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Preface

This report considers how analysis can inform and support decisionmaking in com-
plex urban areas and focuses specifically on the difficult choices among strategies and
allocation of resources in response to climate change and in pursuit of greenhouse gas
emissions reductions. This effort has been motivated by the analytical needs of proj-
ects that RAND is conducting in three urban areas in the United States with support
from the John D. and Catherine T. MacArthur Foundation. These field studies are
being used to test the practicality and utility of the methods and structuring of indica-
tors proposed in this report. Following completion of the field studies, we will publish
our results as a separate document. Our intent is for the methods and study results, if
proven to be practical and useful, to be broadly applicable to early-adopting practitio-
ners and planners interested in shaping and implementing effective urban responses to
climate change.

The authors come to this topic through RAND’s experience with indicators of
adaptation paired with adaptation planning and decisionmaking processes in the
Colorado River Basin, Louisiana, and California. Publications of interest include the
following:

e David G. Groves, Jordan R. Fischbach, Nidhi Kalra, Edmundo Molina-Perez,
David Yates, David Purkey, Amanda Fencl, Vishal K. Mehta, Ben Wright,
and Grantley Pyke, Developing Robust Strategies for Climate Change and Other
Risks: A Water Utility Framework, Santa Monica, Calif.: RAND Corporation,
RR-977-WREF, 2014 (http://www.rand.org/pubs/research_reports/RR977.html)

* David G. Groves, Jordan R. Fischbach, Debra Knopman, David R. Johnson, and
Kate Giglio, Strengthening Coastal Planning: How Coastal Regions Could Benefit
from Louisiana’s Planning and Analysis Framework, Santa Monica, Calif.: RAND
Corporation, RR-437-RC, 2014 (http://www.rand.org/pubs/research_reports/
RR437.html)

* David G. Groves, Jordan R. Fischbach, Evan Bloom, Debra Knopman, and Ryan
Keefe, Adapting to a Changing Colorado River: Making Future Water Deliver-
ies More Reliable Through Robust Management Strategies, Santa Monica, Calif.:


http://www.rand.org/pubs/research_reports/RR977.html
http://www.rand.org/pubs/research_reports/RR437.html
http://www.rand.org/pubs/research_reports/RR437.html
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RAND Corporation, RR-242-BOR, 2013 (http://www.rand.org/pubs/research_
reports/RR242 . html)

e Alonzo L. Plough, Jonathan E. Fielding, Anita Chandra, Malcolm Williams,
David Eisenman, Kenneth B. Wells, Grace Y. Law, Stella Fogleman, and Aizita
Magana, “Building Community Disaster Resilience: Perspectives from a Large
Urban County Department of Public Health,” American Journal of Public Health,
Vol. 103, No. 7, July 2013, pp. 1190-1197 (http://ajph.aphapublications.org/doi/
abs/10.2105/AJPH.2013.301268).

RAND Infrastructure Resilience and Environmental Policy

The research reported here was conducted in the RAND Infrastructure Resilience and
Environmental Policy program, which performs analyses on urbanization and other
stresses. This includes research on infrastructure development; infrastructure financ-
ing; energy policy; urban planning and the role of public—private partnerships; trans-
portation policy; climate response, mitigation, and adaptation; environmental sustain-
ability; and water resource management and coastal protection. Program research is
supported by government agencies, foundations, and the private sector.

This program is part of RAND ]Justice, Infrastructure, and Environment, a divi-
sion of the RAND Corporation dedicated to improving policy- and decisionmaking
in a wide range of policy domains, including civil and criminal justice, infrastructure
protection and homeland security, transportation and energy policy, and environmen-
tal and natural resource policy.

Questions or comments about this report should be sent to the project lead-
ers, Debra Knopman (Debra_Knopman@rand.org) and Robert J. Lempert
(Robert_Lempert@rand.org). For more information about RAND Infrastructure
Resilience and Environmental Policy, see http://www.rand.org/jie/irep or contact the
director at irep@rand.org.
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Summary

Climate change is under way at a rate unprecedented in recorded history. Because more
than 80 percent of the U.S. population lives in urban areas, cities lie at the epicenter
of our nation’s response to climate change. But the best strategies for U.S. urban areas
to pursue, and the choice of indicators to monitor and evaluate these strategies, remain
poorly understood. Developing indicators for successful urban action has proven par-
ticularly challenging because climate change is intertwined with such a wide range
of a city’s activities; because today’s actions may have important longer-term conse-
quences; because significant uncertainty clouds our understanding of both the scale of
the impacts and the effectiveness of many responses; and because successful strategies
will likely include both “low-hanging fruit” and fundamental, transformative change.

This report focuses on the front end of participatory, deliberative processes that
could support decisionmaking on strategies and allocation of resources to reduce the
impacts of climate change, as well as reducing greenhouse gas (GHG) emissions to
limit its magnitude. For example, jurisdictions in urban areas face the following kinds
of decisions.

e What types of initiatives and operational changes provide cost-effective responses
to a changing climate?

* What portion of their budgets should these urban areas devote to climate-related
responses, whether adaptation or mitigation, relative to other pressing public
needs?

* Given a total budget for climate-related efforts, how should it be allocated among
specific initiatives?

* How should various parties share the costs of adaptation and mitigation efforts?

* How should mitigation and adaptation initiatives be adjusted—for example, aug-
mented, accelerated, or terminated—as their implementation proceeds?

To be successful, these deliberative processes require a suite of credible and publicly
acceptable indicators that adequately represent the decisionmaking context, demand
for services, and economic and social conditions, as well as the particulars of the exter-
nal physical and biological environment. In this study, we propose a decisionmaking
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framework and associated indicators for urban responses to climate change based on
principles of risk governance—an extension of the established practices of risk assess-
ment and management that include considerations of governance and institutional
arrangements and their economic and social context. The framework and indicators
emphasize the explicit identification of capacities and processes to implement, adapt,
and transform policies, institutions, financing, and other actions to effect change. We
hypothesize that the framework and indicators are well-suited for characterizing how
urban areas, which typically have multiple and overlapping jurisdictions, make invest-
ment and policy decisions of major consequence. These decisions are typically situated
within a context of conflicting social objectives and deep uncertainty about the future.

Framework for Decisionmaking

Climate change presents a particularly difficult challenge of transformative collective
action. Both limiting the magnitude and adapting to the unavoidable impacts of cli-
mate change will ultimately involve some level of transformation. Transformation gen-
erally requires significant changes by many different actors within a complex system
whose future behavior is often difficult to predict with any confidence. An urban area
that reduces its GHG emissions to zero or significantly alters its land use patterns to
manage flooding would have had to undergo such a transformation.

We posit that risk governance, a more general form of risk management, is an
appropriate decision framework with which to address such challenges because of its
capacity to encompass a multiple-actor, decision-centric perspective and its recognition
that climate change responses are more than technical in nature. To implement risk
governance for the challenging conditions facing urban climate risk management, we
add to the framework three important enhancements: decision support under condi-
tions of deep uncertainty, iterative risk management and learning, and the idea of “tiers
of transformation” to capture the varying degrees of transformation in governance that
may be needed to reduce risk to acceptable levels.

Figure S.1 distinguishes among three tiers of processes that can affect the ability
of urban areas to pursue climate risk management, from business-as-usual operations in
the lowest tier (Tier 1) to the most challenging transformation of governance arrange-
ments through new laws, policies, or programs in the top tier (Tier 3). Tier 1 represents
actions that can be taken by existing departments in city government, existing groups,
and collaborations among them, without changes in laws or any significant change in
policy or budgetary allocations. Tier 2 represents actions that involve relatively minor
changes in law or institutional structure at the local, state, or national level. Tier 3
involves more significant changes in laws, regulations, funding, and institutions at the
state and national levels in which the cities operate; the economic environment; and
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Figure S.1
Tiers of Transformation
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the broader social and political context, including, for instance, trust in government,
the authority of science, and the degree of civic involvement.

Climate risk management strategies that rest on actions in Tier 1 are preferable
from an operational perspective to those in the higher tiers because specific local actors
are often already empowered to take action, and those actions are often easier to imple-
ment. But actions in Tier 1 tend to be more limited in scope and impact than those in
the upper two tiers. Change processes in these tiers pose several challenges, which are
related to the concept of transformation. Changes in Tiers 2 and 3 generally involve
coordinated efforts by many actors and, therefore, are harder to organize. Decision

support methods and tools can help decisionmakers understand, design, and imple-
ment transformative strategies.

Indicators Within a Decision Support Process

To show how indicators could be integrated into a decision support and generalized
risk governance process, we propose five general types of indicators for urban climate
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risk management, shown in Table S.1. These indicators are divided into two overall cat-
egories, those relating to the state of the urban region and those related to the quality of
the plan and the process that produced it. The process of choosing specific indicators in
the context of urban responses to climate change must always be grounded in the par-
ticular values, goals, and ambitions of the region itself. For this reason, we have focused
on categories of indicators from which more specific measures could be selected.

Figure S.2, an enhanced version of Figure S.1, shows indicator categories related
to the state of the urban region in green boxes and those related to the quality of the
plan and the planning process in blue. The effect of current actions on changes in the
tiers, and the consequences of those changes, can be addressed with various types of
models.

Well-Being and Risks to Well-Being Indicators

Well-being and risks to well-being refer to conditions and risks experienced by people
in the urban area now and in the future. Current conditions—such as income, health,
access to recreation, and biological diversity—and some current risks—such as tidal
flooding—can often be measured directly. Indicators can be drawn from such mea-
surements. In general, however, urban climate policies have important impacts in the
near and far future. Such future conditions and risks can only be estimated using some
type of mathematical model. These models are inherently error-prone because of the
complexities of the underlying systems and the difficulty of translating that complexity
into mathematical statements. However, they have the virtue of imposing a structured

Table S.1
Proposed Categories of Indicators

Indicator Categories Key Attributes

State of the Urban Region (Based on Causal Models)

Well-being and risk to well-being e Objective and subjective measures of real and perceived con-
ditions among residents and the community at large

Capacity to implement the plan ¢ Management capacity
Technical skills

Capacity to adapt and transform e Political will
e Public acceptance and support
e Adaptable governance mechanisms
e Sustainable financial resources
Quality of the Planning
Quality of the planning process e Inclusivity
e Legitimacy

e Analytical grounding

Quality of the resulting plan e Well-structured
e Designed for evaluation and learning
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Figure S.2
Enhanced Iterative Risk Management Process with Indicators
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and transparent approach to the estimation process, using the best available science.
Indicators can then be drawn from the outputs of such models.

Capacity to Implement Indicators

The capacity to implement the plan refers to the current resources and context available
to the planners. Temporally, indicators of the capacity to implement refer to today’s
ability to carry out the plan and to generate outcomes that might be observed in the
near term. This is a critical determinant of successful policy and includes such issues as
availability of financing and funding; technical and administrative capacity within the
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region to manage complex design, construction, and maintenance of plan components;
and sustainment of public support for the plan’s implementation.

Capacity to Adapt and Transform Indicators

The capacity to adapt and transform refers to the urban region’s ability to influence
its future conditions and capabilities. We use this term to refer to both a capacity to
address the impacts of climate change as they unfold and a capacity to successfully
adjust policies that reduce GHG emissions as challenges and opportunities arise in the
future. An urban region’s capacity to adapt is limited by many fundamental attributes
of the system, including its institutions, laws, human capital, and culture. The capacity
to transform represents the ability to relax these constraints and open up opportunities
by catalyzing significant changes in such attributes. The capacity to implement repre-
sents the ability to carry out the near-term steps of an adaptive management strategy.
The capacity to adapt represents the ability to monitor and adjust course as needed in
the future. The capacity to transform represents the ability to alter the institutional,
legal, and other constraints on the future capacity to implement and to adapt. Many
factors affect the capacities to adapt and transform, some of which may also be impor-
tant in assessing the capacity to implement.

Quality of Plan and Planning Process Indicators

No set of simulation and logic models will ever provide a complete and infallible rep-
resentation of the relevant urban system. In addition, the literature on decision sup-
port makes clear that the process by which information is provided can be at least as
important as the information itself in improving (or not improving) decisionmaking.
For instance, the extent to which information is regarded as salient, credible, and legiti-
mate may depend on how that information is generated and provided to stakeholders
and decisionmakers. Thus, it is important to complement the objective and subjective
well-being indicators with indicators related to the quality of the planning process and
its products.

Plan quality refers to the attributes of the plan itself. Indicators of the quality of
the plan and the processes that produce it are important because they are more closely
tied to factors under the planners’ control than are the outcomes produced by the plan.
In addition, many of the most important outcomes may be years in the future and can
only be observed long after any evaluation of the plan would have occurred.

Process quality includes events leading up to the present time in a planning pro-
cess. These process indicators could consist of checklists of important attributes of
plans and planning processes, which, particularly for the processes, would be cus-
tomized as necessary for any particular application. A planning process that included
meaningful engagement with a full range of stakeholders and decisionmakers would
tend to rank highly for process quality.
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Example Application of the Proposed Indicator System

Given the importance of context, we consider the application of the proposed indica-
tor system within a specific, hypothetical case of a coastal metropolis faced with major
water supply, drainage, and wastewater infrastructure and land use decisions. These
decisions are driven by economic development goals but are also contingent on the cur-
rent and projected tax base of the region, as well as external factors, including the rate
of sea level rise and risk of damage from major coastal storms and flooding.

The example urban area includes several counties and cities, each with their own
land use and transportation plans. Several federal and state agencies have large equities
in the region. No single regional authority coordinates planning and implementation
of major public infrastructure, with the exception of a regional water management
agency that has lead responsibility for some of the region’s water infrastructure. Trans-
portation, land use, and water management decisions in one county can have collateral
impacts on drainage, flooding, groundwater levels, and saltwater intrusion in another.
The effectiveness of changes in land use policy in one county may depend on the extent
of coordination among jurisdictions within each of the counties. Decisionmakers and
stakeholders are interested in understanding how development strategies and imple-
mentation of individual projects will play out under a wide range of possible scenarios
that account for uncertainties in sea level rise, precipitation patterns, and land use
changes.

Table S.2 summarizes the categories of indicators that might be used for this
example and data sources that might enable their use. Indicator types that are new to
the climate risk management literature are shown in bold. The report provides exam-
ples of indicators in the context of this particular example.

Steps Toward Applying the Framework

The first step toward implementing the risk governance framework is to find an appro-
priate forum for deliberative decisionmaking, or, if none exists, to create one. Forming
a new governance structure for regional decisionmaking is difficult in the context of
federalism. The challenges of climate change may require that such changes become
more frequent when existing governance arrangements fail to demonstrate the capacity
to reduce risks that transcend jurisdictional boundaries in socially and economically
acceptable ways.

A second step toward implementation, closely tied to the first, is finding visionary
leaders who can steer transparent and deliberative processes toward a successful con-
clusion by embracing democratic processes within the context of a “deliberation with
analysis” approach. That is, strong leadership can set the tone for elevating objective
analysis to its proper place within participatory planning and decisionmaking—not as
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Table S.2

Categories of Indicators Applicable to Example

Examples of Classes of Indicators

Approaches to Data Gathering

Well-Being and Risk
to Well-Being

Capacity to
Implement (Within
Tier 1)

Capacity to Adapt

and Transform

Quality of Plan

Quality of Planning

Regional economic development
Flood risk

Water quality

Ecosystem protection

Financial solvency of public
utilities

Equity of benefits and costs

Financing/funding available
Incentives and their alignment for
key actors

Institution, managerial, and tech-
nical capabilities

Organizational leadership and
culture

Monitoring and evaluation

Public support

Incentives

Public support

Leadership

Assessment of type and mag-
nitude of Tiers 2 and 3 changes
needed to achieve benefits (e.g.,
risk reduction, economic growth,
water quality improvement)
Complexity of changes

Breadth of futures and options
Use of best available science
Analysis of trade-offs among
goals

Alignment of finances/funding
with plan implementation
Extent to which plan is designed
for learning and adaptation

Openness and transparency of
public process

Technical credibility

Political legitimacy

Salience to area’s perceived prob-
lems and challenges
Cost-effectiveness

Environmental monitoring and
socioeconomic data for current
conditions

Projections of future risk from risk
assessment simulations

Economic assessment of incen-
tives and adequacy of financial
resources

Surveys of institutional culture
and public support

Qualitative assessments of other
factors

Projections of future risk from risk
assessment simulations

Economic assessment of incen-
tives and adequacy of financial
resources

Surveys of institutional culture
and public support

Qualitative assessments of other
factors

Vulnerability analysis contingent
on changes in Tiers 2 and 3

Checklist of plan attributes
Stock-taking of resources

Gap analysis comparing plan to
risk analysis, especially key fac-
tors driving vulnerability and
potential responses

Surveys and focus groups with
stakeholders and decisionmakers
Tally of the resources required
for the process, compared with
estimated resources for other
approaches with similar quality
and outputs

a means to justify a predetermined decision but, rather, as a means of opening the way
to consideration of a range of alternatives and trade-offs among them in terms that are
clear and meaningful to the public and their representatives.

Finally, a third critical step is the harnessing of both community thought leaders
and technical expertise to play leading roles in the deliberative process from the very
start. Effective risk communications should begin at the very earliest stages in a plan-
ning process. Public support in turn lends credibility to the planning and decision-
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making processes. Locally based technical leadership adds further connective tissue
between the public and the process. Scientists and engineers from local and regional
institutions tend to have a strong understanding of local conditions and a heightened
appreciation of the interplay of science and social issues within their areas by virtue of
being part of the affected communities.

Measuring Effectiveness of Processes and Outcomes

In our proposed system of indicators, indicators of well-being represent the top-level
outcomes that policies and strategies are intended to achieve. Practically speaking,
changes in these indicators may take years or even longer to materialize as planning
and implementation of response measures take shape and become reality. Estimates
of the future consequences of current actions using some combination of simulation
models and qualitative judgments are unavoidably and often irreducibly uncertain.

Collecting the data to populate the indicators across the five major categories
listed in Table S.1 will require an evaluator who largely sits outside of the delibera-
tive process itself to administer surveys, analyze results, and direct the collection of
data and information from others sources. To be effective in measuring change—and
progress—over time, an evaluator ideally is present from the creation of the process
to capture baseline attitudes of participants in the planning process and identify data
needs along the way.

In contrast with indicators devised primarily as “report cards” or to support a
“one-oft” development project, we advocate for a system of indicators embedded in
long-term planning and decisionmaking processes as a means of ensuring continu-
ity and focus. Indicators of progress are essential drivers of the processes themselves,
giving resource managers and their agencies a strong motivation for maintaining the
systems necessary to collect, process, and actively use the indicators with decisionmak-
ers and the public.

Moving from Theory to Practice

Many systems of indicators have been devised for use by cities; relatively few are main-
tained and kept timely and fresh beyond their first few years. Even fewer systems of
indicators have been tested under varying conditions and evaluated for their effective-
ness. In the course of conducting this review, we have come to appreciate the need for
a generalizable set of indicators that urban areas new to the long-term, integrated plan-
ning process could adapt for their own purposes. To reach that goal, however, requires
further development, field testing, and evaluation.
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RAND has launched three such field studies in Pittsburgh, southeast Florida, and
the Bay Area megaregion of northern California to test the efficacy of the proposed
approach to decisionmaking and structuring of indicators. The engagement with each
area is following a “deliberation with analysis” process. Indicators are being collected to
support evaluation of the planning process, the tracking of outcomes, and assessment
of capacities for transformation and implementation. This measurement system will be
useful for evaluation of the studies and will also enable iterative learning within the
decision support processes.
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CHAPTER ONE
Introduction

Cities and their surrounding areas serve as engines of regional and national economic
growth, but they also amplify climate-related risk by virtue of their population den-
sity, concentration of critical infrastructure, and other high-value economic assets.
In coastal cities, sea level rise and potentially increasing storm intensity pose serious
threats to residents, transportation, water, housing, energy, and other infrastructure.
In arid regions, extreme heat and extended drought impose stress on water supplies
and riverine ecosystems. Rust-belt cities face difficult choices in revamping their aging
storm and wastewater infrastructure to meet water quality requirements under chang-
ing patterns of precipitation and highly constrained public financing. Some cities are
responding to these risks with efforts to adapt to a changing climate under the banner
of increasing resilience to the threats of rising sea level, coastal storms, extreme pre-
cipitation events, flooding, or persistent drought (Georgetown Climate Center, 2016).

While urban areas are incurring the consequences of climate change, they also
share in responsibility for the increasing threat, accounting for 54 percent of the world’s
population but around 70 percent of total global greenhouse gas (GHG) emissions
(UN, 2014; Seto et al., 2014). The State of California and many cities elsewhere in the
United States have committed to aggressive GHG emission reduction goals (State of
California, 2006, 2008, 2015), consistent with the Obama administration’s pledge to
reduce U.S. emissions by 26 to 28 percent below 2005 levels by 2025 (White House,
2015). 'The promise of the Paris Agreement gives further support to these many local
and state efforts (Non-State Actor Zone for Climate Action, 2016). Among many chal-
lenges, one question is how these commitments to reduce emissions will be fulfilled
when these same places are wrestling with nearer-term infrastructure and other invest-
ment decisions, whether undertaken in the name of restoring aging infrastructure
or improving resilience. Indeed, the line between adaptation and mitigation begins
to blur as these investment decisions themselves are recognized as having long-term
implications for emissions reductions, particularly those related to transportation and
land use. For example, by executive order, California is addressing the state’s adapta-
tion and mitigation policies in an effort to harmonize climate goals for 2030 and 2050
(State of California, 2015).
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Challenges of Decisionmaking in Response to Climate Change

The real and projected consequences of a changing climate are forcing decisionmakers
to consider what actions they should take and when, how to allocate resources to sup-
port implementation, and how to share the cost burden among neighboring jurisdic-
tions. For example, decisionmakers in urban areas are already wrestling with how to
answer questions such as the following:

* What types of initiatives and operational changes provide cost-effective responses
to a changing climate?

e What portion of their budgets should urban areas devote to climate-related
responses, whether adaptation or mitigation, relative to other pressing public
needs?

* Given a total budget for climate-related efforts, how should it be allocated among
specific initiatives?

* How should various parties share the costs of adaptation and mitigation efforts?

* How should mitigation and adaptation initiatives be adjusted—for example, aug-
mented, accelerated, or terminated—as their implementation proceeds?

Several broad challenges affect the ability of urban areas to plan, design, imple-
ment, and evaluate responses to climate change. First, there is a mismatch between
established levels and structures of governance and the multiple sectors and geographic
scales most appropriate to addressing climate-related challenges. As an example, south-
east Florida’s vulnerabilities to sea-level rise transcend the boundaries of cities and
counties, which has led four counties to form a “climate compact” as a forum in which
to coordinate their responses (Southeast Florida Regional Climate Change Compact,
2015). Second, there is a persistent tension between a region’s short-term needs, includ-
ing bouncing back quickly from natural or man-made shocks and stresses (one form of
resilience), and a longer-term need to transform governance, infrastructure, and other
critical urban services to reduce emissions and vulnerabilities to shocks and stresses.
One of the most recent examples of this tension was felt by local officials in New
York and New Jersey who sought to commit to immediate reconstruction of ocean-
front boardwalks and other infrastructure in the wake of Hurricane Sandy, while the
U.S. Department of Housing and Urban Development (HUD), with support from
the Rockefeller Foundation, launched an ambitious “Rebuild by Design” competi-
tion to expand the options for rebuilding more resilient coastal communities (Rebuild
by Design, 2016). Finally, even if the first two challenges can be overcome, there is a
latent tension as governments and other organizations begin institutionalizing their
responses to climate change in the near term, while recognizing their need to remain
flexible and adaptive to address challenges whose scale, scope, and most effective solu-
tions are as yet unknown.
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These challenges play out in several ways. Hundreds of billions of dollars of public
and private resources will be expended on adaptation and mitigation activities over
the coming decades. Protection and resilience strategies alone will require costly, sus-
tained, long-term investments with considerable uncertainty about future benefits, and
their efficacy will be difficult to assess. For example, the State of Louisiana has com-
mitted to a $50 billion, 50-year master plan for coastal protection and restoration
(Coastal Protection and Restoration Authority, 2012; Groves et al., 2014). As cities and
surrounding jurisdictions consider actions to reduce their GHG emissions and their
vulnerability to future impacts of climate change, they are obliged to quantify prospec-
tive benefits and costs of action (and inaction), as Louisiana has done. They will need
to sort out how much to invest, when to invest, and when to revisit past decisions. They
will need to communicate to their constituencies whether proposed actions are likely to
be cost-effective and are consistent—or worthy of trading off—with other important
public goals, like economic growth, equity, and environmental protection.

These can be challenging analyses to conduct, even for sophisticated public agen-
cies in large cities, when constituent interests are often in conflict with one another
and pressing near-term demands subordinate longer-term needs. Compounding the
challenge, analyses of large-scale infrastructure investments are anything but ordinary
because of the novelty and uncertainty of climate change, the wide range of potential
responses, the long time scales that often separate actions from their consequences, and
the need for actions that cross jurisdictional boundaries.

In addition to economic analyses, a consensus has yet to emerge among academics
and practitioners about how to translate generally accepted notions of adaptation and
resilience into actual planning guidance, design principles, and building standards.
Nor has a consensus emerged about indicators of successful adaptation and resilience
outcomes, although a growing literature, driven mainly by international development
organizations, has sought to identify appropriate monitoring and evaluation indicators
in the context of development projects (Leagnavar et al., 2015). Decisionmakers are
thus hampered by lack of adequate indicators to inform planning, guide implementa-
tion, and assess the adequacy of capabilities and actual performance—in governance,
technical competence, and finance—to sustain progress.

Embedding the concepts of adaptation and resilience into regional decisionmak-
ing processes and, thus, extending beyond the usual stovepipes of urban governance is
difficult. Policymakers are challenged to address needs across public service sectors and
multiple jurisdictions and consider resilience as one of several critical goals of public
policy. To move to this higher plane of integration, policymakers will need help in
incorporating more complex forms of analysis in deliberative public decisionmaking
processes and indicators to shape and guide these processes.
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Indicators to Support Climate-Relevant Decisionmaking

In this study, we have drawn on current practice and literature to identify indica-
tors that support decisionmaking processes in response to climate change in America’s
urban areas. We distinguish our approach from others as follows:

1. We place indicators within a specific, well-defined decision support process.
This focus on decisionmaking context is often missing from other work. Like
other information products that are intended to inform decisions, indicators can
prove most useful as part of explicit decision processes that provide a structure
and rationale for choosing the criteria. We therefore looked for forward-looking
(as opposed to retrospective evaluation) indicators for implementing a decision
support framework. We found that systems of indicators have been developed
for many purposes (cities, development agencies, national plans) and include
both process and outcome-based indicators. Some, but not all, of these sys-
tems of indicators are embedded in decision support frameworks, but most view
adaptation as a linear process, rather than one with feedback loops and learn-
ing. Few indicator systems have been rigorously tested in the field. In sum, none
of these existing systems is functionally suited to supporting climate-sensitive
decisions in urban settings, but some have components that can be integrated
into such a framework.

2. We view indicators as appropriately customized for each urban area to accom-
modate the heterogeneity of goals, decisions, governance arrangements, and
socioeconomic conditions that is the norm rather than the exception. In con-
trast, some existing indicator systems have been developed by funding agencies
that seek a common system to compare the effectiveness of actions across dif-
ferent regions.

3. We propose a decisionmaking framework that combines both process and out-
come indicators. These include measurement of current conditions and quan-
tification of future risk, contingent on near-term decisions. Simulating futures
conditions in the urban system and representing those conditions with outcome-
based indicators enables decisionmakers and stakeholders to consider responses
to climate change that are forward-looking. While a mix of current and simu-
lated future outcomes can address to some degree the challenge of evaluating
urban climate actions over both near-term and longer time scales, outcome indi-
cators are necessarily uncertain and incomplete. Thus, process indicators also
are necessary to track changes that are likely to enable progress over time.

4. We seek to lift climate-related decisions out of the mitigation, adaptation, and
disaster resilience boxes in which they are often placed. Instead, we treat these
goals as complementary to a wider range of decisions related to the built envi-
ronment and community development.
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5. We focus on the capacity of urban areas to transform their governance and
operations to meet the climate challenge. Many responses to climate change can
be accomplished within current jurisdictional structures and with small and
incremental changes to current practices. But some future scenarios are likely to
require transformative responses from individuals, government, and the private
sector that extend well beyond the current planning, operational, and financial
capabilities of urban areas. Responding to climate change will often also require
a more integrative approach to urban infrastructure planning, design, and oper-
ations that fragmented and stovepiped city departments will be hard-pressed
to handle. Thus, the decisionmaking framework and indicators proposed here
include a focus on an urban area’s capacity for transformation and an explicit
accounting of how near-term actions might influence such changes.

Overall, the proposed decision-centric approach to indicators aims to improve
communications and engagement with stakeholders and enhance the ability of public
agencies and other organizations to take appropriate and well-informed actions. Fur-
ther, with this approach, we suggest a means of embedding responses to climate change
in a larger decision context that encompasses both missions and longer-term transfor-
mations of urban areas.

Examples of Climate-Related Decisions Faced in Urban Areas

To ground our discussion of indicators in the real problems faced in urban areas, we
provide three examples of cases in which they might be used. The proposed decision-
making framework and indicators in this report aim to address the kinds of analytical
needs raised by each of these examples of climate-relevant decisionmaking in urban
areas. We return to these examples later in the report when illustrating the prospective
application of the proposed system of indicators.!

Case 1: Adapting and Upgrading Aging Infrastructure

Imagine a now-thriving rust-belt city that faces aging infrastructure and significant
wet weather flooding and sewage overflow problems, exacerbated by changing storm
intensities. The region has a fragmented governance structure, with one large city sur-
rounded by over a hundred smaller municipalities. Many jurisdictions favor innova-
tive, green infrastructure solutions—a departure from the region’s historical focus on
large infrastructure projects. Regional leaders are developing a comprehensive, long-
term plan. With uncertainties about the performance of new approaches and a chang-

1" Testing of the indicators in the field is in progress and will be reported in a subsequent publication.
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ing climate, how can the region’s leaders ensure themselves and their community that
their plan will be effective?

Case 2: Coping with Sea-Level Rise

Imagine a heavily populated, low-lying coastal region facing rising sea levels that lead to
frequent flooding, threaten major infrastructure, complicate environmental protection,
and increase the risk of disastrous storm surge from major hurricanes. The region’s coun-
ties and cities have agreed on goals and guidelines for a common response to sea-level rise.
Individual jurisdictions are now implementing policies and are beginning to incorporate
these guidelines into major flood control, water supply, and transportation infrastructure
projects. The scale and timing of future climate impacts remains uncertain. How does
each jurisdiction ensure that the actions it takes today are consistent with its own near-
and long-term goals, as well as consistent with the actions of neighboring jurisdictions
with whom it shares a common, managed coastal and hydrologic system?

Case 3: Shifting Land Use and Transportation to Reduce Emissions

Imagine a sprawling metropolitan region committed to significant reductions in
GHG, much of which emanate from its transportation sector, land use patterns, and
built environment. The state has required metropolitan planning authorities to develop
long-term plans that ensure that land use and transportation systems are consistent
with emission reduction targets. However, most of the funding for such decisions flows
through the cities in the region, which generally share climate and many other goals
but also compete with each other for jobs, economic development, and investments.
Many aspects of transportation and land use, including the fundamental underlying
technologies, the costs of emission reductions, and future funding models, remain
deeply uncertain, while current infrastructure decisions can have implications that
span decades. How do multiple jurisdictions within the region ensure that their plans
are consistent with deep reductions in GHG emissions, while at the same time main-
taining their local autonomy and prerogatives?

Definition of Frequently Used Terms

In addressing indicators for urban climate risk management, definitional issues abound.
Actions to address climate change are generally divided into two broad categories of
mitigation and adaptation. Mitigation refers to efforts to limit the potential long-term
consequences of climate change by reducing the concentration of GHG in the atmo-
sphere through emissions reductions and land use changes. Adaptation refers to pro-
cesses of coping with such changes as sea-level rise, extended drought, and shifts in eco-
system dynamics already under way and those anticipated under a range of assumptions
about atmospheric concentrations of GHG. Many countries and individual cities are
pursuing both mitigation and adaptation strategies, and, in fact, the historical dichot-
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omy between these two paths is proving less useful as some actions and strategies, like
improved land use planning, can both reduce risk and reduce net GHG emissions.

Indicators, Measures, and Metrics

We have chosen to focus on indicators in this study. One common definition of 7ndi-
cator is a “measurable representation of the condition or status of operations, manage-
ment or conditions” (ISO, 2015). The Organisation for Economic Co-operation and
Development (OECD) defines an indicator as a “quantitative or qualitative factor or
variable that provides a simple and reliable means to measure achievement, to reflect
the changes connected to an intervention, or to help assess the performance of a devel-
opment actor” (OECD, 2002). Many others have proposed similar definitions.

In contrast, the terms measure and metric have more precise quantitative mean-
ings and are thus subsets of the more generic indicator. A measure is “a value that
is quantified against a standard.” The standard could be in terms of dollars, tons of
emissions, acres, or other similar units (Viggh, 2015, p. 73). A metric is “a calculated
or composite measure or quantitative indicator based upon two or more indicators or
measures” (Viggh, 2015, p. 73).

In this work, we are interested in identifying and classifying both quantitative and
qualitative indicators, some but perhaps not all of which may rise to the level of measures
or metrics. For instance, indicators might include quantitative data on emissions levels,
water quality, flood risk, and funding available for relevant programs. Indicators might
also include qualitative judgments of institutional capacity and survey data on citizens’
satisfaction with a planning process. As we define these terms in Table 1.1, indicators are
a means of consistently tracking inputs; outputs; and short-, medium-, and longer-term
outcomes using replicable and credible methods of evaluation and assessment.

Indicators to capture the long-term outcomes of mitigation actions are relatively
easy to identify, although not necessarily easy to measure in practice—namely, atmo-
spheric concentrations of GHG and their rate of change, and both global and country-
specific emissions by mass or by changes in emissions intensity. These indicators are
now memorialized in the form of voluntary national commitments to emissions reduc-
tions secured in the Paris climate agreement (United Nations Framework Convention
on Climate Change [UNFCCC], 2015). Indicators that capture the long-term out-
comes of adaptation and resilience activities are more problematic for the reasons cited
above. In addition, indicators of outputs and outcomes of transformational processes in
governance, law, and regulation are qualitative in nature and even more difficult to nail
down. Nonetheless, these types of process-oriented indicators are likely to be similar
for mitigation and adaptation decisionmaking, somewhat simplifying our task.

Adaptation, Resilience, and Transformation
Developing indicators for adaptation to climate change is challenged by a host of com-
plexities, not the least of which is that the definitions of these terms are in flux. In
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Table 1.1

Definition of Terms Relevant to Indicators

Term Definition

Indicators Measurable representations of inputs, outputs, and outcomes of operations,
management, strategies, and the status and trends of internal and external conditions
(1SO, 2015)

Inputs Resources generally defined (e.g., money, staff time, reputation) that are used or
consumed when an organization implements an action or process. Inputs affect outputs
and can potentially affect outcomes (USAID, 2009).

Measures Values that are quantified against a standard. The standard could be in terms of dollars,
tons of emissions, acres, or other similar units (Viggh, 2015, p. 73).

Metrics Calculated or composite measures or quantitative indicators based upon two or more
indicators or measures (Viggh, 2015, p. 73)

Outputs Observable products or conditions over which an organization exercising a process has
direct control and that can potentially affect outcomes (OECD, 2002)

Outcomes Attributes of the world that policymakers and decisionmakers care about, such as the
health and safety of a region’s residents or the preservation of biodiversity. Outcomes
are generally related to outputs, but the connection may not always be direct (authors’
definition).

Processes Mechanisms by which inputs are transformed into outputs in a way that the

organization exercising the process typically understands and can define (ISO, 2015)

fact, there is currently significant overlap and tension between the concepts of climate

change adaptation and resilience. The Intergovernmental Panel on Climate Change
(IPCC, 2014c, p. 118) definition of adaptation is

the process of adjustment to actual or expected climate and its effects. In human
systems, adaptation seeks to moderate or avoid harm or exploit beneficial opportu-
nities. In some natural systems, human intervention may facilitate adjustment to
expected climate and its effects.

In a similar vein, the National Research Council (NRC, 2010, p. 1) defines adapration
as referring to

adjustments in ecological, social, or economic systems in response to actual or
expected climatic stimuli and their effects or impacts. It refers to changes in pro-
cesses, practices, and structures to moderate potential damages or to benefit from
opportunities associated with climate change.

The IPCC defines resilience as “the ability of a social or ecological system to
absorb disturbances while retaining the same basic structure and ways of function-
ing, the capacity of self-organization, and the capacity to adapt to stress and change”
(IPCC, 2013). Tyler and Moench (2012, p. 312) argue for resilience as a better goal
than adaptation per se:
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The standard approach to planning for climate adaptation . . . is to frame the task
as adjusting policies, practices and plans in order to avoid negative impacts of cli-
mate change. In essence, this approach relies on prediction as the basis to identify
avenues for prevention. Instead of focusing on discrete measures to adapt to specific
perceived future climate risks, it may be more effective for cities to consider the
problem as one of building resilience. In the case of urban climate adaptation, an
approach based on resilience encourages practitioners to consider innovation and
change to aid recovery from stresses and shocks that may or may not be predictable.

Yet resilience has also come under criticism with the view that its use often implies
that the current socioeconomic paradigm will continue. Bours et al. (2013) suggests
instead that responses may need to be transformative and encompass “the ability to
adjust to potentially radical changes in context, not just withstand shocks” (Bours et al.,
p. 60). Transformational responses apply to both mitigation and adaptation.

For the purposes of our study, we will hew to the definition of terms in most
common use. Table 1.2 summarizes the definitions of relevant terms listed in the
Annex III Glossary from the IPCC’s Fifth Assessment Report (IPCC, 2013).2 A more
complete collection of definitions can be found in Appendix A.

We find it clarifying to think of adaptation as a general descriptor of planning and
implementation processes to achieve any number of goals, with resilience being one of
the most important and easy to communicate of those goals to the public. Adaptive
capacity in risk governance is an enabler of successful adaptation activities undertaken
to reduce vulnerabilities and increase resilience. Transformation is the more radical con-
cept, suggesting a highly consequential paradigm shift in both policy and governance.

How This Report Is Organized

In Chapter Two, we describe a risk governance decisionmaking framework and contrast
it with other paradigms for decisionmaking within complex systems. Within the risk
governance framework, we propose “tiers of transformation,” a structured approach to
thinking about how urban areas can and do transform their way of doing business to
achieve better outcomes than would be achieved under a business-as-usual mode of
operating. In Chapter Three, the risk governance decisionmaking framework provides
our “baseline” context for evaluating the applicability of existing systems of indicators
to climate-relevant decisions. We then describe how to apply the framework and indi-
cators to a hypothetical case of a coastal metropolis attempting to tackle major climate
challenges in a more regionally coherent way. Chapter Four summarizes our findings
and next steps in evaluating the efficacy of our proposed approach.

2 Fach of these terms has a more general meaning outside of the context of climate change. Given the focus of

this review, however, we use the narrower, climate-specific definition.
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Table 1.2

Definitions of Terms Relevant to Climate Risk Management

Term Definition

Adaptation "The process of adjustment to actual or expected climate and its effects. In human

Adaptive capacity
Mitigation (of

climate change)

Resilience

Risk

Risk management

Transformation

Urbanized area (or
urban area)

Vulnerability

systems, adaptation seeks to moderate harm or exploit beneficial opportunities. In
natural systems, human intervention may facilitate adjustment to expected climate
and its effects.” Incremental adaptation refers to “[aldaptation actions where

the central aim is to maintain the essence and integrity of a system or process at a
given scale” (Park et al., 2012). Transformational adaptation refers to “[a]daptation
that changes the fundamental attributes of a system in response to climate and its
effects.”

The ability of systems, institutions, humans, and other organisms to adjust
to potential damage, to take advantage of opportunities, or to respond to
consequences

“A human intervention to reduce the sources or enhance the sinks of greenhouse
gases.” Mitigation can be accomplished through technological change and
substitution that reduce resource inputs and emissions per unit of output.

The capacity of a social-ecological system to cope with a hazardous event or
disturbance, responding or reorganizing in ways that maintain its essential
function, identity, and structure, while also maintaining the capacity for
adaptation, learning, and transformation (Arctic Council, 2013)

The potential for consequences where something of value is at stake and where
the outcome is uncertain, recognizing the diversity of values. Risk is often
represented as the probability of occurrence of hazardous events or trends
multiplied by the impacts if these events or trends occur. Risk results from the
interaction of vulnerability, exposure, and hazard. In [the IPCC] report, the term
risk is used primarily to refer to the risks of climate-change impacts.

Plans, actions, or policies to reduce the likelihood and/or consequences of risks or
to respond to consequences

Altering the fundamental attributes of a system, including value systems,
regulatory, legislative, or bureaucratic regimes, financial institutions, and
technological or biological systems

According to the U.S. Census Bureau, urbanized areas comprise one or more places
(“central place”) and the adjacent densely settled surrounding territory (“urban
fringe”) that together have a minimum of 50,000 persons. The urban fringe
generally consists of contiguous territory having a density of at least 1,000 persons
per square mile (U.S. Census Bureau, 1995).

The propensity or predisposition to be adversely affected. Vulnerability
encompasses a variety of concepts including sensitivity or susceptibility to harm
and lack of capacity to cope and adapt.

SOURCE: IPCC, 2013, unless otherwise noted.

NOTE: The complete set of terms is available from the Chief, Geography Division, U.S. Bureau of the
Census, Washington, D.C., 20233.



CHAPTER TWO
Risk Governance Framework for Decisionmaking

Urban areas seeking to respond to climate change face a range of challenges, as evi-
denced by the three examples given in Chapter One. Both mitigation and adaptation
responses must engage a wide array of actors, affect both near- and long-term change,
and find an appropriate balance among shared benefits and outcomes. A variety of
decisionmaking frameworks to guide response actions have been proposed for climate
change adaptation and mitigation policies. We review such frameworks in Appen-
dix B. In this chapter, we describe a generalized form of risk governance as a particu-
larly useful and broad-gauged approach toward developing a robust system of indi-
cators. We seck indicators of both means and ends. Some indicators are intended to
characterize progress and success of specific decision support and decisionmaking pro-
cesses associated with the choice of urban climate response strategies. Other indicators
are intended to capture outcomes and outputs of the strategies once implemented.

Enhancing Risk Management

The IPCC Fifth Assessment Report found that climate change is best viewed as a chal-
lenge of risk management (IPCC, 2014b; Jones et al., 2014). Other recent assessments
echo that view (NRC, 2010; IPCC, 2012; Moss et al., 2014). These reports suggest
that when appropriately generalized, risk management provides an inclusive frame-
work that enables assessment and responses to the challenges and opportunities gener-
ated by climate change.

Risk is defined as the product of probability of an event or phenomenon affect-
ing an individual, community, population, or place and the consequence of occurrence
of that event or phenomenon; a very rare event with large consequences may have
similar risk as a much more frequent event with moderate consequences. The literature
identifies three main contributors to risk: hazard, which is the potential occurrence
of a physical event that may cause injury or damage; exposure, which is the presence
of people and the things they care about in places that could be adversely affected;
and vulnerability, which is the propensity to be adversely affected by the hazard. For
instance, the potential for a flood would represent hazard, the people and built envi-

11
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ronment in the flood plain would represent exposure, and the likelihood of structural
damage and inability to evacuate would represent vulnerability. Hazard, exposure, and
vulnerability can each have associated probabilities. Together they lead to the conse-
quences that constitute risk. Distinguishing among these three contributors is useful
because the human consequences arising from any physical hazard are strongly medi-
ated by social factors, such as where people live and the capabilities available to them
to mitigate exposure and vulnerability. Risk management involves efficiently allocating
resources among actions to reduce hazard, exposure, and vulnerability—thus offering
a rich set of options for reducing risk.

Risk management is one of several frameworks. Others discussed in Appendix B
include the precautionary principle, resilience, vulnerability, and control theory. Of
the frameworks considered, risk management seems best for jurisdictions seeking to
enhance the well-being, opportunities, and quality of life of their residents in the face
of climate change and other important stressors. The risk management framework
emphasizes a decision-centric view with multiple actors, which seems most applicable
to the urban environment. It offers a large body of practice from which to draw meth-
ods and experience. In addition, resting on its foundation of hazard, exposure, and
vulnerability, risk management can incorporate key insights from other frameworks,
as discussed in Appendix B.

But risk management in practice often has narrow connotations, with numerous
examples of a technocratic perspective, separated from the institutions and processes
of governance and community dynamics that inform and influence choices made by
decisionmakers. For this reason, we think it is vital to employ risk management within
a broader framing of risk governance. In his 2008 book Risk Governance: Coping with
Uncertainty in a Complex World, Ortwin Renn argues that risks appear in a broader
context of human choices that aim to satisfy human aspirations, wants, and needs. In
pursuing these ends, humans’ actions create consequences, intended and unintended.
The contingency of such consequences introduces uncertainty, and such uncertainty
is intrinsic to the concept of risk. Consequences are often adverse, but the risk concept
also includes contingent consequences that may be beneficial.

Risks arise from a mix of individual and collective human actions. Thus, manag-
ing risk involves understanding and interacting with a broad array of actors, enabled
and constrained by institutional arrangements; organizational capacity; competing
demands for resources; and political, social, and regulatory cultures. Ultimately, Renn
writes, risk is central to our understanding of human agency—that is, our ability to act
in a strategic fashion linking our decisions with outcomes, intended and unintended,
likely and unlikely (Renn, 2008, p. xiii).

Risk governance focuses on the processes by which such groups as government
agencies, businesses, citizens” organizations, and technical experts make risk manage-
ment decisions. In the context of urban responses to climate change, the framework
emphasizes three particularly important ideas. First, risk governance retains the core
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goal of eflicient resource allocation to achieve desired outcomes in the face of uncertain
future events, while placing the decisionmaking in a much broader context.! Second,
risk governance emphasizes the social construction of risk that arises from both the
physical consequences of potential events and human judgments regarding the serious-
ness of these events, the legitimacy of the activities and entities that may give rise to
those events, and the social value of the activities that may be required to ameliorate
the resulting risks. Third, risk governance takes an expansive view of the context in
which groups of individuals come to recognize risks and to identify and take actions
in response.

This context includes the totality of actors, rules, conventions, processes, and
mechanisms relevant to how risk information is collected, analyzed, and communi-
cated and how responses are identified, evaluated, chosen, and implemented. The con-
text also includes institutional arrangements, such as regulatory and legal frameworks;
coordination mechanisms, such as markets and norms; and political culture (Renn,
2008, p. 374).

As shown in Figure 2.1, risk governance consists of an ongoing sequential pro-
cess of preassessment (initial problem scoping), appraisal (analysis of the problem and
identification of alternatives), characterization/evaluation (analysis of alternatives), and
management (choice and implementation) (International Risk Governance Council
[IRGC], 20006). Risk communication accompanies each of these phases. While these
are the standard elements of just about any decisionmaking framework, Renn describes
this simple depiction of the elements of risk governance as “open, cyclical, iterative,
and interlinked” (Renn, 2008, p. 47), in contrast with more common linear struc-
tures of decisionmaking. Most important, the approach implies an intertwining of
science-based information and societal values by labeling the left side of the graphic as
“understanding” (generating and collecting knowledge about risks) and the right side
as “deciding” (making decisions about how best to manage risks).

In the preassessment phase, the problem is framed and defined, a process that
necessarily involves societal values as well as the best available information regard-
ing the risks and responses. The appraisal and characterization/evaluation phases—
which entail understanding the extent to which certain risks are or are not tolerable
in the present and the trade-offs among risks and potential responses to reduce risks
in the future—similarly intertwine both quantitative information and societal values.
Finally, the management phase draws on the analysis of alternatives in the previous
step to enable decisionmakers to choose among alternatives in a way that strikes an
acceptable balance of risk and reward among the multiple social goals.

1 Expressed in the context of multicriteria decision analysis, efficient resource allocation in the economic sense

is one of many objectives that society might pursue (e.g., environmental quality, equity, regional economic devel-
opment), secking through a legitimate process of social choice to achieve an appropriate balance among these
objectives (Sen, 2009).
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Figure 2.1
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Overall, risk governance encompasses the way in which societies make collec-
tive decisions about technologies and activities that have uncertain consequences. The
approach is particularly germane in situations in which there is no single authority
able to take binding actions, so that managing risk requires cooperation and collabora-
tion among many actors. Such situations are ubiquitous in urban responses to climate
change, particularly so in democratic societies. Indeed, context is critical, as illustrated
in Figure 2.2 through the ever-larger circle of players and cultural features that influ-
ence decisionmaking.

Appendix B discusses complementary approaches to decisionmaking or, in some
cases, alternatives to the risk governance framework. We highlight concepts that are
often discussed in the context of responses to climate change, like vulnerability and
resilience, as well as other concepts, such as control theory and game theory, that are
less commonly invoked but no less useful in thinking about complex urban systems.
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Figure 2.2
Risk Governance in Context
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Enhancing Risk Governance

Implementing a risk governance framework in real-time decisionmaking contexts
requires practical analytical tools and political acumen. In this section, we highlight
three important enhancements of risk governance in an urban context: decision sup-
port under conditions of deep uncertainty, iterative risk management and learning,
and the potential need for transformational strategies.

Effective Decision Support Under Conditions of Deep Uncertainty

Effective urban risk governance will generally require appropriate use of quantitative
information. Without quantitative information, identifying and assessing risks and
efficiently and effectively allocating resources to reduce them can be difficult. Data to
inform such choices have become increasingly available; for instance, information on
current and future climate has proliferated, and cities are learning how to exploit “big
data.” Literature and practice make abundantly clear, however, that good scientific and
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technical data alone are insufficient for good decisionmaking (Renn, 2008; Jones et
al., 2014). In particular, in the rich decision contexts of urban risk governance, signifi-
cant tensions often exist between use of such information and the way decisions are
actually made. Quantitative estimates of risk by experts may differ from those of lay
people, in some cases because they provide new information, but in others because they
neglect attributes important to the public. Quantitative information may not be rel-
evant, timely, or understandable for the choices being made. Numerous examples exist
of decisions that might have been improved had those making them had better access
to information at the time the decision was made. In one particularly tragic example,
virtually all of the emergency backup generators in New Orleans were located in the
basements of hospitals in New Orleans, even though the city’s vulnerability to storm
surge and coastal flooding was well known to technical experts (and many older resi-
dents) at the time Hurricane Katrina struck in August 2005.

The concept of decision support (Moss et al., 2014) is useful for understanding
how quantitative (and other) information can most effectively contribute to risk gov-
ernance. The National Research Council (2009) defines decision support as a “set of
processes intended to create the conditions for the production and appropriate use of
decision-relevant information.” The science of decision support aggregates understand-
ing from organizational behavior, psychology of judgment and decisionmaking, and
evaluations of a large body of practice in many policy areas. One review of this lit-
erature (NRC, 2009) suggests key principles of effective decision support particularly
relevant to urban climate programs. These include the following:

1. the priority of process over products—that is, the way in which quantitative
information is integrated into decisionmaking processes often is as important as
the information products themselves

2. the need to link information producers and users

institutional stability in the provision of information

the need to design for learning,.

BN

In particular, these principles guide thinking about how various indicators can
provide useful information to different types of decisionmakers, enabling them to
make better decisions.

In risk governance, people can bring a wide variety of differing perspectives to the
identification, evaluation, and management of risks. In some cases, quantitative infor-
mation can significantly narrow these differing perspectives. But in many situations,
the quantitative information can do little to narrow such perspectives because it is too
uncertain, too focused on only some aspects of the situation, too rooted in particular
communities of knowledge producers to the exclusion of others, and too intertwined
with diverging values. In addition, people often bring to discussions of risk manage-
ment interlocking clusters of values, policy preferences, and expectations about the
future. People will tend to prefer policy actions consistent with their values and, thus,
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tend to trust quantitative information that describes risks that can be treated with
actions consistent with those values (Kahan and Braman, 2006).

Various decision support methods exist that can usefully inform urban climate
risk management. Of particular interest here is the use of Robust Decision Making
(RDM) within a multiattribute decision framework. Multiattribute decision theory
(Keeney et al., 1993), sometimes called multicriteria decision analysis (MCDA), pro-
vides a general framework for comparing the consequences of alternative policy choices
when several, often conflicting, policy objectives are in play. This is in contrast to
such approaches as benefit-cost analysis that aggregate all potential consequences into
a single (often monetary) indicator. Multiattribute decision theory acknowledges that
people may care about different potential consequences of their actions, and different
people may not find it useful to combine all such consequences into a single number.
Decision support tools based on MCDA will thus retain multiple indicators and pres-
ent users with trade-off curves or tables that allow them to evaluate policy options
based on trade-offs among these indicators. For instance, RAND’s support for Loui-
siana’s Comprehensive Master Plan for a Sustainable Coast included a multiattribute
Planning Tool that considered coastal storm risk reduction in terms of expected annual
damage, loss of land expressed in acres, cost of actions to mitigate risks and land loss,
and other indicators important to the public (Groves et al., 2013).

In addition to multiple objectives and differing values, stakeholders will often
bring differing expectations about the future. Traditional probabilistic decision and
risk analysis (Morgan et al., 1990; Jones et al., 2014; Moss et al., 2014) can sometimes
fare poorly under such conditions because it requires all parties to agree on a single set
of assumptions about the future before they can accept both the framing and results
offered by the analysis. Under the conditions of deep uncertainty that often character-
ize urban climate risk management, following the reverse process may in fact be a more
useful construct (Kalra et al., 2014).

RDM (Lempert et al., 2003; Lempert et al., 2006; Hallegatte et al., 2012) pro-
vides one such “reverse” approach. RDM begins with a proposed plan or plans and
then uses analytics to stress-test them over thousands or millions of alternative paths
into the future. RDM adopts a modeling approach that summarizes the conditions in
which each plan will work well or poorly. The RDM process, represented in Figure 2.3,
shares features with risk governance through its feedback processes and distinctions
between processes of understanding and decisionmaking. The process begins with an
interactive, participatory process with decisionmakers and stakeholders to define the
nature of the decision: goals, metrics, uncertainties, potential strategies and options,
and available modeling tools. Once the decision is structured for analysis, the second
step is to run a model of the system of interest many times to project future conditions
across the full range of uncertain factors. This provides the database for the third step
of the vulnerability assessment, in which future conditions are identified when the
system (either as it currently exists or with some combination of possible new options)
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Figure 2.3
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performs poorly. This is sometimes called “scenario discovery” and leads to identify-
ing new options or strategies that might be able to reduce the vulnerabilities that have
been identified. The fourth and last step is when the analysis advances to visualiza-
tions of trade-offs across the multiple objectives. The aim is to identify robust strategies
that perform well for the objectives of interest across a wide range of possible future
conditions.

RDM uses analytics to explore consequences without necessarily privileging one
assumption about the future over another. RDM can significantly enhance the value
of simulation models initially designed for predictive analysis by running them over
many plausible paths into the future in order to identify vulnerabilities of proposed
strategies and potential robust responses. The approach also provides output in a sce-
nario-based form that helps decisionmakers agree on which plans to pursue without
requiring prior agreement on assumptions. This can reduce conflicts among stakehold-
ers as well as facilitate interagency processes (Fischbach et al., 2015).

Drawing on the discussion in Fischbach et al. (2015), RDM explicitly follows a
“deliberation with analysis” process of decision support, in which parties to the deci-
sion deliberate on their objectives, options, and problem framing; analysts generate
decision-relevant information using the system models; and the parties to the deci-
sion revisit their objectives, options, and problem framing influenced by this quantita-
tive information (NRC, 2009). When used with MCDA, the RDM process aims to
facilitate deliberation among diverse stakeholders by embedding systematic quantita-
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tive reasoning about the consequences of, and trade-offs among, alternative decision
options within a framework that recognizes the legitimacy of different interests, values,
and expectations about the future (Lempert, 2013; Parker et al., 2014).

Such processes have been used to facilitate Louisiana’s Comprehensive Master
Plan for a Sustainable Coast (Groves et al., 2013), the U.S. Bureau of Reclamation Col-
orado Basin Supply and Demand Study (Groves et al., 2012), and other engagements
(RAND Water Climate and Resilience Center, 2016). The approach seems particularly
appropriate for decision support for urban climate risk management. For example, this
process, similarly to Renn’s preassessment phase, would begin with a decision-scoping
exercise with stakeholders, facilitated by the analysts. In this exercise, the parties to the
decision define the objectives and indicators of the decision problem, policy options
that could be used to meet these objectives, the uncertainties that could affect the suc-
cess of proposed plans, and the relationships that govern how plans would perform
with respect to the indicators. Importantly, this scoping step aims to clearly differenti-
ate between factors under and outside decisionmakers’ control. The former can become
part of the strategy that decisionmakers pursue, while the latter include the uncertain-
ties outside decisionmakers’ control. As one important decision, the scoping exercise
could identify one or more proposed urban adaptation plans (the set might include
business as usual) for the region that will be considered in subsequent steps.

Determining the goals of the decision process is a nontrivial part of this scoping
process. In the private sector, where profit maximization is the goal of business strategy
and decisionmaking, outcome indicators for profi-making and investment returns are
well-established. This is decidedly not the case for the public sector, which typically
seeks to achieve multiple and often competing goals through its actions. These goals
may include the provision of public safety and other basic services, improvement of
economic and social well-being of all residents, some measure of equity in opportunity
across groups and communities, and increasing resiliency and reducing or otherwise
managing risks from disruptive events—whether short-term and discrete, like a dev-
astating storm, or long-term and slow-moving, like climate change. In these decision-
making contexts, widely accepted indicators are still evolving, to the extent that they
exist at all.

The scoping exercise also helps identify simulation models and data that analysts
can then use to evaluate proposed adaptation plan(s) over many plausible paths into the
future. Different combinations of the uncertainties define these paths. The simulation
runs generate a large database of simulation model results. Analysts and decisionmak-
ers can then use visualizations and statistical “scenario discovery” algorithms on this
database to explore the simulation data and identify the key combinations of future
conditions in which each candidate plan would meet or miss decisionmakers’ objec-
tives. This approach can also provide some of the most important benefits of scenario
analyses. These include helping stakeholders with differing values, interests, policy
preferences, and expectations about the future to explore potentially inconvenient or
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unsettling futures; to imagine a wider range of plausible futures and expand the range
of solutions they consider; and to potentially reach consensus on a plan even if they
continue to disagree on how the future might unfold.

Using these scenarios, decisionmakers can explore the trade-offs among alterna-
tive plans. They may choose a robust strategy or decide that none of the alternatives
under consideration proves sufficiently robust. In this latter case, they could return to
the search for suitable candidates, perhaps through modification of or hybridization
among the initial set, this time with deeper insight into the strengths and weaknesses
of the alternatives initially considered.

The steps of the RDM process are designed to represent a deliberation with analy-
sis process. For instance, the decision framing step involves deliberation, using the
database of simulation runs to identify scenarios that illuminate vulnerabilities, and
then using these scenarios to judge proposed plans and identify new ones, followed by
a trade-off analysis.

Iterative Risk Management, Learning, and Adaptive Planning

Risk governance includes the concept of iterative risk management, which involves a
process of assessment, action, reassessment, and response that will continue, in the
case of many climate-related decisions, for decades, if not longer (Jones et al., 2014).
In particular, urban climate policies will necessarily evolve over time in response to
new information because uncertainty surrounds many important aspects of the urban
climate challenge, so that future decisionmakers will find many choices made today
poorly suited to conditions at that time. While uncertainties about future climate are
clearly important, those regarding the evolution of each city and the effectiveness of
alternative risk management actions may be even more consequential, because cities
today are undergoing a process of significant economic, social, technological, and
physical transformation.

Recent years have seen a growing interest in formalizing the concepts, methods,
and tools for developing and evaluating adaptive decision strategies. Such strategies,
which are designed to evolve over time in response to new information, are ideally
those that emerge from a successful iterative risk management process (Walker et al.,
2003; Lempert et al., 2010; Groves et al., 2013; Haasnoot et al., 2013). This formal-
ization of adaptive strategies may help inform the development of urban climate risk
management programs and the indicators needed to evaluate them. As one key dis-
tinction, this literature emphasizes the difference between planned and unplanned
learning (NRC, 2009). In the latter, organizations respond to events as they occur
but devote little attention or resources to understanding how to make the learning
process more effective and durable. The climate change adaptation literature similarly
distinguishes between the terms “coping” and “adapting” and between planned and

unplanned adaptation (IPCC, 2014b).



Risk Governance Framework for Decisionmaking 21

Unplanned learning can be costly. It can be more expensive over the long term,
can impede organizations from achieving their goals, and can increase the chance of
catastrophic failures. Unplanned learning also can make it more difhicult to promote
consensus among parties to a decision who bring significantly different expectations
about how the future may unfold. But consistent with the observations of Preston et al.
(2011), cities may pursue unplanned adaptation because it has some important (if tran-
sitory) advantages. When budgets are limited and election cycles short, solving current
problems is often more compelling than investing to increase the ability to change pol-
icies in the future. Explicitly signaling that policies will undergo change may impede
enforcement, make decisionmakers seem indecisive, and make it easier for them to
succumb to political pressure from special interests. Stakeholder groups, such as trade
associations, consumer representatives, and environmental advocates, may prefer sta-
bility rather than repeatedly contesting policy choices, especially when such groups
fear that they may lose influence in the future.

Under these many pressures to maintain the status quo, directing and manag-
ing an orderly change process is difficult, which is why adaptive decision strategies
are particularly salient. Rosenhead, one of the first to explore the connections among
robustness, resilience, and adaptive strategies, defines a decision as a “commitment of
resources that transforms some aspect of the decision-making environment” (Rosen-
head, 2001, p. 186). A plan, which foreshadows “a set of decisions which it is currently
anticipated will be taken at some time or times in the future” (Legey and Kazay, 2001,
p. 71), is adaptive because it often also includes “an identification of an intended future
state which necessarily implies a set of future decisions” (Legey and Kazay, 2001, p. 71).
Walker et al. (2001, p. 284) similarly defines adaptive policies as comprising “sequen-
tial combinations of policy options. Some options are to be implemented right away;
others are designed to be implemented at an unspecified time in the future, or not at
all if conditions are inappropriate.”

Based on such definitions and adapted from McCray et al. (2010), an organiza-
tion committed to planned learning will thus demonstrate

* a prior commitment to subject its existing plans to review and adjustment, along
with fostering institutions, norms, and culture that facilitates such adjustment

* systematic effort to mobilize new factual information to inform the adjustment
of the plan

* active consideration of the opportunities for such future adjustment and the
potential for future learning in the choice of current actions.

Essential components of an adaptive plan include a planned sequence of actions,
the potential to gain new information that might signal a need to change this planned
sequence, and actions that would be taken in response to this new information. The
sequential decisions of traditional decision analysis (Morgan et al., 1990), as well as
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real options approaches (Trigeorgis, 1996), follow this structure. The concept of “adap-
tive management” also follows this pattern. First introduced by C. S. Hollings (1978)
to describe near-term policies specifically chosen as experiments to generate scientific
understanding, adaptive management has since been used more generally to refer to
policies that are designed to respond to new information— that is, those that incorpo-
rate planned learning.

Dewar (1993, 2002) describes a planning methodology in which decisionmakers
identify the key assumptions underlying a proposed plan. Dewar then defines shap-
ing actions as decisions that aim to make key assumptions more likely to hold, hedg-
ing actions as decisions to be taken if key assumptions begin to fail, and signposts as
observed events or thresholds that suggest that such an assumption is indeed failing.
RDM, which builds on assumption-based planning, aims to facilitate the development
of adaptive management strategies and, in particular, combinations of shaping actions,
signposts, and hedging actions that comprise these strategies (Lempert et al., 2006;
Groves et al., 2014; Bloom, 2015). Box 2.1 provides an example of this process. All of
these approaches depend critically on key indicators that signal the need for reevalua-
tion of plans, redirection of effort, or new strategies.

Box 2.1. Signposts for Adaptive Management

The Metropolitan Water District imports water into semiarid Southern California
and also helps manage the local supplies that provide about half of the region’s water.
The agency’s 2010 Integrated Resource Plan Update (IRP) describes a preferred mix
of alternative water supplies designed to meet the agency’s goals through 2035,
including reliability, cost, and environment. Recognizing that conditions are highly
uncertain, the IRP also describes an adaptive management approach to monitor key
trends and guide any future adjustments to the IRP.

To help implement this adaptive management approach, Metropolitan used an
RDM vulnerability analysis to distinguish the specific future conditions in which
the IRP is likely to meet or miss its goals. The results of this analysis, shown in
Figure 2.4, indicate that the two most important uncertainties affecting the IRP’s
success are demand (horizontal axis) and supply (vertical axis). (Other trends consid-
ered in the analysis, but not shown on the axes, are less important for Metropolitan
to monitor.) The supply indicator is a combination of the effects of climate change
on precipitation and the effectiveness of Metropolitan’s investments in groundwater
management. In the red region—the high demand, low precipitation scenario—the
IPR misses its goals.

Metropolitan developed its IRP assuming conditions in 2035, as shown by
the large dot in the figure. The agency can monitor conditions as they evolve in the
future, and, if they stray toward those of the high demand, low precipitation sce-
nario, the agency may have to adjust its plans.
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Figure 2.4
Example of Vulnerability Analysis

106
g
8 104
(=
S
E’_ Best-estimate case used to develop IRP
T 102 /
L
=
o
w
P oo @
o
(=
'
5
= 98
o
e
o
2
g %
=
- Region of high demand,
_; low precipitation scenarios
2 94
=]
wv

9288 ——A A

Balanced Baseline High
growth growth growth

Demand

SOURCE: Parker et al., 2015. Used with permission.

RAND RR1144-2.4

Transformational Change

Climate change presents a particularly difficult challenge of transformative collec-
tive action. Both limiting the magnitude and adapting to the unavoidable impacts
of climate change will ultimately involve some level of transformation, as defined in
Table 1.2 (IPCC, 2013). Transformation generally requires significant changes by
many different actors within a complex system. An urban area that is able to reduce its
GHG emissions to zero, or significantly alter its land use patterns to manage flooding,
would have had to undergo such a transformation.

Risk governance encompasses a wide range of actors, their institutions, politi-
cal culture, and social norms. But the assessment of management options generally
occurs within a decision-centric framework that isolates an actor within this intercon-
nected system and examines the consequences of the choices available to that actor.
This raises the question of who is a relevant actor. At one extreme, many climate risk
studies take the viewpoint of a single global decisionmaker that can choose GHG
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emission reduction paths (Stern, 2007). Alternatively, climate risk management typi-
cally focuses on policy choices available to a single administrative department in a city
government, or even individual residents. Both perspectives can be useful. In general,
actors closer to the local scale are responsible for most tangible efforts toward climate
risk management.

How can those involved with promoting urban climate risk management think
about which actors could and must be involved in pursuing any needed transforma-
tional change? To begin to answer such questions, Figure 2.5 distinguishes among
three tiers of processes that can affect the ability of urban areas to pursue climate
risk management, from business-as-usual operations in the lowest tier to the most
challenging transformation of governance arrangements through new laws, policies, or
programs in the top tier. This figure draws on the “learning loop” framework (Kolb et
al., 1975; Argyris and Schéen, 1978; Hargrove, 2002; Keen et al., 2005; Peschl, 2007;
Pelling et al., 2008) often used in the resilience and climate change adaptation litera-
ture to conceptualize processes of learning and change.

Tier 1 represents actions that can be taken by existing departments in city gov-
ernment, existing groups, and collaborations among them, without changes in laws or
any significant change in policy or budgetary allocations. Tier 2 represents actions that
involve relatively minor changes in law or institutional structure at the local, state, or

Figure 2.5
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national level. Tier 3 involves more significant changes in laws, regulations, funding,
and institutions at the state and national levels in which the cities operate; the economic
environment; and the broader social and political context, including, for instance, trust
in government, the authority of science, and degree of civic involvement.

For example, a city’s efforts to reduce its own GHG emissions through invest-
ments in renewable energy and conservation would fall in Tier 1. State or national
renewable energy standards might fall in Tier 2. State and national carbon taxes might
fall in Tier 3. From an adaptation and resilience perspective, a city’s efforts to adapt
to a drier climate by incentivizing drought-tolerant landscaping would fall in Tier 1.
Facilitating the use of wastewater recycling by revising state health codes would fall in
Tier 2, as would the inclusion of water reliability in the rating of municipal bonds. As
a real-world example of Tier 1 changes, several departments in the City of Los Angeles
launched the One Water LA 2040 initiative to engage citizens in long-term planning
for the city’s water, wastewater, and storm water systems. Thus far, activities fall within
existing organizational and management arrangements, but as the stakeholder engage-
ment and planning processes advance, Tier 2 and possibly Tier 3 strategies may emerge
as vital to achieving the city’s goals (City of Los Angeles, 2014).

Climate risk management strategies that rest on actions in Tier 1 are preferable
from an operational perspective to those in the other tiers because specific local actors
are often already empowered to take action, and those actions are often easier to imple-
ment. But actions in Tier 1 tend to be more limited in scope and impact than those in
the upper two tiers. A city and region will generally prove more resilient to the extent
that it is organized to take a wider range of actions within Tier 1. Such capabilities will
depend on the extent to which the jurisdictions and incentives within which they oper-
ate (created by Tier 2 and 3 changes) are well-aligned with the challenges and response
options related to climate change. Currently, many jurisdictions have not managed to
reach beyond their status quo Tier 1 authorities and processes. Nonetheless, modest
changes at this level could potentially build a public case for more effective climate risk
management strategies that could be achieved through transformations of the kind
envisioned in Tiers 2 and 3.

Change processes in these tiers pose several challenges that are related to the con-
cept of transformation. Changes in Tiers 2 and 3 generally involve coordinated efforts
by many actors and, therefore, are harder to organize. Climate change alone may not
be seen as sufficient reason to undertake the magnitude of change contemplated in
these upper tiers, Tier 3 in particular, so climate considerations will generally need to
be incorporated into other policy efforts, perhaps related to energy, transportation, or
taxation. Thus, those pursuing climate risk management strategies may be particularly
interested in synergies between climate and other goals, as well as in actions available
in Tier 1 that can incentivize or catalyze appropriate changes in the upper tiers.

Decision support methods and tools can help decisionmakers understand, design,
and implement transformative strategies. For instance, the vulnerability analysis
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(Step 3) of an RDM decision support process, shown in Figure 2.4, can identify the
range of conditions that can be managed and the risks that can be reduced by actions
within each of the tiers of Figure 2.5. Similarly, such analyses can suggest how changes
in Tiers 2 and 3 can increase the range of conditions managed within Tier 1. Using the
language of adaptive management, one would like a larger rather than smaller range of
risks to be managed within Tier 1. An appropriate vulnerability and response option
analysis can suggest the actions in the upper tiers that can most effectively expand
the coping range in Tier 1I’s business-as-usual operations. Incorporating concepts from
game theory, such analyses can also suggest how actions in Tiers 1 and 2 might cata-
lyze effective changes of the kind envisioned in Tier 3 (Isley et al., 2015). Network
analysis could also reveal the current connections among actors and how interventions
in Tier 1 might affect the networks required to affect Tier 2 and Tier 3 changes.

In the next chapter, we combine the governance and transformational change
concept in Figure 2.5 with iterative risk management (Jones et al., 2014)—in particu-
lar, the RDM process from Figure 2.3. Outcomes inform the scoping process and help
suggest whether and what transformation beyond business as usual in Tier 1 might
help achieve various goals.

Combining the tiers of transformation with an RDM-based deliberation with
analysis process provides the context for determining how and where current practice
in each tier may create or expose vulnerabilities and what types of actions might reduce
those vulnerabilities. For instance, an RDM-based iterative risk management analy-
sis would produce vulnerability maps that address such questions as the following:
Over what range of futures does the status quo or proposed alternative plans meet risk
reduction, cost, and other goals within the current Tier 1 structure? Over what range
of futures would changes in Tiers 2 and 3 expand the ability to meet such goals? Such
results could then support exploration of the types of actions within Tier 1, as well as
actions that require the higher demands of transformation represented by Tiers 2 and
3. This structure is generally consistent with the three-layer city resilience framework of
da Silva and Morera (2014) that links urban infrastructure with the dynamics of urban
governance, as discussed in Appendix C.

As we noted at the beginning of this chapter, we seek indicators to associate with
the risk governance framework that are tailored components of specific decision sup-
port and decisionmaking processes, as well as the urban climate response strategies
that arise from these decisionmaking processes. These indicators describe the system
as it exists; the capacities within the system to enable change; and the near-, interme-
diate-, and longer-term outcomes of the change and transformation processes. In the
next chapter, we present a structure for these indicators to support the risk governance
framework and then consider which existing systems of indicators may be relevant.
Most of these indicator systems were developed for narrower program and project eval-
uation purposes, but some include indicators suitable for supporting decisionmaking
for both mitigation and adaptive responses to climate change in urban areas.



CHAPTER THREE

Indicators to Support Climate Risk Governance and
Decisionmaking

In Chapter Two, we proposed that a risk governance decision-making framework, aug-
mented with insights from other frameworks relevant to decisionmaking in complex
systems, is well-suited for urban climate risk management. In this chapter, we seek to
construct a system of indicators consistent with the multiple dimensions of risk gov-
ernance. We begin with a brief overview of the relevant literature on indicators, with
details provided in Appendix C. We then lay out an approach consistent with the risk
governance framework and present a hypothetical example of how the framework and
indicators might work in practice. Our intent is to identify indicators that can support
place-based decisionmaking and thus enable urban areas to improve their own climate
risk management. By necessity, each urban area will need to draw on data sources and
topical indicators most appropriate for its own particular circumstances. Nonetheless,
we expect there to be commonalities among both the indicators and the data sources
populating the indicators across different cities.

Challenge of Developing Decision Support Indicators

Climate-related indicators have been developed for many purposes and contexts. As
summarized in Appendix C, indicators have been developed by or for international
development agencies to evaluate the effectiveness of their projects and project port-
folios and to assess the quality of planning by recipients of development assistance to
inform future resource allocation decisions by the development agencies. Other indica-
tors have been developed specifically to evaluate progress and the quality of planning
for adaprtation or resiliency by cities, regions, and countries. Some of these indicators
are focused on process; others encompass both process and outcomes. Indicators may
be quantitative or qualitative, the latter often capturing public perceptions that can
influence the political calculus of a complex decision with winners and losers.

While we are most interested in indicators designed specifically to support deliberative
decisionmaking processes, we are nonetheless interested in building on a range of existing
approaches that may still be useful for our purposes. However, the variation in purpose,
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place, and sector does make a difference, making it difficult to develop meaningful indica-
tors that apply equally well in different contexts and across regions and sectors (Bours et al.,
2013). For this reason, many proposed indicator systems found in the scholarly literature
offer general frameworks intended to be customized for particular applications.

The emerging practice and scholarly social science literature of indicators to sup-
port climate-informed decisionmaking, whether for measuring reductions in GHG
emissions or measuring effectiveness of adaptation and resilience strategies, draws on
well-established systems of indicators developed in the business and international devel-
opment assistance literatures. In the application of these methods to adaptation studies,
leading researchers (Preston et al., 2009; Brooks et al., 2011; Preston et al., 2011; Moser
et al., 2013) have been moving in three important new directions: (1) from a focus on
such programmatic inputs as funding or high-level plans to a focus on concrete mea-
sures of success; (2) from a focus on adaptation as a stand-alone endeavor to a focus on
addressing climate risk as one of many activities conducted by governments, the private
sector, and other organizations; and (3) from a focus on estimation of the vulnerability
of specific populations and sectors to a focus on reduction and management of risks.

The adaptation indicators literature is grounded in the broader literature on pro-
gram and project evaluation. In particular, the use of models for program evaluation
has become widespread in the philanthropic sector, and proposed indicators for climate
adaptation draw on these ideas. Logic models provide a causal representation of the ways
in which program inputs (e.g., resources, activities) are related to the desired outcomes.
Indicators can then be linked to the nodes on this causal chain. For instance, if a social
welfare organization aims to provide meals to the needy, a logic model might suggest
that the organization needs to gather sufficient food, assemble volunteers to distribute it,
obtain a space to serve it, and so forth. Indicators could be linked to each of these steps,
as well as the nutritional gains of the community served. As described later in this chap-
ter, several proposed climate adaptation indicators draw on this logic model framework
to help define various categories of inputs and link them to desired outcomes.

The climate adaptation indicators literature draws less explicitly on other frame-
works, such as balanced scorecards (Kaplan and Norton, 1992; Kaplan, 2010) and the
ISO total quality environmental management standards (e.g., ISO 14001), often used by
businesses and large government organizations (ISO, 2015; National Research Council,
1999). For example, the balanced scorecard literature helps organizations move beyond a
narrow focus on financial performance to a broader consideration of multiple objectives,
such as their environmental and social impacts. Scorecards aim to align an organization’s
full set of strategic goals with their internal processes, investments to develop future
capabilities, and demands for current and future resources. In their process role, bal-
anced scorecards are well-suited to helping distinct but related organizations to act cost-
effectively in concert, with the added advantage of having large communities of practice.
This literature also provides a means of rolling up many hundreds of potential indicators
to a small number and of aligning the indicators used by different parts of complex orga-
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nizations. Despite the lack of a specific link, some proposed climate adaptation indicators
do draw on these ideas by suggesting a small number of indicators to help organizations
align their internal processes and investments with their strategic goals.

Proposed evaluation frameworks for climate adaptation and mitigation face a par-
ticularly difficult challenge because there is often significant temporal distance between
inputs and outputs and an indirect and uncertain connection between outputs and
outcomes. Most obviously, an urban area may launch efforts to eliminate its emissions
of GHG (an output of emissions reductions strategies), recognizing both that it may
take many decades to reach such a goal and that the ultimate consequences of doing
so—helping to limit the magnitude of future climate change (a suite of outcomes)—
will depend on whether or not the rest of the world also meets a stringent emission
reduction goal. Similarly, an urban area may take steps to reduce its exposure and vul-
nerability to climate-related disasters (outputs) in anticipation of future changes in the
frequency of extreme events, but it (fortunately) may have limited opportunities in any
given decade or two to observe the quality of these preparations. The outcomes of these
steps would ultimately be the enhancement of economic and social well-being and the
preservation of lives and property.

Thus, consistent with the broader literature on program and project evaluation,
many proposed evaluation frameworks use proxy indicators of adaptation prepared-
ness, processes, plans, projects, and programs—all aimed at eventually realizing suc-
cessful adaption or mitigation outcomes but for which outcomes cannot be directly
measured, at least in the near term. Most of the indicators and frameworks that we
reviewed fall under this category, and for good reason. The focus on measuring outputs
of processes rather than measuring how adaptation and mitigation efforts avoid future
climate change impacts (outcomes) is a reflection of how hard the latter is to do:

While often treated as a gold standard in the general monitoring and evaluation
literature, [outcome-based indicators] have not been widely used in an adaptation
context, reflecting the difliculty of attributing reduced impact specifically to adap-
tation, where success may not be apparent for decades and where impacts averted
in the future are tricky to estimate (Ford et al., 2013, p. 3).

Most examples of adaptation indicators come from the gray literature (outside of
peer-reviewed scholarly journals) and have been developed by governments, interna-
tional development organizations, and NGOs as they seek to track their projects and
investments. Without widely accepted indicators or a strong academic literature from
which to draw, Leclerc notes in the context of international development activities that
“the organizations responsible for implementing and financing adaptation have had no
choice but to try and test indicators for reporting back on how international funds are
being used” (Leclerc, 2012, p. 5).

Table 3.1 presents a useful typology of current climate adaptation tracking
approaches developed by Ford et al. (2013, pp. 4-5) and distinguishes outcome-based



Table 3.1

Outcome-Based Versus Process-Based Approaches to Adaptation Tracking

Tracking
Approaches

Characteristics

Data Sources

Strengths

Limitations

Outcome-
based

Preparedness-,
process-, and
policy-based

Outcome
evaluation: reduced
negative climate
change impacts

Adaptation
readiness: presence
of key governance
factors essential
for effective

and successful
adaptation

Track climate-related
losses, mortality, and
morbidity, over time and
in relation to adaptation
Examine impacts of
climatic hazard event
before and after
adaptation

With regard to adapta-
tion, evidence of: political
leadership; institutional
organization; stakeholder
involvement; climate
change information;
appropriate use of deci-
sionmaking techniques;
and consideration of bar-
riers to adaptation, fund-
ing, technology develop-
ment, and adaptation
research

Natural hazard
loss databases
(e.g., emergency
events database)

Speeches at Con-
ference of the Par-
ties meetings
Attendance at
Conference of the
Parties meetings
Leadership iden-
tified in UNFCCC
National Com-
munications or
National Adapta-
tion Programmes
of Action

UNFCCC National
Communications
National
assessments

Quantification

of adaptation
progress and
effectiveness
Metrics can be
monitored over
time

Availability of
standardized
global datasets of
hazards losses and
mortality across
regions
Legitimacy within
policy evaluation
community

Not dependent on
outcomes being
visible

Captures readiness
for future action
and ability to
effectively imple-
ment adaptations

Applicable only where
outcomes are directly
observable

Difficulty of inferring cau-
sality between outcome
and adaptation

Potential for maladaption
not captured

Limited applicability to
“soft” and mainstreamed
adaptations

Does not measure out-
comes from adapting

to wider (nonevent-
oriented) climate change

Need to validate if readi-
ness translates to action
Limited availability of
readiness metrics
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Table 3.1—continued

Tracking
Approaches Characteristics Data Sources Strengths Limitations
Process-based e Comparison of adapta- National Adapta- e Not dependent on Limited systematically col-

approaches: process
through which
adaptations are
developed and
implemented in
pursuance of a
desired outcome or
objective

Analyzing policies o
and programmatic
approaches:

monitoring and
comparison

of reported

adaptation

actions and their
characteristics

Examining measures e
of changing
vulnerability:
measurement o
of change in
vulnerability

in relation to
adaptation

tion characteristics and
steps of development to
theoretically and empiri-
cally derived characteris-
tics of adaptation success
and best practice

Analysis of characteristics
of reported adaptations
and comparison across
regions, by vulnerability
categories, over time, and
with respect to adapta-
tion “obligations”

Monitor aggregate vul-
nerability indexes in rela-
tion to adaptation actions
Focus on specific indica-
tors which capture the
generic determinants of
vulnerability (e.g., access
to education, poverty,
health, and inequality)
Examine specific compo-
nents of sensitivity and
adaptive capacity to cli-
mate change impacts

tion Programmes
of Action
Adaptation
inventories

UNFCCC National
Communications
National Adapta-
tion Programmes
of Action
Adaptation
inventories
National adapta-
tion assessments

Climate Change
Vulnerability
Index
Environmental
Sustainability
Index

Global Climate
Risk Index
GAIN Index

outcomes being
visible

Capture the key
processes that

are believed to
underpin effec-
tive and successful
adaptation

Not dependent on
outcomes being
visible

Systematic and
quantitative anal-
ysis of progress
Comparability
across nations
Suited for global
application
Amenable for
rapid assessment

Not dependent on
outcomes being
visible

Readily avail-

able vulnerability
indexes globally
Amenable for
rapid assessment

lected data on process of
adaptation development
and implementation
Limited transferability
across nations

Time intensive

Unproven link to adapta-
tion success

Success not directly
measured

Results subject to report-
ing bias

Inability to capture deter-
minants of vulnerability
Fundamental disagree-
ment between indexes
on magnitude of
vulnerability

Challenge of linking
change in indexes to
adaptation

SOURCE: Ford et al., 2013, pp. 4-5. Used with permission.
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indicators (related to reducing negative effects of climate change) from process-based
indicators (related to outputs that may lay a groundwork for eventual achievement of
outcomes). Our proposed indicators, described later in this chapter, reflect the Ford et.
al. typology of outcome- and process-based (output) indicators but broaden Ford’s def-
inition of outcomes to include indicators of changing vulnerability also. Such vulner-
ability indicators could be considered intermediate outcomes rather than proxy indica-
tors for final outcomes.

The literature on indicators associated with mitigation activities also distinguishes
between policy inputs and policy effects. Our proposed indicators draw on a recent
review by Singh and Vieweg (2015, p. 5) summarized in Table 3.2. Singh and Vieweg
offer a comprehensive overview of potential outcome-oriented indicators associated
with intermediate policy effects (output) that relate to buildings retrofitted with more
energy-efficient equipment; GHG effects that relate directly to measured reductions
in emissions (output); and non-GHG effects that relate to reductions in air pollution
(output), improvements in health (outcome), or income growth (outcome). Singh and
Vieweg (2015, p. 8) make brief mention of “transformational” indicators associated
with policy change but generally restrict their definition of transformation to struc-
tural changes within economic sectors and technological change. They do not mention
transformation in governance explicitly, nor do they explicitly discuss the use of indica-
tors in a decision support process, although they note the value of these indicators for
policy design (as distinguished from policy choice). Their primary focus is on perfor-
mance measurement and tracking of policy implementation.

Table 3.2
Indicators Associated with Mitigation Policies

Policy Implementation Indicators Policy Effects Indicators

Intermediate GHG Effects Non-GHG Effects

Input Indicators Activity Indicators Effects Indicators Indicators Indicators
e Finance e Licensing, per- e Behavioral e Changes e Changes
e Human and mitting, and changes in GHG in environ-
organizational procurement e Technology emissions mental,
resources e Compliance and changes economic, or
e Otherinputs enforcement e Process social condi-
e Other policy changes tions, other
administration than GHG
activities emissions
changes
e Changes in indicators directly related to e Changes in indicators may additionally be influ-
policy implementation enced by factors beyond the policy
e Data often available from the entity e Changes are likely to be observed in the target
implementing the policy group(s) of policy, making data collection more

challenging

SOURCE: Singh and Vieweg, 2015; CC BY 4.0.
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Relevance of Existing Indicator Systems

Measuring adaptation and mitigation progress concerns a variety of institutions and
organizations. Governments, NGOs, and academics have developed many frameworks
aimed at measuring climate-relevant policies at different geopolitical scales and with
foci on adaptation plans, processes, and projects. Based on our review, however, the
indicator frameworks have a number of common limitations. First, most frameworks—
with the possible exception of frameworks developed by and for the international lend-
ing and aid organizations for evaluating adaptation projects and portfolios—have not
been widely applied, for a variety of reasons. Some appear to be one-off academic exer-
cises, while others are still under development and pilot testing. As such, it is difficult
to assess the utility and applicability of these indicators in practice.

Second, many indicator frameworks seem to lack strong theoretical underpin-
nings and methodological rigor. In many cases, the frameworks are ad hoc and emerge
from governments’ and NGOs’ practical and urgent needs for assessing investments
and measuring progress. Two adaptation metric frameworks, Tracking Adaptation and
Measuring Development (TAMD; IIED, 2013) and Preston et al.’s (2011) framework,
seek to overcome this shortcoming with explicit attention to methodology.

Third, as with measurement instruments in other contexts, it is important to
know whether a set of indicators is reliable and valid. In the climate change adaptation
context, a reliable set of indicators would produce the same assessment of progress on
climate change adaptation under the same or similar set of conditions. Validity is espe-
cially important: Does a city’s success as measured by the indicators actually translate
into climate resilience and the aims of climate change adaptation efforts actually being
met? Singh and Vieweg (2015) pay particular attention to measurability, replicability,
and data quality issues in the context of mitigation indicators.

Finally, many frameworks in our review treat adaptation and mitigation as largely
linear processes, from recognizing climate change as a concern to implementing adap-
tation and mitigation actions. Simple frameworks may be easier to understand, apply,
and evaluate. They may resonate well with stakeholders. However, they may also
miss important and interwoven complexities of urban transformation, organizational
behavior change, the interplay between politics and science, and governance changes,
which may shape actual climate change responses. Nonetheless, it should be noted
that starting with a simple framework is a reasonable path toward developing buy-in
among stakeholders early in a deliberative process and eventually could lead to more
sophisticated, nuanced approaches for both systems models and indicator frameworks.

In general, the indicator frameworks we reviewed do not make this trade-off
between simplicity and richness explicit. Most do not discuss such complexities at all.
Preston articulates these concerns with regard to adaptation:

Adaptation plans frequently mention the need to mainstream adaptation into
existing policies and capitalize upon synergies among adaptation and other policy
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goals. Yet, adaptation plans themselves largely frame adaptation in a narrow,
climate-centric manner that overlooks the capacity and institutional challenges
associated with the process. In addition, the simple fact that institutions have
opted to develop management plans that are specific to climate change, and in
some cases solely adaptation, rather than integrating climate change into the range
of existing policies and environmental management efforts, suggests that demon-
strating action on climate change (as opposed to securing positive societal and eco-
logical outcomes) may be the key driver of adaptation planning in many instances
(Preston et al., 2011, p. 428).

To date, we cannot consider any particular framework “mature” or “validated”—
most are under development, and only a few have been applied in the field. In sum,
the existing frameworks for indicators for climate change responses are not particularly
well-suited to support decisionmaking in complex governance settings.

Framework for Indicators Within a Decision Support Process

To show how indicators could be integrated into a decision support and generalized
risk governance process, we begin by proposing five general types of indicators for
urban climate risk management. As shown in Table 3.3, these indicators are divided
into two overall categories, those relating to the state of the urban region and those
related to the quality of the plan and the process that produced it. Figure 3.1 shows

Table 3.3
Proposed Categories of Indicators

Indicator Categories Key Attributes

State of the Urban Region (Based on Causal Models)

Well-being and risk to well-being e Objective and subjective measures of real and
perceived conditions among residents and the
community at large

Capacity to implement the plan e Management capacity
Technical skills

Political will

Public acceptance and support
Adaptable governance mechanisms
Sustainable financial resources

Capacity to adapt and transform

Quality of the Planning

Inclusivity
Legitimacy
Analytical grounding
Cost-effectiveness

Quality of the planning process

Well-structured
e Designed for evaluation and learning

Quality of the resulting plan
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indicator categories related to the former in green boxes and those related to the latter
in blue. Figure 3.1 is identical to Figure 2.5 but with the addition of the iterative risk
management process and the categories of indicators shown on the graphic. The effect
of current actions on changes in the tiers—the consequences of those changes—can be
addressed with various types of models, as discussed later in this section.

Well-Being and Risks to Well-Being Indicators

Well-being and risks to well-being refer to conditions and risks experienced by people in
the city now and in the future. Current conditions—such as income, health, access to
recreation, and biological diversity—and some current risks—such as tidal flooding—

Figure 3.1
Enhanced Iterative Risk Management Process with Indicators
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can often be measured directly. Indicators can be drawn from such measurements.
In general, however, urban climate policies have important impacts in the near to
far future. Such future conditions and risks can only be estimated using some type
of mathematical model. These models are inherently error-prone because of the com-
plexities of the underlying systems and the difficulty of translating that complexity into
mathematical statements. However, they have the virtue of imposing a structured and
transparent approach to the estimation process, using the best available science. Indica-
tors can then be drawn from the outputs of such models.

Estimating future conditions and risks is, however, complicated for at least two rea-
sons. First, calculating future risk requires estimating future hazard, exposure, and vul-
nerability. In the early days, climate impacts analysis often only considered future hazard
by superimposing projections of future climate on current socioeconomic conditions. This
is clearly wrong, since changes in exposure and vulnerability can significantly increase or
reduce climate-related risk (Jones et al., 2014). Thus, more credible estimates of future risk
require projecting not only future climate, but also how an urban area may evolve.

Second, to be useful as part of a decision support process that aims to inform the
design of urban climate risk management plans, future risk estimates require estimat-
ing how today’s actions will influence that risk. In some cases, this is relatively straight-
forward. For instance, contingent on projections of exposure and vulnerability, one can
use simulation models of physical systems, based on well-established scientific prin-
ciples, to estimate future risk reduction from storm events (a hazard) that would result
from building a levee of a certain size. In other cases, the process is less straightforward,
because today’s climate policies also aim to influence future exposure and vulnerability.
For instance, a climate risk management plan may seek to catalyze Tier 3 changes that
significantly alter incentives and norms for a city’s residents and businesses, influenc-
ing where people choose to live and the type of structures in which they live, thereby
significantly reducing future exposure and vulnerability. Knowledge of that chain of
causality in theory and measuring it in practice, however, is another matter, and it
often proves difhicult to estimate the extent to which such policies achieve their goals.

In many cases, and in most of the cases with which the authors and their col-
leagues have been involved, there exist quantitative and validated simulation models
for many biophysical and socioeconomic systems relevant to urban climate risk man-
agement.! As shown in Figure 3.1, these simulation models generally represent systems

1" While there continues to be controversy in the physical sciences about the criteria for assessing the validity

of a simulation model, the general principle is that the model can be shown to reproduce a wide range of histori-
cal conditions using a different data set from the one initially used to calibrate the model parameters. The most
difficult aspect of validity to establish is the underlying structure of the model itself, and some level of model
error must be assumed to exist in nearly all simulation models of physical systems. This is particularly true if
such models are used to extrapolate past the range of observed data, as is often the case in multiscenario analyses.
Exploratory modeling (Bankes, 1993), which underlies the RDM approach suggested here, provides a framework
for managing such parametric and model uncertainty in decision support applications.
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at the Tier 1 level. The outputs of such models can be used as proxy indicators for
future well-being and risk. For example, hydrologic, rainfall runoff, and water qual-
ity simulation models are available in many jurisdictions, and these can be modified
to relate investments in gray and green infrastructure to water quality and flooding in
each district of a city under various climate scenarios. In such models, the investments
are policy inputs. The resulting projections of pollution loadings and flood depths,
when combined with projections of the geographic distribution of the region’s popula-
tion, represent model outputs that can be used as indicators of future health and flood
risk. As another example, travel demand models, used widely by metropolitan plan-
ning organizations, relate investments in transportation infrastructure (inputs) and
projections of future land use, population distribution, and economic activity to such
outputs as traffic flows and miles traveled. These model outputs can then be converted
to proxy indicators of future mobility and GHG emissions.

Capacity to Implement Indicators

The capacity to implement the plan refers to the current resources and context available
to the planners. Temporally, indicators of the capacity to implement refer to today’s
ability to carry out the plan and to generate outcomes that might be observed in the
near term. This is a critical determinant of successful policy and includes such issues as
availability of financing and funding; technical and administrative capacity within the
region to manage complex design, construction, and maintenance of plan components;
and sustainment of public support for the plan’s implementation.

Capacity to Adapt and Transform Indicators

The capacity to adapt and transform refers to the urban region’s ability to influence its
future conditions and capabilities. The IPCC (2014c) defines adaptive capacity as the
“ability of systems, institutions, humans, and other organisms to adjust to potential
damage, to take advantage of opportunities, or to respond to consequences.”

What we call capacity to adapt indicators reflect such capabilities in an urban
region, but we use the term more broadly to refer to both a capacity to address the
impacts of climate change as they unfold and a capacity to successfully adjust poli-
cies that reduce GHG emissions as challenges and opportunities arise in the future.
An urban region’s capacity to adapt is limited by many fundamental attributes of the
system, including its institutions, laws, human capital, and culture. The capacity to
transform represents the ability to relax these constraints and open up opportunities by
significantly changing such attributes. The capacity to implement represents the ability
to carry out the near-term steps of an adaptive management strategy. The capacity to
adapt represents the ability to monitor and adjust course as needed in the future. The
capacity to transform represents the ability to alter the institutional, legal, and other
constraints on the future capacity to implement and to adapt.
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Estimating the capacity to adapt and transform involves judgments about how
current conditions and actions may affect future capabilities and, in general, requires
some type of model. But quantitative, phenomenological models may not often exist
for such purposes. In such cases, employing more qualitative logic models may be the
most effective recourse. Logic models can derive from several sources. Most simply,
they can be elicited from local decisionmakers, who may have insight about how their
actions and the actions of others contribute to the capacity to adapt and transform. In
other cases, sufficient social science data and theory may exist to fashion one or more
science-based models of how the actors in the system could contribute to these capaci-
ties. Either or both of these sources could contribute to an appropriate logic model
(and in some cases, the latter could contribute to a causal mathematical model) that
could be used to relate policy inputs to estimates of outputs and ultimate outcomes.
As shown in Figure 3.1, simulation and logic models might both usefully represent
systems at the Tier 1 level, but in general, logic models may be the preferred option for
Tiers 2 and 3.

Many factors affect the capacities to adapt and transform, some of which may also
be important in assessing the capacity to implement. For example, Renn (2008) identi-
fies actor networks, political and regulatory culture, and social climate as foundational
to the capacity of places to implement transformational plans. He does not, however,
specify how these general attributes translate into measurable objective or subjective
indicators. Hallegatte’s factors (World Bank, 2013), such as alignment of incentives,
access to appropriate information, cultural biases and behavior, and financial resources,
are relevant to both implementation and transformation capacities.

In addition, Pahl-Wostl’s (2009) work on transformative capacity as a type of
learning, from which our tiers of transformation in Figure 2.5 is drawn in part, focuses
on the salient aspects of governance that may affect a region’s capacity to rise to the
challenges of climate change response. She identifies a number of categories of inter-
est: regulatory and legal institutions, as well as informal institutions that reflect social
norms on tolerance for uncertainty; actor networks and their connections; multilevel
interactions among jurisdictions and leaders; and modes of governance. However, she
does not define indicators of the functionality of any of these features.

Figure 3.2 offers an example of a logic model that might be used to suggest indi-
cators for the capacity to transform, based on some of the factors identified by Pahl-
Wostl. This example is drawn from a recent long-range plan from a metropolitan
planning organization (MPO) responsible for transportation and land use planning
in California (Association of Bay Area Governments and the Metropolitan Transpor-
tation Commission [MTC], 2013). This MPO argues that various changes in state
law and in the state’s constitution would improve its ability to reduce GHG emissions
regionally and produce a better-connected and more efficient network of transporta-
tion options. Such changes clearly fall in the Tier 3 category, among the most difhcult
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Example of Logic Model for a Tier 3 Transformation Process

r————————= | B
| r_______T________________i |
| I mr—— | ———————— | | |
y 1 I
Y Y + | | 1
I . Activiti o Near-term Long-term
nputs ctivities utputs outcomes outcomes
* Time, e Advocacy e Issue salience e Successful e Stable and
resc(j)urces, e Advertising * Allies publicly .b‘?ltl_o'f[. ;ufféglen':c
an ; initiative unding for
: committed 9
reputation of * Networking r . ¢ Implementing needed land
MTC officials, e Information * Elite opinion legislation use changes
board, and campaigns e Public opinion and
allies e Ballot transportation
initiative investments

reduction goals
e Fiscal policies
supportive of

housing and
transportation
investments
Indicators Indicators Indicators Indicators
# of voters # of % of vote on % gap
reached by community ballot between
campaigns thought initiative revenue and
leaders planned
$ spent on committed Passage of changes
information implementing
campaigns % of public legislation Ratio of local
supportive of revenue from
initiative property taxes

to total local
revenue

SOURCE: Created by the authors based on concepts from Association of Bay Area Governments and MTC,

2013.

RAND RR1144-3.2

changes in public policy at the state level. The logic model in Figure 3.2 shows the
kinds of actions mentioned in the MPO’s plan, including

* changing the state constitution to require that new local transportation funding
ballot initiatives receive only 55 percent of the vote rather than the current two-

thirds now required
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* lifting the state constitutional limits on local property taxes and allowing local
governments to draw on a more balanced source of tax revenue for housing and
transportation improvements

* modifying the state’s environmental quality law to offer incentives for in-fill
developments.

The logic model provides a platform on which to elicit expert judgments on the
MPOs’ capacity to transform—that is, to carry out the listed activities and have them
result in the desired outputs and outcomes.

In developing indicators for the capacity to adapt and transform, it is useful to
ask how much such capacity is needed. The tiers of transformation shown in Figure 3.1
suggest how the relationship between these two capacities and the state of the city
indicators could be quantified. Using various models, we could identify the range of
futures over which the region and jurisdictions within it can meet their goals using
adaptive strategies confined to actions possible within Tier 1. Vulnerability maps, such
as the one shown in Figure 2.4 and described in Box 2.1, might be used to display
the results of such analysis. We could then identify the range of futures over which
the region and its jurisdictions could meet their goals with various Tier 2 and Tier 3
changes. Such analyses would suggest what levels and types of risk reduction can be
achieved by specific changes in each of the three tiers. This information would help to
define the benefits of such changes. Note that our framework does not explicitly men-
tion barriers, but this concept is reflected in assumed constraints within each of the
tiers. Changes in the tiers are synonymous with reducing barriers, and the capacity for
transformation represents an evaluation of the extent to which current actions can help
bring about the desired changes.

Measuring institutional capacity to adapt and transform is particularly chal-
lenging. The Helm and Sprinz (2000) scale of regime effectiveness in Figure 3.3 is
suggestive of one potential approach to such a measurement. While the Helm and
Sprinz application relates to the effectiveness of international environmental regimes,
their framework may also be appropriate for considering the effectiveness of coordina-
tion among organizations within a city and within an urban region by understanding
(1) how incentives, information, barriers, and resources might affect the choices made
by diverse sets of actors in urban settings; (2) how these choices increase or reduce risk;
and (3) how alternative interventions might change actors’ choices and the resulting
risks. The approach depends on a identifying a single performance metric that relates
to the effectiveness of the governance regime to accomplish its key goal—for example,
the percentage reduction in flood risk in a region relative to present conditions.

The Helm and Sprinz effectiveness score compares the observed environmental
performance of the relevant region with two counterfactuals. The left of the figure
shows the no-regime counterfactual—that is, the environmental performance expected
with no institutional coordination, as represented by the best the actors could do if
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Figure 3.3
Measure of Regime Effectiveness

No-regime Actual Collective
counterfactual performance optimum
counterfactual

1 ] =

Percentage change
in performance
metric of interest
(e.g., flood risk
reduction)

Actual performance — no-regime counterfactual
Effectiveness score =

Collective optimum counterfactual — no-regime counterfactual

SOURCE: Adapted from Helm and Sprinz, 2000.

RAND RR1144-3.3

they pursued their self-interest without any formal coordination among themselves.
The right side of Figure 3.3 shows the collective optimum counterfactual—that is, the
performance that would result if all actors adjusted their performance to produce the
social optimum. Helm and Sprinz measure the performance of the existing gover-
nance regime in relative terms, in which its actual performance lies between these two
extremes. Risk management analysis simulations could estimate the level of risk oper-
ating within Tier 1 and the socially optimal level of risk reduction operating without
any institutional constraints. The ratio of these performance levels would reflect the
Tier 1 capacity, which in this example would be relatively low.

Quality of Plan and Planning Process Indicators
No set of simulation and logic models will ever provide a complete and infallible rep-
resentation of the relevant urban system. (A well-known quip among modelers is that
all models are wrong, but some are useful.) In addition, the literature on decision sup-
port makes clear that the process by which information is provided can be at least as
important as the information itself in improving (or not improving) decisionmaking.
For instance, the extent to which information is regarded as salient, credible, and legiti-
mate may depend on how that information is generated and provided to stakeholders
and decisionmakers. Thus, it is important to complement the objective and subjective
well-being indicators with indicators related to the quality of the planning process and
its products.

Plan quality refers to the attributes of the plan itself. Indicators of the quality of
the plan and the processes that produce it are important because they are more closely
tied to factors under the planners’ control than are the outcomes produced by the plan.
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In addition, many of the most important outcomes may be years in the future and can
only be observed long after any evaluation of the plan would have occurred.

The decision sciences literature offers many taxonomies for good plans, but in
general they focus on the extent to which a plan clearly articulates its goals, consid-
ers a wide range of alternative options, uses the best available science to estimate the
potential consequences of those actions, considers a wide range of future contingencies,
clearly confronts the trade-offs that exist among the plan’s goals, and describes a cred-
ible approach for implementation and monitoring progress over time. A high-quality
plan should also clearly assign responsibilities for actions and identify the resources
required to implement the plan. For climate-related decisions, assessing the potential
consequences of alternative actions requires a plan to be forward-looking—that is, to
consider consequences stretching out into the future.

Preston et al. (2011) offer 12 types of indicators of plan quality in the categories
of goal setting, decisionmaking, and implementation and evaluation. The UK Depart-
ment for International Development’s (DfID’s) TAMD Track 1 indicators in Table A.6
also focus on how well climate and other relevant information have been factored into
plans. The ability to evolve over time in response to new information will likely be
important to any successful urban climate risk management effort. Table 3.4 provides
a taxonomy that can help evaluate the extent to which such factors are included in
urban climate plans, based on the work of Swanson et al. (2007; 2010). The first three
elements refer primarily to attributes of the policies themselves. The third element, in
noting that an adaptive strategy should often consist of a portfolio of policy actions
that aim to influence a number of elements of a complex interacting system, draws on
key insights from integrated water resource management and the concept of defense in
depth employed in integrated flood risk management. The final four elements refer pri-
marily to the context in which the policies are developed and implemented, which in
general should encourage review and response, encompass a diversity of approaches to
promote learning, decentralize decisionmaking, and emerge from a process of multi-
stakeholder deliberation.? Note that the earlier elements in the taxonomy, such as
forward-looking and automatic policy adjustment, tend to relate to information products
that might be delivered by decision support tools for urban decisionmakers. The latter
elements in the taxonomy, such as multi-stakeholder deliberation and decentralized deci-
sionmaking, tend to relate to decision support processes and the institutions in which
they are embedded.

Process quality includes events leading up to the present time in a planning pro-
cess. These process indicators could consist of checklists of important attributes of

2 The taxonomy in Table 3.4 largely maps onto Swanson et al.’s (2007) seven tools for adaptive policies. But the

latter taxonomy focuses on distinguishing between tools useful for anticipated and unanticipated changes. The
former focuses more on distinguishing between attributes of the policy and those of the context in which they
are developed. In addition, the latter taxonomy includes the attribute of integrated policies, which has become
increasingly important in such areas as integrated water resource management.
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Table 3.4
Attributes of Adaptive Plans

Attribute Purpose

Attributes of plans

1. Forward-looking Identify longer-term vulnerabilities (including foregone
opportunities) of near-term policy choices and potential
responses to those vulnerabilities

2. Automatic policy adjustment Specify signposts that indicate need for policy adjustment
and contingent actions to take in response to those
signposts

3. Integrated planning Combine management of multiple elements of a system
in a holistic plan that recognizes linkages among system
elements

Attributes of context in which plans are developed and implemented

4. Iterative review and continuous Regularly review plans to address emerging issues and
learning trigger important policy adjustments
5. Multistakeholder deliberation Improve legitimacy, salience, and comprehensiveness of

planning decisions with deliberation among parties to
the plan, recognizing an “open impartiality” that accepts
legitimacy and the importance of the views of others

6. Diversity of approaches Implement a variety of alternative policies to gain
knowledge about the most effective approaches

7. Decentralized decisionmaking Improve flexibility and responsiveness by placing
decisionmaking authority and responsibility at the lowest
effective and accountable level of governance

SOURCES: Adapted from Swanson et al., 2007; 2010.

plans and planning processes, drawn from the literature (see Appendix C), and partic-
ularly for the processes, customized as necessary for any particular application. Draw-
ing from Table A.14, for example, a plan that clearly articulates its objectives, goals,
and priorities and includes assessments of the needed human, social, natural, and other
types of capital would tend to rank highly for quality. A planning process that included
meaningful engagement with a full range of stakeholders and decisionmakers would
tend to rank highly for process quality.

We have also included cost-effectiveness as an indicator of the quality of the plan-
ning process. The cost of planning includes the financial resources required, along with
the staff time and the time and attention demanded from the community. We envision
the effectiveness of the planning process as a counterfactual: Would there have been a
less resource-intensive process for achieving the same level of quality?
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Relationship of Decision Support Indicators to Other Indicator Systems

To place these categories of indicators for urban climate risk management in per-
spective, we compare them to related systems of indicators in the literature. Table 3.5
compares our five categories of indicators to the categories of indicators developed
by Arup (2014) for the Rockefeller 100 Resilient Cities initiative. Arup’s framework,
which derives from a systems-focused view, focuses, not surprisingly, on well-being
and capacity to implement, both associated with the well-being of the city. However,
the framework also includes categories related to finances and leadership that address
transformational capacity. Table 3.6 compares our proposed categories of indicators

Table 3.5

Comparison of Proposed Categories of Indicators and Arup Indicators of Urban Resilience

RAND Proposed Indicators

Well-Being Capacity to Quality of
and Risk to Capacity to Adaptand Planning Quality of
Arup Indicators Well-Being Implement Transform Process Plan
Health and Minimal human X
Well-Being vulnerability
Livelihoods and
employment
Safeguards to life X
and health
Economy and Identity and mutual X X
Society support
Social stability and X X
security
Financial resources X X
Urban System Reduced physical X X
and Services  exposure
Continuity of services X X
Reliable X
communications and
mobility
Leadership Leadership and X X
and Strategy management
Empowered X X X
stakeholders
Integrated planning X X

SOURCE: Arup, 2014, and the authors.
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Table 3.6
Comparison of Proposed Indicators and Preston et al.’s (2011) Adaptation Planning Stage
Criteria

RAND Proposed Indicators

Well-Being Capacity to Quality of
and Risk to Capacity to Adaptand Planning Quality of

Preston Criteria Well-Being Implement Transform Process Plan
Goal-Setting Articulation of X

goals

Success criteria X
Stock-Taking Human capital X

Social capital X

Natural capital X

Physical capital X

Financial capital X
Decisionmaking Stakeholder X

engagement

Assess climate X

drivers

Assess nonclimate X

drivers

Assess impacts, X

vulnerability, and

risk

Acknowledge X

uncertainties

Options appraisal X

Exploit synergies X

Mainstreaming X X X
Implement and  Communication X X X
Evaluate and outreach

Define roles and X X

responsibly

Implementation X X

Monitor, evaluate, X

and review

SOURCE: Preston et al., 2011, and the authors.
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to Preston et al’s 2011 framework for evaluating adaptation planning, summarized
in Table A.13. The planning evaluation framework, which derives from the decision-
focused logical framework analysis, focuses on the quality of the plan, the capacity to
implement the plan, and the quality of the process used to develop it. Neither the Arup
(2014) nor Preston et al. (2011) indicators explicitly call out indicators that capture the
capacity for transformation.

Similar comparisons could be made to other indicator frameworks reviewed in
Appendix C. As Tables 3.5 and 3.6 show, the proposed framework is consistent with,
inclusive of; and can draw usefully from related frameworks in the literature. However,
our assessment also suggests that no existing framework fully addresses the require-
ments we have set forth for guiding support for decisionmaking and assessing the effec-
tiveness of an iterative climate risk management framework for urban areas.

Example Application of the Proposed Indicator System

Given the importance of context, we consider the application of the proposed indica-
tors system within a specific, hypothetical case of a coastal metropolis faced with major
water supply, drainage, and wastewater infrastructure and land use decisions. These
decisions are driven by economic development goals but also contingent on the current
and projected tax base of the region, as well as external factors, including the rate of
sea-level rise and risk of damage from major coastal storms and flooding.

The urban area described as Case 2 in Chapter One includes several counties and
cities, each with their own land use and transportation plans. Several federal and state
agencies have large equities in the region in the form of management of large tracts of
land and leading responsibility for some major flood control works. No single regional
authority coordinates planning and implementation of major public infrastructure,
with the exception of a regional water management agency that has lead responsibility
for some of the region’s water infrastructure. Transportation, land use, and water man-
agement decisions in one county can have collateral impacts on drainage, flooding,
groundwater levels, and saltwater intrusion in another. The effectiveness of changes
in land use policy in one county may depend on the extent of coordination among
jurisdictions within each of the counties. Decisionmakers and stakeholders seek to
understand how alternative development strategies and implementation of individual
projects will help achieve the community’s flood protection, water reliability, environ-
mental, and economic goals in the face of large uncertainties regarding sea-level rise,
precipitation patterns, and land use changes.

Table 3.7 summarizes the categories of indicators that might be used for this
example and approaches to data gathering that might enable their use. Indicator types
that are new to the climate risk management literature are shown in bold. In the
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Table 3.7
Categories of Indicators Applicable to Example

Examples of Classes of Indicators

Approaches to Data-Gathering

Well-Being and
Risk to Well-Being

Regional economic development
Flood risk

Water quality

Ecosystem protection

Financial solvency of public utilities
Equity of benefits and costs

Capacity to Financing/funding available
Implement ¢ Incentives and their alignment for
(Within Tier 1) key actors
e Institution, managerial, and techni-
cal capabilities
e Organizational leadership and
culture
* Monitoring and evaluation
Public support

Incentives

Public support

Leadership

Assessment of type and magnitude
of Tiers 2 and 3 changes needed to
achieve benefits (e.g., risk reduc-
tion, economic growth, water qual-
ity improvement)

e Complexity of changes

Capacity to Adapt
and Transform

Quality of Plan Breadth of futures and options
Use of best available science
Analysis of trade-offs among goals
Alignment of finances and funding
with plan implementation

e Extent to which plan is designed

for learning and adaptation

Quality of e Openness and transparency of
Planning public process
e Technical credibility
e Political legitimacy
e Salience to area’s perceived prob-
lems and challenges
e Cost-effectiveness

Environmental monitoring and
socioeconomic data for current
conditions

Projections of future risk from risk
assessment simulations

Economic assessment of incentives
and adequacy of financial resources
Surveys of institutional culture and
public support

Qualitative assessments of other
factors

Projections of future risk from risk
assessment simulations

Economic assessment of incentives
and adequacy of financial resources
Surveys of institutional culture and
public support

Qualitative assessments of other
factors

Vulnerability analysis contingent
on changes in Tiers 2 and 3

Checklist of plan attributes
Stock-taking of resources

Gap analysis comparing plan to
risk analysis, especially key factors
driving vulnerability and potential
responses

Surveys and focus groups with
stakeholders and decisionmakers
Tally of the resources required

for the process, compared with
estimated resources for other
approaches with similar quality and
outputs

remainder of this section, we describe and give examples of these indicators (Tables 3.8

through 3.12) in the context of this example.

Indicators of Well-Being and Risk to Well-Being

Indicators of well-being play a crucial role in the evaluation of efforts toward urban
climate risk management. To be most meaningful in a decision context, these indica-
tors should bear some relationship to the goals that are driving regional decisionmak-
ing. Well-being indicators like those in Table 3.8 can be used to assess the current
state of the region, assess potential future states of the region under various strategies
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Table 3.8
Potential Categories (by Goal) and Indicators Associated with Well-Being and Risk to Well-
Being

Category Potential Indicators

Regional economic development e Gross regional product
e Economic losses from service interruptions

Flood risk e Expected annual damage reduction

Water quality ¢ Net change in location of salt water/fresh water inter-
face relative to current base (and/or business-as-usual
projections)

¢ Net change in nutrient loadings and concentrations

Ecosystem protection e Area protected

Financial solvency of public utilities e Net change in property tax revenues

e Annual operating costs of water-related, wastewater-
related, and transportation-related public services

e Capital costs of new infrastructure (water, drainage,
wastewater, transportation)

e Annualized life cycle costs

e Cost-effectiveness of new infrastructure relative to
achievement of other goals

Equity of costs and benefits e Gap in costs and benefits between upper and lower 10
percent of affected populations

and scenarios, and organize monitoring activities to track progress over time. In our
example, the region is seeking to improve various infrastructure systems to reduce
flood risk, maintain reliable fresh water supplies, restore aquatic and wetlands ecosys-
tems, and sustain economic development. As listed in Table 3.8, appropriate well-being
indicators might therefore relate to mitigating flood risk, limiting cost and disruption
of public services and economic activity associated with reducing flood vulnerability,
minimizing the impact of saltwater intrusion on drinking water, and enhancing the
functionality of aquatic ecosystems.

Many of the systems of indicators reviewed in Appendix C offer other similar
examples of well-being indicators. Such indicators are a major focus of the Rockefeller
indicators (Arup, 2014) for urban resilience (see Table 3.4), which include six types of
such indicators in the categories of health and well-being, economy and society, and
urban systems and services. The TAMD Track 2 (Table C.6) outcome indicators also
address well-being, focusing on such factors as vulnerability to climate-related hazards,
changes in poverty, and other development indicators (Brooks et al., 2013). Similarly,
the outcome criterion in the Baker et al. (2012) framework addresses well-being, with
a focus on such attributes as water quality, incidents of extreme heat, and risk of wild-
fires. Well-being indicators can also be drawn from assessments of vulnerability in the
adaptation literature.
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Simulation models can be used in risk management analysis to project some of
the future values of the indicators, contingent on proposed plans and various uncer-
tainties. These projections play a central role in evaluating and comparing the potential
consequences of alternative urban climate risk management strategies. In our proposed
example, several independent models relating precipitation patterns and sea level to
surface- and ground-water management and water quality constitute an integrated
simulation model that can be used to understand current and projected future condi-
tions under different strategies or plans and scenarios that capture key uncertainties.

Indicators of Capacity to Implement
Some of the indicators systems in Appendix C offer indicators relevant to capacity
to implement, although they are not called out as such. For instance, the Rockefeller
indicators for urban resilience (Arup, 2014), shown in Table C.8, include availability
of financial resources and contingency funds in the category of economy and society
and effective leadership and management and integrated development planning under
the category of leadership and strategy. Similarly, the Preston et al. (2011) framework
provides such indicators in its stock-taking, decisionmaking, and implementation and
evaluation categories in Table C.13. Implementation is broadly construed in this frame-
work to include communications and outreach, definition of roles and responsibili-
ties, monitoring, evaluation, and review. In the literature on barriers to adaptation, for
instance, the Ford and King (2013) framework for adaptation readiness could also prove
useful here. Common determinants of the capacity to implement plans include avail-
able financing mechanisms, funding, information, infrastructure, and other resources.
Drawing on these sources, we have identified indicators of capacity to implement
that would be applicable to our example, as shown in Table 3.9. Current operations
and planning reside entirely within Tier 1. Hence, the region might measure its cur-
rent capacity to implement by qualitative assessments of such factors as the availability
of appropriate information, institutional capability, and institutional alignment; eco-
nomic assessments of the available financial resources and the incentives on various
parties; and surveys of institutional culture and public opinion.

Indicators of Capacity to Adapt and Transform

An assessment of capacity to implement could lead to a finding that the region’s capac-
ity to adapt and transform is low because of insufficient financial resources or because
regional actors may lack enthusiasm for making adjustments or overhauling existing
governance structures in ways that would increase the region’s overall effectiveness in
infrastructure planning and construction. Current operations could be limited in the
level of risk that can be reduced. At the Tier 1 level, most of the region’s cities in our
example lack the necessary financial resources, technical expertise, and planning cul-
ture to develop and implement comprehensive flood control and land use plans that
could sustain long-term risk reduction.



50 Urban Responses to Climate Change: Framework for Decisionmaking and Supporting Indicators

Table 3.9

Potential Indicators Associated with Capacity to Implement

Category Potential Indicators
Available financing and funding e Sufficiency of dedicated revenue streams

e Status of relevant public budgets (surplus or deficit;
sustainability of funding from one administration to

the next)
e Size of contingency funds relative to total operational
budget
Incentives and their alignment for key e Willingness to negotiate (yes or no)
actors e Willingness to compromise (yes or no)
Institutional, managerial, and technical e Availability of appropriate technical information, as
capabilities determined by a technical peer review process
e Capacity to manage complex technical contracts (yes or
no)
Organizational leadership and culture ¢ Single point of decisionmaking on storm water man-

agement (yes or no)

e Mechanism for coordinating decisions on storm water,
land use, and other key aspects of urban services (yes
or no)

e Stability in leadership and management (average
tenure of top leaders and managers)

Monitoring and evaluation e Measures that track progress on implementation (yes
or no)
e Procedures for formal evaluation by third-party evalua-
tors (yes or no)

Public support e Percentage of support by voters as expressed in ballot
initiatives, referenda, or public opinion polls

Meeting the region’s goals for flood risk reduction and water quality could, there-
fore, require changes in Tier 2 and perhaps Tier 3. Tier 2 changes might involve multi-
municipal solutions and intergovernmental agreements in which communities join
together to jointly develop and fund common infrastructure projects and coordinate
regulations. In addition, communities could join together to support joint investments
in technical and planning expertise. Tier 3 changes might involve developing a new
regional authority that would have the ability to levy fees, invest in joint projects, pro-
vide technical assistance, and coordinate local storm water ordinances. (A Helm and
Sprinz scale in Figure 3.2 might suggest that such Tier 2 changes would enable the
region to achieve risk reduction closer to a collective optimum than in Tier 1, and that
Tier 3 changes could move the region closer still.)

An assessment of the current capability to transform in Tier 2 might examine the
incentives for various communities that might cause them to view voluntary agree-
ments favorably or unfavorably, the views of communities on such agreements, the
complexity of such agreements, any local tradition with such institutions, and the pres-
ence or absence of leaders eager to make such changes. An assessment of the capacity
to transform to Tier 3 would include a review of existing legal authority to create such
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an organization. Such an assessment could also survey the community for their views
on creating such an organization, evaluate the incentives on various communities that
might cause them to view such an organization favorably or unfavorably, and note any
tradition of such agencies in the region.

Once specific changes of interest have been identified in Tiers 2 and 3, measures
of capacity to make these transformations are needed as identified in Table 3.10. These
measures could be constructed using economic analysis of the incentives on various
actors favoring or disfavoring the transformation and of the various financial implica-
tions, surveys of institutional culture and public support, and qualitative assessments
of such factors as leadership, the consistency of the changes with the political and social
culture of the region, and the complexity of the envisioned changes.

Indicators of the Quality of Plan

Overall, evaluating plan quality can focus on checklists and gap analysis. The former
help to measure whether the plan includes all of the important components. The latter
can compare the actions, futures, and perspectives considered in the plan to those that
might emerge as potentially important in an unconstrained risk management analysis.
For instance, a gap analysis can address the potential for maladaptation, especially over
the long term, by comparing the key drivers of vulnerability and the responses to them
that are included in the plan to those that emerge (or might have reasonably emerged)
from the quantitative risk management analysis.

Table 3.10

Potential Indicators Associated with Capacity to Adapt and Transform

Category Potential Indicators

Incentives of actors to favor e Percentage of officials, community, and interest group
transformation thought leaders who believe that they are incentivized to

support proposed changes, based on third-party survey or
focus groups

Public support e Percentage of support by voters, as expressed in ballot ini-
tiatives, referenda, or public opinion polls
e Percentage of voters who perceive that change is possible,
as measured in credible polling or focus groups

Leadership e Existence of a clearly identified champion in a position of
authority to lead the transformation effort (yes or no)

e Percentage of officials, community, and interest group
thought leaders who believe that their region’s institutional
and social culture can support change, based on third-party
survey or focus groups

Assessment of type and magnitude
of Tiers 2 and 3 changes

Number of regulatory changes required for each change
Number of statutory changes required for each change
Number of new governance structures required

Policy analysis of potential changes, including degree of dif-
ficulty (yes or no)

Complexity of changes e Number of public agencies with equities in the decision
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As shown in Table 3.11 for our example, the quality of the region’s plan might be
measured by the extent to which it reflects the full range of the community’s goals, consid-
ers a wide range of options for reaching those goals, examines the efficacy of those options
over a wide range of futures, includes attributes of adaptive plans, includes consideration
of the benefits and costs in the three tiers, and includes options for changes in those tiers.

Quality of the Planning Process
Indicators describing the quality of the planning process are intended to capture the
inclusiveness of the process, the extent to which it conforms to expected norms, and
the extent to which it is seen as legitimate. Such attributes are important for the effec-
tiveness of the plan and also represent attributes of intrinsic value. Preston et al. (2011)
offer three types of indicators for the planning process in the categories of decisionmak-
ing and implement and evaluate. The Rockefeller indicators (Arup, 2014) for urban
resilience suggest two such indicators, both in the category of leadership and strategy.
In our example, the quality of the planning process would depend on the extent
to which all of the relevant stakeholders had an opportunity to engage with the process
and the extent to which they found it legitimate, credible, and salient. Evaluating the
quality of planning can largely focus on survey methods that solicit people’s views of
the process. It is important, however, to ensure that such surveys are broadly inclusive
of the community, in particular of those whose were not represented in the process but
whose inclusion might have brought a significantly different viewpoint to the process.
Table 3.12 is suggestive of the types of indicators that could represent plan quality.

Table 3.11
Potential Indicators Associated with Quality of Plan

Category

Potential Indicators

Openness and transparency of public
processes

Breadth of options considered

Use of best available science

Analysis of trade-offs among goals across
scenarios (robustness)

Alignment of finances and funding with
plan implementation

Extent to which plan is designed for
learning and adaptation

Percentage of community and interest group thought
leaders satisfied with the process, based on third-party
evaluation survey

Percentage of officials, community, and interest group
thought leaders satisfied with the breadth of options
considered, based on third-party evaluation survey

Successful completion of technical peer review process
on analysis underlying plan (yes or no)

Visualization of trade-offs across goals (yes or no)
Estimated success or failure rate of plan across wide
range of futures at specified time intervals, as gener-
ated by the RDM process

Existence of credible financing and funding plan to
cover full or staged implementation of plan (yes or no)

Adaptive planning process established (yes or no) and
feasible options likely to be available at the time of
plan update (yes or no)
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Table 3.12

Potential Indicators Associated with Quality of Planning Process

Category Potential Indicators

Technical credibility e Weight of responses from technical peer reviewers to the analytical

products generated in the planning process

Political legitimacy e Percentage of officials, community, and interest group leaders who
believe that the process was inclusive, fair, and equitable, based on
third-party evaluation survey

Salience to area’s perceived e Public statements made by lead decisionmakers on the timeliness
problems and challenges of the plan
Cost-effectiveness e Tally of resources required, compared to alternative approaches

Role of Simulation and Logic Models

Simulation models of physical processes are one of the tools that can be used in Tier 1
to relate actions to consequences. Using principles of hydrology and physics, a ground-
water flow model, for example, might help to explain how sea-level rise could affect
groundwater levels and flooding in an urban coastal region. Another example could be
a transportation demand model that helps regional planning authorities relate changes
in land use and economic transformation in a region to likely changes in demand for
public transit, rail, and roads. These mathematical simulation models typically embody
assumptions about current policy and operating rules, hence their suitability for Tier 1
analysis.

Logic models are another means of connecting actions to consequences, and thus
they gather and array information about the effectiveness of organizational (or multi-
organizational) strategy and performance based on inputs, implementing processes,
and indicators of progress (Greenfield et al., 2006). Logic models can be used to sup-
plement simulation models by capturing elements of implementation that fall outside
of the mechanistic or statistical processes that lend themselves to mathematical model-
ing. Figure 3.4 offers an example of the details typically included in a logic model that
disaggregates inputs and sequences actions, outputs, and outcomes. This particular
example applies to Tier 1 “business-as-usual” processes and was developed to aid in
evaluating the effectiveness of RAND’s decision support interventions in three urban
areas—each secking in different ways to understand and evaluate potential responses
to climate change, as manifested in major policy and investment decisions (Melissa
Finucane, personal communication, 2016).
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Figure 3.4

Example of Logic Model For Tier 1 Processes
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Summary of Findings

The process of choosing specific indicators in the context of urban responses to climate
change must always be grounded in the particular values, goals, and ambitions of the
region itself. For this reason, we have focused on categories of indicators from which
specific indicators could be selected, including those in Tables 3.8 through 3.12 accom-
panying the example. While the literature on indicators to inform projects and initia-
tives related to resiliency, adaptation, and mitigation is growing by leaps and bounds,
use of these indicators is typically not placed in the context of shaping the planning
process and framing the choices for decisionmakers. Our intent in this chapter has
been to demonstrate what such a mapping might look like and to go one step fur-
ther by demonstrating how different categories of indicators relate to the potential for
transformation of governance and decisionmaking to rise to the need for more effective
responses to climate change in the context of the larger set of issues facing urban areas.






CHAPTER FOUR
Discussion

An increasing number of urban areas in the United States and throughout the world
are engaging in mitigation and adaptation activities—whether tied directly to climate
change or as a means to build resilience against extreme weather, natural disasters, and
other stresses and disruptions (see Appendix D for an overview). Activities extend from
public awareness to community resilience checklists. In a few places, major problem-
focused infrastructure planning is under way to deal with coastal planning or aging
storm water systems. California, with its statutory limits on GHG emissions, also has
a law to drive changes in land use and transportation planning in major urban areas
toward lower net emissions.

The shaping and setting of goals, plans, implementation strategies, and operating
rules for these response actions depend on how decisionmakers frame the overarch-
ing climate change threat. For example, the need for mitigation or adaptation could
be posed as a technical constraint on business as usual that could be loosened by new
technologies of various kinds and the use of “big data” to identify opportunities and
threats to well-being. Alternatively, the challenge could be more appropriately framed
as one of managing risk, with near-term costs and deeply uncertain long-term benefits.
Going one step farther, the threat of climate change could be viewed as posing a fun-
damental challenge to urban governance as we know it. In this framing, old models
of stovepiped bureaucracies and public works and service delivery are too rigid and
constricting to meet the demands of long-term, cross-sectoral, highly uncertain, and
potentially high-impact change.

In Chapter Two, we posited that risk governance, a more general form of risk man-
agement, is an appropriate framework because of its capacity to encompass a multiple-
actor, decision-centric perspective and its recognition that climate change responses
are more than technical in nature. While many climate change response choices—Ilike
improvements in energy efficiency, expanded public transportation, or more progres-
sive building codes in flood-prone areas—fall well within business-as-usual operations
at the city level, other alternatives are more challenging because of their larger regional
impacts; their overlap across public agency jurisdictions; and their requirements for
new policies, regulations, and laws in some cases. New or recapitalized infrastructure,
land use changes, and multijurisdictional financing for regional storm water manage-
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ment are examples. To implement risk governance under such conditions, we add to
the framework three important enhancements: decision support under conditions of
deep uncertainty, iterative risk management and learning, and the idea of “tiers of
transformation” to capture the need for varying degrees of transformation in gover-
nance that may be needed to reduce risk to acceptable levels.

Having an appropriate conceptual framework, however, is not enough to guide
action. The framework needs to be operationalized within a decisionmaking process,
preferably one that makes use of transparent, participatory planning and objective
analysis to support deliberations. Further, indicators are essential as part of decision
support to accurately capture progress toward the desired outcome of risk reduction, as
well as the indicators to capture capacity building for transformation and implemen-
tation outside the norms of business as usual. Many systems of indicators have been
proposed over the last decade or so, as we describe in Chapter Three and Appendix C,
that have some relevance to how cities, regions, and nations build capacity and respond
to climate change, resilience, or whatever their construct might be for thinking about
planning for long-term change. We found that no single existing system of indicators
captured the full dimensions of our proposed conceptual framework, including not
only risk management but also considerations of governance and the quality of the
planning and decision support processes themselves. Instead, we have chosen to syn-
thesize a system of indicators, drawing from indicators proposed by others and adding
new indicators as needed, as summarized in Table 3.4 and the example in Table 3.7.

Steps Toward Applying the Framework

Decision processes at any level of government can prove messy. Within U.S. cities,
major infrastructure decisions tend to be made within “line” departments, such as
public works, transportation, water and sewers, environmental protection, and hous-
ing. As a matter of course, these departments tend to follow their own planning and
procurement procedures. While their representatives may gather regularly to compare
notes and coordinate on specific individual actions, they tend not to conduct major
planning processes with one another. This is the reason why the Rockefeller Foun-
dation, for example, is supporting resilience officers through its 100 Resilient Cities
program. These resilience officers are intended to help break down stovepipes of gover-
nance and help forge solutions that cut across traditional lines of responsibility within
cities. But the governance issue goes deeper. As one example, not only will cities need
to find new ways to respond, but cities will also need to find ways to work cooperatively
with their surrounding suburban and exurban areas to implement effective, long-term
solutions. This is even more difficult because of the variance among jurisdictions in
economic well-being, taxation, income disparities, and other socioeconomic factors.
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The decision support literature, along with the experience of the authors and our
colleagues, suggests several important lessons for implementing the risk governance
framework under such conditions. The first step is to find an appropriate forum for
deliberative decisionmaking or, if none exists, to create one. In December 2005, fol-
lowing Hurricane Katrina, the State of Louisiana formed the Coastal Protection and
Restoration Authority (CPRA) to cut across its multiple state government departments
with responsibilities in coastal Louisiana (CPRA, 2015). CPRA also was intended to
address the needs of the entire coastal region, not just New Orleans, Port Charles, and
other urban areas along the coast. Forming a new governance structure for regional
decisionmaking can prove difficult in current American politics. The challenges of
climate change may require that such changes become more frequent when existing
governance arrangements fail to demonstrate the capacity to reduce risks in socially
and economically acceptable ways.

A second step toward implementation, closely tied to the first, is finding visionary
leaders who can steer transparent and deliberative processes toward a successful con-
clusion by embracing democratic processes within the context of a “deliberation with
analysis” approach. That is, strong leadership can set the tone for elevating objective
analysis to its proper place within participatory planning and decisionmaking—not as
a means to justify a predetermined decision, but rather as a means of opening the way
to consideration of a range of alternatives and trade-offs among them in terms that are
clear and meaningful to the public and their representatives.

Finally, a third critical step is the harnessing of both community thought lead-
ers and technical expertise to play leading roles in the deliberative process from the
very start. Effective risk communications should begin at the very earliest stages in a
planning process. As the work of Kahan et al. (2014) and others has shown, credible
voices coming from different perspectives within the community are critical to build-
ing understanding among the broader public. Public support in turn lends credibility
to the planning and decisionmaking processes. Locally based technical leadership adds
further connective tissue between the public and the process. Scientists and engineers
from local and regional institutions tend to have strong understanding of local condi-
tions and a heightened appreciation of the interplay of science and social issues within
their areas by virtue of being part of the affected communities.

Measuring Effectiveness of Processes and Outcomes

Chapter Three and Appendix C provide an extensive discussion of the many types
of indicators proposed for use in adaptation, resilience, and other related activities in
urban areas. In our proposed system of indicators, indicators of well-being represent
the top-level outcomes that policies and strategies intend to achieve. Practically speak-
ing, changes in these indicators may take years or even longer to materialize as plan-
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ning and implementation of response measures take shape and become reality. While
to some extent it is possible to estimate the future consequences of current actions
using some combination of simulation models and qualitative judgments, such esti-
mates are unavoidably and often irreducibly uncertain.! For this reason, it also proves
necessary to complement indicators focused on outcomes with indicators focused on
plan quality and process. In addition, these latter indicators can incorporate issues of
justice, fairness, rights, and inclusivity that are poorly captured by consequentialist
indicators focused only on outcomes (Jones et al., 2014).

Collecting the data to populate the indicators across the five major categories
listed in Table 3.6 will require an evaluator who largely sits outside of the delibera-
tive process itself to administer surveys, analyze results, and direct the collection of
data and information from other sources. To be effective in measuring change—and
progress—over time, an evaluator will need to be present from the creation of the pro-
cess to capture baseline attitudes of participants in the planning process and identify
data needs along the way.

In contrast with indicators devised primarily as “report cards” or to support a
“one-oft” development project, we advocate for a system of indicators embedded in
long-term planning and decisionmaking processes as a means of ensuring continu-
ity and focus. Processes like Louisiana’s Comprehensive Master Plan for a Sustainable
Coast, the Comprehensive Everglades Restoration Plan, and the Metropolitan Water
District’s Integrated Resources Plan have been designed to provide stability and conti-
nuity in planning for investment and management of large and lasting regional infra-
structure. In these examples, indicators of progress are essential drivers of the processes
themselves, giving resource managers and their agencies a strong motivation for main-
taining the systems necessary to collect, process, and actively use the indicators with
decisionmakers and the public.

Moving from Theory to Practice

Many systems of indicators have been devised for use by cities; relatively few are main-
tained and kept timely and fresh beyond their first few years. Even fewer systems of
indicators have been tested under varying conditions and evaluated for their effective-
ness. In the course of conducting this review, we have come to appreciate the need for
a generalizable set of indicators that urban areas new to the long-term, integrated plan-
ning process could adapt for their own purposes. To reach that goal, however, requires
further development, field testing, and evaluation.

I Even in hindsight it is often not possible to definitively make the connection between action and consequence.

To the extent that one can observe only one actual realization of what might have been many historical paths, it
proves difficult to separate contingency from determined outcome (see, for instance, March et al., 1991).



Discussion 61

RAND has launched three such field studies in the Pittsburgh region, south-
east Florida, and the Bay Area megaregion of northern California. The engagement
with each area is following a “deliberation with analysis” process. In each, RAND
is working with a regional convening forum for deliberations: the Allegheny County
Executive in the first case, the Southeast Florida Regional Climate Change Compact
counties in the second, and in the third case, three MPOs: the Sacramento Associa-
tion of Governments, the MTC, and the San Joaquin Association of Governments. As
described in the example at the end of Chapter Three, indicators are being collected to
support evaluation of the planning process, the tracking of outcomes, and assessment
of capacities for transformation and implementation. This approach will be useful for
evaluation of the studies and will also enable iterative learning within the decision sup-
port processes. Evaluation began at the initiation of each engagement and will carry
through to the end of RAND’s engagement, at a minimum.

RAND has been working in close collaboration with regional leaders and other
key players to scope, design, and implement an interactive planning process that fits
the region’s needs. The first several meetings were used to clearly articulate the prob-
lem to be solved, the goals to be achieved in a solution, and the options to address the
problem. In this crucial step of decision structuring, decisionmakers discuss and select
the key indicators that represent their multiple planning goals.

RAND then turned to building a decision support tool (known as the Planning
Tool), customized to each application, to organize information about the system of
interest, policy or investment options, and indicators of interest when assessing the
options and trade-offs among goals. At this stage of the process in each of the field
studies, indicators associated with capacity to implement and transform have been
identified.

The next set of meetings are of a more technical nature, as data and models are
gathered to help analyze a future without action and the potential benefits and costs of
various options. Output from these models is incorporated into the customized Plan-
ning Tool, which includes visualization software to help interpret results. The final set
of meetings will be interactive sessions with decisionmakers (and stakeholders when
feasible) to explore the range of possible outcomes under different options and scenar-
ios of climate change and other key uncertainty factors affecting future benefits and
costs. Each study has been designed to run for about 12 months, although arrange-
ments may be made to extend one or more of these studies further. In these efforts,
RAND has taken the lead on facilitation and analysis in the spirit of capacity building.
In future efforts, we expect local partners to carry on these processes on their own.

Simulation and visualization tools are critical elements of the deliberative process.
Each study is using simulation models drawn from existing models in the region and
customized for their specific context. RAND’s previous analytic facilitation efforts in
Louisiana (Groves et al., 2014), the Colorado River Basin (Groves, Fischbach, et al.,
2013), and elsewhere used detailed simulation models trusted by the stakeholders to
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relate actions (policy choices) to consequences (change in risk). They also used visual-
ization tools to help the stakeholders envision vulnerabilities and trade-offs, engage in
an iterative process of answering “what if” questions with the data, and deliberate with
one another over decision options. We have taken a similar approach with these three
field studies.

In addition to addressing priority decisionmaking needs in each of the three
urban areas, these field studies also provide a means of testing the validity and utility
of the decision support framework and system of indicators proposed in this report. We
will publish the results of our assessment following the completion of all three studies.

Concluding Remarks

In this review, we characterized the current state of the art of applying indicators to
responses to changing climate in urban areas and placing those responses in a context
of risk governance and management, long-term planning, and decisionmaking under
uncertainty. Cities in the United States and throughout the world are in a period of
rapid change as a consequence of many forces, with climate change being only one of
those. As such, planning for climate change—whether oriented toward mitigation,
adaptation, or both—is occurring in a complex governance and political environment
with intense competition for resources to address a range of societal needs. Thoughtful,
visionary leadership is essential for achieving acceptable levels of distributional equity
among urban residents and striking an appropriate balance of near-term and longer-
term needs. We have no process to prescribe for producing such leadership, but we do
hypothesize that the framework and indicators discussed in this report could be help-
ful to those who choose or are chosen to lead.



APPENDIX A
Literature Review of Key Terms

In this appendix, we summarize the many definitions found in the literature on terms
that we define and use in the report. Our preferred definitions are in Tables 1.1 and
1.2 in Chapter One.

* Adaptation

“The process of adjustment to actual or expected climate and its effects. In
human systems, adaptation seeks to moderate or avoid harm or exploit benefi-
cial opportunities. In some natural systems, human intervention may facilitate
adjustment to expected climate and its effects” (IPCC, 2014c, p. 118).
“Adaptation refers to adjustments in ecological, social, or economic systems
in response to actual or expected climatic stimuli and their effects or impacts.
It refers to changes in processes, practices, and structures to moderate poten-
tial damages or to benefit from opportunities associated with climate change”
(UNFCCC, 2014).

“Adapting today is about reducing vulnerabilities to emerging or future impacts
that could become seriously disruptive if we do not begin to identify response
options now; in other words, adaptation today is essentially a risk management
strategy” (National Research Council, 2010, p. 1).

“Adaptation consists of actions undertaken to reduce the adverse consequences
of climate change, as well as to harness any beneficial opportunities. Adapta-
tion actions aim to reduce the impacts of climate stresses on human and natural
systems” (National Climate Change Adaptation Research Facility, undated).

* Capacity to implement

Having the resources and ability to engage in “a specified set of activities
designed to put into practice an activity or program of known dimensions”
(Fixsen et al., 2005). This definition is derived from the quoted definition of
the word implementation and the definition of capacizy.

The homepage of the National Implementation Research Network (2016)
states: “According to this definition, implementation processes are purpose-
ful and are described in sufhicient detail such that independent observers can
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detect the presence and strength of the ‘specific set of activities” related to
implementation. In addition, the activity or program being implemented is
described in sufficient detail so that independent observers can detect its pres-
ence and strength.”

* Capacity to transform

— Having the resources and ability to produce a change in “the structural con-
texts and factors that determine [one’s] frame of reference” (Pahl-Wostl, 2009,
p- 359)

— Having the resources and ability to produce “a change in the fundamental
attributes of natural and human systems” (IPCC, 2014a). This definition is
derived from the quoted definition of the word implementation and the defini-
tion of capacity.

* Framework

— “The basic structure of something: a set of ideas or facts that provide support
for something” (Merriam-Webster, undated)

— “A conceptual framework is defined as a network or a ‘plane’ of linked con-
cepts” (Jabareen, 2009, p. 49).

— “The conceptual framework of your study—the system of concepts, assump-
tions, expectations, beliefs, and theories that supports and informs your
research—is a key part of your design” (Maxwell, 2013, p. 39). Miles and
Huberman (1994) defined a conceptual framework as a visual or written prod-
uct, one that “explains, either graphically or in narrative form, the main things
to be studied—the key factors, concepts, or variables—and the presumed rela-
tionships among them” (p. 18).

— A logical framework is a “[mJanagement tool used to improve the design of
interventions, most often at the project level. It involves identifying strategic
elements (inputs, outputs, outcomes, impact) and their causal relationships,
indicators, and the assumptions or risks that may influence success and failure.
It thus facilitates planning, execution and evaluation of a development inter-
vention. Related term: results based management” (OECD, 2002).

* Impact
— “The fundamental intended or unintended change occurring in organizations,
communities or systems as a result of program activities within 7 to 10 years”
(Kellogg, 2004)
— “A results or effect that is caused by or attributable to a project or program.
Impact is often used to refer to higher level effects of a program that occur in

the medium or long term, and can be intended or unintended and positive or
negative” (USAID, 2009).
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e Indicator

— “Measurable representation of the condition or status of operations, manage-
ment or conditions” (ISO, 2015)

— “Quantitative or qualitative factor or variable that provides a simple and reliable
means to measure achievement, to reflect the changes connected to an inter-
vention, or to help assess the performance of a development actor” (OECD,
2002)

— “Quantitative or qualitative variable that provides reliable means to measure a
particular phenomenon or attribute” (USAID, 2009)

— “A specific, observable, and measurable characteristic or change that shows the

progress a program is making toward achieving a specified outcome” (CDC,
2012)

* Input
— “The human, financial, organizational, and community resources a program
has available to direct toward doing the work” (Kellogg, 2004)
— “Resources provided for program implementation. Examples are money, staff,
time, facilities, equipment, etc.” (USAID, 2009).

* Iterative risk management

— “Refers to an ongoing process of identifying risks and response options, advanc-
ing a portfolio of actions that emphasize risk reduction and are robust across a
range of possible futures, and revising responses over time to take advantage of
new knowledge. Iterative risk management strategies must be durable enough
to promote sustained progress and long-term investments, yet sufliciently flex-
ible to take advantage of improvements in knowledge, tools, and technologies
over time” (NRC, 2011, pp. 1-2).

— “An established approach that uses a monitoring, research, evaluation and
learning process cycle to improve management strategies. The approach is very
flexible and can be applied to projects or sector analysis” (Weadapt.org, 2014).

* Measure
— “A measure is a value that is quantified against a standard. A project imple-
menter wants to know that the total urban green space being developed is
250 acres in size. ‘Acres’ is the standard, and all can see and agree on the size

involved” (Viggh et al., 2015, p. 73).

* Metric
— “A calculated or composite measure or quantitative indicator based upon two
or more indicators or measures. Indicators help put a variable in relation to one
or more other dimensions” (Viggh et al., 2015, p. 73).
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* Mitigation

— Mitigation of climate change: “A human intervention to reduce the sources or
enhance the sinks of greenhouse gases” (IPCC, 2014a)

— Mitigation of disaster risk and disaster: “The lessening of the potential adverse
impacts of physical hazards (including those that are human-induced) through
actions that reduce hazard, exposure, and vulnerability” (IPCC, 2014a)

— “Climate change mitigation refers to efforts to reduce or prevent emission of
greenhouse gases” (United Nations Environment Programme [UNEP], 2015).

* Outcome

— “Specific changes in program participants’ behavior, knowledge, skills, status
and level of functioning. Short-term outcomes should be attainable within 1 to
3 years, while longer-term outcomes should be achievable within a 4 to 6 year
timeframe. The logical progression from short-term to long-term outcomes
should be reflected in impact occurring within about 7 to 10 years” (Kellogg,
2004).

— “A results or effect that is caused by or attributable to the project, program or
policy. Outcome is often used to refer to more immediate and intended effects.
Related terms: result, effect” (USAID, 2009).

— “The likely or achieved short-term and medium-term effects of an interven-
tion’s outputs. Related terms: result, outputs, impacts, effect” (OECD, 2002).

* Output

— “The direct products of program activities [which] may include types, levels
and targets of services to be delivered by the program” (Kellogg, 2004)

— “The products, goods, and services which result from an intervention” (USAID,
2009)

— “The products, capital goods and services which result from a development
intervention; may also include changes resulting from the intervention which
are relevant to the achievement of outcomes” (OECD, 2002)

* Process
« . : : . . . .
— “Set of interrelated or interacting activities which transforms inputs into out-
puts” (ISO, 2015)
— “The programmed, sequenced set of things actually done to carry out a pro-

gram or project” (USAID, 2009)

* Quality of plan

— Degree to which a plan is able to achieve its intended impact
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* Resilience

— “The capacity of social, economic, and environmental systems to cope with a
hazardous event or trend or disturbance, responding or reorganizing in ways
that maintain their essential function, identity, and structure, while also main-
taining the capacity for adaptation, learning, and transformation” (IPCC,
2014a)

— “As defined in this report, resilience is the ability to prepare and plan for,
absorb, recover from, and more successfully adapt to adverse events” (National
Research Council, 2012, p. 1).

— “Resilience is the capacity of a social-ecological system to absorb or withstand
perturbations and other stressors such that the system remains within the same
regime, essentially maintaining its structure and functions. It describes the
degree to which the system is capable of self-organization, learning and adapta-
tion (Holling 1973, Gunderson & Holling 2002, Walker et al. 2004)” (Resal-
liance.org, 2015).

* Well-being

— Well-being is “the balance point between an individual’s resource pool and the
challenges faced” (Dodge et al., 2012).

— “Well-being is most usefully thought of as the dynamic process that gives
people a sense of how their lives are going, through the interaction between
their circumstances, activities and psychological resources or ‘mental capital™”
(National Accounts of Well-Being, undated).

— “Well-being refers to being well in general rather than within any specific area
of life. In keeping with this relatively common usage, we define consummate
well-being as an overall evaluation of an individual’s life in all its aspects”

(Diener, 2009, p. 9).






APPENDIX B

Survey of Frameworks for Urban Responses to Climate
Change

In this review of relevant conceptual frameworks, we consider risk governance, vul-
nerability, barriers, resilience, the precautionary principle, control theory, and game
theory, noting that these are often complementary and not mutually exclusive con-
cepts. These choices emerged from a broad survey of the literature and represent the
frameworks most commonly used. We also identified several less-used frameworks that
provide additional perspectives. Each approach, not surprisingly, suggests an alterna-
tive framing of the challenge of an urban response to climate change. Note that this
appendix describes these frameworks using the language that their creators or third-
party observers use to describe them and makes no attempt to ensure that that lan-
guage is consistent with the definitions in Tables 1.1 and 1.2 applied in this report.

As shown by the axes in Figure B.1, we compare these alternative approaches
according to two key attributes particularly salient in framing risk governance: (1) the
extent to which the approach takes a view of the system versus the decision actor and
(2) the extent to which the approach focuses on one or more actors. A system view
seeks to understand how the various components of a system interact and influence
the overall behavior of the system and that of its individual components. In contrast,
a decision-actor view may also consider the system as a whole but privileges certain
elements within the system as decisionmakers who can make choices, albeit within
constraints. The consequences of those choices depend on the interacting responses
of other parts of the system. Within the decision-actor view, one can focus on single
actors or on the independently made choices of several actors. These attributes—system
versus decision-actor and single or multiactor—prove important for understanding the
utility of indicators, which aim to inform the choices of one or more actors operating
within a complex, interacting system. For reasons discussed later in this appendix, we
argue here that risk governance provides the most useful and encompassing framework
for addressing the challenge of urban responses to climate change and is largely inclu-
sive of the others.
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Figure B.1
Comparison of Conceptual Frameworks
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Vulnerability

The concept of vulnerability plays a central role in the climate change adaptation and
disaster risk management literatures (IPCC, 2012). Similar physical events, such as
storms or droughts, can lead to very dissimilar effects on different people and places.
For instance, hurricanes or tropical cyclones of similar intensity often cause far greater
loss of life in poor countries than they do in rich countries, while rich countries
often suffer larger economic losses. Defined as “the propensity or predisposition to be
adversely affected” (IPCC, 2014c, p. 128), the concept of vulnerability helps to capture
the sources of such differences.

The literature, particularly in disaster risk management, has increasingly empha-
sized the concept of vulnerability. The early disaster risk literature focused on risk
due to physical events, such as floods, winds, or drought. However, vulnerability also
encourages a broader understanding of socioeconomic factors that may be significant
determinants of the level of risk. Such factors may include wealth and income, popu-
lation growth, patterns and rates of urban development, socioeconomic inequalities,
social cohesiveness, financial resources, the extent and attributes of infrastructure,
gender, ethnic diversity, and governance.

Assessing vulnerability generally constitutes an important and early step in most
climate change adaptation planning. For example, the World Bank’s Urban Risk
Assessment framework (Dickson et al., 2012) suggests that cities first evaluate the
physical climate hazards they face (Hazard Impact Assessment) and then evaluate the
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vulnerability of various population groups, economic sectors, and geographic regions.
Many of the indicator frameworks considered in Appendix C include assessments of
vulnerability.!

Many frameworks exist in the literature for defining and measuring vulnerability.
Of particular relevance, there exist indicators of social vulnerability that aim to iden-
tify the combinations of characteristics—such as income, ethnic diversity, social cohe-
sion, and age—most closely correlated with adverse effects from physical hazards in
any particular community. For instance, Figure B.2 illustrates the results of one such
index of social vulnerability for the entire United States (Hazards and Vulnerability
Research Institute [HVRI], 2013). This index includes over 30 measures that research

Figure B.2
Social Vulnerability Index
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1" These include the assessment of the information base in the Queensland framework (Table C.4), one of the
TAMD indicators (Table C.6), and the Rockefeller indicators of social well-being (Table C.8).
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has shown to be most correlated with vulnerability? and suggests that many regions in
the mountain West and along the Atlantic and Pacific coasts are vulnerable, with the
exception of the southeastern Atlantic coast. Considering such measures of vulnerabil-
ity is important for reasons of social justice and can also focus attention on potentially
effective risk management interventions unrelated to hazard and exposure that might
reduce such vulnerability.

Figure B.1 situates vulnerability as representing a systems view with multiple
actors. Vulnerability represents a systems view because the concept focuses on system
interactions rather than agency of any particular elements within the system. Vulner-
ability includes multiple actors because its literature emphasizes that people and com-
munities are not only victims but also active managers of vulnerability (IPCC, 2012,
p. 71). While usefully considered an element of the overall framework, the vulner-
ability literature has established multiple large and credible datasets, and a replicable
methodology can be incorporated into a risk management approach.

Barriers

Many cities are vulnerable to impacts arising from climate change, and some portion
of those cities are now initiating steps to address these risks through various planning
activities. However, many cities and communities in the United States and elsewhere
are not well-equipped to mitigate the risks they face from historic climate conditions
(Dickson etal., 2012, Chapter 1). The literature on barriers to adaptation offers descrip-
tions and taxonomies of the factors that give rise to the gaps between what might
be done and what has been done. Such understanding can usefully inform actions
designed to reduce these gaps.

As one important example, Moser and Ekstrom (2010) and Moser and Boykoff
(2013) have proposed a framework that uses an idealized adaptation process of under-
standing, planning, and managing as the basis for its diagnostic process. This under-
standing, planning, and managing process is consistent with an iterative process of risk
management. Recognizing that the adaptation process does not take place in isolation,
the Moser and Ekstrom framework acknowledges three “interconnected structural ele-
ments’: the actors making the decisions, the context in which the decisions are being
made, and the object being acted upon through the adaptation process. For each step
of the adaptation process, the structural model establishes the source of the barriers by
asking such questions as the following: What causes the impediments? How do the
actors, context, and the system of concern contribute to barriers (Moser and Ekstrom,
2010, p. 22027)?

2 Using principal component analysis, HRVT researchers found that 7 of the 30 factors explain 71 percent of the

total variability in the data. These are race and class, wealth, eldetly residents, Hispanic ethnicity, special needs
individuals, Native American ethnicity, and service industry employment.
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The answers to these diagnostic questions can then be used to complete a two-
item-by-two-item matrix that decision actors may use to identify potential points of
intervention, as shown in Figure B.3. The matrix sorts barriers by their temporal origin,
defining barriers as contemporary or legacy in nature, and their spatial/jurisdictional
origin, defining barriers as being remote or proximate. While remote, legacy barriers
may be difficult for current actors in the adaptation process to resolve; a proximate,
contemporary barrier is one actors could likely remedy now.

While the Moser and Ekstrom framework evaluates barriers that arise during
the adaptation process, Ford and King (2013) take a different approach, proposing
a framework to evaluate adaptation readiness, which can be used to identify barriers
before the adaptation process begins. The framework’s foundation consists of six key
factors, derived from the literature on adaptation planning and implementation, which
influence decisionmakers’ ability to adapt to climate change. (While these were the
most common factors that the authors identified, they acknowledged that the list may
not be exhaustive for all adaptation scenarios.) These factors are political leadership;
institutional organization; availability of usable science to inform decisionmaking;
public support; funding for adaptation planning, implementation, and evaluation; and
adaptation decisionmaking and stakeholder engagement. To conduct an analysis using
this framework, one must first develop indicator variables for each of the six key factors
and sources of information that could serve as data to assess how well a goal has been
met. Once the data have been collected, scores are assigned to each of the key readiness
factors, revealing the varying levels of readiness across the key factors. This framework
serves several purposes, as it can be applied to identify areas that could be improved to

Figure B.3
Moser and Ekstrom Barriers to Adaptation
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enhance adaptation readiness for a given decisionmaking entity and could also be used
to compare adaptation readiness across communities or over time.

The most recent World Bank Development Report (2013) focuses on managing
risk. As part of a discussion of implementing effective risk management policies, the
report describes a series of barriers (which the report calls “screens”) that policymakers
might consider in designing an appropriate set of interventions, as shown in Figure B.4.
First, incentives for decisionmakers in the private and public sector may cause them to
take too much or too little risk. In an urban context, the actions of one agency, such
as a flood control department, may cause risks in the jurisdiction of another agency,
such as the water quality department, without any formal mechanism to make that risk
transfer explicit in the first agency’s decisionmaking. Once such disjointed incentives
are identified, policymakers may be able to address them. To act properly, even with
appropriate incentives, decisionmakers need access to appropriate information. Policy-
makers may be able to address such information gaps. In some cases, behavioral biases
at the organizational or individual level may distort the response to risk. Such policies
as education campaigns or introducing new behavioral norms might soften such biases.
Finally, decisionmakers may lack adequate resources to manage risks, so that financing
mechanisms for long-term investment may become crucial policy responses.

Figure B.1 situates barriers as representing multiple actors lying between a sys-
tems-centric and decision-centric view. These barrier frameworks all simultaneously
acknowledge that there are actors whose beliefs and actions directly impact climate
change adaptation, but that the actions those actors take are either limited or supported
by the context in which the decision is made. As expressed by Moser and Ekstrom
(2010, p. 22027), their framework aims to be “actor-centric but context-aware.”

Resilience

Resilience plays a large and growing role in the literature and practice of responding to
climate change and in shaping urban policy and investment more generally. There exist
many definitions of the concept, but, fundamentally, resilience is “the capacity of any
entity—an individual, a community, an organization, or a natural system—to prepare
for disruptions, to recover from shocks and stresses, and to adapt and grow from a dis-
ruptive experience” (Rodin, 2014, p. 3).

The modern concept of resilience builds on insights from three fields: engineer-
ing, ecology, and systems thinking. In engineering, structures must be designed to
weather disruptive events, such as earthquakes or storms, many of which cannot be
predicted in any detail. Engineers build resilience by combining strength, flexibility,
and redundancy. Resilient structures are strong enough to withstand stresses on them
but are also able to bend and shift, while returning to their original form once the
stresses subside. In addition, such engineered systems as aircraft, transportation net-
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works, the Internet, and electric grids are all built with redundant components, so that
if one fails, others can be used to retain much if not all of the original system function.

Resilience also emerges from the field of ecology. Ecosystems are always chang-
ing. For some, the normal range of variation is sufficiently small to make stability a
useful concept. A stable ecosystem, similar to an engineered system, has the ability to
return to some equilibrium point after a disruption. But many ecosystems exhibit a
much larger range of variation. For instance, the mix of vegetation might change dra-
matically with the seasons. The populations of predators and prey might exhibit large
swings. Ecologists use the term resilience to mean the property of an ecosystem that,
while normally undergoing large changes, is nonetheless able to absorb large shocks
while maintaining its intrinsic character. In particular, a resilient system is one that can
absorb such shocks without collapse.

Resilience also draws on ideas from systems thinking. Systems dynamics focuses
on the behavior of complex systems over time. In particular, such systems thinking
highlights feedback loops (both positive and negative) and time delays, which can
create chains of cause and effect that differ significantly from what people might nat-
urally infer. As one salient example, people do not often understand the extent to
which climate change is a stock problem, rather than a flow problem (Cronin et al.,
2009; Sterman, 2011). That is, GHG emissions accumulate in the atmosphere, and
the impacts arise after a long delay from the sum total of emissions reductions. This
dynamic has profound implications for the viability of a wait-and-see strategy that sys-
tems thinking can help illuminate.

As one important attribute, resilience helps integrate consideration of disasters
and shocks into a broader theory of system function and change. This connection can
prove important because extreme events will be one of the primary ways in which the
effects of climate change are felt. In addition, such extreme events may help catalyze
desired changes in an urban system. Drawing on its ecological roots, resilience notes
that some systems may in fact thrive on shocks. For instance, many forests in the west-
ern United States require periodic fires to clear out undergrowth and allow new trees to
grow. Without such fires, the system loses resilience because trees become too old and
the buildup of fuel creates the potential for catastrophic firestorms. Ecologists capture
this idea through the concept of the adaptive cycle, which has four phases. The system
begins with rapid growth and then reaches a period of stasis. A disruption then releases
the system so that it can reorganize and begin another period of change.

Resilience scholars have applied these ideas to urban settings. For instance, da
Silva and Morera (2014, p. 3) define city resilience as: “the capacity of cities to function,
so that the people living and working in cities—particularly the poor and vulnerable—
survive and thrive no matter what stresses or shocks they encounter.” Using a literature
review and fieldwork from six cities around the globe, da Silva and Morera identify fac-
tors that contribute to city resilience. They offer a three-layer city resilience framework
that aims to capture the interdependencies of city infrastructure and power dynamics
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of city governance across four broad categories of resilience, 12 performance indica-
tors of city resilience, and seven qualities of resilient systems. Da Silva and Morera’s
seven qualities of resilient systems —reflective, robust, redundant, flexible, resourceful,
inclusive, and integrated—are similar to resilience and adaptation requirements found
elsewhere in the literature (Nelson et al., 2007; Engle et al., 2013; Moench, 2014). This
multilayered system can be used to develop indicators systems that decisionmakers can
use to monitor and enhance a city’s resilience.

Figure B.1 situates resilience as representing a systems view with multiple actors,
consistent with the concept’s roots in ecology and systems thinking. Unlike vulner-
ability and barriers, which are components of risk governance, resilience provides a dif-
ferent framing. While risk management envisions a process of decisionmaking rooted
in a unifying measure of risk, resilience summarizes a rich, multifaceted set of desir-
able qualities. The differences soften somewhat when taking a broader view of risk
governance, since an expansive view of the context for managing risks is similar to
the broader context required for increasing resilience. Nonetheless, the two have dif-
fering foundations and draw from different literatures. Note that it can often prove
useful to have a single, easy-to-articulate, all-encompassing goal when seeking to build
a common vision and to align the activities of many individuals. As one important
advantage, resilience provides such a goal, while at the same time gathering a broad
range of attributes under its banner. In this sense, risk management offers a less-focused
objective. Overall, it is not yet clear from the literature whether a city would follow
fundamentally different paths if it successfully sought resilience than if it successfully
practiced a broader view of risk management.

Within a risk governance framing, resilience can be viewed as an important
objective of those seeking to manage the risks. This framing of resilience as a goal of
risk governance helps address some challenges to the former concept in the literature,
in particular those focusing on its normative nature and the related challenge of differ-
entiating good from bad change. A common critique of resilience is that the notion of
“bouncing back” fits uneasily with the goal of transformational change. For instance,
imagine that a large storm hits a city and washes away vulnerable beachside residential
neighborhoods where some families have lived for generations. Does the city better
retain its intrinsic character by rebuilding these traditional neighborhoods or by replac-
ing them with new marshlands that provide an innovative mix of recreational oppor-
tunities and storm surge defense? In a resilience framework, resolving this choice may
present a puzzle. As part of a risk governance process, the particular definition of resil-
ience most suitable for this city, stakeholders, and the public at large becomes a subject
of deliberation among the broad group of decisionmakers managing the city’s risks.
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Precautionary Principle

Quantitative goals often play an important role in climate change policies. For instance,
the international community has set a 2°C increase in global mean surface tempera-
tures above pre-industrial levels as the threshold level for dangerous human interfer-
ence in the Earth’s climate (UNFCCC, Copenhagen Accord, 2009, Section 1). Many
cities have set quantitative emission reduction targets as a central piece of their GHG
reduction programs.

Such quantitative goals play an important role for at least two reasons. First,
simple targets can have significant value for motivating and judging performance. As
an example, the 2°C goal is easy to communicate and helps focus global attention a
problem whose solution requires a vast smorgasbord of policies to address. Without a
clear target to motivate action and judge performance, little might get done. Second,
quantitative goals can help implement the precautionary principle, which suggests that
an activity be avoided unless clear evidence exists that it will not prove harmful. Given
the deep uncertainty regarding the impacts of climate change and the potential, how-
ever small, for abrupt and cataclysmic change, many decisionmakers favor setting some
threshold level of human interference and working backward from those thresholds to
set near-term policies.

Such decisionmaking frameworks as guardrails, tolerable windows (Halsnaes
et al., 2007), and safe landings (Swart et al., 1998) have been developed to identify
GHG mitigation policies consistent with this precautionary approach. For example,
the guardrail approach provides an inverse analysis that first defines targets for cli-
mate change or climate impacts to be avoided and then determines the range of emis-
sions that are compatible with these targets (Schneider, 2007, p. 802). While these
approaches are generally applied to global emissions, they offer tools and frameworks
potentially relevant for urban areas undertaking adaptive measures as well.

Figure B.1 situates such precautionary frameworks as representing a decision-actor
view with a single actor responsible for policies that achieve the goal. While sometimes
offered as an alternative to risk management, precautionary goals and policies to imple-
ment them could be regarded as one potential output of a risk management process.

Control Theory and Game Theory

While control theory and game theory are not common frameworks for urban climate
programs, they both provide useful perspectives. Control theory is a branch of engi-
neering that focuses on regulating the behavior of dynamic systems with appropriately
designed monitoring and feedback mechanisms. An automobile’s cruise control system
provides a classic example. The car’s controller monitors the vehicle’s instantaneous
speed and adjusts the throttle to maintain the desired rate of travel. While in some
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ways analogous to the feedbacks that govern the ecological systems envisioned in resil-
ience, control theory focuses on highly engineered constructs whose designers choose
the signals to monitor and the responses to those observations.

Figure B.1 thus situates control theory as a single actor lying between a system
and decision-actor view. While some literature has applied the framework to global
GHG mitigation (Funke et al., 2011), control theory offers two particularly relevant
contributions to urban climate risk governance. First, the advent of urban big data that
provide real-time monitoring of such parameters as traffic, energy use, water, transit
ridership, and air quality can open opportunities for enhanced management of vital,
climate-related city functions. Control theory can inform the design of such short time
scale (seconds to hours) decision support systems. Second, control theory contains a
body of theorems, methods, and experience that can enhance insights and understand-
ing relevant to the design of adaptive decision strategies. These are strategies that evolve
over time in response to new information (Lempert et al., 2011). Such adaptive strate-
gies will likely prove central to urban climate risk governance.

Game theory provides a conceptual and mathematical understanding of inter-
acting systems of multidecisionmakers, each pursuing their own interests generally
(though not always) with the benefit of expectations about how their own choices,
along with other incentives and disincentives, will affect the behavior of other actors.
For instance, economists may use game theory to predict how private firms might
respond to regulatory requirements imposed by the government in order to evaluate
the extent to which proposed regulations might or might not achieve their desired
goals. As one example, game theory has seen increased application in the climate litera-
ture to suggest how to assemble enduring coalitions of countries committed to global
GHG emissions reductions (Bosetti et al., 2013; DeCanio et al., 2013).

Figure B.1 situates game theory as representing a systems view with multiple
actors. It is particularly important to urban climate risk governance in understanding
how the incentives, information, barriers, and resources summarized in Figure B.4
might affect the choices made by diverse sets of actors in urban settings, how these
choices increase or reduce risk, and how alternative interventions might change actors’
choices and the resulting risks.






APPENDIX C

Overview of Existing Climate Adaptation Indicator Systems

We examine indicators that have been developed for measuring adaptation in cities or
that have the potential to inform such measurement. We do so, however, with an eye
on general applicability to the full range of urban responses to climate change, includ-
ing mitigation. Despite the limited literature and its potential shortcomings, there are
several frameworks and indicators that may hold value for our purposes. Note that this
appendix describes these indicators using the language that they or third-party observ-
ers use to describe them and makes no attempt to ensure that that language is consis-
tent with the definitions applied in this report.

We discuss these in three groups: national, regional, and urban adaptation indi-
cators; planning indicators; and project and portfolio indicators, summarized in
Table C.1. We review national, regional, and local indicators together because they all
seek to measure adaptation processes and outcomes across sectors and populations. It
seems plausible that regional and national adaptation indicators could be scaled down

Table C.1
Summary of Systems of Indicators Reviewed

Indicators to Assess National,

Regional, and Urban Adaptation

Indicators to Assess Adaptation
Planning Processes

Evaluation of Adaptation Projects
and Portfolios

United Kingdom: National
Indicator 188

Australian Government:
Initiative for Local Adaptation
Planning

United Kingdom’s Department
for International Development:
TAMD

United Nations: Evaluating
Adaptation Using National
Communications in UNFCC

Rockefeller Foundation’s
Resilient Cities Program

United Kingdom Evaluation
Framework for Public Agency
Climate Action Plans

Fussel, 2007: Framework for
Assessing Adaptation to Health
Risks of Climate Change

Preston et al., 2011: Evaluation
Framework for Adaptation
Planning

Planned Learning: Based on
Swanson et al., 2007, 2010

Lamhauge et al., 2012: Review
of International Development
Agency Practices

Bours et al., 2013: Review of
Development Agencies and NGO
Practices

81
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to the city level. We also include indicators of urban climate resilience in this discus-
sion, given the growing emphasis on resilience as a goal for climate change adapta-
tion. There is much literature on resilience in general, not only to climate change but
also to natural disasters, economic shocks, terrorism attacks, and other kinds of short-
duration disruptions. We focus on indicators that are driven by, or prominently focus
on, climate resilience.

We next review indicators that assess planning processes—i.e., the steps taken by
public bodies to develop adaptation plans and investments—as distinct from the actions
themselves. Adaptation planning can occur at any level: within a single agency, within
a sector, city-wide, regionally, or nationally. As such, these indicators hold promise for
evaluating cities’ adaptation planning processes in different sectors or agencies and in
the city as a whole. Planning processes for mitigation include many similar elements.

Finally, we summarize the literature on evaluating adaptation projects and port-
folios of projects. This body of work is large, and we have relied on review articles to
ensure comprehensiveness. These indicators are often tailored to specific sectors and
regions, which may make them difficult to aggregate into a broader set of city-wide
indicators.

National, Regional, and Local Adaptation Indicators

Some indicators assess how much progress is being made toward climate change adap-
tation at the national, regional, and city levels. These indicators assess adaptation in
the aggregate—across sectors, population demographics, types of policies and inter-
ventions, etc. We have found only a few sets of indicators for assessing adaptation in

aggregate:

* National Indicator 188 was the climate change indicator in the United King-
dom’s now-defunct Local Government Performance Indicators, by which local
governments reported to the national government on progress on key issues.

* Baker et al. (2012) developed a framework for evaluating adaptation plans in
response to the Australian Government’s initiative in 2008 for local adaptation
planning.

* The United Kingdom’s Department for International Development’s (DfID’s)
TAMD framework secks to assess progress toward adaptation in developing
countries.

* Gagnon-Lebrun and Agrawala offer a general framework aimed at measuring
national progress by evaluating countries’ National Communications under the
UNFCC.

* 'The Rockefeller Resilient Cities framework is an effort to understand what makes
cities resilient and how resilience can be measured. While the framework is gen-
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eral, it is motivated in large part by Rockefeller’s efforts to promote resilience to
climate change in particular.

United Kingdom’s Local Government Performance Indicators National Indicator 188
From 2008 to 2011, the United Kingdom implemented the Local Government Per-
formance Indicators, a set of 198 indicators against which local governments could
benchmark their performance in areas of national priority. Among these priorities was
adaptation to climate change. National Indicator 188 (NI188) sought to “embed the
management of climate risks and opportunities across the local authority and partners
services, plans and estates and to take appropriate adaptive actions where required”
(Local and Regional Partnership Board, 2010, p. 5). Unlike other indicators in the set
that are outcome-based, NI188 was process-based:

NI188 both recognises that our understanding of the adaptation agenda is not
yet sufficient to specify outcomes, but also that climate impacts are local and it is
impossible to have a generic outcome indicator at the moment which is applicable

to all areas (Local and Regional Partnership Board, 2010, p. 5).

As such, it “measures progress on assessing and managing climate risks and oppor-
tunities, and incorporating appropriate action into local authority and partners’ stra-
tegic planning” (Local and Regional Partnership Board, 2010, p. 4). NI188 required
local governments to report on their performance against five process levels, numbered
0 to 4, as shown in Table C.2. For each level, guidance documents described its techni-
cal definition, its rationale, aims, a commentary and discussion on aims, and links to
other resources.

Unfortunately, we cannot draw conclusions about the effectiveness of these indi-
cators or how local governments used them. In October 2010, the Department for
Communities and Local Government instituted sweeping policy changes that removed
the National Indicators, arguing that the performance indicators were an inappropriate

Table C.2

Levels of Achievement in National Indicator 188

Level Definition

0 Getting started

1 Public commitment and impacts assessment

2 Comprehensive risk assessment

3 Comprehensive action plan

4 Implementation, monitoring, and continuous review

SOURCE: Local and Regional Partnership Board, 2010, p. 4;
Open Parliament License v3.0.
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burden on local governments and prevented them from addressing concerns driven by
their constituents (UK Department for Communities and Local Government, 2014).
Data-gathering from local governments purportedly continued until March 2011, but
the results are not readily available.

Evaluating Adaptation Plans in Southeast Queensland, Australia

In 2008, the Australian government provided grants to city councils to develop cli-
mate change adaptation plans. Baker et al. (2012) developed a framework for evaluat-
ing adaptation plans and applied it to the plans of seven municipalities in Southeast
Queensland, the fastest growing region in Australia and one of the most vulnerable to
climate change.

Unlike most evaluation frameworks, this one includes both process and outcome
indicators. There are two evaluation categories. First, Baker et al. measure overall prog-
ress toward awareness, analysis, and action (AAA). That is, they assess whether cities
are (1) aware of the key drivers and consequences of climate change, (2) have begun
analysis to integrate climate information and assess local impacts, and (3) have taken
actions, through policies and investments, to address risks. They evaluate each AAA
category in eight outcome areas shown in Table C.3 in the five categories of water
resources; environment, biodiversity, and conservation; urban planning; coastal man-
agement; and fire management. They use a 0—4 scoring system to code the data and
evidence in the plans, shown in Table C.4. Thus, a plan can receive a maximum of 32
points in each of the three AAA areas, for a total maximum score of 96.

Table C.3
Outcome Criteria for Evaluating Adaptation Plans in Southeast Queensland

Environmental
Planning and

Water Resource Biodiversity Coastal Fire
Planning Conservation Urban Planning Management Management
C1. Water C4. Landscape C6. Urban heat C7.Impacts C8. Wildfire risks
quantity is structure, island effects of sea level are managed
maintained or  composition, are minimized rise and storm  and impacts are
improved and function or avoided surge are minimized or
are maintained minimized avoided
C2. Water C5. Ecosystem,
quality is species,
maintained or  and genetic
improved diversity is
maintained

C3. Impacts of
flooding are
minimized or
avoided

SOURCE: Adapted from Baker et al., 2012, p. 130.
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Second, Baker et al., 2012, evaluate the quality of the plans by assessing the eight
outcome categories against five quality categories, shown in Table C.5, using the same
0—4 scoring system. Thus, each plan can receive a quality score of at most 20 points
in each of the eight outcome areas, for a total score of 160. Their study reports aver-
age performance across all seven plans, finding that plans score high on awareness but
lower on analysis and still lower on actions. Plan quality in each of the eight outcome
areas is also low, receiving less than 50 percent of possible points in every area.

Table C.4

Scoring Criteria for Each Outcome

Code

Number Description

0 No evidence of the criterion throughout the plan.

1 The criterion is acknowledged but lacks further definition and does not provide detail.

2 The criterion is mentioned and includes a moderate level of detail. However, it is entirely
descriptive and lacks local application and analysis.

3 The criterion is mentioned and includes a limited level of locally specific application using
local climate scenario modeling, exposure, vulnerability and/or risk assessments, maps, local
historical data, or fieldwork. However, it is largely descriptive.

4 A detailed analysis of the criterion is provided, and it is addressed in a locally specific manner

using a variety of tools, such as vulnerability, exposure and/or risk assessments, maps,
fieldwork, GIS analysis and modeling, and local climate scenario modeling.

SOURCE: Baker et al. 2012, p. 131. Used with permission.

Table C.5
Evaluation Criteria for Each Outcome

Plan Component Concepts

1. Information base  Analysis of current and future conditions in regard to the consequences of
climate change. Information included data and analysis of local assets and
natural resources, identification of non-climate determinants of vulnerability
(e.g., population growth), and vulnerability and risk assessments.

2. Vision, goals, and Long-term vision of how the community will adapt to climate impacts, including
objectives the statement of quantifiable objectives and resource targets in regard to
conserving resources under altered climates.

3. Options and Development, consideration, assessment, and prioritization of alternative climate
priorities adaptation solutions
4. Actions Principles to guide land use decisions to achieve goals, including spacial designs,

policies, and/or strategies for implementation

5. Implementation The direction of resources to achieve successful plan implementation and
and monitoring monitoring commitments.

SOURCE: Baker et al., 2012, p. 131. Used with permission.
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‘The authors had the opportunity to informally test the Baker et al. framework
by applying it to a local jurisdiction in Los Angeles County. After reviewing the
jurisdiction’s adaptation planning documents, we met with two officials and inter-
viewed them for about an hour. We then used this information to evaluate their adap-
tion plan using the Baker et al. framework. We found that the jurisdiction, which
has completed its assessment phase and is in the process of completing the planning
phase of its climate adaptation program, scored highly on each of the five categories
in Table C.5. We found the Baker et al. framework generally helpful, but with two
important shortcomings. First, the framework offers no guidance on how to deter-
mine which outcome criteria ought to be evaluated. Second, the framework does not
measure an organization’s capacity to implement its adaptation plan. This jurisdiction
happened to have significant capacity to implement, due in part to a fortuitous align-
ment of its existing organizational procedures and authorities with the actions likely
required to respond to climate change. This was one of the most promising features
of its adaptation efforts. The system of indicators proposed in Chapter Three aims to
address these shortcomings.

Tracking Adaptation and Measuring Development Framework

The United Kingdom’s Department for International Development (DfID) is the gov-
ernment agency responsible for the country’s international aid programs. “Climate and
Environment” is one of DfID’s six priority areas of work; the first area of focus under
this topic is to help the poor adapt to climate change (DfID, 2014). To aid this work,
DfID has funded the International Institute for Environment Development (IIED,
2013) to create a framework for measuring climate change adaptation and develop-
ment in developing countries. The aim of developing the framework was “to see if
there was a small number of indicators that could be aggregated across a wide range of
adaptation interventions, and that could inform high-level decision making about the
use of adaptation resources” (IIED, 2013, p. 4). The resulting Tracking Adaptation and
Measuring Development (TAMD) Framework is both process- and outcome-based:

TAMD is a “twin-track” framework that evaluates the extent and quality of cli-
mate risk management (CRM) processes and actions on the one hand (Track 1),
and the associated development and adaptation outcomes (and their longer term
impacts) “on the ground” on the other (Track 2) (Brooks et al., 2013, p. 8).

Track 1 measures the progress in climate change adaptation processes through
changes in institutions, policies, and capacities, while Track 2 measures the outcomes
of these processes in terms of changes in well-being, vulnerability, resilience, and secu-
rity. The TAMD envisions that the Track 1 efforts will be driven by national policy
down to local policy, while the Track 2 efforts will be driven by local changes and
aggregated up to national impacts. This is shown in Figure C.1.
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While the TAMD is flexible and encourages development of locally relevant
indicators, it also suggests categories of indicators in each track. The Track 1 indi-
cator categories are shown in Table C.6. Both Track 1 and Track 2 indicators can
be scaled to national, regional, and local levels, as shown in Table C.7. TAMD also
includes scorecards by which each indicator category can be measured (not shown).

Figure C.1
Schematic of the TAMD’s Two-Track Approach to Measuring Adaptation

Climate risk management
Institutions, policies, capacities

Global .
National

performance

National

Sub-national
Practices
Local
Development performance
Changes in well-being, vulnerability,
v resilience, securities

SOURCE: Brooks et al., 2013, p. 10. Used with permission.
RAND RR1144-C.1

Table C.6
TAMD Track 1 Indicator Categories

Level Definition

Indicator 1 Climate change integration into planning
Indicator 2 Institutional coordination for integration
Indicator 3  Budgeting and finance

Indicator 4  Institutional knowledge and capacity
Indicator 5  Climate information

Indicator 6  Uncertainty

Indicator 7 Participation

Indicator 8 Awareness among stakeholders

Indicator 9  Vulnerability/resilience

SOURCE: Brooks et al., 2013. Used with permission.



88 Urban Responses to Climate Change: Framework for Decisionmaking and Supporting Indicators

DfID has conducted an initial assessment of the applicability of TAMD in five
countries—Ghana, Kenya, Mozambique, Nepal, and Pakistan—and concluded that
TAMD can be applied readily in all of them (IIED, 2013). In the next phase of this
work, DfID and IIED will apply the framework in each of these countries (IIED,

2014).

Table C.7

TAMD Indicator Categories

Track 2: Development and

Level Track 1: CRM Adaptation Outcomes
Global Aggregation of national-level performance e Aggregation of national-level
indicators across countries performance indicators across
countries
National Integration (of CC into planning)—Indicator 1 e Aggregation of local/regional
Institutional coordination—Indicator 2 data on number experiencing
Budgeting and finance (for integration and changes in vulnerability and
adaptation)—Indicator 3 development status
Institutional knowledge (of CC, adaptation, e Changes in climate-related
and integration)—Indicator 4 economic losses and other
Use of climate information (to inform plan- impacts (e.g., people affected
ning)—Indicator 5 by climate-related disasters)
Planning under uncertainty (using appropriate at national level, in conjunc-
information and methodologies)—Indicator 6 tion with data on evolving
Participation (of relevant stakeholders in climate hazards (exposure)
national planning processes)—Indicator 7
Awareness among stakeholders (of climate
change, risks, and responses)—Indicator 8
Subnational As for national level, adapted for regional e Aggregation of local data
contexts on numbers experiencing
changes in vulnerability and
development status
e Changes in climate-related
losses and other impacts at
regional/municipal level, in
conjunction with data on
evolving climate hazards
(exposure)
Local As for national level, adapted to contexts e Numbers of people becom-

relevant to key local (formal) institutions, if
relevant

Uptake of CRM measures such as risk-

spreading mechanisms (financial, livelihood,
social)—Indicator 9 .
Awareness (of climate risks, trends, pros-

pects, response options)—modified version of
Indicator 8

Climate information (availability, access, use
of)—modified version of Indicator 5

ing more or less vulnerable,
as measured by a variety of
context-specific vulnerability
indicators

Changes in poverty and other
standard development indi-
cators, complemented by or
“normalized” with respect to
changes in climate hazards
(exposure)

SOURCE: Brooks et al., 2013, p. 15. Used with permission.
NOTE: CC = climate change.
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Evaluating Adaptation in UNFCCC National Communications

Countries that are signatories to the UNFCCC are required to submit national reports
on their implementation of the Convention to the Conference of Parties. While the
initial National Communications (NCs) focused largely on GHG emissions and broad
discussions of risk, they increasingly include countries’ efforts on climate change
adaptation.

Gagnon-Lebrun and Agrawala (2007) develop and apply a framework for evalu-
ating national-level progress on adaptation, as documented in the NCs from devel-
oped countries. As shown in Table C.8, they describe eight steps along which climate
change adaptation proceeds, divided into three categories: climate change and impacts
assessment, intention to act, and adaptation actions. They evaluate each NC at each
step according to the scope of issues covered (extensive, limited, or lacking) and depth
of coverage (detailed, generic, limited but with references to comprehensive studies, or
lacking). Based on these criteria, they divide countries into three categories of progress:
(1) early to advanced stages of impact assessment; (2) advanced impact assessment, but
slow development of adaptation responses; and (3) advanced impact assessment and
moving toward implementing adaptation. They find that most developed countries fall
into category two. They note that, at the time of their study, “No developed country
has yet formulated a comprehensive approach to implementing adaptation and the
‘mainstreaming’ of such measures within sectoral policies and projects, although the
UK might be coming close” (Gagnon-Lebrun and Agrawala, 2007, p. 401).

While Gagnon-Lebrun and Agrawala developed their framework for national
evaluations and apply them to national communications, the processes and criteria are
general enough that they could be readily applied to local, urban adaptation processes
as well. For example, the process steps they outline (shown in Table C.8) largely overlap
with the process steps defined by the UK National Indicator 188, which was designed
for measuring adaptation progress of municipalities.

Table C.8
Climate Change Adaptation Process
Adaptation
Climate Change and
Impacts Assessments Intention to Act Adaptation Actions
e Historical climatic e Identification of e Establishment
trends adaptation options of institutional
e Climate change e Mention of existing mechanisms
scenarios policies synergistic e Formulation of
e Impacts and risks with adaptation policies/modification
assessments of existing policies

e Explicit incorpora-
tion of adaptation in
projects

SOURCE: Adapted from Gagnon-Lebrun and Agrawala, 2007, p. 398.
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Rockefeller Resilient Cities Framework

In May 2013, the Rockefeller Foundation announced its “100 Resilient Cities Centen-
nial Challenge,” in which it would select 100 cities to receive support to address future
threats and shocks. Nearly 400 cities applied by the October 2013 deadline, and in
December 2013, the foundation announced the first 33 selected cities (Rockefeller
Foundation, 2014). Complementing this effort, the Rockefeller Foundation is develop-

ing a framework for measuring urban resilience and identifying resilient cities (Arup,
2014, p. 1):

What and who makes a city resilient—and not just liveable now or sustainable
for the long term—has become an increasingly critical question, one we set out to
answer in late 2012 with our partners at Arup through the creation of a City Resil-
ience Index (Arup, 2014, p. 1).

While climate change resilience is a key driver behind the development of this
framework, it is aimed at measuring resilience to other shocks, including financial
shocks, terrorism, pandemics, and slow-moving chronic stresses.

The framework recognizes several general qualities of resilient cities, summarized
in Table C.9, which it applies to four areas of urban resilience: health and well-being,
economy and society, urban system and services, and leadership and strategy. Three
indicators measure resilience in each of these categories for a total of 12 resilience indi-
cators, listed in Table C.10. Each indicator has an additional four to five subindicators.

Table C.9
Qualities of Resilient Cities

Quality Description

Reflective Reflective systems are accepting of the inherent and ever-increasing uncertainty and
change in today’s world.

Robust Robust systems include well-conceived, constructed and managed physical assets, so that
they can withstand the impacts of hazard events without significant damage or loss of
function.

Redundant Redundancy refers to spare capacity purposely created within systems so that they can
accommodate disruption, extreme pressures or surges in demand.

Flexible Flexibility implies that systems can change, evolve and adapt in response to changing
circumstances.

Resourceful Resourcefulness implies that people and institutions are able to rapidly find different
ways to achieve their goals or meet their needs during a shock or when under stress.

Inclusive Inclusion emphasizes the need for broad consultation and engagement of communities,
including the most vulnerable groups.

Integrated  Integration and alignment between city systems promotes consistency in decision-
making and ensures that all investments are mutually supportive to a common outcome.

SOURCE: Adapted from Arup, 2014, p. 5.
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Table C.10

Indicators of Urban Resilience

Category Indicator

Health and 1. Minimal human vulnerability. Indicated by the extent to which everyone’s basic
Well-Being needs are met.

Economy and
Society

Urban System
and Services

Leadership
and Strategy

2. Diverse livelihoods and employment. Facilitated by access to finance, ability to
accrue savings, skills training, business support, and social welfare.

3. Adequate safeguards to human life and health. Relying on integrated health
facilities and services and responsive emergency services.

4. Collective identity and mutual support. Observed as active community engagement,
strong social networks, and social integration.

5. Social stability and security. Including law enforcement, crime prevention, justice,
and emergency management.

6. Availability of financial resources and contingency funds. Observed as sound
financial management, diverse revenue streams, the ability to attract business
investment, adequate investment, and emergency funds.

7. Reduced physical exposure and vulnerability. Indicated by environmental
stewardship, appropriate infrastructure, effective land use planning, and enforcement
of planning regulations.

8. Continuity of critical services. Indicated by diverse provision and active
management, maintenance of ecosystems and infrastructure, and contingency
planning.

9. Reliable communications and mobility. Indicated by diverse and affordable multi-
modal transport systems and information and communication technology networks
and contingency planning.

10. Effective leadership and management. Involving government, business, and
civil society and indicated by trusted individuals, multistakeholder consultation, and
evidence-based decisionmaking.

11. Empowered stakeholders. Indicated by education for all and access to up-to-date
information and knowledge to enable people and organizations to take appropriate
action.

12. Integrated development planning. Indicated by the presence of a city vision, an
integrated development strategy, and plans that are regularly reviewed and updated
by cross- departmental working groups.

SOURCE: Adapted from Arup, 2014, p. 5.

For example, the subindicators for diverse livelihoods and employment are livelihood
opportunities, skills and training, development and innovation, and access to financial
assistance. (We have not listed all subindicators; Arup, 2014, pp. 8-13).

The framework is not yet complete and has not yet been applied in practice. As a
next step, the foundation intends to develop a set of 128 additional variables that will
help measure resilience along these indicators and subindicators (Arup, 2014, p. 1).
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Summary of National, Regional, and Local Adaptation Indicators

Table C.11 summarizes several features of the frameworks for national, regional, and
local metrics that we reviewed. For each, the table notes the type of institution(s) that
developed it, the level of governance for which it is intended, whether it is process-
based or outcome-based, and the extent to which it has been applied in practice.

First, we observe that different types of institutions have developed these differ-
ent indicators, reflecting that evaluating climate change adaptation is of concern to a
variety of actors: governments, NGOs, stakeholders, and the academic and research
community. Second, while the geopolitical scale varies from local to national, nearly all
indicators frameworks have a local component or are general enough to be applied to
local adaptation efforts. Thus, these frameworks may each hold promise for measuring
cities” progress in climate change adaptation. Third, all of the climate change adapta-
tion indicators include process-based indicators, while some additionally include out-
come-based indicators. This is consistent with our discussion of the many challenges to
developing outcome-based indicators. The Rockefeller Resilient Cities is by definition
outcome-based because it measures urban resilience—an outcome of climate change
adaptation.

None of the frameworks has been widely used in practice for a number of dif-
ferent reasons. The UK National Indicator has been discontinued for political rea-
sons, while the frameworks developed in the academic community seem to have been
applied in one-off studies. It is not clear whether they will continue to be applied.
The TAMD framework secks to measure progress at all scales (locally to nationally),

Table C.11
Summary of National, Regional, and Local Metric Frameworks

Process-Based or

Metric Developer Geopolitical Scale  Outcome-Based Application/Use
UK National National Local Process Unknown,
Indicator 188 government discontinued

(Board, Local
and Regional
Partnership, 2010)

Baker et al., 2012 Research/academic Local Process and Seven Australian
outcome municipalities
TAMD, 2014 National Local to national Process and Initial assessment
government and outcome in five developing
NGO countries
Gagnon-Lebrun Research/academic National Process 39 developed
and Agrawala, countries’
2007 UN National
Communications
Rockefeller NGO Local Outcome N/A; under
Resilient Cities development

(Rockefeller
Foundation, 2014)
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involves both process and outcome indicators, and has articulated criteria to assess
progress along each metric. DfID and IIED are in the process of piloting TAMD in
five developing countries. The Rockefeller Resilient Cities framework is still under
development.

Adaptation Planning Indicators

Another class of indicators was developed expressly to assess adaptation plans and plan-
ning processes that subsequently lead to climate change adaptation policies, invest-
ments, and other actions. These do not measure the degree of adaptation that has
occurred; rather, they assess the quality of the planning processes that may lead to
action.

We reviewed the following evaluation frameworks for planning:!

* 'The United Kingdom has developed an evaluation framework for assessing cli-
mate change adaptation reports submitted by public agencies under the Climate
Change Act of 2008. The framework evaluates qualities of the agencies’ risk
assessments.

* Fissel offers a framework for assessing adaptation to health risks of climate
change. We include it in our review because most of the indicators are relevant to
adaptation planning in general and not limited to health outcomes.

* Preston developed a systematic evaluation framework for adaptation planning
and has applied it to 57 adaptation plans from Australia, the United Kingdom,
and the United States.

Evaluation of Risk Assessments under the Climate Change Act 2008

The UK’s Climate Change Act 2008 gives the UK Department for Environment, Food
and Rural Affairs (Defra) authority to require public service organizations, such as the
Environment Agency, water companies, and electricity distributors, to produce climate
change adaptation reports. The reports are used to assess how climate change impacts
the organization’s functions and how the organization proposes to adapt to climate
change. Cranfield University developed a framework that Defra could use to evaluate
the risk assessment component of the adaptation reports. The evaluation framework
consists of eight attributes related to the use of data, managing uncertainties, adap-
tation priorities and outcomes of the assessment, and monitoring of effectiveness, as
shown in Table C.12. Each of the attributes includes numerous subattributes that are
used to score the attribute as being not present, partially complete, complete, or com-

I Note that the “plan quality” portion of the framework developed by Baker et al. (2012) for assessing climate

change adaptation plans could also be discussed as a planning metric. For brevity, we do not repeat that discus-
sion here.
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Table C.12
Evaluation Framework for Risk Assessments Under the UK Climate Change Act 2008

Number Attribute

1 Climate change risk assessment is a clear component of corporate risk appraisal.

2 Climate change risk assessment enables the Reporting Authority to make evidence based
decisions on adapting to climate change.

3 Demonstrable use of relevant and appropriate data, information, knowledge, tools and
methodologies

4 Climate change risk assessment and adaptation measures explicitly consider uncertainties.
5 Climate change risk assessment generates priorities for action.

6 Climate change risk assessment identifies opportunities (where applicable).

7 Clear demonstration of flexible adaptation measures

8 Monitoring and evaluation of adaptation effectiveness

SOURCE: Drew et al., 2010; Crown Copyright, Open Government License v3.0.

plete and fully integrated (Drew et al., 2010). Table C.13 shows the subattributes for
Attribute 4, “Climate change risk assessment and adaptation measures explicitly con-
sider uncertainties.”

Defra received nearly 100 reports in the first round of reporting, from Decem-
ber 2010 to December 2011.2 Reviewers of these reports note that “the Evaluation
Framework has for the most part proved to be a valuable tool, providing objective,
standardised assessments of the reports” (Centre for Environmental Risks and Futures,
2012, p. 12). The next round of reporting will take place from July 2013 to 2016, and
a summary of evidence of outcomes will be included in the next Climate Change Risk
Assessment report, due for release in January 2017 (UK, 2014).

Evaluating Adaptation to Climate Change Health Risks
A number of evaluation frameworks have been proposed in the academic literature
without being associated with specific government policies or programs. Fiissel (2008),
for example, offers 14 criteria for evaluating adaptation planning processes and applies
these criteria to national and international guidance documents (Table C.14). How-
ever, the criteria do not include specific indicators, indicators, or thresholds that would
help assess whether a particular planning process meets or fails to meet a particular
criterion (Fiissel, 2008).

Fiissel (2008) applies these criteria to several climate change guidance docu-

ments and models for environmental epidemiology: IPCC Technical Guidelines, the
United States Country Studies Program (USCSP) Handbook, the UNEP Handbook,

2 Reports are archived at Department for Environment, Food and Rural Affairs, 2012.
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Subattributes and Evidence for Attribute 4 of the Evaluation Framework for Risk

Assessments

Subattribute

Not Complete

Partially Complete

Complete

Complete and Fully
Integrated

4.1. Reporting
Authority’s

risk assessment
includes a
statement of the
main uncertainties
in the evidence,
approach and
method used in
the adaptation
plan and in the
operation of the
organization.

4.2. Reporting
Authority’s
adaptation
responses explicitly
account for
uncertainties and
interdependencies
of actions,
including the
actions of others
on the adaptation
plan.

4.3. Reporting
Authority’s
adaptation plan
includes a clear
statement of
assumptions which
are well evidenced
and justified.

Identification of
main uncertainties
in the evidence,
approach and
method, but little/
no consideration
of how this affects
the overall risk
assessment

Some indication
of how the
adaptation
response can deal
with uncertainty,
and identification
of other
organizations
that may impact
on adaptation
response

Statement of
assumptions within
adaptation plan
but not how these
impact on the
resulting actions

Explicit discussion
of the key
uncertainties in
the evidence, in
the risk assessment
approach, with
implications for
the risk assessment
findings

Good coverage
of how the
adaptation
response is robust
to uncertainties,
and discussion
of the extent

to which
management of
the Reporting
Authority’s risks
are contingent
on other
organizations’
actions

Rationale for

the assumptions
made, set within
an organizational
context, so
establishing the
credibility of
assumptions, and
discussion of how
they impact on
the findings and
how they can be
addressed

Exploration of the
sensitivities of the
risk assessment to
key uncertainties,
with alternative
actions for
priority risks that
are vulnerable

to underlying
uncertainties

Full coverage of
how the adaptation
response is robust
to uncertainties,
and exploration

of the sensitivities
of others’ actions
on the Reporting
Authority’s risks,
together with plans
to address these

Exploration of
the sensitivity of
adaptation plan
to underlying
assumptions

SOURCE: Drew et al., 2010, p. 21; Crown Copyright, Open Government License v3.0.

the United Kingdom Climate Impacts Programme Framework for Climate Adapta-
tion, the United Nations Development Program Global Environment Fund’s Adapta-
tion Policy Framework, and the World Health Organization—Health Canada Assess-
ment Framework. Fiissel (2008) finds that none of the guidance documents adequately
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Table C.14

Criteria for Assessing Adaptation to Climate Change Health Risks
Number Criteria

1 Clear procedural structure*

2 Flexible assessment procedure*

3 Prioritization of assessment efforts

4 Identification of key information needs*

5 Inclusion of key stakeholders*

6 Choice of relevant spatial and temporal scales

7 Balanced consideration of current and future risks*

8 Management of uncertainties*

9 Policy guidance in the absence of quantitative risk estimates*
10 Prioritization of adaptation actions*

1 Mainstreaming of climate adaptation*

12 Cross-sectoral integration*

13 Disease-specific methods and tools

14 Assessment of key obstacles to adaptation*

SOURCE: Adapted from Fussel, 2008.

NOTE: These criteria are specifically aimed at human health effects, but most
are more broadly applicable (denoted with an asterisk).

address all criteria, suggesting that assessments of plans must use guidance from several
documents simultaneously.

Preston et al.’s Framework for Evaluating Adaptation Planning

Consistent with our findings in this review of monitoring frameworks, Preston et al.
(2011, p. 411) argue that many evaluation frameworks and criteria are ad hoc and
unsystematic:

The lack of consensus among guidance instruments highlights the fact that a sys-
tematic approach to monitoring and evaluation for climate change adaptation has
yet to emerge, and the capacity to undertake such monitoring and evaluation and
incorporate it into adaptation policy is lacking.

In response to these shortcomings, Preston et al. (2011) offer a new framework,
arguably developed with a more rigorous methodology. The framework draws on logi-
cal framework analysis (LFA):
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‘The LFA approach incorporates the analysis of (a) the relationships among program
goals and objectives; (b) the activities by which those objectives may be realized;
(¢) the inputs and resources required to undertake those activities; and (d) the out-
puts that emerge from the execution of identified activities. Each of these may be
associated with one or more indicators as well as a host of underpinning assump-
tions (Preston et al., 2011, p. 414).

Corresponding to these steps, the framework defines four stages of adapta-
tion planning: (1) goal-setting (to capture relationships between goals and objec-
tives), (2) stock-taking (to identify inputs), (3) decisionmaking (to allocate inputs and
resources), and (4) implementation and evaluation (to realize the outcomes). Preston
et al. then reviewed 20 guidance documents for adaptation planning to identify the
19 process-based evaluation criteria shown in Table C.15. A score of 0, 1, or 2 is pos-
sible for each criterion, indicating no evidence, evidence with limitations, and strong
evidence, respectively. Thus, the total possible score is 38.

Preston et al. (2011) examined a variety of characteristics across the 57 adaptation
plans. They report that the average score was 14 (37 percent of the total), ranging from
a low of 6 out of 38 (16 percent) to a high of 22 out of 38 (61 percent). They found that
local plans scored slightly higher than regional or national plans, hypothesizing that
this may suggest that it is easier to develop detailed plans when the geopolitical scope
is limited. However, in the last several years, the quality and depth of adaption plans
has improved significantly (see Georgetown Climate Center, 2016, for a full listing).

Preston et al. (2011) also found that many adaptation plans are politically risk-
averse. These plans avoid mention of adaptation actions that seek to manage unavoid-
able loss, such as spreading risk through insurance. The authors hypothesize that the
public’s expectation of government is to protect and preserve, and that institutions are
loath to acknowledge that not all losses can be avoided.

Finally, Preston et al. (2011) found that many adaptation actions cited in adapta-
tion plans were no- or low-regret and included actions that governments would take
anyway for other environmental or risk management reasons. They suggest that this
near-term view may have long-term consequences (p. 425):

This emphasis on short-term benefits may hinder the implementation of adapta-
tion actions needed to secure long-term resilience, such as enhanced investments
in long-lived infrastructure to ensure it is robust against potential climate change

decades in the future (Fankhauser et al., 1999).

Summary of Planning Indicators

In this section, we reviewed three frameworks for indicators for evaluating the qual-
ity and characteristics of climate change adaptation plans and the processes used to
develop those plans. The first is the United Kingdom’s evaluation framework for assess-
ing public agencies’ adaptation reports. While Defra has received and evaluated many
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Table C.15

Evaluation of Adaptation Planning Stages and Criteria to Evaluate Them

Adaptation Adaptation

Stage Stage Descriptions Processes Criteria Descriptions
Goal-Setting Establishing what decision- Articulation of Establishing the objectives,
(Goals, makers seek to achieve objectives, goals goals and priorities for
Objectives, through adaptation and how and priorities adaptation

Purpose) performance with respect

Stock-Taking
(Inputs)

to obtaining goals will be
determined

Identification of

success criteria

Assessment of
human capital

Assessing institutional assets
and liabilities that facilitate
or hinder adaptation
planning and policy
implementation. As such, this
stage effectively represents
an assessment of adaptive
capacity. However, to further
discriminate between
different components of
adaptive capacity, this

stage was conceptualized

as assessment of five

stocks of capital relevant

to adaptation, based upon
the sustainable livelihoods
literature (Ellis, 2000; Nelson
et al., 2005, 2007; lwanski et
al., 2009).

Assessment of
social capital

Assessment of
natural capital

Assessment of
physical capital

Consideration of what
successful adaptation will look
like and how it will be measured

Consideration of the existing
skills, knowledge and
experience of individuals
responsible for adaptation
planning and implementation

Consideration of the existing
governance, institutional and
policy contexts for adaptation,
including the capacity

and entitlements of those
institutions, organizations
and businesses responsible

for designing, delivering and
implementing adaptation
measures

Consideration of natural
resource stocks and
environmental services which
are sensitive to climate and/or
integral in the management of
climate risks

Consideration of material
culture, assets and
infrastructure that is sensitive
to climate and/or integral in the
management of climate risks
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Table C.15—continued

Adaptation
Stage

Stage Descriptions

Adaptation
Processes

Criteria Descriptions

Decisionmaking
(Activities)

Processes associated with
determining what adaptation
policies and measures are
appropriate. This stage
encompasses a variety of
tasks, from engaging with
stakeholders about preferred
adaptation responses,
assessment of climate and
nonclimate system drivers,
assessment of impacts,
vulnerability and risk and the
prioritization of different
adaptation options and their
harmonization with existing
policy structures.

Assessment of
financial capital

Stakeholder
engagement

Assessment of
climate drivers

Assessment of
nonclimate drivers

Assessment

of impacts,
vulnerability, and/
or risk

Acknowledgement
of assumptions and
uncertainties

Options appraisal

Consideration of stocks and
flows of financial resources and
obligations within and among
individuals and institutions
including cash revenue, credit
and debt and mechanisms for
financial risk management

Engagement of relevant
stakeholders and communities
throughout the adaptation
process

Consideration of historical
climate trends, current climate
variability and future climate
projections

Consideration of variability and
trends in other environmental
and socioeconomic factors
relevant to the system of
interest

Assessment of the impact of
changes in climate, vulnerability
or resilience to those changes
and the relative importance of
climate and nonclimate risks

Transparency about the
assumptions made to establish
those impacts and risks and the
uncertainties involved in their
estimation

Identification and comparison
of different adaptation options
and a means for selecting
between them
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Table C.15—continued

Adaptation Adaptation
Stage Stage Descriptions Processes

Criteria Descriptions

Exploitation of
synergies

Mainstreaming

Implementation Processes associated with the Communication
and Evaluation  implementation of preferred and outreach
adaptation options which
may include communication,

the removal of barriers

and the assignation of

roles and responsibilities.

In addition, this stage

also includes downstream
processes associated with
monitoring and evaluation of
implemented actions.

Definition of roles

and responsibilities

Implementation

Monitoring,
evaluation and
review

Identification of where
opportunities exist to
implement adaptation in a
manner that promotes synergies
with existing policies or plans,
including mitigation

Identification of ways in which
climate change adaptation

can be institutionalized or
embedded into existing or new
policies and plans

Communication and
dissemination of adaptation
plans and any downstream
outcomes to the appropriate
stakeholders and communities

Establishing who is responsible
for different aspects of an
adaptation strategy

Establishing the mechanisms
that will allow implementation
of adaptation measures

Establishing a system of
monitoring and evaluation

that allows the performance

of adaptation to be assessed
against success criteria and for
review of inputs and procedures

SOURCE: Preston et al., 2011, pp. 416-417. Used with permission.

reports using this framework, we have not been able to find the results and therefore
cannot draw conclusions about the usefulness of the framework. The second is Fiissel’s
framework for assessing health risk adaptation. While the criteria are largely transferable
to nonhealth issues, the framework does not include specific indicators or indicators.
The third, Preston et al’s framework, is perhaps most promising and relevant
for climate change adaptation in cities. It pays particular attention to methodological
rigor and is grounded in an LFA approach. The authors also apply it to a large number
of adaptation plans from several countries. Like other metric frameworks, the authors
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describe adaptation planning as a linear four-step process (goal-setting, stock-taking,
decisionmaking, and implementation and evaluation) that is consistent with the logi-
cal framework analysis, and they offer climate change-specific indicators for evaluating
progress within those steps. However, they extensively discuss issues concerning risk
governance: the need for integrating climate change adaptation planning into more
complex institutional, organizational, and governance contexts and the use of evalua-
tions of the planning process to describe the shortcomings of adaptation plans in this
regard. This suggests that the framework may be suitable to integration into a more
complex framework for adaptation planning that takes these interactions into account.

Project and Portfolio Indicators

The international development community has spearheaded much of the work on
adaptation indicators, largely to monitor and evaluate individual projects and portfo-
lios of projects that they fund (Bours et al., 2013). These indicators focus on specific
project impacts and outcomes and may complement broader indicators for adaptation
in cities by helping to assess projects and policies that cities undertake as part of their
broader adaptation efforts. They may also offer insights on what adaptation looks like
in practice, particularly in terms of implementation.

Nearly every major development organization has created its own metric frame-
works for monitoring and evaluating climate change adaptation projects. Several
researchers have recently reviewed these frameworks for indicators. Therefore, we pro-
vide a brief summary of the second-order literature with examples but do not provide
an in-depth review of the larger set of such indicators.

Lamhauge et al.’s Review of Indicators from International Development Agencies

Lamhauge et al. (2012) reviewed commonalities in monitoring and evaluation frame-
works from six international development agencies. They found that most agencies use
Results-Based Management (RBM), which has become mainstream in the development
community and implements a logical framework approach for project management.
RBM uses program logic models to articulate how project inputs and activities trans-
late into results, defined as outputs, outcomes, and impacts (ADB, 2006). Table C.16
provides an example of a “logframe” (logical framework) from a Swiss Agency for
Development and Cooperation project on building community awareness of climate
change.? Like other frameworks, the use of indicators for measuring outputs, outcomes,

3 Alogframe is a matrix that implements the components of a logical framework analysis. It structures the main
elements in a logical framework analysis and notes the linkages between them. A standard logframe has as rows
the goals, purpose, objectives, outcomes, outputs, and activities for a project or initiative. The columns assess the
outputs and key activities, indicators, means of verification, and important assumptions of each row (USAID,

2003, p. 2).
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Table C.16
Logframe from the Swiss Agency for Development and Cooperation (SDC)
Means of
Level Description Indicator Verification Assumptions
Community aware of localized climate change information and have access to advisory
Output 2.2 services
Activity 2.2.1  Test and establish 1. Optimal number 1. Monitoring  The required
agromet stations of agromet stations reports information regarding
(incl. soil moisture, established to service 2. Agromet meteorological data/
hydrological project villages data weather conditions/
parameters, etc.) and 3. Documented climate change
water budgeting tools protocols and s available and
tools accessible
2. Protocols and tools
for water-budgeting
developed
Activity 2.2.2  Risk reduction 1. Local disaster Documented
strategies and management plans DRR protocols
measures for slow exist and put in place  exist
and rapid disaster
events developed and
advisories generated
2. Disaster Monitoring
management reports
committees at village
level are in place
3. No. of advisories Advisories Insurance companies
on water use, are willing to partner
crop planning and WOTR and develop
management, pest suitable products
management, etc.,
issued
4. No. and type Insurance
of (disaster products
risk reduction)
instruments—e.g.,
insurance instruments
promoted
Activity 2.2.3 Integrate indigenous Methodology Relevant Various experts
knowledge and and mechanisms documents appreciate the need
scientific knowledge developed for for [indigenous
toward climate change integration of knowledgel]
preparedness (disaster  [indigenous integration and agree
preparedness, early knowledge] with on methodology
warning systems, etc.)  scientific knowledge
Activity 2.2.4 Continuously monitor Various desk studies/  Synthesized Meaningful

emerging data

from national and
international studies
and collaborate with
NDMA and others

synthesis reports
available and number
of exchanges/
meetings

reports

disaggregated data
and studies available
and accessible

SOURCE: Lamhauge et al., 2012. Used with permission.

NOTES: DRR = disaster risk reduction; NDMA = National Disaster Management Authority; WOTR =
Watershed Organisation Trust.
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and impacts is central to the approach. The authors assess common indicators used by
these agencies in each of five adaptation areas: (1) climate risk reduction; (2) policy and
administrative management for climate change; (3) education, training, and awareness
on climate change; (4) climate scenarios and impact research; and (5) coordination on
climate change measures and activities across relevant actors. Table C.17 shows indica-
tors common to risk reduction projects. The authors offer modest conclusions and les-
sons learned across these six frameworks, such as the following:

Table C.17

Common Indicators on Risk Reduction

Indicators CIDA DFID DGIS JICA SDC Sida
No. of households/ X X X

communities participating
in afforestation/improved
agricultural practices/
watershed management

Area of afforestation (m?/ X X
ha)
Impact of flood (no. X

of people affected,
inundation depth,
duration, value of flood
damage)

No. and type of DRR X
instruments (e.qg.,

insurance instruments)

promoted

Early warning system in X
place

Construction of climate- X
proof infrastructure

Percentage of population X X X
with improved and

sustainable access to

water sources

No. of (people benefiting X X X X X
from) water, livestock, and

natural risk management

projects

No. of households that X X X
seek out, test, adapt, and

adopt ideas and practices

that strengthen their

livelihoods

SOURCE: Lamhauge et al., 2012. Used with permission.
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* The six agencies most often use RBM and LFA for their monitoring and evalua-
tion frameworks.

* Qualitative, quantitative, and binary indicators should be used, regardless of the
type of adaptation activity being undertaken.

* Defining baseline values and the project scale are important considerations for
choosing indicators.

Lamhauge et al. (2012) also raise a (largely unanswered) question of how these
individual indicators can and should be used to capture overall adaptation progress:

[TThe different approaches used by the agencies—particularly in the context of
climate risk reduction—raise the question of whether to use detailed indicators
corresponding to every component of an intervention or if a more aggregate mea-
sure that captures reduction in overall climate vulnerability is preferable. The
answer for this is likely to depend on the type and the scale of the activity. For risk
reduction measures, a general assessment on vulnerability may be more appropri-
ate than, for example, for training activities aimed at increasing people’s adaptive
capacity through the introduction of new livelihood activities (Laumhauge et al.,
2012, p. 43).

The answer to this question regarding detailed versus aggregate indicators may
provide insights on how these project- and portfolio-level indicators can be used to
measure adaptation progress in aggregate in cities.

Bours et al.’s Review of Indicators from Development Agencies and Other NGOs

Bours et al. provide an annotated summary of 16 monitoring and evaluation frame-
works specifically aimed at international development projects and programs from
nearly as many development organizations and NGOs. They found that earlier frame-
works were conceptually strong but weak and oversimplified in practical application.
They report a trend toward aggregating indicators to report on higher-level outcomes.
This may be necessary for transforming project and portfolio indicators into city-wide
measures of adaptation. However, they argue that “there is concern regarding con-
siderable methodological pitfalls and challenges when transforming qualitative, local,
participatory data into quantitative targets in this way” (Bours et al., 2013, pp. 60—61).
They further note that while many evaluation frameworks press for process-based indi-
cators, more recent frameworks focus on outcome indicators rather than process indi-
cators. The authors hypothesize that this reflects the difficulty of aggregating process-
based indicators. Finally, the authors question whether the monitoring and evaluation
frameworks fail to identify maladaptation—that is, projects may score well with
respect to a framework’s indicators but ultimately result in incorrect adaptation or do
not meaningfully contribute to adaptation. To mitigate the risk of maladaptation, the
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risk governance framework proposed in Chapter Three emphasizes the need for itera-
tive risk management, learning, and adaptive planning.

Summary of Project and Portfolio Indicators

Most major development and aid organizations have developed a monitoring and eval-
uation framework to assess the climate change impacts of their projects. These frame-
works draw extensively on the RBM and LFA approaches that have become standard
for general project evaluation in this community. These frameworks may hold promise
for cities as they seek to evaluate specific climate change adaptation projects. These
frameworks are not yet designed to provide indications of aggregate progress in climate
change adaptation at the local, regional, or national level:

[There is a] need to situate the evaluation of specific interventions within broader
country objectives. In the context of adaptation, this would mean complementing
individual project and programme evaluations with overall assessments of trends
in countries’ vulnerability to climate change. A framework for linking individual
assessments with national level assessments could help to broaden the focus from
the means of achieving outcomes (individual interventions) to the desired end
result (countries’ becoming less vulnerable to climate change). By doing so, the
combination of country-level monitoring and project level M&E should highlight
the issues of whether the overall level of action is sufficient, how the distribution of
vulnerability is changing and whether the composition of interventions is coher-
ent. There is a need for further research to operationalise this type of approach
(Lamhauge et al., 2012, p. 44).

This may prove to be one of the challenges in cities using these indicators in
practice.






APPENDIX D

Overview of Responses to Climate Change in Urban Areas
of the United States

For over a decade, local governments across the United States have been developing
climate change mitigation plans to achieve reductions in GHG emissions. Mitigation
actions in urban areas typically focus on energy conservation, low-carbon energy pro-
duction and use, design, and energy use in commercial and residential buildings, trans-
portation, industry, and waste management. Mitigation actions intended to reduce
concentrations of GHG in the atmosphere may either reduce sources or enhance sinks.

More recently, growing concerns about the impacts of climate change to people
and assets (with or without emissions reductions) have motivated local governments
to undertake climate change adaptation planning as well (Aylett, 2014). Adaptation is
not a substitute for efforts to reduce GHG emissions, but rather an acknowledgment
that climate change is already under way, regardless of the success of mitigation or lack
thereof. With the large inertia in the global climate system, the benefits of mitigation
are unlikely to be felt for some time. Therefore, at a minimum, cities and regions are
compelled to plan for change over the next several decades.

Adaptive actions may include everything from sea walls, barriers, and bulkheads
to beach nourishment, elevation of buildings, and rezoning. Many of these actions
involve construction, reconstruction, or reconfiguration of infrastructure. They could
cost the United States between tens and hundreds of billions of dollars annually
(Sussman et al., 2014).! Many of these adaptation efforts will occur in urban areas that
encompass multiple local jurisdictions, many separate state and local agencies, federal
government assets, and sometimes several states. As the scale and urgency of climate
change impacts grow, some urban areas are initiating adaptation planning, often under
the banner of increasing resilience, with encouragement from the federal government
(HUD, 2014b). However, thus far, the extent of comprehensive planning and imple-
mentation remains limited in all but a few areas.

1 Sussman et al. (2014) report that estimates vary widely because they use different methodologies and examine

costs over different time scales, assumptions about climate change, and aggregation levels (regional, by sector,
etc.), but in general, costs are cumulative through the year 2100.
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The 2014 National Climate Assessment (Bierbaum et al., 2014, p. 671) concluded:
“Substantial adaptation planning is occurring in the public and private sectors and
at all levels of government; however, few measures have been implemented and those
that have appear to be incremental changes.” In this appendix, we describe the current
state of practice in climate change mitigation and adaptation in U.S. urban areas. Our
emphasis here is on understanding and characterizing the effectiveness of adaptation
practices in particular, because that has thus far proved to be the more challenging
task from an urban governance perspective. This discussion provides the background
for our consideration in Chapter Two and Appendix B of alternative conceptual frame-
works for thinking about adaptation processes and a system of forward-looking indica-
tors in support of adaptive planning and decisionmaking. Looking through the lens
of a risk governance conceptual framework, we summarize indicators and evaluation
frameworks in Chapter Four that have been developed to track progress on climate
change adaptation in the United States and elsewhere.

Given the limited implementation of climate change adaptation in U.S. cities,
the literature summarizing the state of practice in U.S. cities is perhaps understand-
ably sparse. We focus as much as possible on practices in U.S. cities but draw examples
from around the world as appropriate. The following sections synthesize the available
literature on planning that

* describes some of the motivating factors that spur local governments to develop
climate change adaptation plans

* characterizes the cities’ progress in adaptation planning

* summarizes the most common components of climate change adaptation plans.

Overall, we find that U.S. cities have only recently been giving attention to climate
change adaptation, and this has largely been motivated by citizens, advocacy groups,
mandates, and weather-related drivers. Mazmanian et al. (2013) offer an intriguing set
of hypotheses, collectively called a paradox, about why adaptation has lagged behind
mitigation in California, noting that the “think globally, act locally” maxim has been
turned on its head. In their assessment, adaptation is more challenging “substantively
and politically.”

Surveys of adaptation action plans confirm that, until recently, most activities
related to climate change focused solely on mitigation (Wheeler, 2008; Aylett, 2014).
Nevertheless, there is a growing interest in adaptation planning. Most cities are still
only at the awareness-building and assessment phase; few have reached any stage of
implementation. In cases where cities have articulated action plans, actions focus
largely on capacity building, education, and other “soft” interventions not involving
construction activities. Although beyond the scope of this review, the lack of progress
from awareness-building and assessment to implementation begs a review of the barri-
ers to adaptation and enablers of organizational change.
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Mitigation Initiatives in Urban Areas

The most extensive mitigation efforts under way in the United States are in California,
a consequence of the state’s two landmark bills: Assembly Bill 32 (State of California,
2006), which sets a target for reductions in the state’s emissions to 1990 levels by 2020
and then an 80-percent reduction by 2050; and Senate Bill 375 (State of California,
2008), which requires that MPOs in the state develop sustainable community strate-
gies that demonstrate how the region will reduce GHG emissions through integrated
land use and transportation planning. However, there is no requirement that cities and
counties adjust local land use plans to reflect these regional plans, nor is state fund-
ing contingent on these plans. Instead, the law is built on a suite of incentives through
streamlined environmental review.

In a recent survey, the U.S. Conference of Mayors (2014) found that 53 percent of
its members said that their cities had committed by official act to reduce GHG emis-
sions. Almost half of all cities reported having conducted a GHG emissions inventory.
The U.S. Conference of Mayors survey also asked cities about their preferred means of
engaging communities, advancing their energy and climate goals, and the most prom-
ising technologies to reduce energy use and GHG emissions. Even with this level of
activity, the absence of overarching federal policy and international agreements has dis-
couraged many cities and states from imposing requirements for emissions reductions
that would place private enterprises operating in their jurisdictions at a disadvantage
relative to competitors operating in places without binding limits.?

Motivation for Climate Change Adaptation Planning in Urban Areas

Until recently, adaptive responses to climate change in the United States largely
occurred locally because limited federal policies around climate change and the geo-
graphic variability of climate change impacts (Cruce, 2009, p. 16). However, U.S.
cities are in a period of rapid transition, and much has happened over the last several
years. The uptick in activity is likely due to a number of factors, including several major
disasters in the last ten years, beginning with Hurricanes Katrina, Gustav, and Ike in
the south; tornadoes and flooding in the Midwest; and Hurricane Sandy’s toll in the
Northeast. The release of the President’s Climate Action Plan, the launch of major ini-
tiatives of national philanthropic foundations, and growing public support for some
action on climate change in New York City, Seattle, and elsewhere have further fueled
the increased attention on adaptation activities, most of which have proceeded under
the banner of increasing resilience. The Obama administration is moving toward issu-

2 On June 2, 2014, the U.S. Environmental Protection Agency proposed a Clean Power Plan rule to limit

carbon pollution from power plants. This proposed rule represents the most significant step to date toward bind-
ing federal limits on GHG emissions (EPA, 2016).



110 Urban Responses to Climate Change: Framework for Decisionmaking and Supporting Indicators

ing guidance to all agencies regarding the incorporation of resilience principles into
non—disaster recovery program activities. These resilience guidelines were originally
developed to apply to the New York—New Jersey region affected by Hurricane Sandy
in 2013 (Finucane et al., 2014).

As summarized in Table D.1, national and transnational governance networks
have helped support local climate change responses (Bulkeley, 2010, p. 234). One such
national network is the U.S. Conference of Mayors, which developed a U.S. Confer-
ence of Mayors Climate Protection Agreement (MCPA) initiative in 2005. Since then,
1,060 mayors from the 50 states, the District of Columbia, and Puerto Rico have
signed the MCPA, committing “to reduce emissions in their cities to seven percent
below 1990 levels by 2012,” consistent with the target reduction outlined in the Kyoto
Protocol (U.S. Conference of Mayors, 2015).

Another network of local governments, the International Council for Local Envi-
ronmental Initiatives, now called ICLEI—Local Governments for Sustainability, cur-
rently has 450 member cities and counties across 46 states (ICLEL, 2015). Like the
MCPA, ICLEI initially sought to encourage cities to commit to reducing GHG emis-
sions. Surveys of adaptation action plans confirm that most activities related to climate
change focused on mitigation (Wheeler, 2008). Nevertheless, there is a growing inter-
est in adaptation planning. ICLEI now describes itself as “the leading global network
devoted to local governments engaged in sustainability, climate protection, and clean
energy initiatives” and encourages its members to include adaptation in their climate
change response (ICLEI, 2015).

While participation in climate change response programs may reflect an initial
expression of interest in climate change (or possibly motivate such interest), research
indicates that adaptation initiatives are often the result of a combination of place-
specific concerns about future climate change impacts and other factors (Ford et al.,
2011). One study by Wallis et al. (2011) surveyed regional planning organizations
(RPOs), including MPOs and councils of governments, and found that several types
of weather events triggered interest in adaptation. A majority of respondents identi-
fied increasing frequency of extreme weather events and flooding as factors; approxi-
mately half indicated droughts; and a third reported sea-level rise as concerns (Wallis
et al., 2011). Ford et al. (2011) conducted a literature review of peer-reviewed publica-
tions related to adaptation in developed nations. They also found that experiencing an
extreme weather event can induce climate change adaptation efforts.

The literature also suggests several non—weather-related factors:

* political changes, such as the election of a new leader who makes responding to
climate change a priority (Ford et al., 2011)

* pressure from citizens for protection from the effects of climate change (Sippel
and Jenssen, 2009)
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Major Organizations Supporting Local Climate Initiatives

Name

Parent
Organization

Purpose

Mayors Climate
Protection
Agreement (U.S.
Conference of
Mayors, 2005)

Cities for Climate
Protection (ICLEI,
2005)

100 Resilient
Cities Initiative

C40 Cities Climate
Leadership Group

Georgetown
Climate Center
(2015)

Center for
Climate and
Energy Solutions
(2015)

U.S. Conference
of Mayors

International
Council for Local
Environmental
Initiatives—Local
Governments for
Sustainability

Rockefeller
Foundation

Bloomberg
Philanthropies

Georgetown
University

Independent
(formerly the
Pew Center on
Global Climate
Change)

Participating cities are committed to strive to meet or beat the
Kyoto Protocol targets in their own communities; urge their state
governments, and the federal government, to enact policies and
programs to meet or beat the GHG emission reduction target
suggested for the United States in the Kyoto Protocol—7%
reduction from 1990 levels by 2012; and urge Congress to pass
bipartisan GHG reduction legislation to establish a national
emission trading system.

The Cities for Climate Protection campaign assists cities in
adopting policies and implementing quantifiable measures to
reduce local GHG emissions, improve air quality, and enhance
urban livability and sustainability.

This initiative is focused on making cities resilient against large
shocks—such as earthquakes, fires, and floods, etc.—and against
day-to-day stressors that make urban areas vulnerable to adverse
events. Participating cities receive support for developing a
resilience strategy and access to private and public sector tools to
implement that strategy.

C40 is a network of some of the world’s largest cities taking
action against climate change through reduction of green
house gas emissions and climate risks. Policies are centered on
measurable and scalable action at the city and local level.

The nonpartisan Georgetown Climate Center seeks to advance
effective climate, energy, and transportation policies in the
United States—policies that reduce GHG emissions and help
communities adapt to climate change.

The center’s purpose is to provide reliable, timely, impartial
information and analysis on the scientific, economic,
technological, and policy dimensions of climate and energy
challenges. The center brings together business, the
environmental community, other stakeholders, and policymakers
to achieve common understandings and consensus solutions. The
center also works closely with policymakers and stakeholders to
promote pragmatic, effective policies at the state, national, and
international levels.

* local government’s desire to have a “green” reputation to attract new businesses
and workers (Sippel and Jenssen, 2009)
* the presence of state and federal mandates or initiatives (Wallis, 2011; Tang et al.,

2010).

In the study of RPOs mentioned above, Wallis et al. (2011) found that just over
half of RPOs confirmed that state or federal initiatives, be they mandatory or volun-
tary, were motivating factors. Tang et al. (2010) conducted a study analyzing adapta-
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tion action plans that were adopted by local governments in the United States to better
understand the quality of the plans in terms of the components of climate change
awareness, analysis of how climate change would impact the locality, and actions for
climate change mitigation and adaptation. Their analysis revealed that the quality of
adaptation action plans is significantly influenced by the presence of state mandates,
which the study’s authors believe serve as a motivation for local governments to develop
strong plans.

The role of higher government authorities is complex and may both motivate and
hinder effective adaptation planning. Carmin et al’s (2012, p. 24) survey of ICLEI
member cities from around the globe revealed that 6 percent or less of U.S. cities
reported that they had “full understanding from their national government,” and 36
percent of U.S. cities felt that the “national government does not appreciate the chal-
lenges they face and the support they need in adaptation planning.” As of 2012, less
than a quarter of survey respondents from the United States reported that “their local
officials have a strong commitment to adaptation” (Carmin et al., 2012, p. 23). More
recent survey data of ICLEI members were not available.

Progress in Adaptation Planning

The intensity of adaptation planning efforts in cities is increasing, although the peer-
reviewed literature (Lehmann et al., 2012; Bulkeley et al., 2011; Hunt and Watkiss,
2011; and Moser, 2009 and 2013) lags behind the numerous planning documents
emerging directly from cities (see Georgetown Climate Center, 2015, for a full listing).
Assessing progress, however, remains challenging.

Wallis et al. (2011, pp. 6-9) describes a simple and now widely adopted four-
phase framework to benchmark adaptation progress: awareness, assessment, planning
and recommendations, and adaptation and implementation. This framework is one of
many possible frameworks; we present others in the discussion of indicators in Appen-
dix A. In the awareness phase, the planning entity begins to think about the impacts of
climate change it may face over time. The next phase, assessment, is the period during
which the organization doing the planning analyzes how climate change will affect it.
During the planning and recommendation phase, the actual adaptation plan is formu-
lated, often using the results of the analysis conducted during the assessment phase.
The final phase in the adaptation planning process is adaptation and implementation,
during which the adaptation plan developed during the previous phase is adopted and
put into action (Wallis et al., 2011).

In 2011, Carmin et al. (2012) surveyed ICLEI members around the globe to
better understand the progress being made globally toward climate change adapta-
tion. The survey inquired about the members’ activities related to “(1) experience of
changing weather and precipitation patterns; (2) risk and vulnerability assessment;
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(3) planning activities; (4) support for and influences on planning; (5) challenges and
benefits; and (6) location characteristics.” The study found that although nearly 60 per-
cent of U.S. cities were actively involved in some form of adaptation planning, less than
a third were engaged in or had completed a climate risk assessment. Moreover, the rate
of climate risk assessment among U.S. ICLEI members was the lowest among all the
responding regions (Africa, Asia, Australia and New Zealand, Canada, Europe, Latin
America, and the United States).

Wallis et al. (2011) reported similar findings from their survey of U.S. RPOs.
96.6 percent of respondents indicated involvement in climate adaptation planning at
the awareness phase, but only 29.2 percent indicated that they had moved beyond the
awareness phase into assessment, and only 27.0 percent had reached the planning phase.
Moreover, only 8.9 percent of respondents indicated reaching the final phase of adop-
tion and implementation (Wallis et al., 2011). More recently, the U.S. Conference of
Mayors reported that 40 percent of surveyed cities were developing a climate adapta-
tion plan, and the same percentage of cities were also engaged in assessing and creating
responses to predicted climate impacts (U.S. Conference of Mayors, 2014).> The vari-
ability in results among these studies could be due to different survey pools, wording of
questions, or definition of phases. Nevertheless, these studies show that there is a grow-
ing awareness of the need for climate adaptation planning, though moving beyond the
awareness and initial plan development phases proves to be challenging.

Consistent with the above-mentioned studies, the Georgetown Climate Center
developed an online interactive tool with a listing of state and local adaptation plans,
state policies, and state agency plans (Georgetown Climate Center, 2015). The tool
enables a user to view the progress of plan implementation marked by the number of
goals achieved or in progress by sector for state-led plans: 15 states have finalized state-
level adaptation plans, eight states and the District of Columbia have state-led plan-
ning efforts under way, and 27 states have one or more finalized local adaptation plans.
A few states still do not have activities under way as of this writing (September 2016).
California and Massachusetts have over 300 discrete goals in each state-level plan.
Among the goals completed to date, most fall within planning and capacity building,
similar to the phases of awareness, assessment, and planning in Wallis et al’s 2011
framework.

Conversely, since mitigation-planning efforts have been under way in many cities
for a decade or more, mitigation actions have produced measurable reductions in GHG
emissions in several areas. As a complement to Carmin et al.’s 2012 adaptation-focused
survey of ICLEI members, Aylett’s 2014 survey focuses more on the current state of
mitigation actions among ICLEI members. When asked about their cities” focus on

3 The U.S. Conference of Mayors (2014) conducted an electronic survey on climate change mitigation and

adaptation actions between November 25, 2013, and January 14, 2014. Survey responses totaled 282, most rep-
resenting populations of 30,000 or more.
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climate adaptation and mitigation, 58 percent of U.S. respondents reported engaging
in both adaptation and mitigation; 41 percent reported focusing only on mitigation.
These results support the trend of increasing interest in adaptation planning previ-
ously discussed but also highlight that there is still significant focus only on miti-
gation actions in many U.S. cities. According to Aylett’s survey, 98 percent of U.S.
city respondents have completed a GHG emissions inventory, the first step in climate
change mitigation planning, and reported that the top areas for measurable GHG
reductions from mitigation efforts were in local government buildings, local govern-
ment fleets, residential energy use, and waste reduction.

To better understand how cities are incorporating climate change planning into
government planning processes, Aylett (2014) asked a series of questions about where
plans were documented in relation to other planning documents. Many cities reported
creating specific plans for mitigation or adaptation, as opposed to including actions
in long-range development plans, city master plans, or other relevant spatial develop-
ment plans. Among cities with specific plans, a global comparison of inaugural cli-
mate change plans to current plans shows a preference toward integrating adaption
planning with mitigation planning; however, mitigation-specific plans still outnumber
integrated plans in the United States (Aylett, 2014).4

Several barriers have been identified as obstacles to motivating the different stages
of adaptation planning in the United States, including how to handle uncertainty in cli-
mate change projections in a policy setting, lack of financial and human capital to begin
and sustain actions, fragmented decisionmaking, institutional constraints, insufficient
political leadership, and variations in risk perceptions and cultural values (Bierbaum et
al., 2014; Aylett, 2014; Mimura et al., 2014). One way that local governments are trying
to overcome these barriers is leveraging partnerships with other cities, community
groups, NGOs, and business. Several studies indicate that local governments are engag-
ing in partnerships to help design and implement climate change responses (Carmin et
al., 2012; Wallis et al., 2011; Aylett, 2014). In Carmin et al’s 2012 survey, U.S. respon-
dents cited partnerships with other cities most commonly, followed by partnerships
with community groups (35 percent and 25 percent, respectively). Similarly, Wallis et
al. (2011) found that nearly 62 percent of RPOs were working with other organizations,
including colleges, universities, state agencies, and federal agencies.

Research shows that belonging to a global climate action organization has not
necessarily resulted in climate change mitigation or adaptation actions (Krause, 2012;
Reamsetal., 2012). A survey of the implementation status of climate, energy, and trans-
portation mitigation policies in 329 cities revealed that participation in ICLEI’s Cities
for Climate Protection program had only “a small to moderate impact on the local

4 Among U.S. respondents, 47 percent cited specific mitigation plans, compared with 34 percent globally, and

25 percent cited integrated mitigation and adaptation plans, compared with 39 percent globally. Most commonly,
cities reported incorporating mitigation or adaptation actions into some other local government plan, such as
long-range development plans.



Overview of Responses to Climate Change in Urban Areas of the United States 115

implementation of GHG-relevant actions,” but the MCPA had no such effect (Krause,
2012). Further, in a study of just ICLE] members, Reams et al. (2012) assessed the
ICLEI milestone completion for 257 cities across 40 states and found that 110 of the
cities had not completed any of the milestones, and 36 had completed only one.> While
58 cities had achieved the third milestone (developing a local climate-action plan), only
31 of the cities had implemented the plans they developed. In their analysis, Reams et
al. (2012) found that the most significant predictor of milestone completion was length
of membership. These findings suggest that low rates of completion of milestones may
be correlated with the time it takes to complete each step of the process.

Similarly, Sharp, Daley, and Lynch (2011) found that the duration of ICLEI
membership was positively correlated with milestone completion; however, their study
revealed other contributing factors.® The authors found that governance form (mayor
versus city manager model), budgets, economic conditions, interest group influence,
and level of organization of nonprofit environmental groups can all shape the level
of commitment and sustainment of focus on climate-related initiatives. For example,
in mayoral cities, fiscal stress and a high ratio of manufacturing industry to other
types of industry were correlated with fewer completed milestones. Conversely, greater
numbers of environmental nonprofits and citizens with bachelor’s degrees or higher
were positively correlated with milestone completion in mayoral cities. In cities with
managers, metropolitan fragmentation, defined as “the number of general purpose
municipal governments and counties existing in a study city’s metropolitan area,” was
negatively correlated with completion of milestones (Sharp, Daley, and Lynch, 2011).
These results offer insight into some relevant factors that may influence progression
from assessment to plan implementation and evaluation.

Other campaigns and initiatives, such as the Rockefeller Foundation’s 100 Resil-
ient Cities program and the U.S. Department of Housing and Urban Development’s
(HUD’s) National Disaster Resilience Competition (NDRC), are focused on provid-
ing resources and tools, rather than just frameworks, to help cities move past awareness
and assessment phases into implementation and evaluation (Rockefeller Foundation,
2015; HUD, 2014b). These programs are focused on incorporating climate change
mitigation and adaptation actions into the broader concept of citywide resilience. That
is, these initiatives recognize that climate change responses are an integral component
of resilience but also recognize that there are other non—climate-related stressors that
contribute to city vulnerabilities (Rockefeller Foundation, 2015; HUD, 2014b). For
example, the 100 Resilient Cities program views resilience through four dimensions:

5> ICLEI milestones are (1) conduct a local GHG emission inventory, (2) adopt emission-reduction targets,

(3) develop a local climate-action plan, (4) implement the plan, and (5) monitor and verify the results.

6 Sharp, Daley, and Lynch (2011) surveyed a random sample of 122 U.S. cities with populations of at least

100,000. They were interested in identifying the factors that influenced the decision to become an ICLEI member
and factors that influenced milestone completion for member cities.
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(1) leadership and strategy, (2) health and well-being, (3) economy and society, and
(4) infrastructure and environment. The 100 Resilient Cities program has already iden-
tified 67 cities (globally) to receive financial and logistic support in hiring a chief resil-
ience officer and developing a resilience plan, access to public and private sector tools to
implement the strategy, and membership in a global network of resilience practitioners
(Rockefeller Foundation, 2015). Because this program is still young, the impact of this
initiative cannot yet be fully measured; however, the program is attempting to address
barriers to implementation through practical solutions.”

Similarly, HUD’s NDRC will fund local resilience projects for communities that
have experienced a natural disaster and will provide technical assistance and training
workshops to eligible state and local governments (HUD, 2014a). This competition
was developed in response to demand from state, local, and tribal leaders for assis-
tance in helping make their communities safer, more secure, and more resilient against
future disasters (HUD, 2014b). While this competition is based on weather-related
climate change impacts and rebuilding after natural disasters, the intent is that taking
these actions will help protect community assets, people, and economic activity by
making the whole community more resilient to future disasters. This competition is
currently in phase II of the application process and expects to announce funding in

December 2015 (HUD, 2014a).

Common Components of Adaptation Plans

Given the nascent nature of climate change adaptation—focused plans in most cities,
adaptation activities prescribed within the plans often emphasize planning and educa-
tion activities, rather than actions with measurable outcomes related to risk reduction
or improved resilience. Carmin et al. (2012) found that the most common adaptation
activities being undertaken were “(1) meeting with local government departments on
adaptation; (2) searching the web or literature for information on adaptation; (3) form-
ing a commission or task force to support adaptation planning; and (4) developing
partnerships with NGOs, other cities, businesses, or community groups.” As first steps
in the planning process, these actions assist with capacity building and increasing insti-
tutional literacy or awareness. Similarly, other scholars found that 90 percent of the
publications reviewed involved such interventions as “developing management strate-
gies, plans, policies, regulations, guidelines, or operating networks to guide current
and/or future planning” (Ford et al., 2011).

In an assessment of more advanced city adaptation plans, Tang et al. (2010) found
that “current local climate change action plans focus predominantly on the built envi-

7" The first 32 cities in the 100 Resilient Cities program were announced in December of 2013; 35 more cities
were announced in December 2014, and the last challenge for remaining spots will remain open to applicants late
in 2015 (Rockefeller Foundation, 2015).
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ronment (e.g. energy, transportation, wastes and buildings).” These findings are also
consistent with Wallis et al’s 2011 findings that the most common recommendations
RPOs reported working on were “sustainability and/or smart growth planning” and
“encouraging higher density development.” RPOs further indicated that “outreach and
education,” “infrastructure development,” and “recommendations based on best prac-
tices” were the tools they utilized to implement their plans (Wallis et al., 2011, p. 9).
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Developing indicators for successful urban responses to climate change has proven
particularly challenging. Climate change is intertwined with a wide range of activities in
urban areas. Today’s actions may have important longer-term consequences, and significant
uncertainty clouds our understanding of both the scale of future impacts and the effectiveness
of many responses. Successful strategies will likely include both “low-hanging fruit” and
fundamental, transformative change. This study proposes a decisionmaking framework and
supporting indicators for urban responses to climate change based on risk governance—

an extension of the established practices of risk assessment and management that include
considerations of institutions and their economic and social context. Urban areas commonly
contend with multiple and overlapping jurisdictions, conflicting social objectives, and

deep uncertainty about the future. For these reasons, risk governance is well-suited for
characterizing how urban areas make investment and policy decisions of major consequence.
The proposed indicators are divided into two categories: those relating to the current

and future state of the urban region and those related to the quality of the plan and the
process that produced it. The authors identified relevant indicators, organized them in their
framework, and developed an example of what these indicators might look like in actual
practice. The framework also distinguishes among three categories of actions, called tiers

of transformation. These tiers reflect an increasing challenge for implementation but also

an increasing benefit of transformational change.
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