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Information gaps and uncertainties lie at the heart of many persistent pollution and
natural resource management problems. This article develops a taxonomy of these
gaps and argues that the emerging technologies of the Information Age will create
new gap-filling options and thus expand the range of environmental protection
strategies. Remote sensing technologies, modern telecommunications systems, the
Internet, and computers all promise to make it much easier to identify harms, track
pollution flows and resource consumption, and measure the resulting impacts.
These developments will make possible a new structure of institutional responses to
environmental problems including a more robust market in environmental prop-
erty rights, expanded use of economic incentives and market-based regulatory strat-
egies, improved command-and-control regulation, and redefined social norms of
environmental stewardship. Likewise, the degree to which policies are designed to
promote information generation will determine whether and how quickly new insti-
tutional approaches emerge. While some potential downsides to Information Age
environmental protection remain, the promise of a more refined, individually tai-
lored, and precise approach to pollution control and natural resource management
looks to be significant.
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INTRODUCTION

Information issues are central to the challenge of environmental
protection. Inadequate information and related transaction costs
make Coasean contractual exchanges of environmental rights infea-
sible in many circumstances.! Information issues are also at the heart
of the debate over whether entitlements, including environmental
rights, are best protected by property rules or liability rules.2 Even as
a generation of legal scholars debated the optimal form of tort law
over the last fifty years, mounting frustration with the information
demands of a tort-based environmental regime? precipitated a shift
toward a structure based on statutes and regulations, which incorpo-
rated various techniques to “short circuit” the information require-
ments for environmental decisionmaking.# In recent years, however,

1 See R. H. Coase, The Problem of Social Cost, 3 J.L. & Econ. 1, 10 (1960) (arguing
that, in absence of transaction costs, efficient level of emissions can be negotiated). See
generally Coasean Econowmics: Law AND EcoNoMics AND THE NEW INSTITUTIONAL
EcoNowmics (Steven G. Medema ed., 1998); Guido Calabresi, The Pointlessness of Pareto:
Carrying Coase Further, 100 YaLe L.J. 1211 (1991) (discussing how transaction costs com-
plicate bargaining); Robert C. Ellickson, The Case for Coase and Against “Coaseanism”, 99
YaLe LJ. 611 (1989) (noting that Coase recognized effect of transaction costs on
exchanges).

2 See Guido Calabresi & A. Douglas Melamed, Property Rules, Liability Rules, and
Inalienability: One View of the Cathedral, 85 Harv. L. REv. 1089 (1972) (exploring when
entitlements should be granted and under what circumstances property, liability, or ina-
lienability rules should be applied). For an overview of the broader Cathedral literature,
see infra note 55.

3 See, e.g., James E. Krier & Stewart J. Schwab, Property Rules and Liability Rules:
The Cathedral in Another Light, 70 N.Y.U. L. Rev. 440, 453-57 (1995) (noting that
problems in obtaining and processing information may impede efficient damage calcula-
tions by courts).

4 See RoOBERT V. PERCIVAL ET AL., ENVIRONMENTAL REGULATION: Law, SCIENCE,
AND PoLicy 85-95 (4th ed. 2003) (providing comprehensive structural overview of emer-
gence and eventual dominance of statutory environmental law); Richard B. Stewart, A
New Generation of Environmental Regulation?,29 Cap. U. L. REv. 21 (2001) (chronicling
and criticizing rise of environmental regulation model). The logic for “short circuiting”
information requirements is provided by Diver and others who have contributed to the
“optimal specificity” of regulation literature. See infra note 49.
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disappointment has arisen over regulatory failures—often traceable to
information gaps—that remain pervasive despite numerous regulatory
reform initiatives.>

Uncertainty seems to be the hallmark of the environmental
domain. Disagreements over how best to cope with information defi-
cits have translated into bitterly partisan and divisive environmental
politics and limited progress in recent years in pollution control and
natural resource stewardship. Perhaps this picture represents the ines-
capable reality of the environmental realm.

But imagine instead another world, one where pollution or nat-
ural resource use® easily could be traced at low cost. What if each
increment of SO, or NO, emitted from a smokestack could be tracked
to where it landed downwind? And what if the “fate and transport”
(as an ecological scientist would put it) of nitrogen and phosphorus in
runoff from farm fields or suburban lawns easily could be deter-
mined? Would things not be different if automobile emissions of vola-
tile organic compounds (VOCs), particulates, and other pollutants
could be “tagged” and traced as they flowed from tailpipes to the
“receptors” that absorb them? And what if the impacts on the recep-
tors (including people, crops, lakes, and forests) were better under-
stood as a result of advances in epidemiology, risk analysis, and
various ecological sciences? Better data on the scope, spread, and
effects of environmental harms would not eliminate all of the informa-
tion gaps that plague environmental policymaking, but such informa-
tion would open significant new policy options and would alter the
framework within which we think about environmental problems.

Such a vision is not so farfetched. Computers, wireless communi-
cations, remote sensing, and other technological breakthroughs are
reshaping every facet of modern life by vastly increasing our capacity
to collect, disseminate, and utilize information. The emergence of
these powerful new digital technologies is now broadly evident, and
their spread across the economy and society appears inexorable.”

5 Criticism of statutory environmental law is legion. For a representative sampling, see
generally J. CLARENCE Davies & JAN MazuURrek, PoLLuTioN CONTROL IN THE UNITED
StatEs: EVALUATING THE SysTEM (1998); ECONOMIC ANALYSES AT EPA: ASSESSING
RecuLAaTORY IMPAcT (Richard D. Morgenstern ed., 1997); MArc K. LANDY ET AL., THE
ENVIRONMENTAL PROTECTION AGENCY: ASKING THE WRONG QuEesTIiOoNs (1990).

6 The environmental realm encompasses a broad array of pollution and natural
resource management issues. This Article primarily focuses on pollution control, but its
arguments are applicable to the full range of environmental challenges.

7 See Peter Schwartz et al., The Long Boom 26 (1999) (discussing “inevitable” eco-
nomic and social developments being driven by spread of computers and other Informa-
tion Age technologies). For additional perspectives, see generally Tromas H.
DAVENPORT, INFORMATION ECOLOGY: MASTERING THE INFORMATION AND KNOWLEDGE
ENVIRONMENT (1997); DigitAaL FUTURES: LIVING IN A DoT-CoM WORLD (James Wilsdon
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Because information gaps and uncertainties lie at the heart of many
persistent pollution and natural resource management problems, tech-
nological breakthroughs offer special promise in the environmental
domain. As data become easier to analyze and disseminate, and dra-
matically less costly to acquire and use,® our capacity to identify and
solve environmental problems will increase substantially.

While information issues long have played a part in the academic
debate over how to refine environmental law, recent scholarship has
focused on other matters such as the need for economic incentive-
based regulation, public choice failures, cognitive limitations that
affect decisionmaking, and questions of federalism and the realign-
ment of environmental regulatory responsibility.®

In this Article, I seek to refocus scholarly attention on informa-
tion failures as a central concern for environmental law and policy.
My effort is both descriptive and normative. As a positive matter,
environmental decisionmaking critically depends on data and analysis.
How we respond to information gaps, in turn, shapes our choices of
institutional design for environmental protection. I argue that, as the
Information Age changes the context of these choices, important
opportunities for improved environmental results are emerging.

Indeed, we stand on the verge of an environmental revolution
perhaps as important as that which launched the modern environ-
mental movement four decades ago.1® The technological advances of
the Information Age provide an opportunity to make environmental
protection more data-driven, empirical, and analytically rigorous. The
core argument of this Article is that as information gaps become less
pervasive, institutional design options for addressing environmental

ed., 2001); THE EcoLoGY OF THE NEwW ECONOMY: SUSTAINABLE TRANSFORMATION OF
GLoBAL INFORMATION, COMMUNICATIONS AND ELECTRONICS INDUSTRIES (Jacob Park &
Nigel Roome eds., 2002) [hereinafter EcoLoGy oF THE NEw Economy]; Nigel Roome &
Jacob Park, Global Sustainability and Information Economy: Old Challenges, New Per-
spectives, 32 GRENNER MamrT. INT'L 24, 25-27 (2000).

8 Cf WiLLiam J. MiTtcHELL, E-Toria: “UrBaN LiFg, Jim—But Not As WE Know
IT” 13 (1999) (“Information has become dematerialized and disembodied,; it is now whiz-
zing round the world at warp speed, and in cortex-crackling quantities . . . .”); Ira S.
Nathenson, Internet Infoglut and Invisible Ink: Spamdexing Search Engines with Meta
Tags, 12 Harv. LL. & TEcH. 43, 43-54 (1998) (describing explosion of information acces-
sible through free online search engines).

9 See infra notes 17-22.

10 On the rise of the environmental movement of the 1960s and 1970s, see generally
RicHArRD N.L. ANDREWS, MANAGING THE ENVIRONMENT, MANAGING OURSELVES: A
HisTOrRY OF AMERICAN ENVIRONMENTAL PoLicy (1999); PHILIP SHABECOFF, A FIERCE
GREEN FIRE: THE AMERICAN ENVIRONMENTAL MOVEMENT (1993). For a perspective on
the movement’s accomplishments and future challenges, see generally JaAMEs GUSTAVE
SPETH, RED SKY AT MORNING: AMERICA AND THE CRISIS OF THE GLOBAL ENVIRONMENT
(2004).
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problems will expand and we will be able to rethink our regulatory
choices. While refined regulatory strategies and structures likely will
improve environmental protection broadly, it is important to note that
institutional design choices themselves also affect the incentives for
data generation. Thus, policies should be constructed to optimize
information generation and to ensure that new technologies are
deployed and harnessed quickly in the environmental realm.

I unfold the logic and implications of this coming revolution in
several stages. Part I surveys the existing “information and environ-
ment” literature and concludes that it consistently has underap-
preciated the wide range of ways that data gaps and knowledge
deficiencies affect our strategies for addressing environmental harms.
In mapping this terrain, I develop a taxonomy of information needs
for environmental decisionmaking. I further suggest that addressing
information gaps represents a key—if not the key—to environmental
progress.

In Part II, I trace out how pervasive information gaps determine
the structure and functioning of the institutions that support pollution
control and natural resource management. I argue that the need for
gap filling defines the ends as well as the means of environmental law.
In particular, I try to explain why corrective justice has disappeared as
a central goal in the environmental realm. I also note that the current
legal framework, which focuses on internalizing externalities in a
least-social-cost fashion, tends to mishandle environmental problems
that arise from ignorance or mistake rather than externalities.

In Part 111, I explore how improved data collection, analysis, and
dissemination are poised to fill critical information gaps and thus
change the context of environmental decisionmaking. Problems will
become easier to spot, and trends will become more visible. Policy-
makers will be better positioned to model the flow of harms, predict
impacts, and measure effects. A more data-intensive world will facili-
tate quantitative performance measurement, comparative analysis,
and the benchmarking of results. Easier data access and broader dis-
semination of critical facts and figures will make for a more trans-
parent policy process, engage new actors, and democratize
decisionmaking. Alongside the opportunities created by the Informa-
tion Age, I highlight a set of new challenges—some a function of the
changed information context and others that reflect longstanding
pathologies that plague environmental decisionmaking today.

In Part IV, I survey our current approaches to environmental
protection and analyze how a more information-intensive world could
affect our institutional design and regulatory strategies. I suggest that
information technologies will improve the functioning of all our pre-
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sent approaches to pollution control and natural resource manage-
ment—and make inaction appropriate in a shrinking number of
circumstances. Most importantly, I argue that the optimal mix of
environmental policies and strategies is likely to evolve as more com-
plete information changes the relative costs and benefits of various
institutional approaches to solving environmental problems.

Although the gains from a more information-rich world will pen-
etrate the environmental regime on their own over time, Part V
explores how this process might be accelerated. I note that not only
does our capacity to fill information gaps affect our choice of institu-
tional structures and regulatory tools, but also that our institutional
choices simultaneously affect the flow of data and information that is
available to support environmental decisionmaking. I thus identify a
set of options to restructure the incentives for data production and
analysis with a focus on the “least-cost information providers” in
order to bring information more effectively into the environmental
policy space.!!

While the coming era of information-based environmental pro-
tection holds tremendous opportunities for progress and more refined
institutional design, it is important to note that the precise pace and
path of policy reform is hard to predict. The revolution in environ-
mental protection that this Article envisions will emerge not in a
linear fashion but rather in a more uneven two-steps-forward-one-
step-back way. Harnessing the power of information technology will
require a nuanced understanding of the relationship between environ-
mental information and institutional design. This Article represents a
first step.

I
DErFINING THE ROLE OF INFORMATION IN THE
ENVIRONMENTAL REALM

The importance of good data and reliable information for sound
environmental decisionmaking seems obvious: Without basic data,
externalities cannot be identified and internalized,’? and those who

11 An emphasis on identifying the least-cost information provider can be traced to
pathbreaking work in the 1970s, applying economic analysis to nuisance law. See, e.g.,
Robert C. Ellickson, Alternatives to Zoning: Covenants, Nuisance Rules, and Fines as Land
Use Controls, 40 U. Cur. L. Rev. 681, 719-61 (1973); Edward Rabin, Nuisance Law:
Rethinking Fundamental Assumptions, 63 Va. L. REv. 1299, 1335-41 (1977); see also Jeff
L. Lewin, Compensated Injunctions and the Evolution of Nuisance Law, 71 lowa L. Rev.
775, 809-10 (1986) (highlighting fact-finding costs as critical variable).

12 The “economics of information” and “search costs” have been a critical point of
analysis in the economic realm. See Joseph E. Stiglitz, The Contributions of the Economics
of Information to Twentieth Century Economics, 115 Q.J. Econ. 1441 (2000) (discussing
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bear the costs of pollution cannot be made whole.’* It thus has long
been understood that information gaps lead to market failures,'# legal
system breakdowns,!> and regulatory difficulties.'®

But much of the academic literature on how to improve environ-
mental outcomes has touched on information issues only indirectly or
in passing. Significant scholarly work in the environmental field has
addressed particular sources of regulatory failure, including public-
choice distortions in policymaking,!” federalism and questions con-

information asymmetries and costs and their implications for markets); see also George A.
Akerlof, The Market for “Lemons”: Qualitative Uncertainty and the Market Mechanism, 84
Q.J. Econ. 488 (1970) (explaining how asymmetric information prevents market efficiency
and leads to undercreation of social goods); Steve Salop, Information and Monopolistic
Competition, 66 AM. Econ. REv. 240 (1976) (discussing how information costs may rein-
force monopolistic competition); George J. Stigler, The Economics of Information, 69 J.
PoL. Econ. 213 (1961) (identifying information and search costs as key determinants of
prices and price dispersion); John Joseph Wallis & Douglass C. North, Measuring the
Transaction Sector in the American Economy, 1870-1970, in LoNG TERM FACTORS IN
AMERICAN Economic GrRowTtH 95 (Stanley L. Engerman & Robert E. Gallman eds.,
1986) (proposing framework for quantifying transaction costs).

13 Making victims whole has been a goal of law in this context for centuries. See
RESTATEMENT (SEcOND) OF Torts § 901 (1979) (stating that damages in tort liability are
allocated to “give compensation, indemnity or restitution for harms™); see also Aldred’s
Case, 77 Eng. Rep. 816 (1611) (articulating principle that one should use his own property
in such manner as not to injure that of another). This goal, however, is frequently elusive.
See PETER H. ScHuck, THe LiMits oF Law: Essays on DeEMocCrRATIC GOVERNANCE
438-40 (2000) (arguing that court system is overwhelmed by need to synthesize multiple
sources of information).

14 WiLLiam J. BaumoL & WALLACE E. OatEes, THE THEORY OF ENVIRONMENTAL
Poricy 18 (1988) (explaining role of information in environmental externalities).

15 For example, nuisance proves to be an awkward way to address environmental
problems as harms become more complex, diverse, and diffuse, and as the numbers of
harm causers and victims grow. See A. Mitchell Polinsky, Resolving Nuisance Disputes:
The Simple Economics of Injunctive and Damage Remedies, 32 Stan. L. Rev. 1075,
110009 (1980) (discussing difficulties courts face in resolving nuisance cases when infor-
mation is incomplete or multiple parties are involved); see also ScHuck, supra note 13,
438-40 (identifying information overload in court system); Krier & Schwab, supra note 3,
at 479-80 (highlighting failures in tort regime). Indeed, the information challenges
inherent in the tort system hastened the rise of state and federal regulatory solutions. See
supra note 3.

16 See DAvVIES & MAZUREK, supra note 5, at 269 (concluding that “the fragmented
[regulatory] system is seriously broken”); NEIL K. KOMESAR, IMPERFECT ALTERNATIVES:
CHoosING INsTITUTIONS IN LAW, ECONOMICS, AND PuBLIC PoLicy 102-03, 117-21 (1994)
(arguing that high information costs deter public participation and enable control by rent-
seeking minorities); LANDY ET AL., supra note S, at 6-7 (“The history of environmental
policy abounds with examples of the price to be paid for ignoring the [feasibility, effective-
ness, and efficiency of proposed remedies]”); ANTHONY I. OGus, REGULATION: LEGAL
ForM AND Economic THEORY 204-10 (1994) (explaining how information gaps imperil
effective environmental regulation).

17 See, e.g., Richard L. Revesz, Federalism and Environmental Regulation: A Public
Choice Analysis, 115 Harv. L. REv. 553 (2001) (rejecting public choice arguments as basis
for federalizing environmental law). See generally JERRY L. MasHAaw, GREED, CHAOS,
AND GOVERNANCE: UsING PuBLic CHoicE To IMPROVE PusLic Law (1997) (examining
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cerning which level of government should undertake environmental
responsibilities,’® and risk-perception problems.’” Additional
emphasis has been placed on regulatory inefficiency and strategies for
addressing bureaucratic shortcomings—such as economic incentives,2°
“regulatory competition,”?' and improved cost-benefit analysis.??

public choice interpretations of legislative and administrative agency behavior); Matthew
D. McCubbins et al., Administrative Procedures as Instruments of Political Control, 3 J.L.
Econ. & Ora. 243 (1987) (advocating use of administrative procedures as tool for control-
ling regulatory process).

18 See generally Henry N. Butler & Jonathan R. Macey, Externalities and the Matching
Principle: The Case for Reallocating Environmental Regulatory Authority, 14 YALE L. &
Por’y Rev. 23 (1996) (arguing that jurisdiction for pollution control should correspond to
size of area affected by particular pollution source); Richard B. Stewart, Madison’s
Nightmare, 57 U. Cu1. L. REv. 335 (1990) (discussing problems of interest group influence
and command-and-control rigidity in federal regulatory approaches); Richard B. Stewart,
Pyramids of Sacrifice? Problems of Federalism in Mandating State Implementation of
National Environmental Policy, 86 YaLE L.J. 1196 (1977) (evaluating appropriateness of
federal government compelling state action on environmental issues).

19 See generally STEPHEN BREYER, BREAKING THE Vicious CIRCLE: TowARD EFFec-
TIVE Risk REGULATION 33-39 (1993); PauL SLovic, THE PERCEPTION OF Risk (Ragnar
E. Lofstedt, ed., 2000); John D. Graham & Jonathan B. Wiener, Confronting Risk Trade-
offs, in Risk VERsus Risk: TRADEOFFs IN PROTECTING HEALTH AND THE ENVIRONMENT
1 (John D. Graham & Jonathan B. Wiener eds., 1995) (explaining how countervailing risks
undercut risk reduction strategies); Timur Kuran & Cass R. Sunstein, Availability Cascades
and Risk Regulation, 51 Stan. L. REv. 683, 705-12 (1999) (arguing that heuristic devices
and social pressures distort risk perceptions, generating inappropriate regulatory out-
comes); Jeffrey J. Rachlinski & Cynthia R. Farina, Cognitive Psychology and Optimal Gov-
ernment Design, 87 CorNELL L. REV. 549 (2002) (surveying cognitive sources of regulatory
failure); Cass R. Sunstein, Probability Neglect: Emotions, Worst Cases, and the Law, 112
YarLe LJ. 61, 61-63 (2002) (explaining human inability to comprehend probability
differentials).

20 See generally Bruce A. Ackerman & Richard B. Stewart, Reforming Environmental
Law: The Democratic Case for Market Incentives, 13 Corum. J. EnvTL. L. 171 (1988)
(explaining administrative and institutional advantages of market-based systems); Robert
W. Hahn & Robert N. Stavins, Incentive-Based Environmental Regulation: A New Era
from an Old Idea?, 18 EcoLogy L.Q. 1 (1991) (identifying factors that have contributed to
and inhibited use of market-based mechanisms); Project 88—Harnessing Market Forces to
Protect The Environment: Initiatives for the New President, A Public Policy Study Spon-
sored by Sen. Timothy E. Wirth and Sen. John Heinz (Robert N. Stavins ed., 1988), avail-
able at http://www.heinz.org/files/Project88.PDF.

2l Compare Daniel C. Esty, Revitalizing Environmental Federalism, 95 MicH. L. Rev.
570 (1996) (arguing that centralized programs of environmental regulation will yield better
outcomes than decentralized systems of “regulatory competition”), with Richard L.
Revesz, Rehabilitating Interstate Competition: Rethinking the “Race-to-the-Bottom” Ratio-
nale for Federal Environmental Regulation, 67 N.Y.U. L. Rev. 1210 (1992) (arguing that
competition among states may yield innovative regulatory policies). See generally REGU-
LATORY COMPETITION AND Economic INTEGRATION: COMPARATIVE PERSPECTIVES
(Daniel C. Esty & Damien Geradin eds., 2001).

22 See BREYER, supra note 19, at 59-68 (advocating science-based regulatory body to
improve risk/benefit calculations); Economic ANaLYSES AT EPA, supra note 5 (high-
lighting potential regulatory applications of, and gains to be had from, better cost-benefit
analysis); W. Kip Viscusl, FATAL TRADEOFFs: PUBLIC AND PRIVATE RESPONSIBILITIES
For Risk (1992) (proposing ways for risk analyses to reflect costs and societal tradeoffs);
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While data gaps sometimes are mentioned as an issue, pervasive
uncertainties are simply assumed by most scholars to be part of the
framework within which environmental law must operate.?> This Part,
after surveying the existing literature, identifies and categorizes the
relevant information gaps. The resulting taxonomy serves as the foun-
dation for later analysis.

A. Information Issues in the Environmental Literature

Perhaps the most theoretically significant examination of the role
of information in environmental law is the work of James Krier in the
1970s. Building on the economic analyses of Demsetz and Coase and
the “law and economics” work of Calabresi and others, Krier dissects
the information-cost implications of various institutional approaches
to environmental protection.?* Krier and coauthor W. David
Montgomery argue that a regime of private property rights may
reduce transaction costs in information,?s but they note that a private
property system entails administrative costs that may not be justified
when the externalities are small.26 Describing regulation as the polar
opposite of a private property rights regime, Krier and Montgomery
observe that, in some cases, government intervention will minimize
information burdens and thus the cost of achieving a more efficient
resource allocation. Specifically, where the costs of understanding a
problem, communicating knowledge about the problem, or policing
are high, a regulatory approach may be superior to a regime of private
property rights.2’” In such cases, regulation rather than negotiation

Graham & Wiener, supra note 19, at 29-41 (advocating risk balancing formula to make
policy determinations).

23 See, e.g., PERCIVAL ET AL., supra note 4, at 343-45 (discussing prevalence of high
level of uncertainty in regulation of toxics); Daniel A. Farber, Probabilities Behaving
Badly: Complexity Theory and Environmental Uncertainty, 37 U.C. Davis L. Rev. 145,
148-52 (2003) (reviewing uncertainties in environmental law); Bradley C. Karkkainen,
Information As Environmental Regulation: TRI and Performance Benchmarking, Pre-
cursor to a New Paradigm?, 89 Geo. L.J. 257, 283-86 (2001) (emphasizing that environ-
mental regulation is characterized by uncertainty and data gaps).

24 See James E. Krier & W. David Montgomery, Resource Allocation, Information Cost
and the Form of Government Intervention, 13 NAT. REsources J. 89 (1973) (arguing that
pricing system of poliution regulation will economize on information costs while achieving
greater allocative efficiency than traditional standard-based regulations); see also JAMEs E.
KRrIER, ENVIRONMENTAL LAaw AND PoLicYy: READINGS, MATERIALS AND NOTES ON AIR
PoLLUTION AND RELATED ProBLEMs 293-468 (1971); James E. KrRiER & EpMUND
URsIN, PoLLUTION AND PoLicy: A Casg Essay oN CALIFORNIA AND FEDERAL EXPERI-
ENCE WITH MoTOR VEHICLE AIr PoLLuTiON 1940-1975 (1977) (evaluating institutional
approaches to combating motor vehicle air pollution); Krier & Schwab, supra note 3, at
453-57 (highlighting burden of transaction and “assessment” costs).

25 Krier & Montgomery, supra note 24, at 93-94.

26 Id. at 94-95.

27 Id. at 94-95, 96.
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economizes on the particularized information required for an efficient
outcome.

Krier and Montgomery identify two intermediate institutional
options that lie between a private property approach and full-scale
government regulation: subsidization and pricing.28 These
approaches tend to lower administrative costs, overcome the inherent
inefficiency of uniform standards, and permit emission limitations to
vary with the marginal cost of control for each source.?® In particular,
pricing, which we now call “market-based” regulation, creates incen-
tives that draw out decentralized information from market partici-
pants in ways that lower costs and improve efficiency. Krier’s work,
identifying the incentives for information generation as the crux of the
institutional environmental protection design challenge, provides an
important starting point for this Article.

A small number of legal scholars recently have begun to look at
the fundamental role of information in environmental problem-
solving.3® In a thoughtful article analyzing the shift in the U.S.
economy from manufacturing to services, James Salzman briefly
explores the potential impacts of the information revolution on the
environment.3!

Most of the recent “information” scholarship that has emerged in
the environmental law arena, however, has had a rather narrow focus.
Considerable attention has been paid to the potential for “information
regulation.”? Much of this analysis focuses on the EPA’s Toxics

28 Id. at 97.

29 JH. DaLEs, PoLLUTION, PROPERTY, AND PricEs 81-84 (1968) (spelling out eco-
nomic logic of marginal costs emissions pricing), reprinted in KRIER, supra note 24, at
294-97.

30 E.g., Gail Charnley & E. Donald Elliot, Risk Versus Precaution: Environmental Law
and Public Health Protection, 32 EnvTL. L. REpP. 10,363 (2002) (discussing primacy of
quantitative risk assessment in regulatory decisionmaking and arguing that effective risk
policy must change as new information emerges); Dennis D. Hirsch, Globalization, Infor-
mation Technology, and Environmental Regulation: An Initial Inquiry, 20 Va. ENvTL. LJ.
57 (2001) (predicting that globalization and advances in information technology will
improve environmental regulation).

31 Although he finds positive environmental feedback loops among key recent trends—
deindustrialization, information technology gains, economic consolidation, and globaliza-
tion—Salzman concludes that the decline in manufacturing has been overstated and that
the potential for environmental improvements from the “New Economy” still lie in the
future. James Salzman, Beyond the Smokestack: Environmental Protection in the Service
Economy, 47 UCLA L. Rev. 411, 415-18 (1999); see also Bruce Guile & Jared Cohon,
Sorting Out a Service-Based Economy, in THINKING ECOLOGICALLY: THE NEXT GENERA-
TION OF ENVIRONMENTAL PoLicy 76 (Marian R. Chertow & Daniel C. Esty eds., 1997)
[hereinafter THINKING EcoLocicaLry] (highlighting need to restructure environmental
policy and law to address shift in economy from manufacturing to services).

32 See, e.g., OGus, supra note 16, at 121-49 (explaining concept and providing exam-
ples of information regulation); David W. Case, The Law and Economics of Environmental
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Release Inventory (TRI) Program33? and the disclosure of environ-
mental information as a means for changing corporate behavior—
through “regulation by revelation,”3* public outcry, or better-
informed consumer choice.?¢ Whether aiming to encourage polluters
to behave better, to inspire regulators, or to engage consumers, those
writing in this vein all seek to improve policy outcomes through
revised information flows. A related line of scholarship focuses on the
possibility that more information, systematic analysis of data, and
better environmental management systems will make corporations
more “reflexive” and thus more attentive to the demands of environ-
mental stewardship.3?

Information as Regulation, 31 EnvTL. L. REP. 10,773, 10,776--81 (2001) (summarizing eco-
nomic analyses of information regulation); Paul R. Kleindorfer & Eric W. Orts, Informa-
tional Regulation of Environmental Risks, 18 Risk ANALYsIs 155 (1998); Cass R. Sunstein,
Informational Regulation and Informational Standing: Akins and Beyond, 147 U. Pa. L.
REv. 613, 626 (1999) (proposing information disclosure as regulatory tool that triggers
political rather than market safeguards).

33 See James T. Hamilton, Pollution Is News: Media and Stockmarket Reactions to the
Toxics Release Inventory Data, 28 J. ENvTL. ECcON. & MGMT. 98 (1995) (examining connec-
tion between TRI data and corporate stock prices); Karkkainen, supra note 23, at 286-360
(evaluating effectiveness of TRI program); Madhu Khanna et al., Toxics Release Informa-
tion: A Policy Tool for Environmental Protection, 36 J. ENvTL. EcoN. & MaMT. 243 (1998)
(examining investor reactions to disclosures through TRI); Shameek Konar & Mark
Cohen, Information as Regulation: The Effect of Community Right to Know Laws on Toxic
Emissions, 32 J. ENvtL. EcoN. & Mamrt. 109 (1997) (providing further examination of
relationship between TRI releases and stock prices); Tom Tietenberg, Disclosure Strategies
for Pollution Control, 11 ENvTL. & RESOURCE Econ. 587 (1998) (evaluating effectiveness
of various information disclosure programs). But see Mark A. Cohen, Information as a
Policy Instrument in Protecting the Environment: What Have We Learned?, 31 ENvTL. L.
REP. 10,425, 10,425-26 (2001) (success of TRI may not justify information regulation more
broadly); Jan Mazurek, How Fabulous Fableness? Environmental Challenges of Economic
Restructuring in the Semiconductor Industry, 32 GREENER McMmT. INT’L 57 (2000) (arguing
that TRI fails to account for environmental effects of globalization in U.S. semiconductor
industry).

34 See ANN FLoriNI, THE CoMING DEMOCRACY: NEw RULES FOR RUNNING A NEw
WoRrLD 188-90 (2003) (discussing disclosure and transparency as emerging centerpiece for
regulation); Archon Fung et al., The Political Economy of Transparency: What Makes Dis-
closure Policies Sustainable? 23 (2002), at http://www.innovations.harvard.edu/research/
papers/lFGW pdf.

35 See William F. Pedersen, Regulation and Information Disclosure: Parallel Universes
and Beyond, 25 Harv. EnvTL. L. REv. 151, 160-61 (2001) (arguing that disclosure pro-
grams may deliberately provoke public outcry that will result in new regulation).

36 See Stephen Breyer, Analyzing Regulatory Failure: Mismatches, Less Restrictive
Alternatives, and Reform, 92 Harv. L. REv. 547, 556 (1979) (noting that competitive mar-
kets require well-informed consumers); Peter S. Menell, Structuring a Market-Oriented
Federal Eco-Information Policy, 54 Mp. L. Rev. 1435, 1437-42 (1995) (evaluating eco-
labels and other programs aimed at informing consumers); James Salzman, Informing the
Green Consumer: The Debate Over the Use and Abuse of Environmental Labels, 1 J. IND.
EcoL. 11 (1997) (discussing eco-labels).

37 Eric W. Orts, Reflexive Environmental Law, 89 Nw. U. L. Rev. 1227, 1252-67 (1995)
(developing theory of reflexive environmental law); Stewart, supra note 4, at 127-51 (dis-
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Others have looked at the role of information in specific regu-
lated communities. Mary Lyndon, for instance, argues that laws
addressing chemical exposures should be recrafted to encourage pro-
duction and dissemination of toxicity information.?® Wagner sees sim-
ilar gains in restructuring the incentives for information generation
related to toxic products.?® McGarity and Shapiro suggest that public
disclosure of test results involving pesticides could enhance environ-
mental safety.40

Those who seek to reorient environmental protection around
property rights and a common law legal strategy for protecting those
rights sometimes have examined the role of information.*! Bruce
Yandle, for instance, talks about the need for technologies and institu-
tions to generate information that can help to make property rights
definable, defendable, and divestible.#? But again, writing in the prop-
erty rights vein often has been rather narrow.*3

Some attention to information questions has emerged in the envi-
ronmental policy literature, especially under the rubric of “industrial
ecology.”#* Closed loop production processes, “dematerialization,”
and more careful “design for the environment”—central concepts in

cussing information regulation as way to drive more reflexive approach to environmental
law).

38 Mary L. Lyndon, Information Economics and Chemical Toxicity: Designing Laws to
Produce and Use Data, 87 MicH. L. Rev. 1795, 1797-98 (1989).

39 Wendy E. Wagner, Choosing Ignorance in the Manufacture of Toxic Products, 82
CornELL L. REV. 773, 833-41 (1997).

40 Thomas O. McGarity & Sidney A. Shapiro, The Trade Secret Status of Health and
Safety Testing Information: Reforming Agency Disclosure Policies, 93 Harv. L. REv. 837,
839-40 (1980).

41 See generally TERRY L. ANDERSON & DonNaLD R. LEAL, FREE MARKET ENVIRON-
MENTALISM (rev. ed. 2001); BRUCE YANDLE, COMMON SENSE AND COMMON LAW FOR THE
ENVIRONMENT: CREATING WEALTH IN HUMMINGBIRD EconoMiEes (1997).

42 Bruce Yandle, Legal Foundations for Evolving Property Rights Technologies, in THE
TECHNOLOGY OF PROPERTY RIGHTs 1, 1-3 (Terry L. Anderson & Peter J. Hill eds., 2001).

43 In their zeal to promote environmental protection through property rights, many
advocates for “common law” environmentalism do not sufficiently acknowledge the causes
of market failures. See, e.g., Terry L. Anderson, Viewing Wildlife Through Coase-Colored
Glasses, in WHO Owns THE ENVIRONMENT? 259 (Peter J. Hill & Roger E. Meiners eds.,
1998) (advancing call for contract-based protection of wildlife with limited focus on risk of
market failure); Todd J. Zywicki, Environmental Externalities and Political Externalities:
The Political Economy of Environmental Regulation and Reform, 73 TuL. L. Rev. 845,
868-73 (1999) (explaining persistence of current environmental regulatory regime by
public choice model, and suggesting that new view of political dynamics implies new ave-
nues for reform).

4 See, e.g., Robert I. Klee, Note, Enabling Environmental Sustainability in the United
States: The Case for Material Flow Inventory, 23 Stan. EnvtL. L.J. (forthcoming 2004)
(arguing that compiling comprehensive information on society’s use of materials and
energy is key first step towards ultimate environmental sustainability). For an introduction
to the industrial ecology literature, see generally T.E. Graedel, On the Concept of Indus-
trial Ecology, 21 ANN. REv. ENERGY & ENV'T. 69 (1996).
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industrial ecology—all rely on information production as a way to
help reduce emissions and improve efficiency.#> Industrial ecologists
also have started to explore the implications of improved data man-
agement for achieving efficiency up and down the chain of produc-
tion,* and have engaged in some broader analysis of the “ecology” of
the Information Age economy.4’

Information gaps have been a major focus of attention in eco-
nomics—indeed, Joseph Stiglitz recently won the Nobel Prize in eco-
nomics for his work on information asymmetries.#8 But, in
environmental economics, information problems have often been
addressed only in passing.*® Chichilnisky asserts, for instance, that
environmental knowledge is a privately-produced public good that is

45 See Braden R. Allenby, The Information Revolution and Sustainability: Mutually
Reinforcing Dimensions of the Human Future, in INFORMATION SYSTEMS AND THE ENVI-
RONMENT 15, 19 (Deanna J. Richards et al. eds., 2001) (demonstrating “fundamental
coevolution of the Information Revolution and sustainability”); Thomas E. Graedel &
Robert J. Klee, Industrial and Anthroposystem Metabolism, in 3 ENCYCLOPEDIA OF
GroBaL ENVIRONMENTAL CHANGE 73 (T. Munn ed., 2001) (discussing how industrial
metabolism studies of flow of materials and energy are important diagnostic tools for envi-
ronmental improvement).

46 See Daniel C. Esty & Michael E. Porter, Industrial Ecology and Competitiveness, 2 J.
Inp. EcoL. 35, 37-40 (1998) (discussing how improved information flows may translate
into greater resource productivity); Paul R. Kleindorfer & Eli M. Snir, Environmental
Information in Supply-Chain Design and Coordination, in INFORMATION SYSTEMS AND
THE ENVIRONMENT, supra note 45, at 115, 127-30 (demonstrating how better information
can improve environmental performance through minimization of use of raw materials,
transportation optimization, reduced emissions, better logistics, and other means).

47 See, e.g., LEsTER R. BRowWN, Eco-EcoNomy: BUILDING AN ECONOMY FOR THE
EArRTH 4 (2001) (arguing that environmentally sustainable economy “requires that the
principles of ecology establish the framework for the formulation of economic policy”);
DicitaL FUuTures: LIVING IN A Dot-CoM WORLD, supra note 7 (examining social and
environmental opportunities presented by e-commerce); EcoLoGy oF THE NEw
EcoNomy, supra note 7; JAN MAZUREK, MAKING MICROCHIPS: PoLicy, GLOBALIZATION,
AND EcoNoMmIC RESTRUCTURING IN THE SEMICONDUCTOR INDUSTRY (1999) (assessing
environmental impact of economic changes that have shaped semiconductor industry);
TecHNOLOGICAL CHANGE AND THE ENVIRONMENT (Arnulf Gribler et al. eds., 2002)
(highlighting environmental effects from technological advances).

48 Stiglitz, supra note 12 (discussing how examination of information asymmetries and
costs has informed understanding of markets).

49 Kip Viscusi has addressed information as a regulatory issue with some reference to
environmental issues. See, e.g., WESLEY A. MacgaTt & W. Kip Viscusi, INFORMATIONAL
APPROACHES TO REGULATION (1992) (assessing impact of hazard warning regulations); W.
Kir Viscusi, RaTioNaL Risk PoLicy (1998) (examining government’s role in providing
risk information to consumers). Lawyer-economists such as Steven Shavell have, of
course, contributed significantly to the Cathedral debate, discussed infra note 55. Others,
such as Polinsky, see infra note 57, and, more recently Pfaff and Sanchirico, see infra note
303, have explored the incentives created by disclosure rules. But little of this work looks
at information as a central regulatory failure.
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nonrival in consumption.>® But she overlooks the fact that a great
deal of environmental data and information is publicly generated.5!
Moreover, a good bit of privately generated environmental knowledge
is not shared publicly but instead guarded for commercial advantage.
This work, moreover, seems to miss the institutional dimension of
information production.

Finally, a number of legal scholars have explored information
issues in a broader regulatory context. Peter Schuck discusses the
information demands of legal systems, markets, and social norms and
develops a theory of the “economy of information.”52 In a series of
articles, Cass Sunstein explores the connections between information
and efficient regulation.5® Colin Diver, Richard Posner, and others
address the question of the optimal specificity of regulation and legal
rules.> This Article seeks to build on these lines of scholarship,
honing in on the role of information in the environmental domain.

50 Graciela Chichilnisky, Knowledge and the Environment: Markets with Privately Pro-
duced Public Goods, in ENVIRONMENTAL MARKETS: EqQuiTY anNDp EFFICIENCY 242,
242-43 (Graciela Chichilnisky & Geoffrey Heal eds., 2000).

51 Dozens of reports are put out each year by the U.S. Environmental Protection
Agency (EPA), the Department of the Interior, and other government agencies. Environ-
mental knowledge also emanates from public research centers such as EPA laboratories,
the National Academy of Sciences, and the National Institutes of Health. Government-
supported research, such as work funded by the National Science Foundation at academic
institutions, produces a vast store of additional data and analysis. Nonprofit think tanks
and private research centers also generate significant data, information, and learning with a
degree of public funding. It is therefore a significant oversimplification to see environ-
mental knowledge as privately produced. See generally Joseph E. Stiglitz, Knowledge as a
Global Public Good, in GLoBAL PuBLIC GooDps: INTERNATIONAL COOPERATION IN THE
21st CeENTURY 308, 311 (Inge Kaul et al. eds., 1999) (arguing that state plays role in pro-
ducing knowledge through intellectual property regimes).

52 ScHUCK, supra note 13, at 438—40.

53 Cass R. SunsTEIN, FREE MARKETS aND SociaL JusTice 327-28 (1997); Kuran &
Sunstein, supra note 19 (cautioning against regulatory decisions rooted in false informa-
tion); Richard H. Pildes & Cass R. Sunstein, Reinventing the Regulatory State, 62 U. CHi. L.
REv. 1 (1995) (advocating for increased emphasis on information generation and disclo-
sure in federal regulations); Sunstein, supra note 32 (proposing information disclosure as
regulatory tool that triggers political rather than market safeguards); Cass R. Sunstein,
Informing America: Risk, Disclosure and the First Amendment, 20 FLA. ST. U. L. REV. 653,
655-61 (1993) [hereinafter Sunstein, Risk] (discussing importance of information in effec-
tive risk regulation and stressing government’s fundamental role in providing it).

54 Colin S. Diver, The Optimal Precision of Administrative Rules, 93 YALE L.J. 65
(1983) (providing model for determining appropriate degree of regulatory precision); Isaac
Ehrlich & Richard A. Posner, An Economic Analysis of Rulemaking, 3 J. LEGAL STuD.
257, 261-77 (1974) (exploring “optimum precision of legal obligation™); see also RICHARD
A. PosNER, EconoMic ANALYsIs OF Law 367-70 (4th ed. 1992) (arguing that key question
is whether benefits of particularization outweigh costs). Compare RicHARD A. EPSTEIN,
SimMPLE RULES For A CoMPLEX WORLD 30-36 (1995) (arguing for simpler rules to achieve
higher overall productivity), with Louis Kaplow, A Model of the Optimal Complexity of
Legal Rules, 11 J.L. EcoNn. & ORG. 150, 161 (1995) (arguing that complexity arises because
precisely tailored rules provide benefits).
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B. A Deeper Theory of Information

In the Section that follows, I explore the breadth and depth of the
information failures that plague environmental protection efforts.
Mapping this terrain is a critical first step toward understanding the
potential for environmental gains from Information Age technologies
and the value of designing institutions to promote information
generation.

The debate over whether property rules or liability rules are the
best way to protect entitlements (and especially Calabresi and
Melamed’s seminal Cathedral analysis) illuminates some of the ways
information needs come into play in the context of environmental
problems. But this line of analysis has also cast a long shadow across
the academic literature and narrowed the thinking on where the crit-
ical information gaps lie. In seeking to reframe the scholarly debate, I
highlight an array of foundational data and information issues that are
essential to good environmental decisionmaking—but which lie
“beneath” the Cathedral discussion.

1. The Shadow of the Property Versus Liability Rules Debate

Calabresi and Melamed powerfully demonstrated that the choice
of legal rules to protect entitlements affects efficiency. The Cathedral
article and its progeny have sharpened the focus of a generation of
legal scholars on the ways in which property and liability rules can (1)
be utilized, refined, and combined to generate information on the
value of harms (and the burdens of abatement); (2) limit strategic bar-
gaining; and (3) reduce the inefficiency created by holdouts.>s

55 See Calabresi & Melamed, supra note 2; see also Ian Ayres & Eric Talley, Distin-
guishing Between Consensual and Nonconsensual Advantages of Liability Rules, 105 YALE
L.J. 235, 252 (1995) (arguing that “liability rules may induce more efficient postbargaining
outcomes even when no nonconsensual advantage exists”); lan Ayres & Eric Talley, Solo-
monic Bargaining: Dividing a Legal Entitlement to Facilitate Coasean Trade, 104 YALE L.J.
1027, 1083-90 (1995) (spelling out bargaining obstacles); lan Ayres & J.M. Balkin, Legal
Entitlements as Auctions: Property Rules, Liability Rules, and Beyond, 106 YaLE L.J. 703,
706-07 (1997) (distinguishing between higher-order liability rules and first-order liability
principles); Richard R.W. Brooks, The Relative Burden of Determining Property Rules &
Liability Rules: Broken Elevators in the Cathedral, 97 Nw. U. L. Rev. 267 (2002) (dis-
cussing valuation burdens courts face); Louis Kaplow & Steven Shavell, Property Rules
Versus Liability Rules: An Economic Analysis, 109 Harv. L. Rev. 713 (1996) (explaining
why liability rules may be superior to property rules); Carol M. Rose, The Shadow of The
Cathedral, 106 YaLe L.J. 2175, 2193-94 (1997) (suggesting that liability rules require
courts to do more than determine average damages from pollution); Steven Shavell, Lia-
bility for Harm Versus Regulation of Safety, 13 J. LEGAL Stub. 357, 359 (1984) (arguing for
liability rules rather than regulation where private parties are in better position to assess
risks than government).
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The framework of legal rules does, undoubtedly, shape the incen-
tives for information production. But as Carol Rose argues, the con-
clusions drawn from various contributions to the Cathedral debate are
a function of the examples put forward.5¢ The structure of the
hypotheticals chosen defines the analysis, assumes away certain issues,
and focuses the reader on others.>” Rose notes that the “shadow
examples” affect not only the choice of rules, but also the content of
the entitlements.>8

I contend that the shadow of the Cathedral is even more over-
whelming, distracting the scholarly community from the broader set of
information issues at play in the environmental domain. In fact, while
Calabresi and Melamed use environmental nuisance to illuminate
their argument, they really have in mind the law of accidents. They
ignore the underlying issue of whether there was an accident in the
first place.>® More importantly, the Cathedral examples—and a focus
on nuisance cases more generally—stylize the environmental problem
in a way that oversimplifies the information issues, highlighting a few
concerns (e.g., the challenge of assessing damages and preventing
holdouts) to the exclusion of others. In the pollution context, the exis-
tence, contours, sources, movement, and impact of the harm in ques-
tion cannot be taken for granted.

2. Beneath the Cathedral

People affected by pollution often do not know what potential
environmental injuries they face, where particular harms are coming
from, how much those harms affect them, what value to place on the
injuries or effects they suffer, nor whether they have a right to be free
of the harm. Under these circumstances, a Calabresian bargaining
breakdown is the least of their problems. While some of these infor-
mation failures arise from the incentives created by legal rules, other

56 Rose, supra note 55, at 2177-97 (discussing “shadow examples™). Rose further notes
that contract law is the shadow example in the work of Ayres and Talley and that Kaplow
and Shavell again work from the shadow of the law of accidents. Id. at 2176.

57 Polinsky, for instance, assumes the government has “full information about the
externality problem.” A. Mitchell Polinsky, Controlling Externalities and Protecting Enti-
tlements: Property Right, Liability Rule, and Tax-Subsidy Approaches, 8 J. LEGAL STUD. 1,
2 (1979).

58 Rose, supra note 55, at 2179.

59 Calabresi’s work on accidents in the late 1960s furthermore came against the back-
drop of a major policy debate about “no-fault” auto insurance, designed to overcome bar-
gaining breakdowns over how to tally damages in the context of car accidents. See, e.g.,
RoBerT E. KEETON & JEFFREY O’CONNELL, Basic PROTECTION FOR THE TRAFFIC
VictiM: A BLUEPRINT FOR REFORMING AUTOMOBILE INsURANCE 180-81 (1965). Cala-
bresi’s work—and thus his examples—also predate the rise of a statutory approach to pol-
lution control.
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gaps are more a function of science or values, and thus require a quite
different line of attack to fix.5°

Modern day pollution control problems are rarely of the simple
“A causes harm to B” type that the property-versus-liability-rules
debate explores. Under an even slightly more complex model—with
multiple polluters (or harm causers) P, P’, and P”; multiple “pol-
lutees” (or victims) V, V’, and V”; and multiple pollutants (or emis-
sions) E, E’, and E” causing harm X—a much broader array of
information failures can be identified.

(a) Problem Identification

In the environmental domain there is often a great deal of uncer-
tainty about whether a problem even exists. In Calabresi’s world, V
knows he has been harmed by P. In the case of an accident, V knows
that P’s car has hit him causing harm X. Calabresi and other Cathe-
dral commentators also use nuisance examples in which V is assumed
to be aware of P’s harm to him. In the broader pollution context,
however, V may not see the emissions from P’s factory smokestack.
In fact, V may not even see P’s factory, which may be many miles
away. Even if V sees the smoke in the air or emissions going into the
water, he may not be able to tell if this pollution is harmful. To estab-
lish the existence of a harm, several basic questions must be answered:

¢ Is P emitting E?

* Does E cause harm?

To complicate this set of “existence” issues, many environmental
harms are not identified until many years after they have been gener-
ated. Chlorofluorocarbons (CFCs) were considered miracle chemicals
in the 1950s with uses that ranged from cleaning semiconductors to
refrigeration. Only in the 1970s and 1980s was it recognized that
CFCs were depleting the ozone layer.5! The inability to see many
problems arises from the fact that modern-day pollutants are often,
quite literally, invisible. Other harms are spatially or temporally dif-
fused. Problems may not emerge until an ecosystem’s assimilative
capacity is overwhelmed or other critical thresholds are crossed. The

60 Some of the problems may also be “beyond science” and related to disputes over
values. On the role of values and culture more generally, see Dan M. Kahan & Donald
Braman, More Statistics, Less Persuasion: A Cultural Theory of Gun-Risk Perceptions, 151
U. Pa. L. Rev. 1291 (2003) (arguing that what people accept as fact depends on personal
values and culture). See also Wendy E. Wagner, The Science Charade in Toxic Risk Regu-
lation, 95 CoLum. L. Rev. 1613, 1619-22 (1995) (separating problems science can address
from “trans-science” issues that require political judgment).

61 See RicHARD ELLIOT BENEDICK, OzONE DipLoMACY: NEw DIRECTIONS IN SAFE-
GUARDING THE PLANET 9-22 (1998) (summarizing development of scientific knowledge
regarding CFCs and depletion of ozone layer).
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invisible buildup of carbon dioxide and other greenhouse gases in the
atmosphere—potentially causing climate change over a period of
decades or centuries—is the paradigmatic example of the hidden
harm spilling across space and time. To the harm identification tax-
onomy, we must therefore add:

e Can V (or V' or V") perceive E?

(b) Causal Specification

Even if the existence of a potential harm is clear, important ques-
tions may remain about its actual impact and thus its potential for
damage to people or the natural environment. In the ecological sci-
ences, these issues are studied as matters of the “fate and transport”
of pollutants.6? In the law, these questions are analyzed as a matter of
causation. We need information to establish a link from particular
emissions to specific receptors or pollutees:

¢ Does P’s E affect V?

In reality, the information issues and uncertainties surrounding
causal linkages are even more complex. Notably, V may be affected
by emissions from sources other than P. Are the particulates V is
breathing from the power plant next door (P)? The factory across
town (P’)? The cars miles upwind (P”)? Moreover, P’s emissions and
those of P* and P” may well affect not only V, but also V’ and V”.

It may be, furthermore, that we cannot trace a problem back to
its source until multiple victims with similar harms emerge. This
makes information exchange across victims and the aggregation of
claims important. We therefore have several additional issues to
address: _

* Do the emissions from P’ and P” affect V?

* Does P’s E affect V' and V”?

* Do V, V" and V" recognize themselves to be victims of a problem-

in-common?

(c) Impact Evaluation: Epidemiological and Ecological
Effects

Even when we can trace emissions of E from P to V, uncertain-
ties about how the pollution affects the pollutee may persist. In the

62 See, e.g., JERALD L. SCHNOOR, ENVIRONMENTAL MODELING, FATE AND TRANSPORT
OF POLLUTANTS IN WATER, AIR AND SoiL (1996) (proposing mathematical model of envi-
ronmental pollutants to gain better understanding of fate and transport of chemicals);
RicHARD J. WATTS, HAZARDOUS WASTES: SOURCES, PATHWAYS, RECEPTORS 405-37
(1998) (employing mathematical models to describe transportation of contaminants).
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policy domain these issues loom large. Does smog hurt people?%3 Do
radionuclides in drinking water lead to cancer?% Mere physical con-
tact does not necessarily create a need for redress or intervention. A
fundamental starting point for environmental policymaking is that
only actual damage or the real risk of injury requires action. Informa-
tion about the epidemiological and ecological impacts of E must
therefore be developed, analyzed, and disseminated. To our catalogue
of information needs, we must add:

® Does E harm V?
e How does E harm V?
e What dose of E affects V?

The issue of epidemiological and ecological effects may be further
complicated by a number of factors. First, the impacts on V may not
occur immediately. As noted above, threshold effects may emerge
only after a particular level of exposure or intensity of impact has
been realized. A single car in Los Angeles is not a problem, but five
million vehicles overwhelm the assimilative capacity of the airshed. In
other circumstances, harms accrue over time and only become visible
after a certain degree of accumulation.

Second, Vs injuries might be a result of exposure to other pollu-
tants beyond E. [s respiratory distress a function of smog? Or rather
particulates? Or airborne toxics? This multidimensionality means we
must ask: ,

* Do V’s symptoms come from exposure to E” or E” as well as to

E?

Third, a further set of information needs emerges at the intersec-
tion of harms and causal uncertainties. Particularly vulnerable sub-
groups of the population—children, older people, or those with
compromised immune systems, for example, may all need to be ana-
lyzed separately. Moreover, some injuries may be a function of the
interaction of one pollutant with another or with other risk factors.
Exposure to radionuclides is, for example, much riskier for smokers
than nonsmokers. The potential for interactive effects means we must
inquire:

e Do V’s symptoms come from the interaction of £ with E” and

E”?

63 See U.S. ENVTL. PROT. AGENCY, SMOG—WHO DoEs IT HURT?: WHAT You NEED
1O KNOW ABOUT OZONE AND YOUR HEALTH 34 (1999), available at http://www.epa.gov/
airnow/health/smog.pdf.

64 See NAT'L GROUND WATER Ass’N, RADIONUCLIDES: WHAT You NEED 10 KNow
(2000), available at http://www.ngwa.org/pdf/Radionuclides.pdf (highlighting risks and
uncertainties posed by these naturally occurring radioactive contaminants).
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¢ Are there other factors that aggravate or mitigate E’s impact on
V765

(d) Harm Valuation

Even if we are able to ascertain the precise physical effects of an
identified source of pollution on a pollutee, we face the additional
problem of calculating the dollar value of the injuries inflicted. It is at
this point that the Cathedral literature picks up. Consistent and
appropriate valuation of harms is critical-—and subject to real uncer-
tainty.% The valuation calculus raises a number of questions:

* Who should undertake the valuation?

* Is technical expertise required?

* Whose values and valuations should be used? Those of the pol-
lutee? Of society?

¢ Should we fully compensate victims who are unusually suscep-
tible to harm (e.g., those with weak respiratory or immune
systems)?

¢ Should we fully compensate those whose own behavior (e.g.,
smoking) creates the risk of injury or worsens the damage?

* How do we discipline exaggeration or other strategic behavior?

The multiperson, multielement model again reveals additional
complexities that add to our information needs and burdens. Specifi-
cally, if V is affected by E from P’ and P” as well as P, how do we
determine for what share or for which units of harm P is responsible?
This issue is particularly important in circumstances in which the mar-
ginal cost of the harm is not steady, but rising or falling.’” The
damage assessment questions highlighted by the Cathedral debate are
thus significant but cannot be addressed without reference to the
broader set of underlying information needs that arise in any environ-
mental decisionmaking context.

65 Age, weight, sex, and other factors such as demographic groups with unusual dietary
patterns (e.g., Native Americans who eat a great deal more fish than the rest of the popula-
tion) may all be relevant variables to examine. See generally JoHN WARGO, OUR CHIL-
DREN’s Toxic LEGacy: How ScieEnce AND Law FaiL To PrRoTECT Us FROM PESTICIDES
(1996) (spelling out how and why some subgroups of population may be more sensitive to
certain harms).

66 Polinsky observes that difficulties in calculating damages could be more important
than strategic behavior as a source of breakdown in the Calabresi-Melamed model.
Polinsky, supra note 15, at 1110-11. Krier and Schwab similarly note that judicial efforts to
place a value on harms under liability rules often entail substantial “assessment costs.”
Krier & Schwab, supra note 3, at 453.

67 Rose, supra note 55, at 2195-96 (arguing that average cost is not meaningful with
respect to allocating costs of pollution to specific actors, and therefore, polluters will not
fully internalize costs of their activities).
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(e) Rights Delineation

Coasean analysis focuses on what happens after an entitlement
has been allocated. The Cathedral debate similarly presumes that
there has been an allocation of entitlements prior to deciding whether
property or liability rules should be deployed. But in the environ-
mental realm, the delineation of property rights is often a contentious
issue,8 requiring us to ask:

¢ Have the relevant property rights been established?

e Are the parties aware of who holds the rights?

* Are the boundaries clear?

Where the rights have been allocated, the inquiry turns to a
second set of questions:

e Has there been an encroachment on these rights?
¢ Can the rightsholder tell that an encroachment has occurred?
* Are the rights easily vindicated?

While Calabresi implicitly (and other contributors to the Cathe-
dral literature more explicitly®®) assumes that the ownership, scope,
and boundaries of the relevant property rights are clear, in the real
world of environmental decisionmaking they often are not. Consider-
able effort often goes into ascertaining who holds the relevant rights
and whether an externality exists that interferes with those rights.”°
What constitutes an externality is also a function of values and com-
munity norms, which makes the scope of rights fluid and subject to
further uncertainties.”?

68 One dimension of this issue centers on the fairness of the initial allocation of rights.
This Article elides such distributive justice issues. As others have noted, without dimin-
ishing the seriousness of equity concerns, other more direct policy approaches (e.g., pro-
gressive taxation) likely are better to achieve any desired distributive outcome. See, e.g.,
Kaplow & Shavell, supra note 55, at 744.

69 See, e.g., Polinsky, supra note 15, at 1086-88.

70 See Polinsky, supra note 15, at 1100; Paul R. Portney, EPA and the Evolution of
Federal Regulation, in PubLIC PoLIiCIEs FOR ENVIRONMENTAL PROTECTION 7, 11-12 (Paul
R. Portney et al. eds., 1990) (arguing that nonregulatory approaches are insufficient due to
difficulties in defining rights, prohibitive transaction costs, and market imperfections);
Carolyn Woj, Property Rights Disputes: Current Fallacies and a New Approach, 14 1.
LEGAL StUD. 411, 412 (1985) (arguing that current economic approach overlooks impor-
tance of relative value of entitlement as factor in determining value-maximizing exchange).

71 See Robert C. Ellickson, Alternatives to Zoning: Covenants, Nuisance Rules, and
Fines as Land Use Controls, 40 U. CHi. L. Rev. 681, 728-29 (1973) (noting that evaluative
terms such as “beneficial” and “harmful” often are made with reference to community-
determined standards of conduct); Robert C. Ellickson, Suburban Growth Controls: An
Economic and Legal Analysis, 86 YALE L.J. 385, 429, 475-89 (1977) (noting uncertainty
and inconsistency resulting from fact that legality of municipality’s exactions and special
assessments levied on new developers will turn in part on community’s own past taxation
and funding practices).
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(f) Policy Intervention

Once an environmental harm has been identified and deemed
worthy of attention, two other sets of questions emerge, centered on:
(1) abatement options and costs, and (2) who should take action. In
many circumstances, an array of pollution control alternatives needs
to be considered: restructured processes, redesigned products, pollu-
tion prevention options, “end of pipe” treatment, and so on. Informa-
tion on these choices and on the costs and benefits of the various
alternative actions is critical. Optimizing incentives for creativity and
cost minimization in both information generation and intervention is
similarly important.”

Finally, we need to figure out who should formulate and imple-
ment policy. Determining whether P or V is better positioned to
reduce the harm provides a useful starting point, but not an endpoint,
for this effort. Identifying the least-cost information provider is also
important. Given the scientific and technical complexity of many
modern-day environmental problems, neither P nor V really may be
in a position even to understand the options for abatement of E.
These added dimensions of uncertainty create new information
burdens:

¢ How do we best reduce the effects of E?

¢ What are our policy choices?

* What can be done to motivate innovation in information produc-
tion and pollution control?

* Who is best positioned to act to reduce E?
* How do we minimize overall system costs?

(g) Implementation

Once an optimal abatement strategy has been identified, some-
body must act to implement the chosen intervention. In general, these
“action” costs will be borne by a private party. But in the regulatory
model, a government agency may share action responsibilities. Thus,
an additional set of issues arises around how to minimize the costs of
administering the intervention strategy:

* Is the selected intervention implemented effectively and

efficiently?

* How can administrative costs be minimized?

72 Cf. Michael E. Porter, America’s Green Strategy, Sc1. AM., Apr. 1991, at 168 (arguing
that performance standards rather than technology mandates are key to innovation).
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(h) Monitoring and Enforcement

Even after responsibility for reducing a pollution harm has been
assigned, there remain important questions about whether the respon-
sible party carries out the designated tasks. Courts