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ABSTRACT: After Hurricanes Sandy and Katrina, governmental organizations have

placed the development of metrics to quantify social impacts, resilience, and community adaptation at the center of their agendas. Following the premise that social indicators provide valuable information to help decision makers address complex interactions
between people and the environment, several interagency groups in the United States
have undertaken the task of embedding social metrics into policy and management.
While this task has illuminated important opportunities for consolidating social and
behavioral disciplines at the core of the federal government, there are still significant
risks and challenges as quantification approaches move forward. In this article, we discuss the major rationale underpinning these efforts, as well as the limitations and conflicts encountered in transitioning research to policy and application. We draw from a
comprehensive literature review to explore major initiatives in institutional scenarios
addressing community well-being, vulnerability, and resilience in coastal and ocean
resource management agencies.
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The demand for social indicators has increased exponentially over the past 10 years. Hurricanes
Sandy, Ike, and Katrina and the Deepwater Horizon oil spill have shown important gaps in
how institutions prepare and respond to extreme events. The premise that social and economic
indicators provide valuable information to help decision makers address the complexity characterizing socioecological systems, and most critically the threats of anthropogenic-induced environmental change, has led several interagency groups to undertake the task of embedding social,
behavioral, and economic tools into policy and governance. As a result, the US Department of
the Interior (DOI), the US Environmental Protection Agency (EPA), the Federal Emergency
Management Agency (FEMA), the National Institute of Standards and Technology (NIST),
and the National Oceanic and Atmospheric Administration (NOAA) have all prioritized the
development of metrics of community vulnerability, resilience, and well-being (Biedenweg et al.
2014; Hicks et al. 2016; McBain and Alsamawi 2014).
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While the challenge of measuring and predicting social conditions in the context of climate
change is unprecedented, the task of developing social indicators is not a new one. Over the
past 50 years alone, two independent but successive programs have proposed social indicators
as means of addressing important issues in economic development, social welfare, and environmental sustainability. Initially, both indicator programs experienced considerable support,
inaugurating prolific areas of research and academic inquiry in their respective fields. Few of
these efforts, however, consolidated within institutional settings, and in the span of two decades,
the projects abruptly declined (Badham 2009; Brown and Corbett 1997; Innes and Booher 2000;
MacDowall et al. 2016).
The intent and scope of the third more recent social indicator movement has been innovative.
It has steered toward a more comprehensive treatment of community vulnerabilities and adaptability by relying on a suite of spatial, behavioral, and social science techniques that remained
unavailable or were largely unknown before. But this new effort is, much like its predecessors,
part of a larger tradition that connects states with the quantification of the social dimension and
the formulation of policy, processes, and institutions. Independent from partisan affiliation, the
indicator movement is driven by a broader policy agenda that invites academics and scientists
to revisit social measurements and the provision of social intelligence to develop management
tools (Wong 2003). In its scientific dimension, the program not only strives to answer immediate policy needs originating across different local, state, and federal agencies but also responds
to changing political priorities that are formulated in the context of an administration. In that
respect, the indicator movement designs and implements processes of centralization and decentralization of information; it legitimizes and creates institutions in the form of working groups
and regulatory frameworks (Wong 2003). Because it is tied to policy cycles at the government
and international levels that lack continuity, the indicator movement suffers from intrinsic limitations that undermine its success (Innes 1989).
As quantification approaches continue to move forward, proponents of social indicators recognize the risks and challenges in reconciling research and theory with policy. Calls have been
made for more transparent practices in how theories, frameworks, and methods are selected
among new indicator tool sets, or even data sets. However, the question remains as to what
extent the current emphasis on indicators can capitalize on prior knowledge to avoid common
missteps in setting expectations and goals and in recognizing its role within a policy agenda.
In this article, we adopt Jo Ellen Force and Gary Machlis’s definition of social indicators as
“an integrated set of social, economic, and ecological measures collected over time and primarily derived from available data sources, grounded in theory and decision making” (1997: 371).
We use this definition because it captures what we consider one of the main shortcomings in
previous indicator efforts: the lack of an explicit theoretical framework that is institutionally
embedded from its inception within a policy setting. Our main motivation is to explore the
current government initiatives addressing the development of social indicators in the context
of ocean and coastal resource use and management. The article discusses the major rationale
underpinning these efforts, as well as the limitations and challenges encountered while operationalizing notions such as resilience and adaptability in policy. Relying on a literature review of
gray and white documents originating in government settings over the past 15 years, it examines the use of indicator frameworks and the appropriateness of metrics according to stated
policy and social needs. The article is structured as follows: the first two sections explore the
historical and institutional context behind social indicators development in the United States
along with major indicators’ frameworks. The next section provides a characterization of the
methodology and sources used for the analysis. We then present main findings from content
and multidimensional scaling analyses. Finally, the last section introduces a discussion of these
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results in lieu of the current environmental and management challenges and in the context of
evidence-based governance.

The Demand for Social Indicators
Research on the socioeconomic and cultural conditions of societies has been a matter of interest
to governments for well over one hundred years (MacDowall et al. 2016). With the consolidation and systematization of state bureaucracies during the 1700s and 1800s, demographic
statistics and actuarial science began to address taxation and insurance needs by studying the
physiognomy and morphology of certain sectors of population. The professionalization of social
disciplines and methods and the generalized climate of conflict and social discontent prevalent in the late eighteenth and nineteenth centuries also contributed to the consolidation of a
numerical approach to societies (Cobb and Rixford 1998; Hacking 1990; Innes 1975). The quantification of social phenomena was perceived as a way to address government-level objectives
related to fiscal accountability, social engineering, and planned development (Foucault 2007;
Scott 1998). By the beginning of the twentieth century, most countries in Europe and in North
America had established statistical bureaus and carried out their first comprehensive population
censuses. In the early decades of the 1900s, the relationship between social policies and statistics
continued to further evolve. The first set of community indicators was developed by the Russell
Sage Foundation in 1910, and the Recent Social Trends in the United States report was published
in 1933 by US President Herbert Hoover’s Committee on Social Trends (Atkinson et al. 2002;
Brown and Corbett 1997; Noll 2004).
Despite this larger tradition in social metrics, the term “social indicator” was not formally
introduced until 1966 (Innes 1989; White 1983). With support from the National Aeronautics and Space Administration (NASA), Raymond Bauer published a compendium on social
indicator studies that summarized much of the work being conducted at the time (Land and
Spilerman 1975; Maloney 1968). Through this volume, Bauer made a concerted effort to formalize a research program for social indicator work in the United States that could explore
the social ramifications of technological progress (Ferriss 1979). The field included researchers
such as Otis D. Duncan, Kenneth C. Land, and Eleanor B. Sheldon (Innes 1989; White 1983),
and rapidly captured the attention of other academics and policy makers (McBain and Alsamawi 2014). Within the program, advocates of social indicators saw metrics as a way forward
in addressing societal problems that had remained unattended by economic statistics (Andrews
1989; Andrews and Withey 2012; Innes and Booher 2000). Along with foretelling the changes of
technological development, there was an interest in understanding issues in social cohesion and
welfare in the prosperity of the postwar era (Cohen 1969). The new type of social information
produced by indicators would serve as a “yardstick” to assess progress and ultimately improve
life quality through the design of more effective policies and goals (Bauer 1966; Innes 1989).
Because of its simplicity and the strong sense of social commitment it elicited, the idea of
adopting indicators spread to both national and international scenarios (Noll 2004). Multilateral organizations such as the United Nations (UN) and the Organisation for Economic Co-operation and Development (OECD) launched comprehensive social indicators and demographic
programs that became the standards for further social statistics work. Within the United States,
the desire to institutionalize a new system of social bookkeeping led to the introduction of the
Full Opportunity and Social Accounting Act of 1967 by Senator Walter Mondale (Sheldon and
Freeman 1970). President Lyndon Johnson’s request for a new social indicator program that
could supplement the information provided by the Bureau of Labor Statistics and the Council
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of Economic Advisers was met with the release of three reports examining social conditions
of the nation throughout the 1970s (Cohen 1969). Several other undertakings were made at
the institutional level, such as the appointment of a permanent center by the Social Science
Research Council to conduct studies on indicators. In the academic sector, new lines of research
were inaugurated or rejuvenated as unprecedented funding support was made available. A new
journal, Social Indicators Research, was created in early 1974, and important methodological
volumes on indicator development were published (Atkinson et al. 2002).
Despite this high level of activity, the political consolidation of the program in the United
States would encounter important challenges during Richard Nixon’s and Ronald Reagan’s
presidencies. The tightening of public expenditure and the redirection of the government to a
market-based approach in the early to mid-1980s placed social policy under the purview of transnational organizations (Wong 2003). The result of the structural shift in responsibilities affected
the support for the social indicator agenda, bringing the movement to a steep decline. The reduction of funding and government interest that enabled the decentralization of social intelligence
was attributed to different causes (Andrews 1989; Innes 1989; Innes and Boother 2000).
Among them was the realization that many of the goals set by the movement were far from
being reached (Land et al. 2011). Perceptions that social indicators could revolutionize policy and “lead to better social systems based on knowledge about the strength and weaknesses
of current social programs” (Andrews 1989; Andrews and Withey 2012: 3) quickly contrasted
with a stalling economy and the tense Cold War politics. The lack of results on the social and
political front was a reflection of the unrealistic expectations that proponents of the movement
had about the role of information in enabling change (Cobb and Rixford 1998). The optimism
that characterized the previous two decades of indicator work stemmed from a strong focus
on empiricism and descriptive data (Sawicki 2002). But this emphasis on inductivism and
the generation of information should not be equated with technical measures that are neutral in theoretical and political orientation (Gergen 1973; Green 2001). Many different types of
assumptions about what a society should be like or what constitutes normality were embedded
in the choice of indicators, methodological tools, and dimensions of measurement that guided
the scope of work of the movement (Badham 2009; Force and Machlis 1997; MacDowall et al.
2016; Noll 2002). Furthermore, assumptions about the role of science in informing policy and
social reform were “simplistic” and often naïve, without clear policy targets or objectives, and
providing no guidelines for the implementation of findings into actions (Innes 1989; Wong
2003). In all, the emphasis on developing new methodologies of measurement, the absence
of explicit theoretical frameworks, and the tenuous connection to decision makers ultimately
resulted in large amounts of data but no new policies (Brown and Corbett 1997). With large collections of statistical facts comprising thousands of pages, but few attempts at eliciting causality
or explanations that might increase their usability, the capacity of indicators to answer the needs
of social accounting and policy evaluation systems was questioned (Innes and Booher 2000).
In the 1990s, indicator approaches reemerged in the context of environmental conservation
(Wong 2003). During the previous decades, key pieces of legislation such as the National Environmental Policy Act (1969), the Magnusson-Stevens Act (1976), the Water Quality Act (1965),
and the Clean Air Act (1963) were passed as environmental degradation and pollution hit the
public eye. These policies instituted specific requirements in the assessment of societal and environmental impacts as a result of management actions. By the 1980s and 1990s, the NOAA, the
DOI, and the EPA began to develop and incorporate Societal Impact Assessment, or SIA, into
their programs. However, the practice was not widespread, lacking systematicity and continuity
(Pollnac et al. 2006). With numerous lawsuits won because of insufficient assessment protocols,
declining stocks of critical fishery resources, and the extinctions of key charismatic species,
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agencies began revising their own approaches to accountability in the mid-1990s (Smith et al.
2011). The Rio Earth Summit of 1992 was another influential force in the resurgence of metrics,
with an explicit call for indicators to address sustainable development in the context of environmental resources (Wilson et al. 2007).
The second wave of indicators became known as the “community indicators movement”
(Sawicki 2002), for it included a new interest in the participation of social groups and citizenship at large (see President George W. Bush’s Executive Order 13352 of 2004). Whereas earlier
approaches were directed at the investigation of trends and social conditions in the context
of welfare and life quality, the second cycle of indicator development was inspired in concrete
decision-making needs, performance evaluation, and the creation of sustainability within
broader community issues. The difference in approaches between these two cycles, however, was
only partial, as both programs shared common goals and limitations (Martínez and Dopheide
2014; Wong 2006). In terms of its shortcomings, the new movement failed to build from previous experiences, yielding hundreds of different approaches, with weak conceptual and methodological bases, and insubstantial connections with policy (Wilson et al. 2007; Wong 2003).
With the devastating impacts of Hurricanes Katrina and Rita (2005), Hurricane Ike (2008)
and, more recently, the Deepwater Horizon oil spill (2010) and Hurricane Sandy (2012), questions about the vulnerability and resilience of communities directed the attention of President
Barack Obama’s administration. Indicators have once again been featured in the conversations
of management agencies at the local, regional, and federal levels, as well as among researchers
and nongovernmental organizations dealing with coastal and marine issues. The US government has made a commitment to the incorporation of social, economic, and behavioral sciences to inform decision making and to develop actionable information (Executive Order of
15 September 2015), with a stream of financial and political support directed to the understanding of what makes coastal communities more resilient to future climate change effects, the
inclusion of ecosystem services into policy, and the adoption of socioeconomic metrics of wellbeing, vulnerability, and adaptive capacity in national assessments (see, e.g., the National Climate Action Plan of 2013 and the National Ocean Policy Implementation Plan Appendix of
2013, the Memo M-16-01 on Incorporating Ecosystem Services into Federal Decision Making).
This has resulted in the creation of several interagency working groups such as the Interagency
Working Group on Ocean Social Science (IWG-OSS) and the NOAA/FEMA/NIST collaboration Mitigation Framework Leadership Group (MFLG) to compile and draft community resilience indicators. For example, the IWG-OSS has been tasked with the review of social indicators
in coastal, ocean, and great lakes management as outlined in the Implementation Plan Appendix of the National Ocean Policy (2013).
In addition, expert workshops on social indicator development and social sciences integration such as those sponsored by the US Global Change Research Program and the NOAA’s Coral
Reef Monitoring Team have been convened to provide guidelines and recommendations on
domains of measurement (Lovelace and Dillard 2012). The Disaster Relief Appropriations Act
of 2013, referred to as the Sandy Supplemental, has provided critical funding through the DOI
for 150 projects to explore resilience. It has also led to the creation of the DOI Metrics Expert
Group (DMEG), which is tasked with recommending metrics for resilience assessment and the
determination of needs and gaps (Abt Associates 2015). In the near future, the RESTORE Act is
expected to allocate funds to the restoration and the enhancement of coastal community resilience and local economies in the Gulf of Mexico. Federal funding opportunities have already
invited applications for the “identification of currently available health/condition indicators of
Gulf of Mexico ecosystem components, including humans, followed by comparative analysis of
strengths and weaknesses and design/testing of additional indicators” (“FFO-2015” 2016).
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The demand for social metrics is only expected to consolidate in the years to come. To make
progress, it is central for current efforts to recognize the setbacks and limitations of prior indicator movements. As Judith Innes and David Booher suggest in relation to these programs, “the
‘let a hundred indicators blossom’ approach has led to information overload and unfocused
development,” hindering the potential of social sciences to influence policy (quoted in Wong
2003: 261). If trends continue, and a plethora of tools and metrics are created without consolidation or reconciliation with a common set of frameworks, we believe that current efforts will
repeat past mistakes (McBain and Alsamawi 2014). In the next sections, this article approaches
this issue and offers some consideration of current indicator frameworks, social intelligence,
and evidence-based policy making (Davies 2012). It argues that the use of particular indicators
predetermines the identification of problems and solutions, and constrains the types of interventions and decisions that local, state, and federal governments can make (Noll 2002). Therefore, more clarity is called upon for the identification of indicator frameworks and theories, as
well as the mechanics behind their implementation, which underlie many of these apparently
new monitoring systems. The process requires not only reconciling policy with measurement
and theory (or indicators with indices, domains, and frameworks), but also a careful assessment
of the policy and research contexts that give rise to quantification approaches.

Indicator Frameworks
We define the term “indicator” beyond its common use to represent a single measured variable
that quantifies the state or quality of an attribute in the world (i.e., number of households on food
stamps). It must be noted that indicators are not pure quantitative or qualitative raw data; their
value is established in reference to a baseline or a target condition (Hák et al. 2012). This suggests
that, without a theoretical framework to interpret it, an indicator by itself is of scarce use.
When several measured variables are integrated into a number or score such as the Gini coefficient or the gross domestic product (GDP), the resulting composite indicator is known as an
index (Dillard et al. 2013). In turn, indices and indicators can be combined to represent a single
semantic construct or domain (i.e., the domain of food security is composed of three indices
including access to food, affordability, and quality, also by themselves an aggregation of individual indicators) (IFPRI 2015). While domains are frequently equated to dimensions within the
terminology of measurement theory, dimensions can also represent the aggregation of several
domains into a larger entity or concept. For example, the dimension of health is commonly subdivided into the domains of mental, physical, and material health, each of them an aggregate of
indices and indicators (MEA 2005).
We consider an indicator framework to be the implementation of a theoretical concept(s)
through a set of dimensions, domains, indices, or variables and their associations (BergerSchmitt and Noll 2000; Noll 2002). During the process of implementation, also known as operationalization, choices are made regarding the mapping of concepts to empirical observations
and the aggregation of different data sources (Hueting and Reijnders 2004). These choices are
equivalent to the formulation of theoretical hypotheses about which events are important to
measure and the types of relations that may exist between observations. In short, if carefully
constructed, the theory behind an indicator framework explicitly articulates a particular understanding of the world. Most importantly, when motivated by a policy question, a framework can
enable decision makers to formulate expectations about the behavior of an institution, a social
system, or its agents, and to act on them (Hák et al. 2012).
As discussed in the previous section, one of the most fructiferous conceptual frameworks
in the field of social indicators stems from the sustainable development movement of the early
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1990s (UN-DESA 1992; Wilson et al. 2007). The goal of this approach was to assess the environmental sustainability of economic and social policies to better inform decision makers in all
spheres of government and resource management. Through the continuous advocacy of the UN
Environmental Program and transnational organizations such as the OECD or the European
Commission, the movement of sustainability led to the creation of a plethora of different sets of
indicators predominantly at the national level. Most frequently used instruments are the Ecological Footprint, the Human Development Index (HDI), the Ecological Well-Being Index (EWI),
the Sustainable Development Index (SDI), the Environmental Vulnerability Index (EVI), and
the Environmental Sustainability Index (ESI) (Dahl 2012). Initially, sustainability was defined
as the ability to protect resources for future generations by “safeguarding the vital functions” of
ecosystems and by fostering equitable economic growth and social progress (Hicks et al. 2016;
Hueting and Reijnders 2004: 249). Common metrics included a varied collection of economic,
ecological, and social attributes such as social and economic capital, economic growth and performance, life quality measures, human well-being and development, impact assessment, and
pollution and biodiversity indices (Hák et al. 2012). As the notion expanded to account for
effects and responses to climate change, sustainability frameworks also evolved to deal with
issues of vulnerability, risk, and resilience (UNEP 2015).
Building from C. S. Holling’s core definition of resilience as the capacity of a system to withstand change, the socioecological systems (SES) approach has become one of the dominant analytical theories in the study and assessment of human-environment interactions (Holling 1973,
Berkes 2006; Ostrom 2009). In the field of social indicators, SES frameworks rely heavily on the
development and application of indices to measure community resilience in terms of adaptability,
risks, and vulnerability (S. Carpenter et al. 2001). How the latter is defined has been standardized
in the vulnerability formula used by the Intergovernmental Panel for Climate Change (IPCC),
which refers to the Vulnerability-Resilience Indicator Model (VRIM) (Yohe et al. 2006). The formula proposes the construction of a vulnerability index that combines the domains of sensitivity,
exposure, and adaptive capacity comprised by the aggregation of several other indices and indicators such as GDP, income distribution, infrastructure, food security, and health. In all, SES vulnerability and resilience metrics emphasize the understanding of the critical conditions that can
enhance or impair the ability of a community to respond to extreme events, climatic hazards, and
natural or human-made disasters (A. Carpenter 2013; Cutter et al. 2009). The objective is to aid
civil and government institutions in the mitigation of and preparedness for future environmental
challenges. In addition to risk and disaster management, SES assessments have also approached
issues related to the governance and management of natural resources central to sustainability
perspectives (Walker et al. 2006). Examples of indicator sets are the Social Vulnerability Index
(SoVI), Resilience Index Measurement and Analysis (RIMA), and the Resilience Alliance tools
for sustainability assessment in environmental landscapes (SELPS) (Bergamini et al. 2013).
While there are important points of convergence between the sustainability and the SES
frameworks, there are also differences. Scholars have observed that how terms are defined can
vary, with sustainability approaches often equating the term “resilience” with “vulnerability”
(Cutter et al. 2014). Additionally, SES indicator frameworks target measurements at finer levels
both temporally and spatially, and place significant work in the development of metrics that can
be both comparable and locally relevant (Eakin and Luers 2006). Finally, because there is strong
evidence that stakeholder participation affects data quality (Smit and Wandel 2006), the SES
approach has increasingly incorporated self-assessment tools such as the Coastal Community
Resilience Index (CRI) (Sempier et al. 2010) and co-participatory mechanisms in the formulation of instruments (Biggs et al. 2012; Walker et al. 2006).
Aside from theoretical frameworks, the development of social indicators has also been
strongly shaped by specific methodological and modeling techniques used to represent and
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evaluate human-environmental interactions within a system (Le Gentil and Mongruel 2015).
The DPSIR framework and its different variants, for instance, represent complex socioecological
situations by establishing causal relations between drivers, pressures, stressors/states, impacts,
and responses (Gari et al. 2015; Kristensen 2004). Indicators become components of the model,
with variables such as demographic attributes or transportation constituting drivers of the system. On the other hand, pressures affecting the integrity of the landscape are captured by measures of resource use, industry diversity or resource dependence, emissions, and changes in land
use (Hou et al. 2014).
Another frequently used methodological technique is the Multi-Criteria Analysis (MCA),
which allows researchers to better capture decisions and their impacts by capturing preferences
in the choices of stakeholders. The method requires participants to evaluate different management scenarios through indicators and criteria (Sheppard and Meitner 2005), ultimately determining the best course for action given a context.
MCA, like stated preference, willingness to pay, and other valuation instruments, is part of a
larger group of tools used by economic approaches to assess human-environment interactions.
However, these techniques are also implemented in consonance with sustainability or SES theories and can be regularly employed during the course of impact assessment protocols to evaluate
socioeconomic consequences of policies or decisions. Traditionally, economic perspectives have
focused on the environment as an asset and an input into the production of goods and services,
adopting either a descriptive (what is) or a normative (what ought to be) approach (Tietenberg
2004). At the core of the normative approach, especially as it relates to environmental policy, is
the accounting for externalities generated from our interaction with the environment and the
impacts resulting from the production process (Cropper and Oates 1992). Economists measuring these impacts would focus on studying phenomena that fall in two broad categories: markets
(through observable prices or quantities) and nonmarket (by eliciting values and preferences).
This has changed over the past couple of decades with the emergence of the ecosystem service
approach (Boyd et al. 2015; Hou et al. 2014). Consequently, a concerted effort within economic
and environmental fields has emerged to explicitly link ecological structures and functions with
human well-being. New ecosystem service perspectives may help deal with limitations associated with current social indicator frameworks (Yoskowitz and Russell 2015). As the following
sections will discuss, some of these shortcomings arise from the lack of integration of ecological,
economic, and social dimensions in measurements, along with difficulties associated with the
transition of information into decisions and policies.

Materials and Methods
A targeted or scoping review was conducted in order to explore the current federal government
initiatives addressing the development of socioeconomic indicators in coastal resource use and
management (Booth et al. 2012).

Research Objectives
The purpose of the literature review is both aggregative (directed at answering a particular
research question) and interpretive (informing prior assertions) (Booth et al. 2012). In the first
case, the review aims to assess whether current social indicator efforts recognize and overcome
prior limitations in the explicit use of theoretical known frameworks within social indicators
and advance the integration of policy. In the second case, the review helps to further document
new insights on how the social indicator movement is changing by including the measurement
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of new phenomena. In short, the review identifies the major rationale underpinning indicator
efforts in coastal and ocean resource management over the past 15 years and sheds some light
on how vulnerability, resilience, and well-being are currently operationalized within a policy,
theory, and research context.

Scoping Process
To investigate how socioeconomic indicators are defined; what domains, dimensions, and types
of indicators are used; and the explicit linkages between theories and frameworks and the policy cycle, only white papers and publicly available reports were used. The assumption behind
this decision was that white papers and reports, given their intended audience, are compelled
to openly state the linkages among research, theory, policy, and resource management. On the
contrary, information is presented within peer-reviewed articles in a format that usually refers
to an academic audience and is not freely accessible. While this situation is rapidly changing
with a stronger emphasis on the application of knowledge to real-life management scenarios,
publication constraints on the length of manuscripts often prevent a full treatment of policy
linkages. Furthermore, peer-reviewed articles are rarely the original source of data, building
from information included in reports. Exceptions to these criteria were made when project
reports were not readily available or publications placed a special emphasis on policy dimensions ignored in the source document.

Search and Selection Processes
The search for white papers and reports was restricted to documents published from 2000 to July
2016 by government agencies operating at the federal and state levels. The search was further
narrowed to those institutions that had jurisdiction on watershed, ocean, and coastal resource
management. These included the NOAA, a branch of the US Department of Commerce; the
EPA; the US Forest Service (FS), of the US Department of Agriculture (USDA); and the Bureau
of Ocean Energy and Management (BOEM), the US Geological Survey (USGS), the National
Park Service (NPS), and the US Fish and Wildlife Service (FWS), all under the purview of the
DOI. Finally, reports originating from agency contractors or projects funded by federal grants
were also considered.
First, documents were compiled by visiting information portals, institutional websites, and
online databases from each agency. Additionally, queries were run in Web of Science and Google
Scholar online databases with the keywords “social indicators,” “environment,” and “report” to
further supplement the search. The criteria for inclusion of documents were defined as follows:
(1) explicit treatment of social indicators through the review of past efforts, the development of
new metrics, or the implementation of metrics; (2) explicit use of quantitative and/or qualitative
data sets; (3) no replication of information (information is original unless thematically integrated); and (4) the inclusion of metrics that were social or socioeconomic in nature and that
referred to coastal or ocean resource management or coastal zone management.
In the second phase of the search and selection process, approximately 208 documents were
filtered by reading abstracts and conclusions. Duplicate reports and non-US-related documents
were removed, bringing the total number of items to 97. To prepare reports for statistical and
content analyses, documents were added to an Excel spreadsheet. In the database, an entry was
created for each item with the following columns: agency, title, full citation, year of publication,
location, definition of indicator and intent of report, domains of indicators, list of indicators,
characteristics of the target population (sample size, unit of analysis), limits, benefits, connections to policy implementation, and observations.
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Analysis
The content analysis was restricted to documents that included indicators, indices, domains and
dimensions, or indicator frameworks in order to elicit common themes in measured areas (Bernard 2006; Weller 2007). Content analysis allows for the semantic organization and classification of reports in order to identify relations to key research questions. After proper formatting,
cleaning, and depuration of entries with Anthropac 4.98, basic summary statistics were derived
to characterize the sample. Given the large number of unique indicators, indices, and domains,
after carefully considering all the terms, three iterations were required to regroup synonym
items and remove qualifying terms. The refining process was done by using the SOUNDEX
function in Anthropac, which operates based on syllabic similarities. The coding was kept to the
minimum possible and implied subsuming the smaller items into larger encompassing themes
or constructs according to semantic overlap. This permitted the posterior analysis to be done at
the domain or dimension level.
In the first step of coding, all items were listed and considered in their frequency. Then, single
indicators, indices, and domains were merged into themes when they explicitly stated in the
implementation its connection to that particular theme, or their unit of measurement coincided
with or referred to the same theoretical construct. Strict criterion were adopted to merge items
with the goal of preserving the variability in the operationalization of areas of measurement as
well as to single out consistencies. For example, the general theme of well-being was used to
subsume indicators or indices that directly referred to human well-being, individual well-being,
personal well-being, and household well-being. However, we preserved distinctions when the
items clearly referred to different areas or involved qualities related to different groups or types
of population samples (national vs. local levels). We also kept themes classified separately when
the items implemented known indicator frameworks with explicit domains and dimensions.
For instance, in the case of resilience operationalized as vulnerability, sensitivity, and adaptive
capacity, all three terms were kept as separate themes. A second reason we decided to carry out
the analyses at the level of domains is that a smaller number of reports did not include the full
set of single metrics used, only listing indices or areas of measurement. Once all codification
processes were concluded, frequency, correlation, and similarity tests, cluster analysis, and nonmetric multidimensional scaling (MDS) were conducted with the software packages UCINET
6 and XLSTAT.

Study Limitations
Limitations of this study include the definition of criteria for the scoping, searching, and inclusion processes, as well as the coding of individual reports and indicators into larger themes. It
should be observed that the list of reports might not be exhaustive, with additional revisions
needed in the future to update results. For example, there may be documents that are not accessible online or have not been made publically available. This is the case of grant reports and
embargoed studies. In addition, some of the projects reviewed had not been published in a technical memorandum or in a freely accessible capacity, but are included in chapters of books or
journals not available to the authors. While these gaps in information may exist, this study covers a large proportion of the agency-generated literature. Thus, the inferences and conclusions
proposed can be considered within the context of the larger sample of social indicator research,
and not just by themselves (Le Gentil and Mongruel 2015). Finally, limitations in the treatment
and cleaning of the data may affect results from this study. In the future, investigator biases will
be reduced by implementing dual-coding processes that can ensure interrater reliability.
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Results
Main Characteristics
The review process resulted in a population of 208 documents that included reports, white
papers, and published articles. Of these, only 97 documents were analyzed after some reports
were eliminated because of redundancy and lack of relevance to the research goals. The larger
proportion of documents originated from the NOAA, the DOI, and the EPA (Figure 1). This
Figure 1: Major Characteristics of Social Indicator Reports
Description of Population for Literature Review
and Content Analysis
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Total number of
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88

Number of reports with
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Number of reports
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Reports According to Agency
16%
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Note: Main characteristics of literature review findings. A total of 204 documents were identified, of which 97
constituted reports. After cleaning for overlaps, the total number of reports analyzed was 88. The majority of
reports originated from the NOAA, with an important increase in the number of documents in 2011.
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result is not surprising given that these are the main agencies with jurisdiction over watershed,
coastal, and ocean resources. About 20 percent of studies were published in peer-reviewed journals or in conference proceedings, a trend that seems to be increasing in the past few years.
Studies are mostly located in the United States and its territories, with a significant concentration in the Gulf of Mexico (28 percent) and the Northeast (27 percent). Only 10 percent of
studies had a national coverage.

Type of Indicator Domains or Themes
The number of reports analyzed was 88, with approximately 663 indicators, indices, and/or
domains or areas of measurement mentioned (see Appendix for a list of reports). After recodification and data cleaning, the number of different nonoverlapping constructs or themes
approached 204. On average, each report contained 7.5 themes. The frequency in which a theme
was mentioned was graphed with a scree plot to decide on a cut for similarity and correlation
analyses (Figure 2). Based on the literature, the value was restricted to four—that is, the same
theme was mentioned in at least four different reports—which resulted in a list of 52 items (Borgatti and Carboni 2007). While a high proportion of reports indicated as a goal the measurement of well-being, resilience, vulnerability, and sustainability, the most frequently mentioned
themes were demographic attributes, fishing and coastal resource dependence, and governance
(Table 1). Well-being as a single metric or domain of measurement was only mentioned in 8
cases, resilience in 7, and vulnerability in 14. The reason behind the lack of use of these themes
as indicators per se should not be interpreted as lack of measurement. On the contrary, it is
Figure 2: Scree Plot of Unique Indicators
30

25

Frequency of mention

20

15

10

5

0

Indicators

Note: This graph displays the frequency in which unique indicators are mentioned. Observe the different
“elbows” or discontinuities marked by the arrows in the curve. The fourth discontinuity is used as the criteria
for content and similarity analyses.
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Table 1: The 20 Most Frequent Indicators
Indicator
Demographics
Fishing and coastal resource dependence
Governance
Fishing infrastructure and characteristics
Housing infrastructure
Economic capital
Employment
Social capital
Education
Health
Environmental capital
Vulnerability
Subsistence
Business
Environmental risks and hazards
Poverty
Transportation
Ethnicity
Resource quality
Culture and cultural well-being
Socioeconomic conditions
History
Infrastructure capital
Recreation fishing
Well-being
Fishing subsidies
Safety
Resource use
Resilience
Adaptive capacity

Frequency
24
20
18
17
16
16
16
16
15
14
13
13
11
10
10
10
10
10
9
9
9
8
8
8
8
7
7
7
7
6

To analyze similarity and correlations, lists
of indicator themes were transformed into
a 52-by-52 matrix. Similarity was computed
by evaluating the co-occurrence of pairs
of themes (presence or absence of positive
matches) in the 88 reports. High similarity
values were found for themes associated with
fishing activities and infrastructure (0.85),
participation and awareness (0.83), fishermen characteristics and investment (0.80),
costs and investment (0.80), education and
environmental capital (0.56), governance
and economic capital (0.55), governance
and environmental capital (0.55), and poverty and environmental risks (0.67). The
analysis of correlations, which considered
the order in which items were mentioned,
found a high association among domains or
themes related to fishing or coastal activities.
Additionally, high correlation values were
observed between governance and economic
capital (0.66); governance and environmental capital (0.66); employment and poverty
(0.77); business and transportation (0.77);
and subsistence and ethnicity (0.73). In the
case of health, correlations with other theme
metrics were very low, in most cases negative, indicating variety on how this domain Note: This table presents the most frequent indicators
is operationalized in the different sets. Pos- mentioned in federal agency reports between 2000 and
itive correlations were seen between health July 2016.
and education (0.30), health and culture and
well-being (0.37), and health and general socioeconomic conditions (0.37). High correlation
values were also observed with environmental justice (0.50), regulation (0.50), and safety (0.40).
Like health, vulnerability showed low correlation values in general, with only a high association
with adaptive capacity (0.40), sensitivity (0.31), and exposure (0.37).
A nonmetric multidimensional scaling (MDS) graph, which represents the similarity between
items on a two-dimensional array, was used to identify potential clustering areas in the selection of
indicator themes (Figure 3). It should be noted that proximity of the items on the map represents
how often those themes were mentioned together in the reports. The x and y axes represent different clustering dimensions (they may be called larger theoretical constructs or frameworks) that
could explain the proximities and distances between terms. Furthermore, it should be observed
that items closer to the center are those most frequently mentioned in all reports.
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Figure 3: Multidimensional Scaling Plot of 52 Most Mentioned Indicators
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Note: This figure presents a two-dimensional spatial analysis of similarities among reports. Each point represents one of the 52 most mentioned indicators. The distance between points reflects similarity among the
indicators, with points closer together representing items that are often included together in indicator frameworks. The stress level for the MDS was 0.0086.

In this case, the distribution of the points in the coordinate space is scattered in the shape of
a cloud. This makes the discernment of potential dimensions difficult. However, some points
exhibit small clustering. For example, aggregation can be observed close to the origin for themes
referring to economic conditions, economic capital, resource use dependence, environmental
risk, infrastructure, and demographics, among others. This particular aggregation is reminiscent of the DPSIR framework or may refer to indicators that deal with the direct measurement
of environmental impacts and economic vulnerability. Another potential clustering may be
represented by the measurement of adaptive capacity, exposure, vulnerability, and sensitivity,
which suggests the vulnerability formula within the SES framework. On the left top quadrant
of the graph, the clustering may respond to well-being, safety, health, and resilience. Finally, on
the top mid-to-right quadrant, the clustering seems to indicate some analysis of governance and
organizational issues.
To better understand the connection between indicator sets and theoretical frameworks, the
structure of the data was further studied through cluster analysis. The analysis suggested the
existence of at least four or five parental structures. These aggregations are represented by the
main branches of a dendrogram tree (Figure 4) and may be interpreted as different indicator
classes or potential theoretical frameworks. Structures had an unequal number of items, hinting
at different degrees of variation in how each of these larger classes is operationalized through
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Figure 4: Cluster Analysis of Indicators

Note: Dendrogram displaying the clustering of 52 indicators. The different branches represent structures
around which indicators cluster according to their similarity. Observe that there is an unequal distribution in
the number of indicators in these structures. This may respond to the differences in how some constructs are
operationalized in the reports. In addition, parenthetic structures may show some overlap with the theoretical
frameworks discussed previously.
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metrics. For example, given that the focus of the review is on watershed, coastal, and ocean
resource management, one of the main classes of indicators only includes two items, referring
to land cover and changes in land use and the exploitation of the environment. A second class,
the largest structure in the dendrogram, includes demographics, fishing and coastal resource
dependence, fishing and coastal infrastructure, housing, economic indicators, employment,
recreation, subsistence, governance, and several others. The presence of this item once again
is suggestive of a DPSIR type of approach, with some elements of an SES framework related to
risks, disasters, and hazards. A third analytical framework is the cluster including costs, expenditures, market participation, level of investment, and fishermen characteristics, which seems
to underlie most classic economic analysis. The fourth and fifth clusters refer, respectively, to
empowerment, well-being, inequality, and resilience; and participation, awareness, resource
use, conservation and restoration, environmental justice, and leadership. The selection of these
domains or dimensions can be interpreted as evoking predominantly a sustainability approach,
with some relations to SES in terms of its focus on governance and participation. The sixth
cluster can be analyzed as implementing the vulnerability formula, as it includes vulnerability,
sensitivity, adaptive capacity, and exposure.

Research-Policy Connections
A major objective of this article was to determine whether current social indicator efforts recognize and overcome prior limitations in the use of social metrics and advance the integration of
science and policy. To that end, reports were analyzed in terms of how indicators were defined
and whether there was a relation to larger indicator frameworks. Then, the analysis considered
the goals and scopes of the document, potential deliverables, and the mention of limitations.

Definitions
The definitions of indicators among reports varied over time and according to stated objectives.
For example, in the first part of the 2000s, documents explored the identification of impacts
(Hall-Arber et al. 2002; Jepson et al. 2002), the creation of baselines and community profiles
(Aratame and Singelmann 2002; Luke et al. 2002), indices of resource dependence (Impact
Assessment 2004, 2006), and sustainability (FS 2004). As illustrated in the “Socioeconomic
Manual for Coral Reef Management,” indicators were considered as “a way to learn about the
social, cultural, economic and political conditions of individuals, groups, communities and
organisations” (Bunce et al. 2000: 2). By 2005, community profiles and impact assessments had
increased in frequency (Allen and Bartram 2008; Griffith et al. 2007; Norman et al. 2007; Sepez
et al. 2005). The 2000 to 2005 period may indicate, then, the implementation of sustainability or
impact assessment approaches to the development of indicators.
In the second half of the 2000s, vulnerability assessments became more prevalent along with
measures of resilience and the integrated multidisciplinary assessment of conditions, pointing to the adoption of SES vulnerability and risk frameworks (Alessa et al. 2008; Barnett et al.
2008; Clay and Olson 2008; Cutter and Emrich 2006). Definitions presented indicators as “any
variable that characterizes the level of vulnerability-resilience to a community in a watershed”
(Alessa et al. 2008: 528).
Between 2010 and 2016, the number of documents increased, with a concentration on issues
about well-being (Andrews and Withey 2012; Biedenweg et al. 2014; L. Smith et al. 2013, 2015;
S. Smith et al. 2011) and resilience (Bridges et al. 2013; Sempier et al. 2010), along with a special
focus on tracking changes and the causes and effects of climate change (Dillard et al. 2013; Huang
and Barzyk 2015; Lovelace and Dillard 2012; Lovelace et al. 2013; Pollnac et al. 2015). Within
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this context, the focus on indicators has shifted to the provision of “relevant information for
stakeholder decisions on climate resiliency and on the efficacy of resiliency measures to reduce
vulnerability and risk” (Solecki et al. 2015: 83), marking a consolidation of SES approaches
within federal institutions. Focusing on adaptation, indicators became metrics that can “[tell]
us that something is changing or has made a change” (Lovelace et al. 2013).

Goals, Scopes, and Deliverables
To analyze the documents’ goals, a classification of reports was done based on their functional
purpose (Bowen and Riley 2003). We found that many of the reports targeted specific informational gaps and perceived limitations in knowledge about socioeconomic systems. These gaps
responded to a lack of effective measures of the capacity of a community to manage and plan
(Donatuto et al. 2014; Newman et al. 2002), or the quantification of complex dimensions of
resource use not related to consumptive activities such as aesthetic and spiritual values (Boyd
et al. 2015; Johns et al. 2014; Sherrouse et al. 2014; Villamagna et al. 2014). Other informational
needs originated in the measurement of resource dependence and the significance of resources
in terms of subsistence (not commercial or recreational value) (Breslow et al. 2013; Luton 2013;
Jacob et al. 2010; Jacob and Jepson 2009).
A second group of reports were predominantly concerned with issues about regulatory compliance and the assessment of impacts. These documents aimed at providing context when considering the trade-offs between different policy actions (Campbell 2011; Dismukes et al. 2003;
Fleming et al. 2014; Petterson et al. 2008; Reedy-Maschner and Maschner 2012). Closely connected to the assessment of impacts of regulations is the scoping of damage from environmental
and technological hazards (Austin et al. 2014; Colburn et al. 2015; Impact Assessment 2006) and
from exposure to climate change risks (Bridges et al. 2013; Dillard et al. 2013; Himes-Cornell
and Kasperski 2015; Huang and Barzyk 2015).
A third group of reports had the goal of informing strategies for future restoration, mitigation, or recovery actions (Carriger et al. 2015; Chang et al. 2013; EPA 2016). Reports also
included objectives related to the prioritization of strategies for climate change adaptation, preparedness, and planning (Colburn et al. 2016; Ekstrom 2015; Kenney et al. 2013; Sempier et al.
2010; Summers et al. 2016).
The final group of reports had goals pertaining to performance evaluation and the assessment
of the success of programmatic actions (Clay et al. 2014; Heinz Center 2003). It is important to
observe that although not all of the documents proposed performance measures, a significant
proportion of reports directly addressed policy implementation concerns. Among these documents were white papers that targeted action plans (Clay et al. 2014; Fleming et al. 2014; Jacob et
al. 2013; Newman et al. 2002). In the next section, the link between indicator efforts and policies
will be further explored.

Discussion
Increased government concern with vulnerability, resilience, and adaptation of coastal communities has created the context for the reemergence of a new wave of social indicators. The use
of metrics for quantifying socioeconomic phenomena has found support among policy makers
and federal agencies. Proponents of indicators envision statistics as providing critical intelligence in the development of climate change adaptation responses and preparedness measures.
The interest in social metrics has crystalized in the work of interagency groups, new indicator
handbooks and standards, and the synthesis and consolidation of information in large online
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repositories. This article investigates the main rationale underlying this effort and explores the
implementation of these new measures in policy contexts. To that end, results from a content
analysis of 88 published agency reports between 2000 and June 2016 are discussed. Main findings can be summarized in the following points.
While the analysis showed some moderate convergence on which dimensions should be
measured (i.e., vulnerability, well-being, and resilience) and on the major indicator frameworks
used, there is a high level of heterogeneity in the number and types of metrics present across
the reports, which suggests significant variability in the implementation of common theoretical notions. The exploration of how the term “indicator” was defined across documents also
showed variation that is symptomatic with a change in policy interests, and subsequently, in
research concentration. In the early 2000s, metrics were characterized as providing baseline or
contextual information in the context of decision making and regulation, with a stronger mention of sustainability. More recent definitions, however, refer to improving the information of
communities in order to enhance climate change adaptation responses and well-being, recalling
SES frameworks for disaster and risk prevention, as well as new ecosystem services approaches.
This shift in priorities in what is measured reflects the political repercussions of events like Hurricane Sandy and the Deepwater Horizon oil spill. It captures the urgency in developing effective
risk communication mechanisms and preparedness measures within federal agencies.
The study of goals and objectives in many of these reports also offers a perspective on how
indicators connect to policy and implementation. In contrast to previous indicator movements,
the identification of an information gap that originates in policy requirements or management
actions is the starting point for the scoping process in a large proportion of these white papers.
There is a direct intention to answer policy and decision-making questions, and some of the
documents even target programmatic objectives at the agency level and the inclusion of indicators in adaptive management cycles. Thus, advances are made in the institutionalization of
policy issues and the explicit inclusion of monitoring systems within federal agencies. A good
example of the further integration of research with policy is the National Climate and Health
Assessment processes led by the US Global Change Research Program.
Despite the value of these efforts, there is still a significant distance to cover before policy processes can meet the complex reality that characterizes environmental planning (Innes
and Booher 2010). For example, and as underlined in recent publications, discrepancies remain
between stated policy goals, social metrics, and the actual use of information (Hicks et al. 2016).
A way to facilitate integration implies targeting metrics to broader audiences beyond decision
makers and ensuring co-participatory processes in the development of indicators (Kenney et al.
2013). Another critical point lies in the collaboration and consolidation of frameworks, measurement philosophies, and tools across multiple government and nongovernment institutions.
The creation of interagency working groups in topics like resilience, ecosystem services, and
well-being symbolizes a substantial effort in that direction. But, the number of independent
frameworks that, while similar to a larger theoretical field, present modifications from established models and the underrepresentation of social sciences in many of these agencies represent important constraints to consolidation (Innes and Booher 2000; Wilson et al. 2007). Out of
150 resilience projects funded through the Sandy Supplemental, only 24 included social science
metrics (Abt Associates 2015). This situation markedly contrasts with the highly collaborative
and dynamic planning scenarios that communities, nongovernmental institutions, and transnational organizations are adopting across different environmental and multidisciplinary landscapes (Clarke et al. 2013; Feurt 2006; Innes and Booher 2010).
A final element to take into consideration is the constitutive role that indicators can have
in illuminating or obscuring issues by selectively focusing attention (Hicks et al. 2016; Mac-
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Dowall et al. 2016). At least two major precautions derive from this observation. First, it is
critical that decision makers and resource managers recognize that a choice of a particular set of
indicators predetermines the identification of problems and solutions, and constrains potential
interventions and actions. If the current indicator effort is to succeed, the program needs to
move beyond the mere identification of problems to the delineation of inclusive solutions. This
requires the combination of bottom-up and top-down mechanisms that can secure the flow of
information and the consideration of all different voices.
The second precaution that needs to be acknowledged is that numbers alone do not tell the
whole story (Noll 2002). Whereas the proliferation of statistical approaches has influenced how
governments think about information and what constitutes data, evidence-based policies and
governance practices can still operate by considering other kinds of evidence beyond quantification (Davies 2012). Systems of traditional ecological knowledge, scenario-planning methodologies, qualitative forecasting methods, and experiential knowledge are but a small set of tools
that should be used to improve the reliability and ground-truthing of indicators (Hicks et al.
2016; Martínez and Dopheide 2014).
Much has changed since the program of social indicators was first introduced in the 1960s.
New challenges have emerged, and with them, our vision about the future has radically altered.
The recognition that socioecological environments are highly complex, and that our knowledge
is limited by uncertainty and unpredictability has made many of the old assumptions about
measurement and metrics obsolete. In this context where requests for actionable information
are increasing at rapid pace, social indicators can become valuable aids. A centralization and
leveraging of efforts, realistic expectations, and end-to-end integration with policy cycles are
some of the issues that the current program needs to face to secure its continuation.

Conclusion
Over the past 50 years, there have been three waves of social indicator development. The most
recent movement has been driven by several focusing events, including Hurricanes Sandy, Ike,
and Katrina and the Deepwater Horizon oil spill. While institutions are able to respond to technical and engineering needs following a disaster, important social and economic information is
missing that would make response and recovery decisions more effective. This critical gap has
led several federal interagency groups in the United States to undertake the task of embedding
social, behavioral, and economic tools into policy and governance.
This article described the examination and initial content analysis of more than 200 documents and the detailed analysis of indicator domains and themes of 88 documents published
between January 2000 and June 2016. The main findings are:
(1) A high level of heterogeneity exists in the number and types of metrics present across
the reports.
(2) A large number of independent frameworks and the underrepresentation of social sciences in many of these agencies represent important constraints to consolidation.
(3) How the term “indicator” is defined has varied over time and is symptomatic with a
change in policy interests, and subsequently, in research concentration.
(4) Advances have been made in the institutionalization of policy issues and the explicit
inclusion of indicators.
(5) There is urgency in developing effective risk communication mechanisms and preparedness measures within federal agencies, and indicators are playing an important role.
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The federal agency family, and others, would benefit from a concerted effort to develop consistency in frameworks and indicators, thus easing the cost of adoption. This must be done
carefully, as the selection of indicators and domains would predetermine the problems that need
to be addressed and may constrain what actions can be taken. If this third wave of the indicator
movement is to succeed, programs must move beyond the mere identification of problems to
the delineation of holistic solutions.
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