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THE IMPLICATIONS OF RELIABILITY THEORY FOR ENVIRONMENTAL
INSTITUTIONAL DESIGN AND DECISION MAKING

J. WalteriMilon and William G. Boggesék
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Fixed ends upon one side and fixed "principles" - that is
authoritative rules - on the other, are props for a feeling of

safety, the refuge of the timid and the means by which the bold

prey upon the timid. (Dewey, p. 167)

Despite being a pillar of modern economic thinking, expected utility
theory (EUT) has many limitations for explaining behavior in the presence
of uncertainty. These limitations are well-known and oft-repeated (e.g.
Arrow, Runge and Myers), but econcmists have just begun to pursue other
theoretical frameworks for understanding how both market and nonmarket
institutions cope with real-world uncertainty. The potential rewards of
this pursuit are ample since EUT's contribution has been at the individual
decision making level, whereas the most serious theoretical deficiencies
are in accounting for the 1linkages from individual decisions to
institutional formation and behavior (Coleman, p.184).

The merit of the pursﬁit notwithstandiﬁg, uncertainty is a difficult
analytical concept because it ha; been confused with discussions of risk
and subjective probability distributions. To further the confusion, many
writers ha&e resorted to pretentious adjectives such as "profound" and
"irresolvable"” (Goodin) or "structural"™ (Walters) to distinguish true
uncertainty. In the spirit of Knight, the clearest definition of
uncertainty is lack of knowledge of states or actions and, at the extreme,
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sheer ignorance.1

Uncertainty created by imperfect knowledge and humans’
limited reasoning skills is the most dominant consideration 1in
understanding any organization or living system (Hodgson, Kay, Walters).
One key problem for any theory of institutional behavior under
uncertainty is to explain the origin and stability of institutions rather
than simply to treat them as exogenous. Neoclassical decision models based
on EUT have limited wvalue for this task because the market institution is
the centgrpiece of analysis. Other social institutions are viewed as
constraints, and information problems are defined as transactions costs

that only impact the allocation from exchange (e.g. Dahlman, Schmid,

Williamson). As a result, the influence of uncertainty on the origin and

functions of these institutions is not fully explored.2

The recent work of Heiner (1983, 1985, 1986) on reliability theory
(RT) offers an alternmative theoretical framework to explain institutions as
responses to problems of uncertainty. Given that institutions are a
"...regularity iﬁ social behavior" (Schotter, p. 11), RT is promising
because it "...directly harnesses the determinants of uncertainty to
characterize ‘regularity in behavior" (Heiner 1983, p. 571). In the
following section, we outline the basic principles of RT and contrast it
with EUT. We then explore the implications of RT for the origin and
stability of environmental institutions and the choice of rules by
regulatory' agencies. Specific consideration is given to institutional
responses to problems of environmental quality and administrative rule-
making. We conclude with an appraisal of RT for the study of environmental

institutions.




Overview of Reliability Theory

Reliability theory describes behavior under uncertainty and derives
from the traditional economic model of choice. The basic difference is
that in RT, decision makers do not always behave optimally. Optimizing is
a limiting case of a more general theory of behavior in which information
is both costly and imperfect, and decision makers do not always use
information correctly. This latter dimension, that decision makers can and
do make judgment errors, leads to theoretical implications that are quite
different from the traditional model.

RT can be descril;ed formally by defining S, I, and D as the set of
possible states of the world, the set of information about the actual state
. of the world, and the set of a decision maker’'s potential decisions,
respecﬁivéiy. Each state contains all potential factors that can affect
the consequences of a particular decision. Set I includes all information
that might be used to arrive at decisions, although normally not all
potential information will be used.

Consider first the standard Bayesian decision model. The rational
decision maker maximizes posterior expected utility contingent on received

information. For each decision d € D, let Ig* denote the subset of

information for which d is optimal, that is, when d maximizes posterior

expected utility. The conditional probability of making decision d when i €
Ig* is received is noted by rq and the conditional probabilit}; of making
decision d when i € Ig* is received is wg. Optimal behavior implies that
rg* = 1 and wg* = 0.

But, decision makers do not always make optimal decisions, even in the

choice of articles to read, and they do not always perfectly respond to
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information. Failure to make decisions if they are optimal (rg < 1) is a
Type I error. Alternatively, making a decision that is not optimal (wg >
0) is a Type II error. A decision maker’s reliability can be represented
by the reliability ratio, pg = rg/wg. Optimal Bayesian behavior produces
the limiting case of perfectly reliable use of information (pg* = =). 1In
general, however, p is finite. A decision maker’s reliability is a
function of the gap between his or her competence and the difficulty of the
decision (the C-D gap).

To extend the model, let gq be the gain in utility from selecting d

when it is optimal to do so (i.e., when i € Ig*). Similarly, 14 is the

loss in utility from selecting d when it is not optimal to do so (i.e.,
when i1 € Ig*). Finally, let p*(d) denote the probability of receiving
information for which d is optimal. Depending on the relative incidence of
Type I and Type II errors and the relative magnitudes of losses and gains,
utility may or may not increase from making particular decisions. The
reliability condition specifies that an agent will benefit from expanding
his repertoire of decisions to include decision d if and only if the
followiﬁg condition holds:

s d4,1-pxd)

—_— T — , Or Py >T
Vg 84 p*(d)

d

That is, an agent’s reliability in making decision d must exceed a minimum
reliability or tolerance limit, Td’ before the agent can benefit from
allowing flexibility to make decision a.3

The reliability condition provides a theoretical basis for rule-

governed behavior. For positive loss/gain ratios, the tolerance limit
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. becomes arbitrarily large as p*(d) gets smaller and smaller (as the
probability that a particular decision is optimal falls). As successively
" more decisions are involved, agents with bounded reliability cannot benefit
from trying to imitate the behavior of fully optimizing agents. Instead,
they come to rely on regularized decisions or rules, and their behavior is
governed by 'habits’, 'rules of thumb’, ’administrative rules’, ’‘routines’,
etc.

It is important to distinguish between costly, imperfect information

and imperfectly using information, however accurate it might be. The

reliability condition, as previously formulated, represents only the latter

aspect. Incorporating imperfect and costly information further reduces an
agents’ reliability and increases the loss/gain ratio. The implications of
RT for information search and use are quite different than traditional
economic optimal information models. RT implies that for agents with
bounded reliability, trying to use more complex or nonlocal information
will eventually be counterproductive no matter how acccurate such
information might be. This outcome can occur even if the information is
costless. Thus, RT implies that agents will ignore highly accurate and
costless information if it is sufficiently complex or nonlocal.

Bounded reliability suggests that complex social exchange systems
could not have evolved without institutions to reduce the scope of nonlocal
information required for agents to reliably forecast the consequences of
their own behavior. - These institutions provide the opportunity for
predictable mutual reciprocation and reduce the scope and complexity of
information that must be reliably interpreted for agents to benefit.

(Heiner 1983, p. 581). In addition, the increasing uncertainty associated
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with larger systems implies that hierarchial structures of increasingly
flexible rules will evolve to guide the more complex behavior of larger
systems (Heiner 1983, pP. 584).

Behavior patterns exhibit two key dynamic properties. First,
relatively sudden '‘switching’ between different behavior patterns will
occur as the reliability ratio and the tolerance limit cross over each
other (Heiner 1983, p. 582). These crossovers may be triggered by changes
in the agent’'s competence' or by changes in the decision environment.
Recursive decision environments can also generate systematic hysteresis
effects,4 in which the crossover point depends on the history of
environmental conditions aﬁd prior behavior patterns (Heiner 1983, p. 582).
The role of hysteresis in the evolution and performance of institutions has
been recognized by economists (Georgescu-Roegen 1971, p. 125 and Samuelson
1972, p. 541) but given little consideration in formal theory.

The second dynamic property is that the rate of evolutionary change in
behavior or institutions in response to changes in agents’ competence or in
the environment may be punctuated with a variety of sudden changes. The

general pattern of response will initially be insensitive as new (nonlocal)

information accumulates followed by relatively quick switching behavior.

Consequently, transitory information may be ignored, even if it contains
extremely accurate information to selectively modify behavior.
Implications of Reliability Theory for Institutional Anélysis

An institutional structure serves to assure the credibility of
interpersonal exchange (Williamson) since it "...reduces the uncertainties
associated with contract fulfillment é; a consequence of enforcing reliable

forms of exchange" (North, p.4). To illustrate the implications of RT for
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institutional analysis, consider the problem Sah and Stiglitz describe as
the "architecture" of an institution. That is, the configuration of
decision making responsibility to achieve a social objective.
Institutional Architecture

In a world of imperfect information and imperfect decision makers,
alternative institutional architeetures can léad to different levels of
performance reliability. For example, a decentralized system (polyarchy)
may have higher or lower rates of Type I and II errors than a centralized
decision structure (hierarchy). Alternatively, one system may reduce Type
I errors but increase the likelihood of Type II errors. RT suggests the
institutional structure which more consistently satisfies the reliability
condition will be selected by society. This does not imply that one
structure is "optimal" since Type I and II errors will still occur, but the
preferred structute provides credible performance under varying, uncertain
conditions.

This perspective on institutional architecture is quite different from
the optimal Bayesian decision making of traditional economic theory. For
example, the choice of institutional structure for environmental quality

control has been evaluated in the literature in terms of administratively

decreed technological standards versus decentralized mechanisms such as

marketable permits, bribes, emission taxes, etc. (Tietenberg, Bohm and
Russell). The bulk of this literature has sought to prove the optimality
of flexible mechanisms that allow emission sources to adjust their behavior
.in response to information from a central authorify and others in their
industry or geographic region. However, as Russell et al. wryly observe,

these proofs assume that, "...not only are sources good citizens, but they
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are very capable citizens as well" (p. 91). In short, the qualitative
results depend on perfect information and errorless decisions. More
complex optimization models with imperfect information and detection and
compliance failures have been considered but the general result of these
inquiries is that "...there is no perfect system" (Downing, p. 223).

By contrast, RT offers a less prescriptive framework and suggests the
structure which more reliably solves the problem of reducing decision
errors in design, performance and enforcement will prevail. A reliability
analysis would focus on the complexity of information and the competence of
decision makers in the system architecture and evaluate the likelihood of
decision errors. For instance, it can be hypothesized that centralized
regulators more reliably evaluate social gains and 1losses from
environmental quality changes because they are less likely to make Type I
errors (not controlling when it is optimal) but more prone to Type II
errors. Refutation of the hypothesis would require that decentralized
decisions improve on the Type II error rate to a sufficient degree to
offset higher Type I errérs. Thus, the reliability condition, not the
efficiency properties of a deterministic system, will bound the choice of
system architecture.

In practice, the choice of institutional structure to control
environmental quality has been remarkably consistent across different
political systems and cultures. The vast majority of countries have
adopted hierarchical control systems that centralize decision making
responsibility and limit the flexibility of emission sources (Downing and

Hanf). While these institutional solutions to the externality coordination

problem certainly do not eliminate decision errors (a generic attribute of
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any structure), this consistency indicates a relatively high degree of‘
reliability relative to more flexible alternatives.” Other practical
examples of rigid as opposed to flexible institutions to coordinate
externality problems include the wuse of strict 1liability instead of
negligence standards for hazardous waste (e.g. the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980) and
groundwater protectio? laws (Safe Drinking W#ter Act Amendments of 1986).
Reliability theory suggests these structures will endure until information
about an alternative with equal or greater reliability becomes sufficiently
local to initiate collective action.
Administrative Rules

RT also suggests that institutions will respond to increasingly
complex information by reducing the scope and complexity of inforﬁatioh
that must be interpreted by decision makers (Heiner 1983, p. 580-582).
Nonlocal information that cannot be reliably interpreted will be given
little weight in the decision process or it may be ignored (Heiner 1986, p.
236-242). As a result, administrative decisions and rules will tend to
reflect more rigid criteria, a preference for precedence, and the neglect
of complex information. Heiner (1986) cites the legal principle of stare
decisis ("Let the prior decision stand") to explain how precedent and

bounded decision methods are a logical product of judicial fallibility and

social demand for reliability from institutions. Similarly, constitutional

rules can be viewed as restraints on government action that assure reliable
provision of government services and individual liberties (Aranson).
To further illustrate the principles, consider the administrative

response to the Conservation Reserve Program (CRP) mandated under Title XII
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of ﬁﬁe 1985 Food Security Act. Congress specified a set of objectives for
the CRP which, if optimally implemented, required detailed information
about future commodity prices, nonmarket values, and environmental
conditions. Faced with these uncertainties, USDA adopted an implementation
strategy based on a limited set of simple eligibility criteria that
imperfectly, at best, approxiﬁate the legislativé objectives (Reichelderfer
and Boggess). While new information may become available to alter program
rules, evidence from other administrative agencies’ responses to complex
information '(Sabatier) suggest USDA's changes will be slow and imperfect.

Another example is rule making by regional councils under the Magnuson
Fishery Conservation Management Act of 1976 (PL 94-265). The Act
stipulated seven objectives for the councils which included optimum yield
and economic efficiency. An implicit objective of the Act was to minimize
intergovernmental conflicts over fishery management and allocation
(Rogalski). Although economists have developed sophisticated models of
efficient allocation mechanisms for the fishery (e.g. McConnell and
Sutinen), in practice the councils have opted for allocations based
primarily on historical shares between competing user groups (Easley and
Prochaska). Economists havg criticized this approach as inefficient and
distributionally motivated (Karpoff), but have given little consideration
to how the.allocapion rule minimizes conflict, provides consistency for
investment decisions over time, and pefpetuates the councils’ ability to
resolve disputes. RT suggests these latter factors are the most important

determinants of the evolution and stability of allocation rules.

In summary, RT departs from EUT by recognizing the competence-

difficulty gap inherent in human decision making, the fallibility of
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judgment, and the desire for reliable outcomes from interaction. RT
disparages the reductionist myth that more information, regardless of its
complexity, improves decision making and that greater flexibility
necessarily improves institutional reliability. These features of
uncertainty are the motivating forces for institutional evolution and
stability. ﬂ
An Appraisal

RT is a mnovel, challenging view of human decision making and
interaction that | provides a descriptive-explanatorf framework for
institutional analysis. This framework recognizes EUT as a special case
but most of the insights from RT arise from the general case. The theory
suggests that economists concerned about environmental institutions would
benefit by recognizing the sources of uncertainty in performance and by
considering how these wuncertainties are influenced by alternative
institutions and/or new information. The reliability condition specifies
an explicit criterion to explain and evaluate institutional formation and
evolution. However, this condition alone 1is not sufficient for the
existence -and performance of institutions. Other criteria such as
fairness, justice, and-ethics-motivate social interaction and should not be

neglected in institutional analysis.

As with any new theory, there are technical difficulties and

conceptual ambiguities to overcome. One problem is the need for a method
to quantify the amount and quality of information available to decision
makers and how this information is used. One possibility is the use of the
"epistemic reliability" indicators suggested by Gardenfors and Sahlin. In

contrast to standard Bayesianism, this approach uses a class of alternative
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probability measures to represent individual knowledge and to derive
indicators of the degree of reliability a decision maker ascribes to the
alternative measures. In addition, the fact that true uncertainty can
never be fully quantified suggests the need for modeling tools that admit
this indeterminacy. Fuzzy set theory (Zimmerman) may offer some insights
for this problem. More well-known approaches such as stochastic control
methods could also be used to evaluate the economic consequences of

reliability criteria (e.g. Milbn).

A more fundamental issue, however, is the philosophical implications

of RT. As reflected in the normative content of Dewey'’s remarks in the
introduction, the rational choice framework of EUT 1is generally
inconsistent with rule-governed behavior. From this rationality
perspective, flexibility and decentralization have become the cornerstones
of economic theory. RT presents a challenge to these fundamentals because
it provides a logical foundation for institutions that limit individual
flexibility. to select optimizing behavior. The implications of this
alternative perspective and the question of whether RT can be embraced
within a generalized concept of rational choice are unresolved issues that
invite future inquiry.

In summary, perhaps the most significant contribution of RT is that it
encourages theorists and empiricists to focus on the role of imperfect
judgment in human behavior and the broader social implications of
individudl decisions. This view of bounded rationality in institutional
structure and performance is consistent with other research programs in the

social and natural sciences. The promise of RT is that it may provide a
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lasting contribution to our understanding of the formation and evolution of

social structures.

FOOTNOTES

*The authors are associate professors in the Food and Resource
Economics Department, University of Florida. Thanks to Jeff Burkhardt,
Carolyn Fonyo, John Hoehn, John Holt, Clyde Kiker, Larry Libby, and Gary
Lynne for helpful comments and criticisms. Senior authorship is a joint

product. Florida Agricultural Experiment Station Journal Series No. xxxx.

Our favorite characterization of uncertainty is the Bag Lady'’s (a.k.a.
Lily Tomlin) observation that, "Reality is nothing more than a
collective hunch." Also popular is the (anonymous) rejoinder to
Einstein, "God does play dice with the universe."

The transactions costs approach to information problems cannot explain
behavioral responses to uncertainty because decision makers can not
know the expected value of information a priori. Certainly, search
costs and learning play an important role in institutional dynamics
but these decision variables can be directly integrated into the
reliability theory framework (e.g. Heiner 1986, p. 258-261).

In the limiting case of perfect information and perfect decisions, the

* :
reliability condition reduces to (gd-pd)>0 which is the standard

decision rule in expected utility theory. For the general case with
imperfect information and decisions, the decision rules are not
equivalent (Heiner 1986, p. 258-261).

A hysteretic explanation of the behavior of a system means that the
history of the relevant explanatory variables is required in addition
to knowledge of the present state variables; if only reference to
present state variables is required, the system is ahysteretic (Cross
and Allan).

It is useful to note that the U.S. Congress apparently recognized the
propensity for Type II errors in centralized control by adding
individual source variance procedures to each of the major

environmental regulation acts.




14

REFERENCES

Aranson, P.H. "Procedural and Substantive Constitutional Protéction of
Economic Liberties.™ Public Choice and Constitutional Economics, eds.
J.D. Gwartney and R.E. Wagner. Greenwich: JAI Press, 1988.

Arrow, K.J. "Rationality of Self and Others in an Economic System."
Rational Choice, ed. R.M. Hogarth and M.W. Reder. Chicago:
University of Chicago Press, 1987.

Bohm, P. and C.S. Russell. "Comparative Analysis of Alternative Policy
Instruments.” Handbook of Environmental snd Resource Economics, ed.
A.V. Kneese. New York: North Holland, 1985.

Coleman, J.S. "Psychological Structure and Social Structure in Economic
Models." Rational Choice, ed. R.M. Hogarth and M.W. Reder. Chicago:
University of Chicago Press, 1987.

Cross, R. and A. Allan. "On the History of Hysteresis." Unemployment,

Hysteresis and the Natural Rate Hypothesis, ed. R. Cross. Oxford:
Basil Blackwell, 1988.

Dahlman, C.J. "The Problem of Externality." J. law and Econ.
22(1979):141-62.

Dewey, J. Human Nature and Conduct. Vol. 14 of John Dewey: The Middle

Works, ed. J.A. Boydston. Carbondale: Southern Illinois University
Press, 1983.

Downing, P.B. Environmental Economics and Policy. Boston: Little, Brown
and Company, 1984.

Downing, P.B. and K. Hanf, eds. International Comparisons in Implementing
Environmental Laws. Boston: Kluwer-Nijhoff, 1983.

Easley, J.E., Jr. and F.J. Prochaska. "Allocating Harvests Between
Competing Users in Fishery Management Decisions: Appropriate Economic
Measures for Valuation." Mar, Fish. Rev, (1988): in press.

Gardenfors, P. and N.E. Sahlin. "Unreliable Probabilities, Risk Taking,
and Decision Making." Decision, Probability and Utility, eds. P.
Gardenfors and N.E. Sahlin. Cambridge: Cambridge University Press,
1988,

Georgescu-Roegen, N. Analytical Economics: Issues and Problems. Harvard:
Harvard University Press, 1966. ‘




15

Goodin, R.E. Political Theory and Public Policy. Chicago: University of
Chicago Press, 1982.

Heiner, R.A. "The Origin of Predictable Behavior." éger, Econ. Rev.
73(1983):560-595.

"Uncertéinty, Signal-Detection Experiments and Modeling

Behavior." Economics as a Process: The New Institutional Economics,

ed. R. Langlois. Cambridge: Cambridge University Press, 1985.

"Imperfect Decisions and the Law: On the Evolution of Legal

Precedent and Rules." J. legal Stud. 15(1986):227-261. »
Hodgson, G.M. Economics and Institutions. Philadelphia: University of

Pennsylvania Press, 1988.
Karpoff, J.M. "Suboptimal Controls in Common Resource Management: The
Case of the Fishery."™ J. Pol. Econ. 95(1987):179-194.

Kay, N.M. The _Emergent Firm: Knowledge, JIgnorance and Surprise in
Economic Organization. London: Macmillan, 1984.

Knight, F. Risk, Uncertainty and Profit. Boston: Houghton Mifflin, 1966.

McConnell, K.E. and J.G. Sutinen. "Bioeconomic Models of Marine

Recreational Fishing." J., Env, Econ. and Mgmt. 6(1979):127-139.

Milon, J.W. "Optimizing Nonpoint Source Controls in Water Quality
Regulation."™ Water Res, Bull. 23(1987):387-396.

North, D.C. "Ideology and Political/Economic Institutions: An Historical
Introduction.” Paper presented at the Conference on the Political
Legitimacy of Markets and Government, Florida State University, March
4, 1988. '

Reichelderfer, K. and W.G. Boggess. "Government Decision Making and
Program Performance: . The Case of the Conservation Reserve Program."
Amer. J. Agr. Econ. 70(1988):1-11. |

Rogalski, W.R. "The Unique Federalism of the Regional Councils under the
Fishery Conservation and Management Act of 1976." Boston Coll. Env.
Aff. Taw Rev. 9(1980):163-203.

Runge, C.F. and R.J. Myers. "Shifting Foundations of Agricultural Policy
Analysis: Welfare Economics When Risk Markets are Incomplete." Amer.
J, Agr, Econ. 67(1985):1010-1016.

Russell, C.S., W. Harrington, and W.J. Vaughan. Enforcing Pollution
Control Laws. Washington, D.C.: Resources for the Future, 1986.




16

Sabatier, P. "The Acquisition and Utilization of Technical Information by
Administrative Agencies." Admin. Sci. Qtrly. 23(1978):396-417.

Sah, R.K. and J.E. Stiglitz. "The Architecture of Economic Systems:

| Hierarchies and Polyarchies." Amer, Econ. Rev. 76(1986):716-727.

Samuelson, P.A. "What Classical and Neoclassical Monetary Theory Really
Was." Reprinted in Merton, R.C. (ed.). The Collected Scientific
Papers of Paul A, Samuelson. Vol. III. Massachusetts: MIT Press,
1972.

Schmid, A.A. Property, Power and Public Choice. Second Edition. New
York: Praeger, 1987.

Schotter, A. The Economic Theory of Social Institutions. Cambridge:
Cambridge University Press, 1981.

Tietenberg, T.H. "Transferable Discharge Permits and the Control of
Stationary Source Air Pollution: A Survey and Synthesis." Land Econ.
56(1980):391-416.

Walters, C. Adaptive Management of Renewable Resources. New York:
Macmillan Publishing Co., 1986.

Williamson, O.E. The Economic Imnstitutions of Capitalism; Firms, Markets,
Relational Contracting. New York: The Free Press, 1985.

Zimmerman, H.J., ed. Fuzzy Set Theory and Its Application. Hingham, MA:
Kluwer, 1985.




