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Thank You
This edition of The Harvard College Economist would not have been

possible without the help of a number of people. First, we would like to thank

Professors Richard Caves and John McHale and Andrei Shleifer for their contin-

ued guidance. Professor McHale will be missed by his students as well as by

The Harvard College Economist staff when he leaves Harvard for Queens

College this coming fall.

Additionally, we would like to thank: Anita Mortimer, Patty Boudrot and

the entire Economics department staff in Littauer, Susan Cooke, Kate Quick, Gail

Oskin, Claudia Goldin, Caroline Hoxby, Richard Freeman, and Benjamin Fried-

man.

Thanks to Michael Ames and Puritan Press for taking on the task of print-

ing our journal.

Finally, we are indebted to Andrew Lamb, an old friend who gave self-

lessly in his assistance with the layout of the journal.
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Editors’ Note
Welcome to the latest issue of The Harvard College Economist. The

Harvard College Economist has existed for years, but in 1999 the magazine

disappeared without a trace.  We are reviving the journal to offer a forum for

undergraduates to publish research, to exchange ideas and to read superior eco-

nomic writing.

Unlike other economics journals, however, The Harvard College Econo-

mist is written entirely by undergraduates. Submissions to this inaugural issue

were by recommendation of faculty in the Economics Department. Most of the

published papers were written for an economics course at Harvard.

What results is a compilation of fine economics papers that are acces-

sible to all students at the undergraduate level.

In keeping with the tradition of The Harvard College Economist of old,

this issue features two interviews with prominent economists. We were fortunate

enough to speak with Professor Andrei Shleifer on market efficiency and with

Harvard’s new President and former Secretary of the Treasury Lawrence Sum-

mers on international financial crises.  We thank them both for generously agree-

ing to be interviewed.

As we look toward our next issue, we plan to open submissions to all

economics students. For students who are not graduating this spring, please con-

sider submitting for next fall. Send all submissions to hce@hcs.harvard.edu. For

more information regarding details of submissions, please visit us at

www.hcs.harvard.edu/~hce.  Also, we encourage all students interested in any

aspect of the publication to e-mail us.

We would like to thank all those who submitted articles to the journal.

All of the papers were excellent, but unfortunately, we do not have space to

publish more than a few papers.

Finally, our hope is that the journal becomes a staple of the Harvard

undergraduate community. Please do not hesitate to offer suggestions for future

issues.

Sincerely,

Matthew Rosenberg Adam Taub

Editor-In-Chief President
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The Harvard College Economist:

During the Mexican and Asian cri-

ses, the IMF demanded that effected

countries raise interest rates and curb

their budget deficits. Some have ar-

gued that this exacerbated the crises.

Do you believe that pursuing austere

macroeconomic policies in the midst

of crisis is an appropriate policy re-

sponse to a loss of investor confi-

dence?

Secretary Lawrence Summers:

Battlefield medicine is never perfect, but

I think that overall the IMF did a very

good job in confronting the evolving

Asian financial crisis. When there is large

scale capital withdrawal from a coun-

try, there is always a very difficult

tradeoff between, on the one hand, the

imperative of restoring confidence in the

currency and retaining capital within the

country and, on the other, the impera-

tive of providing liquidity to a strained

financial system. The judgement made

in the effected countries was a two way

point: getting control of the collapsing

currency was prerequisite to any eco-

nomic success, and that judgement was

a broadly correct one. Whether with the

benefit of hindsight the precise param-

eters of the policy response could have

been managed differently is a different

question. There was, as has been widely

recognized, an initial impulse towards

fiscal consolidation, which as the seri-

ousness of the problem became clear

was reversed with the IMF’s support,

and that was certainly appropriate.

HCE: What do you think of the Bush

administration’s decision to be more

distanced from the international fi-

nancial system than the Clinton ad-

ministration? Do you foresee any re-

percussions in the Bush team’s oppo-

sition to bailouts and its stance, in

general, toward the world financial

system?

LS: I, as a matter of policy, am not com-

menting on the specifics of the new

administration’s actions or my

successor’s actions. I have enormous

positive regard for Paul O’Neill who

I’ve known for many years. In general,

I think it is very important to global fi-

nancial stability that the United States

On International Bailouts: An Interview
with

Secretary Lawrence Summers
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remains engaged and prepared to take

an activist posture when there are finan-

cial crises. Confidence is the other side

of moral hazard. The experience of the

late 1920s and early 1930s speak in a

very strong way to the consequences

for the global financial system of aban-

doning countries facing very substantial

financial difficulties, and the length and

extent of Latin America’s decline fol-

lowing the 1982 Mexican debt crisis

reinforces that message. It is very im-

portant that the United States be pre-

pared to work with the international fi-

nancial institution in support of financial

responsibility globally.

HCE: You have been reported as say-

ing that the most recent business cycle

has been different in character from

its recent predecessors. Can you ex-

plain? What are the implications for

the likely speed of recovery from this

recent economic downturn?

LS: I think that there is a characteristic

pattern of post war American business

cycles in which the economy acceler-

ates, inflation picks up, demand rises,

the Federal Reserve steps on the break,

and eventually the economy slows down.

That was what happened along with

supply shocks in 1990, in 1982, in 1975,

in 1971, in 1958, and so forth. The pat-

tern of this business cycle appears to be

one that is more characteristic of the pre-

World War II period where the busi-

ness cycle was more of a credit cycle.

By that I mean it was a phenomenon of

opportunity, investment, increases in

asset prices, greater investment, rising

productivity, but ultimately excess ca-

pacity, declining asset prices, reduced

investment and financial strain. That, I

think, is the more characteristic pattern

of pre-World War II business cycle and

is somewhat the pattern that we are now

facing, particularly in the technology sec-

tor. What does this mean for the future

is very difficult to know. We certainly

have more understanding of business

cycle phenomena and stronger tools in

terms of monetary and fiscal policy than

we did prior to the Second World War.

But there are also risks that we have to

recognize in the current situation.

HCE: With its low national saving

rate and the high current deficit, some

commentators worry that the US is

headed toward a “hard landing.” If

an emerging market economy had a

current account deficit of 4.5 percent

of GDP, we would probably be ad-

vising them to take steps to bring

national saving in line with national
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investment. Is the US also vulnerable

to a turnaround in capital flows and

a sharp depreciation of the dollar

given the size of its deficit? Should

US policy makers heed the advice

they routinely given to the govern-

ments of emerging economies?

LS: There’s no question that current

account deficit has to be a concern both

now and in prospect. The current ac-

count deficit represents the difference

between national savings and national

investment, and it would be much bet-

ter for national savings to increase than

for investment to decrease. That’s why

fiscal discipline that increases public sav-

ings is so important, and that’s why find-

ing ways to induce Americans to save

more at the personal level is important

as well. It’s also important to a healthy

adjustment process that we expand ex-

ports to the maximum extent possible

rather than compressing imports. That’s

why the United States has traditionally

laid such emphasis on the importance

of a rapidly growing, increasingly open,

global economy.

HCE: The IMF gives loans to coun-

tries subject to strict conditions and

is often accused of micromanaging

borrower countries, as in the much-

maligned case of the Indonesian clove

monopoly. Do you think that it is

worthwhile to demand such structural

reforms in the midst of a crisis?

LS: I think it’s very difficult to general-

ize, as I’ve said, battlefield medicine is

never perfect, but often structural issues

can take on great significance symboli-

cally or can take on great significance

because of their implications for inves-

tor confidence, and they can take on real

significance for how wisely and well lim-

ited resources provided to governments

are used.  For all those reasons, there

will be occasions when structural issues

do have to figure in IMF programs. In

general, I made clear during the time that

I was Secretary of the Treasury that I

believe it is appropriate for conditional-

ity to be increasingly focused and that

there has been some tendency over the

years for programs to be Christmas

trees.

HCE: The international community

had been advising emerging market

economies to liberalize their interna-

tional capital accounts. Subsequent

sharp reversals in capital flows have

had a devastating impact on a grow-

ing list of countries, most recently on

Turkey. As James Tobin famously
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quipped, “It takes a lot of Harberger

triangles to fill one Okun gap”

[meaning it takes a lot of market dis-

tortions to match the losses experi-

enced in a recession]. Given the deep

recessions we have observed in the

wake of the emerging market finan-

cial crises, has your opinion on the

wisdom of liberal international capi-

tal markets for emerging market

economies changed?

LS: Ironically, if you look at most of the

emerging market crises, there were im-

portant policy non-neutralities in favor

of short-term capital. In Thailand there

was an offshore banking facility directed

just at attracting short-term flows. South

Korea’s capital flows were directed at

long-term capital flows, but not short-

term capital flows. In Brazil and in Rus-

sia, government debt was channeled

towards the objective of being an in-

strument that was attractive to hedge

funds. In Mexico, Tesebonos were de-

signed to represent a shortening and in-

dexing of the liability structure, so just

as in the environmental area, it’s appro-

priate before moving to put taxes on

pollution to avoid subsidies to pollution.

My judgement in this area is that there

is an enormous amount that can be

gained by reducing policy distortions in

favor of short-term capital relative to

long-term capital.

HCE: Having been both an academic

and a politician, have you found it

difficult to transition between the

two? Did you ever feel you were com-

promising your academic views when

you were acting as a politician?

LS: I never ran for office, so I was never

a politician. I certainly did act in a politi-

cal environment and part of acting in a

political environment is reaching com-

promise, and, in that sense, I did not

have to compromise on the content of

my research, and I did have to com-

promise on policy actions that I was in-

volved in, but I didn’t think of compro-

mise as representing a loss of integrity.

Yes, the academic and the political en-

vironments are different. One learns, if

one’s going to succeed, to adapt to

changing conditions, but I found my time

in the Harvard Economics Department

enormously satisfying. In a somewhat

different way, I found my time in Wash-

ington very satisfying, and I’m very much

looking forward to my return to Harvard.
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The Harvard College Economist: You

are well-known for your view that the

market is on the whole inefficient.

What prevents arbitrageurs from en-

tering the market and taking advan-

tage of any mispricings?

Professor Andrei Shleifer: In think-

ing about arbitrage, it’s very important

to recognize that it is an economic ac-

tivity that has its rewards but it also has

its risks.  It is also very important to re-

alize that arbitrageurs are investing other

people’s money.  In principle, there are

returns from market inefficiencies, but

they require a fair amount of risk bear-

ing and a fair amount of patience. There

are people out there who manage to take

advantage of the anomalies, but they

tend not to be the standard institutional

investors because the standard institu-

tional investors do not have the patience

or the risk bearing capacity to do this,

and this is basically why the anomalies

exist.

HCE: Along those lines, Burt Malkiel,

author of Random Walk Down Wall

Street, is a major proponent of the

efficient market hypothesis. He says

that not even institutional money

managers are beating the market. In

a recent exchange between you and

Malkiel in the Wall Street Journal, you

argued that this was not strong

enough evidence for the market to be

efficient. Why isn’t it?

AS: The question about institutional

money managers is whether or not they

are operating subject to constraints that

prevent them from taking aggressive

positions against market inefficiencies.

To think about institutional money man-

agers, you must recognize several things.

Number one: they are evaluated by the

investors who give them the funds to

manage at a very high frequency, either

once a quarter or once a year.  The

sponsors pull their money away from the

managers who underperform the mar-

ket by a substantial margin. That makes

institutional money managers extraordi-

narily risk averse and cautious investors

when it comes to taking positions against

inefficiencies. Number two: inefficiencies

often take a long time to work out. Once

you take into consideration the institu-

tional context of the professional money

management activity, it’s not something

On Market Efficiency: An Interview with
Professor Andrei Shleifer
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surprising that you don’t find the best

investors among the institutional inves-

tors.

HCE: So if we accept your conclu-

sion that the market is inefficient, is

there anything that could occur, ei-

ther through new players entering the

market or additional regulations, to

make the market efficient? And if so,

what would be the advantages and

disadvantages of having this efficient

market?

AS: This is a loaded question so let me

take it in parts. With respect to new

players entering the market, I think that

over time as trading has become

cheaper and as knowledge about valu-

ations of securities has become more

widely spread, markets have become

more efficient.  Another side of this is

that as trading has become cheaper

through the internet and other sources,

there have been a lot of new very unso-

phisticated investors entering the mar-

ket as well, who think they can never

lose money in stocks. So overall I think

the market is becoming more efficient

through increased participation, espe-

cially by arbitrageurs with large pools

of capital, but that doesn’t mean that it

has become completely efficient.

The question of regulation is very com-

plicated.  Overall, I am not an advocate

of the position that government regula-

tion of trading in securities markets has

been a strong force toward improved

efficiency. As I said in my Wall Street

Journal article, government regulation

often makes things worse. The down tick

rule, where people are not allowed to

sell short on the down tick, has made

arbitrage more expensive, for example.

So one always has to be very careful

recommending government regulations,

because more often than not they make

things worse rather than better.

HCE: And would we benefit from an

efficient market?

AS: I think overall the answer is yes.

One could argue that there were signifi-

cant benefits from the price bubble in

internet stocks, because lots of people

have started companies, and there was

a tremendous amount of innovation as-

sociated with the stock market bubble,

which might not have occurred were it

not for the bubble and were it not for

the incentives of all these potential en-

trepreneurs to go public at a profit.

There are other instances in history in

which stock price bubbles have been

associated with rapid economic expan-
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sions and rapid increases in technologi-

cal innovation, for instance, railroads or

electricity, so there are some potential

benefits of bubbles.  But in order to be-

lieve in these benefits, you really need

to believe that the rate of technological

progress that would have occurred with-

out them is below what is socially desir-

able. Overall, I think the world is prob-

ably better with more efficient markets

than with less efficient markets.

HCE: The story of Long-term Capi-

tal Management provides a clear ex-

ample of an asset management firm

that lost everything. They bet on

spreads that widened in the short run,

and they were unable to cover mar-

gin calls. Does such a visible example

like LTCM deter other arbitrageurs

from entering the market?

AS: The example of LTCM has had a

chilling effect on the market for hedge

funds and arbitrage funds.  But it’s not

because it discouraged arbitrageurs, but

rather because it discouraged ultimate

investors from trusting their money to

arbitrage funds. A lot of investors have

become scared following the LTCM

experience of participating in arbitrage

activity or entrusting their money to ar-

bitrage funds. There probably has been

a two year lull in the market. At this

moment, a lot of this money is coming

back into the market.

HCE: Over the past year, the market

has been very volatile. There’s been

an incredible drop in the market. Were

we in a price bubble? If so, are we

still in one?

AS: The evidence over the last two or

three years is quite compelling on the

proposition that we were in a price

bubble, at least in the NASDAQ, an

internet price bubble. The valuations that

were achieved by some of the high tech-

nology stocks in 1999 and the begin-

ning of 2000 were certainly virtually im-

possible to account for in any kind of a

rational valuation model. Of course there

were people who said this is all rational

and we’re living in a new world, but it’s

important to recall that every time there’s

a price bubble there are some people

who say that it’s all rational and we’re

living in a new world.  The collapse of

the internet and the NASDAQ prices

has been very clear corroboration of the

proposition that we were in a price

bubble. If you look at the valuations of

equities today, they are not nearly as

outrageously expensive as they were at

the peak of the bubble in early 2000,
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but they are still expensive.  So are we

still in a bubble? Probably not. But is

there any reason to be optimistic about

equities in terms of the next three to five

years? I think that the answer to that is

also no.

HCE: Is it possible for the prices to

fully adjust without the economy fall-

ing into a deep recession?

AS: We have certainly seen instances in

the United States and in other countries

of stock prices adjusting quite consid-

erably without the economy falling into

a recession. A good piece of evidence

we have seen was 1987, when the mar-

ket experienced the largest crash in his-

tory with prices falling by over 20 per-

cent in one day with there being no re-

cession to follow it. It’s very hard to say

whether the stock prices falling and tril-

lions of dollars of wealth being erased is

going to be followed by continued good

economic performance. I don’t think we

know that yet. But there are certainly

instances of significant reductions in

stock prices without a recession.

HCE: I’d like to ask you briefly about

value investing. In valuing a com-

pany, analysts often calculate a

company’s fundamental value. Is it

possible to truly calculate this value?

And if it is, to what degree does the

fundamental value affect the price of

the security?

AS: One cannot calculate fundamental

value exactly, because in order to cal-

culate fundamental value or even ex-

pected fundamental value one needs to

make forecasts for earnings and divi-

dends of the company as well as know

the appropriate discount rates.  So the

calculation of fundamental values inevi-

tably involves guesses or estimates of

future earnings and appropriate discount

rates.  What one can do, however, is to

try to relate this forecast to existing valu-

ations and to ask the question: are ex-

isting valuations plausible or reasonable

given the likely path of future earnings

of the company?  And one can look at

some securities and say, “Look, it is

extremely unlikely given what we know

from history that the current valuation is

reasonable given the forecast of future

earnings and the estimate of fundamen-

tal value.”  So one of the ideas of value

investing is precisely to identify securi-

ties where valuations are too low rela-

tive to some reasonable estimates of fun-

damental value.

HCE: According to data, value stocks
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vastly outperform glamour stocks.

How much of this phenomenon can

be explained by psychological bi-

ases? And if it can’t, why don’t more

people practice value investing?

AS: A good chunk of undervaluation of

value stocks probably has to do with

the fact that market participants do not

find them attractive or interesting.  The

companies whose stock market prices

turn them into value stocks tend to be

companies that have been consistently

poor performers.  One probably can-

not tell one’s friends proudly about hav-

ing invested in them.  These kinds of

psychological factors—avoidance of

bad companies, avoidance of compa-

nies with long records of poor perfor-

mance—are probably a fundamental

psychological factor behind the attrac-

tiveness of value stocks as long term in-

vestments.  That is to say, because they

are beaten down so much they repre-

sent good investment value.  Now, why

don’t more people invest more in value

stocks?  As I’ve mentioned earlier, from

the point of view of institutional inves-

tors, extreme value strategies are unat-

tractive because a) they require taking

some risk of things going badly along

the path and b) they may require a long

time horizon to realize attractive returns.

And so, we see that even though many

institutional investors call themselves

value investors, at best they have a value

bias, which is to say a small tilt towards

value stocks as opposed to a significant

commitment towards value.  This is

probably one of the reasons why value

has continued to be a good investment

strategy, namely that institutional inves-

tors have generally avoided taking sig-

nificant value positions.

HCE: If people realize the effective-

ness of a value investing strategy,

would the excess returns disappear

the same way that phenomenon such

as the January effect disappeared

once it was discovered and became

well-known?

AS: If enough people realize that the

value strategy works for them, and if

they could tolerate the risks, and if they

could have a long enough horizon, ob-

viously value strategies are going to be-

come less attractive.  This is definitely

correct.  On the other hand, value strat-

egies have been publicized and known

to the investing public probably for

about eighty years, since Graham and

Dodd started writing about investing in

stocks with high dividend yields.  And

despite the fact that we’ve seen an
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eighty year history of good performance

of value strategies and eighty years of

statistical data pointing to the attractive-

ness of value strategies, we have not

seen massive convergence on value in-

vesting.  It is probably more accurate to

say that we see some trend toward ap-

preciating the wisdom of these strate-

gies over time, but it is certainly not sig-

nificant enough to eliminate the advan-

tages, at least it hasn’t been significant

enough to eliminate the advantages so

far.

HCE: Do you believe that it is pos-

sible to time the market?

AS: When you ask whether it is pos-

sible to time the market, there are two

very separate versions of it.  If the ques-

tion is: is it possible to predict what the

market will do in the next six months or

in the next year?, the answer is almost

certainly that it is very, very difficult,

nearly impossible.  If the question is: is it

possible to “time the market” in the long

run?, I think the answer is closer to yes.

For example, there was virtually univer-

sal agreement among all people who

took statistics and history seriously in

the years 99-00 that the expected fu-

ture return on the market was going to

be very, very low.  Whether you believe

there was a fundamental reason for stock

market values to be as high as they were

in early 2000, or whether you thought

that there was a bubble, I can’t think of

anybody who expected high stock mar-

ket returns at that period of time.  Tim-

ing the market in the sense of avoiding

heavy exposure to stocks at that time

would have emerged as an attractive

strategy.  That doesn’t mean that people

could anticipate a sixty percent decline

in the value of NASDAQ over the

course of one year, but I think that one

could time the market at that time in the

sense of knowing that stocks were not

a good deal.  Timing the market starting

from the situation as we see today is

much more difficult because stocks are

quite expensive, but they are certainly

not insanely expensive as they were a

year and half ago.

HCE: So, then what is your long run

forecast?

AS: I think the long run forecast is, a

ten year forecast, continues to be low

returns by historical standards.

HCE: Moving back to the behavioral

aspect of the stock market, people

talk about irrational exuberance. If

it weren’t for this idea of irrational
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exuberance, that individual investors

feel they know better than the mar-

ket, would there be any market for

stocks at all?

AS: Of course.  We have seen financial

markets in the United States and other

countries operate for long periods of

time quite successfully without having

extreme stock market bubbles.  The

U.S. financial markets have seen the

extreme valuations that you saw in the

year 2000 since the late 1960s.  This is

a thirty year period of perfectly good

functioning of the U.S. financial market

without such bubbles.  And before the

1960s, markets saw a bubble like that

only in 1929.  I think that it is true that

certain things only occur in periods of

extremely high valuations, but that

doesn’t mean that markets can’t exist,

that companies can’t go public, or that

other things don’t take place.

HCE: If you had to single out the most

common mistakes that investors

make when they play the market,

what would they be? If you informed

investors of their mistakes, would

there be a turnaround?

AS: Particularly in the last five or ten

years, we’ve seen an emerging group

of investors who’ve been convinced by

the idea that stocks cannot go down, or

even if they do go down, in the long run

they’re a fantastic investment.  This is a

very big mistake, especially when one

starts looking from a level of very high

valuations.  Perhaps the best lesson that

an investor can learn is that stocks can

go down, and they do go down a lot,

especially if we start from the world such

as the one we’re in today.  It is not at all

clear that even over a ten year horizon

stocks are such a good investment.
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The Political Economy of Greening the
National Income Accounts

Gernot Wagner*Gernot Wagner*Gernot Wagner*Gernot Wagner*Gernot Wagner*

Abstract
National income figures currently in use are highly misleading. With
some notable exceptions such as owner-occupied housing and gov-
ernment services, income calculations are limited to market activi-
ties. However, our economy reaches far beyond its traditional mar-
ket-borders. Some negative economic effects on our environment
are so large that they pose serious threats to our societal and eco-
nomic well-being. Green accounting can significantly aid in policy
decisions by assigning values to both the depreciation of natural
resources and ecological services.
Because of political disagreement, however, official green accounting
efforts in the United States have been on hold for the past half a
decade. Whether and how to use the actual accounts in policy de-
cisions will undoubtedly be a political issue, but the debate about
creating the numbers in the first place should be moved from the
political arena back to the Bureau of Economic Analysis (BEA)
and the economics community.
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I. Introduction
While the United Nations and many

other countries are actively exploring

green accounting, official efforts in the

United States have come to a virtual halt.

In 1994, Congress commissioned a

high-level study reviewing the Bureau of

Economic Analysis’s (BEA) work on its

Integrated System of Environmental and

Economic Accounts (ISEEA), but since

its publication in 1999 has ignored the

results and continued to bar BEA from

its efforts. The debate surrounding green

accounting in the U.S. should be freed

from the partisan struggle in Washing-

ton and moved to the hands of the sci-

entific community. Green accounting ef-

forts should seriously focus on including

ecological services as well as mere re-

source depreciation, but in line with the

recommendations of Nordhaus and

Kokkelenberg (1999), the existing na-

tional income and product accounts

framework should be used as a point of
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departure, and the creation of official

accounts should employ an incremental

approach, giving first priority to areas

where the necessary research is avail-

able.

II. History of Green
Accounting in the US

In 1989, Repetto et al. (1989)

drew considerable attention to the

shortcomings of economic indicators in

a report entitled Wasting Assets. Using

Indonesia as a case study, it concluded

that the country’s reported economic

growth throughout the 1970s and 1980s

would be cut in half if GDP calculations

were modified to a so-called “Net” Do-

mestic Product, taking timber, oil, and

soil depletion into account. This World

Resource Institute study was by no

means the first to point out major short-

comings in national income measure-

ments, but it sparked a considerable

debate about “green accounting”—in-

tegrating environmental and economic

accounts.1 At that time, the UN Statis-

tical Office was working in cooperation

with several other international institutes

and expert groups to amend its System

of National Accounts (SNA) for publi-

cation in 1993, the first major revision

in almost three decades. The 1993 re-

vision did not include guidelines for an

integrated system of environmental and

economic accounts, but in the appendix

suggested the use of so-called “satellite

accounts” for environmental statistics.

Such a system leaves the core economic

accounts untouched while providing

some environmental information in a

compatible, yet not fully integrated, set

of supplementary statistics (SNA 1993:

chapter XXI). In addition, the UN

(1993) published a handbook on the

system of integrated environmental and

economic accounting (SEEA), with the

goal of guiding national accountants in

their efforts to create physical and mon-

etary environmental statistics.

BEA is implementing the rec-

ommendations presented in the SNA

with some modifications in its National

Income and Product Accounts (NIPA).

Even before the publication of the UN

handbook, it had started to compile its

own version of Integrated Environmen-

tal and Economic Satellite Accounts

(IEESA) in 1992, following a recom-

mendation of the Council of Economic

Advisers under President Bush.2 Two

years later, BEA (1994) presented ini-

tial findings in its monthly Survey of

Current Business. The issue included

an overview of its efforts, as well as

guidelines for the future and preliminary

estimates for mineral resources. With the
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1995 Appropriations Bill, however, the

103rd Congress stopped BEA’s work

on all environmental accounts. In re-

sponse to this order, the Department of

Commerce, of which BEA is a part,

asked the National Academy of Sci-

ences to review the current state of en-

vironmental accounting in the US (US

Congress, 1994). In 1999, a commis-

sion of leading environmental econo-

mists and national income statisticians

published Nature’s Numbers, which

analyzed the state of green accounting

in the US and prospects for future work

(Nordhaus and Kokkelenberg, 1999).

The study concluded that extensive re-

search is still needed for developing a

consistent set of accounts, but that “the

rationale for augmented accounts is sol-

idly grounded in mainstream economic

analysis” and that BEA’s work on

IEESA is the best place for this re-

search. So far, however, Congress has

given BEA no mandate to continue its

work on environmental accounts.

III. Politics of Green
Accounting

Throughout the last decade, the

issue of green accounting has been highly

polarized. The political debate splits

along party lines: generally speaking,

Democrats have favored environmental

accounting, while Republicans have op-

posed it. In Earth in the Balance, Vice

President Al Gore (1992) called for a

full integration of environmental and eco-

nomic accounts, even though he ac-

knowledged that national accountants

did not believe this was feasible given

the state of knowledge at the time.

President Clinton also ad-

dressed the importance of environmen-

tal accounting in his 1993 Earth Day

address. Following the publication of the

National Academy of Sciences study

Nature’s Numbers, the 2000 Economic

Report of the President included an en-

tire chapter on “Making Markets work

for the Environment,” which contains a

discussion entitled ”Taking Account of

the Environment.” In this section, the

President’s economic advisors stressed

the lack of “a coherent framework for

accounting for environmental quality and

natural resource use in tandem with

market economic activity” and referred

to the recommendations presented in

Nature’s Numbers. They urged the cre-

ation of supplementary accounts for “as-

sets and production activities associated

with natural resources and the environ-

ment.” The conclusion specifically states

that integrated environmental and eco-

nomic accounts do not merely contrib-

ute to the understanding of societal wel-
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fare or human development but to the

nation’s economic development (“Eco-

nomic Report of the President,” 2000).

Consistent with the platform of the

Clinton administration, congressional

Democrats have also been in favor of

green accounting.

One notable exception in this

support, however, was the decision of

the 103rd Congress to stop funding for

BEA’s green accounting activities. Alan

B. Mollohan, a Democratic House Rep-

resentative from West Virginia and a

longstanding member of the Appropria-

tions Subcommittee responsible for al-

locating funds to the departments of

Commerce, Justice and State, spon-

sored the bill (US Congress, 1994). This

is not surprising, considering that he rep-

resented a district in West Virginia’s coal

country. The National Mining Associa-

tion indicated it did not actively lobby

on the issue, but it did express support

of Representative Mollohan’s action.3

Mining corporations are afraid of being

marginalized by a reform of the SNA

and that instead of producing tangible

wealth, their activities would be viewed

as depleting one form of (natural) wealth

and creating other forms of (human-

made) wealth—a potential blow to their

public image. Despite calls from econo-

mists and national income accountants

negating this claim, it was used as one

of the arguments in support of

Congress’s decision to stop BEA’s ac-

tivities, which overshadowed the fact

that the stop had its scientific merits.

Similarly to the development of NIPA

in the early parts of the last century,

green accounting is a highly contentious

field with many methodological prob-

lems. Moving the discussion from BEA

to an independent scientific panel was

an important step to reexamine the un-

derlying issues. However, now that the

findings have been published, Congress

should again give BEA the opportunity

to continue its research.

Congress commissioned the

National Academy of Sciences study

when stopping BEA’s efforts, but the

publication of Nature’s Numbers has

been ignored.4 This is not surprising to

political scientists, who would be hard

pressed to cite an example of when an

NAS report triggered direct political

action. Members of Congress answer

to their constituents, not to scientific

panels, unless it is politically expedient.

The main ideological argument on the

side of Republican lawmakers is that

integrating environmental statistics into

economic data would give what some

might consider ‘environmentalist ideas’

too much weight in economic decision



20

The Harvard College Economist

making. Instead of being based purely

on intangible values and quality of life

factors that are virtually impossible to

measure, an integration of environmen-

tal and economic accounts would give

these ideas real dollar values, providing

quantifiable data and therefore render-

ing them comparable to other policy

decisions.

Ironically, Republicans are in

favor of benefit cost analyses while

Democrats generally oppose it. How-

ever, this division is reversed when it

comes to taking account of ecological

services. One example is the debate of

mechanical treatment versus controlled

burning in forest management.5 Repub-

licans, backed by the forest industry,

favor mechanical treatment, while

Democrats, catering to greens, prefer

controlled burnings. However, the two

parties support their positions with en-

tirely different sets of facts. The Repub-

lican arguments for mechanical treatment

are largely backed by hard economic

data such as the number of jobs cre-

ated in the logging industry. Democratic

arguments for controlled burns, how-

ever, are to a large extent based on

“soft” data such as increased ecological

value. Assigning a dollar value to the

ecological services a healthy forest pro-

vides, would put the argument for burn-

ing on equal footing with the economic

arguments favored by Republicans. It is

not surprising that the GOP would there-

fore oppose any such attempts to inte-

grate environmental and economic ac-

counts.

The debate of whether or not

to go ahead with green accounting in the

US, however, should rise above party

politics. As Nordhaus and

Kokkelenberg (1999) concludes, “a set

of comprehensive accounts would illu-

minate a wide variety of issues concern-

ing the economic state of the nation” (

158). Many theoretical and method-

ological issues have yet to be resolved,

but this should be reason for an expan-

sive research agenda, not for a stop of

BEA’s efforts.

The public debate in green ac-

counting is currently dominated by the

emerging field of ecological economics.

Costanza et al. (1997a) attempted to

evaluate the entire globe’s environmen-

tal services drew considerable public

attention. There is definitely some merit

in this work for the environmental com-

munity, but such numbers have very lim-

ited value for economic policy in the

US.6 Rather than estimating total “Green

GDP,” analysts who aim to influence

policy should focus on specific environ-

mental values in the form of satellite ac-
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counts. Research efforts should focus

on smaller aspects of green accounting

that correspond to clear policy ques-

tions. The debate surrounding pre-

scribed burning versus mechanical treat-

ment, for instance, could be consider-

ably improved by means of U.S. forest

satellite accounts. Similarly, such ac-

counts could aid in the policy analysis

of the Forest Service’s Roadless Area

Conservation initiative.

IV. Application to Forestry
Nature’s Numbers also identi-

fied the refinement of timber value esti-

mates as a next logical step in the imple-

mentation of the IEESA, and offered

concrete suggestions. In its previous

estimates, BEA used a shortcut ap-

proach similar to Repetto et al.’s

method in Wasting Assets which is

theoretically incorrect and, in practice,

can vastly overestimates actual timber

values.7 Nordhaus et al. propose an al-

ternative method for timber evaluation

based on an unpublished manuscript

which has been further developed by

Jeffrey Vincent (1999). Nature’s Num-

bers erroneously states that the present

discounted value (PDV) method, which

calculates the current value V(t) as the

sum of discounted future income

streams, harvest rate q(t) times stump-

age value p
s
(t), to yield

V(t) = Σ
T

t=0

ps(t)q(t)

(1+r)t

is only theoretically correct for

the case of “timber mining” of old-

growth forests (Nordhaus and

Kokkelenberg, 1999, 137–8.). The

study then suggests the use of Vincent’s

method for managed second-growth

forests. However, Vincent’s approach

is derived from this PDV method. As-

suming T equal infinity, the PDV method

correctly depicts the timber-value for

any forest type—regardless of whether

it is an old-growth or managed second-

growth forest. Vincent’s method still has

the significant advantage that under cer-

tain conditions, it is easier to use current

data, rather than future projections,

which are required for the PDV ap-

proach. Nevertheless, the quality of

physical forest data in the U.S. does not

allow the Vincent method to be used to

calculate precise results due to its par-

ticular sensitivity to fluctuations in forest

area estimates. It is easier to obtain fu-

ture projections of quantity and price

paths than accurate current area data.

Considering these caveats, it is relatively

straightforward to calculate a theoreti-

cally correct set of timber values using
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the standard PDV approach in conjunc-

tion with projections based on already

existing physical timber models (Wagner

2001).

V. Accounting for
Ecological Services

Timber-values, however, are

only part of the picture. Non-timber

values arguably constitute a much larger

fraction of the total forest value. Con-

sidering the functions of watershed pro-

tection, prevention of soil erosion and

the provision of wildlife habitats, as well

as use and existence values, estimates

of non-timber values are of crucial im-

portance for policy evaluations, as in the

case of prescribed burnings versus me-

chanical treatment, or the Roadless Area

Conservation initiative. While the theory

for including timber values is relatively

well developed, the rationale behind in-

cluding other ecological values has been

less investigated. Even the question of

whether or not to account for these ser-

vices is a contentious issue. The eco-

logical economics argument is based on

the idea that we should focus on total

societal welfare instead of economic

welfare, and that human society is an

integral part of the natural world.8 This

criticism of neo-classical economics has

its validity, but the answers provided are

still inherently flawed and impractical.

Our national income accounts have

served us well in economic policy deci-

sions, and currently practical solutions

should focus on them as a point of de-

parture.

In particular, one ought to start

with the definition of what it is we are

trying to measure. Martin Weitzman ac-

complished this for the case of the de-

preciation of natural resources in 1976.9

Weitzman’s paper lends theoretical

credibility to the creation of timber ac-

counts, but it does not do the same for

comprehensive forest accounts. A theo-

retical argument would have to follow

the notion of expanding the production

function itself to include ecological ser-

vices and provide a credible relation-

ship between timber extraction and de-

creases in services the forest is able to

provide.10 Aggregated to a global scale,

this calculation would evoke the same

misleading notion criticized in Costanza

et al.’s Nature article. This fallacy, how-

ever, can be avoided by applying the

concept to a considerably smaller level,

in this case, U.S. forests.

In contrast to timber accounts,

which are theoretically well grounded,

comprehensive forest satellite accounts

would involve large uncertainties inher-

ent in non-market valuation techniques.
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Nevertheless, attempts are being made

to overcome these barriers.11 In this re-

gard, green accounting can also have a

positive impact on the traditional non-

market evaluation literature since it uses

the same valuation methods.

VI. Conclusion
Nature’s Numbers makes clear

that timber accounts illustrate an area

appropriate for immediate implementa-

tion, even though the specific procedure

cited should be questioned. It would be

premature to fully integrate ecological

services into a comprehensive set of for-

est accounts, but more research in this

area would undoubtedly be of high value

to both green accounting efforts and, to

a lesser extent, also to the non-market

valuation literature. There are clear eco-

nomic policy arguments for integrating

environmental and economic accounts.

The fact that some tough theoretical

questions must still be addressed should

not deter from tackling the issue, but

should rather act as a call for more fund-

ing and research. Whether and how to

use the actual accounts in policy deci-

sions will undoubtedly be a political is-

sue, but the debate about creating the

numbers in the first place should be

moved from the political arena back to

BEA and the economics community.

Instructing BEA to resume work on a

domestic green accounting system, in

accordance with the National Academy

recommendations, would be a first nec-

essary step to do so.

Endnotes
1 For earlier critiques of the na-

tional income accounts, see Nordhaus

and Tobin (1972) and Eisner (1988),

among others.
2 Earlier calls for environmental

accounting in the U.S. reach back even

further. The Ford Administration was

the first to call for environmental ac-

counting to track capital investment ex-

penditures on pollution abatement, an

initiative supported by President Carter

(Nordhaus and Kokkelenberg (1999),

154).
3 According to Connie Holmes,

Vice President of Policy of the National

Mining Association, formerly known as

the National Coal Association (phone

conversation on January 30, 2001).
4 After the 103rd Congress halted

BEA’s work, every successive house

report to the annual Appropriations Bill

included a passage barring BEA from

its work on the IEESA.
5 See Bennett (2000) and Udall

(2000) for a more complete discussion

of this issue.
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6 See Bockstael et al. (2000) for

a comprehensive critique of Costanza

et al.’s work, as well as Daily et al.

(1999) for further explorations of the

underlying issues.
7 Under idealized conditions of a

single, managed forest stand in perfect

rotation sustaining its annual harvest at

a constant rate into perpetuity, the

Repetto method underestimates the ac-

tual timber value, since it ignores future

timber growth and undervalues all tree

stands up to the optimal rotation age.

Since in most countries only a fraction

of the total forest area is optimally man-

aged and old-growth forests are con-

siderably overvalued, in practice, the

Repetto method overestimates the ac-

tual timber value.
8 Very accessible overviews of

this issue can be found in You can’t eat

GNP: economics as if ecology mat-

tered by Eric Davidson (2000) as well

as in Jane Jacobs (2000). Costanza et

al. (1997b) contains a comprehensive

discussion of the ecological economics

perspective.
9 Weitzman (1976) proves that

including the net-depletion of subsoil

assets in a comprehensive Green NNP

measure sets it equal to the current

sustainability equivalent of production,

a notion which could equally well be

applied to the depreciation of timber.
10 See Heal (1998) for a compre-

hensive treatment of this subject.
11 Compare Adger et al. (1995)

who created comprehensive forest ac-

counts for Mexico.
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This paper proposes a theoretical model of a relatively simple so-
cial phenomenon: keeping up with the Joneses. Starting with an
interdependent utility function that allows for social influences on
consumer behavior such as snob and Veblen effects, we proceed
to model consumer choice as a two-player game similar to the
Cournot duopoly model in an intertemporal setting. The two main
questions considered are the existence and the efficiency of a Nash
equilibrium. We prove that under augmented Cobb-Douglas con-
sumer preferences, there exists a single Nash equilibrium, and fur-
thermore, that this equilibrium is inefficient. The economic implica-
tions of the Nash outcome include a particular form of saving myo-
pia, which is evinced in higher spending and lower saving levels
than predicted by standard economic theory, and a reduced saving
rate of the poorer player under conditions of income inequality. The
main argument is that this allocation of resources is inefficient, but
not inconsistent with observed empirical patterns.

Abstract

A TWO-PLAYER GAME THEORETICAL MODEL
OF INTERDEPENDENT CONSUMER CHOICE:

KEEPING UP WITH THE JONESES
Radoslav RaykovRadoslav RaykovRadoslav RaykovRadoslav RaykovRadoslav Raykov

I. Introduction
This paper attempts to analyze a game

between two consumers in a modern in-

dustrial economy, each of whom has to

choose a consumption level for the

present and for the future in a two-pe-

riod model, and each of whom is influ-

enced by the choice of the other player.

Given a progressive ideology, which dic-

tates that “failure to consume in due

quality and quantity becomes a mark of

inferiority and demerit” (Veblen, 1899),

there is little doubt that such an interac-

tion is not only possible but also very

likely. An evolving body of literature,

beginning with the pioneering work of

Veblen, supports the notion that con-

sumers might have utility indices that are

not independent of each other, and that

rivalry in consumption may be an im-

portant economic phenomenon with sig-

nificant effects not accounted for by

conventional economic theory. Here we

attempt to quantify some aspects of

“conspicuous consumption” and to de-

velop a game-theoretical model of in-

terdependent consumer choice based on

a modified version of the Cournot
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duopoly model. Beginning with the con-

struction of an interdependent utility

function, we proceed to analyze how the

choice of each player affects the con-

sumption of the other and then investi-

gate whether a stable level of individual

consumption can be reached over time.

Next, we compare the present con-

sumption level of a player with interde-

pendent utility to the standard

microeconomic case in which agents

optimize individually and consider the

implications of the arising differences. In

conclusion, we consider the efficiency

of the outcome and comment on it as a

plausible game theory explanation for

current empirical data on consumption

and savings.

II. A Description of the
Game

As long ago as 1899, the

economist Thorstein Veblen suggested

that individual consumption patterns

might depend on more than the simple

utility derived from the use of a number

of goods consumed by a single indi-

vidual. Even though it is not fully inte-

grated in contemporary microeconomic

analysis, the idea that individual spend-

ing decisions might have a social com-

ponent has recently gained support from

other sources as well and has been con-

sidered by economists like James

Duesenberry, Harvey Liebenstein, and

Robert Frank. In particular, Frank’ s

latest book Luxury Fever1 has focused

particular attention on what we might

term relative position or rivalry effects

on consumer behavior.  These suggest

that an individual’s utility is affected not

only by the quantities of the goods con-

sumed but also by the individual’s rela-

tive standing with respect to the con-

sumption of the rest of society. The ex-

istence of a psychological justification

of this phenomenon had already been

called to economists’ attention by

Duesenberry, who also proposed a util-

ity function that would account for the

influence of society on the individual.

Along the same line, Frank has argued

that much of the current spending boom

in the United States can be explained in

terms of a desire to emulate, or rival,

the behavior of the richest agents in the

economy, with patterns of high con-

sumption spreading from the top to the

bottom of the income distribution, driven

by a desire to avoid negative social com-

parisons. Thus, any two consumers with

similar interdependent utility functions

can be expected to engage in a game in

which each player observes the con-

sumption of the other, increases his own

consumption in order to enhance a posi-
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tive social comparison and to avoid a

negative one, and in turn induces the

other player to increase the quantity of

products consumed in order to remain

competitive.

Thus, if interdependent con-

sumer utility is indeed at the heart of in-

terpersonal interactions of this type, its

effects are by no means negligible and

an attempt to model the behavior of

competing consumers with the tools of

game theory can substantially enhance

our understanding of the matter.

III. Specification of the
Game: Players and

Strategies
In order to simplify the analy-

sis, we will approach this as a static

game with complete information; that is,

we will assume that quantities are cho-

sen simultaneously and that both play-

ers’ payoff functions are common

knowledge. We will rely extensively on

the methodology suggested by Cournot

in analyzing duopoly systems, because

both the behavior of a duopolist and that

of an interdependent consumer involve

(1) the maximization of a continuous

payoff function and (2) choice of a best-

response strategy from an infinite rather

than finite strategy set. This will allow us

to adopt a common framework for

analysis, which can be modified when

necessary, while preserving some of the

useful properties of the Cournot model.

For example, instead of assuming that

the outcome of the game is reached im-

mediately after the players make a pair

of simultaneous decisions, we could also

view the game as a repeated one in which

players don’t know each other’s utility

functions, but merely accept their

opponent’s responses as given at each

stage and then choose a best response.

As in the Cournot model, such an inter-

pretation is algebraically equivalent to

the case with complete information, but

possesses the advantage of being more

realistic.

In order to provide a formal

definition of the game, we need to

specify the players, the strategies avail-

able to each of them, and their payoff

functions. We begin by considering a

model with only two players, each of

whom faces a choice of how much to

consume in the present, and each of

whom is influenced by the choice of the

other consumer. If we assume that con-

sumption is measured in dollars and is

continuously divisible, all possible

choices of present consumption (con-

sumption at time t, or simply C
t
) will

comprise the interval from 0 to I, where

I is the income of the consumer; for sim-
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plicity here we assume that income is

constant and is received only in the cur-

rent period, with no possibility for bor-

rowing or lending. Since, unlike in other

microeconomic problems, the choice the

consumer faces here is not between the

consumption of one good vs. all other

goods, but between present and future

consumption, we also need to take into

account the influence of the additional

variable of future consumption. At first,

it appears that the introduction of an

additional variable will greatly compli-

cate our definition of each player’s strat-

egy sets, since now each player would

be able to choose different quantities for

two different variables. However, there

exists a way to avoid this problem. If

we assume that each player is rational

and always attempts to maximize his

payoff (in accordance with the standard

propositions of most game theoretical

models), the consumer’s optimal choice

between present and future consump-

tion will always be on his budget con-

straint, since any other choice would be

either unfeasible or not a utility maxi-

mum, given any reasonable utility func-

tion. Therefore, present and future con-

sumption will always be related by means

of the budget constraint if the consumer

is rational, which allows us to conclude

that under the assumption of rationality

the two strategy sets can be treated in-

terchangeably since they are function-

ally related. In other words, if we sig-

nify present consumption as C
t
 and con-

sumption in the future as C
t+1

, once a

player selects a strategy from the set {All

possible C
t
}, there will be one and only

one strategy from the strategy set {All

possible C
t+1

} corresponding to it. With

that in mind, we can write each player’s

strategy space as

S
i
 = {all feasible C

t
} = [0, I],

with the understanding that we can

translate our results in terms of future

consumption when the analysis neces-

sitates it. In summary, in this section we

have specified the players of the game

and their respective strategy spaces. The

only remaining component that we need

to complete the specification of the

game is each player’s payoff function.

IV. Choice of the Payoff
Function

Here we are faced with the dif-

ficult task of selecting an interdependent

payoff function for each player, which is

further complicated by the fact that there

is no abundant literature on the ques-

tion. As in the standard microeconomic

case, we assume that the payoffs for

each player are specified by a continu-

ous utility function, which he is trying to
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maximize subject to the constraint of his

income. In his book Income, Saving,

and the Theory of Consumer Behav-

ior, Duesenberryi2 suggests that a suit-

able functional form of a utility function

that takes social pressure on consump-

tion into account would be

U
i
 = U [ C

i
 / Σ a

ij
 C

j
 ]

where C
i
 is the consumption of the i-th

consumer, C
j
 is the consumption of the

j-th consumer, and the term a
ij
 repre-

sents the relative weight placed by the

i-th consumer on the consumption of the

j-th. In other words, because the un-

derlying idea behind interdependent util-

ity is how one compares to the consump-

tion standard of the rest of society,

Duesenberry suggests that individual util-

ity should be a function of the ratio of

one’s expenditures on consumption to

the weighted summation of others’ con-

sumption. Even though this functional

form has later been endorsed by authors

like Easterlin in studies on economic

growth and happiness,3 it has two sig-

nificant properties that make it very dif-

ficult to use in our case. First of all, the

functional form suggested above is ex-

tremely general; it specifies an argument

for the utility function but has little to say

about the function itself, which could take

virtually any form. The second problem

is more serious and has to do with the

particular case we are considering, the

case in which there are only two con-

sumers. If our hypothetical “society”

consists only of two individuals, then the

sum over weighted social consumption

is exactly the same as the weighted con-

sumption of player j; that is, the term  C
i

/(Σ a
ij
 C

j
) becomes equivalent to C

i
 /

(a
ij
 C

j
), which implies that if one of the

players is not consuming anything, the

other’s utility function is not defined

since C
j
 is equal to zero. While in the

general case it is unlikely that the rest of

society wouldn’t consume anything, in

the two-player case such a possibility

cannot be excluded and a utility func-

tion of this type would create extreme

complications for mathematical model-

ing. Therefore, we will need to construct

a utility function with more desirable

properties, which takes into account in-

terdependence and is defined over all

positive real numbers.

We begin with a set of assump-

tions that seem reasonable in the con-

text of the game in order to construct

such a payoff function. It seems reason-

able to assume that

(1) The i-th consumer has a diminish-

ing marginal utility with respect to both

present and future consumption.

(2) The i-th consumer is risk-averse.

(3) The share of a particular good’s



32

The Harvard College Economist

consumption in utility remains the same,

or equivalently, that utility’s elasticities

with respect to present and future con-

sumption are constant for each player.

(4) The j-th player’s consumption af-

fects i-th’s utility negatively, or in other

words, that U
i
 is a decreasing function

of C
j.

(5) Players compare their present con-

sumption, but are not astute enough to

compare their consumption in the future.

This might arise for a variety of reasons:

even if current consumption is observed,

the players might not know each other’s

income and therefore be uncertain about

how much of it has been saved to be

consumed in the future period of our

two-period model. We have to add that

this is very often  the case in real-life

situations, where information of this type

is seldom available.

(6) Each player, if unaware of the

other’s consumption, or if given zero

consumption on the part of the oppo-

nent player, would choose between

goods as if he had independent prefer-

ences.

We know that if the consumer’s

utility is represented by a preference-

independent utility function with convex

indifference curves (when viewed from

the point (0,0)), the optimization pro-

cess is particularly easy to model. There-

fore, it would probably be beneficial to

consider the possibility of modifying  a

suitable utility function with convex in-

difference curves in such a way that it

would be able to account for utility in-

terdependence, while preserving the rest

of its useful properties. In particular, let

us consider a Cobb-Douglas utility func-

tion of the form

Ui=Ct
a Ct+1

1- a

It is easy to prove that its indifference

curves are convex and that the function

exhibits diminishing marginal returns to

either variable when the values of the

parameter a are set between 0 and 1.

Moreover, the Cobb-Douglas utility

function satisfies two more important

properties, which we specified as de-

sirable in propositions (2) and (3): it has

constant elasticities with respect to con-

sumption at present and in the future,

corresponding to constant shares in util-

ity from the consumption of each good,

and it is consistent with risk-aversion.

Let us now consider the remaining three

propositions, properties (4), (5), and (6).

If the players compare only their present

consumption, and the consumption of

each player enters the other’s utility

negatively, then the following expecta-

tion seems reasonable. Let us assume

that player j has unexpectedly increased

his present consumption (the only quan-



33

Spring 2001Spring 2001Spring 2001Spring 2001Spring 2001

tity that player i can observe). Taking

into account proposition (4), we can

expect a fall in player i’s utility; that is,

his previous optimum bundle, given an

increase in rival consumption, would

now correspond to a lower value of his

utility index. In other words, we can in-

terpret each increase in player j’s con-

sumption as resulting in an outward shift

in player i’s indifference map; for any

given quantity of C
t+1

, player i would

now require more present consumption

(C
t
) in order to attain his previous level

of utility. Let us examine how we could

model such a shift mathematically for a

Cobb-Douglas utility function.

Since each indifference curve

corresponds to a fixed level of utility,

the indifference curves are essentially the

same as the level curves of the utility

function. Hence we can express an in-

difference curve with a utility level of U

as follows, in terms of C
t
:

or equivalently, as

The rightward shift described in

the previous paragraph, then, can be

modeled quite easily by adding to the

indifference curve equation a linear com-

ponent, which would account for the

effect of player j’s consumption on the

utility of player i and would be a func-

tion of C 
j,t
. Since we can expect that

rival consumption would not reduce in-

dividual utility one for one, we will take

a weighted form of player j’s consump-

tion with a weight of k, where k is a

positive number greater than 0 and

smaller than 1. In this way we arrive at

an interdependent indifference curve for

the i-th player, which can be expressed

as

C t = U
1
a C t+1

a - 1
a + k C j, t

In order to simplify the notation, from

here on we will refer to the quantity C
j,t

simply as C
j
 since we have already

made the assumption that neither player

takes the other player’s future consump-

tion into account. Also, all quantities

without a subscript indicating the player

will be understood to refer to the i-th

player.

From here on, we can simply

work in backward order in order to

derive a utility function that would have

interdependent indifference curves of

the form suggested above. An imple-

mentation of this procedure yields the

functional form

It can be shown that this function dis-

plays diminishing marginal returns to in-



34

The Harvard College Economist

dividual consumption in either time pe-

riod, preserves the constancy of elas-

ticities with respect to individual con-

sumption, depends negatively on the

consumption of player j, and incorpo-

rates a comparison only between present

consumption levels. These conditions

satisfy the initial assumptions that we

numbered from 1 to 5. Also, it becomes

immediately evident that if C
j
 is set to 0,

for example because of lack of infor-

mation about the consumption of player

j, the function immediately returns to its

normal form with independent prefer-

ences, thereby also satisfying our last

condition.

V. The Specification of the
Game Restated

After the lengthy discussion of

the choice of appropriate functional form

for the payoff  functions, we are finally

ready to complete our specification of

the game. In summary, we have a game

in which two rational agents, similar to

two firms in the Cournot duopoly model,

are trying to maximize their payoffs,

which depend in part on their

competitor’s actions. As in the “pseudo-

dynamic” interpretation of the Cournot

model,  players act sequentially, and

neither knows his opponent’s utility func-

tion.  For each player, we assume a con-

tinuous strategy space ranging from 0

to I for present consumption, and a pay-

off function of the form

Ui = Ct - k Cj
a Ct+1

1- a

Unlike in the Cournot model, however,

here we have a function in several vari-

ables in which the opposite player’s

consumption sifts individual preferences

in favor of more consumption in the

present; i.e., we have successfully mod-

eled the behavior of our two players,

but we cannot use the standard maxi-

mizing procedures used for one-variable

functions. Instead, we will resort to the

method of Lagrange multipliers in order

to find out the optimum consumption

bundle of each player, subject to an

intertemporal budget constraint. For

simplicity, we will assume that income

can either be spent now or in the future

and that there is no interest earned on

savings. This does not fundamentally al-

ter the nature of our argument but al-

lows us to simplify the constraint, which

would not change substantially even if

interest were allowed.  Thus we can write

the intertemporal budget constraint as

C
t
 + C

t+1
 = I.

Because each player accepts the

other’s responses as given, the quantity

C
j
 will be treated as a parameter; this

will allow us to treat the utility unction

as a function of two variables and help
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us further simplify the analysis. Thus  our

purpose amounts to solving the prob-

lem

We can approach the problem

by first taking the gradients of the func-

tion and the constraint, equating them

with a factor of l, and substituting the

resulting expression into the

intertemporal budget constraint. The

expressions thus obtained for C
t
 and

C
t+1

 will give us the optimum choice of

each player, in which the other’s con-

sumption will also be present as a pa-

rameter. We begin by computing the

gradient of the utility function:

where the boldface e
1
 and e

2
 signify the

standard unit vectors. Next, we find the

gradient of the budget constraint g, which

is simply
grad g = 1 e1 + 1 e2

 The system

grad U = l grad g

g = 0

can be solved in three steps. First, we

translate it into the equivalent form

From the first two equations, we obtain

the relationship

and finally, by substituting the above

expression in the last remaining equa-

tion, we are able to arrive at the opti-

mum level of present consumption for

player i:

Ct
*
=a I + 1 - a k Cj

By the very construction of our calcula-

tion, this choice maximizes player i’s util-

ity for any consumption level C
j
 by the

second player, subject to i’s budget con-

straint, no matter what player j does.

Equivalently, we can say that the utility

obtained by each player i, given a fixed

strategy chosen by the other player, is

greater than or equal to the utility that i

would have obtained if he had played

any other strategy C
i,t
’ than the one

specified above. This tells us that ac-

cording to Nash’s 1950 definition4, the

set {C
i,t

*}Ç{C
j,t

*} is a pair of strategies

that are tied to each player’s best re-

sponse, and which constitute an equi-

librium from which neither side has an

incentive to deviate. We have written

this pair of best-response strategies in a

slightly more complicated way than usual

because we need to take one extra step

in order to arrive at the Nash equilib-
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rium quantities. In the form in which we

have expressed the pair of best response

strategies so far, we know that they con-

stitute a Nash equilibrium but we do not

know the actual quantity of consump-

tion corresponding to the equilibrium. In

order to arrive at an expression that tells

us the equilibrium amounts consumed,

we have to take into account that in our

case the expression {C
i,t

*}Ç{C
j,t

*} cor-

responds to a system of best-response

functions, which we can solve in a way

similar to the Cournot model. If we take

each best response function to have the

form

then we can formulate the system of best

response functions as

from which we can solve for the Nash

equilibrium quantities by substituting any

of the equations into the other one. The

Nash equilibrium consumption levels

thus obtained are

As we can see, the consumption out-

come associated with the Nash equilib-

rium is symmetric and depends on the

two consumers’ incomes, on the rela-

tive weight placed on the other player’s

consumption, and on the elasticity of the

utility function with respect to present

spending, all of which are constant in

our model and can be empirically de-

termined. Such a result makes sense

because it indicates that the budget con-

straint, as a function of income, has been

taken into account, together with the

second player’s choice, which in turn

depends on his income. We can be as-

sured that the equilibrium quantities are

positive, since their numerators are just

weighted factors of both consumers’

positive incomes, and since the denomi-

nators will always be positive for the

range of a and k that we have specified.

Also, the Nash equilibrium in this game

is unique since there is only one pair of

best-response strategies, correspond-

ing to a system of best response func-

tions which has only one solution.

VI. Efficiency
An inevitable question that

arises in all games involving Nash equi-

libria is whether a Nash equilibrium is

efficient. Ever since the discovery of the

Prisoner’s Dilemma, game theorists have

been aware that in many games the equi-

libria based on best-response strategies

can result in various inefficiencies. An

example of such a game is the problem
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of the commons, and both Cournot’s

original version of duopolistic competi-

tion and Stackelberg’s dynamic version

of oligopoly exhibit this property. There-

fore, it seems reasonable to ask whether

the Nash equilibrium in the consumer in-

terdependence game considered here is

efficient.

There is a broad class of ineffi-

ciencies that we could conceive of if we

translate the outcome of this two-per-

son game to the society in general. First

of all, we shall argue that competition

between consumers creates a distortion

in intertemporal choice, which is evinced

in a bias in favor of present consump-

tion, and correspondingly, in an incen-

tive to save less to be able to live up to

the expectations of society today.  Upon

reviewing the results of our model, it

would be useful to compare whether the

Nash equilibrium quantities that we de-

rived are greater or smaller than what

each player would have consumed in-

dividually in the absence of social pres-

sure.  This can be done quite easily if

we return to the preference-independent

intertemporal utility function that we in-

troduced in the beginning and we re-

peat the Lagrangian maximization exer-

cise subject to the same budget con-

straint.  A replication of the procedure

already described in section IV yields

an optimal quantity of

Ci,t
**
= a Ii,t

whereby C** we signify the quantity of

consumption that each player would

have chosen if his preferences were

strictly independent of the preferences

of the other player. If we simply rewrite

our actual Nash equilibrium consump-

tion quantities in the form

C1
*
= a I1 +

a 1 - a k I2+a 1 - a
2 k2 I1

1 - 1 - a
2 k2

C2
*
=a I2 +

a 1 - a k I1+a 1 - a
2 k2 I2

1 - 1 - a
2 k2

it is quite easy to see that

a I1 +
a 1 - a k I2+ a 1 - a

2 k2 I1

1 - 1 - a 2 k2 >a I1

and

for values of a∈(0,1) and k∈(0,1). In

other words,

C1, t
*
>C1,t

**

C2,t
*
>C2,t

**

and each consumer is consuming more

in the present and saving less if he has

interdependent preferences. So far, our

mathematical results are in agreement

with our intuition, which suggests that

the more each player consumes, the

more he induces rival consumption on

the part of the second player.

We can imagine that a variety
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of people might be influenced by a simi-

lar kind of reasoning in their everyday

lives without even realizing the powerful

influence of society. What are the prac-

tical implications of our findings? The

riddle of excess consumption, or “con-

spicuous consumption” existing solely

for social purposes, has puzzled econo-

mists for more than a hundred years. In

his pioneering work, The Theory of the

Leisure Class, Thorstein Veblen5 first

called economists’ attention to the ex-

istence of a class of consumption that is

not physically needed but is rather dedi-

cated to satisfying the social demands

placed on the individual. Because such

consumption also creates distributional

concerns, it is worthwhile to explore

whether the reduced payoffs of all play-

ers are the only negative consequence

of games of interdependent consump-

tion.  In one of the latest studies on ex-

cess spending, Robert Frank interprets

the existence of spending patterns bi-

ased towards present consumption as

an allocative inefficiency, which results

in forgone human capital accumulation.

In particular, Frank contends that invest-

ments vital for the health and the well-

being of the population, such as replace-

ment of municipal water supply systems

containing toxic metals and higher pay

for high school teachers, are being fore-

gone since “paying for luxury consump-

tion has also meant having to curtail

spending  in the public sphere.” 6 Frank

also provides a very striking illustration

of a “duopolistic” competition between

two consumers similar to the interaction

discussed in our game-theory model.

The beginning of his book recounts the

“battle” between two of America’s top

millionaires, one of whom equipped his

yacht with more and more luxuries in an

effort “to outdo a rival shipping

magnate…whose own yacht, the 375-

foot Atlantis, was designed by an ar-

chitect whose explicit instructions were

to make it 50 feet longer.”7  One can

imagine that the resources spent in

equipping the two vessels could have

been much more appropriately distrib-

uted if they had been directed to subsi-

dizing housing for the homeless or the

alleviation of child poverty. Therefore,

there is clearly also a distributional as-

pect of the Nash equilibrium inefficiency,

which our two-player model has not

been able to capture effectively because

it has assumed a society consisting of

only two individuals. However, upon

extending our analysis to the society as

a whole, it becomes immediately evi-

dent that such game outcomes result in

allocative inefficiencies with tangible im-

plications.
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VII. The Effect of Utility
Interdependence on the

Saving Rate
So far we know that an indi-

vidual who takes social norms of con-

sumption into account will be biased

toward consumption in the present, and

he is likely to save less than he would

have done if the decision on how much

to spend had been dependent entirely

on himself (and not on the predominant

beliefs of what and how much it is pres-

tigious to consume). It is important to

note that in reaching this conclusion, we

haven’t made any initial assumptions

about the incomes with which our two

players are starting; our analysis is per-

fectly general and allows for any amount

of income for either player. Therefore,

it would be especially interesting to ex-

plore what happens if we introduce a

degree of income inequality. In particu-

lar, we know that each player consumes

more in the present than he would have

chosen to do independently, but does

this imply anything at all for the saving

rates of people with different earnings?

It might well be the case that while each

player increases present consumption

and lowers his saving rate, the new sav-

ing rates after the Nash equilibrium is

reached might be the same for both rich

and poor people alike. To see whether

this is indeed so, let us assume that one

of the players has an income that is m

times larger than that of his rival. Then

we can simply express the second

player’s income as

I2=m I1

Given that, we can ask ourselves the

question when (for which values of m)

the saving rate of a poor social class

would be lower than that of a relatively

high-income group of the population; i.e.

is it plausible to justify theoretically the

empirical observation that the present

consumption boom in the US is surpris-

ingly fueled predominantly by middle

and low-income households? In his book

Luxury Fever, Robert Frank reports

the curious example of an upper-middle

class housewife who purchased a $17,

500 wristwatch for her husband’s birth-

day8.  To most conservative consum-

ers, such expenditure will appear out-

rageous, but nevertheless such occur-

rences are by no means rare. Frank also

reports that the American consumer

debt to income ratio has substantially

grown and is now close to unity, and

that the demand for luxuries is now

growing four times faster than overall

spending. Given these overwhelming fig-

ures, it is quite unlikely that such an in-
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crease in demand could be attributed

only to consumers in the top income

bracket. Is it then possible to seek an

explanation for the increasing share of

consumption in income and the declin-

ing saving rate in the game we have just

described? To find out what answer our

model will give us, we need to look at

the share of current spending in income,

which is by definition equal to (1-s), one

minus the saving rate. How much richer

do the rich have to be in order to induce

a poorer individual or social class to

lower its rate of saving? It turns out that

the inequality

C1
*

I1
>

C2
*

I2

or equivalently

C1
*

I1
>

C2
*

mI1

can be reduced to the form

m2
- 1 a 1 - a k I1 >0

whose only positive solution is

m > 1.

In other words, we have arrived at a

remarkable result: as long as one player’s

income is greater than that of the other

player, the poorer player will always

have a lower saving rate. This is a strik-

ing finding not only because of its prac-

tical implications but also because of its

consistency with observations made by

Robert Frank, who writes that disincen-

tives to save come from competition.

VIII. Conclusion
Our game-theoretical model of

interdependent consumer choice has

enabled us to reach several important

conclusions about the behavior of util-

ity-maximizing agents in a social setting

with established consumption standards.

We can formulate them as follows:

(1) Two rational consumers with inter-

dependent utility functions will each con-

sume more in the present than if each of

them was optimizing independently, and

correspondingly, each of them will save

less than standard microeconomic

theory predicts.

(2) The outcome of such rivalry in con-

sumption, given no changes in income,

is stable in time and neither consumer

has an incentive to deviate from it.

(3) The outcome is also inefficient in the

sense that it distorts the optimal alloca-

tion of resources.

(4) Under conditions of income inequal-

ity, the richer player will always have a

higher saving rate than the poorer one,

since the latter would be spending a dis-

proportionate amount of his income try-

ing to emulate the absolute consump-

tion standard set by the rich.

In our view, this set of conclu-
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sions can provide a plausible explana-

tion for the comparatively low Ameri-

can saving rate, the current consump-

tion and luxury spending boom in the

US, and the increasing spending to in-

come ratio observed in middle and

lower-class households. Whether this

explanation is correct remains to be

tested empirically.
1 Frank, 1999.
2 Duesenberry, 1949, 32.
3 Easterlin, 1973, 112.
4 Gibbons, 1992, 8.
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An Analysis of Returns to Risk

Arbitrage in Europe
David WitkinDavid WitkinDavid WitkinDavid WitkinDavid Witkin

Abstract

This paper evaluates the profitability of risk arbitrage in Europe by
measuring returns to investing in 633 mergers from 1989 to 1999.
Results indicate that European risk arbitrage generates small posi-
tive returns when transaction and borrowing costs are excluded
and returns fall to levels not statistically different from zero when
these costs are included.  Results from investing in British deals are
particularly impacted by transaction and borrowing costs relative to
deals in the other countries. In a Capital Asset Pricing Model re-
gression, European risk arbitrage returns are not statistically differ-
ent from a risk-adjusted European market return, though cash deals
have statistically significant positive alpha when transaction and
borrowing costs are excluded, and stock deals have significant nega-
tive alpha when these costs are included.  Returns are also ana-
lyzed in light of two recent papers focusing on risk arbitrage as an
investment strategy in the United States.  The first paper suggests
that transaction and other practical costs have a statistically nega-
tive effect on risk arbitrage returns.  European results would con-
firm this transaction cost theory.  The second paper posits that
transaction costs do not affect returns, but that “limited arbitrage”
does: when the supply of dedicated risk arbitrage capital falls, sub-
sequent returns rise, and vice versa. The European returns provide
some indirect support for this theory.  Finally, the results are com-
pared to U.S. returns calculated in these two papers.  European
risk arbitrage appears to underperform significantly its U.S. coun-
terpart.

I. Introduction
The increase in European merger and

acquisition activity since the mid-1990s

has been well documented by the finan-

cial press and duly noted by American

investment banks. They have devoted

substantially more resources and atten-

tion to the European M&A market in

an attempt to capture a slice of the bur-

geoning business. Meanwhile, on the

next flights over to London have come

risk arbitrageurs, who make a living out
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of betting whether announced takeovers

will or will not be completed. By all ac-

counts, the risk arbitrage market in Eu-

rope has grown rapidly in the last few

years.1  At the same time as money is

flowing into Europe to play deals, how-

ever, there is a debate in the United

States regarding the profitability of risk

arbitrage in general.  One side contends

that it produces, in the words of one

paper, “considerable” excess returns,2

which Baker and Savasoglu (1999)3

attribute to the existence of  “limited ar-

bitrage.” Arbitrageurs receive a pre-

mium (in the form of the “arbitrage

spread”) for assuming the risk that an

announced deal will fail, and the smaller

this supply of arbitrage capital to pro-

vide “deal insurance,” the greater the

premium existing arbitrageurs can de-

mand.   The opposing view is posed by

Mitchell and Pulvino (2001),4 who sug-

gest that excess returns to risk arbitrage

are not as large as Baker, or others, have

documented.5   According to Mitchell

and Pulvino, transaction costs and other

practical limitations cause excess risk

arbitrage returns to fall from “consider-

able” to simply mediocre.

This paper uses the expanding

merger market in Europe to test the con-

flicting views of risk arbitrage as an in-

vestment strategy.  For the years 1989

through 1999, portfolios are constructed

from deals announced in seven coun-

tries: the United Kingdom, France, Ger-

many, Italy, the Netherlands, Spain and

Switzerland.6  A position in a deal is

taken on the first trading day following

the date of formal announcement of the

offer.  The position is held until the deal

is either completed or withdrawn.  If the

deal is completed, a period of two

weeks is assumed for the arbitrageur to

receive payment from the acquirer for

his shares.  If the deal is withdrawn, the

position is exited on the first trading day

following the date of formal announce-

ment of withdrawal.

The portfolios are run under dif-

ferent assumptions: weighting position

sizes equally or by target market value;

incorporating transaction costs and the

costs of carry or rebate, either of these

two costs, or no costs at all; and re-

stricting the portfolio to only cash deals

or only stock deals.  Because seventy

percent of the deals in the sample come

from the UK, separate portfolios are

also designed for UK and non-UK

deals, to test for differences in deal re-

turns between Britain and the rest of

Europe.  Portfolio returns are compared

to a European risk-free interest rate (the

“Eurorate”) to measure excess returns,

and these excess returns are regressed
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in a Capital Asset Pricing Model against

excess returns on a European market

portfolio (the “Euroindex”) to determine

if there are abnormal returns to risk ar-

bitrage in Europe.7  In the process, the

effects of transaction costs and borrow-

ing costs, two “practical constraints”

which Mitchell and Pulvino claim sig-

nificantly decrease returns to risk arbi-

trage (at least in the United States), can

be observed.

Results indicate that risk arbi-

trage in Europe does make a profit with

close to zero market beta, but that trans-

action and borrowing costs have a sub-

stantial negative effect on returns.  With

no costs, the mean return on a portfolio

of all deals is about 0.9 percent per

month (10.8 percent annually), but when

costs are included, the return declines

to 0.45 percent per month (5.4 percent

annually).  When compared to the risk-

free interest rate, transaction and bor-

rowing costs cause excess returns to go

from slightly positive (2.8 percent per

year) to slightly negative (-2.6 percent

per year).  Finally, in CAPM regressions

against a European market portfolio, not

even raw portfolios (i.e., not facing

transaction or borrowing costs) gener-

ate alpha statistically greater than zero,

but transaction and borrowing costs do

cause alpha to decline from 0.21 per-

cent monthly (2.5 percent annually) to

around -0.24 percent (-2.9 percent an-

nually).  Across categories, cash deals

in the sample earn much higher returns

than stock deals, and UK deals perform

slightly better than non-UK deals when

no costs are assumed, yet much worse

than non-U.K. deals when transaction

and borrowing costs are included.

Clearly, the results provide strong sup-

port for Mitchell and Pulvino’s conten-

tion that, after practical costs are ac-

counted for, returns to risk arbitrage are

not considerable at all.

Also, even though the European

results do not support Baker’s (or oth-

ers’) findings of high excess risk arbi-

trage returns, they do lend evidence to

his theory that arbitrage returns should

decrease when arbitrage capital in-

creases (this support is rather indirect,

however, as extremely scarce data on

risk arbitrage capital in Europe made a

formal test impossible).  In the late

1990s, much of the new arbitrage capi-

tal was directed at continental Europe,

as risk arbitrage had already been rela-

tively prevalent in the UK.8 According

to the Baker model, non-UK risk arbi-

trage returns should have decreased

relative to UK returns in this time pe-

riod.  In this paper, a portfolio of UK

deals (assuming no transaction or bor-
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rowing costs) would have earned a mean

annual return of 12.3 percent from 1991

to 1996, and 13.2 percent from 1997

to 1999.  A portfolio of all non-U.K.

deals (also assuming no transaction or

borrowing costs), however, would have

seen its mean annual return decrease

from 10.4 percent over 1991-96, to 3.0

percent over 1997-99.  Limited arbi-

trage may be playing a role in the de-

clining European returns.

Section II of this paper illustrates

the mechanics of risk arbitrage and gives

examples of traditional arbitrage invest-

ments.  Section III describes the dataset

used to calculate the European risk ar-

bitrage time series.   Section IV explains

the characteristics and assumptions of

the various portfolios constructed to

model European arbitrage returns.  Sec-

tion V presents and discusses the re-

sults, and Section VI concludes.

II. Types of Risk Arbitrage
Investments

There are two primary kinds of

mergers, cash mergers and stock merg-

ers.  In a cash merger, the acquirer of-

fers a fixed dollar amount of cash for

every share of the target.  Often, fol-

lowing the announcement of a merger

for x dollars (or pounds or euros, as the

case may be), the target will trade at a

discounted price $(x-m).  The risk

arbitrageur simply buys the stock at $(x-

m) and holds it until the merger goes

through, at which point he will exchange

his share for $x, thus capturing the dis-

count $m.  The arbitrageur is also en-

titled to any dividends the target firm

pays during the period he holds the

stock.

In stock deals, the acquirer of-

fers shares of its own stock in exchange

for each share of the target (for instance,

in a cross-border deal announced and

completed in 1999, the French phar-

maceutical firm Rhone-Poulenc SA ex-

changed 0.75 of its shares for each

share of a German rival, Hoechst AG).

After the announcement of a stock deal,

the target will usually trade at $(rp-m),

where r is the number of acquirer shares

offered per target share, and $p is the

share price of the acquirer.  Stock deals

are arbitraged by buying the target stock

at $(rp-m) and simultaneously selling

short r shares of the acquirer at $p for

each share of the target owned.  When

the deal closes, and the arbitrageur re-

ceives r acquirer shares for each target

share he owns, he returns the r shares

to the lender and captures the discount

$m.  In the meantime, the arbitrageur is

entitled to dividends on the target, and

he also receives interest (called the “re-



46

The Harvard College Economist

bate”) on $rp, the proceeds from the

short sale. 9 His holdings will also de-

cline, however, by r times any dividend

payments per share that the acquirer

makes.

The exchange ratio r is “fixed”

in most stock deals, meaning the

acquirer will pay the same number of

shares for each target share whether $p

rises or falls (thus leaving target share-

holders exposed to swings in the

acquirer’s stock price).  In “floating ra-

tio” deals, r=$v/$p, where $v is a

specified “dollar value,” and $p is de-

termined in a pricing period specified in

the terms of the merger.  Target share-

holders in floating-ratio deals are not

exposed to decreases (or increases) in

$p, because as $p falls (or rises) during

the pricing period, r adjusts upward (or

downward) to give the target share-

holder more (or fewer) acquirer shares.

Though floating-ratio stock deals are

typically arbitraged by selling short

acquirer shares during the pricing pe-

riod, this paper, like Baker and Mitchell,

uses a simplifying assumption and treats

them as cash deals (as Baker notes,

“The key is that the consideration does

not depend on the level of [the

acquirer’s] share price.”).10

Many deals, both in the US and

Europe, feature more complex terms

than cash, fixed-ratio stock or floating-

ratio stock considerations.  For ex-

ample, in a “collar” deal, the merger

agreement specifies that r will change

as the acquirer’s stock moves in and out

of certain specified price ranges during

a pricing period. Collar deals have cer-

tain option-like features that can be

arbitraged using derivatives.  In other

mergers, acquirers will offer securities

such as warrants, preferred stock, or

bonds for the target shares.  These deals

and collar deals are excluded from the

sample, as they are in Baker and

Mitchell, due to the complexity involved

in arbitraging them.  As Mitchell notes,

“determining the value of the ‘hedge’ in

[these transactions] is [often] not pos-

sible since market values of hybrid se-

curities are generally unavailable.”11

Baker and Mitchell exclude

some types of deals, however, that this

paper includes. In one of these types

(to be called “mix” deals), the target re-

ceives both cash and stock from the

acquirer.  The arbitrage on this transac-

tion is performed in the same manner as

if the deal were 100 percent stock: by

buying one share of the target and short-

ing r shares of the acquirer.12  However,

the value of the deal is now $(rp+x),

where x is the cash portion of the offer.

The arbitrageur buys the target stock
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after announcement at $(rp+x-m), si-

multaneously sells short $rp worth of

acquirer shares, and hopes to collect x

if the deal is completed, thus capturing

the discount m.

Another deal type included in

this paper is a “choice” deal, in which

target shareholders are offered the

choice of $x or r for each share they

own.  “Choice” deals are arbitraged

based on which alternative offers the

larger spread.  If $rp>$x, then the

spread on the stock alternative ($[rp-

m]) is larger than the spread on the cash

alternative ($[x-m]), and thus arbitraging

the merger as a stock deal is more at-

tractive (gross of any transaction costs).

The paper assumes that the arbitrageur

chooses the alternative that offers the

larger spread on the first trading day af-

ter the deal’s announcement, which is

the day he sets up all his positions.  Thus,

if the stock alternative is more attractive

on that day, he buys one target share

and shorts r acquirer shares, holding this

position until the deal closes, at which

time he informs the acquirer he would

like to receive stock instead of cash.  If

the cash alternative is higher on the day

after announcement, the arbitrageur sim-

ply buys one target share and elects to

receive cash when the deal closes.13

If a deal fails, the arbitrageur’s

exit strategy depends on whether the

failed deal is a cash or stock deal (failed

“mix” deals are exited in the same man-

ner as stock deals, and failed “choice”

deals are exited like either cash or stock

deals, depending on the manner in which

the arbitrageur initially chose to play the

deal).  If a cash deal fails, the arbitrageur

simply sells his share in the target. The

paper assumes this transaction takes

place the day after the offer is formally

withdrawn, ensuring the arbitrageur suf-

fers the full (likely negative) effect of the

announcement.  If a stock deal fails, the

arbitrageur sells his target stock and

purchases r acquirer shares in the mar-

ket in order to fulfill delivery of the r

shares he borrowed and sold short when

entering the position.  These transactions

are also assumed to take place the day

after the deal is formally withdrawn.

III. Data Description
The original data set consisted

of 1,137 merger and acquisition an-

nouncements reported by Securities

Data Company (SDC) from January 1,

1989 through December 31, 1999 for

the seven countries studied in this pa-

per, and valued by SDC at $100 million

or greater at the time of the deal’s an-

nouncement.  The SDC summaries pro-

vided the names of the target and the
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acquirer, the dates of deal announce-

ment and completion (or withdrawal),

and terms of the deal, including the

mode of consideration paid by the

acquirer (e.g. “Cash”, “Cash and Loan

Notes”14, “Ordinary Shares”, or “Or-

dinary and Preferred Shares”), and the

securities or assets of the target which

were being acquired (e.g. “Ordinary

Shares”, “Ordinary and Bearer Shares”,

“Assets”, or “Ordinary Shares and Con-

vertible Bonds”).  Of these deals, 205

were excluded right away because the

acquisition reported was for only part

of the target company, or for shares

other than ordinary shares, thus unlikely

to be arbitraged by outside investors.

 For deals announced in 1993

and following, dates and deal terms were

double-checked using Bloomberg,

whose data was more reliable and com-

prehensive than SDC’s but went back

only to mid-1992.  Thus, for deals an-

nounced beginning January 1, 1993, the

“announcement,” “completion” and

“withdrawal” dates and deal terms are

those reported in Bloomberg, which are

often reproductions of press releases or

wire reports.  For deals announced in

1989 through 1992, the dates and terms

are those provided by SDC.

Using the company names pro-

vided in the original data set, 6-digit

Datastream codes were looked up

manually for all targets, and for each

acquirer in stock deals.15   The codes

were then entered into Datastream to

download daily historical closing stock

prices and trading volumes for the vari-

ous dates the companies were involved

in a deal.  If no sensible Datastream

quotes could be found for a stock,

Bloomberg historical closing prices

(dating back to June 1992; deals be-

fore this date had to be dropped) were

used.

Of the 928 deals remaining fol-

lowing the initial exclusions from the

SDC list, 295 were further cut, for six

possible reasons.  First, after checking

on Bloomberg, the “announcement” re-

ported by SDC was found to be of

merger discussions or of intentions to

launch an offer, not of a definitive agree-

ment or bid.  Second, the consideration

being paid by the acquirer consisted of

securities other than cash or ordinary

shares, making the arbitrage too com-

plex, or impossible, to simulate using

ordinary share prices.  Third, sensible

stock price data, deal announcement,

withdrawal or completion dates, or

terms of the deal could not be found on

Datastream, Bloomberg or Lexis-

Nexis.  Fourth, the target (in any deal)

or acquirer (in deals with stock consid-
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eration) had average trading volume

below 5,000 shares a day for the 5 trad-

ing days following the merger announce-

ment, rendering the entering of arbitrage

positions almost impossible without in-

curring enormous indirect transaction

costs.  Fifth, the target had a very liquid

American Depositary Receipt (ADR)

which could be traded in lieu of its ordi-

nary shares, thus enabling the deal to be

arbitraged in US markets, as a US deal,

instead of in Europe (LVMH’s 1999

offer for Gucci NV offers an example

of a large deal of this nature).16  Finally,

the target was financially distressed and

being sold in a government-run auction,

a situation which merger arbitrageurs

tend to avoid because of inadequate

transparency in the sale process.

Thus, the remaining sample con-

tains 633 transactions.  British targets

account for around two-thirds of the

sample.  France has the second largest

number of deals, with close to 100.  Italy

has 26 deals over the 11 years, while

the other countries have 25 deals or less.

The number of deals in a given country

varies over time: for instance, Spain has

no more than 4 deals in a given year

until 1998, when it has 10.

The holding period for a trans-

action is defined as the number of days,

including weekends, that the deal is held

by the portfolio.  For completed deals,

this period extends from the trading day

after announcement, when the position

is set up, to ten business days following

the completion of the deal (or, for UK

deals, ten business days following an-

nouncement that the offer is “uncondi-

tional in all respects”), when the

arbitrageur receives payment from the

acquirer.  For failed deals, the holding

period runs from the trading day follow-

ing announcement of the deal, to the

trading day following announced with-

drawal of the deal.17  UK deals have

the shortest holding periods, around two

and a half months, while French holding

periods are a little over three months,

and deals in other countries are held four

to five months, on average.

IV. Construction of
Portfolios

A. Basic Portfolio Activity
and Initial Funding

Using the sample of 633 merg-

ers, mechanical European Risk Arbi-

trage Portfolios (ERAPs) are calculated

for all deals, all cash deals and all stock

deals (“mix” deals are placed in the

stock deal category for return calcula-

tions, while “choice” deals are placed in

either the cash or stock category, de-
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pending on the alternative chosen by the

portfolio), then subjected to varying as-

sumptions to measure the respective ef-

fects of different factors on risk arbi-

trage returns.  This subsection describes

the assumptions under which all portfo-

lios operate.

The life of each ERAP begins

when the first merger relevant to that

portfolio is announced.  For ERAPs of

all deals or cash deals, this deal is Peel

Holdings’ offer of 340p cash per share

of London Shop PLC on January 5,

1989.  For stock portfolios, the first

announced deal is Cadbury

Schweppes’ offer for Bassett Foods

PLC on February 2, 1989.  Each ERAP

is assumed to be seeded with enough

money (in dollars) to cover two require-

ments: one, the posting of initial collat-

eral to open margin accounts in each

country where a deal is announced, un-

til the point where the portfolio has gen-

erated enough value to post collateral

from its existing profits; and two, the

repayment of margin loans if deals break

early in the portfolio’s life, and the ERAP

cannot square the loan using either the

proceeds it expected from the arbitrage

or funds accumulated from prior suc-

cessful deals.

The ERAP invests in every an-

nounced deal at the closing price on the

first trading day after the merger an-

nouncement (this assumption explicitly

ensures that the portfolio does not ben-

efit from the initial spike in price usually

experienced by the target immediately

following the announcement), as re-

ported by SDC or Bloomberg.  In the

London Shop example, this date is Janu-

ary 6th.  The ERAP draws on its initial

funding, goes into the spot foreign ex-

change market, and exchanges dollars

for enough British pounds to open a

margin account in London and borrow

330p (this collateral amount is perhaps

50 percent of the loan).   The ERAP

then takes out the loan, buys the share

of London Shop, and waits for the next

deal announcement.  On January 6, the

first day of the holding period for the

London Shop deal, the ERAP is as-

sumed to earn a return of zero percent,

gross of any transaction or borrowing

costs.

The process continues as each

new deal is announced.  For stock deals,

the ERAP buys the target share with

borrowed money, and simultaneously

shorts r acquirer shares, keeping the

short proceeds in a bank account in the

acquirer’s country, earning a rebate.18

The interest rate on the loan for the long

position (this rate is called the “cost of

carry”) is assumed to be the risk-free
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rate in the target country.  The assumed

rebate is the risk-free rate in the

acquirer’s country, but decreases ac-

cording to an assumed schedule (ex-

plained below) if the acquirer stock is

illiquid.

Two basic types of portfolios are

constructed, as in the Baker paper, as-

suming different methodologies for de-

termining relative position sizes in each

deal.  In “value-weighted” portfolios, the

weight given to a single deal is propor-

tional to the target’s market capitaliza-

tion (in dollars) relative to the sum of

the market caps of all the targets on that

day.  Each target market value is deter-

mined as of the close of market on the

day following announcement of the of-

fer for that target. 19  In “equal-weighted”

portfolios, position sizes are equalized

across deals.  Both types of portfolios,

however, are subject to a limit on a single

deal’s position size to 10 percent of the

entire portfolio, based on a rule of thumb

followed by most arbitrage funds, and

cited by Mitchell, to insure that the port-

folio does not suffer a devastating loss if

one large deal fails.20

If a deal is completed, the mar-

gin loan is squared ten business days af-

ter the announcement of the completion,

on the same day the ERAP receives pay-

ment for its shares. 21   If the deal breaks

and the merger offer is withdrawn, the

loan is squared the day after the an-

nouncement of withdrawal, after the

ERAP has unwound its position.  In the

first example, the London Shop deal

closes successfully on February 1st,

1989, and the ERAP receives payment

of 340p from Peel Holdings ten busi-

ness days later, on February 15th.  That

day, it makes a payment to the bank of

the principal, 330p, plus the accumu-

lated interest of 3.63p (based on an an-

nualized cost of carry of 10.4 percent,

the British risk-free rate on January 6th

when the money was borrowed), and

keeps a profit of 6.37p. Had the deal

broken, and London Shop fallen to 320p

on February 15th, the ERAP would have

had to sell its shares at 320 and come

up with 13.63p on its own to square the

loan.  Its net loss on the deal would be

13.63p.22  After the completion or with-

drawal of a stock deal, the ERAP sim-

ply withdraws the short sale proceeds it

had deposited in the rebate-earning ac-

count, and sets this aside for future deals,

though if the stock deal in question has

broken, these funds might be used by

the broker to cover the short position.

B.Raw Daily Returns
In “raw” portfolios, transaction

and borrowing costs are zero.  The daily
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return on each cash deal is given by

R
c
=(PT

t
+DT

t
-PT

t-1
)/(PT

t-1
),

where R
c
 is the daily cash deal return,

PT
t
 is the target’s closing stock price on

day t, DT
t
 is the dividend paid by the

target on day t, and PT
t-1

 is the target’s

closing stock price on day t-1.  For

stock deals, the daily return is given by

R
s
= ( P T

t
+D T

t
- P T

t - 1
) / P T

t - 1
-

r(PA
t
+DA

t
-PA

t-1
)/PA

t-1

where R
s
 is the daily stock deal return,

r is the share exchange ratio, PA
t
 is the

acquirer’s closing stock price on day t,

DA
t
 is the dividend paid by the acquirer

on day t, and PA
t-1

is the acquirer’s stock

price on day t-1.

During the ten-business-day

period following a deal completion an-

nouncement, in which the ERAP awaits

payment, the gross daily return is as-

sumed to be zero, to reflect the fact that

the arbitrageur is not vulnerable to swings

in the target or acquirer stock price in

the period between deal completion and

payment.23 Ceteris paribus, this feature

lowers returns to European arbitrage

relative to U.S. arbitrage, because the

arbitrageur in a European deal must wait

seven business days longer than an

arbitrageur in a U.S. deal to reinvest that

deal’s proceeds in new deals earning

positive average returns.  In portfolios

that assume a cost of carry, the Euro-

pean arbitrageur suffers even more rela-

tive to his American counterpart, be-

cause he must continue to pay the cost

of carry (and receive a rebate, but the

value of the former is usually larger than

that of the latter) for seven extra busi-

ness days until he can settle his loan.

C. Portfolio Returns
Including Transaction Costs

For institutional investors, ac-

cording to active arbitrageurs, a good

approximation of European direct trans-

action costs, including brokerage com-

missions, clearing and settlement fees,

and government duties, is 50 basis points

(0.5 percent) times the share price, no

matter the country.24  This is the baseline

used for the ERAP portfolios that in-

clude transaction costs.

In addition to brokerage fees,

transaction costs in the UK have an ad-

ditional, significant component: the

“stamp tax” (similar to the US transfer

tax) of 50 basis points times the share

price, for both purchases and sales of

stock. Thus, in effect, total direct trad-

ing costs are 1 percent in the UK and

0.50 percent in the other European

countries.25

Daily deal returns including

transaction costs, then, are given by

R
x
=(PT

t
+DT

t
-PT

t-1
- XT

t
- XA

t
)/
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PT
t-1

-r(PA
t
+DA

t
-PA

t-1
)/PA

t-1

where R
x
 denotes deal return with trans-

action costs, XT
t 
represents transaction

costs incurred buying target shares on

day t, and XA
t 
represents transaction

costs incurred while selling short acquirer

shares on day t.  If it is a cash deal, of

course, the right half of the right side of

the equation equals zero.

The ERAP assumes that trans-

action costs are incurred in entering po-

sitions, exiting positions in failed deals,

and changing hedge ratios (by shorting

or buying back additional acquirer

stock) in revised stock deals.  These

assumptions are similar to those of

Mitchell’s RAIM portfolio.  The ERAP

does not incur transaction costs, how-

ever, when reweighting the portfolio af-

ter a new deal is announced or an old

one is completed.  This is an assump-

tion that biases returns upward.  Mitchell

and Pulvino avoid this problem in their

RAIM portfolio by never reweighting:

the portfolio is seeded with $1 million in

1963 and cannot borrow money. 26

Even if an enormous new deal is an-

nounced and the RAIM portfolio has

only a little available cash, only a small

position will be taken in the deal, and

no existing deals unwound or loan taken

out to fund a larger position.  If the port-

folio is already fully invested, the deal is

skipped altogether, until an existing deal

closes and cash is freed up.

Mitchell and Pulvino’s assump-

tion introduces its own bias, however,

because the RAIM portfolio does not

accurately reflect the cross-section of

deals on a given day, but rather is re-

stricted by Mitchell and Pulvino’s choice

of $1 million with which to fund the

RAIM.27  The bias introduced in the

ERAP by excluding transaction costs

from reweighting is somewhat offset by

its freedom to spread capital among

positions as the deal universe expands

or contracts, an alternative available to

most funds in real life but which the

RAIM is denied.

D. Portfolio Returns
Including Borrowing Costs

This paper uses “borrowing

costs” to reflect a common theme in

European risk arbitrage, and one rea-

son risk arbitrage has not been as popu-

lar in Europe as in the US: the difficulty

of borrowing shares of the acquirer to

short in stock deals.28  The “cost” of

borrowing shares in Europe is often re-

flected in a significantly decreased re-

bate.  In the U.S., as Baker and Mitchell

correctly assume, the rebate is often the

risk-free interest rate, sometimes higher.

In Europe, however, rebate on all but
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the largest and most liquid stocks can

be two or three percentage points be-

low the risk-free rate, sometimes zero

percent, and in some cases negative,

meaning the short seller actually pays a

“fee” to borrow shares.  In real life, these

rebates or fees are negotiated privately

between short sellers and lenders of

shares, who often have repeated inter-

action with each other, so coming up with

a scientific formula to approximate the

costs is almost impossible.  For this pa-

per, the ERAPs “with borrowing costs”

are assumed to face the following sched-

ule of rebates based on a proxy for

acquirer stock liquidity:29

Because rebates are paid on

short proceeds, the calculation of net

return on the overall deal must also in-

Average Acquirer Volume

for the 5 Days Following

Merger Announcement Rebate (%)

500,000 shares or above rf [the risk-free rate in acquirer’s country]

400-500,000 shares (rf)-1

350-400,000 shares (rf)-2

300-350,000 shares (rf)-2.5

250-300,000 shares (rf)-3.5

200-250,000 shares 0

150-200,000 shares 0

100-150,000 shares -5

0-100,000 shares -10

clude the cost of carry on the long posi-

tion, which is assumed to be the risk-

free rate in the target’s country.  Thus,

the daily return equation for deals in-

cluding borrowing costs is

R
b
= ( P T

t
+ D T

t
- P T

t - 1
-

r
f0
*PT

0
+r

e0
*PA

0
)/PT

t-1
-r(PA

t
+DA

t
-PA

t-1
)/

PA
t-1,

where R
b
 represents daily deal return

under borrowing costs, r
f0
*PT

0
 is the

daily cost of carry (calculated by multi-

plying the daily risk-free rate on t=0, the

day of the target stock’s purchase, by

the price of the target at t=0), and

r
e0

*PA
0
 represents the daily rebate, cal-

culated by multiplying the daily rebate

rate at t=0 by the acquirer stock price

at t=0.

Baker and Mitchell do not sub-
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tract the cost of carry when calculating

their gross returns, instead incurring it

implicitly when calculating returns over

the risk-free rate and performing regres-

sions of these excess returns against the

CAPM.  Baker remarks that “when we

net out the risk-free rate, it is arbitrage

conditional on success: the position pro-

vides a positive and fixed profit if the

merger is successfully completed and

requires no money up front if the

arbitrageur finances it with borrowed

money.”30  However, when testing port-

folio returns in the CAPM, using an “ar-

bitrage-conditional” risk-free rate seems

somewhat misleading, as the risk-free

rate used in the CAPM is not tradition-

ally arbitrage-conditional.  For this rea-

son, this paper subtracts the risk-free

rate (as the cost of carry) before the

CAPM, in the calculation of actual port-

folio returns, rather than actually in the

CAPM.  Consequently, for the ERAPs

with borrowing costs, “returns over the

risk-free rate” effectively have the risk-

free rate being subtracted twice.

E. Portfolio Returns with
Transaction and Borrowing

Costs
The most realistic set of ERAPs

faces both transaction and borrowing

costs.  In the return calculations for these

portfolios, the transaction costs are as-

sumed to be incurred first, and are paid

for by taking out a larger margin loan.

Thus, the equation for daily deal returns

under both costs is given by

R
z
=[PT

t
+DT

t
-PT

t-1
- XT

t
- XA

t
 -

r
f0
*(PT

0
+ XT

0
+ XA

0,
) + (r

e0
*PA

0
)]/PT

t-1
-

r(PA
t
+DA

t
-PA

t-1
)/PA

t-1

where R
z
 denotes daily deal return un-

der both transaction and borrowing

costs, and XT
0 
and XA

0
 represent the

transaction costs incurred buying the

target and shorting the acquirer on the

day the position was initially set up.  For

instance, in the London Shop deal, the

cost of buying one share is

330p+0.005*330+0.005*330 =

333.3p, because of the 1.65p broker-

age commission and the 1.65p stamp

tax.  The arbitrageur takes out his loan

for 333.3p instead of 330p, and thus

pays more interest, for the same share

of stock, than in the solely borrowing-

cost portfolio.  Not surprisingly, returns

on ERAPs with transaction and borrow-

ing costs included are always lower than

those for identical ERAPs that face only

transaction costs or only borrowing

costs.

F. Currency Hedging
Implicit in the construction of

these portfolios are two assumptions
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regarding foreign exchange activity: that

currencies can be bought and sold at no

cost, and that currency risk is perfectly

hedged.  In the majority of cases, cur-

rency hedging does not add or subtract

significantly from deal returns.31  Thus,

most of the time, hedging foreign ex-

change risk does not significantly add

or detract from overall returns, and so

omitting this activity from arbitrage port-

folio returns should not bias the results

one way or another.

V. Returns to European
Risk Arbitrage

First, monthly returns for vari-

ous portfolios are presented.  Differ-

ences across stock and cash deals,

value-and equal-weightings, and as-

sumptions of portfolios assuming no

costs, only transaction costs, only bor-

rowing costs, or both types of costs, are

analyzed.  These returns are compared

with US returns calculated by Baker and

Mitchell.   Finally, the returns are re-

gressed in a Capital Asset Pricing

Model to determine their performance

relative to a European market portfolio.

These “abnormal” returns are compared

to results from Baker and Mitchell’s re-

gressions of U.S. excess returns.

A. All Deals, Cash Deals and
Stock Deals, and The Effect

of Transaction Costs
Monthly returns for the ERAPs

are calculated by compounding daily

returns.  Overall, returns indicate that

European risk arbitrage generates posi-

tive returns with low standard deviation.

The value-weighted raw portfolio of all

deals earns a mean monthly return of

0.93 percent (implying a mean annual

return, when monthly returns are com-

pounded, of 11.7 percent), while the

mean equal-weighted raw portfolio re-

turn is 0.88 percent (11.1 percent an-

nually).  In a paired-sample t-test, these

returns are not significantly different

(p=0.65), indicating the choice of

weighting method does not meaningfully

affect returns.

These raw returns from Europe

appear fairly similar to the mean monthly

US returns of 1.25 percent (14.3 per-

cent annualized) for a raw, value-

weighted portfolio in the Baker paper,32

and 0.93 percent for Mitchell’s VWRA

portfolio, which incurs no costs but is

also exempt from the 10 percent posi-

tion size limit.

When transaction costs are in-

cluded, the mean monthly returns to

European arbitrage decrease to 0.76

percent (8.2 percent annualized) and
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0.64 percent (7.4 percent annualized)

for the value-weighted and equal-

weighted ERAPs of all deals, respec-

tively.  These results are not very differ-

ent from Mitchell’s RAIM portfolio,

which includes transaction costs plus

other practical constraints, and which

yields a mean monthly return of 0.75

percent (9.3 percent annualized).  Two-

tailed paired-sample t-tests of the null

hypothesis that the returns with trans-

action costs are equal to raw returns,

yield t = 5.61 (p<0.0001) for the value-

weighted ERAP and t = 5.49

(p<0.0001) for the equal-weighted

portfolio, indicating transaction costs

have a statistically significant effect on

returns.  One-tailed tests of the null hy-

pothesis that returns including transac-

tion costs are greater than raw returns,

also indicate significance at the

p<0.0001 level, with t>5 for both the

value- and equal-weighted portfolios.

There is reason to reject the null hypoth-

esis, indicating that transaction costs

have a statistically significant negative

effect on raw returns, a result support-

ive of the Mitchell and Pulvino theory.

Cash deals earn a much higher

mean raw monthly return when com-

pared to stock deals, 1.18 percent as

opposed to 0.38 percent (robust for

both value- and equal-weighted port-

folios), with slightly smaller standard

deviations.  The raw cash portfolio out-

performs the raw stock portfolio in 87

of the sample’s 132 months, or 66 per-

cent of the time.  Still, by looking at

Baker’s results, both cash and stock

deals in Europe appear to underperform

cash and stock deals in the US.

In a portfolio of cash deals, one

would expect transaction costs to have

a relatively smaller effect on raw returns

for cash deals than for stock deals, be-

cause arbitraging cash deals entails in-

curring transaction costs only on the long

side of the trade, whereas stock deals

face transaction costs setting up both the

long and short positions.  This expecta-

tion is strongly confirmed by the results.

The mean monthly return for a cash port-

folio with transaction costs is 1.05 per-

cent, a decrease of 13 basis points, or

12 percent of overall value, from the raw

cash return.  The stock portfolio with

transaction costs sees its monthly returns

cut by more than half, however, earning

around 0.18 percent monthly, a decrease

of 19 basis points from the raw return.

These results are also robust for value-

and equal-weightings.

B. Returns Including
Borrowing Costs
Borrowing costs also appear to
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have a significantly negative effect on raw

returns, although no comparable effect

has been calculated for the U.S. with

which to compare European results.33

For the entire sample, monthly value-

weighted returns with borrowing costs

average 0.57 percent, a decrease of 36

basis points (39 percent) from the raw

return.  Equal-weighted monthly returns

with borrowing costs average 0.48 per-

cent, a decrease of 40 basis points (45

percent) from the raw return.   Intro-

ducing borrowing costs should affect

returns on cash deals about twice as

much as stock deals, ceteris paribus,

because both cash and stock deals

charge the same cost of carry while only

stock deals pay a rebate.  Only if the

acquirer shares in stock deals are illiq-

uid, causing the rebate to be lower than

the cost of carry, will stock deal returns

suffer with borrowing costs. The expec-

tation of greater cash deal effect is con-

firmed: borrowing costs reduce raw re-

turns on cash deals by 34 basis points,

and on stock deals by 15 basis points.

The existence of a negative effect of

borrowing costs on stock deals, how-

ever, suggests acquirer shares in Europe

are somewhat hard to borrow and thus

are charged a rebate below the risk-free

rate.

For cash deals, the absolute dif-

ference (i.e., not percentage difference)

between raw returns and returns with

borrowing costs in a given month should

be close to the weighted-average risk

free rate for that month, because the

borrowing cost is the risk-free rate.34

Initially, results do not confirm this hy-

pothesis.  The absolute effect of bor-

rowing costs in cash deals is 34 basis

points per month, while the mean

monthly Eurorate is 0.67 percent, or 67

basis points, and these two values are

statistically different at p<0.0001.  A

closer look at the data, however, finds

two years in which there were signifi-

cant periods (a total of 5 months) in

which there were no cash deals at all:

1992 and 1993.  During these periods,

the portfolio had all of its capital in the

bank, earning the Eurorate and not pay-

ing a cost of carry on any deals.  Thus,

for these periods, the effect of borrow-

ing costs on the portfolio would be bi-

ased downward.  Eliminating 1992 and

1993 from the analysis (both for the

portfolio returns and for the Eurorate),

the mean monthly absolute effect of bor-

rowing costs is 86 basis points, and the

average monthly Eurorate is 66 basis

points.  These results are statistically dif-

ferent only at the p=0.15 level.

A one-tailed test of the null hy-

pothesis that raw returns are greater than
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returns with borrowing costs, yields t>4

(p<0.0001) for both value- and equal-

weighted portfolios of all deals, cash

deals and stock deals, indicating bor-

rowing costs also have a statistically sig-

nificant negative impact on arbitrage re-

turns.

C. Returns Including
Transaction and Borrowing

Costs
Returns with both transaction

costs and borrowing costs included

should be statistically lower than returns

that include one or the other (or none),

because an arbitrageur facing both costs

must borrow more in order to pay trans-

action costs on both the long and short

sides, raising total interest payments and

decreasing overall returns.  ERAP re-

sults confirm this intuition.  For the en-

tire sample, average monthly returns with

both types of costs included are 0.46

percent using value-weighting, and 0.44

percent using equal-weighting.  Com-

pared to returns with only transaction

costs, both the value- and equal-

weighted portfolios of all deals includ-

ing transaction and borrowing costs are

significantly lower (t>5, p<0.0001).

Compared to returns with only borrow-

ing costs, returns with both costs included

are also significantly lower.

ERAPs of only cash deals are

also significantly affected when both

costs are included.  For cash deals fac-

ing transaction costs and borrowing

costs, the mean monthly return is around

0.70 percent, significantly less than cash

deal returns with only transaction costs

(t=17, p<0.0001) or only borrowing

costs (t=11, p<0.0001).  The results

for portfolios of stock deals show a simi-

lar, statistically significant negative effect

of combining transaction and borrow-

ing costs.

D. UK Deals Versus Non-UK
Deals

Looking at returns of portfolios

that include only British mergers and

only non-British mergers, makes it clear

that transaction costs and borrowing

costs both affect UK deals much more

than they affect non-UK deals.  When

no costs are assumed, UK deals out-

perform non-UK deals by 23 basis

points, 0.90 percent per month to 0.67

percent.  However, as soon as any costs

are added, UK returns fall below non-

UK returns.  The transaction-cost ef-

fect, 46 basis points in the UK to 13

basis points outside the UK, is not sur-

prising, given that UK trades, because

of the stamp tax, cost twice as much as

non-UK trades.  The borrowing-cost
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effect is more surprising: borrowing

costs decrease UK deal returns by 49

basis points per month, compared to 16

basis points for non-UK deals.  The re-

sults suggest that acquirer shares tend

to be much less liquid in the UK than

elsewhere: This result makes sense when

considering that the UK merger market

is more mature than in continental Eu-

rope.  In the UK, smaller companies are

comfortable with making acquisitions,

but in the rest of Europe, only very large,

liquid acquirers have endeavored pub-

lic takeovers.

E. Returns over the Risk-
Free Rate

With an average monthly

Eurorate of 0.67 percent (8.3 percent

annualized), the raw portfolios includ-

ing all deals in the sample generate a

mean value-weighted monthly return of

0.26 percent (3.3 percent annualized)

and a mean equal-weighted monthly re-

turn of 0.21 percent (2.6 percent annu-

alized) over the risk-free rate (these re-

turns will hereafter be called “excess

returns”).  These excess returns are sta-

tistically greater than zero at one-tailed

p<0.0001, suggesting European risk

arbitrage outperforms a riskless secu-

rity when transaction and borrowing

costs are not included.35  However, the

contrasting performance of cash and

stock deals is made clear by subtract-

ing the risk-free rate.  A raw portfolio

of only cash deals generates a statisti-

cally significant positive mean monthly

excess return, 0.51 percent (6.3 per-

cent annualized), robust for value- and

equal-weightings, while stock deals ex-

hibit negative mean monthly excess re-

turns of 0.30 percent (-3.5 percent an-

nualized), also robust across weightings.

This negative excess return is statistically

less than zero at one-tailed  p=0.024.

When both transaction and bor-

rowing costs are included, the ERAPs

of all deals and cash deals have excess

returns indistinguishable from zero (-

0.23 percent and 0.03 percent, respec-

tively), while stock deals underperform

the Eurorate by a statistically significant

0.48 percent.

F. Regressions Versus a
European Market Portfolio

In a standard CAPM, monthly

ERAP returns over the risk-free rate are

regressed on the monthly return of the

Euroindex over the risk-free rate to

measure abnormal, risk-adjusted re-

turns. Results, presented in Table 3, in-

dicate that the only portfolios which

would statistically outperform the

Euroindex are the value- and equal-
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weighted portfolios of cash deals assum-

ing no costs (a=0.49 percent per month,

or 6.0 percent annually, statistically sig-

nificant at p<0.0001), and the value-

and equal-weighted portfolios of cash

deals assuming only transaction costs

(a=0.36 percent per month, significant

at p=0.01).  Portfolios of all deals fail

to generate returns statistically different

from zero, while stock deals display sta-

tistically negative alpha in scenarios in-

corporating any type of practical cost.

G. Discussion of Results
Two features of the results are

particularly surprising.  The first is the

overall poor risk-adjusted performance

of European risk arbitrage relative to US

arbitrage, even when practical costs are

not taken into consideration.  Possible

determinants for this result include the

longer waiting period to receive pay-

ment; greater reluctance of, or simply a

lack of interest by, target company

shareholders in Europe to sell their

shares at a meaningful discount to the

value they will receive if the deal is com-

pleted; and a deal failure rate that is

greater in Europe than in the United

States.

A “failed deal” is defined as a

transaction in which an acquirer with-

draws its bid without another, ultimately

successful bid already having been

launched for the target.  Thus, if there is

a bidding war for a target company, and

one bidder eventually drops out of the

bidding while the other suitor success-

fully completes the acquisition, the with-

drawn deal is not counted as a “failure,”

because the returns to arbitraging such

a situation are likely to be positive if any

deal is consummated at all.  If both (or

all) suitors in a bidding war end up fail-

ing, and the target remains independent,

all offers are counted as “failures.”  As

shown in Table 6, returns on failed deals

range anywhere from –80 percent to

positive 32 percent, with returns for an

individual deal calculated by compound-

ing the daily returns for each day the deal

was in progress, excluding any transac-

tion or borrowing costs.  Based on the

target market capitalization, the average

return on a failed European deal is –5.2

percent, with British failed deals return-

ing –16.5 percent, and failed deals in

continental Europe actually yielding a

positive return of 2.2 percent.

Overall, the European deal fail-

ure rate  (defined as number of failed

deals per year divided by deals an-

nounced in that year) is 10.6 percent,

with UK deals failing at a 10.2 percent

rate.  This is not drastically different from

estimates of US failure rates, which
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range from 5 to 15 percent depending

on year.36  If losses on failed deals are

to help explain differences in risk arbi-

trage returns across countries, then Brit-

ish risk arbitrage, with a failure rate simi-

lar to the other European countries but

a loss per failed deal significantly greater

than any other nation, should exhibit

lower returns than non-UK risk arbi-

trage, practical costs notwithstanding.

However, the evidence from the sample

does not support the deal-failure theory:

UK deals actually outperform non-UK

deals by 23 basis points per month when

practical costs are not included.

The second surprising feature of

the results is the considerably poorer

performance of stock deals relative to

cash deals.  Deal failure does not ap-

pear to be an explanation, as one can

observe that failed cash deals in Europe

actually suffer sharper losses than failed

stock deals.  The effect of target share-

holders’ unwillingness to sell their stock

to arbitrageurs should not be exacer-

bated in stock deals, and in fact should

be smaller, if target shareholders prefer

to cash out after a takeover announce-

ment rather than have the value of their

stock tied to the acquirer’s performance.

The poor performance of stock deals

remains a puzzle.

VI. Conclusion
This paper, along with being the

first to document returns to a risk arbi-

trage strategy in Europe, also sheds light

on a continuing debate over risk arbi-

trage in general by examining the effects

of transaction costs and other practical

constraints on European arbitrage re-

turns.  Results support Mitchell and

Pulvino’s contention that transaction

costs have a statistically significant nega-

tive effect on arbitrage returns, and that

previous studies have overestimated risk

arbitrage returns by not including these

costs.  Limited ex-post support is pro-

vided for Baker’s theory of limited ar-

bitrage, which suggests that returns to

risk arbitrage will decrease as arbitrage

capital increases, and vice versa.  Look-

ing at the European returns themselves,

European risk arbitrage does not ap-

pear to be a very profitable strategy,

especially when compared to a Euro-

pean risk-free rate and European mar-

ket return.  Either the risk arbitrageurs

flocking to play European deals are

seeking returns they will not realize, or

they are extremely skilled at picking

which deals to arbitrage and which to

avoid.  The near future, as European

mergers continue to increase and capi-

tal markets in Europe become more

mature, will doubtless bring further op-
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portunities to re-evaluate risk arbitrage

in Europe, specifically, and as an invest-

ment strategy in general.
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paper places mix deals into the category

of stock deals, because the transaction

costs and rebate discounts on the short

position, regardless of the percentage

of the entire deal that the stock portion

represents, are large enough to make a

difference to the overall return, and thus

carry an important characteristic of

100% stock deals.
13 Obviously, in real life, one alternative

may start out as more attractive but then

become less and less so as the deal

progresses.  For instance, if an

arbitrageur starts out treating the deal

as a stock deal, and shorts the acquirer,

and then the acquirer stock plummets

to a point where the cash alternative is

worth much more, he would cover his

short and remain “naked long” the tar-

get.  [Indeed, the return to choice deals

is identical to that from being long the

target plus long a put option to sell the

target for the cash offer price, so the

real-life arbitrageur would likely have

used derivatives to hedge the deal in-

stead of choosing one option over the

other].  Fortunately, no deals in the

sample suffered such dramatic shifts in

the relative value of a cash vs. stock al-

ternative.  Thus the simplifying assump-

tion of selecting the alternative based on

one-day post-announcement value does

not bias the results to any “choice” deal

significantly upward or downward.
14 Almost all British “cash” deals were

really “cash and loan note” deals.  The

loan notes are highly liquid, however, so



65

Spring 2001Spring 2001Spring 2001Spring 2001Spring 2001

a deal described by SDC as having terms

of “355 pence a share in cash and loan

notes” is considered to be a deal for

355p in cash.
15 Extra care had to be taken to make

sure the right security was selected.  For

instance, SDC reports that Credit Suisse

Group took over Winterthur

Schweizerische in 1997.  However, a

Datastream search for “Credit Suisse

Group” turned up 10 different codes,

each for a different class of stock or

warrant, some delisted and some trad-

ing on exchanges other than the Swiss

exchange.  To get the right security,

prices for all 10 codes were downloaded

and compared to information from the

SDC summary and Bloomberg articles

to narrow down the candidates.  In many

cases, acquirer names changed from the

time they were inputted into SDC.  For

example, the Swiss drug firms Sandoz

and Ciba-Geigy merged in 1998.  The

code for Sandoz was easy enough to

find, but Ciba-Geigy’s prices actually

turned up under the code for Novartis,

the name of the merged entity.
16 On the other hand, if a target stock

had an illiquid ADR but liquid local

shares, it was included in the sample.

For instance, both Vodafone and

Mannesmann had shares traded on the

New York Stock Exchange, but their

local shares were much more liquid than

their ADRs.  Consequently, in this stock

deal, most arbitrageurs bought

Mannesmann in Frankfurt for euros, and

sold Vodafone short in London, receiv-

ing pounds.
17 Deal announcement, completion and

withdrawal dates are as reported by

SDC (for 1989 through 1992) and

Bloomberg (for 1993 through 1999).

The assumed ten-day waiting period to

receive payment after a deal is com-

pleted is based on conversations with

professional arbitrageurs.
18 Notice the ERAP does not use its

short proceeds to pay for its long posi-

tion.  The two transactions, long and

short, are completely separate.  The

ability to open a short account also as-

sumes the ERAP has enough initial fund-

ing to post the amount of capital required

by the broker in the acquirer’s country.
19 Dollar-market-cap information for

foreign stocks was downloaded from

Datastream.
20 Mitchell and Pulvino, supra, p.17.
21 Payment in US mergers usually oc-

curs within three business days follow-

ing completion of the deal.  In Europe,

the payment time differs across coun-

tries and even across deals, but con-

versations with practicing arbitrageurs

indicate that two weeks, or ten business
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days, is a good approximation, even in

the UK.  In deals with cash or stock

elections, payment can take even longer

to occur, because the actual election of

consideration is sometimes not held un-

til a week or so after the deal formally

closes.  Since there are not many deals

of this type in the sample, the ten-busi-

ness-day assumption is still used.
22 All these calculations assume the port-

folio includes borrowing costs.  For the

raw portfolios, and those assuming only

transaction costs, the cost of carry

would be zero.  The ERAP would bor-

row 330p on January 6th, receive 340p

on February 15th, repay the principal,

and keep 10p as profit.  Obviously, in

the case of cash deals, portfolios with

borrowing costs will always have lower

returns than raw portfolios.  In stock

deals, portfolios with borrowing costs

might actually earn higher returns than

raw portfolios, if the cost of carry and

rebate are equal (or negligibly different).

The reason is this: as Baker notes, in

most stock deals the arbitrageur is ac-

tually net short, because the value of the

long position is a little less than the value

of the short (hence the arbitrage).  Thus

the total interest earned on the short will

be greater than the total interest paid on

the long.
23 In a large majority of European deals,

the target stock is not delisted until

months, or even years, after the deal has

been completed.  For example, Paribas

SA stock still trades on the Paris Bourse,

albeit with very little volume, even though

Paribas was formally acquired by BNP

in August 1999.  Even though the

acquirer stock still trades and fluctuates,

the arbitrageur does not care about its

price if the deal is done because he is

guaranteed delivery of the shares, and

will be able to return them to the lender

no matter what their value.
24 Various reports attempt to enumerate

transaction costs by country.  For in-

stance, BrainBank Finance (1997) pro-

vides a summary of all fixed transaction

costs in markets worldwide.  However,

for the European markets in question,

“brokerage commissions” are charac-

terized as “negotiable” (except for the

Italian Stock Exchange, which allows a

maximum commission of 70 basis

points).  The 50bp assumption attempts

to account for these “negotiable” com-

missions.
25 For most stocks, then, these numbers

mean that direct trading costs are higher

in the Europe than in the U.S, even with-

out the country-specific government

fees.  A stock that trades at a price of

$10 in New York will have a direct trad-

ing cost, according to Mitchell, of $0.04
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per share.  Now assume that the stock

trades, in dollars, on the Paris Bourse.

Its direct trading cost will be 50 basis

points times $10, or $0.05 a share.

Thus, unless a stock trades under $8, in

which case its commission in Europe

would be $0.04, the cost of trading it in

Europe will be higher.  Many thanks to

Patrick Burke for these numbers.
26 Mitchell’s assumption that the RAIM

does not borrow money is not trivial.

Shleifer and Vishny make clear in “The

Limits of Arbitrage” (1997) that ultimate

success in any type of arbitrage depends

on who supplies the arbitrageur’s capi-

tal. If the arbitrageur’s “initial funds”

come from other people’s money, as is

the case for institutional investors and

margin investors, an agency problem

arises if prices initially diverge.  The

arbitrageur gets excited as he sees a

greater profit to be made, but his inves-

tors and creditors, who “do not know

or understand exactly what he is doing,

will only observe him losing money . . .

They may infer from this loss that the

arbitrageur is not as competent as they

previously thought, refuse to provide him

with more capital, and even withdraw

some of the capital, even though the

expected return from the trade has in-

creased.”  Their analysis eerily presages

the downfall in the summer and fall of

1998 of large arbitrage (though not nec-

essarily merger arbitrage) funds such as

Long-Term Capital Management,

Ellington Management and D.E. Shaw,

which were forced to liquidate positions

at large losses to meet margin require-

ments and fund redemptions when their

positions moved too far against them.
27 As Mitchell and Pulvino admitted in

conversation, a portfolio seeded with

only $1 million, even in the 1960s, would

have to forgo or limit its positions in

many deals. Curiously, when they as-

sume seed money of $10 million in their

paper’s sensitivity analysis, annual re-

turns (with direct and indirect transac-

tion costs) actually decrease from

10.6% to 6.9%.  Perhaps lower returns

to the larger fund were caused by a

greater portion of that fund having to be

held in cash to avoid incurring high indi-

rect transaction costs by building large

positions in illiquid stocks.
28 In a well-known deal in 2000, Terra

Networks of Spain acquired Lycos, a

US internet portal trading on

NASDAQ, in a stock transaction.

Notwithstanding any deal-specific risk,

the arbitrage spread remained astound-

ingly wide up to the date of deal clo-

sure, simply because arbitrageurs could

not borrow Terra in Spain to hedge po-

tential long positions in Lycos.  This deal
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also illustrates why arbitrageurs almost

never settle for being “naked long” the

target if they cannot short the acquirer.

Between May 2000, when the deal was

announced, and October, when it closed,

internet stocks plunged, and an investor

who was naked long Lycos would have

taken a significant hit.  Had he been able

to short Terra, however, his loss on

Lycos would have been offset by a profit

made on the short position, because

Terra, also an internet portal, was pum-

meled as well.
29 Once again, many thanks to Patrick

Burke for guidance in creating this

schedule.  five-day post-announcement

trading volume was used to approximate

liquidity because it is in these five days

that an arbitrageur will likely look to

borrow shares and sell short.  Of course,

liquidity is not an exact proxy for rela-

tive difficulty of borrowing, but it is in

fact a measure arbitrageurs consult for

an initial impression of the likelihood of

being able to borrow a stock at a rea-

sonable price.
30 Baker and Savasoglu, supra, p.9.
31 Once again, based on conversations

with professional arbitrageurs.  The no-

tion that currency hedging is unimpor-

tant with respect to overall returns does

not apply to all international investments.

Recent results from internationally-di-

versified mutual funds indicate that funds

which did not hedge currency risk in

1999 and 2000 vastly underperformed

those funds which did hedge foreign

exchange risk.  See Aaron Lucchetti,

“Fund Managers Disagree on Value of

Currency Hedging,” Wall Street Jour-

nal, February 2, 2001, p.C1.
32 This result incorporates only the years

1989 through 1996, the year Baker’s

sample ends.  Returns on the entire

Baker sample, representing 1978

through 1996, are around 1.82% per

month, value-weighted.  Many thanks

to Malcolm Baker for providing monthly

return data for his portfolio.
33 The Mitchell RAIM portfolio deals

with illiquidity in acquirer shares by ex-

cluding those deals altogether.  This as-

sumption is one of only many in the

RAIM regarding “practical constraints.”

Thus, the individual effect of “borrow-

ing costs,” or acquirer illiquidity, cannot

be determined.
34 The two numbers (absolute effect of

borrowing costs, and weighted-average

risk-free rate) should not be exactly the

same, because the formulas that deter-

mine them are different.  The determi-

nation of borrowing costs reflects the

actual geographic distribution of deals

in a given month, assuming deal sizes

are relatively stable across countries,
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while the Eurorate is determined by the

geographic distribution of deals in the

previous calendar year.  Thus, if month

m falls in calendar year t, the Eurorate

for m is dependent on the distribution

of deals in year t-1, which is likely to be

different than the actual distribution

above.
35 To check for robustness across

choices of the risk-free rate, t-tests of

the raw excess returns using the aver-

age UK risk-free rate were also per-

formed.  Excess returns in this case also

proved to be statistically greater than

zero.
36 Estimates for the US are based on

discussions with arbitrageurs.  Baker

and Mitchell attempted to predict deal

failure using certain variables but did not

actually provide results for the number

of U.S. deals that failed in a given time

period.
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A Tinkerer’s Tale: Examining the Effect
of Big Business on Inventors at the Turn

of the 20th Century
Mwashuma K. NyattaMwashuma K. NyattaMwashuma K. NyattaMwashuma K. NyattaMwashuma K. Nyatta

Abstract

Big Business came of age in America at the turn of the 20th cen-
tury, having widespread effect not just on industry but also on wider
society. Efficiency became a pervasive mantra and entrepreneurs
met this demand for efficiency in innovative ways. In this paper,
the American Inventor is presented as one of these entrepreneurs.
Inventors have been shown to be very responsive to market condi-
tions throughout economic history. In the Big Business era, this
responsiveness took the form of a shift in types of inventions from
final goods, to what the paper calls “process inventions.” Primary
patent data shows that, during the period from 1870 to 1910, inven-
tors produced an increasingly large number of inventions aimed
specifically at increasing the efficiency of production processes.
This paper also draws a connection between the observed rise in
process inventions and the decline in inventor independence that
occurred during the same period.

I. Introduction
The image of the Yankee tinkerer is al-

most as ingrained in American self-per-

ception as are hotdogs and democratic

idealism. Portrayed as an important part

of the engine that has driven American

success and uniqueness over the centu-

ries, the tinkerer is an icon familiar to

most: the independent, practically-think-

ing, innovative individual, hammering

away in his backyard, creating yet an-

other wonder to make our lives easier.

However, this image of the inventor to

which we are so accustomed is one

based almost entirely on the popular-

ized inventors of the 19th century –

Edison, Fulton, Morse, Tesla – the list

is endless. We rarely consider inventors

in the periods after this “great inventor

boom,” and little has been written about

the role they have played in this country’s

progress. One period of specific inter-

est is the turn of the 20th century.  This

paper considers a forty-year window

between 1870 and 1910 and analyzes

the effects of the rise of big business on

inventors.  It illustrates that they were,

like the inventors of old, an important,
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albeit understated part of the “engine that

drove American success,” though they

occupied a different role than the more

traditional inventors.

Part II of this paper will pro-

vide the historical context for the period

in question, reviewing inventor trends,

company trends in invention, and the rise

of mass production and big business.

Part III will deal with inventors and spe-

cifically their entrepreneurial character-

istics, showing that they consistently re-

spond to economic incentives. In Part

IV, drawing from these two sections, this

paper will put forward the hypothesis

that the rise of big business and mass

production led to a reduction in Ameri-

can society’s demand for new and novel

items, instead shifting attention to the

manner in which existing items were pro-

duced. “Efficiency” became a catchword

and production processes were stream-

lined in order to produce the best goods

for the largest number of people in the

shortest time.  The paper’s primary hy-

pothesis is that inventors, conscious of

the above-mentioned societal trends,

exercised their entrepreneurial tenden-

cies to produce more “process inven-

tions,” to increase efficiency in produc-

tion processes than they had previously.

There was an overwhelming shift in the

tinkerer’s role from someone that pro-

duced new goods to one who helped

streamline processes for the mass-pro-

duction of already existing products.

The paper will support this hypothesis

with primary data obtained from turn-

of-the-century patent records that show

a marked increase between 1870 and

1911 in process invention.  In Part V,

the paper will conjecture that the de-

cline of inventor independence observed

during this same period may have been

related to this increase in process inven-

tions. Part VI will provide a brief con-

clusion.

II. Efficiency and the Rise of
Big Business

The rapid spread of the railroad

between 1870 and 1911 transformed

America into a single economic space.

It became easy to transport factors of

production and finished goods through-

out the country, creating, in the eyes of

producers, a huge market waiting to be

exploited.  Mass production methods

were perfected. One of the major ideas

underlying mass production was the

absence of “fitters” – workers whose

job it was to file, shape, and otherwise

refine various components, such as

handgun parts, so that they would fit

seamlessly into the finished product.

Mass production methods attempted to
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eliminate fitters by manufacturing per-

fectly interchangeable parts, alike in ev-

ery respect and crafted to fit together to

ensure that only assembly was needed

to produce the final product.  Perfect

interchangeability of parts therefore set

the stage for assembly lines, the most

famous of which is probably Henry

Ford’s, churning out hundreds of

Model-T cars daily at his Highland Park

Factory. This prolific production quickly

became the norm in many industries and

was titled “Fordism” in honor of the man

who called most attention to it.

The Ford Motor Car Company

is only one example of an important

turn-of-the-century phenomenon in

America, termed “the rise of big busi-

ness,” that spanned approximately the

period from 1860 to 1920.1 Embedded

in the rise of big business was “The

Great Merger Movement,” which

peaked between 1898 and 1902 and

spawned several gigantic companies,

such as Pittsburgh Plate Glass, General

Electric, Nabisco, Dupont and Kodak,

many of which still exist today. These

businesses were characterized by mul-

tiple plants in multiple cities, a large scale

of capital needs, particularly fixed capi-

tal, and complex operation. All these

attributes of big business led to various

complications and diseconomies of

scale, some of which are summarized

as follows:
“Because of the scale and scope of their
operations, the situation for big businesses
was quite different . . .. The coming of the
complex new technologies and the multi-
site, multifunction companies had signifi-
cant effects on the behavior of the firms
involved. The many factories, mills,
refineries, warehouses, blast furnaces,
assembly lines, and distribution outlets
represented enormous amounts of capital,
so these firms experienced substantially
higher constant costs than had their
antebellum predecessors. This made it more
costly to cease production when business
turned bad .... Start-up costs were substan-
tial, and market share might be lost to
competitors during [a] slowdown.”2

 In other words, mass produc-

tion methods, together with the techno-

logical and organizational complexities

that surrounded them, required a focus

on the functioning of big businesses to

maintain their competitiveness in the

market.  The threat of competition and

loss of market share compelled busi-

nesses to attempt to minimize their op-

erating costs and maximize their produc-

tion efficiently.  The notion of efficiency

played a crucial role in the interactions

between big businesses and society and

between big businesses and inventors

specifically.

In addition to efficiency as man-

dated by the desire to be competitive,

the notion of efficiency had also become

a general societal mantra in the early 20th
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century. Evidence for this idea is em-

bodied in yet another doctrine, that of

“Taylorism,” whose founder, Frederick

W. Taylor, was obsessed with the “sci-

entific management” of industry. One

writer claims that “under [Taylor’s] lead-

ership the movement took on the over-

tones of a great crusade. Taylor was the

messiah, and his close followers were

often referred to as disciples.”  More-

over, “in a short time Taylorism became

famous far and wide as the embodiment

of the era’s love affair with the idea of

efficiency.”3 As supporters of Taylorism

fervently preached efficiency, industrial

leaders, foremen, and managers of big

businesses grabbed the baton with zeal

and urged improvements in their pro-

duction processes not just because effi-

ciency enhanced competitiveness but

also because efficiency was trendy and

“progressive.” Although many eventu-

ally concluded that Taylorism was a farce

based on “a host of hidden arbitrary

assumptions and subjective judge-

ments,”4 during the first decade of the

20th century, Taylor’s gospel of “effi-

ciency, efficiency, efficiency!” was sac-

rosanct and as embedded in big busi-

ness practice as mass production itself.

How is efficiency related to in-

ventors? The next part of this paper will

focus on inventors’ entrepreneurial char-

acteristics, demonstrating that inventors

respond definitively to economic pres-

sures. Combining inventors’ entrepre-

neurial spirit with big businesses’ em-

phasis on efficiency, many inventors re-

sponded to the rise of big business by

changing their roles from groundbreaking

pioneers of new final products to refin-

ers in a corporate system that had re-

placed them as America’s unique and

revolutionary economic trump-card.

III. The Inventor as
Entrepreneur

Thomas Edison is one of the

world’s best-known inventors. Every-

one, either directly or indirectly, benefits

from the incandescent light bulb,

Edison’s most famous invention. How-

ever, Edison’s achievements were not

limited to the light bulb: over the course

of his life, he received hundreds of pat-

ents for all sorts of gadgets, from stock

tickers to congressional vote counters.

He is a prime example of the quintes-

sential inventor – the man dedicated to

solving problems just because he has an

inquisitive turn of mind and a desire to

provide answers. This sort of inventor

is, perhaps, the idealized “pure” inven-

tor; he is “a man who is possessed or

obsessed by the inventive faculty [and]

invents because he cannot help himself.”5
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Though this is the stereotypical inventor

that most people envision when they

conceive of the process of invention, the

actuality is more cynical. Even the most

“pure” inventors, like Edison, could not

eat their inventions (for the most part,

anyway) and needed to sell their new

products in order to feed themselves and

their families.  Edison learned this harsh

lesson when one of his inventions was

deemed unnecessary, thereafter redi-

recting “his attention to ideas which had

possibilities of becoming commercially

practicable.”6 Another prolific and well-

known inventor, Frederick L. Fuller, was

also faced with economic constraints in

his inventive activity.  Regarding his em-

ployment by the National Cash Regis-

ter Company, which had a large pool of

funds available for his inventions and his

salary, Fuller said, “I anticipated with

great hopes the possibility of working

where I was not hampered by lack of

money.”7 As succinctly phrased by one

writer, “The most prevalent explanation

of the cause of invention is the desire

for economic reward.”8 Clearly, inven-

tors are constrained in their pursuit of

solutions to life’s problems by economic

demands.

Other studies confirm this pic-

ture of inventors as entrepreneurs. In a

paper entitled “Schemes of Practical

Utility: Entrepreneurship and Innovation

Among ‘Great Inventors’ in the United

States, 1790-1865” (1993), authors

Kenneth Sokoloff and Zorina Khan ar-

gue that all inventors, including the “Great

Inventors,” responded to market con-

ditions. Using primary patent data and

biographical information, the paper sup-

ports its hypothesis rigorously, showing

that all inventors in early industrial

America directed their inventive activity

to cater to market needs. Analyzing pri-

mary data, economist Jacob

Schmookler arrives at the same conclu-

sion: “inventive effort is responsive to

economic pressures and opportunities.”9

It is likely that inventors’ entrepreneur-

ial tendency also existed during the pe-

riod under consideration, indicating that

inventive activity was sensitive to mar-

ket conditions.  There was greater spe-

cialization in invention as the 19th cen-

tury progressed as documented by

Lamoreaux and Sokoloff in their paper

“Inventive Activity and the Market for

Technology in the United States, 1840-

1920” (1999).  It also seems reason-

able to postulate that turn-of-the-cen-

tury inventors became more reliant on

the successful sale of their patents or

inventions than they were before. An

inventor that specializes almost entirely

in his craft has virtually no other sources
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of income and thus relies exclusively on

successful patent or product sale for

sustenance. Products sell successfully

only if there is demand for them; pat-

ents sell successfully only if the buyer of

the patent perceives potential returns

from sale of the product, which again

relies on demand.  Therefore, with the

rise of big businesses in turn-of-the-cen-

tury America, inventors were at least as

dependent on market demand for their

products as were inventors in early in-

dustrial America, mainly because these

later inventors depended almost exclu-

sively on patent-sales for income.

IV. Patent Records and
Process Inventions

How did inventors’ entrepre-

neurial characteristics play out in their

interaction with the economic conditions

that prevailed at the turn of the century?

As mentioned in Part I of this paper,

there was a rising tide of big businesses

whose emphasis was on efficiency in

production. Big businesses were quickly

becoming the major players in the

American economy; therefore, big busi-

ness demand formed a major compo-

nent of the total demand in the economy.

Sensitive to market pressures, inventors

were acutely aware of the returns to be

exploited in meeting big businesses’ de-

mand for efficiency in production. As a

result, we would expect that at least

some of them switched their efforts to

inventing products that would meet this

demand for efficiency. Investors

achieved this by producing process in-

ventions. These were mostly

“microinventions” that did not introduce

new goods into the market but rather

improved the efficiency of existing pro-

duction processes or presented new

ways to produce existing products effi-

ciently.

Data obtained from patent

records supports the hypothesis that

there was a notable shift in inventive

activity from final products to produc-

tion-related goods. This data was col-

lected by randomly sampling one hun-

dred patent records from each of three

periods: 1870-1871, 1890-1891, and

finally 1910-1911.10  The inventions in

each period were then divided into pro-

cess inventions and other. types of in-

ventions. For simplicity, only the manu-

facturing sector was considered in de-

termining which patents would count as

process inventions. Therefore, for ex-

ample, a new method for the efficient

hoisting of product-parts would be in-

cluded in process inventions, but a more

efficient reaper-binder would not.11 The

hypothesis presented in this paper sug-
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gests a rise in the number of process

inventions over the three periods, most

notably in the 1910-1911 period, which

fell almost a decade after “The Great

Merger Movement” and well into the

establishment of big businesses as

America’s economic dictators.

As the hypothesis presented in

this paper would predict, there is indeed

a large jump from 1890 to 1910 in the

number of patented process inventions.

More specific results are tabulated be-

low:

The included table shows that

there was an increase in the number of

process inventions from three percent

in the first period, to four percent in the

second period to 29 percent in the final

period. In other words, the approximate

proportion of total inventions devoted

to production processes changed from

small fractions to almost a third of the

entire number of inventions. Whereas 29

percent of all inventions does not mean

that most inventors started to produce

process inventions, it does indicate that

there was a marked shift in the number

of inventors who did.

Viewing the above results in the

context of the preceding material on big

business and entrepreneurial inventors,

it seems that inventors shifted to pro-

cess inventions in response to the higher

demand for these inventions inspired by

the notion that efficiency in production

was paramount. Because this demand-

shock occurred primarily in the imme-

diate wake of “The Great Merger

Movement,” as big businesses,

Years Total No. No. of

of Obser- Process

vations Inventions

1870-1871 100 3

1890-1891 100 4

1910-1911 100 29

“Fordism” and “Taylorism” flourished,

we would expect process inventions to

be much more numerous in the years

after 1902 than the years before. Indeed,

this is the case. With the rise of big busi-

ness and corporate structure, many in-

ventors could no longer survive finan-

cially by inventing new gadgets and other

final, consumer-oriented products— the

hallmarks of the traditional tinkerer—

that had previously earned them fame

and economic reward.  Instead, many

inventors had to find a way to become

a part of the new corporate regime that

was quickly becoming the dominant

paradigm of American society.  One

author states:
“Big business proved to be the seedbed of
a new social and economic order. The new
managerial class, governed by the engi-
neering values of efficiency and systematic
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approaches to problems, having first arisen
to help create and then to serve the modern
corporation, soon became the dominant
element in an urban and then suburban
civilization . . .. Soon almost the entire
society would come to be influenced by
corporate ways of doing things.”12

As this “managerial class” be-

came more economically prominent, in-

ventors found themselves marginalized.

They could not easily become part of

management in business, especially since

they had, particularly in the late 19th cen-

tury, specialized in their craft of inven-

tion and ceased to take part in the ac-

tive marketing and sale of their prod-

ucts.13 Therefore, these inventors fol-

lowed the economic trends to generate

income by catering to the needs of this

new corporate system and becoming

cogs in a giant industrial wheel. Increas-

ingly, inventors became merely process-

inventors: producers of goods for fac-

tory-process consumption rather than

final goods for consumers.

V. Inventor Independence
This trend in process inventions

noted in the period between 1870 and

1911 sheds some light on the reasons

behind another trend in invention that

occurred at about the same time – the

decline in inventor independence. As the

20th century began, many inventors

joined various companies, under whose

umbrella they continued their inventive

work. Given the analysis on process in-

ventions above, there are at least two

reasons that the rise of big business and

its effect on the types of inventions pro-

duced may relate to this loss of inde-

pendence.

First, to create useful inventions,

inventors needed to be familiar with the

production processes for which they

were inventing.  The idea that outside

inventors often provide the best solu-

tions to a company’s problems, perhaps

because of their unbiased perspective,

is limited.  To improve a complex pro-

duction process, inventors must be inti-

mately familiar with it. As one writer

says, “When it comes to those things

which are kind of peculiar to the nature

of your business, where intimate knowl-

edge of the day-by-day affairs are con-

cerned, the outsider just cannot possi-

bly know about that....”14 Big business

production processes were extremely

complex and therefore required inven-

tors with specific knowledge of their

functioning. With the increasing degree

of product homogeneity between busi-

nesses, one of the only ways to differ-

entiate a product was by price, and the

more efficient a production process, the

cheaper a product.  This suggests that

firms would guard their production pro-
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cesses to maintain their competitive ad-

vantage. In addition, one would expect

firms to retain inventors who had spe-

cialized knowledge of a firm’s produc-

tion process to prevent the loss of com-

petitive advantage in the case of an in-

ventor moving to another firm. One way

to retain inventors at a particular firm

and to directly control their inventive

efforts would be to require inventors to

sign an employment contract.

A second reason that reduced

inventor independence relates to the rise

in process-inventions is apparent when

viewed from the inventor’s perspective.

Many big businesses established rudi-

mentary invention departments to im-

prove their products and foster the de-

velopment of their production pro-

cesses. These departments presented

inventors with an opportunity for stable

incomes and job security, which they

would lack as tinkering vagabonds. Like

the famous and prolific Frederick L.

Fuller, who joined such a department in

the National Cash Register Company,15

we would expect many inventors to snap

up the opportunities to have sufficient

funds for invention and regular incomes.

If the demand for efficiency led to the

establishment of invention departments

to foster process invention, the rise in

process inventions and loss of inventor

independence are closely linked.  Con-

sidering the reduction of inventor inde-

pendence as a result of the rise of big

business may be a useful first step in

understanding this relationship.

VI. Conclusion
This paper has dealt with inven-

tors at the turn of the century and shown

how the rise of big business, the increas-

ing prominence of a “corporate class”

and especially big businesses’ demand

for efficient production substantially af-

fected inventors. Though partially driven

by curiosity and the desire to solve

problems, inventors were also economi-

cally constrained and forced to produce

inventions that corresponded to market

demand. Therefore, big business im-

posed market forces that led to an in-

crease in process inventions – inventions

whose purpose was to facilitate effi-

ciency in production. The paper finally

suggests that the loss of inventor inde-

pendence at the turn of the century was

linked to the rise of big businesses and

process inventions.

Yankee tinkerers occupied a

special place in the societal structure of

the time and helped revolutionize the

world by tinkering in their backyards.

The turn of the century may have been

the backdrop for a shift in emphasis from
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mechanical genius to corporate genius.

It is difficult to conceive many great in-

ventors whose ideas were patented af-

ter 1910. The reasons for this could be

numerous, including the institutionaliza-

tion of invention and growth of research

laboratories. This paper does not claim

to provide any comprehensive answer

to this puzzle. However, the paper does

begin to provide ways to look at the his-

tory of inventors and particularly the in-

triguing and often neglected period in

their history that occurred at the begin-

ning of the 20th century.

1 These dates are as estimated in Glenn

Porter’s book, The Rise of Big Busi-

ness (1992).
2 Porter, 11.
3 Ibid,  106 and 107.
4 Ibid, 107.
5 Statement made by an inventor taken

from “Hearings before House Commit-

tee on Patents, Oldfield Revision and

Codification of the Patent Statutes,

1912, No. 3., 5.
6 Patterson, America’s Greatest Inven-

tors, 129.
7 Fuller, My Half Century as an In-

ventor, 128.
8 Vaughan, Economics of Our Patent

System, 15.
9 Schmookler, “Inventors, Past and

Present,”  18.
10 For more on the sampling procedure,

please see the Appendix, Section 1:

Sampling (online).
11 For more on how the inventions were

classified, please see the Appendix,

Section 2: Classifying the Inventions

(online).
12 Porter, 92.
13 This specialization in invention is given

thorough treatment in Naomi R.

Lamoreaux and Kenneth L. Sokoloff’s

“Inventive Activity and the Market for

Technology in the United States, 1840-

1920” (1999).
14 Folk, Patents and Industrial

Progress,  159.
15 From Fuller’s autobiography, My

Half Century as an Inventor.
16 This is a statistical test used for two

samples that are uncorrelated and that

have unequal variance.
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Gibrat’s Law for US Cities: A Test
Radim RimanekRadim RimanekRadim RimanekRadim RimanekRadim Rimanek

Abstract

Many man-made and naturally occurring phenomena, including city
sizes, are distributed with surprising accuracy according to power
laws. Specifically, Zipf’s law for cities implies that the number of
cities with a population larger than P is proportional to 1/P, a rela-
tionship confirmed empirically for different parts of the world. No
generally accepted explanation for this relationship had been of-
fered until Xavier Gabaix in 1999 showed a straightforward math-
ematical proof leading to Zipf’s distribution for cities. His account,
however, relies on a critical assumption that the growth of cities
follows Gibrat’s law. We examined city size data for a group of
more than 50 of the largest US cities from 1970 until 1998 to prove
or disprove the assumption of Gibrat growth. We found that there is
a statistically significant difference in the variance of growth rates
across city sizes. This finding constitutes a violation of Gibrat-com-
pliant growth. Having disproved Gabaix’s critical assumption, we
conclude that his account of the emergence of Zipf’s law for cities
is questionable.

I. Introduction
Zipf’s law determines very tightly the

admissible boundaries for models of lo-

cal growth.(Gabaix, 1999). The impli-

cation of this power law is that the num-

ber of cities1 with a population larger

than P is proportional to 1/P. This rela-

tionship has been confirmed empirically

in many studies for different parts of the

world. This is quite striking, given the

numerous (relatively unsuccessful) at-

tempts in the past decades by authors

to explain this conspicuous relationship

(see for example Krugman, 1996 for a

summary of theories). Finally, it has been

shown conclusively by Xavier Gabaix

(1999) that a plausible mathematical ex-

planation exists for the appearance of

Zipf’s law for cities. However, his ac-

count relies on one crucial assumption

that the growth of cities follows Gibrat’s

law2 (see Sutton, 1997 for discussion

of literature on Gibrat’s law). Gabaix

presents a straightforward mathemati-

cal proof that when the key condition of

Gibrat’s law growth holds, then the

emergent distribution of such city growth

process must necessarily conform to

Zipf’s law with a power exponent of

one. Through analysis of data for US
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cities in the past 30 years, we find that

one of the crucial assumptions of Gibrat’s

law, equal variance of growth rates

across city sizes, is violated. Gibrat’s law

therefore doesn’t seem to hold for the

growth of US cities at least for recent

decades.

Gabaix does not attempt to pro-

vide much empirical evidence for his

assumption of Gibrat’s law for the

growth of cities. He claims that “more

work is needed to establish this entirely,

but it appears that empirical analyses

seem to support Gibrat’s law.” He uses

the work of Glaeser, Scheinkman, and

Shleifer (1995) to allude to the equality

of mean growth rates of cities across

sizes. While that paper does examine

city growth extensively, it does not aim

to prove the equality of mean growth

rates. In citing this paper, Gabaix was

most likely referring to the part where

the authors conclude that “population of

larger cities grew slower, a finding which

is not robust.” While it is difficult to re-

construct from the paper the exact way

in which this result was obtained, it is

immediately obvious that the regression

for this result included a number of con-

trol variables. It needs to be noted that

such treatment makes the result useless

for the purposes of proving Gibrat’s law

for cities. Gabaix’s main point is that

Zipf’s law pattern will necessarily emerge

if cities’ growth, irrespective of the

source or components of growth, fol-

lows Gibrat’s law. Therefore, any effort

to prove that city growth is Gibrat, while

stripping growth figures through the use

of control variables, is misguided and

unwarranted.

The other basic condition for

Gibrat’s law, equal variance across city

sizes3, is taken care of in Gabaix’s pa-

per by referring to results stemming from

a paper by Eaton and Eckstein (1997).

Their analysis pertinent to our case is

even more marginal than that abstracted

from Shleifer et al.’s paper. The brief

footnote that contains this result claims

that for France and Japan the difference

in the variances of log-growth rates of a

group of large cities and a group of

smaller cities is statistically insignificant.

Apart from Gabaix’s vague but crucial

reference to some control variable for

capital (which implies the same major

problem as that of Shleifer et al.’s re-

gression), there is little relevance of these

results to our case. We aim to establish

that US (as opposed to French or Japa-

nese) city growth rates are Gibrat. This

is a direct consequence of our effort to

link the apparent conformity of US cit-

ies to Zipf’s law as shown by Gabaix.

Therefore, we will look at the mean
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growth rate and variance of US cities

across sizes to establish whether

Gabaix’s theory for the emergence of

Zipf’s law applies to the US or not.

II. Data Selection
Several types of urban entities

offer themselves for our analysis. In prin-

ciple, the main three entities that could

be useful to look at, and whose data

can be feasibly obtained, are cities, met-

ropolitan areas and counties. The last

one has been studied the least and is of

no interest to us for this paper. It is then

up to debate whether cities or metro-

politan areas should be used for the

study of Zipf’s law and Gibrat’s law.

Gabaix makes the point that “agglom-

erations” are better suited for such

analysis. Rosen and Resnick (1980)

show that Zipf’s law actually holds bet-

ter for more carefully constructed ag-

glomerations.4 The main concern that

drives this argument is the fact that as

cities grow, population tends to move

to the suburbs even when people work

in the city  (Glaeser et al, 1995). Due to

such expansion, we would ideally use

perfectly drawn standard metropolitan

statistical areas (SMSAs) for our analy-

sis.

Unfortunately, difficulties arise

with such approach. First, data for

SMSAs are available only for little over

20 years while data for cities have been

available for around a century. Secondly,

such data is very hard to work with as

definitions of these areas often change,

new areas emerge, several areas merge,

and area boundaries are altered for sta-

tistical purposes. While working with this

data, we would run the risk of not tak-

ing into account some of these changes

and, instead, attributing them to intrinsic

changes in the areas’ population. On the

other hand, not only do we have many

decades of data for cities, such data

also seems more consistent for

intertemporal comparison. We concede

that city boundaries also obviously

change over time. However, these

changes generally should, by the nature

of cities, reflect the growth/decline of

city population, as opposed to arbitrary

annexation/separation/redefinition of ar-

eas for statistical purposes (as is the case

for SMSAs). Hence city data should be

absolutely comparable while raw

SMSA data are not. While ideally we

would look at SMSAs over a longer

period of time to find whether their

growth conforms to Gibrat’s law, it

should be safer to look at cities for now

and leave the analysis of SMSAs for

careful examination in the future.

As we have already implied, the
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primary measure of city size and growth

in this paper is population. This comes

naturally from the usual application of

Zipf’s law for cities on the size of cities

in terms of population. Indeed, Gabaix’s

paper, from which we draw and which

we aim to complement, uses city popu-

lation as a measure of city size and

growth. The Statistical Abstract of the

United States and its supplement, The

County and City Data Book, were

used as data sources for the population

of cities. The County and City Data

Book 1977 contains a ranked list of larg-

est US cities for the year 1975. First 55

cities from this list were used as our city

sample. One of them (Baton Rouge

Metro, LA) had to be eliminated from

the data set due to inconsistency with

later data5. Population for Honolulu, HI

for 1975 was also missing and was in-

terpolated in such a manner as to mini-

mize the made-up value’s influence on

the sample mean and variance.6

The year 1970 was chosen as

a suitable (albeit somewhat arbitrary)

starting date. It provides a sufficiently

large data set while keeping the effect

of cities moving in and out of the top 54

cities to a minimum.7 The data sources

give us city size for every five years from

1970 to 1980 and every two years

thereafter until 1998. We thus have

twelve data points for each city for the

time period.  We then calculate average

growth rates for these periods and, to

make them comparable, normalize them

by conversion to average annual growth

rates.8 This data is then used to calcu-

late the mean annual growth rate and

the variance of annual growth rates.

It is important to note here that

the mean and especially the variance

values calculated need not be unbiased

estimators of the true (should we have

annual data for all cities) mean and vari-

ance of growth rates of the sample. We

can suspect that the annualization of

two-year and five-year data might in-

troduce a certain (unknown) bias in our

results. However, as long as this bias is

consistent throughout the analysis across

all city sizes (and there is no reason to

believe that is not the case), our results

will be valid as far as statistical signifi-

cance goes, even though the actual mean

and variance data might be somewhat

biased.9

To prove Gibrat’s law as we

defined it, we will examine whether the

mean growth rate and the variance of

growth rate over four different city sizes

are the same. Ideally, we would take

each city and compare its growth to the

growth of the whole population of cities

in the US (or at least those in the upper
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tail, as is noted by Gabaix [1999]).

However, it is infeasible to gather suffi-

cient data for such analysis. Therefore,

we will choose an alternative approach

that is alluded to briefly in Eaton and

Eckstein’s (1997) paper. We will divide

the 54 cities in our data set into two

groups, the top 27 cities and the bot-

tom 27 cities. We will then compare the

means and variances of growth rates for

the two groups. If at least one of the

values is different between the two

groups in a statistically significant man-

ner, then we reje ct the notion that the

cities examined grew in accordance with

Gibrat’s law.

City Growth Top 27 Bottom 27

Mean -0.01023 0.447151

Variance 2.204201 3.395664

Observations 297 297

df 296 296

F 0.649122

P(F<=f) one-tail 0.000108

F Critical one-tail 0.825705

City Growth Top 27 Bottom 27

Mean -0.01023 0.447151

Variance 2.204201 3.395664

Observations 297 297

Hypothesized Mean Difference 0

df 566

t Stat -3.33093

P(T<=t) one-tail 0.000461

t Critical one-tail 1.64755

P(T<=t) two-tail 0.000922

t Critical two-tail 1.964163

Table 1 F-Test for Variances

Table 2  t-Test Assuming Unequal Variances
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III. Analysis and Results
In our first analysis, we ar-

ranged the 54 cities according to the size

they had in 1970 and then divided them

into two groups of 27, whose composi-

tion remained constant for all years in

our analysis (this is despite the fact that

cities indeed move in and out of the two

groups over time). We then calculated

the means and variances of growth rates

for each group and compared them

(Table 1 and 2). The mean growth for

the group of largest cities is –0.01 per-

cent for the period and that of the group

of smaller cities is 0.45 percent. A

heteroskedastic10 t-test reveals that we

can safely reject the null hypothesis that

the means are the same (p=0.0009, in

its stronger, two-tail, form). This violates

one condition of Gibrat’s law. Variances

of growth rates for largest and smaller

cities are 2.204 and 3.396, respectively.

An F-test testing for no difference be-

tween the two variances robustly rejects

the null hypothesis (p=0.0001). We can

thus conclude that there is a statistically

very significant difference between the

variances of the two groups of cities.

This result violates the second condi-

tion of Gibrat growth.

One potentially important ca-

veat exists for the above analysis. We

know that as cities grow, they shift be-

tween the two groups. The setup above

fails to account for this movement be-

cause it takes the ranking at 1970 and

keeps it for the whole time period.

Therefore, in years after 1970, we ac-

tually have cities that should belong to

the first 27 cities but are actually in the

second 27 cities and vice versa.11 We

can cope with this problem by readjusting

the ranking (and thus grouping) of the

cities for each time period. In other

words, before we calculate the growth

rate for each time period, we re-rank

the cities according to then-current city

size (e.g. for the 1980-82 period, we

first sort the cities by 1980 size and only

then get growth rates for cities in each

of the two updated size groups). The

moving-rank method ensures that we

really have only growth data for largest

cities in the first group and only data for

smaller cities in the second group, as

opposed to the somewhat arbitrary and

time-inconsistent ranking by 1970 for

the whole time span.

Interestingly, we get somewhat

different results when we use this more

sophisticated method (Table 3 and 4).

The mean growth rate for the first group

is somewhat larger than that for the sec-

ond group. What is of much more inter-

est to us is the fact that the difference

between the mean growth rates for the
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two city groups is no longer statistically

significant. A heteroskedastic12 t-test

comparing the means of the two samples

reveals that we cannot reject the null

hypothesis that they are not different

(p=0.59, in its stronger, two-tail, form

[and half that in the weaker one-tail

form]). We thus lose the result that

seemed so strong in the first (fixed-rank-

ing) version of our analysis. The mean-

equality condition of Gibrat’s law now

seems to hold for US cities. On the other

hand, our previous result for variance

does not change. Variance is again larger

for the group of smaller cities (3.38 vs.

2.33 for largest cities). This difference

is again very highly significant

(p=0.0007), allowing us to robustly re-

City Growth Top 27 Bottom 27

Mean 0.255629 0.181295

Variance 2.326751 3.375293

Observations 297 297

Df 296 296

F 0.689348

P(F<=f) one-tail 0.000716

F Critical one-tail 0.825705

City Growth Top 27 Bottom 27

Mean 0.255629 0.181295

Variance 2.326751 3.375293

Observations 297 297

Hypothesized Mean

Difference 0

Df 573

t Stat 0.536479

P(T<=t) one-tail 0.295918

t Critical one-tail 1.647518

P(T<=t) two-tail 0.591836

t Critical two-tail 1.964113

Table 3 F-Test for Variances

Table 3 F-t-Test Assuming Unequal Variances
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ject the null hypothesis of no difference.

The equal-variance condition of Gibrat’s

law once again does not hold.

IV. Conclusion
Provided we had access to

complete and comparable data, it would

have been more illustrative to examine

the growth of metropolitan areas (wider

agglomerations) instead of cities. How-

ever, even cities fit Zipf distribution quite

well and Gabaix’s theory is fully appli-

cable to them. Indeed, Gabaix himself

uses the term “cities” throughout his pa-

per. It seems therefore perfectly war-

ranted to examine Gabaix’s basic as-

sumption of Gibrat grow on cities.

We have managed to seed some

serious doubt on Gabaix’s claim that the

growth of cities seems to obey Gibrat’s

law. While our second, more sophisti-

cated analysis did not show a statisti-

cally different mean for the two groups

of cities, we obtained a very statistically

significant difference in mean growth

rates for the two groups. This result

means that Gabaix’s explanation for the

emergence of Zipf’s law distribution with

a power exponent of one has to be taken

with reservation. Without the condition

of Gibrat law growth being satisfied,

Gabaix’s theory has little merit in ex-

plaining why cities in the US fit Zipf’s

law with a power exponent of one. While

it is possible that some population of cit-

ies (perhaps outside the US) grow

through a Gibrat-compliant process, that

does not seem to be the case for recent

growth of cities in the US.

Endnotes
1 More generally, we should consider

“urban areas” which include, depend-

ing on definition, cities, metropolitan ar-

eas, counties, etc. For most of this pa-

per, we will use the term “cities” for clar-

ity.
2 We will work with an intuitive inter-

pretation of Gibrat’s law that says that

city growth has, over time, a common

mean and a common variance that are

both independent of city size.
3 This notion is equivalent to a

homoscedastic distribution of growth

rates across city sizes.
4 I borrow this citation from Gabaix’s

paper.
5 Apparently, the metro area was

dropped from the statistics in favor of a

much smaller city area.
6 That effect cannot be completely elimi-

nated since any value that is different

from the (unknown) true value will have

some effect on the mean and variance.

However, this effect is so small due to

the large data set that it can be neglected
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without any concern. I felt that the det-

riment of this alteration would be smaller

than that of eliminating Honolulu, HI

from the data set.
7 The number of cities that were in the

top 54 in 1970 but were not in the top

54 by 1996 is only seven. This number

indeed increases as we move the start-

ing date back, making our analysis less

and less accurate should we use an ear-

lier starting date.
8 We simply divide the growth rate for a

period by the number of years in the

period.
9 A consultation with an econometrist

will hopefully clarify this issue.
10 As we will see shortly, the two samples

have a statistically significant difference

in variance.
11 The effect of cities shifting in and out

of the whole sample of 54 cities seems

to be negligible, given the robustness of

all results obtained in the previous and

following setups. Indeed, as we already

pointed out, there were only 7 such

“misplaced” cities in 1998.
12 Again, we will see shortly that the two

samples still have a statistically signifi-

cant difference in variance.
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