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Abstract:  Regulation is often viewed as a one-time, go/no-go decision, based on ex ante 

forecasts of uncertain future benefits and costs.  But the world changes, and static past policies 

can become mismatches with emerging new science, technology, and social conditions.   For 

example, a single decision could yield suboptimal errors by overregulating a net beneficial 

technology, under-regulating a net harmful technology, or spurring side effects or other 

unintended consequences.  There is thus interest in moving from static to adaptive regulation, 

replacing the one-time yes/no decision with a series of multiple partial sequential decisions 

informed by monitoring and review – i.e., designing regulation to incorporate learning over time.  

Moving to a more adaptive approach poses both pros and cons, including the gains of improving 

net benefits, reducing policy errors, and overcoming political impasse, but also the costs of data 

collection, decision analysis, and policy instability.  And there can be different institutional 

mechanisms for adaptive regulation.  Hence we need an instrument choice framework for 

adaptive regulation.  We distinguish between unplanned adaptive (e.g. crisis response, ad hoc 

retrospective review) and planned adaptive (e.g. periodic review, adaptive licensing), and within 

planned adaptive regulation we further distinguish between discretionary and automatic 

mechanisms.  We develop a decision tree for deciding among adaptive regulatory instruments, 

considering criteria such as the frequency of review, the scope of impacts, and implications for 

the political economy of regulation.   
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1. Introduction 

Consider a spectrum from perfectly static to perfectly adaptive policy:  at the perfectly 

static end, a policy once promulgated never changes, while at the perfectly adaptive end, a policy 

updates instantaneously in response to new information.  Neither extreme reflects the real world, 

but they bracket the range of options one can envision for incorporating learning over time into 

regulatory policy.  In some cases regulation can effectively be a one-time decision, difficult to 

revise except over long time periods, rather than a series of multiple sequential provisional 

decisions that can be revised more quickly.  It is perhaps telling that under US administrative 

law, a promulgated agency regulation is called a “final” rule.  (The imaginary type of perfectly 

adaptive policy recalls the notion of perfectly efficient markets, which instantly incorporate new 

information, whereas real markets adapt through actual human cognition and behavior, see Lo 

2017.)   

Critics worry that modern regulation is too static, adopting rigid requirements that will 

become mismatches as the world changes through evolving science, technology, conditions and 

values (e.g. Marchant et al. 2011, 2013).  This can occur even where initial policy is based on the 

best efforts at ex ante regulatory impact assessments, because uncertain forecasts of benefits and 

costs can later prove inaccurate (e.g. Aldy 2014, Morgenstern 2015).  Policy may tend to be 

static for several reasons, including political gridlock, institutional inertia, and behavioral 

heuristics such as single action bias and loss aversion.  Numerous regulatory scholars have 

argued that the regulatory process needs to become more adaptive (e.g. Farber 1994; Botkin 

1996; Freeman & Farber 2005; McCray Oye & Petersen 2010; Marchant et al. 2011; Marchant et 

al. 2013; Wiener 2002, 2004, 2017; Wiener & Richman 2010; Wiener & Ribeiro 2016; Pidot 

2015; Craig et al. 2017; DeCaro et al. 2017; Cosens et al. 2018; Carlson and Burtraw, 
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forthcoming).  Recent research finds that pressure for adaptive revision already generates a 

degree of dynamism through informal agency actions, but that these revisions may favor 

particular interest groups and do not always adhere to transparency procedures such as notice and 

comment rulemaking (Wagner et al. 2017).   

Moving toward more adaptive regulation offers several potential advantages.  Static 

policies in the face of change can yield accumulating over-regulation of net beneficial 

technology, under-regulation of net harmful technology, and adverse side effects and other 

unintended consequences.  Such change can be exogenous, but it can also be in response to the 

policy, yielding unintended ancillary impacts (Graham & Wiener 1995).  Thus, more adaptive 

regulation could offer reduced policy errors and countervailing risks, improved net benefits, and 

potentially more ambit for technological innovation.  These outcomes could also help to lessen 

public frustration over outdated and obsolete policies.  In addition, more adaptive regulation 

could potentially overcome some political impasses, easing the initial adoption of policies by 

promising further chances to assess and revisit the policy later (including more opportunities for 

public input on policy revisions).   

The case in favor of more adaptive regulation is especially strong when we can anticipate 

that we will learn a great deal after the initial adoption of a policy.  Advancing technologies -- 

for example, highly autonomous vehicles, genetic engineering and editing, personalized 

medicine, and nanotechnology -- present enormous promise to improve quality of life while 

simultaneously presenting potential risks that are uncertain and changing over time.  Regulation 

of these emerging technologies still follows the classic U.S. approach to regulation which 

typically invests a great deal of effort and time in a single rulemaking process in which problems 

are identified, alternative solutions are evaluated, a solution is proposed and open for public 
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comment, and then a final rule is issued.  Yet emerging technologies are inherently dynamic.  

The fast pace of change creates significant uncertainties for regulators.  The risk profile—how 

much risk the technology presents and to whom—is changing quickly, as is the set of possible 

alternative regulatory strategies, which mean that the net benefits profile from regulation of the 

technology may also be changing rapidly.  These technologies particularly warrant an approach 

to regulation that adjusts and adapts as information about the technology changes.     

It may be that today’s technologies demand more adaptive and flexible regulatory 

approaches than in the past.  If so, that could be because these new technologies are disrupting 

the traditional model of innovation.  Older “hardware” based technologies tended to be produced 

in centralized facilities, and hit the market fully formed, with issues and kinks worked out before 

release.  New “software” based or distributed technologies are often released early, use data from 

early adopters to refine and edit the technology, and issue frequent updates and improvements.  

These technologies generally embrace a more adaptive approach to innovation that now demands 

a more adaptive approach to regulation.  Meanwhile, it may be that more generally, beyond the 

cases of current emerging technologies, other changes (such as in scientific understanding, 

economics, ecology, demographics, and social values) could also warrant adaptive regulatory 

approaches that learn and update over time.  Many environmental and economic systems that 

have traditionally been regulated in a static manner may actually be dynamic, warranting more 

adaptive approaches to their regulation as well (e.g. Botkin 1990; Botkin 1996; Wiener 1995, 

1996; Adler 2016).   

On the other hand, moving toward more adaptive regulation may pose its own drawbacks.  

The costs of adaptive regulation include the cost of data collection, which may incur public 

expenditures and may also be burdensome on those required to provide the data (Sunstein 2019).  
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(The costs of some kinds of data collection may be falling as information technology expands 

through sensors, drones, and the internet of things, but those in turn may raise privacy concerns.)  

The analysis and decisions to review and revise a policy may be costly, to the agency itself in 

terms of scarce staff time and the opportunity costs of other policies not addressed (which is one 

reason that busy agencies may resist devoting time to retrospective reviews), as well as to society 

if the updated policy is more costly.   And, despite the need for regulatory change to adapt to 

these changes in the world, there is also value in the predictability of legal rules.  Roscoe Pound 

recognized both sides of this tradeoff when he counseled that “Law must be stable, and yet it 

cannot stand still” (Pound 1923).  Policy instability can impose costs, especially if unanticipated 

(as we discuss below regarding “unplanned” adaptive regulation).  Policy stickiness may be 

warranted in some cases to avoid post-adoption erosion of public protections by powerful 

interest groups (Lazarus 2009, Coffee 2012).  The perception of policy instability may erode 

public confidence in the rules (although so may obsolete rules that fail to keep up with change).  

If adaptive regulation looks too facile, or is seen as favoring interest groups rather than 

promoting social well-being, it may call into question the credibility of the government’s 

commitment to stick to the initial rules, thereby undermining compliance.  Thus, it may not 

always be worthwhile to move regulation toward more adaptive approaches.  In some cases the 

gains will not justify the costs.   

Amidst these pros and cons, the spectrum from static to adaptive is not just one step:  there 

are several different ways that regulatory institutions could fashion adaptive mechanisms to 

incorporate learning over time.  Each instrument for adaptive regulation may pose a different 

mix of pros and cons.  In general, policy learning can occur through several paths, including 

through learning from observed variation in policies across jurisdictions or across agencies 
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(Listokin 2008; Vogel 2017), purposefully designed experiments (Greenstone 2009 Stavins 

1998, Schmalansee & Stavins 2013), crisis surprise and response (Balleisen et al. 2017b), 

retrospective review of past policies (Farber 1994, Coglianese 2013, Aldy 2014, Sunstein 2014, 

Morgenstern 2015, Wiener & Ribeiro 2016), sunset clauses that terminate policies pending 

review (Gubler 2014), adaptive licensing of new products to limited subpopulations (Eichler et 

al. 2012), and planned ongoing monitoring and periodic review (McCray Oye & Petersen 2010), 

among others.   

Hence we need not just a debate over static vs. adaptive, but a framework for instrument 

choice among the different approaches to adaptive regulation.  We need to evaluate these 

instrument choices in terms of the pros and cons just noted.  Key elements of evaluating the 

move from static toward adaptive will involve the frequency of review (posing the tradeoff of 

more rapid updating vs. greater instability), the scope of impacts to be assessed (posing the 

tradeoff of full social impact assessment including unintended ancillary impacts, vs. the costs of 

greater data collection and analysis), the decision maker (posing the tradeoff of automatic vs. 

discretionary – rapid and reliable, but based on a limited scope of impacts, vs. slower and more 

deliberate, but assessing a broader scope of impacts), and the implications for the political 

economy of regulation (such as easing initial adoption vs. undermining subsequent compliance). 

The literature on adaptive regulation is hindered by a lack of a common lexicon.  Different 

scholars use the term “adaptive regulation” differently and different definitions lead to different 

notion of what policy instruments are “adaptive.”  Moreover, there are references to “flexible 

regulation” and “responsive regulation” which sound similar to “adaptive regulation” and are 

occasionally used interchangeable while occasionally used to mean something else entirely. 
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This paper  seeks to help chart a framework of instrument choice for adaptive regulation.  

First, we define adaptive regulation in broad terms, and contrast unplanned adaptive with 

planned adaptive regulation.  Second, we subdivide planned adaptive regulation into 

discretionary adaptive and automated adaptive regulation, and give examples of both types, as 

well as examine some of the key issues involved when choosing either approach.  Third, we 

develop a decision tree for determining whether adaptive regulation should be used, and if so, 

whether it should be discretionary or automated. 

2. Toward a General Definition of Adaptive Regulation 

A standard dictionary definition of “adapt” is “to make something suitable for a new use or 

purpose; modify.”  Thus, a concept of adaptive regulation could be regulation that can be 

modified or changed in response to (and to be suitable for) new situations.  In trying to develop a 

definition (or definitions) of adaptive regulation, we can also look to other disciplines that have 

wrestled with this concept of adaptiveness.   In ecology and environmental law, for example, and 

especially regarding ecosystem management, the notion of “adaptive management” is a 

structured process of iterative learning from prior management decisions in order to respond to 

change and improve policy outcomes (Holling 1978; Craig and Ruhl 2014; Cosens et al. 2018; 

Craig et al. 2017; DeCaro et al. 2017).  

 As a first effort at defining adaptive regulation, we could simply transform the definition 

of adaptive management to fit the regulatory process.  This would lead to a definition of adaptive 

regulation as a structured process of iterative learning from the impacts of prior regulatory 

decisions.  We expand this definition to include the outcome of this learning, namely that policy 

changes over time.  We also modify the definition to include what determines the 

outcome/change, namely data collection and analysis.  Hence, our definition of adaptive 
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regulation is: “a structured regulatory process that enables learning and modification of policy 

over time via adjustments informed by data collection and analysis” Or:  “laws built to learn.”  

Clearly critical in this definition is that what is adapting over time is the policy itself, and that 

these changes are not ad hoc, but rather part of a systematic review that draws on evidence and 

analysis.   

The concept of “planned adaptive regulation” (PAR) (McCray Oye & Petersen 2010; IRGC 

2017) adds the idea that the regulatory system is planned to adapt, i.e. that its adaptive quality is 

designed from the outset.  PAR contemplates regulation that incorporates learning – that is built 

to learn and update over time.  (While this distinction is helpful, it may also be redundant if the 

term adaptive itself connotes a process by which changes can be made based on new 

information.  But as we discuss below, there could also be “unplanned adaptive” regulation, in 

which regulation adapts in response to a surprise, without prior planned data collection and 

review.) 

Having settled on a definition does not necessarily eliminate confusion.  There are several 

other terms used in the regulatory literature that sound quite similar to adaptive regulation but 

may mean quite different things.  These terms include:  flexible regulation, responsive 

regulation, self-regulation, and co-regulation.   Understanding how adaptive regulation differs 

from these other typologies of regulation requires an examination of the components of a 

regulation. 

Every regulation could be considered to consist of four main components:  the regulator, the 

target, the commands, and the consequences (Bennear and Coglianese 2013), as depicted in 

Figure 1.  A canonical command-and-control regulation would consist of a government agency 

as the regulator, a specified target to reduce some social harm, a command to use a technology or 
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process to meet the target, and a set of inspections and penalties to ensure compliance with the 

command (though not necessarily evaluating performance in terms of reducing the social harm).  

Over time, the literature on regulation has focused on myriad ways to move away from this 

standard command-and-control framework by broadening or relaxing different aspects of the 

regulatory quadrumvirate.  The terms used for all of these various broadenings of the framework 

sound similar and can be confusing.  

 

Figure 1:  The regulatory quadrumvirate 

 

 

 

The terms “self-regulation” and “co-regulation” have been used to describe situations in 

which industry serves as both the regulator and the regulatee or in which industry and 

government develop the regulation collaboratively.  Hence, these terms focus on the upper-left 

Regulator Targets

Commands Consequences

Regulation
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(regulator) and upper-right (target) quadrant in the regulatory matrix (Maxwell, Lyon, and 

Hackett 1998; King and Lenox 2000; Bennear and Coglianese 2013).   

The term “flexible” regulation has been used to describe situations in which a regulation 

enables regulated entities to change their behavior to achieve the target and/or in the face of new 

information (Carlson and Burtraw forthcoming).  A policy such as a performance standard is 

flexible regulation in that the regulator specifies a target but leaves the regulated entities the 

flexibility to determine how best to meet the target.  Hence, the term “flexible regulation” is 

focused on the commands, which are minimal other than requiring that the regulated entities 

achieve the target.  While this distinction is very helpful, it has not always been maintained in the 

literature.  In our own work (Bennear and Coglianese 2013) we have previously argued that 

flexibility can apply to all four of the components of regulation.  Nonetheless, it seems clarifying 

and helpful to develop different terms for different types of flexibility and reserve the term 

“flexible” regulation for regulations that have flexible or non-prescriptive commands.  Cap and 

trade systems, which (like performance standards) authorize regulated entities to have flexibility 

in how best to meet the target (the method of abatement), also add further flexibility for 

regulated entities to re-allocate the location of abatement under the aggregate cap by trading 

allowances across emitters (and potentially to re-allocate abatement over time, via banking and 

borrowing).  These quadrants of regulator, target, command and consequences, with associated 

degrees of flexibility, also find their analogs in the typology of regulatory policy instruments in 

Wiener and Richman (2010), including conduct instruments (command and control 

technology/design requirements), quantity instruments (including performance standards, cap 

and trade, and property rules), price instruments (including taxes and liability rules), and 

information instruments (disclosure rules).  Much of the literature on “flexible” regulation has 
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emphasized “how” flexibility in the methods of abatement (e.g. via performance standards rather 

than technology requirements), and “where” flexibility in the spatial location of abatement (e.g. 

via tradable allowances or taxes rather than uniform standards); it has also introduced some 

mechanisms to enable “when” flexibility in the timing of abatement (e.g. via banking and 

borrowing allowances) (see the review in Pizer & Prest 2018).  These types of flexibility have 

examined the optimal initial choice of instrument in the face of uncertainty (e.g. the classic paper 

by Weitzman 1974) and then on learning and updating adjustments by the regulated entities in 

response to the initially set choice of policy instrument (e.g. Tarui & Polasky 2005).  Adaptive 

regulation, by contrast, emphasizes the temporal dimension through learning and updating 

adjustments by the regulator.  (Below we note that some examples of adaptive regulation over 

time have been raised in the literature on flexible regulation, such as price ceilings and price 

floors in allowance trading markets.  And recent work by Pizer & Prest 2018 finds that policy 

updating, in combination with banking and borrowing and other conditions, can yield superior 

outcomes.)    

The concept of “responsive regulation” sounds similar to adaptive regulation, but has a 

different emphasis.  Responsive regulation is focused on the nature of the relationships between 

regulators and stakeholders, including regulated entities (Ayres and Braithwaite 1994), 

particularly with respect to how to promote compliance with regulations.  Responsive regulation 

promotes a two-way flow of communication between regulated entities and regulators to reward 

pro-societal behavior and promote compliance (and even over-compliance) with regulations.  

Hence responsive regulation is really focused on broadening the opportunities for stakeholder 

participation in the decision process.  
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 We also distinguish adaptive regulation from “incrementalism” or “muddling through” 

(Lindblom 1959), to the extent that Lindblom urged that regulatory agencies should avoid 

“comprehensive” analysis in which “every important relevant factor is taken into account,” and 

instead take an incrementalist approach in which “analysis is drastically limited” and “important 

possible outcomes are neglected” (Lindblom 1959: 81). He added that the practice of “ignoring 

important possible consequences” might seem “a shocking shortcoming” but that it was superior 

to “futile attempts to achieve a comprehensiveness beyond human capacity” (Lindblom 1959: 

85).  He expressed confidence that other agencies would address the adverse side effects of each 

agency’s actions, in a “division of labor [in which] every important interest or value has its 

watchdog” (Lindblom 1959: 85-86).  Yet the reality is often that government is fragmented, 

agencies exhibit bounded decision making, and affected populations lack effective voice, so that 

incrementalism fails to address the adverse side effects of regulatory actions (Graham & Wiener 

1995; Wiener 1998; Stewart 2014).  Hence Lindblom’s incrementalism may be adaptive, but 

with minimal scope of analysis of impacts, inviting serious countervailing risks.  Another 

approach is labeled “experimentalism” by Sabel and co-authors, referring to regulation that sets 

broad performance objectives while empowering local regulatory officials to gather in-depth data 

on internal industry practices about complex technologies and to develop detailed knowledge to 

require best practices (Sabel & Simon 2011).  But this approach is not the same as 

experimentation across policy types (Greenstone 2009).  This “experimentalism” is one one 

policy tool and can be compared to other policy tools in studies of observed variation or 

purposeful policy experimentation.  Indeed, the policy type that Sabel and Simon juxtapose to 

their version of “experimentalism”—the use of economic incentive systems, such as taxes or 

tradable permits, which they label “minimalism” (although they need not be at all “minimalist” 



DRAFT working paper 13 

in stringency, scope, or outcomes) – were themselves ambitious “experiments” (Stavins 1998, 

Schmalensee & Stavins 2013).  In this sense, “experimentation” is broader than the term 

“experimentalism,” to the extent that the latter is one type of regulation whereas the broader term 

“experimentation” refers to conducting experiments to compare across multiple types of 

regulation.   

Meanwhile, decentralization to local authorities is highlighted as a feature of adaptive 

regulation or adaptive governance by some authors (e.g. Brunner 2010, Cosens et al. 2018, Craig 

et al. 2017, Sabel & Simon 2011), but this spatial characteristic can be seen as a version of 

learning from variation across jurisdictions (Listokin 2008) and can be distinguished from the 

temporal dimension of learning and updating over time in adaptive regulation.  

    

Within the category of adaptive regulation, there remains a spectrum of adaptivity (see 

McCray Oye & Petersen 2010; Wiener & Ribeiro 2016).  Consider these points along this 

spectrum:  (i) A one-time regulatory decision with no follow-up and no change could be deemed 

non-adaptive or static.  (ii) A regulatory decision with a single subsequent follow-up evaluation 

(“look-back” or “retrospective review” or “ex post impact assessment” or “follow up 

evaluation”) begins to be somewhat adaptive (Coglianese 2013, Aldy 2014, Sunstein 2014), but 

the single follow-up may itself be ad hoc, and may be interposed only years after the initial 

regulation with no effort having been undertaken to monitor, collect data, and analyze impacts 

(consequences) over time (Wiener & Ribeiro 2016).  (iii) A regulatory decision is more adaptive 

if it plans ahead to collect data and undertake a (single) subsequent follow-up evaluation (at a 

future point in time for retrospective/ex post review).  Such a follow-up retrospective review can 

occur with or without a “sunset clause” – that is, the default option can be that the regulation 
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continues until it is modified (no sunset), or that it ends unless it is renewed (sunset) (Gubler 

2014).  (iv) Even more adaptive would be a planned series of ongoing monitoring, data 

collection, and analysis, with periodic evaluation of the consequences (recurring RIA) and 

iterative updating/revision (McCray Oye & Petersen 2010; IRGC 2017; Ribeiro 2018).  Such 

ongoing evaluation with periodic iterative updating puts a focus on questions such as: how 

frequent the intervals for evaluation and revision should be (periodicity), which impacts or 

consequences should be monitored (scope), and which institutions should have the authority to 

undertake each task and adopt which types of revisions (power). 

Another source of variation within adaptive regulation turns on how automatic the 

adaptations are.  The examples above all suggest that a regulatory agency (or surrogate) engages 

in periodic review and revision of the regulation.  That is, there is active participation of the 

regulator in the process of adaptive updating.  However, there are also examples where 

regulations are initially established with thresholds or triggers, such that if those thresholds are 

reached or triggers are activated, the rule automatically changes in predefined ways.  This type of 

regulation also fits our definition of adaptive regulation.  We refer to regulation that requires 

direct action by a regulator to change the rule after the initial promulgation as Discretionary 

Adaptive Regulation.  In contrast, Automated Adaptive Regulation establishes the rules and 

terms of adaptation in the initial rulemaking and the regulation changes over time automatically 

based on realized outcomes. (Pidot 2015 offers a related typology; his type of “contingent” 

policy is similar to our type of automated adaptive policy.)  It is possible that an adaptive 

regulation could be a hybrid, with some discretionary options to update and some automated 

updating.   
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Figure 2 presents the spectrum from static to adaptive, with several (but not all) of the 

instruments arrayed along this spectrum.  Notably, Figure 2 illustrates not only the degree of 

adaptivity (or rapidity of response to new information), shown on the horizontal axis, but also the 

scope of impacts assessed and hence the richness of information needed to make the adaptive 

decision, on the vertical axis.   

 

Figure 2:  Spectrum of Adaptivity and Scope 
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3. Typology of Adaptive Regulation  

3.1. Unplanned Adaptive Regulation 
 

We have spoken of traditional regulation as static, in the sense that a decision to adopt (or 

not) a statute and then an implementing rule is initially envisioned to endure indefinitely.  Truly 

static regulation would remain rigid despite the world changing.  (One example of which we are 

aware is Japan’s national ambient air quality standards, which apparently remained the same 

from their adoption in the 1970s through 2009.)  Yet in reality we do of course observe legal 

change over time, such as through legislative amendments or repeals, and through administrative 

agency revisions or rescissions of past rules.  Much of these changes are “unplanned adaptive,” 

in the sense that the changes were not initially envisioned, and no plan was initially adopted to 

collect monitoring data and undertake periodic reviews.  As noted above, a single retrospective 

review (follow up evaluation), undertaken ex post without an initial plan to collect and analyze 

data, could be a form of constrained unplanned adaptive regulation.  A policy adopted with ex 

ante impact assessment and a plan to monitor data toward a single planned retrospective ex post 

evaluation could be seen as a partial but constrained planned adaptive regulation.   

Moreover, some or many “unplanned adaptive” regulatory changes occur not due to 

retrospective follow up evaluation, but after surprises – crisis events that upend past static 

regulation (Percival 1998; Birkland 2006; Repetto 2006; D. Carpenter and Sin 2007; Wuthnow 

2010).  Examples include oil and chemical spills, nuclear power accidents, transportation 

accidents, workplace safety accidents, foodborne disease outbreaks, drinking water 

contamination, hazardous waste revelations, and more.  Such “policy shocks” can dramatize the 
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need for regulatory change, reveal the arguable shortcomings of past regulation, spark contested 

framings of blame, and open windows of political opportunity for policy entrepreneurs to 

advance new approaches (Balleisen et al. 2017b).   

To be sure, not every crisis spurs new regulation, and not every new regulation arises from a 

crisis (Kahn 2007).  The point here is that when regulatory change does occur in response to a 

crisis or surprise, is typically “unplanned adaptive” in the sense that it adapts to changes in the 

world (such as a disaster, a scandal, new technology, new scientific understanding, or new social 

values), but without a prior plan to undertake monitoring and periodic review and analysis.   

Regulatory change after a surprise or crisis can be needed, indeed overdue, to address 

neglected or festering problems.  But where it lacks careful ongoing preparation and analysis, 

such unplanned adaptive regulatory change can be wrenching.  Under the exigent circumstances 

in the wake of a crisis, underanalyzed regulatory change can make errors of diagnosis and 

remedy, and can yield new rules that are poorly designed, inadequately effective, excessively 

costly, and/or generate adverse ancillary impacts (countervailing risks).  Unanticipated legal 

change can also impose losses (and gains) that actors have not insured against, spurring demands 

for compensation (Kaplow 1986, 1992, 2003) and political pressure for subsequent policy 

reversals.   

The lack of institutions to enable learning from crises and design better regulatory 

approaches is a pitfall of unplanned adaptive approaches, giving rise to policy regret (Balleisen 

et al. 2017b).  As we discuss below, creating a standing “safety board” or investigative body, 

ready to work whenever a surprise occurs, and thus accumulating institutional expertise over 

time on how to diagnose and respond, can be a significant improvement over unplanned crisis 

response via a commission of inquiry created anew from scratch (Balleisen et al. 2017a).  The 
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lack of opportunity to learn is a particularly vexing problem of extreme risks that are so rare and 

so catastrophic (e.g. ending all life, or destroying civilization) that learning cannot be undertaken 

after the event – rendering adaptive learning insufficient, and putting a premium on precaution 

(Wiener 2016).  Designing and preparing institutions for monitoring, analysis, and updating is 

essential to move from static to unplanned adaptive to planned adaptive regulation. 

 

3.2. Planned Adaptive Regulation  
 

The ambition of planned adaptive regulation (PAR) is to design regulatory systems that are built 

to learn.  Key features include planned data collection, analysis, and periodic review, with 

opportunities to modify the initial policy (McCray Oye & Petersen 2010; IRGC 2017).  Several 

key dimensions of PAR may be need to be calibrated to fit the issue being addressed, including: 

 Periodicity:  how frequently should periodic reviews be conducted?   

 Scope:  which variables should be monitored (including not only target impacts and costs 

but also unintended ancillary impacts, distributional impacts, etc.)? 

 Comparison:  to what counterfactual baseline, and to which other alternative policy 

options, should the actual policy be compared to measure its performance over time and 

the potential net benefits of updating?  Can adaptive reviews help test and improve the 

accuracy of ex ante impact assessment forecasts? 

 Predicate for policy change:  Should updating be discretionary or automatic? 

 Power and institutional roles:  Who should collect data, analyze, undertake periodic 

reviews, and decide on policy changes?    

 Politics:  could moving from static to unplanned adaptive to PAR affect the political 

economy of regulation, including during the PAR process, and also ex ante (how interest 
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groups may change strategies when they anticipate changeable PAR rather than static 

enduring rules)? 

 Meta-net benefits:  The value of improved policy approaches from PAR needs to be 

compared to the information and decision costs of PAR.  And thus, one must consider ex 

ante whether PAR should be applied to all issues, or only to selected key problems posing 

the highest anticipated net benefits of adaptivity.  And then, one can envision a further 

layer of ex post or ongoing planned adaptive review of PAR itself, to see how well PAR 

is actually working in practice and make adjustments over time. 

 

3.2.1. Discretionary Adaptive Regulatory Instruments 
 

Discretionary adaptive regulatory instruments typically take the form of structured 

opportunities for analysis of regulatory performance by the regulator or an oversight or advisory 

body, coupled with an opportunity for regulatory revision at the discretion of the regulator.  An 

example is the Federal Reserve Board’s Open Markets Committee which regularly considers and 

sometimes adjusts interest rates. 

Retrospective reviews of regulations (sometimes called retrospective regulatory impact 

analyses or ex post impact assessment) require agencies to “look back” at the effectiveness of a 

regulation and potentially also measure the realized benefits and costs of that regulation 

(Coglianese 2013; Aldy 2014; Sunstein 2014).  This type of retrospective review can be a form 

of discretionary adaptive regulation, but only (or more so) if it is coupled with real opportunities 

to monitor, learn, and adjust the regulation being reviewed (Wiener & Ribeiro 2016;  Ribeiro 

2018).  For example, Executive Order 13563, signed by President Barack Obama in 2011, 

required  
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Section 6(a).  To facilitate the periodic review of existing 

significant regulations, agencies shall consider how best to 

promote retrospective analysis of rules that may be outmoded, 

ineffective, insufficient, or excessively burdensome, and to 

modify, streamline, expand, or repeal them in accordance with 

what has been learned.  Such retrospective analyses, including 

supporting data, should be released online whenever possible. 

 

The goal was to use retrospective review of significant regulations as a means of learning and 

reforming such regulations.  However, the executive order was limited in its ability to truly foster 

adaptive regulation because it required the review but did not require subsequent adaptive action 

based on those reviews.  Furthermore, it left agencies with significant discretion to determine 

which significant rules to review, using what data, compared to which baseline and alternatives, 

and with what periodicity (Aldy 2014; Morgenstern 2015; Wiener & Ribeiro 2016; Cropper 

Fraas & Morgenstern 2017).  Other Presidents had also issued executive orders seeking 

retrospective review of existing rules (e.g. President Clinton’s EO 12886; and President Carter’s 

EO 12044), with limited results (see Wiener & Ribeiro 2016). 

 Another version of discretionary adaptive regulation is adaptive licensing (Eichler et al. 

2012).  This instrument is relevant to products that require licensing before they can be put on 

the market.  For example, pharmaceutical drugs are traditionally evaluated for licensing based on 

a social risk/benefit evaluation, and then either approved or not – once, for everyone.  A new 

approach is adaptive licensing, in which a new drug is initially approved only for a limited 

subpopulation (e.g. those for whom it may offer the greatest net benefits), and then this initial 

population is studied to observe efficacy and side effects in practice (going beyond smaller 

clinical trials), with careful analysis of genetic and other factors that may help predict health 

effects in the broader population.  (This approach implies that the regulator has some way to 

constrain access to the product to just the approved subpopulation, which may not be the case 
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under all laws in all countries.)  After this initial subpopulation, further licensing decisions may 

be made for other subpopulations or for all.  Another possible application for this adaptive 

licensing approach may be automated vehicles, approving or mandating them for those who 

would most benefit from them (e.g. repeat drink drivers) and studying those results before 

approving them for the entire population.  (This approach may face tradeoffs with the challenge 

of mixing fleets of automated and human drivers, and with the heightened public perception of 

initial accidents involving automated vehicles.)  Adaptive licensing enables the regulator to learn 

over time and for different subpopulations, rather than having to make a once-and-for-all 

decision with more limited information.  

 One way to ensure that reviews not only occur but are used to adapt regulation is to 

require periodic review and revision.  The US Clean Air Act requires periodic reviews of the 

national ambient air quality standards (NAAQS) for criteria air pollutants, to determine whether 

revisions to the rule are warranted.  If the enabling legislation does not require such a periodic 

review and revision, the agency could decide to engage in that review anyway.  However, the 

incentives for agencies to engage in meaningful review when it is not required are limited.  

Reviews are costly and potentially embarrassing to the regulator, and revisions can be politically 

heated.  Unless the regulation is truly not fit for purpose, it is difficult for an agency to justify the 

expense (both monetary and political) of re-examining a rule that has been successfully 

promulgated and implemented.  Furthermore, if the regulation has been fully implemented by 

industry, then an analysis that shows that the regulation was overly burdensome or not 

particularly effective, while potentially informative for future rule-makings, may not actually do 

much to reduce costs of the existing regulation which are already sunk.   
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The potential costs and benefits of retrospective review and regulatory revision also 

affect the desired periodicity of such a review.  The US Clean Air Act section 109 requires a 

review of the NAAQS every 5 years; the new Lautenberg Chemical Safety Act adds to TSCA a 

provision in section 2625(l) for review every 5 years.  But one might reasonably ask whether five 

years is the optimal time frame for such reviews.  Ideally the frequency should be connected to 

the expected gain in learning – which depends on the rate at which change is occurring, new 

information is emerging, and net benefits are evolving.  If the net benefits profile is changing 

more slowly and won’t shift significantly for say 10 years, then a five-year periodicity is 

wasteful.  Alternatively, if change is rapid and net benefits are shifting annually, a five-year 

periodicity may be too infrequent. 

A key policy question when using discretionary adaptive regulation is about institutional 

power -- “who” should be the discretionary actor.  One choice is to require or empower the 

regulatory body itself to review the data, conduct new analysis, and propose changes, if needed.  

The advantages of this approach are that the regulatory agencies are often best technically 

qualified and historically equipped to understand the topic area being regulated, to collect and 

understand the data, and to review the prior analysis.  The downsides of asking the regulator to 

review regulations are that the agency may be very busy under pressure to address new issues, 

and there may be little incentive for the regulator to find flaws in its own regulatory regime, if 

only because such failures may be embarrassing and offer ammunition for political foes (Wiener 

& Ribeiro 2016).   

A slight modification of this approach would be to have the agency conduct the adaptive 

analyses and propose changes, but have analyses and changes reviewed by an oversight body.  

The executive branch already has this type of oversight for benefit-cost analysis of major 
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regulations—significant new regulations must have their ex ante regulatory impact assessments 

reviewed by the Office of Information and Regulatory Affairs (OIRA) in the Office of 

Management and Budget (OMB).  While current staffing levels at OIRA are not sufficient for it 

to take on the additional task of reviewing all retrospective reviews, analyses, and proposed 

changes, or ongoing adaptive reviews, this task could be well-suited to the expertise of that 

agency should resources be made available. 

Alternatively, one could imagine having the analyses and proposals for changes 

conducted or at least reviewed by a third party.  While there is not currently a model for this 

approach, one could imagine modifying existing institutions to handle this task.  One existing 

model that might be modified to fit this role is the accident safety boards, such as the National 

Transportation Safety Board (NTSB) and the Chemical Safety Board (CSB).  The best of the 

safety boards have developed deep expertise in investigation processes that can be used to 

investigate accidents regardless of the domain (Balleisen et al. 2017a).  Other models for such 

third-party reviews might be at the National Academy of Sciences (NAS) or the General 

Accountability Office (GAO), or a newly created commission.  One might imagine a regulatory 

review board that develops deep expertise in the process of regulatory review and adaptation that 

can be applied across policy domains.  The advantages of this approach are that it better allows 

the review to be critical of the current regulatory approach, when appropriate; and that it allows 

consistent application of expertise and methodologies for review across different agencies and 

policy domains.  Ensuring the appropriate scope of impacts, finding the optimal periodicity, 

comparing to counterfactual baselines, improving the accuracy of ex ante RIA, weighing 

decision costs and value of information, and other methodological issues may arise similarly in 

numerous retrospective or adaptive reviews.  The disadvantages are that this organization is 
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unlikely to be able to develop substantive policy expertise in all policy domains, that it would 

require significant funding and organizational change to implement, and that such a third party 

body would be unlikely to have the authority to implement policy changes itself (as long as its 

reviews would be advisory to the regulatory agencies). 

A key disadvantage to the use of discretionary adaptive regulation is that policy change 

must be consciously undertaken.  In a polarized political climate, policy change often seems 

impossible.  But even in the most cooperative and bi-partisan political environments, policy 

change can be politically difficult.  Once a particular policy is implemented, its beneficiaries tend 

to build political coalitions to either continue the policy (especially in situations of loss aversion, 

and concentrated benefits with diffuse costs).  Regardless of the technocratic merits or de-merits 

of a particular regulation, these political coalitions are likely to play a key role in any potential 

discretionary adaptation.   (On the other hand, ex ante, the anticipation of the potential future 

adaptability of a regulation may facilitate initial agreement by actors who might otherwise resist 

any adoption of a static rule that did not meet their preferences.  If so, adaptive regulation could 

enable the adoption of socially desirable policy changes that static regulation would not.)     

 

3.2.2 Automated Adaptive Regulatory Instruments 
 

By contrast, automated adaptive regulatory instruments do not require the regulator (or 

any other body) to actively make changes after the promulgation of the regulation.  The idea of 

an automated adaptive regulatory instrument is that the conditions under which the rule will 

change are established as part of the initial rulemaking.  This may come in the form of 

predetermined thresholds or triggers.  If a particular threshold is reached, then the rule will 

change, but the exact nature of the change and the threshold itself are defined in the initial rule. 
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An example may help clarify what we mean by automated adaptive regulation.  Consider 

a cap and trade program for emissions control.  A simple cap and trade system, one where the 

cap is established and permit allocation is determined in the rulemaking, so that firms can 

subsequently trade permits among themselves, would not meet our definition of planned adaptive 

regulation.  Such a regulation would be flexible (as described above), but not adaptive, because it 

has no process by which the cap itself can be changed in the face of new information on the 

marginal benefits or marginal costs of pollution. 

However, researchers have proposed ways to make the cap change in response to new 

information and hence to transform the simple cap and trade system from a flexible regulation to 

one that is both flexible and adaptive.  The use of price-floors (a price at which the government 

will buy excess permits) or price-ceilings (a price at which the government will sell additional 

permits) can actually change the goal/mandate of the program in an adaptive way (Murray, 

Newell, and Pizer 2009).  For example, imagine a pollution permit trading system with both a 

price floor and price ceiling.  If marginal pollution abatement costs are much lower than 

anticipated (perhaps because of advancing abatement technology), the price of permits falls.  

When the price hits the price floor, the government starts to buy any additional permits that are 

being sold at that price. This reduces the number of permits and increases the stringency of the 

regulation. This is exactly what one would want from a social-welfare maximization standpoint.  

If marginal costs are lower than anticipated (holding marginal benefits fixed), we should do more 

pollution abatement.  Similarly, if the marginal abatement costs end up being much higher than 

anticipated (perhaps because of higher than expected costs for low-emitting technologies), the 

price of permits rises.  If the price hits the price ceiling, the government sells additional permits 

at that price.  This reduces the stringency of the regulation, which is again, exactly the desired 
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effect from a welfare-maximization standpoint.  If the price floors and ceilings are determined in 

the initial rule, then the regulation is automatedly adaptive.  If the price floor or ceiling 

thresholds are reached, the cap is automatically changed. 

The Waxman-Markey climate bill, which passed the House in 2009 and failed in the 

Senate in 2010, contained a version of a cap and trade system that was automatedly adaptive.  

During the bill’s formation, there were concerns about the uncertainty surrounding how much 

carbon abatement would cost.  If abatement costs were higher than expected, some legislators 

wanted assurances that the cap could be loosened.  However, other legislators, concerned about 

ensuring that emissions not be allowed to continue unchecked, wanted to ensure that there were 

firms limits on total carbon emissions.  The compromise was to set the cap on carbon emissions 

but create a permit reserve equal to at most 10 percent of total permits.  If carbon prices 

exceeded a target price (beginning in 2014 this target price would have been 160 percent of the 

3-year rolling average of daily prices), permits could be released from the reserve up at that 

price.  Since the reserve contained a fixed number of additional permits, this still guaranteed 

some emissions reductions relative to a business-as-usual scenario (Maniloff and Murray 2009).   

The Waxman Markey bill also had a price floor, below which no additional permits 

would be sold.  This price floor serves a similar purpose in allowing the overall cap to adjust 

based on realized marginal benefits and marginal costs.  In Waxman Markey the price floor 

started at $10 and increased each year by 5 percent plus inflation.  If prices fall below the floor, 

no additional permits are offered at the auction, thus lowering the cap (Maniloff and Murray 

2009).  (Pizer & Prest 2018 examine another version of adaptive policy in a cap and trade 

system, with banking and borrowing and also policy updating over time.) 



DRAFT working paper 27 

Other cap and trade programs have adopted similar adaptive measures.  The Regional 

Greenhouse Gas Initiative (RGGI), which controls carbon emissions in the Northeastern United 

States, includes an auction price floor and price ceiling that triggers a permit reserve.  Recent 

reviews of the RGGI program have led to consideration of more price steps between the floor 

and the ceiling, allowing the overall cap to adjust more frequently based on marginal costs and 

marginal benefits (Burtraw et al. 2017).   

Automated adaptive regulation could go further, to be more truly and fully automated, 

through the use of algorithms, machine learning and artificial intelligence (AI) to revise policy in 

response to new information and a changing world (Coglianese & Lehr 2017).  Such automated 

adaptive regulation could be more rapid in responding to multiple kinds of change, but may also 

raise questions of transparency, explainability, accountability, embedded bias, and other aspects 

(IRGC 2018).  To be sure, these shortcomings must be compared to discretionary human 

decisions, which may also suffer from heuristics and biases.  And new methods of computer 

science may assist in overseeing algorithm based decisions (Kroll et al. 2017).  

 

3.3. Comparing Automated and Discretionary Approaches  
 

There are advantages and disadvantages to both the discretionary and automated adaptive 

regulatory approaches.  One approach does not strictly dominate the other.  Two of the key 

tradeoffs between discretionary and automated approaches concern the speed of adaptation and 

the accuracy of adaptation.   

In general, automated adaptive regulations result in more rapid adaptation to new 

information, since no additional analysis or rulemaking is required and all of the adaptation takes 

place in the context of the original rule.  In contrast, discretionary adaptive regulatory 
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instruments require a detailed process of review and adjustment which could take years, by 

which time the process may need to begin again as the technologies have further changed 

resulting in additional changes to the net benefit profile.  Equally important is the political cost 

of discretionary adaptive regulation.  If discretionary adaptation requires a new notice-and-

comment rulemaking process, the adaptation is then subject to political conflict and political 

costs that may not justify whatever improvements the adaptation would bring.   

Discretionary adaptation does have some benefits over automated adaptation, however.  The 

tradeoff of the speed in automated adaptive regulatory instruments may be a loss in accuracy or 

appropriateness of the adaptations.  If all of the automated adaptation rules must be designated in 

the initial rulemaking, this requires good knowledge about the key parameters that will trigger 

future adaptation, at the time of the original rulemaking.  For example, in the case of a price floor 

in a pollution permit system, new technologies that lower costs of carbon abatement may cause 

the price to fall below the floor.  The pre-set price floor will help maintain the stringency of the 

cap, but ex post, it may turn out to be more efficient to raise the price floor itself (tighten the cap 

even further) and reduce pollution even further.  That option is eliminated or restricted with an 

automated approach.  (Perhaps the legislature could intervene to tighten the cap, in a version of 

discretionary adaptation by another institution, with its own decision costs and political 

conflicts.)  

Also, if the side effects of a regulation (countervailing harms or co-benefits) are 

unexpectedly large, a broader scope of impact evaluation may be needed to learn and a 

discretionary adaptive process may be needed to revise the regulation (Graham & Wiener 1995; 

Wiener 2002; Wiener & Ribeiro 2016).  A discretionary adaptive regulatory instrument can 
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better embrace the full scope of information and impacts that may be revealed on net benefits of 

technologies and policies. 

A potential middle ground to reconcile the speed-accuracy tradeoff may be realized via a 

hybrid approach:  if the regulation sets up an automated adaptive instrument, and also creates 

processes for discretionary adaptation of those automated instruments over time.  The RGGI 

carbon market essentially has done this, by designated a price floor and ceiling for the auction, 

but also requiring periodic programmatic reviews that may change those market parameters 

(Burtraw et al. 2017).  Perhaps algorithm and AI approaches to automated adaptive policy can 

also build in opportunities for recursive learning and adjustments, either by the program, by 

human discretionary oversight, or both.  

Another way to reduce delays in a discretionary adaptation framework is to have the initial 

rulemaking (or legislation) establish a panel or body that is authorized to review and update the 

regulatory parameters without having to go through a new rulemaking process.  For example, if 

the initial regulation establishes an adjustment board that is empowered to use data to adjust the 

some parameter of the regulation, then this board could evaluate both benefits and costs and 

change standards without the delay of additional notice-and-comment rulemaking.  Such 

adjustments would raise questions about public input to important policy changes.  And such 

adjustments will still be slower than the adjustment that comes from automated adaptive 

instruments, but the additional breadth of adaptiveness could warrant this added time, at least in 

some situations.   An example of this regularized discretionary adaptive adjustment approach 

could be the Federal Reserve Board’s Open Markets Committee, which can adjust interest rates 

fairly quickly; or the Montreal Protocol’s processes for adding to its set of covered substances 

(such as CFCs, HCFCs, and HFCs). 
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 Figure 3 below sketches a decision framework for regulators in assessing options for the 

predicate of planned adaptive regulation.  The first node in the decision tree is whether adaptive 

regulation is likely to be beneficial at all.  If the net benefits profile is relatively static over time, 

then the additional costs of adaptation are unlikely to be warranted and a non-adaptive approach 

makes the most sense.   

 If the net benefits profile is likely to change considerably over time, the next node in the 

decision tree is whether the regulator has enough information to establish thresholds for key 

uncertain parameters at the time of the initial rulemaking.  If the answer is “yes,” then an 

automated adaptive approach is warranted. Clearly, this requires some professional judgement as 

there is always uncertainty and it is usually likely to be reduced over time.  So, in essence, this 

decision node requires regulators to weigh how much uncertainty they have over key parameters 

now, how much this uncertainty will be resolved over time, the net benefits of the automatic 

adjustment mechanism, and the political costs of changing the regulation later.   

 This brings us to the third node of the decision tree which is about the political costs of 

changing the regulation.  Some regulations are sufficiently controversial that the option to re-

open the political dialogue for review in the future is extremely costly. If the political appetite for 

potential adaptations is there, then a discretionary adaptive approach may be best.  If the political 

costs are viewed as high, then a more automated adaptive approach may make sense even if the 

key parameters for such adaptation are uncertain.   
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Figure 3:  Decision Framework for Adaptive Regulation  

 

4. Conclusions 

  Static regulation poses growing mismatches and social losses, especially in the face of rapid 

change in science, technology, or society.  Adaptive regulation promises fewer such losses, but 

raises its own set of costs.  Thus the net benefits of shifting from static to adaptive may vary by 

application, and may vary among the several different institutional mechanisms for 

implementing adaptive regulation.  A framework for adaptive regulatory instrument choice is 

needed.  

  In this paper we have identified several adaptive instrument options, including: 

• Policy variation – laboratory of decentralization, subsidiarity – learning from 

variation across jurisdictions 

• Policy experimentation – laboratory of deployments with monitoring – learning 

from simulations, actual deployments, randomized trials   
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• Crisis response (unplanned adaptive) via ad hoc commissions of inquiry, or 

standing safety investigation boards 

• Retrospective review, ex post Impact Assessment (IA) (ad hoc, vs. prospective 

commitment to do so) 

• Sunset clauses (default of termination, after X years or threshold outcome 

reached, with possible renewal – on what criteria/showing) (or, default of 

continuation unless decision to revise/rescind) 

• Repeated periodic policy reviews (e.g. every X years) 

• Ongoing continual adaptive IA (with Adaptive RIA) 

• Market-based incentives with banking/borrowing, price ceilings/floors 

• Automated policy adjustment triggered by monitoring indicators 

• Discretionary policy adjustment deliberated by an oversight body 

• Adaptive licensing to targeted subpopulations, monitoring, updating/adding (e.g. 

for pharmaceuticals; automated vehicles; etc.) 

And we have identified criteria for selection, including: 

• Benefits 

• Costs 

• Ancillary impacts – co-benefits, countervailing risks; scope, breadth. 

• Distributional equity (impacts on subgroups). 

• Pace of change – scientific, technological, societal.   

• Expected learning; benefits of reducing policy errors. 

• Decision and information costs. 

• Instability; costs of repeated or unanticipated policy changes. 



DRAFT working paper 33 

• Institutional authority; power. 

• Political economy; influence of anticipated adaptability on prospects for ex ante 

policy adoption, compliance, and on ongoing policy conflicts  

Instrument choice for adaptive regulation needs to assess these instrument options and criteria in 

specific application areas.  The choice among adaptive instruments confronts several likely 

tradeoffs, depending on key elements such as the frequency of review (posing the tradeoff of 

more rapid updating vs. greater instability), the scope of impacts to be assessed (posing the 

tradeoff of full social impact assessment including unintended ancillary impacts, vs. the costs of 

greater data collection and analysis), the decision maker (posing the tradeoff of automatic vs. 

discretionary – rapid and reliable, but based on a limited scope of impacts, vs. slower and more 

deliberate, but assessing a broader scope of impacts), and the implications for the political 

economy of regulation (such as easing initial adoption vs. undermining subsequent compliance).  
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