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ABSTRACT

Financial market trading is investigated with respect to profit margins of
the market makers. We analyse the bid-ask spread of market makers in a
centralised market and in a fragmented market structure in respect of risk
insurance and degree of competition which in turn influences market
liquidity. Risk insurance can be obtained by sharing of the market order
between risk averse dealers or through diversification of the portfolio
which enables the market maker to hedge some of the risk. Market makers can
reduce their risk exposure by trading in various assets or by being active
in more than one market at the same time. Thus under the assumption of
decreasing returns to scale risk averse market makers are prepared to share
a market order. We also investigate the influence of futures trading on the
spot market bid-ask spread.

In part one, the bid-ask spread is analysed in respect of divisibility of
the market order and  diversification  possibilities into  different
correlated markets such as the spot and the futures market. We show that a

market where market makers can split the order is Pareto superior to a
market where the order is indivisible. In addition, our finding 1s that

trading in futures contracts has various impacts on the spot market bid-ask

spread depending on the trading information available in the spot market.
Our analysis of the bid-ask spread follows the inventory control argument
and does not investigate any influence of asymmetry of information.

Part two provides empirical evidence of some of the theoretical 1ssues.
 Based on daily data of the Italian secondary market for government bonds we
obtain supportive evidence of the inventory control argument and the next
best dealer aspect based on our theoretical models. An alternative bid-ask

spread analysis partly confirms these findings.
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GLOSSARY

Chapter 4:

c, = C, cash holding at time t

€.\ cash holding at time t+1

cov(.) covariance between spot and futures prices

cov(a), cov(b), covariance of spot and futures prices of a seller, a

cov(NT) buyer, and an 1nactive dealer in the spot market
respectively

E(.) expectation taken over a random variable

E(U) . expected utility of "no trade"

E(U) e E(U)2 expected utility at the end of period 1 and 2

Io =1 Inventory position in a risky asset at time t

It+ | Inventory position in a risky asset at time t+l

k coefficient of absolute risk aversion

A probability that an order arrives in the market

M=T total number of dealers in the futures market

Ho K mean of the expected spot and futures prices

N = Nl net futures position at time t+l

N2 net futures position at time t+2

N,N,N ,N net futures positions of the seller, the buyer, and the

inactive dealer in the spot market, and the speculator

respectively
" pa, pb spot market bid and ask prices
P, P,,, prices at time t and t+1
P pf spot market price and futures market price
pft = pfo futures price at time t
r nisk free interest rate



correlation coefficient [cov(i..)/O'2 . ozp]
s  f

price variance in the spot and the futures market

(with subscript 1, 2 = in period 1, 2)
von-Neuman Morgenstern utility function
value of the portfolio at time t and t+l]
variance

number of buyers in the spot market

number of inactive dealers in the spot market
terminal wealth at the end of period 1 and 2
initial wealth at time t

size of purchase (and sale) order

difference between purchases and sales
number of sellers in the spot market

number of speculators in the futures market

vb



INTRODUCTION



The theme of this thesis is that of profit margins of market makers in
dealership markets.

Market makers are dealers !

who are obliged to quote their bid and ask
prices (buying and selling prices respectively) for a particular asset and
to meet incoming orders from the public at these quoted prices within a
certain time period. The ever-changing environment leads to the
requirements of continuous presence and high flexibility of market makers
in the market. These requirements are not without cost and the market maker
gets her return of market making by the bid-ask spread which has been
recognized in the literature by the ’transaction cost approach’ studied
among others by Demsetz (1968).

This theory about the determinants of the bid-ask spread which has grown
rapidly over recent years 1s called the theory of the microstructure of
market making.

The bid-ask spread 1s defined as the return to the market makers for
standing ready to buy or sell an asset at their bid and ask price quotes.
The dealer or market maker faces uncertainty by having to quote prices
without knowing about the nature and the size of the incoming public order.
In order to be able to fulfill the order the dealer has to carry inventory
of the nisky asset. The inventory carrying aspect has been developed by
Garman (1976), Amihud and Mendelson (1980), Ho and Stoll (1980, 1981,

1983), and by O’Hara and Oldfield (1986), to mention just the most

prominent studies.

'We use the expression market maker, dealer, and trader interchangeably
with the same meaning unless it is otherwise explicitly mentioned. The

public is referred to as the private investor, the private trader, or the
customer.



Most of these theoretical models, except the Ho and Stoll (1981, 1983),

models °

, analyse the bid-ask spread of a monopoly dealer and fail to
account for competition between market makers. The results of Ho and Stoll
show that the equilibrium bid and ask prices are determined by the next

best dealer’s price quotes which deviates from the monopoly case.

Another source of uncertainty in the market is the presence of informed
investors who possess superior information which results in a loss for an
uninformed dealer who trades with such an informed investor. The analysis
of Bagehot (1974) 1s the first study which considers the asymmetry of
information in the market. Other subsequent and more elaborate studies are
Jaffe and Winkler (1976) and Copeland and Galai (1983) which are followed
by a number of other investigations. Thus, to stay in the market, the
market makers set their bid and ask prices in a way that the resulting
bid-ask spread covers the cost of a dealer coming from the risk inherent in

such uncertainty.

However, there 1s a problem in respect of the size of the spread. As the
the bid-ask spread becomes larger the less likely it is that there are some
incoming orders of the public, because the trading in the market is too
expensive. In turn, the high cost encountered by the market makers in such
a thin market will not attract other market makers as there are no profit
| opportunities. Hence, the market becomes less liquid. The final consequence
1s that the market becomes illiquid and breaks down. The problem of market

thinness and market liquidity has been examined by Garbade and Silber

| (1979), Grossman and Miller (1988) and Pagano (1989).
One of the main concerns of our research is the problem of risk insurance,

particularly in respect of the inventory position of the market maker.

*The bid and ask prices are actually analysed by using a duopoly model.
3



Hence we will focus on the issues of inventory carrying costs and leave
aside the asymmetry of information problem.

By analysing the determinants of the bid-ask spread we will try to find
ways which reduce costs of market making and which result in a smaller
bid-ask spread and a more hiquid market.

There are several ways of nsk Insurance for market makers. Risk averse

market makers may reduce their nisk exposure by trading in smaller
quantities. Another source of mnsk reduction is inter-dealer trading. Due
to differences between dealers positions, 1.e. degrees of risk aversion,
inventory positions and future price expectation, inter-dealer trading may
be profitable for one or the other dealer. It will also narrow the
difference between the dealers’ positions. The risk inherent in trading can
also be reduced through diversification. Market makers can choose whether
they want to diversify into various assets or into different markets.

The first approach to such risk reduction 1is the investigation of risk
averse dealers with decreasing returns to scale in their cost structure
which results in a convex cost curve. In order to meet the demand and
supply of the public, dealers have to hold a stock of a risky security with
unknown future price. In a competitive market dealers must quote the best
price, in case of selling it is the lowest ask price and in case of buying
it is the highest bid price, in order to get any trade.

If we think of a trading environment where market makers quote their prices
for a fixed order quantity which is known to them, then the nisk can be
reduced by allowing the splitting of the incoming order between the best
" quoting dealers. Thus, the market makers are able to trade smaller
quantities which reduces their cost of inventory carrying and hence with

reduced costs, the bid-ask spread is smaller.

Untill now, we argued about the cost of market making based on the



individual dealer’s costs of uncertainty which has its roots in the unknown
future price of the asset, the unknown time period of carrying the
inventory, and the cost arising from risk aversion. However, if we analyse
the market maker’s pricing strategy we find that the market structure, or
more general the trading environment, has an important influence on the
market bid-ask spread.

The transparency of markets 1s crucial for the trading procedure. Pagano
and Roé€ll (1990) investigate trading procedures of various regulated stock
exchanges and over-the-counter markets (OTC) and find that the pricing
strategies of market makers are influenced by the market structure. The
factors which determine the trading procedure in the market are the
knowledge of the dealers about the incoming order, the knowledge of the
reservation prices of each other, and the knowledge about the trading
history, especially about the last trade, before they have to quote their
prices. We can define the type of market structure by these factors.

If, for instance, market makers know each others’ reservation prices and
the last trade is made public immediately after it was executed and market
makers know the order flow, then we speak of a centralised market
structure. In contrast, if market makers only know their own reservation
price and the last trade is not immediately made public then we call this
structure a fragmented market.

Biais (1993) compares the bid-ask spread of a centralised market and a
fragmented market and finds that the bid-ask spread is the same for both
markets. This result 1s obtained under quite -restrictive assumptions. Biais
~assumes that the average of the expected prices in a rational expectations
equilibrium 1s equal to the average of prices which can be observed in a

centralised market. We attempt to show that the bid-ask spread is not the

same in a centralised and in a fragmented market structure. Again, we



investigate the risk reduction under the assumption of decreasing returns
to scale.

Another possibility of keeping the cost of trading low is diversification.
With correlated asset returns market makers can reduce the price risk by
trading in different assets. Ho and Stoll (1983) analysed the effects of a
diversified portfolio on the bid-ask spread in a model with two nsky
assets. The impact on the spread comes from the nisk incurred by the
deviation from the optimal (or preferred) inventory level after a
transaction has been executed for one asset. As dealers are assumed to
balance their inventory at the end of the period, the spread is independent
of the inventory level. Therefore, their finding is that the bid-ask spread
is not affected by the diversification into two assets. However, they make
the crucial assumption that the prices of the assets are correlated but not
the transactions of the assets. If we change this assumption the result
will change.

On the other hand, market makers have the possibility to be active In
various markets at the same time which may give them the opportunity to
reduce the risk if markets are cormrelated. One such possibility 1is that
dealers may be in the position to reduce their risk of camrying inventory
of the risky asset by hedging the risk through trading in futures contracts
and so hedge the price nsk.

The fact that market makers are active in more than one market at the same
time calls for an investigation of the interaction between such "correlated
markets. We can find a vaniety of studies which analyse the effects of
- futures trading on the spot market prices. The well known theories
regarding the interaction of spot and futures markets are the traditional
theory of storage (Keynes (1930) and Hicks (1939) amongst others), the
theory of risk premium (Dusak 1973) and Breeden (1980)), and the forecast



power of futures prices (Grossman (1976) and Kyle (1985)).

In addition the work of Anderson and Danthine (1983) investigates the
effects of futures trading on the spot prices within the framework of the
microstructure of market making.

However, nonec of these analyses investigates the influence of futures
trading on the spot market bid-ask spread which may show that market makers
can obtain risk insurance by trading in futures contracts which enables
them to narrow the bid-ask spread in the spot market.

On the empirical side, we find a variety of studies examining the
determinants or components of the bid-ask spread for a centralised and a
fragmented market structure. There 1s evidence of the inventory control
aspect and a component which explains the asymmetry of information between
market makers, as in Hasbrouck (1988) and Stoll (1989). However the next
best dealer argument has not been empirically investigated so far.

This thesis aims to contribute to the theory of the microstructure of
market making by examining the aspect of risk insurance and degree of

competition which influences market liquidity.

There 1s an ongoing change in the design of financial markets such as spot
or futures and options markets. The type of trading procedure 1s subject to
the particular characteristics of the market. These characteristics are the
number and types of market participants which changed from relatively small
Investors to institutional traders who encourage or even call for large
block trading. This is a challenge for the market makers who have to be
able to absorb such a‘ demand 1n trading. These market makers for Instance
" 1n a dealership market are more professional than a few years -earlier.
These market makers are mostly international banks or large broker

companies who know the market very well.

Our analyses are intended to give some support for the decision makers in



designing the respective market structure which ensures an efficient
trading procedure and which is Pareto optimal for a particular trading

environment.

The thesis is divided into two parts of which the first part contains
theoretical work and the second part presents the empirical analyses.

The first part contains chapters one to four.

Chapter one gives an overview of the most relevant theoretical research in
the area of the microstructure of market making. The literature survey
gives the reasoning for the existence of a bid-ask spread and the role of
the spread in respect of market liquidity. Furthermore, theoretical models
are presented which explain the determinants of the bid-ask spread
including empirical studies which investigate the components of the bid-ask
spread.

In chapter two we investigate how the bid-ask spread 1is affected by
assuming risk averse dealers and decreasing returns to scale of the
dealers’ reservation price functon. We allow for splitting of the public
order which means that the dealer faces lower costs by trading a smaller
quantity and therefore she can reduce the bid-ask spread. Such a model is
set in a competitive market where we can have the situation that the number
of active dealers is different on the buying and on the selling side. Such
a framework has not been investigated until today. In addition, we present
such a model for a centralised market structure and also for a fragmented
market where market makers do not know each others reservation prices.
 Chapter three investigates the influence of futures trading on the spot
market prices. The interaction of the spot and futures market is presented
in this survey chapter. We analyse and discuss the theory of storage, the

concept of risk premium, the forecast power of futures prices and the term



structure of interest rates. All these models explain the bias between the
spot price at ttme T and the price of a maturing futures contract at time
T. The lack of the investigation of futures trading on the spot market
bid-ask spread leads us to the next chapter.

In chapter four we present a bid-ask spread model which accounts for
trading in futures contracts. We carry out our analysis for two different
trading situations. On one side, we assume that market makers know the

order flow. On the other side, we assume that the market makers do not know
the order flow in the spot market which means that they face two types of
uncertainty which are price and quantity uncertainty.

We expect that with trading in futures the market makers are able to hedge
some of the price risk of their inventory position and thus they reduce the
spot market bid-ask spread. Our findings show that under the assumption of
symmetry of trading on the selling and on the buying side there is no
influence of trading in futures on the spot market bid-ask spread in the
case where the market makers do not know the order flow. Therefore, we
extend our analysis and let the amounts of selling and buying differ. We
also analyse how our results change if we consider two periods instead of
one perniod only. The results of this rigorous analysis give interesting
insights regarding risk 1nsurance for market makers and the interaction of

markets.

Part Two of the thesis includes chapters five to seven which are all

empirical studies.
~ This second part is intended to provide some empirical evidence for the
theoretical 1ssues discussed in part one. The empirical studies are based

on data of the Italian Secondary market of government bonds. This market

was reorganised in May 1988 with the creation of the secondary market in



which primary dealers are obliged to quote their bid and ask prices for at
least five assets for a given period. These price quotes are binding for a
quantity up to a fixed amount and the prices are displayed on a
computerised information system. The actual trade with the public 1s done
on the telephone. The traded deals are reported to a central umit and the
aggregate volume but not its division is public information.

The data obtained are daily time-series of bid and ask quotes which have
been taken from the information system between 12.00 am. and 1.00 p.m.
which represents the most active trading time of the day. ?

Chapter five investigates the pricing strategies of the primary dealers in
the market. The daily data exhibit a distinct pattern of quoting frequency
of the various dealers. One can ask whether some dealers may take advantage
in quoting more frequently in one asset or another.

We argued in part one that there is no asymmetry of information in the
dealership market which can be explained by the professionalism of market
trading with sophisticated information systems which allow that information
is quickly and evenly spread among dealers. To test whether this 1s the
case in the Italian secondary market, we analyse the quoting behaviour of
the market makers.

We assume that dealers who quote very actively in a particular asset can
gain better information about the asset, especially in respect of the
future price. If this is the case we have asymmetry of information among
dealers. Under the assumption that the other dealers recognize that the
"specialised” dealers have superior information, we expect that the bid-ask

~ spread in such an asset is larger compared to the other assets due to the

3 . s g :
We are very grateful to Ester Arisi for providing such an extensive data
set. The data set used for the research is available from the author.

10



asymmetry of information. We assume that all the assets in this market have
the same systematic risk which implies that the difference In the bid-ask
spread (or returns) of various assets comes from differences In
information. We employ different methodologies and compare the outcomes. In
particular, we analyse the level of activity of the dealers by means of a
cluster analysis. We then compare the findings of grouping together the
various dealers with the results of an ordinary least squares analysis on
the returns based on the price quotes. If the OLS result shows differences
in returns for some dealers or some assets we may say that the market is
segmented. If this is so, dealers have arbitrage opportunities which
indicates that the market is inefficient and not Pareto optimal.

Chapter six is closely linked to chapter two in which we develop bid-ask
spread models for the centralised and the fragmented market structure.
These models assume that market makers are allowed to share the market
order. The analyses are based on the inventory control argument. Thus we
investigate the determinants of the bid-ask spread within a similar setting
to the models of chapter two. Furthermore, we test the hypothesis of the
next best dealer’s price quotes.

We 1nvestigate the price quotes in respect of the inventory control
arcument for the centralised market structure in the Italian secondary
market. In addition, we analyse whether equilibrium prices are in fact

determined by the second best dealer, i.e. we try to find evidence of the

next best dealer argument.

Our study includes two different analyses. One" of them is an ordinary least
- square analysis which examines the determinants of the price quotes‘ for
each dealer separately for the bid and the ask side of the market. In
contrast to the existing studies our models assume risk averse dealers who

have reservation price functions with decreasing returns to scale.

11



In addition we investigate which dealer is likely to quote the best price
due to her individual parameters which determine the reservation price.
Such an analysis 1s based on a probit estimation. According to the
theoretical model in chapter two we expect that a dealer who is not
competitive which implies that her reservation buying (selling) price 1s
below (above) the market price does quote her reservation price or does not
quote at all. If the dealer’s reservation price is the same as the market
price the dealer quotes her reservation price and will share the market
order. If the actual reservation buying (selling) price of the dealer 1s
above (below) the market price then the dealer quotes just below the market

price and gets the whole order. The results show how well our hypotheses

predict the pricing behaviour of the market makers.

Chapter seven contains an empirical bid-ask spread analysis based on the
model of Stoll (1989). The serial covariance of price changes 1s compared
with the respective bid-ask spread. The serial covariance 1s explained by
the inventory control effect. This analysis is an alternative measure of
the components of the bid-ask spread. The underlying assumption 1s that, 1n
an efficient market with a constant bid-ask spread over time, any change In
the price can only be due to the spread or better the cost of trading (as
discussed by Demsetz (1968)). This measure based on the inventory control
argument means that a dealer who holds inventory intends to remamn on this

inventory level. If, for instance, the dealer sells a certain quantity then
she deviates from this level. In order to induce trade which enables her to
get back to the initial level, she increases her bid and ask prices which
" makes 1t more likely that the next transaction will be a purchase. The
spread 1s then determined as a function of the probability of a price

reversal and the magnitude of an adverse price change.

We analyse empirically the relationship between the serial covariance of
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returns calculated from daily price quotes and the square of quotes spreads
where the empirical results of Stoll do not give any conclusive evidence.
We extend Stoll’s model by adding a variance component analysis which helps
us to identify whether there are market inefficiencies and whether there
are differences in the covaniance between the bonds.

The empirical i1nvestigation 1s carried out with daily data. The result
indicates a positive serial correlation instead of a negative which is what
we expect according to Stoll’s inventory control theory. As a consequence,

we also estimate the model on the basis of weekly data which slightly

changes the findings.

The final chapter contains our concluding remarks in which we summarise and
discuss the various results of our theoretical and empirical analyses. In

addition, we present an outlook for further research to be undertaken in

this area.
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CHAPTER ONE

THE MICROSTRUCTURE OF MARKET MAKING
AND THE BID-ASK SPREAD
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1.1.  Introduction

Technological and informational developments, especially in the financial
markets indicate that the traditional economic models of the financial
market no longer describe the situation in the real world.

Traditional theories focus on more static analysis and consider the trading
activity in the financial market as a one shot process. This kind of
process gradually changed to a continuous trading procedure. In addition,
the agents of the market place are confronted with a random demand and

supply function which implies uncertainty about the flow of orders both on

the demand as well as on the supply side.

The earlier studies of bid-ask spread analysis examine a single market
maker and try to determine the cost of trading for such a dealer. For
determining the bid-ask spread all the costs of a dealer in the market have
to be considered. The main components of such cost are firstly the
inventory carrying cost, 1.e. the opportunity cost of financing inventory.

Second, there 1s the cost of immediacy, 1i.e. the cost of providing
immediate service in the market by matching buy or sell orders at any point
in time or even continuously, and thereby carrying the risk of uncertainty
of future order armvals and price changes. This uncertainty in turn
influences the cost of holding inventory and 1is therefore a major

determinant of the cost of a dealer.

~ Third, there 1s a rsk bearing cost added, because the dealer faces

uncertainty not only from uncertainty about order arrivals in the market;

but also from uncertainty about the future price of the asset.

An additional complication which increases the cost to the dealer is

asymmetry of information in the market, i.e. there are some dealers who
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possess superior information than others and it arises an adverse selection
problem for the uninformed dealer. If we focus on the cost of immediacy or
the cost of transaction we have to consider the problem of uncertainty of
the future price of the asset. An examination of the price volatility of an
asset leads to an analysis of the underlying market structure, i.e. the
market depth and the market liquidity.

By assuming that the risk increases with the time horizon, it is evident
that the rate of arrival of the market orders are crucial for the dealer’s
profit function as the longer she has to carry a position the greater the
risk taken and the greater the inventory carrying cost involved.

More recently, researchers noted that the market structure and the
organisation of the market plays an important part in determining the cost
of transaction. This may be due to the development of information
technology and the change to continuous trading which even led to
"international” trading by which we mean that stocks can be listed on more
than one exchange at the same time and therefore stocks are traded
simultaneously at different exchanges. Thcseﬁ exchanges differ in their
market organisation, t.e. they employ different trading systems, which may
bring an advantage to one exchange or another. A further aspect of trading

1s that competition, amongst market makers on the one side and between

exchanges on the other side, is more pronounced than before.

This chapter gives a critical introduction to the field of the analysis of

the bid-ask spread and then leads to the unanswered questions which will be

dealt with in the subsequent chapters of this thesis.

Section two starts with a basic discussion about the cost of transaction.

It 15 a good introduction and presents the earliest works in this area. We
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also include the analysis of market liquidity which in turn is one of the
determinants of the bid-ask spread in equilibrium. If the market is thin
(which means that trading can not take place due to no (or insufficient)
demand or supply), the market makers encounter uncertainty in the form of
long intervals of trading. This in turn implies that they take on risky
stock which they have to carry for a long time before they can sell it
again. Such additional cost increases the bid-ask spread. This circumstance
may lead to the market eventually collapsing as the investors (or
customers) are not willing to trade at such high costs.

Section three deals with various models which explain the determinants of

the bid-ask spread in detail. The analysis is divided into three parts.

Part one examines the problem of a so called “preferred inventory
position". A dealer decides, based on her price expectation, how much of
the risky stock she wants to keep in her position to be able to meet the
demand.

By trading 1n the market the dealer deviates from this "optimal® position,
which means that the dealer faces increased costs due to the larger or
smaller inventory. All of these models analyse the market situation with a
single dealer as supplier in the market. However, as we already mentioned,

the competition among dealers seems to be more and more the case in today’s

trading environment. Hence, although these studies give a valuable insight

they are not accurate anymore.

. Part two presents more viable models in so far as several dealers are
considered. Market makers are risk averse and due to their differences in
price expectation, risk aversion, and inventory positions they compete in

prices for the order demand. Such inventory control models are the basis of

further research which also captures the importance of the underlying
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market structure which has not been exploited so far.

Part three contains studies on the asymmetry of information between market
makers. Some dealers may have superior information about a particular asset
which gives them a profit opportunity. Market makers who cannot distinguish
whether they trade with an informed or an uninformed dealer may make a loss
due to trading with an informed dealer. Thus, by taking into account this
adverse selection problem they increase their bid-ask spread to compensate
for an eventual loss. However, if we consider today’s markets in which a

computerized information system 1s present such superior information may
become less important than other determinants. Asymmetry of information is
also influenced by the information aggregation through the trading
procedure.

Although we focus on the inventory control aspect in our thesis, we still
include this line of argument to have a complete overview of the
literature.

The final part of section three gives the results of empirical studies
which evaluate the components of the bid-ask spread for various markets.

The principal factors by which market structures differ are given in
section four. The respective questions for determining a particular market
structure (or system) are the following:

Firstly, does trading take place in discrete intervals or continuously?
Secondly, do the market makers know the order demand before they have to

. quote their prices? This question determines the nature of the trading

procedure to be either an auction or a pure dealership market.

Thirdly, do market makers know the reservation prices of each other which

means that a market is either centralised or fragmented.

Based on such an analysis, the differences between an auction market and a
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dealership market are analysed. The final section of this chapter naturally

contains the conclusions and the outlook for the subsequent chapters 1n

this thesis.

1.2.  Cost of Transacting

Market makers, acting as specialists in the market, quote their prices
which are fixed for a given period of time and for a particular asset. They
undertake to buy an asset at the quoted bid price and similarly they
undertake to sell an asset at the quoted ask price. It is common practice

that the price 1s quoted for a standard volume of the respective asset.

This first change in the financial market concems the evolution from the
’call markets’, which means trading synchronously at pre-established
discrete times, to ’continuous markets’, implying asynchronous trading
during continuous intervals of time.

The market makers (specialists) earn their living on the bid-ask spread
which is their return of offering their services of continuous trading.

In order to ensure such a service they often hold their own portfolio which
scems to be important considering uncertainty about the order flow and the

future market price.

The specialist hopes, of course, to realize a profit on inventory turnover.
She would like to acquire inventory at low prices and resell at high prices
~and to do so very rapidly. |

One of the earliest analysis of the bid-ask spread was carried out by
Demsetz (1968). In his general approach he analyzes the cost of transaction
at the New York Stock Exchange (NYSE) and he examines the determinants of

the bid-ask spread in a dealership market.
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The major aim of his paper is to investigate the extent to which
transaction costs are atfected by the scale of trading. He argues that the
inclusion of the bid-ask spread in transaction costs can be understood best
by considering the neglected problem of ’immediacy’ in supply and demand
analysis. On the grounds that waiting costs are important cost for trading
in organized markets, it 1s obvious that they dominate the determination of
the spread. In addition, it seems reasonable to assume that waiting costs
will be reduced most” rapidly when the transaction rate is small and
Increasing.

The bid-ask spread i1s then the markup that is paid for predictable

immediacy of exchange in organized markets.

price . S 4
per share
of X

shares of X

Figure 1.1.: Cost of immediacy
Figure 1.1. represents the price formation in an asset market. If a buy and
a sell order arrive at the same time, with dealers having a demand (buying)

function of D and a supply (selling) function of S, then the equilibrium

quantity 1s X. The average of the bid and the ask price is E.
However, most of the time orders do not coincide in time. Therefore,
dealers are prepared to offer a service of immediacy, but at new demand and

supply curves of D’ §’. 'By trading a quantity X the equilibrium prices are
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at A for selling and B for buying. The difference between A and B is the
bid-ask spread.

Regarding the spread, Demsetz argues that, even though scale economies are
present in the specialist’s trading activities, there 1is little likelihood
of her maintaining spread much above the cost of waiting. Competition of
several types will keep the observed spread close to cost. Furthermore he
defines that the main types of competition emanate from 1) rivalry for the
specialist’s job, 2) competing markets, 3) outsiders, who submit limit
orders rather than market orders, 4) floor traders who may bypass the
specialist by crossing buy and sell orders themselves, and 35) other
specialists.

He predicts that the cost of exchanging a security declines as trading
activity in that security increases which is based on the assumption that
the market is in a competitive situation.

Garbade and Silber (1976) enlarge this approach by arguing that the nature
of the exchange process has been ignored. For many goods we can observe
competing inventory specialists who stand ready to buy and/or sell on
demand at prices they have posted. Such quotes will be dispersed over some
range, giving an incentive for search by public transactors. This phenomena
of price dispersion search, and bid-ask spreads are alien to a Walrasian
world but appear pervasive in the real world.

Garbade and Silber are examining the dispersion of quotations maae by the
~ dealers. They point out that it is of interest .to note that the presence of

a dealer market is 1tself an efficient response to the greater price

dispersion which would exist in its absence.
For a secunity traded in the market with competing specizﬂists, the

expected round trip cost 1s the expected transaction spread (pat +1-pbt),
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with P2, being the ask price at time t+l1 and pbt being the bid price at
time t, plus a term which reflects the cost and extent of searching for
favorable quotations. If the volume of the transaction 1s sutficiently
large, the investor may choose to contact every dealer, so that 1if there
are n market makers the cost of liquidity is min (p ,) - Mmax (pb) + 2nC/V
whereby C is the cost of search and V is the volume of the transaction. In
the limit as V increases, the cost of liquidity services converges to the
spread between the best quotes on either side of the market. On the other
hand, for small-volume transactions or for investors entering the market

only infrequently the expected cost of liquidity may be substantially

greater. Garbade and Silber comment that this suggests that those investors
who are concerned with the cost of liquidity services, will, ceteris
paribus, restrict their investment to issues which trade on narrow spreads
and which are characterized by compact dispersions. The larger volume of
trading in these issues will tend to further reduce both the spread and the
dispersion as well. This implies that there is simultaneity between trading
volume and dispersion as well as between trading volume and spreads.

If we turn now to the market makers behaviour in respect of price
dispersion we can say that there are five major reasons for the difference
in prices: different inventory policies, heterogeneous expectations of

future security prices, instability in supply-demand conditions, different

cost functions, and ignorance of other dealer quotes.

. Garbade and Silber extended the concept of the cost of transacting to
include search costs in a dealer market. Dealers quote different prices
because they are ignorant of the quotations of other dealers. This could

lead to the extreme case, that one dealer may be bidding on an issue above

another dealer’s asked price. However, the more trading, and hence search,
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the greater the probability that some investor will uncover the arbitrage.
Such arbitrage limits the range of dispersion of quotations.

In addition, the dispersion of quotations in a dealer market leads to
transactional inefficiencies as well as the imposition of search costs.
Furthermore, interdealer transactions allow dealers to adjust their
inventory positions efficiently and thereby limit the dispersion of their
quotations.

In a subsequent paper, an interesting aspect of risk i1n the financial
market has been taken up by Garbade and Silber (1979). Their key varable
is the liquidity of the financial market which they link to the clearing
frequency in the market. The longer an asset has to be carried in the
inventory position the bigger the risk about the f1‘1ture pricc of this asset
taken by the market maker. The measure of risk is defined as the variance
of the difference between the equilibrium value of an asset and its value
at the time a market participant decides to trade and the time when the
trade 1S reversed.

The price variance can be divided into two parts. The first part includes
the risk run by the investor that the equilibrium price may change from the
moment the investor decides to trade until the time the trade is completed.
The second part of the liquidity risk is the variance of the difterence
bet@cen contemporaneous transactions prices and equilibrium values. Hence,
the clearing prices will usually differ from the equilibrium pric;e derived
~ from a Walrasian auction. It follows that ghe longer the time between
clearings, the greater the number of participants in the clearing.

As a consequence of above results we can derive the optimal clearing

trequency which is the time interval that minimizes the liquidity risk. ‘

Furthermore, Garbade and Silber show that dealer participation reduces the
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liquidity risk born by the public transactor.

An empirical investigation of Tinic (1972) in the market of the New York
Stock Exchange (NYSE) shows that

1. The price of liquidity service increases as a direct function of the
price of the asset and the level of trading concentration.

2. Liquidity costs are lower for i1ssues that experience continuous and
heavy trading activity.

3. Dealers can make better markets in which there are greater opportunities
for self-equating block transactions. Therefore, assets with a larger

number of institutional investors possess better marketability than others

in which only a few investors hold very large blocks.

4. Sample findings indicate that units registered in more numerous
securities charge higher prices, on the average, for their liquidity
services.

5. Prices for liqudity services are more stable for stocks that experience
continuous trading activity, a larger number of transactions, and lower
prices.

In another paper 1ssued by Tinic and West (1972) we can find the
examination of the intluence of competition among dealers on the bid-ask
spread. Their basic hypothesis is that the spread behaviour is a function
of 1) a stock’s trading volume, 2) its price level, 3) a measure of its
price volatility, and 4) the extent of competition among dealers. -Bascd on
~ their results they conclude that the CXpla.nat;)ry variables such as price,

trading activity, and the intensity of competition are probably the basic

determinants of the size of bid-ask spreads.
Their principal conclusion is that increases in the amount of interdealer

competition in this market tends to reduce the price of dealer services
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(reduce spreads) and thus, tends to increase the marketability of issues.
This conclusion suggests that dealership activities in the OTC stocks do
not entail economies of scale as significant as those that have been
reported by Demsetz and the NYSE for the exchanges.

In the same line of argumentation are Cohen, Maier, Schwartz and Whitcomb
(1981). Based on their empirical investigation they conclude that thinner
securities will, ceteris paribus, have larger equilibrium market spreads.
They come to this result by carrying out the following analysis.

They have established that with transaction costs the probability of a
limit order executing does not rise to unity as the price at which the
order is placed gets infinitesimally close to a counterpart market quote.
This can be explained by examining the investor’s behaviour. We assume that
an investor places a limit order to buy with a price below the market order
price. If these two prices move closer together then, at a certain point,
the investor has to consider whether a small increase in the price is more
desirable which means to trade a market order instead of waiting until the
limit order is executed. Hence, the closer the prices of limit and market
orders ' the more likely 1t 1s that the investor trades a market order
instead of a limit order. This situation is referred to as the

"gravitational pull effect”.

This means, essentially, in the neighborhood of the current market bid and
ask quotations, what would have otherwise been limit orders, are instead

~ submitted as market orders (at slightly less desirable prices) so as to

'With a limit order the dealer places an order at a certain (limit) price
in the order book. The execution of such an order is not certain. On the
other hand, the market order clears the limit order at the market price and
thus the execution of a market order is certain.
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achieve certainty of execution.

Such market orders trigger trades which clear limit orders off the book,
widening the market spread. The gravitational pull effect explains why
market spreads may be substantial even in markets composed of many traders.
Thus they have shown that the market bid-ask spread (equilibrium spread) is
positively related to a security’s thinness (measured inversely by the
order arrival rate).

Their policy recommendations are to expand the extent and frequency with
which 1nvestors interact with the market by minimizing various transaction

costs. For example, decreasing variable transaction cost will decrease

individual spreads and generate a greater order flow.

Overall, these models show that a bid-ask spread exists because of
transaction costs in the market. We observe that the size of the spread is
linked to the market lquidity. However, none of the studies establishes
the level of liquidity i1n equilibrium. This i1s analysed in the next

section.

1.2.1. Market Liquidity

Grossman and Miller (1988) examined the liquidity and the market structure
by formulating a simple model which captures the essence of market
iquidity. Exogenous liquidity events coupled with the risk of delayed
| trades create demand for immediacy. However, in the long run the number of
market makers adjusts to equate the demand and supply for immediacy. This
determines the equilibrium level of liquidity in the market. They argue
that the lower is the autocorrelation in rate of returns, the higher is the

equilibrium level of liquidity.
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The basic feature of their model is discussed in order to describe therr
predictions. There are two groups of market participants, market makers and
outside customers, with identical risk tolerance. The model 1incorporates
three dates (1, 2, and 3) ‘which is illustrated in figure 1.2. below.

At date 1, a liquidity event occurs which creates a temporary order
imbalance of size i. Market makers offset this temporary imbalance by
taking trading positions which they hold until the next date 2.

At date 2, the market makers offset their positions as other outside
customers arrive to offset the imbalance.

Date 3 1is introduced only as a terminal condition for valuing the

securities as of date 2.

(1) (2) (3)
__-l———D———-I——-——D—-——-—L—-—-
B B
P P
xl , x2 3
1 2

1
!

Figure 1.2. : Time sequence of events
Furthermore, two assets are considered, a risk free asset (cash with zero
rate of return) and a nisky asset with liquidation value P. It is assumed,

that at times t=1,2 the customer chooses asset holdings i: and a nisk free

asset position B to maximize the expected utility of terminal wealth (i.e.

at date 3)

EUW,)

. subject to the constraints

W. =B, + i3P3 (=B, + F3i2 + iPB)
F’ziz + B2= W2 =B + inl

Plil +B =W =Pi + W,

where 1 represents the excess holding of the asset on top of the initial
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endowment of the asset * and W0 represents other wealth with i1 = 1 and i3

= iz. These constraints say that the only gain in wealth comes from trading
in this asset.

By elimination of B and B, we get

W, =W + (Fz - ?1)(1(1 -1) + (P3 - Pz)(x2 -i) + ?31

1,2.

where it - il is the excess demand for the asset with t

Dealers are assumed to maximise

EU(W3) = EU(W0 + (pz - Pl)xl + (P3 - f"z))c2 + P3i)

The utility function i1s defined as U(W) = -¢ constant absolute risk

aversion coefficient).

In addition, it is assumed that Pt 1s normally distributed and that the

dealers have mean-variance utilities. The optimisation problem is solved by
backward induction.

We define x°d2 to be the optimal value of X, (chosen at date 2). Hence, the
maximisation of E(U) over X, R

max EUW, - Pi + (P3 - f52)x2 + ?31) and by solving it we get

cd __ . -

X", = I:(EZP3 P)/a varz(p3)] i

Under the assumption that all the customers are identical except in respect

of i, x"'ﬂ2 represents the aggregate demand of the customers.

In addition, M 1s defined as the number of market makers who do not have

any endowment of the risky asset at time 1, i = 0.

d

Hence, the excess demand per market maker is x , and the total excess

~ demand of all the market makers in period 2 is:

2. . : :
1 1s regarded as an excess holding of the asset in respect of the

customer’s preference of an optimal inventory level.
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M x™ = M [EF, - Pl var,(P,)|

The service of immediacy 1is required by the asynchronisation of trades.
The imbalance of period 1 is offset in period 2. Only due to this
asynchronisation of trades market makers enter the market otherwise there
would not be any trade.

Thus, above excess demand in period 2 is counterbalanced in period 1 by an

"excess demand" of opposite sign of new customers which 1is

[(E2P3 - P)la var2P3:| + i

The market clearing condition is that the various demands should sum to

zero which 1s:
[(E2P3 - P)ha varzﬁa] Si+ M [(52?3 - P)/a varZPB]
; [(E2F3 - P)la var2P3] +i=0

As period 3 is regarded as only a terminal condition it follows that

(E2§3 - Pz) = 0.

Thus, the equilibrium excess demand at date 2 of the customer arriving at

the market at date 1 1s:

x 4 = -
, .

For the market makers, clearing at date 1 requires Mxlm + xl"'d = (.

The date 1 demand for the customer can be derived from the maximisation
over X,

max E UW_ + xl(P3 -P) +i E2P3)

. The respective excess demands of the customers and the market makers become
cd . md

X = [(Eltﬁ3 - P))/a va:l(52P3)] -iand x™ = [(E1P3 - P)/a varl(E2?3)]

The market clearing condition at date 1 iss M x™ + x*¥ .= 0. By

1 1
substitution the clearing condition can be expressed as
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(&P, - Pl var, B,P)| = [i/(1 + M)]

Let r = le(p T 1) be the excess return earned by the market makers, then
El'i" = Pli/[(1+M)aVarl('f)]

E l'i"' deviates from zero due to the asynchronization of the order flow and
the finite risk bearing capacity of market makers. In determining the
number of market makers, we can say that the gain from being in the market
is the ability to trade at price Pl. Thus free entry of market makers will
occur until

EUW - ¢ + (PZ-Pl)x 1“‘) = EU(W )

with ¢ being the dealer’s ogportunity cost of being in the market.

The results in equilibrium show that the lower the cost of maintaining a
market presence, the greater the number of market makers in equilibrium.
That number would also be larger, the smaller the risk aversion coefficient
"a" for the market makers.

Hence, the opportunity cost of maintaining a presence in the market is very
important in determining the supply for immediacy and the services for
market making. The contribution of the market makers can be found in the
correlation between successive bprice changes. Grossman and Miller prove
that the correlation between successive price changes is negative and is
determined by the cost of being in the market. Therefore, the demand for
immediacy depends on the volatility of the wunderlying price and the
diversifiability of the risk of an adverse price move.

. Finally, we can say that the greater the demand for immediacy and the lower
the cost to market makers of maintaining a continuous position in the
market, the larger the proportion of the transactions bctween ultimate

customer effected imtially through market makers, and hence, the more

liquid the market. In such a liquid market, the spread is expected to be
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small.

The amount of immediacy provided in equilibrium can be measured by the
amount of customer trade, since the total size of the trade desired 1s -i,
the fraction completed in period 1 is determined by M. When M 1is very large
the transaction 1is executed immediately and the market is said to be
liquid.

We have discussed the model of Grossman and Miller in the context of the
spot market, but it is equally applicable for an analysis of trading in
futures. However, there is little attention given to their model in respect

of the interaction of the spot and futures market although they show the

influence of trading in futures on the spot prices.

Another approach has been taken by Pagano (1989) for examining market
thinness and and stock price volatility. Generally, thin markets are
characterized by small numbers of transactors per wunit time, and
subsequently their prices are more sensitive to the impact of individual
trader’s demand shocks. This leads to the observed relationship between
market size and price volatility, by taking market size as the exogenous
factor. The market size is measured by the amount of orders and the ability
to absorb, for instant, large bulk orders without an increase in the pnce
volatility.

However, i1n this study, Pagano argues that the volatility of a speculative
market may feed back on its size, in the sense that the high liquidation
. nisk implied by very volatile prices can induce potential entrants to keep
out of the market. Thus, thinness and the related price volatility may
become joint self-perpetuating features of a market, irrespective of the

volatility of the asset fundamentals.

The paper shows that in a stock market with transaction costs, this
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interaction  between thinness and  volatility can  produce  multiple
steady-state  equilibria, some characterized by low trade and high
volatility, and others by high trade and low wvolatility. If expectations
are formed on the basis of the previous history of the market, its thinness
or depth will become a self-perpetuating feature.

An important extension of the model is the introduction of impertect
competition. It stresses that there are two distinct ways by which entry of
additional traders can be said to make a market more liquid. This can be
done either by reducing the price volatility due to uncorrelated demand
shocks or by decreasing the adverse price response to the order flow.

Until now, we discussed the issue of transaction costs in the market. We
analysed models which explain the existence of a bid-ask spread which is
regarded as a return to market makers who provide a service of immediacy of
trading a risky asset. In turn, the supply of immediacy is dependent on the
market activity such as the trading volume which again feeds back to market
liquidity. Thus, the bid-ask spread is a crucial factor in sustaining a
proper market functioning.

If the bid-ask spread is large less customers are attracted and trading is
not very active. This thinness of the market increases the risk for market
makers to supply immediacy and also the price volatility.

Hence, the next issue which we examine is the analysis of the determinants

of the bid-ask spread.

1.3.  Determinants of the Bid-Ask Spread

The literature about the bid ask spread can mainly be divided into three

groups. The first group contains models concerned with the market maker’s
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pricing strategies and the ‘optimal’ inventory level. These models assume
that market makers maximize their expected profits which consists of the
gains from trading and the profits from their portfolio. The second group
examines the effects of uncertainty, and risk on the bid-ask spread. The

third group considers the influence of asymmetry of information on the

bid-ask spread.
1.3.1. Pricing Strategies and ’Optimal’ Inventory Level

A first fully developed 1issue of explaining the pricing behaviour of
traders 1In an auction and in a dealership market has been presented by
Garman (1976) °.

His objective is to describe the ’temporal microstructure’ of one shot
trading activities in asset markets. He departs from the usual approach of
the theory of exchange by (1) making the assumption of asynchronous,
temporally discrete market activities on the part of market agents and (2)
adopting a viewpoint which treats the temporal microstructure, i.e. moment
to moment aggregate exchange behavior, as an important descriptive aspect
of such markets. Garman’s definition of demand and supply functions is set

in a stochastic framework which gives rise to the concept of temporal

imperfections.
A stochastic process is defined {N(t), t € [0, o)} with Ni(t) e {0,1,...}
. being the cumulative number of discrete points in time where the good has

been demanded up to time t. Furthermore, Y (t ) is the amount demanded by

in 1n

*We restrict our discussion to the case of the dealership market which
includes all the relevant issues on the determinants of the bid-ask spread.
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customer i at the n’th point in time, given that it occurs at time t . The

total amount demanded by the i’th customer in the interval [0, t] 1s
N. (1)
|

(L),

i 1

On the assumptions:

1. that there are a large number of market agents, 2. that agents act
independently in selecting the timing of their orders, 3. that no small
subset of agents dominates overall order generation, 4. that no agent can
generate an infinite number of orders in a finite period of time. Garman

defines the superposition of the individual demand processes as X(t)
N, (t)
M i

=2 Y. (t. ) which converges to a Poisson process as M (the number of

i=1n=l

individual market agents) becomes very large. )

In addition, the mean-value function of X(t) is E[X(t)] = kB

® =T A0

with A being the Poisson rate.

Figure 1.3. : Type of equilibrium
The Poisson rates ?Ls(PJ) and ?\.B(p,t) for the supply and the demand side

respectively (given 1n figure 1.2,) are instantaneous rates. These rates

- are mean-value functions which depend on the price p and t.

*What has been assumed so far is equally valid for the supply side.
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Garman describes the rates as follows: 3

...these rates are ’'on the average’ amounts and do not necessarily have
specific physical realizations i1n the marketplace; we acknowledge that
there will be sampling fluctuations of actual demand and supply within a
continuous market. This leads in furn to a different interpretation of the
market ’equilibrium’ point (p, A) as it now represents a ’stochastic’

equilibrium in which actual prices and quantities may fluctuate randomly,
even under conditions of stationarity in the stochastic order process.

Furthermore, the stochastic demand can be expressed by aggregate price
probability functions. This concept is similar to traditional theory where
it 1s assumed that there are several "latent" demands, given that the
market price 1s at an arbitrary price p at time t which means that the
demand rate will be A(p,t). Usually the price p is the equilibrium price at
time t. At this point in time t, only this demand rate is active and the
remainder of the demand rate function is not coming into force. The actions
of the customers are influenced by a range of latent demand and supply
functions.

In the stochastic case, we do not need this scenario. Instead, we define
aggregate price probability functions. So, the probability that an incoming

order may be traded at price p at time t is defined as the price

probability function.

For a dealer dominated market (monopoly situation), Garman makes the

following additional assumptions: °

l. Armmvals of buy and sell orders to the market are Poisson dis&ibuted in
time, with stationary rate functions kB(p) and. ls(p); q (order quantity) is

_assumed equal to 1.
2. All exchanges are made through a single ’central market maker’, who
possesses a monopoly on all trading. No direct exchanges between buyers and

*Garman pp. 260/261

"Garman pp. 263
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sellers are permitted.

3. The market maker is a price setter, in the sense that he may control the
price probability functions for aggregate demand and supply. Specifically
it is assumed that he sets a price pg at which he will fill buy orders and

correspondingly a price Pq for sell orders, yielding the resultant order

rates An(pg) and ?LS(pS), respectively.

4. At time zero, the central market maker has cash and stock inventories of
I c(O) and 1 S(O), respectively. Subsequent negative inventories imply the

market maker’s failure, i.e. inability to continue in his role.

5. The market maker seeks to maximize expected profit per unit time,
subject to the avoidance of certain ultimate failure.

6. There are no transaction costs for the market maker.

In such a setting, all the trade has to be executed through the market
maker who has the opportunity to control the price probability functions.
Garman then describes the actual exchange process within such a framework
for a dealership market and an auction market. We restrict our analysis to
the dealership market.

In such a market, the assumption is that there is a centralised market
maker who dominates the trading. The aggregate demand and supply, which we
can also regard as orders, is exogenous to the market maker who only reacts
to the incoming orders.

The problem to solve 1s to find the ultimate failure probabilities. We do
that by formulating the inventories of cash and the asset to be:

() = Ic(O) + psNB(t) - prs(t) and

[(t) =1(0) + N(t) - N (1)

where NB(t) and Ns(t) are the cumulative numbers of bids and offers which

. have been executed by time t.

However, calculating an exact solution for the  ultimate failure
probabiliies turns out to be complicated due to the fact that there are

two interrelated state variables which requires the solution of polynomial

order PptP-
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As an alternative, Garman derived the ultimate failure probability as a
function of the market maker’s pricing strategy as an approximation to that
problem. By deriving approximate ultimate failure probabilities, it 1S
shown that, in order to avoid any failure, the monopolistic market maker

must set p, and P, in such a way that the following simultaneous conditions

hold:

kaB(pB) > psls(Ps) and

APy > Ay(py):

It is evident that the prices set by the market maker need not necessarily
straddle the equilibrium price p* where the condition must hold that the
expected sell order equals the expected buy order which 1s kB(p*)=ks(p*).

The market maker may be prepared to increase the inventory position and
thus she increases both the bid and ask price which may be above p* as

illustrated in figure 1.4..

Figure 1.4. : Equilibrium prices
. If we change assumption 4 to allow the market maker’s inventories to be

essentially infinite and interpret assumption S in the sense that the

market maker takes profits in cash by permitting no upward dnft in his
stock inventory, i.e. she will keep a "preferred" inventory position, and

put these altered assumptions together with the limiting conditions derived
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above, then it turns out that the market maker will set the prices p, and

P which will equate the rates of her incoming buy and sell orders at some
value k’=kB=7LS.

Thus, the market maker’s profit rate is shown in figure 1.5..

A (p)

A, (P)

order arrival rates

Figure 1.5. : Order arrival rate and equilibrium

The shaded area in figure 1.5. represents the profit rate per unit of the
market maker.

In respect of implications on the inventory, by assuming that pB=ps=p' and
by canceling assumption 5, Garman shows that the expected time to failure
is maximized when the market maker divides his wealth equally between stock
and cash. This proves that the market maker has to take into account her

inventory position by setting her prices in order to avoid any ultimate

failure.
Unlike Garman, Amihud and Mendelson (1980) consider a more dynamic
approach, in so far that they allow the market maker to make price

adjustments over time. They derive an optimal pricing policy of the market
maker in a similar dealership market. They assume a monopoly, but the

market maker 1S subject to constraints on short and long stock inventory

positions. The inventory 1s assumed to have an upper bound by some constant
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L and a lower bound of -K. The stock inventory levels are {-K, -K+l,
-K+2,..., L-2, L-1, L} which are renumbered as {0, 1, 2,..., M-i, M} with M
=L +Kand M > 3.

They slightly change the third assumption of Garman’s model and formulate
it as for a given pair of prices, Pa and Pb’ the next incoming order will
be a buy order with probability D(p a)/(D(p a)+S(Pb))’ or a sell order with
probability . S(Pb)/(D(Pa)+S(pb))‘ The time until the next arriving order has
an exponential distribution with mean 1/(D(P a)+S(Pb))'

The dynamic process is characterized by the order arrival rates which are
Poisson rates and the inventory development process which is a birth and
death process with lk being the birth rate in state k and p being the
death rate in state k. Since lk=S(Pbk) iS a monotone increasing function of
P,,» there is a one-to-one correspondence between lk and P, and as p, is a
monotone decreasing function of Pak there 1s also a one-to-one
correspondence between . and P - Hence lk and B are used as decision
variables in state k. The characteristics of the Poisson process are the
independent exponentially distributed interarrival times whose mean is T =
1/D(pb) and T = 1/S(pa). The market maker’s revenue from sales and cost

from purchases are given by

R(W) = MP (1) = D™ (1) and

CY) = AP (A) = AST'(A)

whereby the regularity assumption are

. 1. R(.) is strictly concave (R"(1) < 0)

2. C(.) is strictly convex (C"(A) > 0)

3. R’(0) > C(0), R’(e0) < C’(e9).

Furthermore Ly = XM = (. q, 1s the earning rate (R(uk)-C(kk)) in stat;a k.

Their model stipulates the objective of the market maker as the
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maximization of his expected average profit per unit time.

Profit is defined as net cash inflow. The objective function can be
expressed as the expected return 1i.e. g(},g)=k§0 ¢q where ¢ 1s the
limiting probability of state k and A=A, ...,A ) and p=(1, ...K ).

When the dealer sets her price in state k which results in an arrival rate
of lk, at the same time she affects the arrival rate on the other side of
the market of state k+1 which we can formulate as ?qu)k =K 0. This
yields ¢ = ¢0(H7«/1'I|.1).

The optimal market maker’s behaviour can be derived from the objective

function and the necessary conditions are:

v M
M T R(L)-CADIN 0, C(Ap)=g(du) T ¢, and
h <t \j =K+ )

J=k j=k
If we subtract the (k+1)st equation of the FOC of 7\.k from the kth equation

of the FOC for p and using the condition A ¢ = ¢ = we get R'( ) =

C’(A) for k=0,1,.,M-1. Since pa(n_ ) > R'(t ) = C(A) > pb(h) it

follows from the optimality condition that a loop of transitions starting

from any state k, traversing other states and returning to state k yields a
positive profit with probability one.
M-1

Consequently, as long as the market maker’s resources exceed X pbk, the
k=0

probability of cash failure is zero, even in the worst possible case.

Considering that the market maker tries to avoid a drift in his inventory
position he will set prices in order to equate the rates of buy and sell
orders, i.e. W=A, this regardless of his inventory position. Furthermore,
it is shown that the optimal relation (lk,uk) and hence, the optimal

relation between the bid and the ask prices, are aligned along the curve

defined as [R(n) - pR'(W)] - [CA) - AC’(M)] = g which is a downward
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sloping function.

The analysis on the bid-ask spread shows that the optimal bid and ask
prices are monotone decreasing functions of the stock in hand and 1n
addition, that the bid-ask spread is always positive.

Amihud and Mendelson argue that the profits of this monopolist are lower
than the profits of a market maker who does not restrict to f=A. Yet the
market maker has constraints on the long and short positions which he can
take, whereas Garman’s monopolist has no such constraints.

In addition, the profit maximizing market-maker will never choose to
refrain from making buy and sell transactions. This implies that 1if the
constraints are relaxed by expanding the allowed short or long positions
the market maker’s profit would be increased. Thus the existence of
positive costs of providing dealership services leads to a positive spread
which straddles the expected price pc.

To compare the studies of Garman and Amihud/Mendelson we can look at how
their results differ. The difference occurs through the choice of different

birth and death rates to obtain the optimal inventory level. This can be

illustrated as follows:

Figure 1.6. : "Optimal" pricing policies
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By examining the optimal pricing policy, it is shown that such a policy
produces a ‘preferred” i1nventory position J(?Lj,uj) which 1s located away
from the limiting positions O and M. At such a position J, A and Q are
approximately equal. They are exactly equal at (ll,ul) where the curve
intersects with the 45° line. For comparison purposes, r is the optimal
rate of Garman. The preferred rates (lj,uj), derived by Amihud and

Mendelson, are both less than or equal to Garman’s rates (r,r), thus they

are contained in the segment S S,

A disadvantage of the studies of Garman as well as of Amihud and Mendelson
1s that, although they recognize the existence of competition among market
makers, they base their models on a monopoly market maker. In such a
setting, the monopoly market maker may face capacity constraints.

However, with several competing dealers, this assumption seems no longer of
importance. Next, we discuss some models which include a dealer’s risk
aversion as an 1important factor of the bid-ask spread determination. The
following section supplements the previously discussed models by analysing

the pricing behaviour of risk averse market makers in a competitive market.
1.3.2. Bid-Ask Spread, Risk Considerations, and Uncertainty

Unlike the studies discussed, Ho and Stoll (1980) consider a bid-ask spread
model taking into account the risk taken by a dealer. The model formulates
~ trading under competition with more than one dealer. This model is an

extension to a previously developed model (by Stoll [1979]) with one market

maker only who is trading in one asset. A new aspect, going along with the

extension to multi dealers trading, is the inter-dealer trading which is

examined in this work.
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The model defines the situation in which each dealer has his own strategy
that maximizes his expected utility of terminal wealth taking into account
all the future actions of his competitors as well.

The solution, obtained from a dynamic programming problem, indicates the
optimal reservation selling fee a and an optimal reservation buying fee b.
The reservation fee represents the minimum fee for the dealer with which
she is willing to trade without lowering her expected utility of terminal
wealth.

In other words, the reservation ftee represents the cost to the dealer which
she faces 1if she enters a transaction that changes her optimal
("preferred”) inventory position in a way that is non-optimal and includes
higher risk for the dealer.

Furthermore, if we define p to be the true price of the stock in the
opinion of the dealer which i1s common to all dealers, she then would earn
the fee by buying at p-b=pb, the bid price, and selling at p+a=p,, the ask
price. The quantity of the order 1s fixed and is defined to be Q.

The expected utility of a dealer is: !

EU = (p + 2)Q + p(I-Q) -(R/2)Gzp(I-Q)2 for selling and

EU = (p - b)Q + p(I+Q) -(R/Z)O'ZP(I+Q)2 for buying. The respective fees a
and b are derived under the assumption that the expected utility of a
dealer should be at least equal to her expected utility without any trade
which is EU = p + pl - (R/2)02p12.

~ Thus, the fees are:

a = Ra*((Q/2) - I) (1)

b = Ro((Q/2) + D) | (2)

7 'y . . . v
Expected utility is derived by assuming mean-variance preferences.
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Which dealer makes the next transaction and what amount she will charge
over the reservation fee depends on the relative position of the two
competing dealers.

In the one period model and for two dealers the reservation fees are:

Dealer A:  a=Ro“((1/2)Q-D)  b=Ro” ((1/2)Q+])

Dealer B:  a’=R%6*((1/2)Q1)  b°=R%% ((1/2)Q+1%)

where R is the coefficient of absolute risk aversion; 021 1s the per period
variance of the stock’s return; Q is the fixed transaction size; I is the
dealer’s inventory holding of stock. Dealer B’s parameters are indicated by

the superscript °. It is assumed that a transaction can occur in the next

instance. A dealer purchase or sale can occur with equal probability A; or
there may be no transaction with probability 1-2A. Furthermore, investors
are assumed to interrogate dealers to elaborate the maximum buying price
(p-b) and minimum selling price (p+a) that dealers are willing to bid. This
1s ke a Bertrand price competition which eventually drives any monopoly
profits to zero.

There could be the situation that a dealer may eamm a profit over her
reservation fee -a producer surplus- because the dealer is in an
advantageous inventory position with respect to her competitor and
theretore, she can slightly outbid her and still earn a profit.

In respect of trading patterns and pricing behavior and assuming no
inter-dealer trading, we can argue that if I=I° and if a transaction

~ occurs, A will trade if R<R’. In the other case B will trade.

In other words, if the inventory positions and price expectations are

identical the less risk averse dealer can offer the lower buying or selling
fee. However, this does not mean that the less risk averse dealer does have

a natural monopoly as, in addition, she must have a sufficiently large



inventory position or is allowed to go short in 1nventory. On the other
hand, the dealer with the lower reservation fee has no .incentive to quote
that fee. It 1s more advantageous for her to quote the reservation fee of
her competitor less a small amount, of course.

The conclusion is that the reservation spread can be negative which depends
on the inventory position of the dealer and the respective size of the
order. If ((Q/2) - I) is negative the respective fee is negative and the
resulting reservation spread is negative as well. This situation can be
interpreted that the dealer is willing to pay a fee in order to trade and
thus to reduce the risk exposure coming from holding the inventory
position. However, the market spread is always positive. The reason is that
the lower bound on the market spread is the reservation spread of the
"worst" dealer. The worst dealer is the one with the greatest risk
aversion.

Under the assumption of inter-dealer trading each dealer must calculate the
utility of trading with the other dealer at the quoted price compared with
the utility of trading with the next market order with probability A.

Dealers are assumed to be identical except in their inventory positions.
In the one period case, assuming that dealer A 1is holding the larger

inventory than dealer B (other things identical), A has two options, either

to sell to a market order with probability A to earn a fee of 2] or to sell

to dealer B paying to dealer B a fee of .

. Hence, A’s expected utility under option one can be expressed as

EU = UW) + UAW + 12U 6%(W) + R(-62U"Q (3)
where the first three terms on the right hand side of (3) represent the
expected utility of total of the end-of-period wealth in the absence of any

transactions and given the underlying return dynamics that make uncertain
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the future wealth. U(W) is the dealer’s basic utility function which has
first and second derivatives of U’ and U’ and W defines the dealer’s total
wealth. The last term of (3) represents the expected utility of the profit
from a sale transaction. It is obvious that if A has to sell to the market
(which means that (I-1%)=0) there is no additional profit to the expected
utility as A has to sell at her reservation price.

The expected utility of option two is derived by changing the inventory of
A and B to become (I-Q) and (I'+Q) respectively. The return of A is only

Q(1-IT). Therefore, A will only trade if the following condition is met

Z 9 |
M<wgyo, I-QG + A (4)
with Z being a random variable such that Z ~ N(0,0'2) and whereby % 0%
W

represents the return uncertainty.

If inter-dealer trading is allowed at market quotes only, then II 1s the
buying fee which is set by A (IT=b) and the buying fee is given by (2). If
we .substitute these two values into (4) we see that this condition can
never be met. In this case, no inter-dealer trading would occur, in a two
dealer scenario as, even if the probability A is zero, A will not sell to B
and pay the market buying fee to reduce inventory.

However, if A>0, then A has the additional possibility of selling to a
market order and earning a fee. There is a negotiated fee at which A would
sell to B rather to take a chance on a market order. In this case I > Q(1/2

+ A). If we relax the assumption of two dealers only and consider more than

 two dealers, inter-dealer trading becomes possible. The reason is that the

market buying fee 1S not determined by the dealer who intends to sell at

the market price.

There 1s a so called “gravitational pull effect" which means that

inter-dealer trading will take place which can be described best by an
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example as given by Ho and Stoll: ’

'Suppose that there are three dealers with identical R; and suppose dealers
B and C also have identical inventory of I'<I, A’s inventory. Therefore, B
and C set the market bid and ask price. Because they have the smaller
inventory, B and C are in the better position to buy. Because they compete,
they will be forced to offer to buy at their reservation bid price. A has
the larger inventory and is in the better position to sell. Since there 1s
no competition on the sell side, A is able to quote the higher reservation
ask price of B and C rather than his own reservation ask price’. Condition
(4) can now be met at the market bid since the market bid 1s not A’'s
reservation bid. Indeed, in this example Il is given by (2) with a subscript
"0" which refers to the dealer setting the market bid price (B or C). Thus,

(4) becomes R°c§((Q/2)+I°)<Rc§[I-Q(1/2 + A)] and because R°=R in this
example this becomes I’ + Q < AQ. If the market inventory (i.e. of B or C)

after an inter-dealer transaction, Q+IO, is less than A’s expected
inventory without an inter-dealer transaction, I-AQ, an inter-dealer trade
will occur.’

A further development of the model under competition to a model of
equilibrium has been carried out by Ho and Stoll (1983). This time, they *
are concerned with behaviour and interaction of individual competing
dealers and with the determination of the market bid-ask spread.

The model of equilibrium examines markets with several dealers and several
assets within several periods.

The formulation of the model restricts to two dealers A and B who are
active in two stocks. The two dealers have homogeneous expectation about
the "true" future price (p) of the stocks.

The expected utility of terminal wealth is defined as U(Wo) with

W0=F0+YO+MO+N0

whereby W

, is the terminal wealth, F is the initial cash position, Y, is

the base wealth, and Mozmd N0 are the inventories of the stocks.

The first step in the model is to examine the quotes under a one period

*Ho and Stoll pp. 264
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horizon as only under this assumption does the bid and the ask quote not
depend on the inventory position. The dynamics of the dealer are given by:

1. Inventory: The value of the inventories of the two stocks

M_ =(l+r )[M+q (Q-Q]+[M+q (Q-Q]Z, and

N_=(1+1)[N+q (Q-QI+[N+q (Q-QIZ,

where M,N are the dollar values of the dealer’s inventory of stock M or N,
t is the subscript which gives the number of periods remaining to the
horizon date and r, 1=M,N 1is the dealer’s expected per period rate of
return 1n stock 1 in the absence of a bid or ask fee.

Z~ N(O, 0?), 1=M,N 1s the stochastic component in the return in stock i.

Q 1s the dollar transaction size in each stock

M—Q if b < b0 otherwise
qi(Q:'Q) ) 0 )
N\ ).i— - Qif a, < ai,O otherwise
1-27Li""0

li,i=M,N 1s the probability of a public sale (dealer purchase) of Q dollars
or of a public purchase (dealer sale) of -Q dollars in each period where

the Bertrand price competition condition is included, i.e. that only the
dealer with the lowest reservation fee will get the market orders.

a, b, 1=M,N 1s the dealer’s proportional reservation selling fee and

| 1

proportional reservation buying fee, respectively.

LI | |

The superscript ° means the variable of dealer B.
2.- Cash position

 F =(+40[F+q, (-Q+db Q.Q+a Q)+q (-Q+b, Q,Q+a Q)]
3. Base wealth

Yt_ l=( l+rY)Yt+YtZY

where r, 1s the expected return on base wealth and ZY- N(O,Gi,)

The respective objective function for the dealer is defined as
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JeMN,Y,F° M° N° Y9)= max Eu(W_ |t EM.N, Y FPMONCY)

aM,,.bM

| aN’bN
Based on above formulation, the optimal spread is shown not to depend on
the inventory level within a one period framework. The reservation buying
. . _ 2 - 2 i
and selling fee are given by bM-—(1/2)GMR(Q + ZIM) and aM-(1/2)0MR(Q 21 M)
_ _ 2 2 . .
where I =M + BNMN and 3 OOy ANd Opy s the variance of the return of
the stock M and Ot is the covariance of return between stock M and N. R is

a discounted coefficient of absolute risk aversion defined as
‘Ui y (W)
R -_—

(141) U’ (W)

The market bid-ask spread with several dealers is derived by examining
which dealer trades the next transaction.

The question of which trader makes the next transaction and what market fee
above the reservation fee can be charged depends on the relative positions
of the dealers.

Ho and Stoll show that the dealer with the lowest reservation fee does not

quote this fee, but instead the fee of the second best dealer plus a small

amount. This means that the next-best dealer sets the market spread.
Furthermore, the equilibrium market spread is limited when dealers have

identical coefficients of absolute risk aversion and identical opinions of

the true price of the stock.

It is shown that under homogeneous preferences and opinions, the

~ equilibrium market bid-ask spread satisfies the following conditions:

Two dealers: s > R6'Q

Three dealers: S = Ron
More than three dealers: 0 < s < R6*Q

If the assumption of heterogeneous opinions is considered then the market
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bid-ask spread, will still be independent of inventory, as long as the risk
behaviour of the dealers is the same.

This finding 1s somehow obvious as it is assumed that the market order 1s
executed by the same dealer on the selling side as well as on the buying
side.

Ho and Stoll argue that since the inventory obviously does not matter in
the one period horizon, it follows that the degree of diversification of
the dealer’s inventory has no effect on the dealer’s reservation spread.
This i1s not true for the market spread which is determined by two different
dealers on each side of the market which means that their inventories are

not the same. In such a case with two or several dealers in the market, the
market bid-ask spread depends on the inventories of the market makers.

To show that we assume that the inventories of the two dealers are denoted
by I and I with I < I°. If both dealers have identical risk aversion and
pricc expectation then the dealer with I will buy the order of size Q
(assuming that only one order arrives within the period considered). In the
next period, the inventories are (I+Q) and I’ Only if (I+Q) > I’ the same
dealer executes the next order which we assume is a sale. As a consequence,
the bid-ask spread does not depend on the inventory level of this dealer.

However, 1f the other dealer executes the sale order then the spread
depends on the difference of the inventory levels.

In addition, as Ho and Stoll rightly point out, if the transactions in
. different stocks are dependent, the reservation fees and the spread are

affected by the degree of which the transactions in the dealer’s stocks are

correlated.
It the model is examined in the context of two periods, assuming one asset

only (M) and that the dealers have identical absolute risk aversion and
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identical initial inventory positions, the bid-ask spread at t=2 1is denved

dS

| 2
a = - R Q(1 -2
2 20+r) ™

where W is the market’s conditional probability, given a purchase at t=1,

of a sale by the dealer at t=2.

The consequences are that the greater the probability of a reverse
transaction in the following period of trade, the lower the reservation fee
in period t=1.

In addition, since actively traded stocks have a larger W, 1t follows that
these stocks have a lower spread than stocks traded not so frequently.

This study by Ho and Stoll can be regarded as a valuable contribution to
determining the bid-ask spread in equilibrium. However, their analysis of
the market under competition is somewhat limited as they assume that the
same and only dealer executes the market order on both sides of the market.
How does the bid-ask spread change if different market makers, who have
heterogeneous price expectations, different degrees of nisk aversion and
differences 1n their inventory positions, trade on either side of the
market? We do not get any answer to that problem from their study.
Furthermore, the examination of the diversification problem does not show
any influence on the bid-ask spread. This finding may well change if we
assume that not only the asset prices are correlated, but also the

transactions of the assets which we actually observe in today’s markets. We

- will come back to these issues in the subsequent chapters.

Another examination of the bid-ask spread in a multi-period framework has

been done by O’Hara and Oldfield (1986).
They also look at the influence of risk aversion on the bid-ask spread of

an asset. However, unlike the previous analyses, they do not specify a
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particular order flow process nor an intrinsic "known" price of the asset.

In contrast to the results of Ho and Stoll, they show that within a one
period horizon, the 'bid-ask spread is dependent on the inventory. The
assumption made 1s that the market maker has constant absolute risk
aversion and that the market maker maximizes the expected utility of
trading profits over an infinite horizon of trading days, j=1,2 ... .

The market maker’s order flow includes both limit orders and market orders.
We can decompose the market order flow into a price dependent component and
a liquidity induced component for each side, 1.e. the ask and the bid side

separately which is

Kmt = -ay + \T/t for the ask side and
B™ = B” + bo™ + £ for the bid side

where """ denotes the market order and with o™ - at'y'" and B” + bt¢m being

= gy

the price dependent component and w and g being the liquidity induced

component which are random variables.
The limit orders in the market maker’s order book are described by the

linear cumulative order functions. These are given by the integrals of the

incremental orders:

o - Y"at = J qa(a)da which 1s the limit buy function

b
BL + ¢th = f qb(b)db which is the limit sell function
b

- L L L .. :
with o, B, "f‘ and ¢~ being parameters of the cumulative order flow

" functions. a and bt are the ask and bid prices. a is the highest buying
reservation price and b is the lowest selling reservation price.

Furthermore, qa(a) and qb(b) are the incremental quantities for buying and

selling at the ask or bid prices. The solution of above integral gives the
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incremental orders q (a) = ¥~ and q (b) = ¢

A period’s total order flows for the ask and the bid side are At and Bt
which are

§t=a-aty+ﬁtifal‘-aty'“?0
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