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The following is mostly an elaboration of the
comments I made during the discussion stimulated
by the McGinnis-Ostrom paper (McG-0 hereinafter).
It will be seen that I have added references to other
papers by these two authors, kindly made available
to me after the conference. I had been ignorant of
this literature, and I am grateful both to the
authors and to the organizers of the conference for
so broadening my horizons.

MacNeil et al. (1991, p. 220, as cited on p. 1 of
McG-O) states that the design of appropriate
institutions is on the Rio "Earth Summit" agenda:
"the heads of state . . . will be asked to . . . (4)
initiate major reforms of'international institutions
to enable nations to manage global interdependence
and to implement Agenda 21 as well as the
conventions.'"

The use of the term "institutions" in the above
quotation illustrates the multiplicity of meanings
given to this term and the frequently resulting
confusions.1 The relevant dichotomy in the present
context is between (1) using "institution" as
referring to an organization, agency, or other
mission-oriented entity on the one fesad and
(2) interpreting "institution" as referring (in one of
several possible senses) to rules governing behavior.
The above quotation seems to use the term in its
first (1) meaning. But the focus of the McGinnis-
Ostrom analysis concerning problems due to the
prospect of global warming, and in particular
problems being faced by the Rio conference, is —
and I believe should be — on the issue of existing or
needed international regimes relevant to the ecology
of the globe. The concept of such regimes is broader
than but includes institutions in the second (2)
sense. From now, unless stated to the contrary, the
second (2) meaning is intended. This is not to

minimize the possible need for (l)-sense institutions
when it comes to the implementation of rules
inherent in (2)-sense institutions.

McG-O raises a host of important issues, both
substantive and methodological, but it also takes
strong positions on what institutional solutions are
desirable and are likely to be successful. I am
rather sympathetic with many of these positions,
especially insofar as they favor decentralization.
However, the extent to which one can hope to avoid
external (third-party) enforcement and the extent to
which external enforcement can be made effective
are complex and do not lend themselves, in my
opinion, to simple generalizations. To analyze this
problem, I find it convenient to formulate somewhat
more precisely the meaning I attribute to
(2) institutions.

In McG-O, and even more so in the two
authors' other writings, game-theoretic models are
used at times to formalize various institutional
arrangements. But there is, I believe, a distinction
to be made between their formulation and the one I
am about to state. The difference between the two
formulations is, in turn, related to the distinction
between what is technically called a game and a
game form (or mechanism). What the latter two
concepts have in common is the specification of the
players' permissible strategy domains (i.e.,
permissible sequences of moves that are, in general,
conditioned on the preceding moves of the various
players).2 Where they differ is in functions
defining the consequences of strategic choices made.
In a game, associated with each player is his/her
payoff function, specifying the utility level (a
number) that the player would derive from each
permissible configuration of strategy choices.3 It is
this payoff that the player seeks to maximize. But
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the payoff functions can be viewed as being
composed of two elements: the physical4

consequences of the strategic choices made (more or
less global warming, degree of destruction of forests,
state of health of different groups, etc.) and the
preferences or values that different players attach
to these consequences. The physical consequences
of strategic choices are specified by what we call an
outcome function. Here, as for the payoff function,
the independent variable (what the mathematician
calls the domain) is the configuration of strategies
chosen. But while for each payoff function, the
dependent variable is a (utility) number, the
dependent variable for the outcome function is a
physical5 event. Thus a player's value of the
payoff function for a given configuration of strate-
gies is given by his/her utility of the outcome
associated (by the outcome function) with that
configuration.6 Thus a game form is defined by the
strategy domains and the outcome function, while a
game is defined by the strategy domains and the
payoff functions.7

The rules of a game, as ordinarily conceived,
are contained in the game form, because the rules
specify which strategies are permitted or possible
and the consequences of strategy choices. Note
that if the players' preferences changed while the
rules of the game remained the same, the payoff
functions would change, but the outcome function
would not and hence the game form would not.

Given that game rules are specified by the
game form and that institutions (2 sense) are often
interpreted as rules, it is tempting to think of an
institution (again, in 2 sense) as the component of
the game form that is subject to change by human
action.9 But when we examine specific examples,
we see that typically it is a whole class or category
of game forms,10 rather than a single game form,
that is thought of as a specific institution.11 One
might say that an institution is an attribute of game
rules, or even that it is a rule about rules."12

Following this digression about the basic
concepts, let us return to the problem of enforce-
ment of rules, or — more broadly — what one might
call effective implementation, such a crucial issue in
institutional design for problems of global warming.

Superficial reading of certain comments in the
literature of game theory might make one believe
that there is no problem of enforcement, since it is
often stated that Nash equilibrium solutions (in
noncooperative games) are self enforcing. But this
claim is only valid when it is assumed that the
players will not go outside their strategy domains
(i.e., will not use "illegal" strategies) and that the
postulated outcome function can be made effective.
But why should these assumptions be satisfied?

Consider first the problem of "legal" versus
"illegal" strategies. Typically, it is physically
possible for players to use strategies outside the
permissible domain. Unless players have inter-
nalized the prohibitions, the relevant (to be called
natural) game form contains all strategies, legal and
illegal; that is the natural domain. As for the
consequences, the corresponding natural game form
contains the actual consequences, whether they are
determined by the laws of physics, the reactions of
others, an enforcement system, or other factors. If
these various factors act so as to discourage the use
of illegal strategies, the original ("desired") game
form will prevail. Otherwise, some or all players
will use illegal strategies, and the results will be
different from what would have happened at a Nash
equilibrium of the "desired" game form.

Typically, when new institutions are designed,
the game is augmented in still another way:
players are added. These additional players may be
real persons ("third parties") or they may be
"artificial persons" (organizations, agencies,
committees, etc.). For example, when a democratic
system is introduced, a parliament (an artificial
person) may be brought into existence. On the
other hand, an enforcement system may use third
parties such as police, judges, etc., whose (collective)
mission is to discourage the use of illegal strategies.
The game form that takes into account the natural
domains, the natural outcome function, and the
extra players is called the augmented game form.

But, assuming that only legal strategies will be
used, a mechanism (game form) cannot be made
effective unless its outcome function operates as
prescribed. That may, in particular, involve taxes,
subsidies, fines, and hence transfers of goods and
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money. A machinery is needed to specify various
procedural details and also to see that transfers are
actually made (e.g., to collect taxes or make social
security payments to those who are entitled). If all
of this is successfully done, I speak of effective
implementation.13

To effectively implement a goal function means
that the augmented game form yields equilibrium
outcomes consonant with that function. Since
typically there is cost in operating the system
(whether for information processing or enforcement),
the ideal "first best" solution is usually not
attainable. But even the "second best" solutions are
not always effectively implementable. The
recommendations contained in the McG-0 paper
suggest procedural prescriptions (meta-rules)
designed to result in communities adopting rules
that are enforceable.

McGinnis and Ostrom point to situations in
which, given a transgression on the part of
individual A, there is an individual B who has both
the motivation and the ability to note that a
transgression has occurred and who can either
discourage (or even stop) the transgression or report
it to someone who can do so. Individual B is what I
have called an intervenor; a player who has the
motivation and ability (power, assets, even powers
of persuasion or charisma) to intervene in such a
manner as to minimize the probability or even
totally prevent illegal behavior and to make the
desired outcome function operational. But an
intervenor (in the sense of this definition) may not
be a person directly affected by the transgression.
Consider a policeman stopping a speeder, or a
prosecutor determined to root out corruption.
Effective implementation may be a result of the fact
that there are participants (individuals or groups)
who believe in the system as designed, and who,
without having direct (i.e., "material") interest,14

are determined to see it work, and who, again, are
somehow endowed with the powers to accomplish
this. They qualify as intervenors. On the other
hand, there may be a chain consisting of individual
A (the object of enforcement activities) and the
enforcers E1,..., E11"1, and En. Individual En is
special in that it is in his/her ("material") interest
that A obey the rules. The behavior of person A is
monitored by enforcer E1, who in turn is monitored
by E2, etc. It is further assumed that each E1

among the enforcers E2,..., En has the power to

enforce proper (supervisory or enforcement)
behavior on the part of the underling E'"1, whose
behavior E' monitors. This configuration may be
called "closing the circle." Here En is an intervenor,
having both the ("material") interest in seeing that
A behaves and the powers (indirectly) to bring this
about.15

Without studying the nature of the goal to be
implemented and the nature of the facts bearing on
probable ("natural") behavior, it is difficult for one
to generalize as to the need for external (third-
party) enforcement. Perhaps the GATT experience,
the Montreal Agreement, or disarmament
negotiations provide clues as to what can be
achieved without third-party intervenors on a global
scale.

Similarly, one cannot be too dogmatic about
gradual versus "wholesale" reforms. When many
components are interdependent, the gradual
approach may not be feasible. On the other hand,
such radical changes across the board also have
their dangers and difficulties. The experiences of
Central and Eastern European countries emerging
from communism and command economies illustrate
this point,

A few additional comments are in order. First
I will mention a technical point concerning what
McGinnis16 calls two-level games in which, for
instance, elected representatives of organizations
(lower-level bodies) are engaged in bargaining. The
traditional approach of treating these
representatives as being motivated by a utility
function17 — when in fact the representatives are
under instruction generated by (for example)
majority votes in the lower bodies — is clearly
inappropriate. But there are ways of dealing with
such situations without postulating a utility-
maximizing behavior. For example, in a paper18

dealing with the implementability (in Maskin's
sense) of goal functions,191 replaced Maskin's
assumption that each player2 is maximizing his
or her utility or preference by the assumption that
each player has a choice function. This choice
function could reflect the majority votes of the lower
body that the player represents. The important
point is that such a choice function need not be
rationalizable in terms of a transitive, complete,
ordering relation. Nevertheless, one still obtains
counterparts of Maskin's implementability
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theorems, both for necessary and sufficient
conditions. It is true that when the lower bodies'
choice functions are "irrational," the meaning of
implementability is weakened, but this seems
unavoidable. In any case, models of this type are
more representative of international negotiations
and deserve further study.

The second issue is about design versus
spontaneous development or self-organizing
behavior. If the world were satisfied with
spontaneous development of institutions dealing
with global ecological issues, we would not (I think)
be witnessing Montreal or Rio. History provides
what to me are clear cases of conscious design, the
U.S. Constitution being perhaps a prime example.
But looking at the matter from the point of view of
what we have called the natural game form, one
encounters a philosophical question. One can argue
that the natural game form cannot be altered by the
designers. But then, what is the role of design?
Perhaps it is only a matter of discovering that the
natural game form contains more advantageous
solutions than those previously arrived at and of
persuading others that this is so. In that case, the
role of design is purely at the level of cognition. But
having a new design adopted may involve playing a
game based on the natural game form. The two-
stage Reiter-Hughes model points in that direction.

It should be noted that the outcome of such a
game need not result in a resource allocation that is
Pareto-superior to the previous one. In other words,
as is often the case when decisions are made by
majority vote, there may be losers as well as
winners. It is in this context that the (theoretical)
role of benefit-cost analysis can be understood.
Subject to a technical point concerning the
custumary underlying assumptions (to be discussed
below), if the benefit-cost analysis shows that a
certain change would yield positive social (i.e.,
consumer plus producer) surplus, we conclude that
it is, in principle, possible to find a compensation
scheme so that there would be no losers while some
or all would be gaining. But, as has often been
pointed out in the literature, it does not follow that
the proposed is desirable even if such compensations
are not made.

Further, there is the technical problem
mentioned above: Customarily, the calculations

underlying benefit-cost analysis are made as if
preferences were quasi-linear (i.e., characterized by
constant marginal utility of money). In that case,
one cait separate the issue of efficiency from that of
distribution. But there is usually no justification
for that assumption, and then distributional issues
affect conclusions as to efficiency. This fact does
not, in my opinion, invalidate the benefit-cost
approach as such, but it does call for estimation
procedures that are more sophisticated. Further-
more, there is then no longer a unique, efficient,
social-resource allocation but rather a whole
spectrum of different efficient arrangements
corresponding to different distributive policies.
Together with the problem of compensations, this
issue, far from being an abstruse point of theory, is,
I believe, at the heart of the conflicts between the
more developed "North" and the less developed
"South." Similarly, the debates concerning
appropriate discount rates may, to some extent, be
interpreted as distributional conflicts between the
present and future generations.

Finally, I will mention the suggestion,
discussed in some detail in Kosobud's paper,
concerning the use of market-type methods (in
particular, tradeable pollution permits) in dealing
with pollution and other environmental hazards.
The basic and rather natural idea is to make the
pollution activity into a negative commodity (i.e.,
commanding a negative price) and then take
advantage of the known "invisible hand" advantages
of competitive markets. However, it has been
shown by D- Starrett21 that when such negative
commodities are adjoined to the conventional ones,
the phenomena of detrimental externalities such as
pollution result in nonconvex production possibility
sets. Consequently, it is likely that no fixed price
vector will balance supply and demand. This does
not mean that a market equilibrium is impossible,
but it will not be a "perfectly competitive
equilibrium." For a market process to yield efficient
resource allocation — which is the objective — it
becomes necessary to use "nonlinear prices" (i.e.,
prices that vary as functions of the volume traded).
But to find the appropriate nonlinear formulas for
these prices, some informational centralization may
be unavoidable, and so some of the customary
advantage of the market process may be lost.
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END NOTES

1. See E. Ostrom, 1986, An Agenda for the Study
of Institutions, Public Choice, 48:3-25. As will
be seen, I tend to side with Ostrom's inter-
pretation of the term "institution" (in the sense
related to rules and labeled as 2 in what
follows) rather than the equilibrium behavior
sense given to it by A. Schotter, 1981, The
Economic Theory of Social Institutions,
Cambridge University Press. However,
because of my somewhat broader interpretation
of what is meant by rules, the contrast is not
as strong as might appear. See L. Hurwicz,
forthcoming, Towards a Framework for
Analyzing Institutions and Institutional
Change, in Democracy and Markets: Participa-
tion, Accountability and Efficiency, S. Bowles,
H. Gintis, and B. Gustafsson (editors),
Cambridge University Press, and L. Hurwicz,
forthcoming, Implementation and Enforcement
in Institutional Modeling, in Political Economy:
Institutions, Information, Competition, and
Representation, W. Barmnett, M. Hinich, and
N. Schofield (editors), Cambridge University
Press.

2. The concept of a player's strategy domain
covers the three categories in Ostrom (1986):
permitted, required, and prohibited. Every-
thing outside the strategy domain is prohibited;
everything within it is permitted. If a move is
required, it constitutes an element of every
strategy hi the domain.

3. There are, of course, as many payoff functions
as there are players.

4. The term "physical" should be interpreted quite
broadly, possibly to include even emotional
states and behaviors. In economic models, the
outcome is usually the resulting resource
allocation. In voting models, it may be the
candidate elected or the issue prevailing in a
referendum.

5. Typically multidimensional (see the preceding
footnote).

6. Some notation may help avoid ambiguity. Let
there be n players, and let Sj be the strategy
chosen by the i-th player. If h represents) the
outcome function, and the given strategy
configuration (n-tuple) is S = (S l t.... Sn), then
the outcome produced by that configuration is
h(s). Now let the i-th utility function be
denoted by u\ and the i-th payoff function be
denoted by p1. We then have the relation
p'(s) = u'(h(s)); that is, the i-th payoff function
is the composition of the i-th utility function
with the outcome function.

7. Using the notation of the preceding footnote,
and denoting the strategy domain (i.e., the set
of permissible strategies) of the i-th player by
S{> we defined a game form by the n+1 entities
(Sp ..., Sn, h), while a game is defined by the
2n entities (Sx,..., Sn, p

1 pn).

8. However, strategy domains are limited by laws
of physics, and the outcome function is also, at
least in part, determined by these laws as well
as other factors. That is why we say that game
rules are contained in (but are not coextensive
with) the game form.

9. As distinct from components due to physical
laws, etc. The distinction made here is close
to, if not identical with, that between physical
and "deontic" statements in R. Gardner and
E. Ostrom, 1991, Rules and Games, Public
Choice, 70:121-149.

10. More precisely, with a class of those
components of game forms that are influence-
able by humans. We may note here that since
the rules, in addition to governing behavior,
are generated by human actions, they may in
particular be viewed as solutions to a prior
game. See S. Reiter and J. Hughes, 1981, A
Preface on Modeling the Regulated U.S.
Economy, Hofstra Law Review, 9(5):1381-1421.
This aspect of the situation bears a relation-
ship to Schotter's view of institutions as
behavior patterns that are equilibrium solu-
tions of games.
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12. Consider, for instance, the institution of
marriage. We may think of a particular type of
marriage (say monogamous) as being defined
by one game form, while another (say polyga-
mous) is defined by another game form. But it
is the common features of these two game
forms (and other game forms defining other
types of marriage) that correspond, in my
interpretation, to the notion of the institution
of marriage as such.

12. Thus, I interpret Ostrom's rules as being such
"rules about rules." Typically, we are subject
to many institutions, or what Ostrom (1986)
calls a configuration of rules. Therefore, a
configuration of rules in Ostrom's sense is the
intersection of sets of game forms, with each
set defining one of the institutions of the
configuration. Clearly, as pointed out by
Ostrom, the class of game forms admissible
under the configuration is narrower than the
individual institutions would permit.

13. This goes beyond the concept of implementa-
tion as defined by Maskin, 1977, Nash
Equilibrium and Welfare Optimality, M.I.T.
mimeo, where enforcement and the proper
workings of the outcome Junction are taken for
granted. Hence the adjective "effective" used
here.

14. There may be an indirect interest in, for
example, maintaining a reputation for
impartiality and incorruptibility, which may be
professionally valuable. But one should not
exclude the possibility of idealism, or ethics, or
ideology.

15. This is different from the McG-0 irrigation
rotation example, where everyone has a direct
interest in his/her predecessor observing the
rules and where everyone is an intervenor with
both motivation and power.

16. From a paper done jointly with John T.
Williams, which the authors were kind enough
to make available to me but which is not yet in
final form available for quotation.

17. Or, more generally, by a preference relation,
whether or not it can be represented by a
utility function. An example of a preference
relation that cannot be so represented is the
so-called lexicographic ordering, in which, for
example, one good (such as one's child's
probability of survival) holds absolute priority
over another good (such as one's chance to save
$10). It may be noted parenthetically that
certain criticisms of the benefit-cost analysis
(voiced in connection with the Kosobud paper)
can be interpreted as saying that when such
lexicographic ordering is present, no finite rate
of substitution is appropriate, and the
conventional calculus techniques do not apply.

18. See L. Hurwicz, 1986, On the Implementation
of Social Choice Rules in Irrational Societies, in
Social Choice and Public Decision Making,
Essays in Honor of KJ. Arrow, W.P. Heller,
R.M. Starr, and D.A. Starrett (editors),
Volume 1, Chapter 4, pp. 75-96.

19. Here we permit functions to be multivalued
(i.e., the term function covers correspondences
as well as single-valued relations).

20. In the above example, each representative of a
lower body is a player.

21. In D. Starrett, 1972, Fundamental Non-
Convexities in the Theory of Externalities,
Journal of Economic Theory, 4:180-199.
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