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The paper by McGinnis and Ostrom is
important for at least three reasons. First, it
provides a number of useful guidelines for the
construction of political regimes that can control
commons problems (global warming being one
example) for generations yet that do not require an
external enforcing authority. Second, the paper
introduces some important concepts and theoretical
tools from political science, history, and economics
that can be used to further study such regimes.
Finally, and I believe most importantly, the paper is
an excellent example of the type of study that needs
to be done if the social control of global warming is
to be taken seriously. McGinnis and Ostrom remind
us that it is not enough to impose rules; these rules
must be backed by stable self-monitoring and self-
correcting institutions.

Since I am in agreement with most of the
points of the paper, my remarks are largely
suggested extensions rather than criticisms. I focus
on three issues: (1) I extend their discussion of local
systems and international systems to the national
and regional level; (2) I discuss a typology for how
systems might fail, and (3) following John Eddy's
opening comments at the conference, I make some
observations on communication between the natural
and social sciences.

1 LEVELS OF ANALYSIS AND SELF
ORGANIZATION

The empirical studies in the McGinnis and
Ostrom paper, which are based on Ostrom's book,
Governing the Commons, are generally local. In a
terms of the basic levels of analysis shown in
Table 1, most of their analysis is either at the

micro level (CPR problems) or the macro level
(international regimes).

As McGinnis and Ostrom point out, when
dealing with the international systems as a whole,
there is a good empirical reason for focusing on
relatively autonomous local systems. Since these
systems have been stable in the absence of meso-
level (i.e., state) intervention, they are applicable to
the quasi-anarchic macro level. Ironically, stable
regulatory regimes at the international level may
have more in common with those at the local level
than they do with those at intermediate levels, since
the intermediate levels usually presuppose the
existence of political institutions with monitoring
and enforcement capabilities. One should note,
however, that the concept of "the state" is very
much an illusion derived from long experience; in
fact, national governments are nothing more than
unusually stable and long-lived regimes that solve
an assortment of collective goods problems.

This recognition by Ostrom and McGinnis —
that the study of CPR regimes must commonly
begin with an understanding that there is nothing
special about the state — is the political science
equivalent of Isaac Newton's recognition that the
moon was falling. To the common wisdom, it is
clear that the moon is not falling; to the common

TABLE 1 Levels of Analysis

Micro Local and individual
Meso National and regional
Macro International system
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wisdom, it is clear that systems with sovereign
enforcement are very different than those that do
not have this characteristic (i.e., the international
system or local CPR systems). Only by recognizing
that the common wisdom is wrong can one begin to
develop the theoretical tools to understand the
fundamental workings of the system.

McGinnis and Ostrom characterize the robust
CPR systems as "self organizing." This character-
ization is correct in the sense that the design and
implementation of these systems is not imposed in
the short term by a sovereign; contrast, for example,
the design of an aircraft or a computer. However,
the utility of the concept of short-term "self
organization" in its pure form is somewhat limited,
for the simple reason that humans plan, and even
the most simple human organizations are the
product, to some extent, of foresight and design. In
this respect, the CPR regimes are quite different
than physical self-organizing systems such as the
convection cell in a thunderstorm or primordial
FNA.

Rather than self organization, I find the
following two characteristics most important for
robust CPR regimes. First, they are self monitoring:
These systems solve the problem of quis custodiet
ipsos custodies (i.e., who guards the guards, or who
monitors the monitors). As McGinnis and Ostrom
point out, solutions other than a sovereign exist for
this problem, and some of them are surprisingly
simple. Second, they are self correcting: They can
transmit a working set of rules across generations;
they can correct deviations from those rules; and
they can adapt the rules to fit new circumstances in
a fashion that preserves the system.

In the long term, the self-correcting and
adaptive character of robust systems does provide a
form of self organization. For example, the
Constitution of the United States was originally
designed to handle the collective goods problem of a
small, isolated, agrarian set of newly independent
colonies; 200 years later that same document
governed an industrial superpower with territory
spanning a continent and global political commit-
ments. While the original document was not self
organized in the short term (i.e., its authors had
very explicit and carefully argued reasons for
constructing it in the fashion they did), it has
become more of a self-organized system as it has

adapted to systems vastly different than those for
which it was originally conceived.

2 STABLE REGIMES AT THE MESO LEVEL

Since the examples provided by McGinnis and
Ostrom are either at the micro or macro level, I will
suggest some at the meso level, since much of the
work on solving the global warming commons
problem is likely to involve regimes at either the
national or regional level, even though the problem
itself is global. (This is not to imply that those
authors are unaware of these examples; I am simply
using this opportunity to elaborate on them.) In
general, I think many of the characteristics of these
systems will reinforce the lessons from the
McGinnis and Ostrom studies of local systems. In
choosing these examples, I looked for cases that had
lifetimes in excess of two centuries and survived
considerable turmoil in their external environment.

2.1 National Systems: Federal

The U.S. Constitution (1789 to the present) and
the Swiss confederational system (15th century to
the present) are examples of two federal systems
that have the characteristics of self correction and
self monitoring. Both survived the Industrial
Revolution; in the process, both the United States
and Switzerland became among the wealthiest
nations on earth and survived a variety of changes
in their external environment.

The success of these two systems has led many
political scientists to see federal systems as the
obvious answer to stable meso-level systems. The
past 50 years have indicated otherwise; the federal
scheme has failed or at least appears to be failing in
countries such as Pakistan, Nigeria, Canada,
Yugoslavia, and Belgium. Federalism alone is not
the answer. Additional research is needed to
determine what rules, implicit or explicit, operate to
stabilize federal structures that, on their surface,
appear potentially very tenuous.

2.2 National Systems: Hierarchical

The two long-lived hierarchical systems of note
are the Tokagawa Shogunate (1600-1868) and the
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British system of a parliamentary monarchy (1688
to the present). (My thanks to Barry Hughes for
pointing out this example.) These systems are in
many ways quite different (e.g., the Tokagawa
system was considerably more static than the
British), but they are both characterized by
decentralized control under the guidance of very
general guidelines, a relatively rigid class structure,
the constant accountability of the nobility to the
central system (through the sankin kotai system in
Japan* and the Parliament in Britain), and the
advantage of the physical isolation of island nations.
Interestingly, both systems provided a "soft landing"
into the industrial age, absorbing revolutionaries
from the hinterlands (industrialists from Kyushu
and Scotland respectively) rather than breaking
under revolutionary movements. Both systems also
evolved highly autonomous bureaucratic services
that insulate much of policy from democratic
influences.

2.3 Regional Systems: The Westphalian
State System

The Westphalian nation-state system (1648 to
the present), which evolved in Europe following the
century and a half of chaos occasioned by the end of
feudalism and the Protestant Reformation, can be
usefully considered a stable regional system, even
though it is typically considered a macro-level
"international" system. The regional system,
composed of a relatively small number of terri-
torially contiguous, legally equal, sovereign states,
was unprecedented in European history and yet
survived democratization, industrialization, and the
major wars of the first half of the 20th century.

The Westphalian system underwent a number
of self modifications. The system adapted to a
t^nsition from aristocratic to democratic rule. It
easily expanded to encompass non-European
industrialized states such as the United States and
Japan in the late 19th century, then went on to be
adopted throughout the rest of the planet. The
system developed, and in a sense co-opted, a variety
of international organizations. It has changed many

of its own norms. For example, the "state monopoly
on violence," now considered fundamental to the
system, did not operate fully until the 19th century
with the control of dueling, mercenaries, and state-
sanctioned piracy

2.4 Religion

The empirical — as opposed to theological —
phenomenon of organized religion provides a final
example of an extraordinarily stable system at the
meso level; in this case, the institutions are
typically transnational rather than strictly regional.

Religious belief provides psychological benefits;
moreover, virtually all religious communities also
provide an unusually stable environment that
provides some insurance against random misfortune
(illness, bereavement, etc.) through the pooling of
resources. The collective goods problem is solved
because there is a very strong norm, which, if
believed, provides a long-term rationale against
defecting from the coalition. In the Judeo-
Christian-Islamic tradition, this is usually a very
explicit promise of a pleasant and eternal afterlife
(i.e., by engaging in short-term "irrational" altruistic
behavior, one maximizes long-term benefits).
Buddhism and Hinduism provide much the same
norm, albeit through a diametrically opposite
mechanism: an escape from eternal life rather than
the promise of it.

These promises are social constructs, not
empirical facts, and they are self perpetuating only
to the extent that they succeed. When they do, the
myth is reinforced in economic terms: Individuals
trading within religious groups in which the social
norms are enforced by the community obviously
have much lower information costs than do individ-
uals trading in groups in which members must be
constantly alert to the possibility of defection. All of
the following — Quakers and other dissenting
industrialists in 18th century England and Scot-
land; the diamond trade among orthodox Jews in
Amsterdam, New York, and Tel Aviv; the agrarian
communities of the Amish in Pennsylvania, Indiana,

This was the system of "alternate attendance" established by Iemitsu Tokugawa in 1635, which required
most of the nobility (daimyo) to spend every other year in the shogun's court in Edo.
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and Iowa; and the Mormons in 19th century Illinois
and Utah — provide conspicuous examples of the
economic advantages of self-enforcing communities
with strict norms, which, in many instances, survive
despite the efforts of sovereign authorities.
Virtually any reasonably stable religious group
provides at least a modest example of the practical
benefits of membership in a community with
strongly held norms. By doing good, one can do
very well. This prosperity, in turn, appears to
provide empirical evidence of the validity of the
group's beliefs, which reinforces the believability of
the unobservable system of sanctions and rewards.

This mechanism provides the potential for an
exceedingly stable social unit. This is precisely
what we observe empirically: Religious institutions
are unquestionably the most long-lived and stable of
all large-scale human institutions, surviving and
often thriving in chaotic times that destroy all other
forms of organization. Empires and ideologies are
fragile and passing wisps of fashion compared to the
two-and-a-half millennia record of Judaism,
Confucianism, and Buddhism. The Christian
monastic orders preserved Roman law through the
disorder and social upheavals of the Dark Ages;
Islam spread a creed from Morocco to Malaysia in
an age when goods and people moved by oar and ox-
cart. The assessment of modern revolutionaries
such as Jefferson, Paine, Robespierre, Lenin, and
Mao — that a civil religion of political ideology (be
it democratic liberalism or communism) should be
created to replace the function of deistic religion —
was correct with respect to the social function of
religion and, quite curiously, consistently and
completely incorrect with respect to the ability of
those secular formulations to actually provide a
substitute for religion.

These meso-level systems are suggested as
points of departure for the further study of robust
regimes. They seem to share four of the charac-
teristics of local systems discussed by McGinnis and
Ostrom; for example, they are all relatively
decentralized;* all of the systems except religion are

relatively isolated; and the British, Tokagawa, and
Westphalian systems all provided outwardly rigid
structures in response to periods of considerable
civil war and instability. Beyond this, however,
there is probably ample room for studying the
successes and failures of robust meso-level systems.

3 HOW SYSTEMS FAIL

McGinnis and Ostrom discuss a number of
characteristics of successful systems. To extend
this, I think it is also useful to consider how they
might fail. On the basis of their studies and other
work, I would suggest the following typology:

3.1 Design

A system may fail because it never worked in
the first place (i.e., the design was flawed). For
example, most people would now concede that the
centrally planned economic systems devised in the
early 20th century (most notably the model of the
Soviet Union that was either copied or imposed in a
variety of places) didn't work for some fairly
straightforward reasons involving information and
incentives.

Lest this seem unduly obvious, it should be
noted that such systems persisted for the better
part of a century despite their problems. This
situation occurred because political systems,
particularly those that have substantial coercive
power and are relatively isolated, can be very slow
to respond to feedback, when compared with market
systems. Sovereign states are, by definition,
monopolies, and the cost of competitive entry is very
high. Once a political coalition is established that is
sustainable (a criterion quite different from
efficiency), it is likely to be maintained through the
lifetimes of those who established it, as occurred
with the Soviet system. This phenomenon is not
unique to leftist regimes; the fascist regimes in
Spain and Portugal showed a similar behavior.

The day-to-day decision making is decentralized, although the imposition of the rules of the system may be
centralized. For example, this distinguishes the social rigidity of Tokagawa Japan from the administrative
rigidity of the France of Louis XIV, the Spain of Philip II and Franco, or the Soviet Union of Brezhnev. The
British system could survive 60 years of George III; the French could not survive 20 years of Louis XTV.
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Political systems generally have slow feedback, and
it is difficult, in the short term, to distinguish
between those that are truly robust and those that
are merely surviving in a relatively static
environment.

3.2 Rent Seeking

Hugh Nixon, in the March 15, 1991, issue of
Science, observed "All successful systems accumu-
late parasites." Rent-seeking behavior — a phenom-
enon well-studied by development economists but
oddly ignored by political scientists — is a second
reason systems may fail. Corruption, to use the less
polite word, is a failure of the self-monitoring
function of the system.

The experience of the United States with
Prohibition provides an excellent example of failure
due to rent seeking. (The prohibition on the
consumption or manufacture of alcoholic beverages
began with the ratification of the 18th Amendment
to the Constitution in 1919; the 21st Amendment
reversed this in 1933. The 18th Amendment has
been the only change to the U.S. Constitution that
has been subsequently repealed.) Contrary to a
popularly held belief in the United States, Prohibi-
tion was quite successful; the rate of alcoholism and
health problems associated with alcohol dropped
dramatically during the 1920s compared with rate
of the previous half-century. The system was
abandoned, however, with the rise of gangsters such
as Chicago's Al Capone and the corruption of the
judiciary and law enforcement agencies. Prohibition
of alcohol provided too many opportunities for rent
seeking by law enforcement officials and under-
mined a legal system that had previously functioned
with a relatively low level of corruption. In the end,
the public health benefits from Prohibition were
judged less important than the costs of corruption in
the legal system. In solving one problem, rent
seeking may create another. The United States
started with an alcoholism problem and ended with
a judicial corruption problem.

3.3 Information Cost

A system can fail because the information costs
are too high. "Information" here is meant broadly
to include all of the costs of monitoring and

administering a program, including the cost of
allocation penalties rather than simply of
monitoring. As McGinnis and Ostrom point out,
robust CPR systems tend to have low information
costs.

If the information load of a system is higu, one
of two things can happen. First, the system can bog
down into spending most of its finite resources in
handling information rather than in actually chang-
ing the environment. For example, this criticism
has been leveled at the U.S. Superfund program for
the cleanup of toxic waste sites, which spends the
bulk of its efforts on litigation rather than cleanup.

Alternatively, if the system attempts to bypass
the information costs of fairly administering a
system, enforcement becomes essentially random,
and probabilities of getting away with cheating or
being unjustly punished become roughly equal.
Since we are dealing with a collective goods situa-
tions here (i.e., in the absence of punishment, an
individual has more to gain from cheating than
obeying the law), when the likelihood of being
punished is roughly identical whether one is
cooperating or defecting, it becomes rational to
defect, and the CPR system fails.

Recognition of this fact may account, in part,
for McGinnis's and Ostrom's observation that
successful systems tend to use graduated rather
than severe sanctions. In a system where mistakes
of judgement are possible (i.e., all systems),
individuals are likely to demand more information
(proof) for severe sanctions than for modest
sanctions. The information load increases as the
severity of the punishment increases, and
eventually the system becomes unenforceable in a
self-monitoring system. This is counterintuitive if
one looks only at the simple benefit-cost calculations
(i.e., for a fixed probability of detection, the
likelihood of compliance should increase with the
severity of punishment), but it becomes clear when
one does the appropriate calculations, taking into
account the collective characteristics of the
situation.

3.4 Transmission Failure

The final source of system failure occurs when
a system is changed in the process of being
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transmitted from generation to generation; it can
also occur if the organization fails to adapt
appropriately to new circumstances.

In the biological self-organization literature,
Eigen and Schuster (1978, p. 555) consider the
problem they term the "error catastrophe":

Genetic reproduction is a continuously
self-repeating process, and as such differs
from a simple transfer of a message
through a noisy channel [i.e., the classical
problem of information theory]. For each
single transfer it requires more than just
recovery of the meaning of the message,
which, given some redundancy, would
always allow a fraction of the symbols to
be reproduced incorrectly. It is also
necessary to prevent any further accu-
mulation of mistakes in successive
reproduction rounds. In other words, a
fraction of precisely correct [optimized]
copies must be able to compete favorably
with the total of their error copies. Only
in this way can the [optimal copy] be
maintained in a stable distribution.

[These results] can be summarized as
follows: Any mechanism of selective
accumulation of information involves an
upper limit for the amount of digits to be
assembled in a particular order. If this
limit is surpassed, the [information] will
fade away during successive reproduc-
tions.

This problem is particularly strong when an
organization attempts to maintain rules and
behaviors that are effective during crisis situations
but costly and inconvenient in noncrisis situations.
Any "mutations" (i.e., modifications of the
procedure) that are easier in the noncrisis environ-
ment will be selected for and compete against the
"correct" rules that were originally developed to cope
with the crisis.

Wohlstetter's classic study of the V.S.
intelligence failures prior to the attack on Pearl
Harbor (Wohlstetter 1962; also see Janis 1982)
provides an excellent example of this phenomenon
in action. The military knew what it should have
been doing in a state of heightened tensions with

Japan. Rules more effective than those actually
employed in Hawaii were amply available in the
formal institutional memory of the military; the
means of improving performance were no mystery.
However, two decades of peace had allowed a great
deal of "genetic drift" to occur in the actual
organizational heuristics. For example, command-
ers recognized the necessity of maintaining anti-
aircraft gun crews on alert, but they mutated this
rule to provide an exception for Sundays. The
accumulated errors provided opportunities that the
Japanese were able to exploit through careful
planning.

Ironically, erroneous transmission of
information, normally considered a liability, can
also provide a source of inadvertent innovation. An
organization that is totally efficient and accurate in
information transmission will give up some advan-
tage in innovation. Total transmission efficiency is
most useful when it occurs in a very stable environ-
ment; the Confucian bureaucracy of imperial China,
which spent an inordinate amount of time in ensur-
ing transmission fidelity, comes to mind. Flexible
organizations with transmission errors, in contrast,
should be better able to generate the innovations
required in a rapidly changing situation. The U.S.
response to Pearl Harbor, which was basically to
junk the existing military structure and build a
completely new one, was completely appropriate in
this regard. This conclusion is also consistent with
the observations about the importance of experi-
mentation and failure — as opposed to rational
planning — found in bureaucratic maxims about
innovation, such as "It's easier to apologize than to
ask permission."

4 CRITERIA FOR DEVELOPING ROBUST
SYSTEMS

McGinnis and Ostrom provide a number of
suggestions on how robust systems might be
developed and, in particular, caution against trying
to do this with overly simple modeling techniques. I
would add two additional points to their list.

First, efficiency may be less important than
sustainability in a robust system. The motto of Tom
West, the computer development manager in Tracy
Kidder's novel, Soul of a New Machine, is, "Not
everything worth doing is worth doing well."
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Biological systems, which evolved rather than were
designed, tend to be grossly inefficient in many
regards but are all very robust.

A legal system that is only partially successful
may be more robust than one that attempts to be
completely successful. For example, by most
accounts, the complex U.S. income tax system fails
in the sense that most people under-report income.
However, the system is successful in the sense that
it is largely self enforcing and generates substantial
amounts of income by using relatively small
amounts of coercion. Consistent with McGinnis and
Ostrom's observations, that system's use of carefully
graduated sanctions reduces the rent-seeking
behavior that is characteristic of many internal
revenue systems.

A system for the control of global warming
must be sufficiently thorough to solve, or at least
control, the basic physical problems of global
warming. Interest-group politics being what they
are, the temptation will probably exist to solve
additional sociai and environmental problems at the
same time, to make the effort at global cooperation
more efficient. Experience would indicate that such
efforts are likely to be counterproductive.

The other point to note is that complex systems
(for example, the transportation or telecommunica-
tion systems of industrialized countries or any
mature legal system, in addition to biological
organisms or ecosystems) are not designed, they are
grown; they arise as a response to prior selective
pressures. The more frequently an organization is
confronted with a particular problem, the more
efficient is its response. However, the first time the
organization is so confronted, its response will
probably be inefficient and possibly unpredictable,
since the interaction effects of all of the rules of a
system are unknown. One can rarely take the
formal organization chart and rule books of a
human system and deduce from those the outcome
of a specific change. Nor are such systems neces-
sarily logically consistent; were that the case, there
would be no need for lawyers. These observations
argue against trying to overdesign a global warming
regime, particularly in view of the uncertainty
concerning even the physics of the problem.

5 CONCLUSION

As I indicated at the beginning of these
comments, robust CPR regimes are an important
topic that are very relevant to the global warming
problem. The McGinnis and Ostrom paper, and
more generally Ostrom's work in Governing the
Commons, provide examples of how to proceed with
systematic studies of these problems.

In his remarks opening this conference, John
Eddy suggested the need for greater cooperation
between die natural and social sciences. Let me
extend this suggestion with two comments, the first
a reminder as to why there has been so little funded
cooperation in recent years, the second to indicate
that communication may be easier than it would
first appear.

Until the onset of the Reagan administration in
1981, cooperation between the social and natural
sciences had been encouraged in policy research.
Under David Stockman's aegis, however, it was
noticed that social scientists had an awful tendency
to say things the Reagan ideologues did not want to
hear. Economists said that tax cuts would lead to a
massive expansion of the federal deficit and that
deregulation of the savings and loan industry would
lead to corruption and bankruptcy; political
scientists pointed out that the Soviet Union was
economically stagnant and riven with ethnic divi-
sions; and sociologists pointed out that cutbacks in
social programs might lead to increases in home-
lessness, drug abuse, and poverty. Uncomfortable
with the message, the Reagan administration did
everything possible to cut funding for the
messengers. While funding was restored in some
areas, such as the National Science Foundation, it is
still absent from others. Without being too much of
a disciplinary chauvinist, I would suggest that the
absence of social scientists from the policy process
has been due at least as much to the accuracy,
rather than the failures, of their predictions.

The other important point is that the social
sciences and the natural sciences have much more
in common now in terms of their methodologies
than they had 50 years ago. Robert Pool, reporting
in the August 18,1989, issue of Science on the
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Santa Fe Institute, a collaborative effort of
physicists and economists to share ideas, observes:

The physical scientists were flabbergasted
to discover how mathematically rigorous
theoretical economists are. Physics is
generally considered to be the most
mathematical of all the sciences, but
modern economics has it beat... . The
flip side of the physicists' surprise at the
rigor of the economists was the econo-
mists' astonishment at the physicists' lack
thereof.

Social scientists are now quite conversant in
mathematical modeling, statistical methodologies,
experimental design, and computer simulation.
C.P. Snow's gap between the "two cultures" may
still apply to the humanities and the natural
sciences, but there has been a great deal of
convergence between the methodologies of the social
and natural sciences. Some of the concepts most
relevant to the problem of understanding global
warming (for example, general systems, feedback,
and adaptation) have been part of the study of
social behavior for decades. General systems theory
was at the forefront of the "behavioral revolution" in
political science in the 1950s, through individuals
such as David Easton in American politics,
Karl Deutsch in comparative politics, and Morton

Kaplan in international relations; economics was
put into a rigorous mathematical form in the late
19th century by conscious emulation of the
mathematical models of physics.

This being said, the problem of understanding
the social and political implications associated with
the control of global warming is not going to be easy
to solve. The social system is at least as complex as
the physical; both have long lag periods and poorly
understood feedbacks. In the social as well as the
physical and biological realms, intuition may not
always be a good guide, and purely deductive
models, divorced from the study of the operation of
actual systems, are unlikely to be very useful. The
McGinnis and Ostrom paper shows that these social
and political issues can be studied and provides a
worthwhile agenda for future research.
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