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1 I ntroduction

The Internet has had a profound and permanent impact on the trading environment, a change
nothing short of revolutionary. This revolution is far from over, and if anything has been accelerated by
an unusud confluence of factors in the securities industry including globdization, regulatory reforms, and
technologica change that has temporarily reversed a centuries old secular trend toward greater market
consolidation. While it is too early to speculate on the likely outcome of these trends, the broad outline
is dready apparent, at least in the near term. This paper explores the dramatic changes in the trading
environment brought about by the information revolution, and discusses the role of public policy in this
context.

The rapidity of the transformation of markets and inditutions crestes a complex dilemma for
policy makers. Faced with such uncertainty concerning the future, it is difficult, and perhaps even dan
gerous, to pursue new policies and regulations for financid markets. Yet, in such atime of transforma-
tion, policy makers have a unique opportunity to shape the future. Such guidance and regulation is es-
pecidly necessary a atime of market turmoil. To this end, this paper examines the impact of the Inter-
net on equity markets, with a specid focusis on market liquidity.

Liquidity is the life-blood of financid markets; it is the necessary ingredient for price discovery.
In the absence of liquidity, financia markets cannot provide accurate price signas to investors and cor-
porations, sgnds tha are crucid for efficient risk sharing and investment decisons.  Further, there is
growing evidence of arelation between liquidity and expected returns. In particular, Amihud and Men
delson (1986, 1991) find evidence of a poditive relation between asset returns and bid-ask spreads.!
Thus, liquidity directly affects a corporation’s cost of capital and hence its willingness to undertake red
investment. This link between financia market liquidity and the red economy is of consderable impor-
tance.

We begin by discussng the key trends affecting markets today. In particular, recent changes

have generdly increased price volatility, a fact we document below. Nowhere is thisincrease in volatil-

1 Amihud, Mendelson, and Lauterbach (1997) document large changesin asset val ues for stocks moving to more lig-
uid trading systems on the Tel Aviv Stock Exchange. Brennan and Subrahmanyam (1996) and Brennan, Chordia, and
Subrahmanyam (1999) show that liquidity can explain the cross-sectional variation in returns.
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ity more gpparent than in within day price swings. We argue that there is a fundamenta inverse relation
between price volatility and liquidity. Starting with volatility, we view price movements as arisng from
two fundamentd forces: (1) New information that causes shifts in the consensus beliefs of traders, and
(2) frictions arisng from the trading process. Price volatility reflects the volility of both terms and ther
joint interaction, factors that have been profoundly affected by the Internet revolution. Entirdy new in-
formation sources, such as chat room message traffic and whisper numbers, provide on-line traders with
up-to-date information.

This “democratization of information” has reduced the information gap between ingtitutiond and
retall investors. Simultaneoudy, the growing automation of securities markets results in grester transpar-
ency and lower trading costs. These factors have induced large numbers of retall traders to enter the
market directly a atime when markets are much faster. Online traders respond to information flows in
gmilar ways, and over increasngly short horizons. In effect, the Internet serves as a coordination de-
vice, amplifying their impact on prices. The problem is compounded by the fact that Internet investors,
reacting in red time, are often unaware of the fact that their actions are mirrored by large numbers of
amilarly informed traders. Increasngly common episodes of market manipulation based on Internet
messages are amanifestation of this phenomenon.

The overdl effect of these trends has been sharply higher intraday price volatility, as we docu-
ment here. In the short-run, these phenomena represent the dark side of the Internet revolution.  But
information and automation also alow cross-border linkages that alow traders to access and link pools
of liquidity in very disparate forms. Network externdities provide strong incentives for markets to cre-
ate both forma and informal linkages, degpening markets and improving price efficiency. These factors
operate on a longer-term horizon. Technology thus lies at the heart of the current predicament but aso
offers the ultimate solution. Over the short horizon, however, the Internet’ s impact represents an imme-
diate and severe chdlenge for regulators and policy makers charged with maintaining financia stability
and market integrity, one that we explorein detall in this paper.

The paper proceeds as follows. Section 2 outlines the mgor trends driving the structurd change
in financid markets. We will focus on the US equity markets, snce the changes there offer an excdlent

illugtration of our thesis, but our conclusions are more general.  Section 3 discusses how these factors
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exacerbate the impact of the Internet on markets and liquidity in particular. Section 4 concludes and

offers recommendations for policy makers and regulators.
2 Major Trends Affecting Financial Markets

21 Secular Trends

It is useful to begin our investigation of the impact of the Internet on financid markets with a
brief history of the determinants of market structure. Historicaly, securities markets were organized as
auctions featuring physical trading floors. These markets, which prevaled largely until the advent of
electronic markets in the late 20™ century, had to limit entry because of physical space congtraints, typi-
cdly operaing in a mutuaized governance structure. The result could be categorized as two-tier infor-
mation gructure, with substantid differences in the availability and qudity of information between ex-
change participants and outsde investors. In the absence of information linkages, securities markets
were fragmented, offering isolated pools of liquidity.

Technology has been steadily bresking down the informationd barriers that fragment markets,
resulting in a secular trend toward market consolidation. A good example of this is the US equity mar-
ket. At the turn of the 19" century there were over a hundred stock exchanges in the US, in dl mgjor
cities as wdl as isolated mining towns in the Rocky Mountains. The teegraph and teephone led to the
consolidation of al but a handful of exchanges. Similar forces operate in other countries and in other as-
sets. Of course, there have been exceptions to this genera trend. Indeed, new market mechanisms
congtantly arise to service the needs of heterogeneous traders. Examples include the development of
Ingtinet and POSIT to service the needs of large indtitutiona traders. Nonetheless, these cases are
isolated ingtances in an otherwise worldwide trend for consolidation, driven by the power of network
externdities and economies of scae.

But the recent trends in the market have temporarily reversed the powerful forces for consolida-
tion, cregting instead more fragmentation. Somewhat ironically, this reversd is associated with the in-
formation revolution, but it redly has its roots in an unusua confluence of factors. Broadly spesking, the
magor trends in the market today can be thought of as falling under two categories: (1) Factors affecting
market structure including automation, exchange governance, regulatory change, and globaization, and
(2) Factors affecting information structure. It isin the latter category that the impact of the Internet has
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been most profound, but the changes in market structure, while exogenous to a large extent, have only
served to amplify the effects of the Internet.
2.2  Market Structure

2.2.1 Automation and Exchange Governance

The automated auction is transforming the landscape of securities markets.  Unlike traditiond
markets, trading in an automated auction is through an eectronic limit order book without the need for a
physical exchange floor or designated market makers. Advantages of soeed, smplicity, scaability, and
cost drive the worldwide adoption of automated auctions to trade equities, bonds, foreign exchange,
and derivatives? Automation has amixed effect on liquidity. On the one hand, it reduces trading codts,
which tends to encourage greater participation by investors, broadening liquidity. Conversdy, automa-
tion increases the speed with which traders can react, and in turn faster reaction times create more vola-
tility. One example is the development of quantitative trading Strategies based on red-time information
flows that are increasingly used by ingtitutiona traders. Automated systems aso offer a high degree of
trangparency in that orders to buy or sdll a stated prices are observed by the public. Such limit orders
condtitute free options, and there is some evidence that large traders are unwilling to show their hand by
posting their true trading intentions.

An interesting facet of the move to automated auctions is the widespread demutudization of
governance sructures. Initiatives begin with a conversion to automated execution technology because
there is no need to limit membership in the absence of a physicd floor. For enterprises without prior
hisory of non-automated operations, mutua sructure is routinely avoided in favor of for-profit, joint-
stock company. These changes in exchange structure increase pressure to automate. A partid list in-
cludes Stockholm Stock Exchange (1993), Helsinki Stock Exchange (1995), Copenhagen Stock Ex-
change (1996), Amsterdam Exchanges (1997), Borsa Itdiana (1997), Audrdian Stock Exchange
(1998), and possibly the Nasdag and NY SE in the future. Traditional, mutualized exchanges often do

2 Qutside the US and a handful of emerging markets, virtually all equity and derivative trading systems are auto-
mated. A partia list of major automated markets includes, for equities, the Toronto Stock Exchange, Euronext (Paris,
Amsterdam, Brussels), Borsa Italiana, National Stock Exchange (India), London Stock Exchange, Tradepoint, SEATS
(Australian Stock Exchange), Copenhagen Stock Exchange, Deutsche Borse, and Electronic Communication Net-
works such aslsland. Fixed income examplesinclude eSpeed, Euro MTS, BondLink, and BondNet. Foreign exchange
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not compete aggressively because their members often have multiple roles. For example, on the NY SE,
many members are d 0 the exchange' s customers and competitors as well as being owners. Demutu-
dized exchanges, freed from such inherent conflicts and pressured by public investors, are likely to
compete more aggressively, putting more pressure on explicit costs, and aso tending to fragment mar-
kets.
2.2.2 Regulatory Change

The biggest driver in today’s marketplace is regulatory change. Three mgor thrusts deserve
emphasis: (1) Increased comptition, (2) Decimdization, and (3) Trangparency.
Increased Competition

Regulatory views worldwide have generdly shifted in favor of dlowing greaster competition, as
opposed to promoting policies that favor the centrdization of trading in a primary market. In the US
equity markets, this has led to heightened intermarket competition. One example is the SEC's order
handling rules that opened the door for dternative trading systems (ATS) and dectronic communication
networks (ECNs) in 1997. Competition occurs on many dimensions: for order flow, on agloba basis,
for new ligtings, between markets. This puts pressure on explicit costs such as commissons, for which
there are recorded charges. Since smdler, retail traders do not trade in large size, explicit costs are
their primary condderation. The opposite Sde of competition is fragmentation, however, and we now
have a sysem with multiple pools of liquidity that are imperfectly linked. In such an environment, im-
plicit codts (i.e, the costs associated with moving the market itsdf through trading) become much
larger. 1t should be noted that implicit costs condtitute the greet mgority of trading costs (Keim and
Madhavan, 1998), so that even rdatively smdl increasesin implicit costs might offset completely the re-
duction in explicit cogts. In summary, the compstitive pressures tend to favor the retail investor over the
inditutiona investor.
Decimalization

The pressure for decimdization will put pressure on exchanges to reduce the minimum price in-
crement. |If this occurs, past experience suggests that quoted bid-ask spreads will narrow. However, it
is important to understand that this development does not mean more liquidity. In fact, the opposte

examples are Reuters 2002 and EBS. Derivative examples include Eurex, Globex, Matif, and LIFFE. Domowitz (1993)
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may occur, because the reduction in minimum tick creates a disncentive to place limit orders. In turn,
this means that fewer shares are offered at the prevailing bid and offer prices, reducing liquidity. Fewer
limit orders a any given price dso implies that a given order will move prices more, increasing whet are
known as the implicit codts of trading. Evidence from the recent shift of 55 stocks to decimas is too
preliminary to confirm this hypothesis, but the data is consistent with what has been predicted. Spreads
narrow, but stated depths dso fdl. Similar findings were recorded with the shift from pricing in one-
eighth increments to pricing in one-sixteenths. Again, these trends favor the retail investor over the in-
ditutiond trader with large volumesto trade.
Transparency

Another aspect of regulatory change is increased pressure for greater market transparency.
Trangparency refers to the quantity and qudity of information provided to market participants during the
trading process. Automated markets are typicaly highly transparent because they provide revant in-
formation before (quotes, depths) and after (actua prices, volumes) trade occurs. By contrast, foreign
exchange and corporate junk bond markets rely heavily on dedlers to provide continuity but offer very
little transparency while other dedler markets (Nasdag, London Stock Exchange) offer moderate de-
grees of trangparency. Higher transparency is beneficia to smdler retall investors who do not have ac-
cess to the kinds of information market professonds possess. Nonetheless, transparency tends to n-
crease the costs associated with trade for larger ingtitutiona traders because their intentions are easier to
discern. This givesrise to front-running, where for example, traders purchase shares if they know that a
large buyer isin the market. Like decimdization, the impact of grester trangparency may be to reduce
liquidity for large block trades. Both initiatives tend to lower the vaue to placing a limit order. This &-
fect reinforces the disadvantage of the trader with large sized orders relative to the past.
2.2.3 Globalization

Technology overcomes nationd barriers, and globalization induces the entry of new players.
Like internal competition, the globa competition for order flow tends to reduce explicit costs such as
commissions, but aso spreads liquidity across different pools. In the past, a US stock might trade only
on the NY SE, but now it can be traded in severd markets, not al of which are in the United States.

provides ataxonomy of automated systems.
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The short-term impact of globdization on liquidity is thus to fragment the market. Eventualy, we expect
a consolidation of liquidity — driven by network externdities— into one market for each mgjor time zone.
This process could take several years, perhaps even a decade or more, depending on the market. For-
eign exchange and derivatives trading is likely to see consolidation faster than equities, and in turn, given
the fragmented nature of the bond market, consolidation in fixed income appears years awvay.

2.3 I nformation Structure and the I nter net

Today there are about 250 million users of the Internet, of whom about 10 million are online
traders. The “Democratization of Information” refers to two phenomena brought about by the Internet:
(1) More information, generdly of better quaity, at lower or no cost, from old and new sources, is now
availablein red time, and (2) Millions of people see and act on thisinformation in red time.

Both dements of the democratization of information have profound implications for markets.
There are over a billion web pages and billions more if you count the ones below the surface covering
company statements, SEC filings, business gatigtics, news, informed and uniformed speculation, macro-
economic information. Much of thisis familiar, eg., government sources, news, earnings forecasts and
thelike. Some are entirely new, purdly creatures of the web, such as the information contained on mes-
sage boards such as Raging Bull or Motley Fool, or whigper number forecasts on stes like
TheWhisperNumber.com

The Internet is revolutionary not in that it allows easier access to the markets but in that it finaly
eliminaes the two-tier information sructure that has categorized virtudly al securities markets until the
late 20" century.  Previoudly, market participants had substantial advantages over ordinary investorsin
terms of fundamenta research about companies aswell asred-time market data.  To alarge extent, the
outside investor was unable to compete on a level playing field with market professionas. Now, indi-
vidud investors have the ability to do detailed research on afew companies of interest. By contradt, in-
ditutiona investors, with large trading lists of perhaps thousands of securities, face a savere disadvan:
tage in aworld where red time information events occur on an ever more frequent bass. The democra-
tization of information has reversed the traditiond hierarchy of informationd advantage. In addition, the
technology of the Internet, with its open access, speed, and low cogt, naturdly disntermediates the tra-
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ditiona broker. The immediate consegquence has been an increase in online trading, shown in figure 1
below.

Figure 1: Online Trading as a Per centage of Retail Trades
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New information sources imply more volume and more volatility. The move to dectronic, automated
systems puts more pressure on codts, especidly explicit cogts.  Lower cods, a more leve information
fidd, and greater trangparency spur the entry of on-line traders. Such traders react to common sources

of news, in red-time.

3 Implications for Volatility and Liquidity

31 The Coordination Problem

One aspect of the democratization of information isinformation overload. A second dement is
the reaction of investors to information across the web. While the Y ahoo! webste draws much more
traffic than does a loca city paper, the loca paper’s web site may il get hundreds of thousands of
vigtors, many of whom react to the information. If the same information gppears amost s multaneoudy
in different media and on different parts of the web, a coordination problem exists. Congder, say, a
negdtive story on Amazon.com in a leading financia newspaper. Investors read the origind story, but
many others hear about it second hand through various sources. Al react to it, and react quickly. The

result can be awild swing in the stock price that occurs because each investor thinks they are among the
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first to see and act on the news.  The source of this problem is that an individud investor does not
know: (1) How many other people see the same news, (2) How many of them are responding to this
news, and (3) How aggressively others respond to the news. In a gatistica sense, the outcome of this
uncertainty is over- or under-reaction of prices to new information.

Recent advances in behaviora finance suggest the typicd reaction, a least for individuds, is
over-reaction, not under-reaction. Specificaly, there are strong evolutionary pressures for individuals to
be over-confident in their assessment of a Situation, and psychologica studies dating back to the 1950s
confirm this prediction. Over-confidence leads to volumes that are larger than we would expect, leading
to short-term price swings.  Such effects have a further, negative feedback effect, on liquidity. Essen
tidly, higher volatility increases the vaue of the free-option offered by a limit order trader when they
commit to posting a bid or offer in an automated system. Higher volatility thins out the limit order book,
creating holes that imply lower liquidity. Evidence on this subject is provided by Coppgjans, Domowitz,
and Madhavan (2000) in the context of their sudy of the price dynamics in an automated market.

3.2 A Formalization

What is the impact of this coordination problem? Consider a prototypica market microstruc-
ture model where price changes reflect changes in consensus bdliefs, Dv, and microstructure frictions.
We mode the microgtructure frictions as proportiond to the signed order flow, Dx, where the congtant
of proportiondity, | , isinterpreted as the price impact coefficient. Formally, we write:

Dp =Dv+I Dx
Observe that market depth in this modd is 1/1 , i.e,, the order flow necessary to move prices by one
unit. Thus, degper markets correspond to lower values of | .
Then, price voldility reflects the variance of bdiefs plus variance of frictions plus a @variance
term. Formadly, we write:
s ?(Dp) =s ?(Dv) +1 ’s ?(Dx) + 2| s (Dv,Dx)
The variance of bdiefsis increasang in digperson regarding fundamentals. The variance of sgned order
flow and the covariance of the change in beliefs and order flow is
1. Increasing in number of online traders, snce larger numbers of traders leads to larger volumes in

generd,
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2. Increasing in the common response of these traders to an information signa, since these traders
base their actions on signds that are correlated with the revison in beliefs in the firgt place, and

3. Increasing as a function of the implicit trading costs associated with a trade, manifested by a higher
price impact coefficient (less depth) that in turn arises from the unusud confluence of factors dis-
cussed earlier.

All three factors have been increasing; rising uncertainty over fundamentas and higher implicit costs dso

raise voldility. To the extent that higher voldtility isthe norm, the value to providing liquidity goes down.

Why? Because limit orders are free options to the market, whose vaue goes up with volatility. The re-

ault islowered liquidity, as we explain in detail below.

3.3 A Manifestation: Market Manipulations on the I nter net

An example of the impact of the Internet as a coordinating device is the overt manipulation using
stock chat rooms. Cyber-manipulations using message boards are a pure Internet phenomenon.

The Internet provides naturd advantages to the manipulator of anonymity, speed, scaability (the
ability to post messages on multiple boards a one point in time and to replicate those messages again
and again), low cog, and high impact. Examples include Raytheon, Pairgain, Franklin, HeathSouth,
COHO Energy, Ascend, Lucent Technologies, and many others, as discussed by Leinweber and Mad-
havan (2000).

A typicd caseisthat of Aastorm Biosciences. In February 2000, hackers posted a fake message about
a merger between Aastorm Biosciences Inc. (ASTM) and Gerno Corp that stated that the merger
price would be $11.79 per share for ASTM, which was traded a about $4. The stock soared, trading
for up to $7.50 while Gerno jumped 26% to a 52-week high of $59.625, before the fraud was discov-
ered. These cases are not confined to the smaller capitalization stocks, but have been documented in a
variety of larger stocks as well. A good recent example is a fase message posting concerning L ucent
Technologies that caused the stock to drop, temporarily diminating over $7 billion of market capitdiza-

tion.

10
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34  Volatility and Liquidity

Empirica estimates of price impact functions are difficult, but there is consderable indirect evi-
dence that volatility has been rising and that this is especidly evident for within day volatility. Congder
the following graphs that provide a frequency didribution for the within day price range3

Figure 2: Intraday Nasdaq Volatility 1996—1999
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Figure 2 shows a dramétic increase in intraday volatility in 1999 reldive to the previous three
years. In each case, intraday voldtility is defined as the intraday high price less the intraday low price, dl
divided by the previous day’s closing price. While most commentators agree that daily voldility has
been riging, the dramatic increase in intraday volaility is quite Sartling. In particular, observe the clus-
tering of volatility at grester than 2.6% per day, the moda frequency in our sample in both 1998 and
1999. High intraday volatility represents a subgtantia cost for large indtitutiond traders because they
might trade at prices very different from the closing prices againg which they are typicaly benchmarked.

11
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Congderable empirica evidence (Kelm and Madhavan, 1998) documents a systematic positive relation

between implicit trading costs and voldility. Intraday voldility is one symptom of the lack of liquidity.

In the year to date 2000, the pattern has been even more pronounced as shown below in figure 3.
Figure 3: Intraday Volatility for S& P 500 and Nasdag Stocksto September 2000
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Volatility on the Nasdaq market is much greater than on the S& P 500, but both markets exhibit
condderable voldility relative to figure 2. Decimdization may well worsen the short-run picture. Pre-
liminary evidence from a variety of sources gppears to confirm our hypothesis of a reduction in depth,
athough spreads do narrow as conjectured.  As noted, volatility discourages limit order traders from
submitting orders. Faster markets dso favor the use of market orders (liquidity demanding), as @o-

posed to liquidity supply strategies using limit orders.

3 The statistics reported here are based on the author’ s estimates.
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4 Policy Issues

4.1  Adaptive Behavior by Tradersand Institutions

To frame our discusson of the role of public policy, it is hepful to begin by discussng whether
the market will “sdf correct,” in the sense that traders and indtitutions will develop responses to the
trends identified herein. To the extent this occurs, the need for regulatory intervention is reduced. We
then turn our attention to areas where some form of responseis needed.

In the short-run, the heightened volatility and lack of liquidity will lead to adaptations by traders.
Individud investors who trade individuad names do not face the same problems as inditutions. While the
number of online traders will fluctuate with market returns, there will be a secular increase in their num-
ber as explicit costs continue to fall.

Ingtitutional investors, with lists of thousands of names globaly cannot react fast enough. They
need quantitative trading Strategies that respond to red-time information flows and optimdly dlocate
trades across liquidity pools, and to take advantage of time varying liquidity. Coppgans, Domowitz,
and Madhavan (2000) show that there might be significant gains to using discretionary trading strategies
in the face of time-varying liquidity. Specificaly, we anticipate that indtitutions will develop systems,
products, and platforms that integrate the entire process of investment strategy and its implementation
through trading. These include Smart e-agents that consistently pick the optimal liquidity source, across
fragmented markets, trade dynamicaly in response to new information, existing market conditions and
order gtatus, analyze pogt-trade performance and learn from experience, and adapt behavior. These
drategies are dready in the process of adoption by sophigticated quantitative managers, atrend we ex-
pect to accelerate over the next few years.

Markets too will adapt. The secular trend for consolidation is an ever-present force that is only
temporarily in abeyance. Indeed, the airline industry isin many ways agood modd for the likdly linkages
we expect in the financia markets. Powerful network externdities put strong pressure on markets, es-
pecidly those publicly traded, to form linkages. The exact form of these linkages is unimportant. They
might occur through mergers, acquisitions, drategic dliances, pooling of order flow, or information
sharing agreements, as discussed in Domowitz and Stell (1999). These arrangements are economicaly

sensble and are technologically feasble with the recent developments in communications technology.

13
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Markets that fall to build dliances or linkages will find themselves isolated, with possibly devastating re-
aults. Again, the unification of diverse pools of liquidity does not require spatid consolidation; it can oc-
cur in cyber-space. The same forces that drive short-run fragmentation will result in long-run consolida
tion.

Over dightly longer horizons, we expect the trend toward automated auctions to result in mar-
kets that are linked across asset classes. A good example is the Swedish market for stock index futures
sudied by Coppgans, Domowitz, and Madhavan (2000). They document very high resiliency in that
liquidity is quickly restored following exogenous shocks. It is likely that this high degree of resliency re-
flects the fact both the index futures and underlying stocks are traded in an automated auction that
makes possible efficient spot-futures arbitrage. In the long-run, the resiliency of markets is aided by the
Internet, since traders do not have to be physicaly close to place orders in response to a shock that
evaporaes available liquidity. Thus, over the long run, the naturd forces of competition and technology
will solve the same problems that they have created in the immediate present. This is not, however, to
say that policy responses are not required.

4.2  Policy responses

What can policy makers do to improve market quality and ensure that we develop a sound
foundation for the future? | break our discussion into two parts, adiscusson of regulation at the “micro”
level and a“macro” discussion focusing on globd integration.

At the micro-leve, regulation can aso improve market qudity by dampening some of the vola-
tility arisng from the kinds of overt manipulation discussed above. This requires aggressive policing of
the Internet and close monitoring of message boards and chat rooms in real time. The SEC, for exam:
ple, now devotes considerable resources to monitoring the Internet, but most efforts to date have been
reactive rather than proactive. The cases prosecuted to date involve relaively crude manipulations, and
it is unclear whether more sophisticated manipulations are being detected. The aggressive prosecution
of such manipulators is an important eement of aregulatory response to increasing market qudity.

Consigtency of regulatory responseis also akey factor. Uncertainty concerning the direction of
future changes in regulaion complicates the task of traders and hinders the process of adaptation out-
lined above. To alarge extent, the gods of regulators have been relatively clear, with a strong focus on

14



LIQUIDITY IN THE INTERNET ERA

trangparency, cost reduction, and intermarket competition. Certainly, in the present environment, both
inditutiona and retail traders have many choices that suit their differing objectives and drategies. It is
doubtful that a “one size fits dl” approach to the markets would be paliticly feasble. However, the
exact boundaries of regulatory willingness to tolerate fragmentation have yet to be tested and remain a
source of concern for market participants. A clearer definition of the future of regulation at the micro-
level would facilitate the trangition to a more rationa market structure, not only in equities but in other
ast classes aswll.

At the macro-leve, the pressures on liquidity identified in this article pose a more serious con
cern. The case of Long-Term Capitd Management (LTCM), the hedge fund that falled last year, is
particularly appropriate.  Although LTCM followed a number of supposedly “market neutrd” trading
drategies diversfied across regions and asset classes, it was ultimately humbled by aworldwide liquidity
crigs that adversdly affected dl its podtions Smultaneoudy. In an environment where liquidity is scarce
and fragmented, such events are not unusud. Indeed, they may become increasingly likely. Some evi-
dence that the market perceives risks in this dimension are evident in the unprecedented spreads for less
liquid assts.

It isnot clear that there are explicit policies that central banks or others could do to diminish the
likelihood of such events by explicit regulation or policy initiatives. As noted above, the need for such
regulation is likely to diminish over time as markets naturaly consolidate. However, it is gppropriate for
regulators to be extremdy vigilant and act quickly to supply liquidity when acriss occurs. Thisaso re-
quires coordination among policy makers across national boundaries given that order flows are incress-
ingly unrestricted. Agreement on a common response to internationd liquidity crises would aso consti-
tute a mgjor sep to improving market integrity on aworldwide basis. A key dement of such a policy
would be increased red time monitoring of financid information and order flows in a variety of asset

classes, across nationa boundaries.
5 Conclusions

The Internet has had a profound and permanent impact on the trading environment. This paper
explores the effect of the Internet on financia markets. We focus on liquidity, the crucid ingredient to
price formation. We argue that an unusua confluence of technologicd, regulatory, and competitive
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factors have temporarily reversed the secular trend towards greater market consolidation, resulting in
higher volaility and greeter fragmentation. Specificaly, entirdly new information sources, such as chat
room message traffic and whisper numbers, provide on-line traders with up-to-date information. This
“democratization of information” has reduced the information gap between inditutiond and retall
investors. Simultaneoudy, the growing automation of securities markets results in grester trangparency
and lower explicit trading codts, again favoring the smal, retail investor. These factors have induced
large numbers of retail traders to enter the market directly at a time when markets are much fagter.
Online traders respond to information flows in amilar ways. In effect, the Internet serves as a
coordination device, amplifying thelr impact on prices. Increasingly common episodes of market
manipulation based on Internet messages are a manifestation of this phenomenon.  Simultaneoudy, a
variety of coincident factors reduce market liquidity for large traders. The overdl result has been
diminished liquidity and sharply higher intraday price volatility, as we document here. In the short-run,
these phenomena represent the dark side of the Internet revolution.

Over longer horizons, information and automeation aso alow cross-border linkages that alow
traders to access and link pools of liquidity in very disparate forms. Network externdities provide
grong incentives for markets to creaste both forma and informd linkages, degpening markets and
improving price efficiency, much as they have for the past two centuries. In concluson, the Internet
poses an immediate and severe chalenge for regulators and policy makers charged with maintaining
financid stability and market integrity. Thisis especidly important in a macroeconomic context where a

globd liquidity crisis requires coordination across different regulatory bodies acrass nationa boundaries.
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Appendix

Previous research has modded expected returns as functions of variables including proxies for
sze and default risk. Amihud and Mendelson (1986) show that expected returns are an decreasing
function of liquidity because investors must be compensated for the higher transaction codts that they
bear in less liquid markets. The gppendix demongrates the postive relaion between illiquidity and the
cost of capitd, and shows that this effect is compounded when turnover or implicit trading codts in-
crease.

For smplicity we assume a risk-neutral economy where the risk-freerate is r. Consider a &=
curity paying a stochadtic “dividend” or interest coupon payment each period. Dividends are redized
just after trading and are drawn from an independent and identically distributed distribution with mean d.
Suppose, for smplicity, that each trader holds the security forever so that the immediate cost isdl that is
relevant.

In the absence of transaction costs, the expected present vaue of a security is Smply

_4d
m*_rf . 1)

With trading codts, the purchase priceisp = m + (I + s), where m is the midquote, s is the hdf bid-ask
spread, and | is the price impact of the trade. Under risk-neutrdity, a purchaser with a T period hori-
zon must be compensated for the round-trip trading costs so

m=m*- (1+(1+r,) ")(l +9). )
The presence of trading cogts (asymmetric information, inventory costs, and other transaction costs) re-
ducesthe equilibrium value of the asset. It follows that the expected rate of return on the asset is higher
than therisk freeratewhen | or s are pogdtive. The effect is reduced the longer the holding horizon (or
the shorter the turnover), T. Similar remarks gpply to a reduction in implicit trading cogts or the bid-ask
Spread.
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