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Market Liquidity Risk: Elusive No More
Defining and quantifying market liquidity risk

KoLuA LOEBNITZ

ABSTRACT

The concept of market liquidity risk has not been satisfactorily treated in
financial literature. Clear definitions as well as an understanding of the
phenomenon are lacking. This paper tries to change this by analyzing,
defining and measuring the phenomenon that is loosely termed market
liquidity risk. After representing a detailed intuitive framework, market
liquidity risk is defined as the perceived uncertainty regarding the
magnitude of the price concession(s) in excess of the expected value
required for an immediate transformation of an asset into cash or cash
into an asset under a specific trading strategy. Consequently we analyze
the usefulness of quantitative models to capture market liquidity risk for
the major asset markets. Finally, we suggest slightly adjusted versions
of the Almgren and Chriss (2000) and the Bangia et al. (1999) model.
Both models serve different purposes and may easily be implemented in
current risk measurement systems.
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Management Summary

Market liquidity risk has acquired a great deal of attention from researchers, regulators and financial
institutions in recent times, as it is felt be to insufficiently covered by current risk management
practices. With this work we attempt to contribute to a better understanding of market liquidity. Our
research was commissioned to answer a range of questions relevant to a comprehensive review of the
concepts of market liquidity and market liquidity risk, including:

= What is a practical yet coherent definition of market liquidity and market liquidity risk?

= To what extent are current risk measures capturing market liquidity risk?

= To the extent that current risk measures are deemed insufficient, how should we quantify
market liquidity risk?

We cannot claim to have answered all questions fully, but we do believe we have made important
contributions to the understanding of market liquidity. We have carried out the research in close
consultations with the Group Risk Management department of Rabobank Group, however our research
has been totally independent, and our arguments and conclusions are solely our own.

A proper definition of market liquidity and market liquidity risk is the central theme of our work.
Most definitions found in literature fail in making the concept of market liquidity tangible. In our
opinion a proper definition must allow for quantification in order to be valuable in practice. Most
recommended definitions in literature do not fulfill that criterion and those few that do, lack other
desirable features. For this reason we worked out our own definition based on a thorough analysis of
frictions in financial markets, since most prior definitions, although inadequate in our opinion, suggest
that frictions are at the heart of the topic of market liquidity.

We defined market liquidity as the discounted expected price concession required for an immediate
transformation of an asset into cash or cash into an asset under a specific trading strategy. In other
words, we defined market liquidity as the expected loss going from an asset to money or vice versa
under a certain trading strategy. The value of the definition is twofold: (1) the definition can easily be
formalized and (2) the definition reduces market liquidity to a single number in monetary units.

Accordingly we define market liquidity risk as the possibility that the price concession exceeds the
expected value. That is to say, given a suitable model that specifies all the crucial variables such as a
benchmark price, uncertain transaction costs and a trading strategy, we can employ well known risk
measures such as Value at Risk or similar derivations to quantify market liquidity risk. However, for
successfully applying the definition in practice we need suitable models. Given our definition it
became evident that conventional market risk models do not capture the essence of market liquidity
risk without significant modifications. Using our definition as reference point, we surveyed several
quantitative methods that claimed to remedy some of the shortcomings of conventional models. As a
result, we chose two models for different applications: (1) A model suggested by Almgren and Chriss
(2000) that adequately quantifies the balancing act between price risk and uncertain transaction costs
and (2) the Bangia et al. (1999) model that can be employed for portfolios of assets that do not require
elaborated transaction costs formulations.

We conclude that with our definition one can finally formalize market liquidity and market liquidity
risk and hence quantify both concepts. In practice the quantification of market liquidity risk might be
hindered more by the lack of appropriate time-series than by model considerations. However, we
highly recommend practitioners to address market liquidity risk and implement this new risk category
into their current risk management systems. A failure to do so would leave most financial institutions
exposed to significant undue risk. In addition, we recommend the integration of the concept of market
liquidity risk into the broader framework of funding liquidity risk.
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Introduction

1.1 Topic

This paper represents our effort to analyze, define and measure market liquidity risk. Although the
term market liquidity risk is used quite readily in academic literature it lacks a clear definition, let
alone understanding. This fact is recognized by many researchers as they mention the elusiveness of
the phenomenon but nonetheless do nothing to change it. It is our hope that we change this unfortunate
condition with our work.

1.2 Relevance

Risk management, as a standalone discipline, is a rather new invention and is most predominately
found in the financial and insurance industry, for the main reason that risks are perceived to be more
tangible and hence quantifiable. In addition, the sophistication of risk management is partially an
answer to the ambitious agenda of regulators to foster bureaucratization of risk quantification in
financial institutions and insurance companies. Regulators as well as corporations have established
numerous categories that attempt to separate risks of different natures. Naturally for all parties
involved it would be of outmost importance to know whether there is a risk type that has not been
categorized and characterized. This is where this research comes in, as we try to clarify the essence of
market liquidity risk, define it and suggest methods for its quantification.

1.3 Objectives
The objectives of this study can be summarized as follows:

1. Understand the essential aspects of market liquidity risk in the context of financial
markets.

2. Derive a useful and coherent definition of this risk.
3. Establish a framework that allows the quantification of this risk.

We intentionally chose the starting point of our research to be of a fundamental nature as in our
opinion this helps the reader to reproduce the line of reasoning that eventually lead to our conclusions.
As a result, we hope this study provides a logical and precise treatment of the subject at hand that
allows the reader to comprehend the problem step by step and not to leave the reader puzzled.

1.4 Structure

The dissertation is divided into four parts. The first part deals with the basic concepts and can be seen
as the foundation for all our later enquiries. Particularly, we discuss the meaning of frictions in
financial markets and explain its underlying processes. Most importantly, we analyze the key
components of transaction costs in financial markets. The investigation on market frictions leads to the
derivation of our definition of market liquidity and market liquidity risk. We conclude the first part by
a concise discussion of the connection between financial crises and market liquidity. The second part
deals with the quantification of market liquidity and market liquidity risk. We survey a range of
quantitative models and choose in the end two appropriate models. In the third part we suggest slight
modifications to these models to enhance the applicability in practice. Part four concludes.
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Part 1

Trading Environment and Friction

In the first part we establish the foundation for all our later discussions by clearly differentiating
essential concepts. We begin by choosing market frictions as an initial trail that could lead us to a
meaningful definition of market liquidity and its inherent risk. As a guideline for this analysis we
derive several open questions from the concept of frictionless markets. This leads us to a detailed
description of the expansive trading environment of financial markets. We discuss types of markets,
trading process, types of orders, rules of precedence, trading restrictions, types of traders and
especially transaction costs. In the transaction cost section we analyze in detail bid-ask spreads, price
impact costs and price risk. Next we suggest, relying on our prior results, a precise and practical
definition of both, market liquidity and market liquidity risk. We conclude with a brief discussion of
the link between financial crises and market liquidity.

2. Friction

2.1 Lack of clarity

Classical financial market theories are built upon the assumption of frictionless markets. However, this
assumption does not apply for most markets (Cetin et al. (2004a)). Hence, market frictions, the
absence of the price taking assumption and competitive markets, is the norm rather than the exception.
Consequently, we could define friction in financial markets as the difficulty with which assets are
traded (Stoll (2000)). Several authors came up with similar ways to define market liquidity. These
definitions range from “...liquidity is the ease of trading a security” (Amihud et al. (2005)), “Liquidity
risk...is defined as the risk of being unable to liquidate a position in a timely manner at a reasonable
price” (Muranaga and Ohsawa (1998)) to “Market liquidity risk is the risk that a firm cannot easily
offset or eliminate a position without significantly affecting the market price because of inadequate
market depth or market disruption” (Bank of International Settlement (2006a)). At first sight these
definitions seem to support the reader’s intuition but at a closer look the usefulness of those definitions
disappear. The major flaw of all three definitions and basically the whole set of definitions for market
liquidity' is the vagueness of the terms used in the definition. Terms such as “ease”, “reasonable” and
“timely” are empty without clarifications. The definitions fail the clarity of definition requirement’
and hence we have to reject these definitions.

Most previous definitions, although inadequate, suggest that frictions in financial markets are at the
heart of the ambiguous concept of market liquidity and the market liquidity risk. Thus, it seems
reasonable to start our research with an analysis of frictions in financial markets.

2.2 Frictionless markets

A good starting point for the analysis of friction in financial markets is the definition of what is
considered to be a frictionless market. The characteristics of a frictionless market are that all traders

' There are exceptions, which will be discussed in later sections.
* The clarity requirement states that a definition should not allow double meanings and should not contain
unknown and not understandable words/notions.
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are price takers (any trader can buy or sell unlimited quantities of the relevant security without
changing the security’s price) and that there are no transaction costs (including taxes) and no
restrictions on trade (e.g., short sale constraints) (Cetin ef al. (2004)). In other words, the law of one
price should hold. The law is crucial in modern financial theory and says that instruments with
identical future cash flows should have the exact same price as they are interchangeable and hence
must have the same value. Let us dissect the meaning of this notion. First of all, the “all/any” implies
that no matter what the characteristics of the trader or the desired trade are the price taken for the trade
is the current market price and is not affected by any aspect of the transaction. Secondly, the notion
implies that the sole expense borne by traders should be the market price for an asset. Finally, in a
frictionless market there should be no regulations directly or indirectly limiting the trader’s
inclinations to trade. As a guideline to analyze frictions and henceforth market liquidity we attempt to
answer the following questions:

(1) Are there restrictions on trading?

(2) Are there transaction costs?

(3) Does any characteristic of the trader have an influence on price (to be) taken?

(4) Does any characteristic of the desired trade have an influence on the price (to be) taken?

In order to find answers to the above questions we have to delve into what is called market
microstructure literature. Market microstructure is the study of the process by which investors’ latent
demands are ultimately translated into prices and volumes. Specific areas of interest include the price
formation process, the influence of market structure and design on the efficiency of financial markets.
We attempt to answer the questions in a systematic way by providing an overview of the key aspects
of the trading environment, which entails information about the different market architectures as well
as a discussion about transaction costs. Our discussion is principally applicable to all asset markets,
although there is a slight bias towards equity markets mainly because more information are available.
However, this bias is mitigated later on by analyzing the key differences between the major markets in
terms of frictions.



Market Liquidity Risk: Elusive No More 12

3. Trading Environment

3.1 Trading

As was indicated, frictions in financial markets arise in the context of trading assets in a wider sense.
Therefore, it seems appropriate to start our discussion with a global view on trading. It is common
convention to distinguish between the buy side and the sell side of the trading industry. The buy side
does not refer to actually standing on the buy side of every transaction but rather to buy exchange
services. The exchange services are offered by the sell side. The most important service offered by the
sell side is the ability to trade whenever the buy side intends to trade. In most cases, the buy side
engages in trading’ to help solve numerous problems that originate outside of financial markets. Thus,
trading in financial markets is used mainly as a tool. The buy side includes individuals, funds,
companies and governments. Roughly one can categorize this diverse group of players in financial
markets as investors, borrowers, hedgers, asset exchangers and gamblers.

Table 1: Main players and their trading motivations

Trader type Examples Motivation Suited instruments

Investors Individuals To move wealth from | Stocks
Corporate pension funds the present to the Bonds
Insurance funds future for themselves
Charitable and legal trusts | or for their clients
Endowments
Mutual Funds
Money managers
Hedge Funds

Borrowers Homeowners To move wealth from | Mortgages
Individuals the future to the Bonds
Corporations present Notes

Hedgers Farmers To reduce Future contracts
Manufacturers uncertainties of future | Forward contracts
Miners developments Swaps
Shippers
Financial Institutions

Asset exchangers International corporations | Acquire assets that Currencies
Manufacturers they value more than Commodities
Travelers what they posses

Gamblers Individuals Profit and Various volatile

entertainment through | instruments
placing bets

Source: Harris (2003)

The group of investors engages in trading because they would like to transfer wealth from the
present into the future either for themselves or more commonly for clients. Borrowers are keen on
doing the opposite by transferring wealth from the future to the present. Hedgers would like to reduce
their uncertainty about future developments through trading in various instruments. Asset exchangers
intend to receive assets that they value higher than the assets they posses. Gamblers give bets to make
profits and/or entertain themselves. Traders have a vast repertoire of trading instruments to choose
from. Instruments include among other stocks, bonds, warrants, options, future contracts, forward
contracts, foreign exchange contracts, swaps and commodities. Suitable trading instruments are chosen

* Trading involves at least two parties and can be defined as the exchange of two instruments. Commonly trades
involve the exchange of money against some other instrument but are not restricted to this.



Market Liquidity Risk: Elusive No More 13

by the traders depending on their objectives and motivations. For a summary of the classification of
trader types and suitable trading instruments see Table 1 (Harris (2003)).

The sell side consists of dealers, brokers and broker-dealers. They provide exchange services to the
buy side of the industry for money. Dealers stand ready to trade with their clients of the buy side to
allow smooth trading activities. They earn profit when they can buy low and sell high. Brokers are
agencies for their clients and trade on their behalf. They are paid to find other traders willing to act as
counterparty for their client’s orders. Brokers earn commission fees for their services. In practice the
functions of dealers and brokers are often combined. In those cases they are called broker-dealers
(Harris (2003)).

3.2 Types of markets

The type of market refers to the way buyers and sellers are brought together so that assets can be
transferred from one investor® to another. Jain (2003) distinguishes between four types of markets: (1)
dealer emphasis trading mechanisms (DLR), (2) pure electronic limit-order-book (LOB), (3) hybrid
mechanisms (HYB) and (4) periodic call mechanism (CALL). In DLR markets dealers’ are obliged to
stand ready to trade with investors at the bid and ask prices that they quote. Dealers trade on their own
account and help that way to facilitate a steady market by providing immediacy even in the absence of
natural buyers or sellers on the other side of the trade. In LOB markets there are no dealers. Instead all
incoming orders are matched based on precedence rules (e.g., price and time priorities — see later
sections). Those orders that cannot be matched are accumulated in a consolidated order book for
subsequent matching. In HYB markets both DLR and LOB are used and hence the trading process is a
combination of the two. In a CALL market orders are accumulated over a period of time and are then
batch processed at a single price that would maximize volume. Pure CALL markets play a relatively
insignificant role nowadays and hence we leave them out from our subsequent discussions (Jain
(2003)). It has to be noted however that numerous exchanges such as the NYSE, are starting off a
trading day with a call auction.

In the past most exchanges have relied on DLR markets but nowadays, primarily because of
technological advances, over 80% of the exchanges in the world use some form of electronic trading
mechanism with automatic execution (Jain (2003)). The most important exchanges in terms of volume
use some sort of HYB (e.g., NYSE, NASDAQ, LSE and Deutsche Borse).

3.3 Trading process

According to Stoll (2001) it is useful to distinguish four main components evident in the trading
process: (1) information, (2) order routing, (3) execution and (4) clearing and settlement. A major task
of markets (i.e., exchanges) is to provide information about historical prices and quotes. Today most
exchanges provide price information in real-time over consolidated trade systems and consolidated
quote systems. The information allows traders to choose markets/exchanges with the best prices.
Furthermore, they are input for all sorts of pricing and risk models employed by institutional investors.

Order routing is also a very important aspect of the trading process, as there are several ways an
order can be processed. Let us say the investor has communicated the order to his broker. The broker

* The terms investor and traders are used interchangeable throughout the text. Both refer to entities that engage in
trading.

> Throughout the text we use the term dealers, although there are various different names for essentially the same
type of job, such as specialists, market makers, scalpers, day traders and locals. The terminology differs between
exchanges and types of securities traded.
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now has different choices depending on the type of order and his duty of “best execution”. Best
execution in this case means that the broker has to evaluate the aggregated orders at some point in time
and periodically asses, which competing markets, dealers, or electronic communications networks
offer the most favorable terms of execution (Securities and Exchange Commission (2004)). Another
option for brokers is to internalize the order. This means the order is filled out of the firm’s own
inventory.

The execution is the most important step in the trading process and is subject to many studies in
market microstructure. In principle we would expect that incoming market orders are matched with a
resting quote. However, in a DLR market, dealers commonly refrain from executing a market order
immediately in order to buy some time to assess potential presence of informed traders or “speedy”
traders (Stoll (2001)). In LOB there are no dealers and the execution is based on precedence rules.

Clearing and settlement is the last phase and involves the comparison of transactions and the
conclusion of the transaction, where the parties pay or get paid. The latter is called settlement and
commonly it takes a couple of days (e.g., approximately three days in equity markets) until the bank
accounts of both parties are actually credited/debited (Stoll (2001), NYSE Glossary).

3.4 Types of orders

Orders have three main aspects that define them: (1) order type, (2) execution conditions and (3)
validity constraints. Generally one distinguishes between market orders and limit orders. A market
order is a buy/sell order that is to be traded immediately at the best available price. A limit order is a
buy/sell order that is to be executed at their specified limit or at a better price. In other words, if a
trader files a limit order to buy, the limit order sets a maximum price that will be paid. In case of a
limit order to sell the limit sets the minimum price that will be accepted.

The execution condition refers to whether an order should be executed in full or in part. The terms
referring to the various order types differ between exchanges, but the ideas behind them are the same.
For example, usually there are Immediate-or-cancel orders, which are order that are executed
immediately and in full, or as fully as possible. The non-executed parts are not preserved as an order.
There are also Fill-or-kill orders, which are orders that executed immediately and in full. Non-
executed orders are deleted (Deutsche Borse (2003)). Other order types exist but shall not be discussed
here.

The last aspect is the validity constraints, which determine how long the given order is valid. Three
validity constraints shall be mentioned — good for day, good till date and good till cancelled (Deutsche
Borse (2003)). Traders can beforehand specify how long the order should be valid in case the order is
not executed immediately. This can be for a trading day, until a specified date or until it is cancelled
(provided it does not reach a certain maximum age commonly specified by exchanges).

3.5 Rules of precedence

Rules of precedence determine the order by which orders are matched in all types of markets (DLR,
LOB and HYB). Typically exchanges prescribe first priority to orders with the best price and
secondary priority to the orders posted earlier at a given time. In some cases exchanges allow the
secondary priority to be overwritten in the presence of large orders (Stoll (2001)). In other words, in
some cases the larger order takes precedence over the smaller order although the smaller order was
posted earlier at the same price. In DLR markets the dealers are obliged to follow the rules and in LOB
markets a software algorithm is employed to enforce them.
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Closely related to the precedence rules is the tick size of an exchange. The tick size is the minimum
price variation allowed for orders (Stoll (2001)). The tick size can render the time priority rule useless
if it is very small, since traders could try to increase the order by only one tick sin order to get
precedence over earlier posted orders (Harris (1991)). This way they receive precedence.

3.6 Trading restrictions

Let us define trading restrictions as rules imposed by an authorized entity on traders and the trade that
limit their expressions of will in terms of trading. The assumption of no trading restrictions in theory
does not reflect the reality. In practice investors are faced by numerous rules and regulations that
restrict their trading activities. We can distinguish between four categories of trading restrictions: (1)
trading halts/circuit breakers, (2) collars, (3) margin requirements and (4) transaction taxes.

Circuit breakers or trading halts are rules enforced by exchanges to stop trading when the price of a
certain benchmark index moved, or will most probably move, below (or less commonly above) a
certain pre-specified level. The exchanges justify the implementation of circuit breakers by arguing
that they provide investors with extra time to help them assess new information and make appropriate
investment decisions during times of high market volatility (NYSE Glossary).

The second category of trading restrictions includes collars or also known as curbs. Again they come
into effect when the price of a certain benchmark index moved below or above a certain pre-specified
level. The collars entail limited access to computerized order submission systems and restrictions on
filing of specific orders (e.g., index-arbitrage orders).

The next category of trade restrictions are margin requirements. Investors usually have the option to
pay for the securities fully themselves or they may borrow part of the purchase price from their
securities firm.® When choosing to borrow part of the purchase price they have to open a margin
account. The amount investors are required to deposit in a margin account before buying on margin or
selling short is usually strictly regulated (e.g., in the Federal Reserve Board’s Regulation T for
American markets). Some securities cannot be purchased on margin at all. In addition, most
regulations stipulate minimum deposits at the beginning and certain maintenance requirements (NASD
(2000)).

At last we have transaction taxes. Taxes on financial transactions are fees imposed by governments
upon the sale, purchase, transfer or registration of a financial instrument (Wrobel (1996)). The tax
characteristics vary considerably across countries. However, it is not important for our discussion to
elaborate on these but only to recognize the existence of transaction taxes.

3.7 Types of traders

In literature there are various ways proposed to distinguish groups of investors. The most common
way is to distinguish individual investors from institutional ones. Institutional investors are pension
funds, banks, insurance companies, mutual funds, hedge funds, foundations and endowments. Those
hold the majority of assets and usually trade in larger quantities (Stoll (2001)). For example, in 2002
institutional investors held approximately fifty percent of corporate equities, where American pension
funds accounted for the largest chunk with more than twenty percent of total equity, followed by
mutual funds and insurance companies (NYSE (2002)). In addition, Schwartz and Shapiro (1992)

% Securities firms are equal to brokerage firms. Brokerage firms are simply the employers of brokers. Brokers act
as agents on behalf of customers. Their job is to execute orders of their customers according to the best
execution rule (this includes routing the orders)
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underlined the importance of institutional investors by estimating that institutional investors accounted
for approximately seventy percent of the total trading volume on the NYSE in 1989. There is no
reason to believe that this is different in other asset markets. In many cases, it is assumed that
institutional investors are better informed than individual investors because of their extensive research
activities. This leads us to a second way of characterizing market participants.

Often authors distinguish between informed investors and liquidity traders. The liquidity traders
trade because they want to account for their own consumption or to rebalance their portfolios to
accommodate for desired changes in their risk profiles. In other words, liquidity traders buy assets if
they posses excess resources or when they become less risk adverse. Similarly, they sell when they
need resources or become more risk adverse (Stoll (2001)). The informed trader is said to possess
private information about the value of an asset and tries to exploit on it through trading. Obviously,
informed traders assume that the supposedly private information is eventually incorporated into the
market price in such way as they believe it should. If we believe that this assumption is correct then a
liquidity trader would lose against an informed trader when they trade with each other. The
assumption of the presence of informed and liquidity traders and their trading with each other is the
basis for numerous models employed in market microstructure literature (Stoll (2001)).

Harris (2003) proposes in the broadest sense the distinction between utilitarian and profit-motivated
traders. Utilitarian traders trade to acquire some benefit other than trading profits whereas profit-
motivated traders solely trade to achieve trade profits. Utilitarian traders are similar to the players of
the buy side we discussed in the beginning only that we add fledglings, cross-subsidizers and tax
avoiders. Fledglings trade in order to learn how to trade, cross-subsidizers trade to transfer wealth to
other people in order to acquire specific services in return (i.e., “soft dollars”) and tax avoiders trade to
minimize their taxes by exploiting tax loopholes.

Harris (2003) identifies three distinct classes of profit-motivated traders: (1) informed traders, (2)
order anticipators and (3) bluffers. Informed traders acquire information about the fundamental value
of a security and then attempt to take advantage on it if the market value differs from their own
estimates. Commonly in literature informed traders are assumed to possess private information,
information that is not available to the public. According to Harris (2003), the category of informed
traders includes value traders, news traders, information-oriented technical traders and arbitrageurs.
Value traders perform fundamental analyses of assets, which involve collecting as much information
as possible that could tell them something about the fundamental value of a security. Then usually,
applying some sort of economic model to organize and evaluate the information, they arrive at an
estimate for the value. Having done so they arrive at overvalued and undervalued securities by
comparing the value they derived and the market value. Accordingly, overvalued securities are then
shorted and undervalued securities are bought. News traders try to benefit from forecasting the
direction of market prices caused by arrival of new material information.” Technical traders or
chartists try to take advantage of recurring price patterns. Arbitrageurs try to exploit inconsistencies in
pricing of securities relative to each other. If such inconsistency is identified the arbitrageurs buy the
supposedly cheaper instrument and sell the supposedly more expensive ones in the hope that the
inconsistency dissolves.

The second category involves order anticipators. Those are traders who hope to profit from trading
before other traders trade. The key to their success is to anticipate the trade intentions of other traders

7 Economists distinguish between material and stale information. Material information are information that will
significantly affect market prices. Stale information on the other hand are already incorporated in prices.
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and the effect on the price. Order anticipators are also called stealth or parasite traders as they only
profit when they prey on other traders. Within the category of order anticipators we have front runners,
sentiment-oriented technical traders and squeezers. Front runners try to gather information regarding
trades other traders are planning to execute and then try to trade before (in front) them in order to
benefit from potential price movements induced by the trades. Sentiment-oriented technical traders
attempt to predict trades of uninformed traders and then exploit potential price movements triggered
by them. Squeezers attempt to corner the market. In other words, they try to monopolize one side of a
market, so that everyone who is willing to trade must negotiate with them. If that strategy is successful
the squeezers can demand almost any price. Squeezes are mostly illegal nowadays.

The last group of traders according to Harris (2003) consists of bluffers. Bluffers try to trick other
traders into unwise trades they profit from. There are two types of bluffers, rumormongers and price
manipulators. Rumormongers attempt to spread information that convinces other traders to trade in a
certain way that would benefit the bluffers. The information can be either completely false or correct
but misrepresented information. Price manipulators precisely arrange their own trades in such a way
that other traders change their opinion of the value of the traded instrument. In most countries
rumormongers and price manipulations are illegal although in most cases it is hard to prove malicious
Intent.

We mentioned that liquidity traders or similarly institutional investors are commonly managing their
portfolios, which are subject to risk profile adjustments and consumption changes. We should further
mention the importance of hedging positions using the underlying assets, diversification as well as the
role played by hedge funds. The reason why we stress the role of hedging, diversification and hedge
funds is that the motivation for trading can be quite different to the motivations used by other traders.

As will become clear in later sections registered dealers are a special type of traders that play a
crucial role in financial markets. Dealers can be classified as the ultimate liquidity traders as they are
obliged by the exchanges, where they are registered, to enable a fair and orderly market. That means
that they have to stand ready to buy and sell at their own quoted prices with other traders on their own
account.

3.8 Transaction costs

Transaction costs include all costs that can be attributed to a transaction. This seems straightforward
but actually it is not. The problem starts in defining the boundaries of the concept of a transaction. In
other words, which dimensions and to what extent do we include them into our definition. Let us take
for example the time dimension. We could define the starting point of a transaction as the point in time
where the trader forms his intention to execute a certain trade (sell or buy a specific amount of an
asset) for some specific reason or we could use the point in time when he actually communicates the
order. Similarly, what happens when the trader decides to sell a large position in numerous smaller
parts? Should this be considered as one transaction or several?

Let us start by agreeing on the time dimension of a transaction. We define the moment a transaction
comes into existence when the order is communicated by the trader to the responsible entity.® The
entity can be a broker or an electronic communication network. It is not important who the entity is
only that the order is processed / documented. It is worth to note that the starting point of a transaction
must be an a posteriori concept as it implies that a transaction has actually taken place after the

¥ We restrict our discussions on organized exchanges for now. Over the counter (OTC) markets will be analyzed
in later sections.
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starting point. Of course not all orders that are placed result in transactions (e.g., the limit of a limit
order is reached or validity constraints are hit).

Now that we have defined the starting point we need to consider the point in time when the
transaction ends. Let us define the end of a transaction when a willing counterparty is found and the
transaction price is fixed. Now we can analyze all the costs that a trader incurs in this specific time
interval and that can be associated with the transaction. We define the costs associated with a
transaction to be the costs that arise during the earlier defined time interval and that would not incur if
not because of the transaction. Note that this definition includes potential opportunity costs. Our
definition is in line with most authors but some do not explicitly include the time dimension as we do
(see, for example, Bervas (2006)).

Having defined transaction costs we can now analyze what type of costs traders in practice
encounter. For illustrative purposes we try to assign the types of costs to the time interval defined
early. Commonly there is a distinction made between explicit and implicit transaction costs. Explicit
transaction costs are usually associated directly with the communication of the desired order (e.g.,
fees, taxes) whereas implicit costs are usually seen as all costs that do not fulfill this criterion but can
still be associated with the transaction. In our opinion it is more useful to distinguish between certain
and uncertain transaction costs (see Figure 1 for an overview). As defined before the starting point of a
transaction is the communication of the desired order’ by the trader to the responsible entity. When the
order is filed via a broker commission fees are charged. Similarly, fees have to be paid after a
transaction in organized markets to the exchange as well as to the government in the form of taxes. It
is plausible to assume that these fees are static and hence are known by the trader before the order was
placed. In others words, commissions, fees and taxes are certain transaction costs. After the processing
the order is communicated to the market. The order is then either executed almost instantly or put in
the “waiting line”, depending on the order size and the demands of the market.

We can identify four types of costs that are uncertain to the trader before the transaction: (1) bid-ask
spread, (2) price risk, (3) opportunity costs and (4) price impact. The difference between the midpoint
quote price and the bid or ask price, depending on the sign of the order, can be seen as a cost for the
trader. The bid-ask spread and hence the difference is not static. Dealers have good reasons to adjust
their quoted bid and ask prices throughout the day as will be discussed in the next section. Price risk
arises as traders might experience adverse price movements between the processing of the order and
the execution. As we have mentioned it is very well possible that it takes a certain amount of time to
execute an order, which is not constant and hence uncertain. Price risk in the contents of transactions
clearly increases the larger the time interval gets and becomes very important when a trader opts for
splitting up a large order into smaller parts and distributes them over time.

? The order always states the desired asset, the direction (buy or sale) and the amount, whereas the statement of
the desired price depends on the type of order placed (e.g., market order, limit order etc.). In addition one must
include the execution conditions and the validity constraints.



Market Liquidity Risk: Elusive No More 19

Figure 1: Transaction costs
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Closely related to price risk are opportunity costs. Generally opportunity cost, also referred to as
economic cost, is the value of the best alternative that was not chosen in order to pursue the current
endeavor, i.e., what could have been accomplished with the resources expended in the undertaking.
Thus, it represents opportunities forgone. In case of transaction costs the time delay in trading
determines the magnitude of the opportunity costs. The opportunity costs are uncertain because of the
random length of the time interval.

Price impact costs refer to adverse price movements caused by the desired trade itself. Commonly it
is measured as the difference between a benchmark and the actual transaction price. The benchmark
price is typically the midpoint quote just before the order is processed. One can imagine that it is
difficult to distinguish between the factors causing adverse price movements. Thus, isolating the
effective price impact costs is not easy. The underlying assumption for determining the price impact
costs, by taking the differences between a benchmark and the actual transaction price, is that the filed
order is solely causing the adverse movement of the transaction price. For the practitioner it does not
matter so much what caused the adverse change in the transaction price but for our discussion it might
be interesting to entangle the various factors.

3.8.1 Bid-Ask spread

As has been discussed before there are DLR markets and LOB markets (and HYB markets). Because
of their different market structure the matching procedures are different as well. In the past there were
no LOB markets as the technology was not sophisticated enough. This has changed dramatically as
there is a great number of exchanges that adopted LOB mechanisms.'® As a result, we have to look at
both forms of markets separately in terms of the quoting process and the bid-ask spread.

Dealer markets

Generally there is a difference between the price an investor gets when he wants to sell an asset and
the price he has to pay when he wants to buy an asset. The price he has to pay to buy an asset is the
ask price and the price he gets when he sells an asset is the bid price. The ask-price is always larger
than the bid-price. The difference between the buy (ask) and the sell price (bid) can be explained by
the presence of dealers. The difference between the bid price and the ask price is the margin for the
dealers. Recall that dealers ensure that there is always a market in which investors can buy and sell
assets. Basically these persons make the markets (a market can be defined by its main function,

' Among other - Equities: NYSE’s OpenBook program, Nasdaq’s SuperMontage, Toronto Stock Exchange,
Vancouver Stock Exchange, Euronext (Paris, Amsterdam, Brussels), London Stock Exchange, Copenhagen
Stock Exchange, Deutsche Borse, and Electronic Communication Networks such as Island. Fixed income
market: eSpeed, Euro MTS, BondLink and BondNet. Derivatives market: Eurex, Globex, and Matif (Obizhaeva
and Wang (2005)).
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namely to bring buyers and sellers together in whatever way). Clearly, dealers in financial markets do
not differ in principle from dealers in non-financial areas, as sorts of dealers make profit by buying at
low prices and selling at higher prices. Generally exchanges officially register traders as dealers. This
way the dealers receive some privileges and in turn are required to enable trading (i.e., continuously
providing quotes to the market).'!

Dealers are usually required by the exchanges to quote a two-sided market that is to quote both a bid
and ask prices. The quotes of dealers can either be firm or soft. Firm quotes require dealers to trade at
their quoted prices if traders wish so, whereas soft quotes simply indicate potential interests and can be
changed by dealers or completely taken back when traders actually desire to file orders. Registered
dealers are usually required to post firm quotes. In some markets dealers quote prices only on request,
which then expire after a pre-specified time. As there are commonly several dealers there are several
different spreads available. The inside spread is the difference between the highest bid price and the
lowest ask price available in the market, where both quotes do not necessarily belong to a single
dealer. In addition to quoting bid and ask prices dealers also quote bid and ask sizes, which are the
maximum quantities they are willing to trade at the quoted prices. The prices at which trades execute
are often not the same as the previously quoted prices. The actual spreads realized by the dealer are
called effective spreads. What is commonly known as the market price is the average of the best bid
and the best ask price, that is the midpoint of the inside spread.'* From the description of the job of the
dealer two things are obvious: first, dealers need extensive order flow to make profit, and second,
dealers in financial markets face risks, as they do not know beforehand at what price and to whom
they can sell a security after they make a purchase on their own accounts. The main way to attract
order flow is by quoting aggressive prices. Another way is to build close relationships with clients,
i.e., brokers and institutional investors, by providing them with market information and sometimes by
entertaining them through diners and popular sport events. The quoting decision at any given time is
complex for the dealers (Harris (2003)). The prices dealers quote are driven by two problems: (1)
inventory control and (2) dealing with informed traders. By quoting firm prices and trading with
investors, dealers accumulate inventories. Inventories increase when dealers buy at the bid price and
decrease when they sell at the ask price. Because dealers are passive traders (i.e., they trade when
other want to trade) inventory levels are determined mainly by fluctuations in the demands of traders.
Since dealers usually have target inventory levels, they try to attract signed order flow in such a way
that they reach those levels."> They do that through posting attractive prices and bid-ask sizes. A
summary of potential tactics that can be employed by dealers can be found in Table 2.

! More specifically there are two main rules governing the trading of registered dealers at organized exchanges:
(1) affirmative obligations (provision of continuous quotes) and (2) negative obligations (restriction of own
trading). The major privilege that comes from being a registered dealer is the ability to access the entire system
order flow before anyone else can (Harris (2003)). In OTC markets such regulations are usually nonexistent or
very limited.

'2 Sometimes the market price is also the transaction price of the last trade. We will refer to the market price as
the midpoint quote of the inside spread as it is more commonly used.

' Not all dealers have the same target inventory, but generally when short positions are as expensive to create
and hold as long positions and dealers are not speculating, hedging or investing for themselves, then the target
inventory is zero. If either of the two assumptions are not met target inventory levels are different (Harris
(2003)).
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Table 2: Tactics of dealers to manage inventories

Condition

Tactic

Purpose

Inventories are too low

Raise bid price
Increase bid size

Encourage clients to sell

Raise ask price
Decrease ask size

Discourage clients from buying

Take another dealer’s offer (buy at
another dealer’s ask price)

Immediately raise inventories

Buy a correlated instrument

Hedge the inventory risk

Inventories are too high

Lower ask prices
Increase ask size

Encourage clients to buy

Lower bid price
Decrease bid size

Discourage clients from selling

Hit another dealer’s bid (sell at
another dealer’s bid price)

Immediately lower inventories

Sell a correlated instrument

Hedge the inventory risk

Source: Harris (2003)

The second factor influencing the price quoting decision of dealers is the risk of dealing with informed
traders. As discussed before informed traders are assumed to have knowledge of future price
movements of securities. In that case dealers tend to lose when trading with informed traders as they
cannot buy low and sell high anymore, because of subsequent adverse price movements. However,
dealers have certain tactics to minimize damages when they suspect that they have traded with

informed traders. See Table 3 for a summary.

Table 3: Tactics of dealers to minimize damage after trading with informed traders

Suspected Condition

Tactic

Purpose

Sold to an informed trader

Raise ask price
Lower ask size

Discourage further sales to informed
traders

Raise bid price
Raise bid size

Encourage clients to buy quickly and
thereby restore inventory position
before prices rise

Take another dealer’s offer (buy
at another dealer’s ask price)

Quickly restore target inventory; this
strategy pays for immediacy, but the
cost may be less than the loss that
will result if prices rise while the
dealer is short

Buy a correlated instrument

Hedge the inventory risk and
speculate on information

Bought from an informed trader

Lower bid prices Discourage further purchases from
Lower bid size informed traders
Lower bid price Encourage clients to sell quickly and

Raise bid size

thereby restore inventory position
before prices fall

Hit another dealer’s bid (sell at
another dealer’s bid price)

Quickly restore target inventory; this
strategy pays for immediacy, but the
cost may be less than the loss that
will result if prices drop while the
dealer is long

Sell a correlated instrument

Hedge the inventory risk and
speculate on information

Source: Harris (2003)

The tactics and elements discussed so far are intuitively convincing and are based on practical
considerations. However, it might be interesting to see the results of empirical and theoretical studies.
Generally the practical and theoretical analyses agree. There are two streams of explanations found in
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literature of why there are bid-ask spreads. The spread reflects (1) a compensation for the immediacy
service of dealers or (2) the redistribution of wealth from some traders to others (Stoll (2000)).
According to the first view compensation for immediacy encompasses a payment for the real
economic resources required by dealers to do their job (e.g., labor and capital required to execute
orders, clear and settle orders etc.), demand pressure and potentially monopoly rents (increases of the
spread relative to costs because of market power). Papers discussing this approach include Garman
(1976), Stoll (1978), Amihud and Mendelson (1980), Cohen et al. (1981), Ho and Stoll (1981, 1983)
and Laux (1995). The second view tries to explain the spread by an informational argument. Either by
way of asymmetric information among market participants, or by arguing that the dealer effectively
grants an option to investors for free, where the option entails that in case new information arrives
before the dealer can adjust the quote he loses to a “speedy” investor. The asymmetric information
view explains the spread as a compensation for losses incurred by trading with informed investors.
Papers discussing the informational view include Bagehot (1971), Copeland and Galai (1983), Glosten
and Milgrom (1985) and Kyle (1985).

In theory dealers determine the total bid-ask spread in the following way. As a start they form an
estimation of the “true” value of the instrument conditional on all information they have including
order flow data. Let us call this estimate V. In a next step the dealers estimates values assuming that

the next trader is a buyer (VOB ) or a seller (VOA ). The difference between the two values is the adverse

selection component of the spread. The estimated probabilities and the corresponding expected pricing
errors for dealing with informed buyers and sellers next determine whether the two values are equally
distant from their initial estimate V/; .

Figure 2: Bid-Ask spread components
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Source: Harris (2003)

If the probabilities and the errors are equal for both, then the distances are the same. Assuming that
is the case dealers would simply add and subtract half of the adverse selection spread component to
V, . In a last step dealers add (subtract) half of the transaction cost component of the spread (economic

costs of engaging in the business) to (from) the previously established estimates (Harris (2003)). See
Figure 2 for a graphical representation of the theoretical formation of the bid-ask spread.

Following Harris notations we can now continue this thought process and show what happens when
actually, say, a buyer arrives and trades at the ask price previously determined by the dealer in the way
described. In case that the dealer thinks that he does not learn anything new from the trade, then the
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new unconditional estimate of the value will be the appropriate previous conditional value estimate
(Harris (2003)). Consequently, the bid and the ask prices rise by half of the adverse selection spread
component estimate from before the trade. If we would assume now that the next trade for the dealer
would again be a sale order without conveying new information, then the bid and ask prices would
bounce back to the earliest values. Considering that dealers in reality actively manage their inventories
through attracting trades by quoting appropriate prices and sizes to achieve certain target levels, we
understand that the described bouncing back of the bid and ask prices can in fact be observed in
practice (see, for example, Holthausen et al. (1987, 1990)). See Figure 3 for an extension of the
previous diagram.

Despite the attractiveness of the conceptual framework, in reality the quoting process of dealers is
not that neatly structured. Nonetheless, the framework has its value as the key factors in theory are
also important in practice.

Figure 3: Quotation adjustments
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The theoretical considerations are supported by results from empirical market microstructure
literature. Studies clearly established that realistic models of dealer behavior and consequently bid-ask
spreads dynamics involve both a compensation for immediacy services and asymmetric information
(Madhavan (2000)). Empirical studies to test such theoretical predictions were conducted by several
authors.'* All agree that a significant portion of the spread should cover the costs of immediacy and a
portion of the spread should account for asymmetric information but it is still uncertain what the exact
compositions are (Stoll (2001)).

In summary, it is crucial to understand the role played by dealers in DLR markets as they not only
determine spread costs but also influence the price dynamics. The latter is obvious when we recall that
the market price is the midpoint of the inside spread at any point in time. Dealers earn money by
attracting order flow and employing a buy low and sell high strategy. As they are usually required to
post firm quotes they have to control their inventory, which is mainly determined by the demands of
traders. This is done by actively adjusting quotes to manage the inventory with the goal to reach target
inventories. Furthermore, dealers have to avoid informed traders or at least attempt to minimize loss if

'* Glosten and Harris (1988), Stoll (1989), Choi et al. (1988), George et al. (1991), Lin et al. (1995), Huang and
Stoll (1997) and Stoll (2001).
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they suspect having dealt with one. For our further discussion it is important to note that the demands
of traders are the most crucial determinant of quoted prices but not the sole as dealers have to actively
manage the risks associated with providing immediacy. For orders that do not exceed quoted sizes the
quoted bid or ask price represents the “worst” price at any given moment. We say “worst” as it is
possible for traders to realize transaction prices within the spread (i.e., better prices than the bid or ask
price).

In our discussion of the behavior of dealers we should not forget that most exchanges oblige their
registered dealers to adhere to certain rules that influence their activities. We have seen that dealers
face two types of obligations, namely affirmative obligations (provision of continuous quotes) and
negative obligations (restriction of own trading). Generally that means that in order to maintain a “fair
and orderly market” registered dealers are obliged to deal for their own account when lack of price
continuity, lack of depth or disparity between supply and demand exists or when it is reasonable to be
anticipated (NYSE Rules). Violations of these rules usually result in fines. These types of rules clearly
restrict the spread posting behavior of dealers. The important point to remember is that registered
dealers are usually not completely free in their choice of spreads.

Limit-order-book

In pure LOB markets there are no dealers facilitating the functioning of the market. In other words,
there is nobody in between the buyers and the sellers, no intermediaries. Orders are matched by a
software algorithm that incorporates the rules of precedence of the specific exchange. Because there
are no dealers, there is no inventory risk involved. Thus, most market microstructure studies involving
spread components do not apply for LOB markets.

Nonetheless, there are naturally bid and ask prices in LOB markets as well. The ask prices in LOB
markets are established by previously placed sell limit orders of investors and the bid prices are
established by previously placed buy limit orders. Incoming orders are either matched immediately or
placed in the limit-order-book and matched according to the precedence rules or expire because of
their validity constraints. In LOB markets the midpoint quote (market price) can only change as a
result of a trade, the appearance of new limit orders, or the cancellation of some limit orders
(Bouchand et al. (2006)). Thus, the supply and demand of traders determines spreads and prices in
LOB markets.

Although LOB markets are becoming increasingly important we emphasize dealer markets in
subsequent sections as they are still more significant. However, all results generally apply to LOB
markets as well, except of course the considerations regarding dealer behavior.

3.8.2 Price risk

As discussed earlier, trading introduces the possibility that the price moves in an unfavorable direction
during the time interval between the processing of the order and the execution of the order. The
decision for engaging in a trade is among other things a function of the last midpoint quote for an
asset. That means that traders commonly would like (expect) to trade at the last quoted price or better
but not worse. If, for whatever reason, between the time of the processing of the order and its
execution the price moves against the trader’s position beyond what was expected, we can consider the
adverse price movement beyond the expected transaction price (i.e., the difference between actual
transaction price and the expected transaction price) as a loss/cost. A dealer faces essentially the very
same problem. As soon as he has to take a position (inventory), he hopes that an investor will assume
a counter position in a short period of time. During the time of him taking the position and the arrival
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of another investor the dealer is also exposed to adverse price movements. See Figure 4 for a
schematic illustration.

Figure 4: Delay in trading
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The time interval T can for some trades be almost zero, especially for small order sizes (order size <<
quoted sizes). As indicated before, price risk becomes especially an issue when larger orders (order
size >> quoted sizes) are sliced up into several smaller orders and then distributed over time. By
following such a strategy the time interval between the processing of the total order and the execution
of the last slice exposes the (remaining) position to price risk over a much longer time period then
would be the case, if the trader opted for executing the total order at once. The question arises, why
anyone would employ such a strategy as it increases the exposure to price risk. The answer to this is
minimization of price impact costs. Without going into details now about the reasons for where the
price impacts are coming from, we can say that it is believed that large orders cause adverse price
movements prior to the trade and hence splitting up an order into several smaller orders and
distributing it over time avoids excessive price impact costs that would have been experienced by
placing the total order at once. If that is true, then the trader has to strike a balance between price
impact costs on the one side and price risk on the other. In other words, the question is how fast and
how much should be traded at a time. In order to make an informed decision one has to form
expectations regarding both the price impact function and the price risk. Figure 5 illustrates the
increase in price risk estimated at time zero as a result of increasing time to execution. The graph is
based on historical data of institutional equity trades (market-not-held orders'®) at Goldman Sachs.
The exact values do not matter as such but the diagram stresses the importance of price risk when it
comes to the timing of order execution.

'> Orders that brokers do not need to fill immediately (Harris (2003)).
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Figure S: Intra-day price risk
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We can best illustrate price risk and price impact costs together with a simple example of a large
equity order. Let us assume trader ABC decides for whatever reason to buy 600,000 shares of
company XYZ at 9:45. At that time the stock costs $25.40. Trader ABC decides to let somebody else
“work” the order. It takes trader ABC one hour to choose between competing offers. He chooses the
offer with the least commission costs. The process of looking for the best deal is also referred to as
shopping orders. At 10:45 the full order arrives at a trading desk of some investment bank (the block
trader'®). The price at the arrival is $25.60. After an analysis of the circumstances the bank decides to
split up the order into three equally sized portions and distribute them over time. In particular, the first
200,000 shares are bought at 10:50 at a price of $25.70, the second 200,000 at 12:30 for $25.75 and
the last 200,000 at 13:30 for a price of $25.85. Thus, the average transaction price achieved by the
investment bank for trader ABC is $25.75. Figure 6 illustrates the actions and the price evolution in a
schematic way.

' Block traders fill large orders for clients with the objective to minimize transaction costs.
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Figure 6: Price risk and price impacts
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The example illustrates the importance of both price risk and price impact costs. The price risk is
illustrated by the yellow line, whereas the orange line depicts the price impact of the three orders
executed by the investment bank. The yellow line in this case is linearly increasing with time and thus
is working against trader ABC’s buy order. The yellow line represents the base price movement of the
stock. When we would assume that there are no price impacts, meaning the three orders do not cause
any adverse price movement, then we would find the transaction prices at the corresponding times on
the yellow line. In that case the best choice would have been to execute the whole order (600,000)
immediately at 10:45. Obviously trader ABC could have done that without the help of the investment
bank. He would have had filed a market order for 600,000 shares and saved the commission fees. In
the presence of price impact it is only possible to execute a buy order at a higher price (a sell order at a
lower price) than the yellow line suggests. From the diagram we observe that the orange line actually
starts before the first order is executed by the bank. That reflects information leakage. Front runners
actually got information about the upcoming orders in some way and acted upon it.

Now if we would assume that there is no base price movement, i.e., the yellow line is horizontal,
then obviously the execution prices would have been lower despite the price impact costs. Thus, we
can summarize that price risk, the adverse base movement of the asset prices, is a very important
factor contributing to the transaction costs.

Although the example illustrates the basic concepts, it is still very stylized as it provides only a
glimpse on the problem regarding the price risk involved. It does not provide insights where actually
the potentially adverse base price movements stem from. Questions arise such as how can the base
price movement be separated from the price impact? Where are the base price movements coming
from? What are the driving factors? Where does the price impact come from? What is the relation
between the price impact and the base price movement? What role does the dealer play in this? The
dynamics of price changes seem to be indeed invaluable for the understanding of transaction costs. We
attempt to clarify these issues in the following paragraphs after we briefly discuss opportunity costs.
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3.8.3 Opportunity costs

Opportunity costs are not known before the trade. The easiest way to quantify them is to incorporate
the time value concept into some formalized model that would capture the uncertainty of the other
transaction costs such as bid-ask spread, price risk and price impact. Another approach is taken by
Perold (1988). In his popular implementation shortfall measure he describes the opportunity costs as
the amount by which the benchmark has changed in value during the course of the transition, weighted
by the share of the total order that has not been invested in the target stock/portfolio. More formally
we can write the opportunity costs of the sale of a portfolio as,

i(ni—mf)(pf—pf’), 3.1)

i=1

where
n, = number of shares of security i held in benchmark
m; = number of shares of security i held at the end of the
execution of the total order
p; = price of security i at the end of the transition
pib = price of security i at the beginning of the transition

According to this specification the opportunity costs include indirectly price risk and any potential
price impacts of the own trading. In our opinion the metric provides a misleading picture of the
opportunity costs as the benchmark is a hypothetical costless and instantaneous transition at the
beginning. In other words, it measures the opportunity costs against a transaction at the midpoint quote
(no price impact) at the beginning of the transition. This seems rather odd as such a transition does not
exist. Thus, in many cases the opportunity costs calculated like this overestimates the forgone
opportunities because of impact price costs. In addition, Perold’s metric is intended to be an ex-post
performance measurement for the transition'” of a portfolio. The problem with opportunity costs arises
when one wishes to disentangle the price impact and the base price movement empirically from real
data. In theory this is easier as one assumes a price evolution of the base price movement (e.g.,
geometric Brownian motion) and determines separately the price impact say from a regression
analysis. This way, one could estimate the opportunity costs before the trade. However, in our opinion
if opportunity costs are to be taken into consideration at all, it would be more reasonable to only
discount at an appropriate rate.

3.8.4 Price impact costs

Let a trader face the following situation: he holds a certain amount q of an asset, which he would like
to sell at the prevailing market price p. As we have seen this is per se not possible, as the market price
is actually the midpoint quote (i.e., midpoint of the inside spread). Thus, he can only expect to sell at
the prevailing bid price if the desired transaction size does not exceed the quote size (and if the quoted
bid price and size are actually firm quotes). When the desired transaction size q is actually larger than
the quoted size (i.e., quote/market depth) and the trader decides to file the order anyhow, then the

'" In practice the process of arriving from a given position to a desired position is sometimes called transition.
Thus commonly companies offering to help perform this process call themselves transition managers. This is
similar to block traders.



Market Liquidity Risk: Elusive No More 29

order will not be liquidated fully at the prior quoted bid price. Instead he will have to sell q at an even
lower price than the bid price because either the corresponding dealer wants a discount based on
inventory management considerations ( and/or asymmetric information) or because the next best offer
from a counterparty to buy the asset is offered at a lower price (the latter will occur in limit order
books). Thus, the trader experiences an adverse deviation of the transaction price from the market
price or better the bid-price. The example is symmetric for a desired buy order with the only difference
that in case of a sell order costs occur as a loss on the investment whereas in case of a buy order they
occur as an extra charge. The problem is illustrated in Figure 7.

Figure 7: Effect of position size
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In the described example the adverse deviation of the transaction price from the market price or the
bid-price are the price impact costs. One can clearly see that the determination of the price impacts
depends on the choice of the benchmark price against which the actual transaction price is compared.
Principally in literature we can distinguish between two types of price impacts, (1) post-trade price
impact and (2) pre-trade price impact. Pre-trade price impacts are described in the prior example and
refer to the adverse deviation of the actual transaction price from a benchmark price. However, it
could very well be that the actual transaction price is at the bid or ask price or even within the spread
but results in a price impact after the actual trade. This we call a post-trade price impact. But we have
to be very careful here as we have to define what prices we are talking about. We should not mix up
midpoint prices (or equivalently market prices) and actual transaction prices. In the end only actual
transaction prices matter but midpoint quotes still have a very important signaling function to most
market participants. For traders, actual transaction price and pre-trade price impacts are more
important than post-trade price impacts. See Figure 8 and 9 for illustrations."®

' Recall that the displayed spread in the figures would represent the inside spread. In addition, the reader should
take note that although the trade is arrange with a single dealer the order can influence the quotes of the other
dealers as well, since they have access to information of all order flow data.



Market Liquidity Risk: Elusive No More 30

Figure 8: Post-trade price impact for a buy order
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Figure 9: Pre-trade price impact for a buy order
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Let us define the two types of price impact more formally,"
Post-Trade Price impact = S, =S, (3.2)
S, = Last midpoint quote of inside spread before the

processing of the order

S, = Earliest midpoint quote of inside spread after the
execution of the order
Equivalently, we could use the proportional price change,

S
Post-Trade Price impact =  —L—1 (3.3)

0

The pre-trade price impact is consequently defined as,

Pre-Trade Price impact

S-38, (3.4)

S, = Last midpoint quote of inside spread before the

processing of the order

' All subsequent formulations of price impacts are for buy orders. For sell orders we just have to change the sign
of the equations e.g., the first equation for the post-trade price impact for a sale order would be S, — S, , as we

would expect that sell orders lower the prices and buy orders increase prices.
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S = Transaction price/traded price”

Or the proportional version,

S
Pre-Trade Price impact = 5 1 (3.5)
0

In the context of pre-trade price impacts we can introduce the terminology often employed in
practice of at-the-spread, in-the-spread and out-of-the-spread. For at-the-spread transactions the traded
price is equal to the quoted bid or ask price before the processing of the order. For in-the-spread
transactions the traded price is better than the corresponding quoted bid or ask price prior to the trade.
Consequently out-of-the-spread transactions involve pre-trade price impacts, as the traded price is
worse than the corresponding bid or ask price.

The post-trade price impact is not as such interesting from a practical point of view but could be
used in case traded price data are not available as a proxy or to understand the dynamics of the
midpoint quote of the inside spread, which could turn out to be very well interesting for practitioners.
Thus, for traders wanting to place orders the pre-trade price impact is of crucial importance as it
determines the costs relative to their expected transaction prices. But here lies a bit of a problem as
one might question why the midpoint quote of the inside spread should be used as a benchmark price
and not the bid or ask price just prior to the processing of the order. It is true that it is possible for the
order to trade within the inside spread, thus closer to the midpoint quote. In those cases the use of the
bid or ask price as the expected transaction price would be an overestimation but generally the use of
the them as a benchmark price is certainly more prudent. In fact, we have illustrated this reasoning
already in Figure 9, where the pre-trade price impact is the distance from the ask price to the
transaction price. Thus, let us restate our definition of the pre-trade price impact as follow,

Pre-Trade Price impact = S-S y (3.6)
S, = In case it is a buy order we use the last ask price
quote of the inside spread before the processing of
the order”'
S = Transaction price/traded price

However, we could even go one step further and refine our definition of pre-trade price impacts
(post-trade price impacts) to allow even more general benchmark prices 7,

Pre-Trade Price impact = S-v 3.7
V

Benchmark price

Up until now we have implicitly assumed that in case of a pre-trade price impact solely the
processing of the individual order induces an adverse movement of the bid or ask price at which we
can trade. Thus, we imply a simple one-dimensional cause and effect chain. In literature (see Chan and
Lakonishok (1995, 1997) and Patel (2001)) have been attempts made to separate base price
movements (price risk) from the price impact by incorporating a correction term. Usually the

2% Throughout the text the terms transaction price and traded price are used interchangeable.
! In case of a sell order we would use the last bid price quote of the inside spread before the processing of the
order in conjunction with a corresponding change in the sign.
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correction term is the return on a large market index multiplied by the beta (covariance of the market
return and the individual security return). Thus, we would arrive at the following equation,

Pre-Trade Price impact = (S' - V) - ,B(M —MPM) (3.8)
M = Index price at the time of execution of the order
M,, = Index price at the time just before the order is
processed
p = Slope coefficient of the regression of excess returns

(returns exceeding the risk free rate) of an asset on
excess returns of the market (using midpoint quotes
of the inside spread)

Conceptually it is desirable to implement a correction for the base price movement (price risk) of the
security in order to isolate the price impact of the trade but this introduces several difficulties. The
primary question that we should ask is whether it really makes sense to separate price impact and base
price movements at all and secondly if it is possible.

Price impact versus base price movement

The first question that arises is whether we can and should separate price impacts from base price
movements at all. Let us recall that generally price risk is nothing else then the movement of the price
(usually the midpoint quote but not necessarily) through time. Thus, if we would not engage in any
trading between say time t, and t; we would simply observe at t; that, say, the midpoint quote changed
between that time interval from A to B for whatever reason. The difference between B and A then
represents the base price movement of that security between t, and t;. That is very simple but if we
would engage in trading during t, and t; and we want to determine the price impact of our trade we
face the problem that we have to disentangle the base price movement and the impact of our proposed
trade on the transaction price. To approach the problem we have to first determine why the transaction
price would deviate from the last quoted ask or bid price before the trade at all. If we can identify the
main drivers we might be able to extract the impact of our processed order on that deviation.

What moves prices?

The demands of traders expressed as signed order flow are at the center of price dynamics. The
formation of demands at the level of traders depends on various aspects but a key component is the
valuation of an asset at a given point in time. Theory would like to let us believe that traders are
rational beings and hence draw similar conclusions with regard to asset valuations. However, this is
not the case. Opinions deviate from person to person. The key argument for our position is that there
are necessarily different interpretations of a given information set. If we think this thought to an end
we arrive at an explanation for the price discovery® process. The explanation is very similar to the one
described by Brandt and Kavajecz (2004) for the bond market and Evans (2002) and Evans and Lyons
(2002) for the currency market. Let us consider a set of market participants, each of whom has his own
opinion or model of how asset prices relate to company specific, market factors and/or economic
fundamentals. Some participants might even possess private information. In this incomplete and
heterogeneous information structure, market participants trade according to their subjective opinions /

*? Price discovery is roughly the mechanism by which asset prices change.
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valuations. Since the time interval between the filing and the clearing of orders is not instantaneous
market participants can infer information about the subjective valuations of all other participants from
the aggregate order flow. This information may result in revisions of their own subjective valuations.
For instance, if the aggregate buy orders at the quoted price exceed the aggregate sell orders, market
participants with lower subjective valuations may decide to revise their valuations upward. The
amount by which the revision may occur depends on how much they trust their own valuation.

Market microstructure theory supports these considerations of the price discovery process. The main
conclusion that can be drawn from literature is that order flow, the sequential arrival of buy and sell
intentions of traders, plays an essential role in the price discovery process. According to papers by
Glosten and Milgrom (1985) and Kyle (1985) order flow is so important because of the (perceived)
presence of information asymmetries, which triggers adverse selection effects. As we have discussed
in the section about dealer behavior dealers set their bid and ask prices to reflect the trade-off between
losses to trading with informed traders and profits to trading with uninformed traders. Empirically
Hasbrouck (1991) shows, with the help of vector autoregression analysis (VAR)> for stocks, that
order flow influences prices as predicted by theory. More specifically, buy order raise prices and sell
order lower prices. Similar findings are documented by Evans and Lyons (2002) for the foreign
exchange market as well by Brandt and Kavajecz (2004) for the bond market.

Does this mean that asset prices are solely determined by demands of traders? The answer is no,
because we would neglect the important role played by the dealers in the price discovery process. **
Thus, in summary order flow and dealer behavior (in dealer markets) seem to be the major
contributors to price changes. As we have seen, active inventory management of dealers is mainly but
not exclusively a function of order flow. Order flow is solely the expression of the demands of traders.
Let us discuss the drivers of supply and demand of assets in a bit more detail before we go back and
describe the influence of our findings to the price impact considerations.

Supply and demand

We have already seen that one key factor that determines the varying demands for assets is the
necessary difference in opinions. It has to be understood that the difference in opinions is always
determined from the position of the subject. In other words, not only the individual judgment of the
value of asset but also the value of the asset for the individual is important. That means that the
motivation of the individual of why he is interested in trading that asset has an influence on his
valuation (e.g., on-the-run securities for bonds). Individual investors have different opinions at what
price and at what time they wish to buy or sell an asset. They have a certain opinion about the value of
the asset and a certain motivation. The demands of traders are finally expressed as signed order flow
by filing orders. The combination of all buy and sell orders (market order and limit orders) from all
traders at a time form the demand and supply curve for an asset at that point in time. Muranaga and
Shimizu (2001) distinguish between effective supply and demand and observable or explicit supply
and demand. Effective supply and demand reflects the aggregation of the investors needs at a certain
time whereas the explicit supply and demand is a reflection of this effective supply and demand in
observable order-book profiles and order flows. Possible reasons why the effective supply and demand

» Vector autoregression (VAR) is a technique that attempts to capture the evolution and interdependencies of a
set of n variables over the same time period as a function of their own past evolution. Thus each variable has an
equation explaining its evolution based on its own lags and the lags of all the other variables in the model.

* The answer would be ‘yes’ if we are dealing with a pure LOB markets.
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does not necessarily be equal to the explicit demand and supply are costs in the form of commission,
fees, taxes and perceived information asymmetries.

Figure 10: Supply and demand curves
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The starting point in the very beginning was the definition of frictionless markets. One assumption
was that any trader can buy or sell unlimited quantities of the relevant security without changing the
security’s price. Thus, without considering price impacts for a moment, that assumption is equivalent
to a perfectly elastic supply / demand curve (i.e., horizontal line at the given midpoint quoted price —
see Figure 10). However, this is not very realistic as it has been shown in various empirical studies that
at least for stocks® downward sloping demand curves are common (Shleifer (1986), Kaul et al.
(2000), Wugler and Zhuravskaya (2002) and Greenwood (2004)).

Price formation process — a framework

It might be useful to bundle the discussed aspects regarding the trading environment together and
create a unifying framework for the price formation process (i.e., price discovery). The framework has
the intention to provide an intuitive explanation of the price formation process and the resulting
consequences, namely transaction costs. Furthermore, the framework is based on the simple, yet
powerful, idea that the price formation process must be the result of the collective behavior of humans
(i.e., traders) subject to certain constraints. Thus, in that sense, financial markets are not black boxes
per se but understandable phenomena. However, the mechanisms and pathways seem to be too
complex to be grasped. This can lead to the false conclusion that we are dealing with phenomena
governed by unknown laws, where we can only hope to discover patterns in the outputs.

The framework is illustrated in Figure 11. We see that for understanding the price formation process
we need to understand two main stages. The first stage is the formation of supply and demand of
traders and the second is the price quoting process. We see that the demand and supply on the level of
the traders is formed because of two factors, namely, the difference in opinions and the motivation of
trading. We can go one level deeper and identify three factors that help to explain the difference of
opinions: (1) information, (2) model and (3) experience. Evidently, differences in the level of

* We do not see a good reason why we would not expect that for other assets as well.
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information or the perception of it can be responsible for different opinions. The presence of public
information alone does not mean that everyone is aware of them. Further, it is important to stress that
all information signals are in the end interpreted by individuals. Thus, the information content of a
specific signal necessarily differs from investor to investor. However, there can also be a “real”
difference in information signals in case there is private information present. The second factor is the
usage (or not) of different models. This is usually not applicable to the average private investor as he
does not use any formalized models, but for most institutional traders it does play a crucial role.

Figure 11: Price formation process
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