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HIGHLIGHTS

Designing Safety Regulations for High-Hazard Industries
The National Academies of Sciences, Engineering, and Medicine offers clarity about regulatory design decisions

Governments have long regulated the safety of industries engaged in hazardous activities. Safety regulation
aims to ensure that industries can continue to provide their vital goods and services but without imposing
undue risk of harm to workers, the public, and the environment. How can regulatory officials best design their
regulations to achieve these aims?
Various regulatory designs offer different advantages and disadvantages, depending on the circumstances
under which they are applied. To make smart decisions, regulators need a clear conceptual framework about
their design options and about the conditions under which different designs will work best. Such a framework
can be found in a report issued by the National Academies of Sciences, Engineering, and Medicine.
The U.S. Pipeline and Hazardous Materials Safety Administration asked the National Academies to convene a
committee to examine key factors that are relevant to government safety regulators as they choose among
regulatory designs, particularly for preventing low-frequency, high consequence events. These safety regulations are often scrutinized after an incident occurs, but even then their effectiveness can be inherently difficult
to assess when their main purpose is to reduce catastrophic failures that are rare to begin with. Nevertheless,
although safety regulation cannot prevent all harmful incidents, regulators need to have confidence that the
regulatory designs they choose are well suited to the particular circumstances in which those designs are
applied. Regulators must also be able to provide a reasoned basis for their choices to policy makers and the
public.
Regulators can design their regulations in several ways. One distinction focuses on the point at which the regulation intervenes in a causal chain that leads to the ultimate catastrophic risk. For example, regulations can
target at a micro-level by imposing requirements on firms to mitigate specific contributors to risks. Or they can
regulate at a more macro-level by focusing their requirements less on individual risk contributors and more on
mitigating overall risk.
In addition to having a micro- or a macro-level emphasis, regulations can also be designed to specify the
means that firms must use or the ends they must achieve.
To provide much-needed conceptually clarity over regulatory design choices, the National Academies’ committee focused on the salient design features that follow from the macro-micro and means-ends distinctions.
These features suggest four basic regulatory design types: micro-means, micro-ends, macro-means, and
macro-ends.
The impetus for the committee’s report, one that suffuses the debate about how best to regulate high-hazard
industries, is growing interest in macro-means regulations—that is, regulations that require firms to establish
management systems to identify, prioritize, and mitigate their safety risks. Often contrasted with “prescriptive” or micro-means regulations, and sometimes mislabeled as “performance-based,” management regulations are more aptly described as having a macro-means design. They require firms to address overall risk—
that is, at a macro-level—by using the specified means of a management system. Under this regulatory design,
firms are required to develop internal plans and manage organizational- and system-level processes that focus
managers’ attention on catastrophic risk.

Notably, these management regulations do not require
firms to achieve specified ends, or performance outcomes,
such as a demonstrable reduction in the risk of major
incidents. Such an outcome would be particularly difficult
to demonstrate when regulations are intended to prevent catastrophic failures, given their complexity and rare
occurrence.

Four Basic RegulaƟon Design Types with
Examples of Commonly Used Descriptors
Means
Ends
Micro
Micro-means
Micro-ends
“PrescripƟve” “Performancebased”
Macro Macro-means Macro-ends
“Management “General duty/
-based”
liability”

Informed by academic research as well as by insights
from case studies of the regulatory regimes of four countries governing two high-hazard industries, the committee’s report concludes that macro-means regulations
can serve a valuable purpose by addressing risks that are complex and context-specific, as is characteristic
of low-frequency, high-consequence events. How well these regulations serve this purpose, however, will
depend on a number of factors, including the details of how the regulation is structured, the capabilities
of the regulator in supporting and motivating compliance, and the capacity of the regulated firms to plan,
assess, and act in ways that fulfill the purpose of the regulation.
Any decision to use macro-means regulation must consider the regulator’s own ability to enforce and motivate compliance through methods such as auditing and field inspections. It should also take into account
the capacity of regulated entities to meet their obligations. If these preconditions are missing or cannot be
created, regulators should be concerned that this management style of regulation will be less effective than
desired.
Unfortunately, for many years regulatory professionals have placed too much emphasis on ambiguous and
often misleading labels such as “performance-based” and “prescriptive,” and they have gravitated toward
simplistic lists of generic advantages and disadvantages of regulatory design types. Only by clarifying design
concepts and explaining how specific circumstances can affect each design’s advantages and disadvantages
can regulators of high-hazard industries make more informed and better articulated regulatory choices.

COMMITTEE FOR A STUDY OF PERFORMANCE-BASED SAFETY REGULATION
Detlof von Winterfeldt, University of Southern California, Los Angeles (Chair); Kenneth E. Arnold (NAE), K. Arnold Consulting, Houston, Texas; Cary Coglianese, University of Pennsylvania, Philadelphia; Louis Anthony Cox, Jr. (NAE), Cox
Associates, LLC, Denver, Colorado; Robin L. Dillon-Merrill, Georgetown University, Washington, D.C.; Lois N. Epstein,
Wilderness Society, Anchorage, Alaska; Orville D. Harris, O.B. Harris, LLC, Houston, Texas; L. Robin Keller, University of
California, Irvine, Allison M. Macfarlane, George Washington University, Washington, D.C.; Rachel McCann, Health and
Safety Executive, Liverpool, England; Arthur D. Meyer, Enbridge Pipelines, Inc. (retired), Edmonton, Alberta, Canada;
Donald P. Moynihan, University of Wisconsin, Madison; Susan S. Silbey, Massachusetts Institute of Technology, Cambridge; James A. Watson IV, American Bureau of Shipping, Houston, Texas; Thomas R. Menzies, Jr., Study Director. Report
are available from the National Academies Press, (800) 624-6242; www.nap.edu.
For More Information . . . This summary was prepared by the Transportation Research Board based on Designing Safety
Regulations for High-Hazard Industries (2017). The study was sponsored by the U.S. Pipeline and Hazardous Materials
Safety Administration. Any opinions, findings, conclusions, or recommendations expressed in this publication do not necessarily reflect the views of any organization or agency that provided support for the project.

TRANSPORTATION RESEARCH BOARD

Copyright 2017 by the National Academy of Sciences. All rights reserved.

