitþb4UDivY ieldit

þb5UDISTRitþb6URelNetCRitþb7UPortAdjitþeit (4)

where vi is the fixed effect of individual ETF i and TER the annual total expense ratio
that is charged by the issuer of ETF i on day t. As corroborated by most of the
literature, this is one of the key determinants of fund-tracking ability, and in line with
previous studies, we expect TER to be positively related to tracking error.

XLM is a weighted average of the daily XETRA Liquidity Measure figures of all
securities held in ETF i’s portfolio at day t. Hence, it serves as a proxy for the average
liquidity of ETF i’s underlying securities. Illiquid securities are expected to have higher
round-trip cost (expressed as per cent of trading volume), which should consequently
drive up the overall portfolio cost. This, in turn, should have a positive impact on an
ETF’s daily tracking error.

A fund’s daily cash holdings relative to its total assets under management are
controlled for by RelCash. This factor should also be positively related to tracking error,
for a fund’s cash holdings cannot track the underlying benchmark and should hence
contribute to deviations from benchmark return. Thus, tracking error should be higher in
funds which have relatively higher cash holdings. The reasons for holding cash at all can
be manifold: For example, the fund (or the APs) can face difficulties obtaining/selling the
underlying securities in the aftermath of an index revision. Another reason can be that
cash inflows from dividends cannot be paid out until a certain date. Dividends on
securities held in the portfolio, calculated as yield to current NAV, are also separately
accounted for in the model by DivYield. Again, the relation between this factor and
tracking error should be positive, since dividends represent forfeited portfolio returns
unless they are immediately reinvested. While DivYield accounts for cash inflows from
underlying assets to the fund, we control for distribution of cash from the ETF to its
shareholders by DISTRit, which is calculated as the sum distributed to each ETF share
on day t relative to the NAV of ETF i at t. By transferring cash to investors, a distributing
ETF should be able to come closer to its price-index benchmark. Hence, we expect the
tracking error to be negatively affected by cash distribution.

One of the most important mechanisms of an ETF is the opportunity to create and
redeem shares throughout the trading day. With RelNetCR, a fund’s daily net creation/
redemption of shares is expressed as absolute relative change in current assets under
management. It is calculated as the net change in shares outstanding on day t,
multiplied with the closing NAV (i.e. the net transaction volume caused by the
creations/redemptions on the trading day) and then divided by current assets under
management. Although the creation/redemption of shares is usually performed in-kind
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through APs, hence shielding the ETF and its assets from the largest part of transaction
cost, we still expect RelNetCR to have a measurable positive effect on tracking error, due
to imperfect index replication in the in-kind-basket delivered by or to the AP and possible
delays in the settlement of the in-kind transaction. We also address the impact of market
transactions beyond the dimension of creation and redemption in our model by
controlling for changes in the composition of the constituents in the underlying basket
through the dummy variable PortAdj. Given that this kind of adjustment results in
transaction costs, we expect tracking error to be higher on these days.

Daily tracking error is also regressed on each independent variable individually to
control for multicollinearity and to better determine explanatory power of individual
factors. In model (5), we include squared terms of the key independent variables to
identify potential non-linearity of relations between tracking error and independent
variables. The model can be expressed as follows:

TEit ¼ aþvið Þþb1UTERitþb2UTER2
itþb3UXLMitþb4UXLM 2

itþb5URelCashit

þb6URelCash
2
itþb7UDivY ielditþb8UDivY ield2itþb9UDISTRit

þb10UDISTR2
itþb11URelNetCRitþb12URelNetCR2

itþb13UPortAdjitþeit (5)

As suggested in the previous paragraphs, we also posit that the liquidity costs of
underlying securities should have a further, indirect effect on other independent variables.
The reason for this is that any market transaction, whether caused by a reinvestment of
cash, a creation/redemption of shares or a portfolio adjustment, should bear transaction
costs. With increasing liquidity costs of underlying assets, the reinvestment of cash,
portfolio adjustment or creation/redemption of shares should become more expensive for
the respective ETF. XLM×RelCash controls for the relationship between relative cash
holdings of a fund and the liquidity cost of its underlying basket. With the interaction
term of RelNetCR and liquidity (XLM×RelNetCR), we can test whether it is really the AP
who bears all liquidity cost, and XLM×PortAdj measures the interaction between
liquidity and market transactions which have been initiated by management, for example
due to index adjustments. Model (5) can hence be augmented by additional terms to
account for the interaction betweenXLM and relative cash holdings, portfolio adjustments
and the daily net creation/redemption of shares, respectively:

TEit ¼ aþvið Þþb1UTERitþb2UTER2
itþb3UXLMitþb4UXLM 2

itþb5URelCashit

þb6URelCash
2
itþb7UDivY ielditþb8UDivY ield2itþb9UDISTRitþb10UDISTR2

it

þb11URelNetCRitþb12URelNetCR2
itþb13UPortAdjit

þb14U XLMit � RelCashitð Þþb15U XLMit � RelNetCRitð Þ
þb16U XLMit � PortAdjitð Þþeit (6)

We are testing for heteroscedasticity, time-series autocorrelation and cross-sectional
dependence between panels in our sample; we obtain clearly positive results for all
tests. In order to ensure valid statistical inference of all our models, we therefore apply
robust standard errors. Driscoll and Kraay (1998) provide a computational method
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which generates standard errors which are heteroscedasticity and autocorrelation
consistent, as well as consistent for cross-sectional dependence (as cited in
Hoechle, 2007). Furthermore, given the large number of second-order terms and
interaction terms in regressions (5) and (6), we have to account for potential
multicollinearity and the resulting inflation of standard errors. We do so by centring all
independent variables and by means of polynomial orthogonalisation. The latter
approach creates a set of squared variables, from which all effects of their respective
lower-order terms are removed[6]. That is, the squared terms only represent the purely
non-linear effects of the independent variables.

3.2 Empirical results
We present our empirical findings in three steps. First, we report the descriptive
statistics for the tested variables. Subsequently, we test the previously described
variables individually and as part of basic models (4) and (5). Finally, in a third step, we
test the full model (6) including interaction terms for the full period.

3.2.1 Descriptive statistics. The descriptive statistics for the sample ETFs’ daily
tracking error over time are reported in Table II. For all years, tracking error exhibits a
left-tailed skew and substantial leptocurtosis, implying fatter tails than observed in
normal distributions. Our sample confirms the general view that on average, ETFs tend
to underperform their paper-based benchmark indices: For 10,483 of the total 14,077
observations, the ETFs could not beat their respective benchmarks, underperforming
by a daily average of 0.05 per cent. On 3,594 observation days, approximately a quarter
of our sample, the ETFs performed equal to or better than their respective benchmarks
with an average daily outperformance of 0.15 per cent.

Year
No. of
ETFs

No. of
obs. Mean Median SD Min. Max. Skew. Kurtosis

Raw
mean

2003 3 384 0.6035*** 0.4229 0.5708 0.0010 3.2906 1.87 7.58 −0.0054
2004 3 768 0.4344*** 0.3113 0.3996 0.0023 2.5390 1.62 6.10 −0.0069
2005 4 964 0.2648*** 0.2005 0.2688 0.0001 2.4237 1.68 8.35 −0.0018
2006 4 1,020 0.0101*** 0.0014 0.0952 0.0000 2.8268 26.00 756.01 −0.0015
2007 4 1,008 0.0100*** 0.0014 0.1003 0.0000 2.8482 23.71 645.14 −0.0017
2008 6 1,350 0.0111*** 0.0013 0.1319 0.0000 4.5518 30.77 1,044.41 −0.0012
2009 7 1,705 0.0360*** 0.0016 0.3101 0.0000 9.1722 20.85 526.66 −0.0046
2010 7 1,785 0.0214*** 0.0014 0.1756 0.0000 5.0715 21.22 534.10 −0.0018
2011 7 1,785 0.0238*** 0.0016 0.1821 0.0000 4.8078 18.58 418.71 −0.0013
2012 7 1,757 0.0269*** 0.0015 0.2282 0.0000 7.1482 23.05 639.37 −0.0022
2013 8 1,551 0.0261*** 0.0015 0.1917 0.0000 5.3592 19.59 477.74 −0.0017
Total 8 14,077 0.0771*** 0.0019 0.2746 0.0000 9.1722 10.08 192.76 −0.0024
Notes: This table contains descriptive statistics for daily tracking error in per cent over time for the
full ETF sample. It reports the mean, median, standard deviation, minimum, maximum, skewness, and
kurtosis for the daily tracking error per sample year. Furthermore, it reports the number of obser-
vations and ETFs in the sample that are active in the respective year. In the last column, the raw mean
daily tracking error is presented (Raw mean). Tracking error is calculated according to formula (3) as
the absolute difference between daily NAV and the index return for each ETF in the sample. Raw
tracking error is calculated as the difference between the daily NAV and index return for each ETF in
the sample, accounting for negativity and positivity of deviations. Years 2003 and 2013 are not
complete. The statistical significance of the result is different from zero based on a two-tailed test at the
***1 per cent confidence level

Table II.
Descriptive statistics
for daily tracking
error per sample
year (in per cent)
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Table III provides some further descriptive statistics on the key variables for the eight
observed ETFs. For the period from July 2003 to October 2013, daily tracking error in the
observed sample was roughly 0.08 per cent per day. Relative cash positions (RelCash)
average approximately 0.39 per cent of total AuM per day, with comparably high standard
deviation, suggesting considerable variation in daily cash holdings over time and across
funds. The ETFwith the highest cash-to-assets ratio in our sample holds an average of 2.06
per cent of its total assets in cash, while the ETF with the lowest ratio exhibits an average
cash holding of merely 0.01 per cent relative to AuM. Relative net creation/redemption
averages 1.63 per cent of AuM per day for the full sample, meaning that on average, fund
holdings fluctuate by that net figure per trading day due to newly created or redeemed
fund shares. Similar to daily cash holdings, RelNetCR is subject to considerable variation
over time and across funds, with a maximum daily average net creation/redemption
relative to AuM of 4.66 per cent and a minimum average of merely 0.12 per cent of AuM.

Except for the effect of portfolio adjustments, our postulations for the relations
between the tested independent variables and ETF tracking error are further
supported by the pairwise correlations between the variables over the full period,
reported in Table IV. Although statistically insignificant in one case, the correlations

Variable Observations Mean SD Min. Max.

TE 14,077 0.0771 0.2746 0.0000 9.1722
TER 14,082 0.3351 0.1587 0.0500 0.5200
XLM 12,444 0.3015 0.3853 0.0508 4.2814
RelCash 14,082 0.3856 1.1143 −1.0015 10.0687
DivYield 12,910 0.0134 0.0747 0.0000 1.7388
DISTR 14,082 0.0167 0.3248 0.0000 17.9461
RelNetCR 14,079 1.6325 26.6014 0.0000 1,566.3320
Note: This table reports the number of observations, mean, standard deviation, minimum and
maximum observations for daily tracking error (TE), total annual expense ratio (TER), weighted
underlying liquidity cost (XLM), cash holdings relative to total AuM (RelCash), dividend yield to NAV
(DivYield), distribution to ETF shareholders relative to NAV (DISTR) and net creation/redemption of
ETF shares expressed as relative change in current total AuM (RelNetCR)

Table III.
Descriptive statistics

for the tested
variables in the
full ETF sample

(in per cent)

TE TER XLM RelCash DivYield Distrib RelNetCR PortAdj

TE 1.0000
TER 0.1254*** 1.0000
XLM 0.0056 0.6454*** 1.0000
RelCash 0.0467*** −0.1277*** −0.1037*** 1.0000
DivYield 0.1552*** −0.0368*** −0.0347*** 0.1090*** 1.0000
DISTR −0.3707*** 0.0054 0.0076 −0.0136 −0.0231*** 1.0000
RelNetCR 0.0356*** −0.0182** −0.0183** 0.0416*** 0.1989*** 0.0013 1.0000
PortAdj −0.0146* 0.0216** 0.0286*** −0.0037 −0.0113 0.0045 −0.0014 1.0000

Notes: The matrix reports the pairwise correlations for daily tracking error (TE), total annual expense ratio (TER),
weighted portfolio liquidity cost (XLM), cash holdings relative to total AuM (RelCash), dividend yield to NAV (DivYield),
distribution to ETF shareholders relative to NAV (DISTR), net creation/redemption of ETF shares expressed as relative
change in current total AuM (RelNetCR) and portfolio adjustments (PortAdj). The statistical significance of the result is
different from zero based on a two-tailed test at the *10, **5 and ***1 per cent confidence levels

Table IV.
Matrix of pairwise

correlations between
tested variables

427

Determinants
of tracking

error in
German ETFs



www.manaraa.com

still suggest a negative effect of DISTR and a positive effect of TER, XLM, RelCash,
DivYield and RelNetCR on an ETF’s tracking error.

3.2.2 Tracking error determinants. The outcomes for the basic panel
regression models (4) and (5) are reported in Tables V and VI, respectively. Tracking
error is first regressed on each of the independent variables separately before testing all
factors together.

Overall, the two tables report highly significant coefficients for all tested variables.
To be more specific, the outcome suggests that daily tracking error of ETFs in the DAX
index universe is significantly affected by the liquidity cost of their respective
underlying securities, their relative cash holdings, dividend yield, distribution of cash
to investors, daily net creation and redemption of shares, as well as portfolio
adjustments. The results for the tested factors clearly verify our posited hypotheses,
except for that concerning the effect of portfolio adjustments. Significant results for
XLM, in particular, confirm the postulated effect of liquidity cost of underlying
securities on ETF tracking error.

The results for the squared variables reported in Table VI further suggest that the
relations between tracking error on the one hand and total expense ratio, basket
liquidity and distributions on the other are significantly non-linear in nature. Except for
the total expense ratio, all significant non-linear relations exhibit a concave shape,
implying a constantly declining slope in the magnitude of impact of these factors on
ETFs’ tracking ability. The respective maximum and minimum points of effect on
tracking error for identified non-linear effects are reported in Table AI.

In regression (6), we control for potential interactions of liquidity cost with relative cash
holdings, the daily creation/redemption process of ETF shares and portfolio adjustments
(see Table VII). With regard to the key independent variables in the full sample, we obtain
results that are similar to the ones observed in Tables V and VI. That is, all key variables
have a statistically significant impact on tracking error, with TER, XLM and DISTR
exhibiting non-linear relationships. Similar to the findings in the basic model (5), DISTR
has the greatest single effect with a beta of approximately −0.12, followed by TER,
DivYield, the XLM effect of underlying liquidity and RelCash[7]. Relative net creation/
redemption of shares also has a significant, albeit rather small effect on TE. From the
insignificance of XLM×RelNetCR, we can further infer that the impact of the creation or
redemption of ETF shares on daily tracking error is independent from liquidity cost
involved in obtaining or selling the basket of underlying securities. The only significant
interaction in our augmented model (6) is between liquidity cost and portfolio adjustments.
This suggests that in addition to its direct effect on ETF tracking ability, the liquidity cost
of underlying securities also has an indirect effect through its interaction with market
transactions caused by changes in the composition of the ETF’s portfolio constituents.

3.3 Discussion of findings
The finding of all tested key variables exhibiting significant effects on tracking error in
ETFs corroborates most of our postulated hypotheses. The liquidity cost of underlying
securities in particular has a measurable and positive effect on the tracking ability of
ETFs. The findings further confirm our notion that cash holdings, dividend yield and
daily creation/redemption of ETF shares have a significant and positive effect on
tracking error. Cash distributions to ETF investors appear to substantially reduce
return deviations from a price-index benchmark, as do portfolio adjustments, albeit to a
much smaller degree.
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Table VI.
Results for
individual
determinants of
tracking error and
regression (5)
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The empirical evidence on the effects of liquidity of the underlying portfolio on ETF
tracking error presented in this paper can be considered an extension of the works by
Rompotis (2012) and Meinhardt et al. (2012), who confirm a positive impact for German
ETFs. While these works address the relation between liquidity and tracking ability on an
aggregate level of ETF liquidity, we take a more bottom-up approach by taking liquidity of
individual stocks into consideration. Theoretically, the only time that the liquidity cost of
underlying securities is bound to have an effect is at the occurrence of a market transaction.
Then we should expect liquidity costs to play a role only in events triggering portfolio
adjustments. Controlling for cash holdings, portfolio adjustments and creation/redemption
separately, we still find XLM to have a strongly significant and independent effect on ETF
tracking error. A possible explanation is that relatively small internally initiated market
transactions that are not fully captured by the rather large-transaction-oriented factors
RelNetCR or PortAdj cause liquidity-related transaction costs. These can occur, for instance
through constant rebalancing by fund management in order to better match or optimise
index weights over time. In these cases, XLM represents the liquidity cost borne by the
ETF for its attempts to optimise the weights of the underlying portfolio.

Dependent variable TE for different samples
Variables Model (5) excl. interaction terms Model (6) incl. interaction terms

TER 0.0577 (0.0000)*** 0.0576 (0.0000)***
TER2 0.0859 (0.0000)*** 0.0859 (0.0000)***
XLM 0.0178 (0.0032)*** 0.0179 (0.0034)***
XLM2 −0.0207 (0.0020)*** −0.0208 (0.0019)***
RelCash 0.0135 (0.0045)*** 0.0139 (0.0044)***
RelCash2 0.0028 (0.7366) 0.0034 (0.6963)
DivYield 0.0372 (0.0000)*** 0.0373 (0.0000)***
DivYield2 0.0021 (0.7289) 0.0022 (0.7242)
DISTR −0.1165 (0.0039)*** −0.1165 (0.0039)***
DISTR2 −0.0678 (0.0004)*** −0.0678 (0.0004)***
RelNetCR 0.0042 (0.0252)** 0.0055 (0.0138)**
RelNetCR2 0.0011 (0.4080) 0.0021 (0.1704)
PortAdj −0.0195 (0.0393)** −0.0179 (0.0410)**
XLM×RelCash −0.0306 (0.3478)
XLM×RelNetCR −0.0011 (0.1848)
XLM×PortAdj −0.0851 (0.0190)**
Constant 0.0584 (0.0000)*** 0.0585 (0.0000)***
Observations 12,442 12,442
R2 (adj.) 0.4716 0.4718
No. of ETFs 8 8
Fixed effects Yes Yes
Max. VIF 1.08 1.88
Notes: This table reports the results for fixed effects regressions (5) and (6) of tracking error (TE) on
centred independent variables in per cent, namely, total annual expense ratio (TER), weighted portfolio
liquidity cost (XLM), cash holdings relative to total AuM (RelCash), dividend yield to NAV (DivYield),
distribution to ETF shareholders relative to NAV (DISTR), net creation/redemption of ETF shares
expressed as relative change in current total AuM (RelNetCR), portfolio adjustments (PortAdj) and the
interaction terms of XLM with RelCash (XLM×RelCash), RelNetCR (XLM×RelNetCR) and portfolio
adjustments (XLM×PortAdj). Respective p-values are reported in parentheses. Furthermore, the
number of observations, adjusted R2, the number of ETFs for the respective regression and the
maximum variance inflation factor (VIF) are stated. The statistical significance of the results is
different from zero based on a two-tailed test at the **5 and ***1 per cent confidence levels

Table VII.
Determinants of
tracking error in
regressions (5)

and (6)
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This, in turn, suggests that although daily creation/redemption usually takes place
as an in-kind transaction, ETFs are not fully protected from the effect of the liquidity
cost of their underlying securities. Whilst the magnitude of the positive relation
between liquidity cost and tracking error in absolute figures is indeed small, we still
have to challenge Kostovetsky’s (2003) claim that liquidity is not at all a determining
factor of tracking error. To put the absolute magnitude of the figures into some
perspective, it should be re-emphasised that this study addresses tracking error at the
daily level.

For our set of German DAX ETFs we find cash flows into or out of the fund to have
a substantial effect on tracking error. In terms of dividend yield, our results are in line
with the findings of Elton et al. (2002) and Blitz et al. (2012), who show for the US and
European markets, respectively, that the main cause of tracking error besides total
expense ratio is forfeited return due to delayed reinvestment of cash dividends.
Fund managers have been aware of this effect for quite some time and apply various
strategies to reduce or at least control the effect, provided of course that such measures
are possible given the regulatory constraints. The notion of forfeited returns on delayed
investment especially holds true for distributing ETFs. Being unable to reinvest the
proceeds from dividend payments, these ETFs have to rely on a few fixed distribution
dates to reduce accumulated cash holdings. Again, fund management is usually aware
of this source of tracking error and it might indeed be worthwhile to determine whether
it is the optimal strategy to solely rely on a few distribution dates or whether there are
still better ways to smooth the effects of idle cash on tracking error.

Frino and Gallagher (2002) use cash flows in their model to control for cost-inducing
cash transactions of passive funds. However, to our knowledge, daily holdings of cash
relative to total assets under management as potential explanatory variable of ETF
tracking error have not been tested yet. This having been said, our analysis does indeed
verify the positive and significant impact on tracking ability.

The process of creation and redemption of shares is fundamental to the entire
concept of ETFs, as it ensures continuous arbitrage trading and hence NAVs which
are very close to index prices. However, reviewing the available literature,
creation/redemption does not seem to be a topic of focus for research on tracking
error. Both Gallagher and Segara (2006) and Gastineau (2004) argue that ETFs should
not be affected in their tracking ability by creation/redemption of shares due to the
in-kind-delivery and fees charged to the AP. Still, our findings confirm a positive
independent effect on tracking error. With the insignificance of the interaction term
between RelNetCR and XLM, it becomes apparent that the process of creating and
redeeming ETF shares has an effect on tracking ability beyond the dimension of
liquidity cost of the underlying basket. Thus, while we can agree with Gallagher and
Segara (2006) and Gastineau (2004) that the cost of creation/redemption is successfully
transferred to the AP, we have to challenge their conclusion that this implies that
creation/redemption has no impact on ETF tracking ability at all. One possible
explanation for the effect has to do with the imperfect replication of index weights:
since creation/redemption of shares takes place in pre-defined lot sizes, it is almost
impossible for an AP to perfectly allocate the corresponding NAV value among the
index constituents due to indivisibility of individual stock shares. That is, there will
most probably be a remainder in cash or in stocks which does not perfectly match the
actual index weights. As a result, the ETF will exhibit tracking error due to differences
between the benchmark and the underlying basket. Yet this effect should be rather
small for ETFs with large assets under management. Another explanation could be
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daily charging or attribution of fees from or to the fund: although they are effectively
paid on a monthly or quarterly basis, fees to or from the fund (e.g. securities-lending
fees or management fees) are commonly calculated and attributed to ETF NAV on a
daily basis. A substantial change in AuM from one day to another due to creation/
redemption, would also significantly affect the base for calculating such fees and hence
daily attribution of fees to NAV.

With portfolio adjustments having a negative effect on an ETF’s tracking error,
we have to reject the hypothesis that they reduce tracking ability through transaction
costs. Instead, we observe days on which ETFs change the composition of their
underlying portfolio by swapping constituents (mostly due to officially announced
index adjustments) to exhibit less pronounced tracking error even after controlling for
the interaction with liquidity cost. This suggests that portfolio adjustments have an
impact on tracking error beyond the dimension of liquidity-related transaction costs,
allowing the portfolio to better track the benchmark index. Once more, we attribute this
effect to the imperfect replication of index weights in the ETF portfolio: similar to cash
distributions to investors, portfolio adjustment events seem to be a change to dispose of
unwanted weight deviations which have accumulated over time.

Since the XLM is only available for constituents of the DAX index universe,
our ETF sample is constrained to the German equity market. We still consider the
sample to be representative for the German market for two reasons: first, with
23 per cent of the total ETF trading volume (approximately 40 per cent including OTC
trading) as of April 2014, the sample funds represent a substantial part of overall ETF
trading in Germany. Second, in terms of trading volume and market capitalisation, the
replicated indices cover by far the largest part of the German equity market. Even for
the identified funds, data availability is somewhat poor, with some funds
exhibiting data gaps in their respective time series and some funds falling out of the
sample altogether. However, the issue of data gaps is mainly driven by an individual
fund, which exhibits a longer time period of missing data. Therefore, we believe that in
the panel cross-section, the effect should be smoothed and should not substantially
affect results.

We understand that the high number of squared terms and interaction terms in our
models bears the risk of high multicollinearity. While acknowledging this risk, we still
consider it essential to leave the variables in the model and to control for all these
factors separately. We partly circumvent the problem by centring all independent
variables and by orthogonalisation of all second-order terms. As a result, the measured
maximum variance inflation factors do not exceed 1.88 for any of our models.

4. Conclusion
In this study, we have tried to identify the determining factors of daily tracking error in
ETFs in the German DAX index universe. We particularly focused on the liquidity of
individual underlying securities as a potential factor affecting ETF tracking ability.

As postulated, we found daily tracking error to be dependent on liquidity of stocks
in the underlying portfolio, management fees, cash holdings, dividend yield,
cash distributions from an ETF to its investors, portfolio adjustments and the
process of creation/redemption of ETF shares. Liquidity affects tracking error both
directly and in interaction with portfolio adjustments, implying that liquidity cost plays
a significant role in various events which trigger a market transaction. Still, cash
inflows and outflows in the form of dividends and distributions, respectively, appeared
to be the factors with the most substantial effect on tracking error in our model.
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Research on some of the tested variables seems to have just commenced. This is
especially true for liquidity of individual underlying stocks or the process of
creation/redemption of ETF shares. In particular, our findings on the latter clearly
challenge the current notion of ETF tracking ability being immune against effects from
creation/redemption due to in-kind transactions.

It was our aim to contribute to a broader discussion of potential tracking error
determinants and to provide some new insights to their dependence on market
conditions. Due to the lack of availability of XLM data, research beyond the DAX index
universe seems to be unmanageable at this time. Yet, there are other liquidity proxies
which are similar to Deutsche Börse’s XLM, such as the cost of round-trip trade
introduced by Irvine et al. (2000), which could help to further elaborate on true liquidity
effects on ETF tracking error in other markets. Furthermore, since there is still no
consensus in the literature on the impact of economic regimes on tracking error and its
determinants, it might also prove valuable to apply our model to sample periods with
more extreme return patterns, such as the global financial crisis.

Notes
1. As a consequence, Blitz et al. (2012) argue that with tracking error being inevitable, active

fund managers should refrain from using a “paper” index as benchmark; rather, they should
use a corresponding passive fund, which already incorporates these frictions, such as an ETF
or mutual index fund. This view is supported by Kostovetsky (2003), who argues that
tracking error itself is difficult to model, since there is no true benchmark for comparison.
In his view, any performance comparison with paper indices is fallacious because it assumes
efficient paper transactions at all times.

2. See Stoll (2003) for a detailed discussion of the bid-ask spread as indicator of the cost of
trading and the illiquidity of a market.

3. See, for example, Delcoure and Zhong (2007), among others.

4. Data provided by Deutsche Börse AG. OTC trading volume based on all settled transactions
conducted via Clearstream OTC Cascade Functionality.

5. Further theoretical background on XETRA Liquidity Measure is provided by Hachmeister
(2007), Stange and Kaserer (2011), and Rösch and Kaserer (2013).

6. For further theoretical background on orthogonalisation, see Golub and Van Loan (1996).

7. Note that with the inclusion of interaction terms, the interpretation of all coefficients changes.
In model (6), an independent variable (e.g. XLM) represents the unique effect under the
assumption that all other variables that might be interacting with it (XLM) are equal to zero.
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Variable Max./min. point

TER (min.) −0.3358
XLM (max.) 0.4301
DISTR (max.) −0.8589
Notes: This table reports the maximum and minimum points of impact of the respective variables on
tracking error. The variables with a significant non-linear relationship with tracking error are total
annual expense ratio (TER), weighted portfolio liquidity cost (XLM) and distribution of cash to
investors relative to NAV (DISTR)
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