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Robust Decision Making

Robust decision making is an iterative decision analytic framework that helps identify potential
robust strategies, characterize the vulnerabilities of such strategies, and evaluate the tradeoffs
among them. RDM focuses on informing decisions under conditions of what is called 'deep
uncertainty,' that is, conditions where the parties to a decision do not know or do not agree on the
system model(s) relating actions to consequences or the prior probability distributions for the key
input parameters to those model(s).

Robust decision methods

A wide variety of concepts, methods, and tools have been developed to address decision
challenges that confront a large degree of uncertainty. Rosenhead was among the first to lay out a
systematic decision framework for robust decisions. Similar themes have emerged from the
literatures on scenario planning, robust control, imprecise probability, and info-gap decision theory
and methods. An early review of many of these approaches is contained in the Third Assessment
Report of the Intergovernmental Panel on Climate Change.

Robust decision making

Robust decision making (RDM) is a particular set of methods and tools developed over the last
decade, primarily by researchers associated with the RAND Corporation, designed to support
decision making and policy analysis under conditions of deep uncertainty.

While often used by researchers to evaluate alternative options, RDM is designed and is often
employed as a method for decision support, with a particular focus on helping decision makers
identify and design new decision options that may be more robust than those they had originally
considered. Often, these more robust options represent adaptive decision strategies designed to
evolve over time in response to new information. In addition, RDM can be used to facilitate group
decision making in contentious situations where parties to the decision have strong disagreements
about assumptions and values. RDM approaches have been applied to a wide range of different
types of decision challenges. One of the first studies addressed adaptive strategies for reducing
greenhouse gas emissions. Recent studies include a variety of applications to water management
issues, evaluation of the impacts of proposed U.S. renewable energy requirements, a comparison
of long-term energy strategies for the government of Israel, an assessment of science and
technology policies the government of South Korea might pursue in response to increasing
economic competition from China, and an analysis of Congress' options in reauthorization of the
Terrorism Risk Insurance Act (TRIA).

How does robust decision making differ from traditional expected utility analysis?
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RDM rests on three key concepts that differentiate it from the traditional subjective expected utility
decision framework: multiple views of the future, a robustness criterion, and reversing the order of
traditional decision analysis by conducting an iterative process based on a vulnerability-and-
response-option rather than a predict-then-act decision framework.

First, RDM characterizes uncertainty with multiple views of the future. In some cases these multiple
views will be represented by multiple future states of the world. RDM can also incorporate
probabilistic information, but rejects the view that a single joint probability distribution represents
the best description of a deeply uncertain future. Rather RDM uses ranges or, more formally, sets
of plausible probability distributions to describe deep uncertainty.

Second, RDM uses robustness rather than optimality as a criterion to assess alternative policies.
The traditional subjective utility framework ranks alternative decision options contingent on best
estimate probability distributions. In general, there is a best (i.e., highest ranked) option. RDM
analyses have employed several different definitions of robustness. These include: trading a small
amount of optimum performance for less sensitivity to broken assumptions, good performance
compared to the alternatives over a wide range of plausible scenarios, and keeping options open.
All incorporate some type of satisficing criteria and, in contrast to expected utility approaches, all
generally describe tradeoffs rather than provide a strict ranking of alternative options.

Third, RDM employs a vulnerability-and-response-option analysis framework to characterize
uncertainty and to help identify and evaluate robust strategies. This structuring of the decision
problem is a key feature of RDM. The traditional decision analytic approach follows what has been
called a predict-then-act approach that first characterizes uncertainty about the future, and then
uses this characterization to rank the desirability of alternative decision options. Importantly, this
approach characterizes uncertainty without reference to the alternative options. In contrast, RDM
characterizes uncertainty in the context of a particular decision. That is, the method identifies those
combinations of uncertainties most important to the choice among alternative options and
describes the set of beliefs about the uncertain state of the world that are consistent with choosing
one option over another. This ordering provides cognitive benefits in decision support applications,
allowing stakeholders to understand the key assumptions underlying alternative options before
committing themselves to believing those assumptions.

Under what conditions is robust decision making most useful?

Robust decision methods seem most appropriate under three conditions: when the uncertainty is
deep as opposed to well-characterized, when there is a rich set of decision options, and the
decision challenge is sufficiently complex that decision makers need simulation models to trace the
potential consequences of their actions over many plausible scenarios. When the uncertainty is
well-characterized then traditional expected utility (predict-then-act) analyses are often most
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appropriate. In addition, if decision makers lack a rich set of decision options they may have little
opportunity to develop a robust strategy and can do no better than a predict-then-act analysis. If
the uncertainty is deep and a rich set of options is available, traditional qualitative scenario
methods may prove most effective if the system is sufficiently simple or well-understood that
decision makers can accurately connect potential actions to their consequences without the aid of
simulation models. However, when uncertainty is deep, the system is complex, and a rich set of
decision options opens the possibility of finding robust strategies, RDM approaches may prove
most effective.

Analytic tools for robust decision making

RDM is not a recipe of analytic steps, but rather a set of methods that can be combined in varying
ways for specific decisions to implement the concept. Two key items in this toolkit are worth
mentioning here.

Exploratory modeling

Virtually all RDM analyses use an exploratory modeling approach, with computer simulations used
not as a device for prediction, but rather as a means for relating a set of assumptions to their
implied consequences. One draws useful information from such simulations by running them many
times using an appropriate experimental design over the uncertain input parameters to the
model(s), collecting the runs in a large database of cases, and analyzing this database to
determine what policy-relevant statements can be supported. RDM represents a particular
implementation of this concept. An RDM analysis typically creates a large database of simulation
model results, and then uses this database to identify vulnerabilities of proposed strategies and the
tradeoffs among potential responses. This analytic process provides several practical advantages:

The database of cases provides a concrete representation of the concept of a multiplicity of
plausible futures.

Running a simulation multiple times in the forward direction can simplify the analytic challenge of
representing adaptive strategies in many practical applications because it separates the running of
the simulation from the analysis needed to evaluate alternative decision options using the
simulation. In contrast, some optimization methods make it difficult to include many types of
feedbacks in a simulation.

The exploratory modeling concept makes it possible to use a wide variety of decision approaches
using diverse types simulation models within a common analytic framework (depending on what
seems most appropriate for a particular decision application). Within this common framework RDM
analyses have used traditional sequential decision approaches, rule-based descriptions of adaptive
strategies, real options representations, complicated optimal economic growth models,
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spreadsheet models, agent-based models, and organization's existing suites of simulation models
such as one used by the U.S. government to forecast the future state of the social security trust
fund.

The database of cases simplifies the comparison of alternative decision frameworks because one
can apply these frameworks to an identical set of model results. For instance, one can place a joint
probability distribution across the cases in a database, conduct an expected utility analysis, and
compare the results to an RDM analysis using the same database.

Scenario discovery

RDM analyses often employ a process called "scenario discovery" to facilitate the identification of
vulnerabilities of proposed strategies. The process begins by specifying some performance metric,
such as the total cost of a policy or its deviation from optimality (regret), which can be used to
distinguish those cases in the results database where the strategy is judged successful from those
where it is judged unsuccessful. Statistical or data-mining algorithms are applied to the database to
generate simple descriptions of regions in the space of uncertain input parameters to the model
that best describe the cases where the strategy is unsuccessful.That is, the algorithm for
describing these cases is tuned to optimize both the predictability and interpretability by decision-
makers. The resulting clusters have many characteristics of scenarios and can be used to help
decision makers understand the vulnerabilities of the proposed policies and potential response
options. A review conducted by the European Environmental Agency of the rather sparse literature
evaluating how scenarios actually perform in practice when used by organizations to inform
decisions identified several key weaknesses of traditional scenario approaches. Scenario-
discovery methods are designed to address these weaknesses. In addition, scenario discovery
supports analysis for multiple stressors because it characterizes vulnerabilities as combinations of
very different types of uncertain parameters (e.g. climate, economic, organizational capabilities,
etc.).
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