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Abstract

In this keynote address to the 2000 Financiad Management Association Mestings, | consider Merton
Miller's contributions to the field of finance. | argue that his most important contribution is to have made
arbitrage arguments the cornerstone of modern finance. The arbitrage proof of Proposition | introduced
anew standardinfinance, namdy that any result the finance professiontakes serioudy must have the critical
property that it cannot be undermined by clever arbitrageurs. | show how arbitrage is a congtant theme in
Merton Miller’s career from hiswork in corporate financeto hisandyses of financid innovation, financid

crashes, and crises.

* | am grateful for comments from Steve Buser, Harry DeAngelo, Don Chew, Andrew Karolyi, Lemma
Senbet, and Alex Triantis.



Most of uslearned firgt about how muchfinance owes to Merton Miller inour Ph.D. studies. | was
lucky to be a Ph.D. dudent at MIT in the late 1970s. Throughout my studies, Merton Miller seemed
omnipresent in the courses | took and in hisinfluence on everybody connected with finance. He defined
the fidd and shaped it by his actions. Whenwe talked about the Black-Scholesformula, Merton Miller had
played an important role in getting the paper published after it had beenturned down by two journas. He
had taken Fischer Black, who was then at MIT, fromhiswork as aconsultant to make hmaful professor
at the Universty of Chicago. In Robert Merton's asset pricing course, we learned that Merton Miller had
defined the rules for empiricd tests of the capital asset pricing modd in his critique of the Douglas study
with Myron Scholes. In Stewart Myers corporate finance course, we obvioudy taked about the
Modigliani-Miller papers, but at that time corporate finance' s attention was turned to Merton Miller's
address as president of the American Finance Association. Eveninmonetary economics courses, he was
therein full force with one of his most beautiful papers, the Miller and Upton mode of the demand for
money.

For the twenty years after | received my Ph.D., finance was a fiedd young enough that most of its
founding fathers were active and 4ill influencing its development. At the center of these founding fathers
stood Merton Miller. For many people infinance, he played akey role in their career. Obvioudy, thiswas
the casefor the large number of Ph.D. students whose dissertation he supervised. Many of these students
became stars in our profession - one received a Nobel prize. However, besides his students, he had a
direct impact on many careers. Even though | never took a course from him, he was one of my most
important finance teachers. | spent one year a the Univeraty of Chicago. | discovered early in that year

that | could learn alot of finance by joining Merton Miller’ slunch group at the faculty club. In addition to



learning finance, | learned about dl sorts of other things, because he was dways fascinating. He was an
important reasonwhy | became editor of the Journal of Finance and he never stopped hdping me during
my years as editor. Evenwhenhisinfluencewas not direct and persond, it was never possible to do much
in finance without being reminded of his contributions and of his presence. He was dways there, trying to
push forward the field that he had played suchakey role in creating. Nobody el se deployed such energy
and ills in advancing our professon. Evenin hislast day a the hospital, he was ill concerned about
mistakes he thought were being made that he had to correct. At that point, he had finished the firgt draft
of apaper and was waiting to go back home to finish it and submit it to ajournd.

We canlig many reasons why Merton Miller was so important to our field, but his contribution to
our fidd transcends the list of his accomplishments. He was unique, and so we have to focus on why he
was so unigue. If we had to remember one thing about Merton Miller’ scontributionto finance, what would
it be? Many financia economistsare likdy to answer that questionby saying that we should remember the
irredlevance propositions. | am going to start with a discussion of these propostions, but my purposein
doing so isto convinceyouthat, even though any finance academic would be thrilled to have produced any
one of these results, we should not think that Merton Miller’s most important contribution to our field
congsts of the propositions themselves. To make my case, | will only talk about the fird Modigliani and
Miller paper. The most important result of the paper is the famed Propostion | which states that “the
market vaue of any firmisindependent of its capita structure and isgivenby capitaizing itsexpected return
a therate (...) appropriate to its class.”

It isironic that this leverage irrdlevance result is what many may want to remember from Merton

Miller. After dl, Modigliani and Miller themsdveswriteinthe paper that “A number of writers have stated



close equivdents of our Proposition 1...” They then cite works by Williams, Durand, and Morton in a
footnote. Further, financd economists generaly do not view Proposition | as a statement of the role of
leverage in the real world - especidly not for high leves of leverage. Proposition | is derived usng the
assumptionthat cash flows are unaffected by capitd structure. Much of the literature in corporate finance
snce then has focused empirically and theoretically on whether investors' expectations about cash flows
and cash flows themselves are affected by capitd structure. Work inthe 1970s, including Merton Miller’'s
best book, the Theory of Finance with Eugene Fama, made clear the conditions that must be metfor cash
flows not to be affected by a firm's capital structure. At the very least, however, the consensus among
financid economidsis that often capitd structure does affect the present vaue of cash flows.

o, if the leverage irrdlevance proposition is not the most important contribution that we should
remember fromthe paper, what is? What makes Proposition | memorable and changed finance is not the
Propostion itsdf but itsproof. The other authorsdid not have the proof. Remember how the proof works.
Modigliani and Miller assume that financid markets are perfect, so that there are no frictions whatsoever,
and that the firm’s cash flow is independent of its capital structure. They then show that “if Propogtion |
did not hold, an investor could buy and sl stocks and bonds in such away as to exchange one income
streamfor another stream, identica inal relevant respects but sdling at alower price. The exchange would
therefore be advantageous to the investor quite independently of his attitudes toward risk. As investors
exploit these arbitrage opportunities, the vaue of the overpriced shareswill fdl and that of the underpriced
shares will rise, thereby tending to eliminate the discrepancy between the market vaues of the firms.”
(Modigliani and Miller (1958), p. 269).

| would like to submit that it isthe ideaof arbitrage that is a the center of Merton Miller's career



and of his contributions to our field. The arbitrage mechanism is how Merton Miller thought about finance
phenomena. Results that would lead to arbitrage opportunities could not possibly be important because
market forceswould step into make prices right. Fischer Black called Merton Miller a“warrior,” and he
certainly was, but he wasa“warrior” who aways fought to make sure that market forceswould be dlowed
to play ther role and that we in finance would not be mided by a poor understanding of these forces. In
the remainder of this address, | first consider how the idea of arbitrage has affected the devel opment of
finance. | then turn to the role of arbitrage as the cornerstone of modern corporate finance. Merton Miller
was dways passonate in his defense of market efficiency and arbitrage played a key role in his thinking
about market efficency. | therefore consder the relation between market efficiency and arbitrage in the

third part of my address. | findly turn to how liquidity and regulation affect arbitrage in the last section.

1. Arbitragein the history of finance.

When Modigliani and Miller wrote their paper, there dready was a powerful arbitrage argument
inthe economicsliterature. I ninternationa finance, academicsand practitioners knew how to priceforward
currency contracts by arbitrage. Modigliani and Miller did not, therefore, invent arbitrage. To prove the
interest rate parity theorem, we take a postion in a risk-free asset and a forward contract to create a
foreign currency synthetic risk-free asset. That synthetic foreign currency risk-free asset must then sdl for
the same price as the foreign currency risk-free asset. The proof of the irrelevance propostion ison a

different intellectua plane from the arbitrage argument used in internationa finance. With the interest rate

! See Fischer Black’s “Foreword” to Miller (19914).
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parity theorem, one uses securities that exist and are risk-free in their respective numéraires. With the
irrelevance proposition, the argument proceeds with the assumption that there are firms in a amilar risk
class. More precisdy, there are firms whose assets have proportiona - perfectly correlated - returns.
Hence, one does not start fromexigting risk-free securitiesthat are easly identifiable inmarkets, but instead
derives ardation between the present values of two hypothetica risky cash flow streams.

The Modigliani-Miller paper did not spend time tdling us why it would be reasonable to assume
that there would dways be firms in a given risk class that would engble investors to arbitrage away
differencesinvauations between levered and unlevered firms. Instead, the paper went Straight to provide
empirica evidence supporting the leverage irrelevance proposition. The Modigliani-Miller paper generated
an avdanche of comments and the American Economic Review published a number of them. The
theoretical comment that is probably best remembered isthe one by Durand, who wasa professor at MIT
a the time. His comment discusses in detail obstacles to arbitrage and helped clarify the Propostions.
Durand’ spositionwas that the Propositions wereright, but he quickly added “intheir own properly limited
theoretica context.” (Durand (1959), p. 640). His quarrel waswiththe relevance of the assumptions that
made possible the arbitrage proof of Proposition 1. In particular, his comment points out the various
obstacles to homemade leverage. He pays agreat ded of attention to the restrictions on margin buying.

Merton Miller never argued that there were no frictions. Rather, what judtifies focusng on the
leverage irrdevance reault is that it describes “the central tendency around which observations scatter”
(Modigliani and Miller (1958), p. 281). Inother words, the Modigliani-Miller Propostionstel us what we
should expect to see whenwe abstract fromthe frictions of the real world if these frictions just create noise.

In contrast, Durand was skeptical about equilibrium results. In his comment, he talks about “those of us



who doubt the existence of equilibria” (Durand (1959), p. 644). He wanted instead to argue that these
results were not relevant because they were built on assumptions that weretoo far removed from the red
world. Thekey assumptions of Modigliani and Miller have been used over and over inour fidd not because
we think that they hold, but because we think that they alow usto make predictions and that our results
ought to be judged not by the assumptions that |ead to them but by the usefulness of the resultsinexplaining
empiricd phenomena This view of research, often associated with Milton Friedman in economics, was
not the view of researchinfinance before the Modigliani-Miller papers. It became the approachto building
thair fidd financid economists adopted as a result of these papers and of the controversies associated with
them.

A mgor theme of Durand' s paper is that Modigliani and Miller “ have underestimated the difficulty
of setting up an equivaent return class, which is the cornerstone of their theory.” (p. 653). He then goes
on arguing that “The concept of anequivaent returnclass, derived fromnations of gatic equilibrium, is not
adaptable to a highly dynamic economy...” (p. 654). Little did he or anybody €se know that arbitrage
arguments of the type introduced by the Modigliani and Miller paper and that the focus on explaining
empirical phenomena rather than on the relevance of assumptions would lead to mgor developments in
finance that removed the “difficulty of setting up an equivaent returnclass.” We learned in the 1960s that
if investors care only about the distribution of the return of their wedlth and if some other assumptions are
meade, then in equilibrium changesinthe leverage of firms do not affect firm vaues. The arbitrage portfolio
drategiesinthe Modigliani-Miller paper are static portfolio Strategies. If alevered firm sdlls for more than
anunlevered firm, one can make arisk-free prafit by sdling short the levered firmand buying the unlevered

firm. With the discovery of the Black-Scholes formula and the introduction of continuous-time models,



finance added to itstool box dynamic arbitrage Strategies. Through trading in perfect markets, welearned
that we could form portfolios which would perfectly replicate the payoffs of existing securities. This
extensoninthe arbitrage argument was devel oped firg inthe context of option pricing but quickly became
used throughout finance to price securities.

The 1958 article explained superbly why arbitrage arguments have contributed so much to the
success of financein pricing securities. In their proof, Modigliani and Miller emphasized that arbitrage is
profitable to the one who undertakesit “ quite independently of his attitudes towards risk.” (Modigliani and
Miller (1958), p. 269). Throughout the years, finance has found it difficult to understand exactly how to
measure and price risk for securities. Arbitrage arguments bypass this problem dtogether. They leed to a
theory of pricing of securities that does not rely on attitudes towards risk. In a world without arbitrage
opportunities, we can price securities by discounting their expected payoffs at the risk-free rate as if
investors were indifferent towards risk. This approach to pricing securities is now not only one thet is

present throughout the academic literature but one applied in the business world.

2. Arbitrage and cor porate finance.

Though arbitrage arguments are now pervasive throughout finance, the moreimmediateand direct
impect of the arbitrage proof of Proposition| wasto provide the foundation for modern corporate finance
because it specifies sufficient conditions for leverage not to matter. Because of the proof, we know thet if
financid markets are perfect, the vaue of afirm cannot be affected by leverage. As aresult, practitioners
and academics dike know that if leverage affects vaue, it must be that some of the assumptions required

by the arbitrage proof do not hold. The arbitrage proof assumes a world where contracting is costless, dl



parties have the same information, transaction costs do not exis, there are no taxes, there are no limitations
to short-sales, and firms and investorstake prices as given. Of theseassumptions, the absence of taxeswas
quickly identified as posng substantid difficulties for the reult thet leverageisirrdevant for firm vauein
the red world.

Inther papers, Modigliani and Miller diminated once and for al the argument that leverage is costly
because it increases the cost the corporation pays for its debt. Their work made clear that an increasein
the coupon paid on debt as leverage increases is not a cost of leverage in aworld of perfect markets. As
leverage increases in aworld of perfect markets, the coupon paid on debt increases, but that is because
bondholders bear more risk and have to be compensated for this additiond risk. Thiswill happen even
though the firm’ scash flows are unaffected by the additional leverage and hence, as Merton Miller pointed
out in his Nobd lecture, the increase in the risk of debt has no socia costs because the firm's totd risk is
unaffected by the change in leverage.2 However, when looking at the cost of debt, Modigliani and Miller
immediately redlized that with corporateincome taxes, the cost of debt for the firm isthe cost after taxes.
Since coupon payments are tax deductible, Modigliani and Miller saw that corporate taxes could make
leverage vauable. The tax shidd of debt with corporate income taxes was large since “the deductibility of
interest could amount to asubsidy of as much as fifty cents on each dollar of debt capital raised by the
firm.”

If the only departure from the assumptions leading to Proposition | is a tax subsidy to corporate

debt, one would expect to observe extremdy high leverage since extreme leverage would maximize the

2 See Miller (1991h),

3 Miller (1991a), p. 273.



vaue of the tax subsdy. Empiricaly, however, leverage is not extreme. In fact, some firms even have
negdive leverage - they pay more in taxes on securities held than they get to deduct because of paying
interest on debt. To make sense of the limited levels of leverage in the presence of what appeared to be
a large tax subsidy for debt, finance had to ether relax other assumptions leading to Proposition | or
conclude that the subsidy was illusory. Initidly, the route chosen by finance was to take into account
bankruptcy costs. Bankruptcy costsare effectively the outcome of contracting costs - as the firm defaullts,
the firm cannot be costlesdy reorganized. 1n the presence of bankruptcy costs and tax benefits of debt,
each firm hasan optima amount of debt suchthat the increase inthe present vaue of expected bankruptcy
costs resulting from an additiona dollar of debt for that firm is exactly equd to the present vaue of the
expected tax benefits from that additional dollar of debt.

MertonMiller was skeptical that expected bankruptcy costs could be large enoughto explan why
firmsdid not take advantage of the tax subsidy of debt more. His assessment of the evidence onbankruptcy
and finendd distress cods was tha “nether empiricd research nor smple common sense could
convinangly sustain these presumed costs of bankruptcy as a sufficient, or even as amgor, reasonfor the
fallure of so many large, well-managed US corporations to pick up what seemed to be hillions uponhillions
of dollarsof potentid tax subsdies.” (Miller (1991a), p. 274). This assessment led him to one of hismost
memorable statements, namdy that “the supposed trade-off betweentax gains and bankruptcy costslooks
suspicioudy like the recipe for the fabled horse-and-rabbit stew - one horse and one rabbit.” (Miller
(1977), p. 264).

Since direct bankruptcy costs could not explan why firms were not taking advantage of the

apparent tax subsidy of debt, finance turned to other explanations for low leverage based on contracting



costs. Jensenand Meckling (1976) showed that, as leverage increases, shareholders become tempted to
take advantage of bondholders by increesing the valatility of the firm even if doing so would hurt
shareholdersif the firm had less leverage. The bondholder-shareholder conflict identified by Jensen and
Meckling makes debt more costly becauseit forces firms to behave inefficiently as aresult of leverage or
to spend real resourcesto insurethat they will not take advantage of bondholders. Myers (1977) showed
that when firms are highly levered, the exiding shareholders may choose not to issue equity to finance
projects because the new equity will increase the vaue of the firm’ sdebt at the expense of the vdue of the
equity of the exigting shareholders. Myers cdled this problemthe underinvestment problem and identified
it as a cost of leverage because firms with high leverage invest less then firms with lower leverage. Ina
world of perfect markets, neither the underinvestment problem nor the bondhol der-shareholder conflict
would exist because in aworld without contracting costs, the capital structure of the firm can dways
costlessy be changed to make surethat a firmcantake advantage of dl profitable investment opportunities
and does not invest inefficiently as aresult of leverage.

MertonMiller wasdways skeptical that the bondhol der-sharehol der conflict or the underinvestment
problem could explain why firms did not take greater advantage of the tax shield of debt. Not surprigngly,
his skepticismwasthe result of the role of arbitrage in how he thought about economic phenomena. If the
tax shidd of debt was so large, why wasit that investment bankers would not devise solutions that would
endble firmsto take advantage of this tax shield and overcome the costs of debt through clever contracting?
As dways, he wanted a solution to the problem that would not provide clever arbitrageurs with profit
opportunities. He pointed out that for bankruptcy costs, debt securitiesthat would avoid thesecostsalready

exig and that if these costswerelarge, one would expect these debt securities to be used much more than
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they are. Withincome bonds, interest hasto be paid in any year only if earned, but it isfully tax deductible
if paid. This made it hard for Merton Miller to believe that direct bankruptcy costs or the impact of high
leverage on investment were the explanation for why firms did not have more debt in the presence of an
apparently large tax advantage to debt.

In 1977, Merton Miller revisited the issue of the impact of corporate taxation on the irrdlevance
propositions in a classc paper titled “Debt and Taxes’ that shows perhaps better than any of his other
papers how he could use arbitrage arguments to change how finance academics and practitioners
understood how the world works. In that paper, he pointed out that the tax advantage of corporate debt
might be mogtly if not completely illusory. Because interest on corporate debt is taxed as income for the
holder of corporate debt, the interest paid on corporate debt must be high enough so that the after-tax
incomefromholding corporate bondsis attractive redive to the income fromequity which, whenit accrues
as capitd gains, istaxed a alower effective rate. As aresult, corporations get to deduct from their taxes
interest payments but, because persona taxes on interest income are higher than on capita gains, the
before-tax cost of capita on debt must be higher than on equity if investors are to hold debt.

In his paper, Merton Miller showed that under specific conditions the leverage irrdevance
propositioncould hold eveninthe presence of taxes. Inhisargument, the tax rate on persona income from
bondsisprogressive, but thereisno income tax on equity income. Bondsarerisk-free. Thereisademand
for bonds which is satisfied by taxable and tax-exempt bonds. Merton Miller showsthat inequilibriumthe
coupon ontaxable bonds must be the coupon on tax-exempt bonds grossed-up for taxes at the corporate
tax rate. Let r, be the tax-exempt rate and J be the corporate income tax rate. With this notation, the

interest rate on corporate bondsisry/(1-J.). If the interest rate on corporate bondsis say re > ry/(1-Jc),
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corporations prefer equity financing sincethe risk-adjusted cost of equity isr, while the cost of debt after
tax is (1-Jo)re > r,. Alternativdy, if the interest rate on corporate bonds is lower than g/(1-Jc),
corporations would rather obtain debt finandng than equity finendng since the after-tax cost of debt is
lower than the risk-adjusted cost of equity. Asaresult, the only feasble equilibrium is the one where the
after-tax cost of debt is exactly equd to the after-tax cost of equity. Whenthis equilibrium obtains, no firm
has afinancid incentive to dter its mix of debt and equity even though interest payments on debt are tax
deductible. The “Debt and Taxes’ paper led to a large literature investigating whether the leverage
irredlevance conditionholds in the presence of persona and corporate income taxes. The paper dso made
clear that the perfect markets assumptions are suffident conditions for leverage to be irrdevant, but not
necessary conditions. Saying that the assumptions required for Proposition| do not hold is not enough to
concludethat leverage matters. For leverage to matter for the value of a corporation, it has to be the case

that no clever arbitrageurs can make money from such a gtuation.

3. Arbitrage, financial market crashes, and market efficiency.

In the Modiglian-Miller paper, the arbitrage argument leads to a proposition that describes a
“centrd tendency.” Results based on arbitrage argumentsin perfect markets are only relevant as long as
one believes that market forces work, so that investors will be able to take sufficient advantage of pricing
mistakesthat priceswill not differ systematically from what they would be if financid marketswere perfect.
When obstacles are erected to market forces that prevent them from taking advantage of price

discrepancies, financia innovations can overcome these obstacles. Merton Miller addressed the topic of

12



finandal innovation in a speech to the Western Finance Associaion in 1986.% In his view, finandid
innovation was a response to regulatory impediments to the working of market forces. To make his point,
hereminded his audience of the role of Milton Friedmaninthe creation of financid futures. MiltonFriedman
wanted to speculate on the pound by taking ashort postion. Thiswasinthe early 1970s and, at that time,
one could only take a short forward position with a bank. No bank was willing to be Milton Friedman's
counterparty. It seemed that banks did not want to be seen by their regulators as promoting currency
gpeculation. Thisled him to advocate financid futuresbecause onfutures markets, it isequdly easy to take
ashort pogtion asit isto take along postion.

Financid economigts generdly view the flow of fundsto take advantage of invesment opportunities
and finandd innovation as positive forces that make markets more efficient, facilitate risk-sharing, and
increase economic growth. Thisview is controversid outsideour profession. Many have argued that capital
flows and financid innovation leed to ingtability, crashes, and other disasters. The outcry againg financid
innovationwas particularly virulent after the crash of 1987 and after the spate of derivativesdisastersinthe
mid-1990s. More recently, capita flows came under attack with emerging market crises. In cases where
market forces and financid innovations were blamed for problemsin financid markets, MertonMiller was
there to provide solid economic analysis of the problems and to show that, more often than not, the
problems were the results of regulations and government interference.

Portfolio insurance and index arbitrage were widely blamed for the crash of 1987. Merton Miller

chaired a blue ribbon commisson established by the Chicago exchanges to look into the crash. The

4 See Miller (1986).
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commissoncontributed many important points to the debate that took place after the crash. Inparticular,
it argued that the 9ze of portfolio insurance programs was smply too amdl to explainthe events of October
19.° The debate surrounding portfolio insurance has been reopened with the publication of a book by
Jacobs.® He argues that the crash of 1987 occurred because these programs called for a “massive
liquidation” in response to the price declines before the week of the crash. In his eyes, the reault of this
massve liquidationattempt was “atremendous explos on- sdling, understandabl e rel uctanceto buy, prices
gappingdown, investor panic.” Jacobsthenarguesthat “\Wheat the participantsinthese strategies apparently
don't redize isthat, as their investments become concentrated, so doestheir need for liquidity. Whenthey
need to get out, they find they are stuck inilliquid positions that can be unwound only at steep discounts.”’

MertonMiller never argued that markets should move continuoudy. In fact, on May 27, 1987, he
gave a paper a the Mid-America Inditute that was remarkably prescient about the possbility of price
gaps? In that paper, he points out that greater liquidity in markets makes it possible for individuas
separately to withdraw their capita whenever they want to, but by the nature of equity capitd, it is not
possible for society to withdraw itsinvestment. Generdly, individudswho sdl and buy largely balance each
other out. At times, however, it ispossible for animbaanceto devel op where many more individuds want

to sl than there are individuas who want to buy. In such a Stuation, there is a possibility that the buffer

> Thefind report of the commission is published is Chapter 4 of Miller (1991a).
¢ Jacobs (1999).

" The quotes from Jacobs come from 2000 Hall of Fame Roundtable: Portfolio Insurance
Revidited, Derivatives Strategy 5, August 2000, pp. 31-36.

8 See Miller (19914), Chapter 3.
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stocks of the market makers and the resources of liquidity providers will be exhausted. This cregtes the
equivaent of abank run - thosethat get to sl first are the lucky winners, while thosethat come last cannot
sl because there are only sdllers. He then discusses the implications of his argument for the organization
of markets, arguing that it isimportant to put in place mechanisms that enhance the capacity of exchanges
toabsorb the demand for transactions. After comparing periodswhere everybody wantsto sdl to abrown-
out, he concludes that “No economicaly feasble amount of added capacity will guarantee againgt any
recurrence of market brown-outs of course; but it can at least make them even rarer events.” (Miller
(199149), p. 48).

Though Merton Miller thought that prices might change with dramatic speed because of the limited
capacity of financia markets to provide transaction services, he did not think that such price gaps were
necessarily evidence of “bubbles’ bursting. He pointed out in a keynote address to the Pacific-Basin
Finance Association that with low dividend yields, most of the value of a stock resides in cash flows that
will accrue anumber of yearsin the future® This implies that small changes in expectations about growth
rates, interest rates, or risk premiacan lead to large changes in prices. In his example, he starts from a
dividend yidd of 3%, a discount rate of 10%, and a growth rate of dividends of 7%. With these
assumptions, the share price would be worththirty-threetimesthe current dividend. He then points out that
if the growth rate fals to 6.5 percent, ahalf a percent less, and the discount rate raises to 10.5%, a mere
half a percent more, the stock pricefdlsto twenty-five timesdividends, or afal of 24%. Withhisexample,

it does not take muchto generate afdl in the stock prices of the magnitude of the one that took place on

% See Miller (19914), chapter 6.
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October 19, 1987.

Merton Miller did not pick these numbers because he thought they were the right numbersto plug
in Gordon's growth model to explain the crash of 1987. He made it clear that al he was doing was
providing a set of numbers that would be consstent with a fundamentd explanation of the crash. Whilea
fundamenta explanation of the crashis possible, he did not think that wewould be able to reject empiricaly
ether the hypothes s that the crash was a bursting bubble or that it was a stock price move resulting from
a change in fundamentas. His view was that “we are faced with competing theories that can seemingly
account for the same facts and we have no way of conducting decisve experiments that can disinguish
between them.” (Miller (1991a), p. 103). Confronted with this problem, he then went on to a careful
discussion of the policy implications of the two viewsof crashes, conduding that the “wiser and ultimately
more consarvative policy, evenfor those who dill beieve inbubbles, isnot to seek to prevent stock market
crashesat dl costs, but if one does occur, to locdize any damage and keep it from spreading to other
sectors of the economy.” (Miller (1991a), p. 106).

Recently, many financid economists have argued that the high stock prices we have experienced
are evidence of abubble. The recent debates onthe level of the stock market have made extensve use of
results from a new branch of finance, behaviora finance. For ingance, Shiller (2000) uses behavioral
models to explain how investorsat times could get carried away by theories supporting high stock prices.
He points out that the late 1990swere the fourth period this century where people were enthraled by so-
caled new economy ideas. The firs such period was at the turn of the century, the second one was before
1929, and the third in the 1960s. The previous three periods where stock prices increased dramaticaly

fudled by new economy visons did not end well. Though Shiller provides evidencethat is supportive of the
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view that therewas a stock price bubble in the late 1990s, we should remember Merton Miller’ scautions.
An dfident market is not one that gets things right every time. It is perfectly possble for investors to
rationdly expect great things from technologica progress and be disgppointed ex post. We do not have
the tools that would permit us to conclude that the markets were wrong - or right - whenit turned out that

the stock market increases associated with new economy ideas were followed with poor returns.

4., Liquidity, regulation, and arbitrage

Merton Miller’s crigs mechaniam is in many ways perfectly consstent with having investors
motivated by behaviorad consderations that are not outcomes easily understood with the smple utility
functions that much of finance typicaly uses. However, in Merton Miller’ sworld, the forces of arbitrage,
broadly understood, eventudly prevall. If random or poorly understood actions of a mass of individud
investors were to lead them to exit the markets in a hurry, profit opportunities would exist and investors
could exploit them, bringing prices back to where they should be. This mechanism presumes that
arbitrageurs will dways be there in force to prevent overshooting and systematic biasesin prices reative
to what they should be based on fundamentas aone. How canwe be sure that the freefdl of October 19,
1987, stopped just where it should have? How canwe know that the dramatic emerging markets collapses
were not excessve?Perhapswe will never know. Suchdrops or gapsinmarketswill not be excessive only
if there are enough investors who do not succumb to panic and are not moved by emotions that step inand
gart buying. This means that such investors have to have enough capita at their disposd.

Recent history makesit rdlevant to questionbothwhether investor ssampedes cantake place more

easly and whether there is enough arbitrage capita to prevent markets from overshooting when large
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numbers of investors stampede in one direction or the other. Investors can make trades faster than they
ever could. Thisis undoubtedly a great benefit for investors and the markets, but at the same time, there
isthe potential for investors to herd in ways that they never did before. We have seen dramatic reversas
ininvestor sentiment over the last few years. For instance, capital flowsto East Asian countries experienced
a swing of more than $100 hillion in one year. When such events take place, trades by some group of
investors canend up destabilizing markets unlessMerton Miller’ sarbitrageurs can stand up to the herd and
take advantage of it. Paradoxicdly, however, while more arbitrage capita is needed to permit other
investors the luxury to exit from the markets at a moment’ s notice, developments over the last few years
show that instead of having more arbitrage capitd, we may actudly have less and perhaps not enough of
it.

Among recent events suggesting that there are limitations to the arbitrage mechaniam, the difficulties
of Long-Term Capitd Management (LTCM) stands out. LTCM was mostly engaged intransactions that
would be closeto the Modigliani-Miller arbitrage transactions if markets were perfect. A typicd example
of suchastrategy would beto go long in an agency bond and go short inasimilar Treasury bond.'° Bonds
issued by government agencies should have yidds fairly close to bonds issued by the Treasury. At times,
however, the yidd of agency bondsis much higher thanthe yidd of comparable Treasury bonds. Assume
for amoment that the federd guarantee to the agenciesis strong enough that thereisno default risk on the
agency bonds. In such a stuation, along positioninan agency bond trading at par and a short positionin

acomparable Treasury bond held to maturity earns a postive cashflow for sure in perfect markets snce

10 The agency bond might have options attached to it that would have to be hedged, but we
ignore this complication since it does not affect our conclusion.
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the coupon payments of the agency bond exceed the coupon payments of the bonds held short. There
would be full use of the proceeds and no transaction costsin perfect markets.

Intherea world, there are three difficultieswith such an arbitrage transactionthat are rdevant here.
Fird, there might be some default risk onthe agency bond. Witha credit derivative, one would be able to
congtruct a default-free synthetic agency bond. Hence, financid engineering removes that obstacle to
creating an arbitrage. Second, there would be transaction costs. Transaction costs Smply would require
that the yidd differentid between agency and Treasury bonds at which an arbitrage trade becomes
profitable is higher than otherwise. Without full use of the proceeds on the short-sale, the investor would
have to use some capita to implement the trade which would increase its cost. Findly, and most
importantly, this trade would be an arbitrage only if it was surethat it could be hed to the bonds maturity.
Remember that at maturity the long position and the short position have exactly the same vaue snceboth
bonds are at par. However, if amonth after the tradeis put in place, the yield on agency bonds increases
sharply relative to the yiedd on Treasury bonds, the vaue of the positionbecomes negetive in that the bond
hdd long fdlsinvaue rdative to the bond held short. If the position hasto be liquidated whenitsvduefdls,
then the arbitrage is no longer an arbitrage. Inaperfect market world, sucha stuation would not arise or,
if it did arise, it would last for only a very short period of time. Thisis because an increase in yields on
agency bondsrdative to Treasury bondswould lead to arbitrage trades whichwould bring the yields closer
together. The certainty that arbitrage trades would take place later if arbitrage opportunities arose would
therefore make arbitrage trades feasble now. Absent thiscertainty, an arbitrageur would not know whether
he would be able to maintain his postion over time since seemingly irrationd changes might force atrade

to be undone & aloss.
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The gtuation of LTCM in August 1998 is wdl captured by this Smple example of an arbitrage
trade. LTCM had positions that were generating positive cash flows with a high degree of certainty, but
changes in yidd spreads destroyed its net worth through their effect on prices. In perfect markets, two
bondswithidentica risk should sdll for the same price. However, inthe real world, investorsare concerned
about their ability to move out of financid assets quickly. They arewillingto pay a premium for moreliquid
assets and that premium changes asinvestors perception of the urgency with which they might want to
move into safe assets is heightened. InAugust 1998, bonds that were paying the same cash flowsdiverged
in value because they differed in how quickly holdings of various Szes could be sold. At least for now,
agency bondsarelessliquid thanTreasury bonds. Ther higher yidd reflects compensation for the fact that
investors wanting to get out of these bonds quickly may have to compensate the buyers for providing
liquidity more thanwith Treasury bonds. Intimesof uncertainty, the yield of agency bonds increases more
to reflect the fact that liquidity is more vauable in such times. Asaresult, LTCM ended up holding less
liquid securities and was compensated for doing so by a higher expected return. When liquidity became
morevauable, the value of the securitiesit held long fdl more thanthe vaue of moreliquid securitiesit hed
short.

Arbitrageurswithcapital that dlowsthemto hold positions for along period of time can close gaps
created by increasesinthe premium for liquidity. Essentidly, because these arbitrageurs canhold positions
for along time, they provide liquidity to the markets. In August 1998, such arbitrageurs were on the
sddines. Thisis mosily because investorswho could step inand performthe role of arbitrageursface many
congraints. As Shieifer and Vishny (1997) pointed out, agency problems are involved. Arbitrage

transactions can be complex and have to be delegated. Further, many inditutions that could provide
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liquidity and hence make arbitrage profits are subject to regulations and face internd agency cods. In
August 1998, the greater voldility led many firmsto have to reduce their pogtions to decrease their risk
rather than provide liquidity. All these congderations indicate that when apparently there were great
arbitrage opportunities when viewed from the perfect market model, there were few investors able or
willing to take advantage of them.

Giventherole of liquidity in the performance of portfolio insurancein the crashof 1987 and inthe
collapse of LTCM, it has perhaps reveded itsdf as the Achille's hed of finance built on perfect market
assumptions. At the same time, however, we aready knowthat liquidity can be studied. MertonMiller was
proud of the fact that he was an active publisher in the top journds after reaching retirement age. Even
though he said that “Growing old isnot for Ssses,” being past what used to be retirement age for university
professorsdid not deter imfrommeaking important contributions to our field. One of his papers published
inthe 1990s and co-authored withDavid HS eh received the Smith Breeden prize for best paper published
in the Jour nal of Finance in 1990. Another one of his papers, co-authored with Sandy Grossman, aso
published in the Journal of Finance, focused on liquidity and helps us understand it better.* Not
surprisngly, nothing of what | said about liquidity would have beenthe samehad | not read MertonMiller's
thoughts on it. Thisis one more piece of evidence, if any morewere needed, that one cannot read Merton
Miller' swork without learning from it and without being affected by it.

Grossman and Miller (1988) make clear why liquidity can disappear. In their andyss, there are

two groups of traders for securities. There are investors who hold securities for investment, but at times,

1 Grossman and Miller (1988).
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they have to sl securitiesto get cash. They call theseinvestors outside customers and the eventsthat force
themto sdl securities liquidity events. Outsde customers buy and sl securitiesover time, but at any point
in time, there is no particular reason for the buyers and sdlersto baance out. If, suddenly, many sdlers
want to sall a security becausethey experienced aliquidity event, the price of a security will drop to attract
buyers even though the cash flows of the security are unchanged. This temporarily low price makes it
atractivefor investorsto step inand buy the security. Grossmanand Miller (1988) cdl theseinvestorswho
step into buy from sellers that experienced aliquidity event suppliers of immediacy while the investorswho
experienced a liquidity event are caled demanders of immediacy. Inmarketswherethereisalarge supply
of immediacy, the arriva of alarge number of sdlers who experienced a liquidity event has little or no
impact on price. Theimpact on price of asdller wanting to sell immediately is caled the price of immediacy
by Grossman and Miller. Markets that are liquid are markets where the price of immediecy is low. The
suppliers of immediacy have limited capitd, however. Further, their actions might be restricted by
regulations. As a result, when a gring of liquidity events hits investors, it can wel be the case that the
suppliersof immediacy exhaust their ability to provideimmediacy. Hence, the price of immediacy depends
on the demands that have aready been placed on the suppliers of immediacy.

MertonMiller’ s focus onliquidity was partly motivated by concerns that regulations were affecting
liquidity adversely and hence making it harder for financia markets to perform their role. While a debate
was going on that focused onwhether an economic systemwherefinancing for corporations was provided
mogtly by banks was better than a system where financing was provided mostly by financid markets,
Merton Miller was squardly in the camp of those who argued that the Anglo-saxon system thet gives a

central role to financid marketsisthe best way. He was arguing strongly that the reliance onbanks of Asian
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economies played an important role in the Asian crisgs and urged these economies to reduce their
dependence onbanks. Hisview of the Adan crisiswas that it was largely the outcome of the problems of
the Japanese banks. Rather than recognize the bad loans these banks had made, he argued that the
Japanese government tried instead to restore the capita of these banksthroughalow interest rate policy.
Oncemore, good intentions of regulators and policy makersled to disaster. The good intentions were that
with low interest rates, the banks profits would be higher so that they could rebuild their capita and
progressively recognize ther bad loans. Unfortunately, the low interest rates increased the vaue of the
dollar redive to the yen. As the dollar rose rddive to the yen, currencies linked to the dollar became
overva ued. Countries attempted to defend their exchange rate, but Thailand tried to hidewhat it was doing
to suchan extent that when eventualy the devauationcame, the finencid inditutions had lost dl credibility.
As Merton Miller uniqudy put it, “With the deception by even the trusted Bank of Thalland reveded, the
remaining Tha inditutions, finencia and palitica, could not withstand the loss of public confidence. To
borrow a phrase from Chinese higtory, the Tha government and its indtitutions had lost the mandate of
heaven.” (Miller (1998), p. 229).

To avoid such disasters, he had two recommendations. First, the only way that banks could be
recapitalized waswithnew capitd. This new capita could only come from foreigners. Second, banks had
to become lessimportant as asource of finanang. He thought the Asian countries had to “followthe model
of the U.S. inghrinkingthe banking industry itsdf, and steadily expanding the number and variety of market
dternatives to bank loans’ (Miller (1998), p. 233). To make sure that his audience understood his view
of banks, heemphasized that “Banking is di saster-prone, 19™ century technology” (Miller (1998), p. 232).

His concluson wasthat “If the current crises have done nothing more than to discredit the Japanese and
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Korean models of bank-driven economic development, then perhaps the whole episode, painful asit has
been, and Hill isto live through, has nevertheess been worthwhile” (Miller (1998), p. 233).

Merton Miller was dways ahead of the crowd in identifying issues and in thinking about them.
Nobody was better than he wasinpresentingideasin suchaway that they would be understood and would
affect the thinking of his readers and listeners. Academic papers matter only insofar as they impact the
thinking of our peers. In Merton Miller’s case, he had no peers, only students, but it is safe to say that his

impact on the field of finance and on the thinking of financia economists will not be matched.
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