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Abstract

Urban sustainability is today commonly considered to be a crucial determinant of

global sustainable development, and indicator-based assessments represent a popular

means of operationalizing this complex concept. An important aspect of these assess-

ments concerns the elaboration of accompanying conceptual frameworks. Despite

the pivotal role of such frameworks, they are often developed in an unstructured

manner, without consideration of their potential purposes and impacts, and without

awareness and evaluation of available options. Here, we discuss this topic based on

both theoretical considerations and the analysis of the conceptual frameworks of

67 urban sustainability indicator initiatives. The discussion makes two contributions:

First, we provide guidance for assessment developers for leveraging the potential of

conceptual frameworks. Second, considering the analyzed frameworks as de facto

definitions of urban sustainability allows us to advance understanding of the meaning

of this complex concept, and to critically discuss the conceptual shortcomings that

remain in current assessment practice.
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1 | INTRODUCTION

Over the last decades, the concept of sustainability has increasingly

become more prominent in the strategies of both public and private

sector actors (Hopwood et al., 2005; Redclift, 2005). As part of this

general concern, particular attention has been given to the sustainable

development of urban areas (UN, 2017), which, due to their role as

socio-economic hubs of human activity, constitute a crucial determi-

nant of global sustainability (IPCC, 2014). To address this issue, a

range of different actors from the international to the local scale have

developed sets of indicators for measuring the sustainability of cities

(Merino-Saum et al., 2020; Ruan & Yan, 2021; Shmelev &

Shmeleva, 2018; Verma & Raghubanshi, 2018). Such indicator sets

represent important means for the deployment of the complex

concept of urban sustainability at a more concrete and operational

level (Christen & Schmidt, 2012).

A central component in all sustainability indicator initiatives con-

cerns the development of the accompanying conceptual frameworks

(Hák et al., 2016; Maggino, 2017a; Pintér et al., 2012), which disaggre-

gate the measured concept (e.g., “urban sustainability”) into more spe-

cific categories based on specific framing logics (e.g., domains, themes,

goals, etc.). Given the influence that these frameworks exert (Pintér

et al., 2005; Turnhout, 2009; UN, 2007), each framework should be

constructed consciously and with consideration of the context and

purposes of the indicator initiative in question (Hartmuth et al., 2008;

Hatakeyama, 2018; Munier, 2011).

To address the topic, a number of authors in the past have dis-

cussed different types of conceptual frameworks, both for
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sustainability indicators in general (Gallopín, 1997; Lyytimäki &

Rosenström, 2008; Pintér et al., 2005; Ramos et al., 2004) and for indica-

tors dedicated particularly to urban sustainability (Maclaren, 1996;

Nathan & Reddy, 2012; Olalla-Tárraga, 2006). However, what is lacking

in the work of the above authors is: (1) explicit discussion of the purposes

of conceptual frameworks, and (2) a systematic empirical exploration of

different types of frameworks used in indicator initiatives. In the absence

of such analysis, current scholarship is missing both a critical overview of

how current practice uses conceptual frameworks, as well as explicit guid-

ance for supporting indicator set developers in their choices for con-

structing appropriate frameworks.

Given this backdrop, this research aims at contributing to scien-

tific knowledge at both practical and conceptual levels. Regarding the

first level, the paper aims at making a contribution towards assess-

ment practice by: (1) analyzing what types of conceptual frameworks

are used in connection with urban sustainability indicator sets, based

on a comprehensive empirical sample of 67 indicator initiatives;

(2) characterizing the purposes that conceptual frameworks can fulfill

in the context of an indicator-based initiative; and (3) discussing which

framework types are most suitable for serving which purposes. Regard-

ing the second, conceptual level, the article aims at: (4) contributing to

the discussion on the meaning of the concept of “urban sustainability”
(see, e.g., Næss, 1995; Hamman et al., 2017; Silva Neiva et al., 2021)

by critically analyzing what is included (or not) in the existing concep-

tual frameworks, that is, how the indicator initiatives de facto define

this concept.

The organization of the article is as follows. Section 2 begins by

providing a theoretical foundation for understanding the characteris-

tics and possible purposes of conceptual frameworks in sustainability

indicator initiatives. Section 3 presents the empirical sample and the

method by which it was analyzed. Section 4 presents the results of

the analysis in the form of an elaborated empirically-based typology

of conceptual frameworks. Section 5 makes a connection between

Sections 2 and 4 through a discussion of the suitability of the frame-

work types for serving different purposes. Section 6 discusses the

findings and formulates recommendations for future practice.

Section 7 concludes the article with a brief summary and a look

ahead.

2 | INDICATOR FRAMEWORKS—
THEORETICAL BACKGROUND

2.1 | What is an indicator framework?

Although most reports and studies focusing on sustainability indica-

tors allude to conceptual frameworks, concrete definitions for the

term are rarely provided. This reflects the general ambiguity that sur-

rounds the term (Miles et al., 2014; Ravitch & Riggan, 2017). There-

fore, there is a need to define what is meant by the term in the

context of this article. To that end, it is worth first making a distinction

between procedural and conceptual frameworks (see Figure 1). While

procedural frameworks depict the methodology implemented to

measure a particular concept (e.g., How can urban sustainability be

measured?) and often consist of a sequence of stages with dedicated

tools (Lyytimäki & Rosenström, 2008), conceptual frameworks are

centered on the concept itself (e.g., What is a sustainable city?).

The focus of this study is on a particular subset of conceptual

frameworks used in connection with indicators (see Figure 1).1 Dif-

ferent definitions exist in the literature for such indicator frame-

works, with authors understanding them as “models”
(Becker, 2005), “structures” (Burgass et al., 2017; Nathan &

Reddy, 2012) or “networks of interrelated concepts” (Pope

et al., 2017). As we understand them in this paper, indicator frame-

works are made of (1) an overarching concept; (2) a finite number

of conceptual categories to which the concept at hand can be bro-

ken down; and (3) the interlinkages between the overarching con-

cept, the categories and related metrics. More fundamentally,

indicator frameworks may be conceived as informational conductors

through which significance flows bi-directionally between abstract

concepts and tangible metrics. Understood in this way, frameworks

serve several purposes (see the following section).

2.2 | What are indicator frameworks for?

A review of literature on the theme allows us to enumerate six distinct

purposes for indicator frameworks, as shown in Table 1 and as

described in more detail below.

1. (Re)Defining the overarching concept to be monitored (indicator

frameworks as mind maps)

By depicting a finite set of constituent categories, indicator frame-

works convey a particular understanding of the concept to be

monitored (e.g., “urban sustainability”). In that sense, indicator

frameworks can be seen as mind maps, deepening the under-

standing of a central concept through key words and ideas. In

Elgert's words, indicator frameworks crystallize per se a particular

“sustainable city imaginary” (Elgert, 2018, p. 17), and as such,

create a common “meta-language” that can support interdisci-

plinary work and mutual learning (Pope et al., 2017; Sébastien &

Bauler, 2013).

2. Guiding indicator selection and development (indicator frameworks as

radars)

Indicator frameworks are used in indicator selection and devel-

opment processes as radars through which areas that need to

be covered by indicators are identified (Bossel, 1999), and as a

means of spotting potential gaps and/or redundancies among

the candidate indicators (King, 2016; Montmollin &

Scheller, 2007). Such a scanning process allows for both the

detection of possible problems of comprehensiveness and for

increased parsimony (Binder et al., 2010; Spangenberg

et al., 2002), thus leading towards more complete, balanced and
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reasonable indicator sets. The use of indicator frameworks as

radars can also be done ex post, revealing degrees of coverage

in existing indicator sets and allowing for comparison across

several indicator initiatives (Feleki et al., 2018; Merino-Saum

et al., 2018).

3. Structuring information (indicator frameworks as skeletons)

All sustainability indicator initiatives embed a plethora of diverse

and complex information (Bossel, 1999; Gallopín, 1997). Hence, to

be intelligible and meaningful, these elements need to be managed

in some way. Indicator frameworks help in this task by “organizing”
(Babcicky, 2013), “structuring” (van Oudenhoven et al., 2012), and

“classifying” (Bond et al., 2012) the information embedded in a

sustainability indicator set. From this perspective, indicator frame-

works can be seen as skeletons, in that they constitute the central

supporting part of any indicator set without which the set would

collapse into a mere conglomeration of disparate and disconnected

items (Becker, 2005).

4. Representing how a phenomenon functions (indicator frameworks as

scale models)

Indicator frameworks can be used to clarify interlinkages

between both categories and indicators, and to elucidate their

respective roles vis-à-vis the entire object under study (Lewison

et al., 2016; Wiek & Binder, 2005). Frameworks as such not only

depict what the overarching concept consists of, but can also

promote a more detailed understanding of how the assessed

object functions, thereby providing better insights as to how to

move further towards sustainability. In this role, they can be

compared with educational scale models.

5. Putting metrics into context (indicator frameworks as anchors)

Indicator frameworks are anchors that explicitly connect generic

metrics to the concept they are expected to represent, in accor-

dance with the object, context and general approach of the indi-

cator initiative (Gudmundsson, 2003). In doing so, frameworks

mutate otherwise non-specific metrics into indicators

(Maggino, 2017a; Merino-Saum et al., 2020).2 Indeed, by

explaining how raw numbers and/or words are linked to a par-

ticular concept, indicator frameworks elucidate the concrete

signification they carry in the ambit of a specific indicator set,

thereby making them intelligible and relevant for decision-

makers and stakeholders (Lyytimäki & Rosenström, 2008;

Maggino, 2017a).

TABLE 1 Purposes of conceptual frameworks for indicators

Purpose Meaning

Mind map (Re)Defining the overarching concept to be

monitored

Radar Guiding indicator selection and development

Skeleton Structuring information

Scale model Representing how a phenomenon functions

Anchor Putting metrics into context

Business

card

Communicating with the target audience

F IGURE 1 Indicator
frameworks as a subset of
conceptual frameworks, and as
informational conductors
connecting abstract, overarching
concepts and tangible metrics
[Colour figure can be viewed at
wileyonlinelibrary.com]
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6. Communicating with the target audience (indicator frameworks as

business cards)

Finally, indicator frameworks can also be used as communication

tools, summarizing key information and providing a visual identity

to the indicator initiative (Burgass et al., 2017; Gallopín, 1997).

From this point of view, an indicator framework can be understood

as a business card composed of text and images through which an

indicator initiative is communicated to its target audience as well

as demarcated from other initiatives according to its particular

focus and purposes. A good illustration of this is the framework of

17 Sustainable Development Goals (SDGs), which provide a strong

(visual) identity for the United Nations' Agenda 2030 (UN, 2015).

3 | EMPIRICAL MATERIAL AND
METHODOLOGY OF ANALYSIS

As presented in the introduction, a central aim of this work was to

gain an overview of the types of conceptual frameworks in use, partic-

ularly in connection with urban sustainability indicator sets. The meth-

odology applied in the research followed the steps depicted in

Figure 2.

In the first step of the methodology, a sample of indicator initia-

tives for urban sustainability, all developed between 2010 and 2019,

was collected from both academic and gray literature. Five selection

criteria were applied to potential indicator initiatives: (1) empirical ori-

entation; (2) recent activity; (3) clear and comprehensive focus on sus-

tainability; (4) explicit focus on the urban scale; and (5) access to

indicators. The resulting final sample contains 67 indicator initiatives,

of which 30 originate from academia and 37 from public, private or

non-profit entities operating at the local, regional, national or interna-

tional levels.3

The second step was extracting the indicator frameworks from

the material (articles, reports, websites, etc.) related to each indicator

initiative. At this point, it was necessary to clearly define the cutoff

line between a framework and the metrics it contains (see Figure 3).

As a rule, to qualify as a conceptual category and therefore as part of

the framework, a term had to either (1) encompass at least two more

specifically defined terms (like “Air” in Figure 3) or (2) belong to a

group of terms existing at an equal level of specificity that generally

fulfilled criterion 1 (like “Water” as part of a group together with

“Air,” “Health” and “Economic welfare," in Figure 3). 66 out of 67 ini-

tiatives in the sample were found to use some kind of framework, and

the number of conceptual categories within these frameworks varied

between 2 and 41.

The third step of the research process concerned analyzing the

extracted frameworks, in particular in terms of the conceptual cate-

gories found within each framework (e.g., “Environmental

sustainability,” “Water,” “Air,” etc., in Figure 3) and the manner in

which these categories were related vis-à-vis each other. The analy-

sis followed a procedure of inductive content analysis

(Mayring, 2000) to formulate a typology of frameworks, with each

type representing a distinct logic (e.g., based on domains, themes,

etc.) of breaking down the overarching concept into more specific

categories. Each of the 66 frameworks were then assigned coding

tags, depending on what type of logics they were found to follow

for their conceptual categories.

Once an initial framework typology was established, in the fourth

step the analysis focused in more detail on each framework type. At

first, a list of conceptual categories were assembled for each type

from the framework sample (see Figure 4). The lists were then ana-

lyzed with the aim of detecting possible sub-types as well as deter-

mining the most frequent categories for each framework type (see

Sections 4.1–4.6). The analysis also prompted further iterative refine-

ment of the typology formulated in the previous third step. Finally, a

discussion of the characteristics of the framework types was devel-

oped, in particular in terms of their respective suitability to address

the different purposes of indicator frameworks presented in

Section 2.2 (see Section 5).

4 | RESULTS— INDICATOR FRAMEWORK
TYPOLOGY FOR URBAN SUSTAINABILITY

The analysis of the 66 frameworks allows us to propose the empiri-

cally based framework typology seen in Table 2. Each type is defined

by a particular logic according to which its internal categories are

determined. The typology consists of six basic types, which are pres-

ented in the following Sections 4.1–4.6. In addition, Section 4.7. pre-

sents so-called hybrid frameworks, that is, frameworks that combine

multiple types. In fact, the majority (49/66) of the analyzed sample of

frameworks were found to be such hybrids.4

4.1 | Domain-based frameworks

The use of domains was prominent in the analyzed sample, with 34 out

of 66 frameworks identified as using this type of logic. From the 34 frame-

works, an initial list of 119 conceptual categories was produced. After the

assimilation of duplicates,5 the final list of domain-based categories con-

sisted of eleven examples (see Figure 5). Among these, “environment”
(26 instances), “economy” (24 instances) and “society” (22 instances)

were by far the most common, both in terms of their appearances individ-

ually and in combination with each other.

Apart from these three typical domains, eight further categories

considered as irreducible to other domains were detected in the sam-

ple, thereby qualifying within our definition of the domain type (see

Table 2). For example, “built environment” overlaps with both “econ-
omy” and “environment,” but at the same time expresses a distinct

concern that is particularly pertinent in urban contexts where the den-

sity of man-made infrastructures is high. Likewise, “natural
environment,” “natural resources” and “external connections” all

overlap with the typical domain of “environment,” but without being

reducible to the latter. In other words, the presence of these eight
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additional domains can be seen as signaling the inadequateness of the

three typical domains (environment, economy and society) to express

with enough detail and comprehensiveness the major areas of con-

cern for urban sustainability.

Note that our definition of domain-based frameworks refers

to conceptions of domains as either “perspectives” or “sub-sys-
tems.” Indeed, both ways of understanding domains can be

observed in the analyzed sample. For example, in Phillis

et al. (2017) all water-related metrics are embedded within the

environmental domain, thus implying that the latter is seen as a

distinct sub-system. In contrast, in Smiciklas et al. (2017) water-

related metrics can be found both within the economic

(e.g., access to water supply) and environmental (e.g., water con-

sumption) domains, which implies that the domains are viewed as

perspectives that highlight different aspects of the theme (in this

case: water) in question.

F IGURE 3 An illustrative example of
a distinction between an indicator
framework (including an overarching
concept and a structure of conceptual
categories) and metrics [Colour figure can
be viewed at wileyonlinelibrary.com]

F IGURE 4 An illustrative
example of collecting conceptual
categories from the sample of
frameworks and organizing them
into lists by the type
(i.e., domains, themes, etc.) that
they represent [Colour figure can
be viewed at
wileyonlinelibrary.com]

F IGURE 2 The methodological steps followed in the research, and the intermediate outputs of each step [Colour figure can be viewed at
wileyonlinelibrary.com]
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4.2 | Theme-based frameworks

Themes represented the most common categorization logic of the

analyzed sample, as 52 of the 66 analyzed frameworks were identified

as containing conceptual categories of this type. In total, an initial list

of 703 thematic categories (prior to the removal of duplicates) was

collected from these frameworks. Analysis of these two categories

saw the emergence of a two-tiered structure “headline themes” and

“sub-themes” (see Figure 6), thus marking two subtypes of the

theme-based logic. The difference between these two tiers is the

specificity of the categories; the first level (“headline themes”) con-
sists of fairly general topics (e.g., transport), while the second level

(“sub-themes”) refers to more specific challenges (e.g., congestion). In

fact, the degree of specificity is also the principal difference between

theme-based categories and the domain categories presented in the

previous section; while domains represent the most general areas of

concern irreducible to each other, themes zoom in on more specific

topics and challenges within the different domains.

The final list of theme-based categories contains 38 headline themes

and 140 sub-themes. Note that due to space restrictions Figure 6 con-

tains only a maximum of 2 sub-themes for each headline; a comprehen-

sive list of sub-themes can be found in the supplementary material (Data

S1). The principal observation to be made from Figure 6 is the sheer

number and scope of themes found in the analyzed sample, which

reflects the multifaceted character of urban sustainability. Quantitatively,

only four themes were included in at least 50% of the 52 theme-based

frameworks, which testifies to the lack of agreement and clarity with

regard to the required themes comprising urban sustainability.

4.3 | Goal-based frameworks

In total, 219 conceptual categories (from 18 indicator sets) were

extracted with titles explicitly referring to a specific goal, that is,

TABLE 2 Typology of indicator frameworks based on the analysis
of 66 urban sustainability initiatives

Type Definition Frequency

Domain Categorization based on the most

general perspectives or sub-

systems pertinent to sustainability

and reducible only to the

overarching concept

34/66

Theme Categorization based on topics and

challenges pertinent to

sustainability

52/66

Goal Categorization based on outcomes

seen as desirable for sustainability

18/66

Systemic Categorization based on a model

that explicitly defines the

relationships between indicator

categories

5/66

Spatial Categorization based on physical

location or scale

3/66

Epistemological Categorization based on kinds of

knowledge (e.g., scientific

disciplines)

3/66

F IGURE 5 The eleven domain
categories identified in the sample. The
size of each node is based on the number
of cases (given in parentheses) containing
the respective domain. The thickness of
the edges indicates the frequency with
which the respective two nodes co-occur.
The position of the nodes in the graph is
defined using a stress minimization
algorithm. The data table based on which
the graph is drawn can be found in
the supplementary material (Data S1)
[Colour figure can be viewed at
wileyonlinelibrary.com]
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F IGURE 6 The theme-based categories found in the sample (n = 66), organized into the more general “headline themes” and the more
specific “sub-themes” (only up to two of the latter are shown for each headline theme given space restrictions). The frequency displayed includes
all the cases containing at least one category based on the respective headline theme or sub-themes [Colour figure can be viewed at
wileyonlinelibrary.com]

HALLA AND MERINO-SAUM 7

http://wileyonlinelibrary.com


an outcome seen as desirable. The analysis of these categories

showed that they all express their respective goals by referring to

a particular area of sustainability (i.e., either a domain or a theme)

combined with either an action (e.g., promote, prevent), an attri-

bute (e.g., local, healthy), or both.6 From the analyzed categories,

the research team identified in total a list of 20 actions, 42 attri-

butes, and 43 areas of sustainability. The Sankey diagram pres-

ented in Figure 7 illustrates how these actions, attributes and

areas of sustainability are combined among the goal-based cate-

gories (the diagram only considers those combinations appearing

more than once).

As seen in the figure, no clear trends are evident, and elements are

used together in a multitude of different ways. Only a few combinations

are repeatedly used in the sample, such as “assure-accessible-...”, “pro-
mote-sustainable-...”, “reduce-externalities” or “protect-natural ecosys-

tems.” Generally speaking, goal-oriented categories are formulated in a

positive manner (e.g., “promote”; “develop”; “assure”; “create”; etc.), and
refer to the same domains and themes as identified in Sections 4.1

and 4.2.

4.4 | Systemic frameworks

In the analyzed sample, the use of a systemic framework was a rarity.

Only five cases were considered to fit the definition of the type as

having an explicit focus on the relationships between indicator cate-

gories.7 Among these five cases there were two different manners of

defining these relationships, as illustrated by Figure 8. Four cases

(Dubiela, 2011; Valcárcel-Aguiar et al., 2019; Wang et al., 2013;

Xu et al., 2016) differentiate indicator categories in terms of the func-

tional roles that they play vis-à-vis each other within the system

(Figure 8a). In contrast, in one case (Wu et al., 2018) the relationships

are elaborated via dedicated indicator categories placed at the inter-

faces of primary categories (Figure 8b).

4.5 | Spatial frameworks

Three of the analyzed frameworks were found to use a spatial dis-

tinction between categories of indicators. This spatial framing can

F IGURE 7 Sankey diagram illustrating the diversity of goal-oriented categories found in the sample. Each goal consists of a combination of an
action, an attribute and/or an area of sustainability (i.e., a theme or a domain). Numbers in brackets express the appearance frequency of each
term. Categories in bold appear ten times or more [Colour figure can be viewed at wileyonlinelibrary.com]
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appear in terms of scale, as in the case of Yigitcanlar et al. (2015)

who identify indicators at both the micro and mezzo levels, or in

the case of Balaras et al. (2019) who distinguish between building

scale and neighborhood scale indicators. Alternatively, the spatial

distinction can also be made in pure geographical terms. An exam-

ple of the latter is Baca (2014) whose framework discriminates

between urban and rural indicators. It can be further noted that

several of the analyzed indicator initiatives provide measured data

at different scalar levels (most often neighborhoods or districts);

however, they do not conceptualize the scalar differences in their

frameworks.

4.6 | Epistemological frameworks

Three examples found in the sample (Association suisse pour des qua-

rtiers durables, 2018; Baca, 2014; Wu et al., 2018) used an epistemo-

logical distinction in their frameworks, that is, they categorized

indicators based on the kind of knowledge that these indicators repre-

sent. For all the three cases this meant specifically differentiating

between quantitative and qualitative indicators. In contrast, no cases

were found of frameworks with categories based on different scientific

disciplines, although in principle this could present an interestingmeans

for ensuring a multifaceted representation of urban sustainability.

4.7 | Hybrid frameworks

The framework types presented above must be understood as theo-

retical archetypes differentiated from each other for didactic pur-

poses. In practice, frameworks are most often hybrids that combine

several logics at once. In our sample, hybrid frameworks represent

almost three quarters of the total examples (49 out of 66). Their anal-

ysis revealed four generic ways in which the hybridization occurs:

(1) hierarchization; (2) juxtaposition; (3) assimilation; and (4) matrix-like

integration (see Figure 9).

Hybrid frameworks most frequently rely on a hierarchical treelike

structure through which categories from one type (e.g., themes) are

systematically placed within one or several categories from another

type (e.g., domains), as if the latter were broader constructs embed-

ding the former. More than one third of the indicator sets in the sam-

ple are based upon such a hybrid framework, with a majority of them

containing domains as upper-level categories and themes as lower-

level ones (see for instance: Sustainable Society Foundation, 2014;

Cercle Indicateurs, 2017).

While hierarchization involves a vertical combination of frame-

work types, assimilation implies a horizontal one. In this manner of

hybridization, categories are equated with each other without consid-

eration of the underlying categorization logic (Basque Government

and Udalsarea21, 2016; City of Minneapolis, 2012; Keough

et al., 2011). Assimilation most often relies on an unbalanced combi-

nation, with categories from one specific type being majoritarian and

those from other types constituting isolated cases (see Figure 9).

Hybrid frameworks can also be built by juxtaposition, where indica-

tors are simultaneously associated with two frameworks representing

two different types (generally one of them plays a central role). Most

often, juxtaposition is used when co-existing frameworks fulfill different

purposes within the same indicator initiative, e.g., indicator selection and

communication (see Section 2.2). As an example, Smiciklas et al. (2017)

connect their indicators both to a theme-based framework as well as to

the framework defined by the SDGs.

Furthermore, framework types can be integrated through a matrix-

like reasoning in which two different types are considered at the same

descriptive level, and all categories from one type can be associated with

any category from the other type. In our sample, only one indicator set

relies on such a hybrid framework (Haider et al., 2018).

Finally, our analysis also demonstrates that hybrid frameworks

can be built through several combinative methods. For instance, the

framework of Wu et al. (2018) is framed as a tree made of two hierar-

chical levels: an upper one including domains and a lower one horizon-

tally mixing themes and system components.

(a) (b)

F IGURE 8 Examples of systemic frameworks found in the sample: (a) Wang et al. (2013); (b) Wu et al. (2018) (source: Authors based on said
original sources) [Colour figure can be viewed at wileyonlinelibrary.com]
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F IGURE 9 The four kinds of
hybridization observed in our sample
[Colour figure can be viewed at
wileyonlinelibrary.com]

F IGURE 10 Comparing framework types across purposes. The colors indicate the suitability of the type for the given purpose (red = poor;
yellow = ambiguous; green = good) [Colour figure can be viewed at wileyonlinelibrary.com]
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5 | COMPARING FRAMEWORK TYPES
FOR DIFFERENT PURPOSES

The inherent differences between the framework types—e.g., in terms

of their level of specificity, complexity and normativity—render them

unequal in serving the different purposes elaborated in Section 2.2. In

Figure 10, we develop a systematic comparative discussion of the

framework types in this regard, with green and red colors signaling

that a framework type is, respectively, particularly appropriate or poor

for addressing a given purpose, and yellow color that the suitability is

ambiguous.

In general, selecting a particular framing logic involves a tradeoff.

For instance, given their broad level of description, domain-based

frameworks might be unsuitable for deepening understanding of the

overarching concept or for attributing a clear signification to related

metrics. Their simplicity, however, makes them particularly appropri-

ate for communication purposes. In contrast, systemic frameworks

generally involve more elaborated categorizations, which certainly

better explain how a particular phenomenon works, but their meaning

may be difficult to grasp for broad audiences.

From the comparison, goal-oriented frameworks can be seen to

effectively address the highest number of different purposes (four out

of six), while the domain-based framework types have the highest

number of purposes with poor compatibility (also, four out of six). In

terms of purposes, guiding indicator selection and development, as

well as communicating with target audiences are relatively well cov-

ered by the available framework types, while representing how a phe-

nomenon functions appears difficult to address with most of the

framework types in the typology.

6 | DISCUSSION—FRAMING URBAN
SUSTAINABILITY

6.1 | Operationalizing “urban sustainability”
through conceptual frameworks

As presented in the introduction, the first primary purpose of this arti-

cle is to contribute to sustainability assessment practice by systemati-

cally clarifying possible types of conceptual frameworks and the

purposes they may serve. As we have argued, conceptual frameworks

constitute a central component in the operationalization of sustain-

ability concepts (e.g., “urban sustainability”) into indicator-based

assessments. This claim is supported by the observation that 66 of

the analyzed 67 urban indicator initiatives employed a conceptual

framework of some kind.

To support the design of these frameworks, the analysis presented in

the preceding results sections aims to make explicit the available options

at the disposal of indicator set developers. The dedicated focus on the

discussion and analysis of frameworks, and the unprecedentedly broad

empirical sample of indicator initiatives that it draws from, permit the pre-

sent article tomake the following novel contributions compared to earlier

scholarly work on the subject (Gallopín, 1997; Lyytimäki &

Rosenström, 2008; Maclaren, 1996; Nathan & Reddy, 2012; Olalla-

Tárraga, 2006; Pintér et al., 2005; Ramos et al., 2004): (1) The framework

typology refines our knowledge of types of indicator frameworks by giv-

ing each type a clear definition that demarcates them from each other,

and by elaborating on their internal structure, sub-types, and potential

categories; (2) By basing the analysis on applied initiatives, and thereby

providing an overview of current practice, the article creates an empirical

basis for future discussions on the theme of conceptual frameworks for

indicators; (3) The article clarifies a set of purposes conceptual frame-

works can ideally serve and methodically compares different framework

types in terms of their relative suitability to serve these purposes.

As our analysis shows, theme-based, domain-based, and, to a

lesser extent, goal-based conceptual framings represent the most pop-

ular types in indicator-based assessments, while systemic, spatial and

epistemological framings remain mere exceptions. This may be due to

the accessibility and familiarity of the first three types. However, as

we show, none of the types presented in this paper are able to per-

fectly address all of the potential framework roles (see Figure 10), and

instead of being based on convenience or the force of habit, the selec-

tion of a framework type should hinge on the particular aims, context

and target audience of each indicator initiative. This need for reflexiv-

ity in framework construction extends also to the selection of catego-

ries within each type, as highlighted by the great number of potential

categories found in our analysis and the variability in their selection

from one initiative to another.

6.2 | The meaning ascribed to “urban
sustainability”—What is included and what is missing

Another aim of the present paper was to inquire into what is included

and excluded in the indicator frameworks, and in doing so contribute

to a discussion about the meaning of the concept of urban sustainabil-

ity (Hamman et al., 2017; Næss, 1995; Silva Neiva et al., 2021). The

first relevant observation is the pure number of cases using a particu-

lar logic for framework construction: out of the 66 frameworks

analyzed, 52 used theme-based logic, 34 domain-based logic, 18 goal-

based logic, 5 systemic logic, 3 spatial logic and 3 epistemological

logic. This implies that, at least at the framework level, urban sustain-

ability is mostly conceptualized as a matter of different areas

(domains, themes) of concern, and less so as an explicitly value-laden

concept related to specific normative goals (Wiek & Binder, 2005).

The low number of frameworks utilizing a systemic framing also con-

veys an impression of urban sustainability mostly understood as being

composed of discrete and static rather than interconnected and

dynamic elements (Spangenberg, 2002; Tremblay et al., 2020). Argu-

ably, such framing of the concept is rather simplistic, and is only partly

compensated by the added conceptual depth gained through the use

of multi-tiered hybrid frameworks.

The analysis of the domain-based categories revealed that the

standard three pillar model (environment, society, economy) continues

to be an influential vision for urban sustainability. However, our map-

ping also uncovered other possible domains that project a more
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nuanced meaning behind urban sustainability. For example, by dis-

tinguishing the domain of built environment from natural environ-

ment, some of the analyzed frameworks highlight that the presence of

human-made infrastructures is a distinct, even definitional characteris-

tic of cities (UN, 2019). Likewise, separating the domain of natural

resources from natural environment, as some of the analyzed frame-

works do, emphasizes the reliance of cities on their hinterlands for

resource inputs (Rees & Wackernagel, 1996), and more generally high-

lights two distinct conceptions of the relationship between humans

and nature (ecocentric vs. anthropocentric).

The great number of thematic categories (Figure 6) evidenced by

our analysis paints urban sustainability as encompassing a broad vari-

ety of subjects, focuses and concerns. In fact, this multiplicity can be

argued to represent a distinct feature of both urban systems and

urban sustainability (Halla et al., 2020), reflecting the role of cities as

hubs of people, infrastructures and socioeconomic activity (Mori &

Christodoulou, 2012). Indeed, disregarding this multiplicity, and evalu-

ating the sustainability of cities for example only on their environmen-

tal records would mean ignoring the leading role that cities play in the

socioeconomic aspects of sustainability.

The important relationship between cities and their surroundings

(locally or globally) is generally poorly represented in the frameworks of

the sample, with only a few exceptions explicitly referring to the topic

(Baca, 2014; Shen & Yang, 2014; Xu et al., 2016). This can be considered

a crucial omission, as managing the leakage effects of urban systems con-

stitutes a central challenge in urban sustainability (Kennedy et al., 2007).

Another feature of urban sustainability found absent in the frameworks

concerns the temporal dimension. This aspect could be taken into

account, for example, by categories referring to different time horizons

(e.g., “now” and “later” in UN [2014]; “immediate,” “medium-term” and

“long term” in Alderton et al. [2019]).

In summary, the analyzed sample displays a broad diversity of

interpretations of urban sustainability, both in terms of the level of

detail embedded in the frameworks (ranging from a few domains

to complex systemic framings), as well as the selected categories

(ranging from the standard three pillars of sustainability to catego-

ries tailored to the urban context). To some extent, the frame-

works can be criticized for their simplicity (e.g., the low number of

systemic frameworks) or for neglecting certain key areas of urban

sustainability (e.g., spatial and temporal aspects). Of course, any

criticism of the conceptual shortcomings of the indicator frame-

works must be tempered given that generally they must, in con-

trast to those conceptual frameworks expressly developed to

support scientific analysis (e.g., Ramaswami et al., 2012), reconcile

accuracy with the requirement of understandability among non-

expert stakeholders.

6.3 | Recommendations to indicator set
developers

Based on the analysis presented above, we put forward the following

recommendations for future urban indicator set developers:

1. Grant adequate attention to tailoring a conceptual framework that is

suitable for the context-dependent needs of the indicator initiative.

Such tailoring directly influences how compelling the initiative as a

whole will be. In particular, this tailoring pertains to the selection

of a particular categorization logic (domain, theme, goal, etc.) based

on which the indicator framework is constructed, since each type

of logic has its own strengths and weaknesses in serving different

purposes. In addition, populating the framework with a list of cate-

gories should reflect the specific characteristics of the object being

measured (e.g., a particular city with specific challenges), and not

merely follow the blueprints of earlier initiatives. In general,

granting adequate attention to the framework development is a

way of ensuring that the selection of indicators for the assessment

considers different aspects of the assessed problem in a complete

and balanced manner. This enhances the quality of support pro-

vided by the assessment for ensuing decision-making, and also

better enables the possible synthesis of the assessed indicators

into representative composite indices, when needed and deemed

pertinent for the initiative at hand (see, e.g., Maggino, 2017b;

Mauro et al., 2018).

2. Reflect on the level of elaboration incorporated into the conceptual

framework.

On the one hand, a highly elaborated framework can ensure a

more detailed coverage of pertinent areas and goals of sustainabil-

ity, as well as provide functional information about the system

being measured, thereby better enabling the design and monitor-

ing of different intervention strategies. On the other hand, frame-

works which are too convoluted can become limited in practical

applicability and understandability. Therefore, we recommend that

the level of elaboration of the framework is addressed explicitly at

an early stage of the development of an indicator initiative. The

decision should hinge on the purposes targeted by the initiative in

question; in particular, whether the aims of the initiative relate

more to communication or to the production of scientific knowl-

edge. It is also perfectly possible to use two parallel frameworks,

with one used for communication and another for scientific pur-

poses.

3. To target several purposes simultaneously, consider hybrid solutions

that combine elements from several framework types.

However, set developers must carefully consider potential prob-

lems of coherence in hybrid frameworks. Notably, particular cau-

tion should be exercised when categories based on different logics

are assimilated to each other (see Figure 9). For example, consider-

ing categories that express a different level of detail as equivalent

(e.g., assimilating the domain “society” and the theme “waste man-

agement”) creates an imbalance in the framework whereby some

aspects of urban sustainability receive disproportionate attention

in comparison with others. Another form of imbalance is created if
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normative goal-based categories are mixed with purely descriptive

ones (e.g., “efficient economy” vs. “society”). As mentioned above

in the first recommendation, such imbalance affects the quality of

support provided by the assessment for decision-making and the

possibility of synthesizing the assessed indicators into representa-

tive composite indices.

4. Pay special attention when using domains in indicator framework con-

struction.

Despite its ubiquity, the meaning of the concept of domain is not

obvious, as it can be understood as either a sub-system or as a per-

spective (see Section 4.1 and Purvis et al., 2019). This alters the

meaning of each domain category, and consequently also changes

the group of metrics which should be selected for each category.

Therefore, to avoid confusion and randomness in choosing which

metrics are to be contained within each domain, the recommenda-

tion is to clearly define what the domains represent in each appli-

cation.

5. If aiming to develop an indicator set through an inclusive procedure,

the inclusiveness should also extend to the phase of framework devel-

opment.

As outlined throughout the analysis and discussion in this paper,

urban sustainability can be expressed through a multiplicity of pos-

sible conceptual frameworks, and the decisions taken to arrive at a

particular framing have normative consequences. An inclusive

development of a conceptual framework involving both experts

and non-expert stakeholders (see, e.g., Coelho et al., 2010) not

only enhances the ability of the resulting indicator set to ade-

quately capture the diversity of context-specific concerns embed-

ded in the concept of sustainability, but it also allows for the

involved actors to mutually clarify the purposes that the indicator

set is supposed to serve.

7 | CONCLUSION

The general contribution of the work reported in this article is to lend

attention and encourage debates on development and use of concep-

tual frameworks in the context of indicator-based (urban) sustainabil-

ity assessments. Conceptual frameworks play a central but often

unappreciated role in such assessments, from the definition of the

concept under assessment to the communication of the assessment's

results. Specifically, this work contributes to making the development

of these frameworks more structured and reflexive. We achieve this

by clarifying the purposes that conceptual frameworks can serve, by

elucidating a typology of frameworks available for indicator set devel-

opers based on a comprehensive empirical sample, by discussing the

relative strengths and weaknesses of each framework type, and by

highlighting the gaps that remain in the conceptualizations used by

current indicator initiatives.

The main messages that we hope to put across can be summa-

rized as follows:

First, considering the many purposes that conceptual frameworks

can serve (see Section 2.2), their construction should be given explicit

and adequate attention during the development of indicator-based

sustainability assessments. This allows the assessments to leverage

the full potential of conceptual frameworks.

Second, developing and using frameworks entails making a num-

ber of choices that should hinge on the particular aims, context and

target audience of the indicator initiative in question. These choices

pertain both to the selection of an appropriate type of framework

(and the possible hybridization of these types) and to the population

of the framework with a list of categories. The reflexive completion

of these choices—with the support of the elaborated typology we

present in Section 4 and the comparison developed in Section 5, as

well as keeping in mind the recommendations we provide in

Section 6.3—can enhance the quality of indicator-based assessments

by ensuring that they are better adapted to their particular context

and goals.

Third, the analysis of a large number of indicator frameworks

presented in this article provides an interesting overview of the practi-

cal meaning accorded to the concept of urban sustainability. The anal-

ysis revealed a generally multifaceted understanding of urban

sustainability in terms of breadth of areas covered (see, e.g., Figure 6).

In contrast, only a few conceptual frameworks in the sample included

spatial and temporal aspects, and systemic frameworks paying atten-

tion to the interconnections between different areas of urban sustain-

ability were equally rare. While such simplicity is advantageous in

certain regards, future indicator set developers could benefit from

reflecting whether their conceptual frameworks capture the overarch-

ing concept in an adequately accurate manner.

Finally, it should be remembered that the construction of the

kind of indicator-based assessments that this work discusses is never

a purely technical and value-free exercise. Rather, the choices made

in the construction process, including choices related to the concep-

tual frameworks used to support the indicator initiatives, end up

shaping the very way that the assessed problem is understood. In

other words, the influence that sustainability assessments exert on

the ensuing actions and policies is not limited to the quantitative

results that they provide, but also include the promulgation of partic-

ular conceptual and mental models. In that sense, supporting reflexiv-

ity in the design of assessments (as the contributions of this article

aim to achieve) means supporting decision-making that is contextu-

ally relevant and that adequately considers the many aspects of

urban sustainability.
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ENDNOTES
1 For brevity, we will henceforth often refer to these kind of conceptual

frameworks simply as “indicator frameworks” or “frameworks.”
2 We understand indicators as multifaceted constructs ideally composed

of: (1) a label; (2) a unit of measurement; (3) a definition; (4) accessible

data; (5) a reference point; and (6) its anchoring in a particular conceptual

framework (i.e., the categories and the concept with which it is associ-

ated) Merino-Saum et al., 2020). This last element is what differentiates

an indicator from a metric, which can be seen as a “generic” or “raw”
indicator without any concrete meaning, thus being associable with

more than one concept.
3 For complementary information on the methodology, including a full list

of references, see supplementary material (Data S1) or Merino-Saum

et al. (2020).
4 Note that the presence of hybrid frameworks explains why the sum of

frequencies shown in Table 2 is higher than the sample size of 66.
5 For example, the categories “Environment,” “Environmental sustainabil-

ity” and “Planet” were assimilated to a single domain of “Environment.”
6 A theme combined with both an attribute and an action (e.g., “Promote

sustainable urban transport”; “Provide good-quality housing”) was the

most frequent case in the sample with 85 occurrences (i.e., 38.81%).
7 To clarify, we consider two common framework models (1. A simple

hierarchy of categories; 2. A model where all categories are portrayed as

connected with all other categories in a symmetric manner) to have

fallen outside of the definition as insufficiently specifying the relation-

ships between the categories.
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