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Abstract: Considering the current emerging demographic, urbanization and climatic trends,
integrating sustainability and resilience principles into urban development becomes a key priority
for decision-makers worldwide. Local and national governments, project developers and other
urban stakeholders dealing with the complexities of urban development need projects with clear
structure and outcomes in order to inform decision-making and ensure sources of financing. The need
for developing an integrated assessment methodology that would capture and quantify multiple
urban sustainability and resilience benefits of projects in one common framework and eventually
lead to verifiable sustainability and resilience outcomes is immense and challenging at the same
time. The main objective of this paper is to present the development of a methodological approach
that aims to integrate sustainability and resilience benefits, derived from the implementation
of green growth urban projects, into a unified framework of criteria addressing environmental,
social, economic and institutional perspectives. The proposed sustainability and resilience benefits
assessment (SRBA) methodology is a combination of top down and bottom up approaches, including
GIS-based scenario building. The different types of sustainability and resilience benefits of urban
green growth projects are also identified at different levels (i.e., individual, neighborhood, city and
global). Moreover, the proposed methodology creates scenarios that can be illustrated by a map-based
approach to enable a better illustration and visualization of benefits. It demonstrates how a map-based
approach can assess not only the extent of sustainability and resilience benefits accrued (how much is
benefitted), but also their spatial distribution (who is benefitted). The main methodological challenges
and issues on developing an integrated sustainability and resilience benefits assessment are identified
and discussed.

Keywords: integrated framework; sustainability and resilience benefits assessment; urban interventions;
green growth; SDGs

1. Introduction

Rapid urbanization puts pressure on natural resources and increases demand for energy, water
and sanitation, as well as for other public services. Since 2007, more than half of the world’s population
has been living in urban centers, and it is estimated that the proportion will exceed 70 percent
by 2050. In the future, large cities will be primarily located in low- and middle-income countries.
It is in such countries, who often struggle with competing development and sustainability agendas,
where additional resources and the capacity development of local governments are ever more so a
pressing issue [1].
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Activities in cities and urban areas affect the environment locally, regionally and globally (see
Figure 1), in both negative and positive ways. Local issues of public health, sanitation and waste
management are very visible in low-income cities. In many cities of low- and middle-income
countries, access to public services (e.g., water, sanitation, electricity) remains inadequate. Furthermore,
there is great pressure on the institutional capacities of local governments to improve access
to adequate infrastructure, creating decent employment, reducing pollution and vulnerability to
natural disasters [2].
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On the other hand, the expansion of cities together with high consumption-driven lifestyles
and carbon-intensive urban economic activities of middle-income countries contributes to the rapid
increase of global GHG emissions. High levels of consumption in middle- and high-income cities can
generate a wide range of environmental consequences (e.g., increased pollution locally and an increase
in carbon emissions globally) through the use and flows of raw materials and energy from distant
locations for the production of goods and services locally [3].

In turn, the increase of GHG emissions contributes to the intensity of the problem of global
warming, thereby exacerbating and intensifying subsequent climate-induced disasters. It is now
evident how climate change induced risk and impacts increase cities’ vulnerabilities, hinder local
development and place additional stress on the adaptive capacities of urban areas, particularly that of
the urban poor and other vulnerable groups.

In the previously-described complex global system of cities, integrating and making sense of
different urban agendas can be a daunting and complex task; however, sustainable and resilient
development of urban areas requires precisely the integration of different agendas and of different
objectives if cities are to prosper as the main way of living for humanity [4] (Figure 2). Co-benefits and
synergies between different urban policies, plans and actions should be explored, and potential
conflicts and trade-offs should be identified.

In 2015, UN members agreed (for the first time) on a specific global goal for urban areas, as part of
the 17 Sustainable Development Goals (SDGs) for 2030. The urban SDG (Goal 11) brings sustainability
and resilience to the foreground: “Make cities and human settlements inclusive, safe, resilient and
sustainable”. The goal is divided into seven specific thematic targets (regarding: housing and basic
services, transport systems, planning and management, cultural and natural heritage, human and
economic losses from disasters, environmental impact of cities, safe and inclusive public spaces) and
also three suggested “means of implementation”, which have attracted attention because of their
importance for the potential impact of the SDGs. Emphasis is given to “cities and human settlements
adopting and implementing integrated policies and plans towards inclusion, resource efficiency,
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mitigation and adaptation to climate change, resilience to disasters”. The “integrative nature” of
the urban SDG, apparent throughout the targets and suggested means of implementation, makes it
imperative to facilitate and manage urban issues with holistic approaches and tools.
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Moreover, the urban SDG and its targets stress the need for a framework of indicators for urban
sustainability and resilience. A first set of universally-accepted SDG indicators, to be used at the
national, regional and city level, according to the data availability, was suggested at the Second Urban
Sustainable Development Goal Campaign Consultation on Targets and Indicators [5]. Although the
indicators are still under development, there is global awareness for the collection and distribution of
data that will support SDG implementation and monitoring. The World Council on City Data and the
Global Partnership for Sustainable Development Data are two platforms promoting the use of open
data for decision-making.

Against the background of emerging demographic, urbanization and climatic trends, policy and
assessment frameworks need to promote a common integrated approach that will simultaneously
address local sustainability, resilience and climate change objectives. As cities depend on the effective
and reliable operation of infrastructure systems to deliver energy, mobility, water, sanitation, shelter,
information, emergency response and other critical services [6,7], they must adopt appropriate
development policies as soon as possible, because today’s infrastructure investments will be locked in
over the medium to long term.

Sustainability and resilience are two intertwined concepts, and both highlight the ability of a
system (urban, social, ecological) to evolve into “desirable development pathways” [8]. The variety of
relationships and equilibria between sustainability and resilience have been studied in the literature [9,10],
where sustainability is seen as a normative concept promoting justice between generations, while
resilience as a descriptive, desirable or sometimes even undesirable (in persisting, negative situations,
such as environmentally-degraded water bodies) concept [11]. However, the right combination of
sustainability and resilience aspects could provide strategies that allow them to be implemented in
their full potential: a city cannot be sustainable without being resilient, and vice versa [12].

Even though sustainable development is a fluid concept and various definitions have been put
forward, the definition by the Brundtland World Commission on Environment and Development
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in 1987 remains valid and timely. One of its key principles is that sustainability should promote
understanding and foster the integration of the complex interconnections that exist between the
environment, economy and society. On the other hand, the concept of resilience has its origin in
engineering, expressing strength and resistance [13]. Recently, the term has gained popularity in many
science fields and especially in urban studies, indicating the abilities of adjustability, adaptive capacity
and transition. Although resilience can have different connotations in different contexts, when related
to disaster risk management, it indicates the ability of a system, community or society that is exposed
to hazards to resist, absorb, accommodate and recover from the effects of a hazard in a timely and
efficient manner [14]. Building resilience is a demonstration of the ability to change in order to protect
and preserve the characteristics of the urban system [8].

Except from the benefits that sustainability and resilience entail for the urban context when
pursued separately, building both sustainability and resilience into urban development would entail
multiple benefits for the urban socio-economic system [10,15,16]. There are strong reasons to integrate
the two concepts in urban management and planning processes and agendas and also to explore how
they can be assessed and applied together in practice through tools and guidelines [17,18]. In the urban
environment and in the context of sustainable development, this integration would provide the
essential ability to capitalize on the development and sustainability benefits that the urban system has
achieved so far. A non-resilient (but “sustainable”) urban system could be found in the position of
losing benefits achieved during the development process, and even returning to points that are years
back on the development track, due to the lack of ability to be resilient against a hazard [19].

Working across sectors to achieve the aforementioned deliverables would assist in building
urban sustainability and long-term resilience in cities, along with achieving development goals [19].
However, one of the main challenges for sustainable and resilient interventions seems to be political
understanding and commitment [17]. Consequently, interventions that aim to contribute to the
progress in sustainable development need to be tailored to the particular challenges and opportunities
identified and prioritized by cities’ stakeholders in concert with their expected multiple benefits
and impacts. The combination of the two concepts relies on investment decisions that prioritize
spending on activities that offer alternatives that perform well in different scenarios [20]. Leapfrogging
investment in a green urban transformation can generate employment, drive innovation and foster
green local economic development [21].

The notion of green growth is high on the global policy agenda and offers relevant insights
into how appropriate interventions should be carried out. According to the World Bank [22], green
growth means growth that is efficient in its use of natural resources, clean in that it minimizes
pollution and environmental impacts and resilient in that it accounts for natural hazards and the role
of environmental management and natural capital in preventing physical disasters. Cities are central
to green growth strategies, as they are both key areas of economic activity and the drivers of energy
consumption and greenhouse gas emissions. Although only a limited number of cities have explicitly
adopted and are in the process of implementing green growth strategies (e.g., Stockholm in Sweden,
Copenhagen in Denmark, Da Nang in Vietnam), cities across the globe are already pursuing greener
futures by incorporating environmental objectives into their economic strategies [23]. In practice,
this often means identifying urban activities to reduce environmental impacts that are most likely to
contribute to job creation, urban attractiveness, supply of green products and services and increased
urban land values. These activities can be implemented in different sectors, such as water, solid waste,
transport, energy and urban greening (see Figure 3 and Appendix C). The urban green growth process
can also generate a wide range of co-benefits (both economic and social), including poverty reduction,
in particular locations. The adoption and implementation of green growth strategies at the urban level
calls for the development of methodologies to assess the extent to which green growth projects and
initiatives in different urban sectors (Figure 3) contribute to the wider green growth agenda, including
the measurement of the sustainability benefits that they generate in view of attracting funding sources.
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There is a large diversity of sustainability assessment methods at different levels, such as city
(e.g., the Green City Index developed by Siemens and the Urban Sustainability Index developed by
Columbia University, Tsinghua University and McKinsey), neighborhood [24,25] and building [26],
and in relation to different sectors, such as energy [27], transport [28], waste management [29] and
water [30]. However, there is a lack of a project-based sustainability benefits assessment methodology
that could integrate different urban agendas, be relevant to multiple sectors and provide the flexibility
of modification and application to different local contexts. Moreover, there is a strong need for
developing approaches and methodologies for measuring and eventually verifying sustainability
benefits as an essential element of decision-making processes aiming to efficiently and effectively
allocate scarce resources.

Against this background, the article aims at addressing the following research question: “How
can the multiple sustainability benefits of urban green growth projects be assessed by incorporating
resilience aspects in the assessment framework?” A pertinent sub-question is: “Which are the main
issues that a sustainability benefits assessment methodology of urban projects should address?”
The objective of the article is to present the development of a project-based assessment methodology
that can capture both sustainability and resilience aspects and incorporate different urban agendas in
one flexible assessment framework. The developed sustainability and resilience benefits assessment
(SRBA) framework could be applied in cities in low- and middle-income countries and fast growing
economies. The focus of the developed approach addresses, on the one hand, issues related to poverty
alleviation, basic services provision and health and risk and, on the other hand, issues that cities in
fast growing economies face, such as air pollution and GHG emissions (see also Figure 1). The SRBA
framework follows an integrated and holistic approach to sustainability assessment in cities and aims
to support local and national governments to implement green growth projects in various urban
sectors while accounting for sustainability- and resilience-related benefits.

The structure of this article is as follows: Section 2 presents the methods employed in the desk
study. Section 3 presents the outcomes of the extensive literature review that was conducted on
different sustainability assessment methods and approaches that have been applied and are relevant
to cities. Section 4 discusses the main issues to be considered when developing an SRBA methodology
according to the literature review. Section 5 introduces the systems approach and explains how the
conceptual framework of the developed methodology has been built. Consequently, Section 6 presents
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the step by step development of the SRBA methodology. Section 7 demonstrates an illustrative example
of the application of SRBA in Colombia, including GIS maps and matrices with the identified benefits.
Lastly, Section 8 discusses future research directions and provides concluding remarks.

2. Methods

A systematic literature review (SLR) was conducted by looking into databases of scientific journals,
specifically: (1) Scopus; (2) the Web of Science; (3) Science direct; and (4) sEURch, the online library of
Erasmus University Rotterdam. The inclusion criteria were the following:

‚ Keywords: sustainability benefits, urban, sustainability assessment, impact assessment,
resilience assessment;

‚ Research areas: sustainability studies, engineering, environmental assessment, decision science,
economics, urban studies, geography, architecture, climate change mitigation, climate change
adaptation, energy, buildings, water, transportation, solid waste management, ecosystem services;

‚ Date of publication: between 2005 and 2015;
‚ Publication language: English.

Furthermore, we also looked into the available sectoral reviews as these provided an overview of
the extent of sustainability assessment methodologies. The papers found through database search and
from sectoral reviews were further classified according to the following categories:

‚ City-wide sustainability assessments,
‚ Integrated sectoral sustainability assessments,
‚ Rating sustainability benefits assessment approaches,
‚ Climate project-based sustainability assessment methods and
‚ Sustainability assessments with resilience components.

The inclusion criteria generated more than 500 research results for sustainability assessment
papers in various sectors (including integrated assessment frameworks). While we attempted to
provide an exhaustive review of the literature, we consider the final classification as indicative of the
extent of sustainability assessment methodologies that have been developed and applied.

3. Existing Sustainability Assessment Methodologies

Based on the literature, we categorize five main approaches of sustainability assessment
methodologies that are relevant for cities:

3.1. City-Level Sustainability Assessment Methodologies

Measuring urban sustainability is an ongoing challenge for cities. A range of indicator and index
systems has been developed over the past two decades, to measure a wide variety of issues ranging
from carbon emissions to ecological footprint and material flows [6,31,32]. A key differentiation should
be made between indicators and indexes developed by international organizations and those developed
at the city level. Often, the latter are simply derived and adapted from the former. The indicators and
indexes in use across the different cities and regions worldwide vary according to their particular needs
and goals of the local context. It is possible to further categorize city level sustainability assessment
methodologies into sustainability indicators (e.g., carbon, water and energy footprint), sustainability
assessments (e.g., life cycle assessment, strategic environmental assessment, environmental impact
assessment) and integrated sustainability indexes (e.g., Green City Index, Urban Sustainability Index).
It should be emphasized that most currently available methods still fail to demonstrate sufficient
understanding of the interrelations and interdependencies of environmental, social and economic
considerations [33]. A comprehensive list of the indicator-based sustainability assessment frameworks
at the city level can be found at the in-depth report of the Science for Environment Policy [34].
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3.2. Integrated Sectoral Sustainability Benefit Assessment Approaches

Different approaches have been developed to measure the sustainability benefits deriving from the
implementation of sectoral interventions in water, solid waste, transport, energy and urban greening.
Most of these approaches, such as life cycle assessment, material flow analysis, cost benefit analysis,
cost effectiveness analysis and multi-criteria analysis, are commonly applied to all sectors. A life cycle
assessment (LCA) aims to describe the environmental impact of a product or service, from “cradle
to grave”. The objective is to use this information to improve efficiency and reduce environmental
impacts in the entire life cycle chain and thereby avoid sub-optimization. There are international
standards for how to perform an LCA, and this methodology is frequently used in research and
industry. An LCA, however, focuses primarily on describing environmental aspects (sometimes
including human-health aspects) and does not address other aspects of sustainability and sustainable
development [35]. Material flow analysis (MFA) is the study of physical flows of materials into, through
and out of a given system (usually the economy). It is generally based on methodically-organized
accounts in physical units. It uses the principle of mass balancing to analyze the relationships between
material flows (including energy), human activities (including economic and trade developments)
and environmental changes. An MFA does not consider the costs and seldom the environmental or
social effects of the material flows studied, even though it is very useful for identifying substances that
may cause acute problems in the future [36]. As mentioned above, other commonly-used approaches
include cost benefit analysis (CBA) in which all costs, as well as benefits of a sectoral intervention
are monetized, as well as cost effectiveness analysis (CEA), where only the costs, but not the benefits,
are expressed in monetary terms. Recently, more integrated approaches have been applied to include
all diverse dimensions of sustainable development and the multiple impacts and aspects of sectoral
interventions. Multiple criteria analysis (MCA) evaluation approaches have been applied increasingly
in the last two decades in various decision-making contexts in different sectors [37–39].

3.3. Rating Sustainability Benefit Assessment Approaches

There is a large diversity of rating sustainability assessment tools that have been developed
in the last decade and that have been applied in different regions and countries at different
levels, such as green buildings, infrastructure projects and neighborhoods. The main objective
of this type of sustainability rating tool is to assess the overall sustainability performance of the
project under consideration (e.g., building), reconciling multiple sustainability criteria (energy,
environmental, water, etc.), to rate and to compare it with other similar projects (i.e., buildings).
A detailed review of sustainability rating tools for buildings can be found in Nguyen and Atlan [40]
who reviewed and compared five prominent rating tools, namely Building Research Establishment
Environmental Assessment Methodology (BREEAM), Leadership in Energy and Environmental
Design (LEED), Comprehensive Assessment System for Building Environmental Efficiency (CASBEE),
GREEN STAR (a sustainability rating system for buildings in Australia) and the Hong Kong
Building Environmental Assessment Method (HK-BEAM). Furthermore, Sharifi and Murayama [24]
and Komeily and Srinivasan [25] conducted critical and extensive reviews comparing different
neighborhood sustainability assessment (NSA) tools. They concluded that NSA methodologies should
be improved and enhanced with regard to: (a) a more balanced approach towards inclusion of a
wider array of stakeholders, particularly citizens’ participation; (b) balanced consideration towards all
four aspects of sustainability, including institutional aspects; (c) adaptability to the local context and
characteristics of the project; (d) a focus on cross- and multi sectoral aspects; and (e) a project’s life time
considerations. On the other hand, Charoenkit and Kumar [26] investigated to what extent selected
rating tools have incorporated aspects of disaster resilience and carbon emissions reductions in their
evaluation criteria. Envision [41], one of the most advanced rating tool to assess the sustainability of
different infrastructure projects, incorporates aspects of quality of life, leadership, resource allocation,
the natural world and climate change (including resilience and emissions) in its assessment framework.
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3.4. Climate Project-Based Sustainability Assessment Methods

Climate project-based sustainability assessment methods aim to assess the sustainability benefits
of projects that have a primary climate objective (e.g., reduction of carbon emissions). The first climate
project-based approach to sustainability benefits assessment is the widely-applied Clean Development
Mechanism Sustainable Development (CDM SD) benefits assessment [42–45]. This type of approach
aims at measuring qualitatively the contribution of CDM projects to different sustainability benefit
categories, such as environmental, social and economic. This type of assessment, unlike rating tools,
does not allow the aggregation of scores of different criteria in one final composite index. Furthermore,
the contribution of the CDM project to sustainable development benefits is measured in comparison
to the baseline situation, without the project. Another climate project-based sustainability benefits
assessment method is the Climate Community Biodiversity (CCB) standards that aim at measuring
the benefits of a project with specific objectives, such as carbon emission reductions (sequestration),
biodiversity, community and climate adaptation [46]. This approach also compares the project situation
with the baseline situation (without the project).

3.5. Sustainability Assessments with Resilience Components

The importance of incorporating resilience aspects in sustainability assessments has been
discussed in the literature, and the extent to which resilience factors are in included in existing
methodologies has been explored. Matthews et al. [18] calculated the ratio between sustainability and
resilience factors in 11 of the most widely-used sustainability assessment frameworks. The findings
indicate that resilience represents 3.3% to 17.9% of the total factors examined in the analyzed
frameworks. On average, one the 11 frameworks focuses on resilience, while nine on sustainability [19].
Based on these results, the authors highlight the reasons why resilience (in the wider concept of hazard
risk reduction) should be systematically incorporated in sustainability frameworks. Apart from the
educational dimensions of mainstreaming resilience, the mutual benefits and also mutual threats
of combining sustainability and resilience need to be understood (both in theory and practice) by
communities, experts and governments [18].

4. Main Issues to Consider When Developing an SRBA Methodology

This section discusses the main issues to be considered when developing a project-based
sustainability and resilience assessment methodology in urban areas based on the literature review.

4.1. Sustainability Dimensions and Resilience Coverage

The first issue to consider when developing a sustainability benefits assessment is the thematic
coverage. Which dimensions of sustainability will be considered? Which themes and sectors will be
included in the assessment framework? Will the assessment framework address resilience aspects?
Those are additional critical questions that should be carefully considered when incorporating resilience
aspects in a sustainability benefits assessment framework. The different sustainability and resilience
dimensions and themes to be included will determine the specific aspects that will be measured by
using relevant indicators. It is imperative to define well what needs to be assessed and what would
be included in the assessment. In most cases sustainability and resilience have been approached
in isolation, and only a few studies the last few years have looked at their synergies, overlaps and
complementarities [17,18,47]. As discussed also in the section of the literature review, there are sectoral
approaches to urban sustainability covering only specific urban sectors, but also holistic approaches
that aim to integrate the sustainability aspects of multiple sectors.

4.2. Reference for Measuring Sustainability Benefits

A second important methodological consideration is to decide the point of reference that
will be used for measuring the sustainability benefits that would be generated by different urban
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green growth projects. Based on academic literature and international experience in sustainability
impact assessments [47–51] there are two main options to use as points of reference for measuring
sustainability benefits:

‚ Baseline as a reference:

Using the baseline as a reference for measuring sustainability benefits would require first to
measure the baseline scenario, which actually means measuring the current situation of all parameters
(potential sustainability impacts) without considering the proposed intervention (project). Secondly, we
need to measure the potential sustainability benefits by implementing the intervention. Then, having
the measurements of both the baseline and project scenarios, we can compare them and estimate the
actual sustainability impacts, which will be the difference between the two scenarios. This approach
focuses on the improvement towards sustainability in comparison to the current situation than on the
actual sustainability performance of the project. This type of approach has been applied widely in
Clean Development Mechanism (CDM) and climate, community and biodiversity projects [46,51].

‚ Benchmark as a reference:

Using the benchmark as a point of reference for measuring sustainability benefits would require
first to set benchmarks for each type of sustainability benefit. The benchmark will have the form of a
standard or target that reflects the sustainable performance of an urban project. Secondly, the actual
sustainability impact (performance) of the intervention under investigation should be measured for
each sustainability benefit that would be generated. Thirdly, the actual sustainability impacts of
the intervention will be compared against the multiple benchmarks that have been established for
each type of sustainability benefit. Therefore, this approach focuses more on the project’s actual
performance towards certain sustainability targets and not on the improvement in relation to the
baseline. The main challenge of this approach is the selection of benchmarks, as in many cases, it is not
clear and straightforward who should decide for the selecting or setting of them. Another challenge is
the actual establishment of a benchmark and estimation of sustainable performance. In the case of a
large number of sustainability impacts, the establishment of benchmarks for all possible sustainability
impacts becomes even more challenging. Rating systems in buildings and infrastructure projects apply
this type of approach, as their main objective is to compare the performance of different projects and
to rate them accordingly [41,48].

It should be noted though that the two aforementioned options to measure the level of
sustainability benefits are not necessarily mutually exclusive, but rather complementary, since they
serve slightly different purposes. They can be combined depending on the type of sustainability
benefits they aim to measure. For instance, the baseline can be used as a point of reference (i.e., 1990
levels for carbon) and still set benchmarks (i.e., 80% reduction in CO2 emissions by 2050); the progress
in this case is measured against both the former and latter.

4.3. Multiple Levels of Sustainability and Resilience Benefits

Another important issue when approaching the assessment of sustainability and resilience benefits
in cities is to identify the different levels of the benefits/impacts. It is important to understand who
will be benefited or affected by the intervention at different levels and possibly within different scales,
such as spatial, temporal and institutional [52]. Projects in different sectors in urban areas could have
different levels of impact and affect just a number of individual consumers or enterprises (a reduction
of energy bills due to energy savings measures), neighborhoods (e.g., flood risk reduction), the city
as a whole (e.g., improved air quality) or even resulting in global benefits (e.g., GHG emissions
reductions) [53]. Therefore, it is important to be able to identify the level of the benefit/impact
realization and to include this information in the analysis. Often, this type of information could
indicate possible funding options of the intervention depending on the level that the benefit is accrued.
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4.4. Weighting

Another crucial methodological consideration when developing a sustainability and resilience
assessment methodology is the decision on whether to include factors of relative importance of
different benefits or not. Some benefits might be more important than others depending on the local
context; therefore, considerations of relative importance between them can be incorporated in the
assessment process. This has been technically applied and incorporated widely in rating systems,
both for buildings and infrastructure projects, where different sustainability criteria get different
weights according to their predefined relative importance. For instance, in the LEED rating system,
energy efficiency criteria get higher factors of importance in relation to water efficiency criteria [48].
An important issue when assigning factors of relative importance is who is going to define these factors.
Would the selection be based on a participatory process, such as stakeholder consultation, or would it
be a top down selection by the assessment tool developer? Therefore, the incorporation of weighting
factors implies a high degree of subjectivity in the overall assessment process. This subjectivity,
however, also reflects the reality, since sustainability benefits have different importance in different
cities and for different stakeholders [54].

4.5. Trade-Offs between Categories of Benefits

As important it is to identify synergies between multiple sustainability objectives, similarly and
probably more important is to identify trade-offs between different sustainability categories [16,47].
Consideration of the trade-offs between different benefits is an aspect to address also when we attempt
the assessment of both sustainability and resilience benefits.

Often, there are cases where projects, while improving the sustainability condition of one aspect,
might affect negatively the sustainability condition of another aspect, e.g., the improvement of transport
infrastructure might increase the noise pollution at a certain area. When planning for compact
urban development in order to reduce the need for mobility and, therefore, reduce transport GHG
emissions, we should also consider the negative impact that this action might have on reducing
urban green areas or on increasing natural hazard risk. Understanding and evaluating trade-offs
in sustainability assessment requires making judgments and taking into account the perspectives
of different stakeholders. We recognize that the consideration of trade-offs in a sustainability and
resilience assessment is highly context specific, both with respect to the type of projects, as well as the
values of stakeholders. For example, whether people uphold weak or strong conceptualizations of
sustainability will directly determine the kinds of trade-offs they are prepared to accept [47].

4.6. Applicability and Adaptation Ability

Very often, sustainability assessment methodologies, tools and models tend to follow a top
down and supply-driven approach, which means the methodology developers would have minimum
interaction with potential users [55]. This type of top down standardized approaches to sustainability
assessment can lead to limited applicability of these methodologies, since most of the times they fail to
relate to the local context and meet the needs of the users or local communities [24]. The flexibility
and adaptability of sustainability assessment tools and methodologies are considered essential not
only from an adaptive management perspective (adaptation to new information), but also from a
demand-driven and local community perspective, providing the opportunity for local users and
stakeholders to adapt the main elements of the methodology (e.g., criteria categories, priorities) in
order to maximize local relevance and applicability [24].

4.7. Participation and Learning

Different authors who work on the development of new sustainability assessment methods
suggest the inclusion and actual engagement of stakeholders in the assessment process [47,55], not only
as users, but as co-developers, as well. Sustainability and resilience refer to long-term time horizons
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and intergenerational equity, bringing the issue of long time frames at the heart of sustainability
assessment. The actual impacts of the development of a project and the expectations about these
impacts could change over different time periods, implying the need to adapt to the new information,
values and priorities. This adaptive approach suggests continuous redesigning of projects and plans
and, therefore, regular reiteration and interaction with different stakeholders [55]. In that respect,
testing and learning are also becoming important elements of the assessment process leading to a
continuous evolution and co-development of the sustainability assessment [56]. Stakeholders can
be involved in different phases of sustainability assessment by: (1) defining and redefining the
sustainability objectives and targets; (2) providing and periodically re-constructing their preferences
and values with regard to the importance (weights) of sustainability criteria; and (3) providing feedback
either as users or co-developers of the sustainability assessment process. Moreover, different authors
have emphasized how the participation of different stakeholders in the decision-making can by itself
lead to the enhancement of resilience [17,18].

4.8. Illustration and Communication of Results

The results of the sustainability benefits assessment can potentially be used by different
stakeholders, including project developers, urban planners, local authorities, potential investors,
donor agencies, residents, etc. Therefore, the way the assessment results are presented and illustrated
will determine the level of the assessment’s support in decision-making and planning [24] to a large
extent. Geographical Information Systems (GIS) and other visualization techniques can support
decision-making processes by conveying spatial information in an easily accessible way. They can
be used as a basis for communication with stakeholders, as well as for simple visual analyses of the
spatial relationship between different relevant parameters [57,58]. GIS maps can be also customized
according to the requirements of the project developers and/or local governments in order to give
to decision-makers and planners a spatial illustration of where projects are likely to contribute to
sustainable development of a city. If combined with further data layers (e.g., important areas for
biodiversity or areas where real estate values would be increased), the maps can be used even to assess
certain benefits or to illustrate the generation of specific environmental, social and economic benefits.

5. Conceptual Framework

5.1. A Systems Thinking Approach

According to Pisano [8], “resilience thinking is inevitably systems thinking, as much as sustainable
development is”, while Redman [10] also presents the “system dynamics” as the main domain
that requires attention in order to study the two concepts of sustainability and resilience combined.
It is therefore essential to follow a systems thinking approach for understanding the interrelationships
between the natural environment and human society, before introducing any sustainability and
resilience benefits assessment methodology.

Certain functions of environmental assets and resources benefit human beings. Moreover, human
activities often cause changes to the quantity or quality of environmental assets and resources, closing
the cycle of the socio-ecological system. Figure 4 is an oversimplification of the interrelationships of
ecological and socio-economic systems and the way they form a complex socio-ecological system,
describing it in a conceptual manner.

The urban socio-economic system is directly interlinked with the ecological system, which
provides multiple services to human societies, economies and cities through its three main functions:
the resource, sink and service functions (Figure 4 and Table 1). The ecological system is continuously
being transformed, as much as the socio-ecological system itself is. The trajectories of these
transformations are unpredictable and responsive to a wide range of internal and external influences.
An integrative way to understand and deal with these multidimensional changes is by considering
the ecological and socio-economic systems as one, a system that is cutting through different, multiple
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spatial scales and timeframes [8]. This unified system, the urban socio-economic system, in order to
persist and withstand internal and external changes, has to be both resilient and sustainable.
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Table 1. The three functions of the ecological system (sources: OECD, 2005 [60]; Millennium Ecosystem
Assessment, 2005 [61]).

Resource Function

Through the resource function, the ecological system provides renewable and
non-renewable resources, raw materials, fuels, minerals and fibers, which are
used as inputs for production activities. Production activities through industrial
processes transform these inputs into products and services to human societies.
However, production processes and consumption of products lead ultimately to
emissions and waste flows back to the environment.

Sink Function

The sink function of the ecological systems is the capacity of the environment to
absorb the unwanted by-products of production and consumption, emissions
from combustion or chemical processing, etc. (OECD, 2005 [60]).
However, air pollutants and waste in large amounts often challenge nature’s
capacity to absorb and process them, leading to contamination of natural
resources (air, soil and water). Consequently, environmental contamination and
pollution often lead to impacts to human welfare, such as polluted air and water,
affecting human health and welfare directly

Service Function

The service function of the ecological system refers to the (i) regulating and
(ii) socio-cultural (amenity) services that nature provides to human beings.
According to the Millennium Ecosystem Assessment (2005) [61], regulating
services (or life-supporting services) are services that provide benefits to human
societies from the control of natural processes by ecosystems, such as flood
control, micro-climate regulation, carbon sequestration, water purification, etc.,
and are intensely linked with the main constituents of human well-being
(e.g., security, health). Furthermore, socio-cultural (amenity) services are the
non-material benefits ecosystems provide to humans for socio-cultural and
recreational activities.

5.2. Different Types of Sustainability and Resilience Benefits

Stemming from the material and urban metabolism framework [62,63], we classify the
sustainability benefits as primary, secondary and tertiary. The resource function inputs are primary
benefits (or impacts), which in the literature have been also identified as input stocks and flows [64].
The primary benefits are the first ones to be observed due to an urban green growth project. For instance,
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the level of energy resources (resource function input) that would be consumed by a new “green”
building would be the first impact that can be relatively easily quantified. Through the multiple
activities, processes and projects in different urban sectors, output flows are generated in the form
of emissions and wastes, causing pressures on the environment and its sink function (Figure 5 and
Table 1). At the same time, these urban sectoral activities and projects provide essential services
(e.g., sustainable housing) to urban inhabitants. Their emissions and waste (output flows) or their
reduction can be considered as secondary impacts/benefits. Moreover, any changes that urban sectoral
interventions cause to the regulating and socio-cultural services provided by the ecological system
(Table 1) would be also considered as secondary benefits. Changes that secondary environmental
benefits (e.g., reduction of air pollution) will cause to human welfare, health and their economic
implications can be considered as tertiary benefits. It should be emphasized at this point that as we
move towards the identification and assessment of secondary and tertiary benefits, their quantification
becomes more complex and uncertain (Figure 5).
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As mentioned in the literature review, there are numerous approaches attempting to standardize
sustainability assessment indicators at the city level for comparative purposes, while resilience aspects
are also incorporated in some of these frameworks. However, considering the large diversity of
urban socio-ecological sub-systems and green growth projects, standardized approaches are not
easy to universally develop; and are also not desirable. The subjectivity of sustainability and
resilience assessments is such that the same project would generate different outcomes and benefits,
when implemented in different geographical locations or even at the same location, but at different
points in time.

Considering that the sustainability and resilience benefits of green growth interventions are
contextual, it is important to provide a flexible framework for their identification in different situations.
On the basis of the sustainability definition by the Brundtland commission and frameworks for
resilience [13,14,65], it can be argued that sustainable and resilient projects should be assessed in
terms of the impacts they cause/benefits they bring in four different dimensions (types of benefits)
(environmental, social, economic and institutional). Overall, urban green growth interventions can
lead to a wide range of sustainability benefits in these categories, while many of these benefits include
resilience aspects (Figure 6).Sustainability 2016, 8, 461  15 of 33 
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5.3. Sustainability and Resilience Benefits Categories

Considering the need for flexibility, an overall (but not exhaustive) framework for evaluating
urban green growth projects against sustainability and resilience criteria is presented in Appendix A.
The framework is based on an extensive review of existing categorizations [41,66–69] and aims
to analyze the performance of projects from an environmental, social, economic and institutional
point of view.

Under these four dimensions, benefits are organized into two tiers: categories and subcategories.
In more detail, environmental benefits are comprised of six main categories (i.e., air, land, water,
resource conservation, biodiversity and climate change); social benefits are comprised of four categories
(i.e., health, safety and risk, welfare, urban services and education); economic benefits are comprised
of three categories (i.e., growth, revenues from resource recovery and balance of payments);
and institutional benefits are comprised of three categories (i.e., governance, knowledge, networks).
Each of the main categories is further divided into subcategories to specify the types of benefits related
to urban projects. It should be pointed out that as sustainability and resilience are nuanced and
complex, there may be overlaps between categories and subcategories, and these are best dealt with at
the level of the single project being assessed. The graphical representation of the SRBA framework
is illustrated in Figure 6. Resilience aspects are incorporated in the highlighted (gray) sustainability
benefits categories. The institutional aspects (governance, knowledge, networks) are important for
building resilience in the overall urban system. Furthermore, considering the current discourse on
and need for developing methodologies for capturing and measuring the achievement of the SDGs,
we provide an overall list of all of the linkages between the proposed SRBA framework and different
SDGs (Appendix B).

5.4. Different Levels of Sustainability and Resilience Benefits

As it was discussed in Section 4, it is important to identify the stakeholders who actually
benefit from a particular urban intervention. Often, cost benefit analysis approaches to sustainability
assessment tend to aggregate all benefits in a monetary unit from an investor’s perspective.
This reductionist approach to sustainability has been widely criticized, opting for new approaches that
are able to identify the diversity of benefits and their multiple beneficiaries. Furthermore, identifying
the different levels at which sustainability and resilience benefits are generated determines also the
interests of the various stakeholders and could potentially indicate funding opportunities for the
project. When the various benefits of a project are being assessed, their identification will be dependent
on the stakeholders at different levels. For example, local stakeholders may particularly value a benefit,
such as local air pollution reduction, which may be irrelevant at the national or international level,
whereas international institutions would appreciate a global benefit, such as GHG emissions reduction,
which might have less importance for local stakeholders. Hence, an SRBA methodology should aim
at identifying the full range of potential stakeholders who will benefit by the project at different
levels. This methodology recommends that stakeholders should be identified at four different levels.
Benefits from a project may accrue at individual, neighborhood, city and global levels.

6. Steps of the Proposed SRBA Methodology

6.1. Identification of the Project and Its Main Characteristics

During the first step of the assessment, the project developer would describe the project and
provide information about its main attributes. It is important to highlight here that by project developer,
we mean any agent who is proposing a project development and implementation that aims to achieve
sustainability and resilience benefits. It could be an individual or a local government or a local
community who is developing a project. While the project developer is providing the background
project information, he/she would also identify the relevant urban sectors (i.e., energy and buildings,
transport, water, waste management, urban greening). More specifically, information should be
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provided on the location of the project, its main activities, physical features and parameters and the
boundaries of the project area.

6.2. Identification of Expected Benefits

The second step provides an overview of the project’s main objectives, activities and expected
impacts in relation to the sustainability and resilience benefits. In this step, the project developer
identifies the type (environmental, social, economic, institutional), direction (positive, negative) and
magnitude (low, medium, high) of the expected project impacts by using a screening template,
which is identical to the proposed framework of sustainability and resilience benefits (Appendix A).
The screening template provides a pre-determined, but still flexible list of environmental, social,
economic and institutional impacts. The list of categories and possible impacts is just indicative and
subject to modification by local stakeholders and communities to reflect the local context and priorities.
The positive impacts are considered as benefits and are included in the SRBA during the ex ante
assessment stage, whereas, where identified, the negative impacts should be mitigated or minimized to
an acceptable level by relevant and affected stakeholders through a participatory consultation process.
This preliminary identification of the expected impacts can be derived by the project developer and
can be based on background project documents and project objectives.

6.3. Identification of Indicators for Expected Sustainability Benefits

The quantification of benefits requires the creation of specific indicators that best reflect the
change between the with project scenario compared to the baseline (without project). The indicators
can be decided upon by the project developer, adopted from other valid sources or be selected in a
participatory manner by involving local experts and stakeholders. It is important to note that the
indicators should be defined in such a way that their value can be measured using the same units for
both the without and with project scenarios. The indicators should meet certain attributes, such as
measurability, simplicity, availability, cost-effectiveness, acceptability and relevance [37].

6.4. Development of the Baseline Scenario

This step of the methodology consists of the specification of the existing situation scenario (or
baseline). The existing situation scenario describes the original conditions of the project area before
the project is implemented and is a precondition for measuring the impact of the project following
its implementation.

In order to illustrate the situation prior to an intervention, the creation of a Geographical
Information System (GIS) database containing all of the relevant information, which will be used in
subsequent steps of the SRBA, can be used.

GIS can be used to create and manage a multi-dimensional, multi-purpose and multi-temporal
database in a common frame of reference. This is essential in scenario analysis methods when
there is a requirement of comparing two different scenarios related to the same geographical area.
The geo-spatial database will have spatial information, as well as aspatial information:

‚ Spatial information refers to the features that have a spatial significance and can be geographically
mapped, such as open spaces, surface water bodies, buildings, roads, topography, etc.

‚ Aspatial information refers to the datasets that are not spatial in nature, but are connected with the
area of interest, such as household size, average household income, use of buildings (residential,
commercial, institutional), property prices, etc.

6.5. Development of the Project Scenario

The with project scenario attempts to measure the incremental changes brought about by the
implementation of the project, including both the direct and indirect, intended and unintended effects.
The outcome of this step should be a list of primary physical impacts of the project. For example, in the
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case of the enhancement of a wetland project, canopy cover change and water retention area change
are the primary physical impacts of the project. The identification of primary physical impacts is a
necessary condition in order to be able to identify the secondary (and tertiary) sustainability benefits
of the project.

In the case of GIS application, the project features should be mapped using the same
geo-referencing system as the one in the baseline (pre-project scenario), including both spatial and
aspatial information for the project scenario. This can be mapped in one GIS layer or multiple layers
depending on the project design and specifications. All of the project layers should be added to the
SRBA geo-spatial database.

6.6. Estimation of the Difference between Baseline and Project Scenarios

This step aims at measuring the net benefits deriving from the implementation of the project by
estimating the change between the situation without the project and the situation with the project.
The change in net sustainability benefits will be measured for all relevant benefits, and the change will
be expressed also as a percentage that is the percentage change of the with project scenario compared
to the without project scenario. Each sustainability benefit of the project would be expressed in terms
of absolute and relative change to the baseline. The combination of changes in the types and levels
of sustainability benefits constitute the overall change in the state of sustainability derived from the
implementation of the project in a non-aggregated manner.

It shall be noted that change in the state of sustainability (∆S) for each indicator is measured as:

∆S “ PS(value of indicator in the “with project” scenario) ´ BS(value of indicator in the “without the project” scenario)

where FS stands for “project state” and BS stands for “baseline state”.
In cases where there is information on project benchmarks, standards or an ideal project situation

(scenario), an additional measurement of the level of benefits achieved by the project could also be
assessed against an “ideal scenario” represented by selected or established benchmarks. As mentioned
above, the benchmarks will be in the form of standards or targets that reflect the sustainable
performance of an urban project. The sustainability impacts of the intervention should therefore be
compared against the multiple benchmarks that have been established for each type of sustainability
benefit; whereas the level of achievement of sustainability (AS) in comparison to the sustainability
benchmark set would be measured as:

AS “ IS(value of indicator in the “ideal” scenario) ´ PS(value of indicator in the “with project” scenario)

where IS stands for “ideal state” and PS stands for “project state”.
The measurement of different types of sustainability benefits would rely on different techniques.

By way of illustration, for measuring environmental benefits, it is possible to use specific quantification
methodologies, such as environmental impact assessment, air quality impact assessment, dispersion
modelling, etc. For measuring social impacts, it is possible to use other approaches, such as social
impact assessment, quality of life assessment, health impact assessment, etc. For measuring economic
benefits, economic assessment methodologies can be used, such as hedonic pricing, contingent
valuation, cost benefit analysis and econometric modelling [70].

6.7. Development of the Sustainability and Resilience Benefits Assessment Matrix

In the last step, the net sustainability and resilience benefits deriving from the project are presented
in a matrix called the sustainability and resilience benefits assessment (SRBA) matrix. The SRBA matrix
summarizes different types and different levels of net benefits and is structured in two axes. On the
vertical axis, it shows four levels where benefits accrue (individual, neighborhood, city and global),
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and on the horizontal axis, it shows the different types of sustainability benefits (environmental, social,
economic and institutional) (Figure 7).
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Figure 7. The SRBA matrix depicting four different types and levels of sustainability benefits
(source: authors).

This matrix will help in illustrating which type of sustainability and resilience benefits will be
accrued as a result of a project. The benefits, as explained in Step 4, are measured in terms of absolute
and percentage changes in comparison to the baseline (and to a benchmark whenever relevant).
Here, the sustainability and resilience benefits are presented in an overall matrix according to the
type (i.e., environmental, social, economic, institutional) and level (i.e., individual, neighborhood, city,
global) of the benefit. All of these ranges of benefits do not have the same importance for the city.
The city could decide which type of sustainability and resilience benefits are the most important ones
according to its priorities. One way to consider the relative importance issues would be to investigate
to what extent the benefits accrued by the project contribute to the Sustainable Development Goals,
particularly those the city has prioritized. Therefore, the local stakeholders could see these ranges of
multiple benefits in comparison to the actual city performance against the relevant SDG indicators.

7. An Illustrative Example: Urban Forest in the City of Cali, Colombia

For illustration purposes, we present an example of the SRBA pilot application on an urban
forestry project in the city of Cali, Colombia. Cali is the third largest city of Colombia, with two million
inhabitants, located on the Cauca River valley. A stakeholders’ workshop was organized, where the
involved stakeholders identified the expected benefits of the urban forest and selected the indicators
to be used to quantify and measure two of the sustainability benefits, using the SRBA methodology.
The quantification of the identified benefits and their illustration on GIS maps was done with the
support of the Universidad del Valle in Cali.

7.1. Identification of the Project and Its Main Characteristics

As one of the greening projects, Cali is planning to enhance an urban forest in the east of the city
and to reduce the deficit of trees in the area. The project involves the establishment and maintenance
of the forest area as part of the renovation of urban public areas and as an action for mitigation
and adaptation to the effects of climate change. The project is located in Commune 14 (Figure 8),
one of the 22 administrative subdivisions of the city of Cali, which itself consists of 10 neighborhoods.
Currently, Commune 14 has 151,544 inhabitants, 7.4% of the total population of the city, making it the
third most populous area of Cali. The density in the area is almost double that in the rest of the city
(70 compared to 41 dwellings per hectare).
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7.2. Identification of the Expected Impacts/Benefits

Within the framework of the local workshop, local stakeholders identified the main
expected sustainability impacts/benefits. The workshop was organized by the Municipality of
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Cali—Administrative Department of Environmental Management, called DAGMA, involving 18
local experts and stakeholders representing different agencies of the municipality that are involved
in the development of urban projects. The stakeholders used the overall SRBA framework template
and identified the expected sustainability benefits presented in Figure 9. The identified (by the
workshop stakeholders) expected benefits are of three types (environmental, social, institutional) on
three different levels (neighborhood, city, global).
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7.3. Identification of Indicators for Expected Sustainability Impacts/Benefits

As was explained in Section 6, the quantification of benefits requires the development of
measurable indicators that could reflect the change between the situation of the “with project”
scenario compared to the baseline “without project” scenario. For the sake of illustration of the
overall methodology, we limit this example to two sustainability benefits, which was also the focus of
the local stakeholders’ workshop. The stakeholders selected measurable indicators for the sustainability
benefits of carbon sequestration and the quantity of open public green space. Carbon sequestration
was measured by the “percentage of area of CO2 capture”, and the quantity of open public green space
was measured by the “number of inhabitants per tree”.

7.4. Development of the Baseline Scenario

The two aforementioned indicators were measured (Appendix D) for the current situation
(baseline scenario). In addition, the indicators were geo-referenced in GIS, by creating a database that
helps to observe the impacts and benefits of the project spatially, on the project area (Figure 10).

7.5. Development of the Project Scenario

The same process described in Section 7.4 for calculating and illustrating the baseline scenario
was followed also for the project scenario, in order to estimate the impact of the project with regard to
the two selected benefit indicators. The GIS maps in Figure 11 illustrate the project area, including the
new trees added through the urban greening project.

7.6. Estimation of the Difference between Baseline and Project Scenarios

In order to estimate the sustainability improvement, each of the two selected sustainability
benefits of the project are expressed as the difference between the baseline and the project scenario
(Figure 12). In this example, there is no use of a specific target or benchmark to compare to these two
sustainability benefits.
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7.7. Development of the Sustainability and Resilience Benefits Assessment Matrix

In the last step, the net sustainability and resilience benefits deriving from the urban forestry
project are presented in the sustainability and resilience benefits assessment (SRBA) matrix. The matrix
shows the different types of benefits (environmental, social, institutional) and the different levels
(neighborhood, city, global) that would be accrued (Figure 13). The city of Cali could decide which
type of sustainability benefits are the most important ones according to its priorities. In this particular
case, as can be evinced from the matrix, the project has brought about an increase in the percentage
amount of CO2 capture (from 0.29% to 0.51%), as well as a decrease in the ratio of the number of trees
per inhabitant (from one tree/48 inhabitants to one tree/27 inhabitants).
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8. Concluding Remarks

The current article presents the main methodological issues to be considered when developing a
sustainability and resilience benefits assessment methodology based on an extensive literature review.
In particular, the article discusses how issues of sustainability coverage, the reference point as the
measurement, weighting, sustainability trade-offs, applicability and adaptability and the illustration
and communication of results can be addressed and considered during the development of an urban
project-based sustainability and resilience benefits assessment methodology. The current study
proposes an SRBA methodology that integrates both top-down (based on literature review) and
bottom-up (adaptability and validation of the framework by local stakeholders) approaches and
further incorporates a map-based visualization technique for sustainability benefits’ illustration and
communication. The proposed methodology aims to identify and measure multiple sustainability
(environmental, social, economic, institutional) benefits that can be accrued by green growth projects in
different urban sectors and to support urban green growth project developers and local governments to
identify and assess sustainability benefits that can be generated at different levels, namely individual,
neighborhood, city and global. Furthermore, the SRBA methodology can identify and measure
simultaneously in a holistic way local sustainability, urban resilience and disaster risk reduction
benefits along with global climate mitigation benefits. The step by step approach to the sustainability
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and resilience benefits assessment provides a high degree of adaptability and flexibility for application
based on different local contexts.

The proposed SRBA framework transparently identifies and assesses the sustainability benefits
accruing to a single project, either independently or as part of a broader initiative of the municipal
authority. However, the effort of eventually implementing the methodology at a programmatic level
could be also reasonable and relevant. Eventually the methodology could be expanded to assess the
sustainability benefits of a portfolio of projects or wide green growth programs in cities. The SRBA
methodology could be combined with a monitoring reporting and verification (MRV) framework
and strengthen the credibility of the sustainability benefits claimed by project or program developers,
increase stakeholder confidence and eventually attract investments. The SRBA methodology should be
considered as work in progress to be further refined through further research, testing and application
to concrete projects in various urban sectors and urban green growth programs. The authors are in the
process of involving local stakeholders and experts in the city of Cali, Colombia, in order to adapt and
apply the current methodology at the local context measuring all of the sustainability benefits that
would be accrued from a project. The authors have already started testing the methodology in a real
urban green growth project and would aim to present the results and lessons learned of the application
at the next phase.
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Appendix D: Scaling of Indicators for GIS Illustration

Table D1. Sustainability indicator: CO2 capture.

Level of
Performance CO2 Capture (Percentage) Scaling for GIS Process Qualitative Evaluation

Very low CO2 capture 0% to 5% 0.00 Very low level CO2 capture per area
Low CO2 capture 5% to 10% 0.25 Low level CO2 capture per area

Acceptable CrO2 capture 10% to 15% 0.50 Acceptable level CO2 capture per area
High CO2 capture 15% to 20% 0.75 High level of CO2 capture per area

Very High CO2 capture more than 20% 1.0 Very high CO2 capture per area
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Table D2. Sustainability indicator: trees per inhabitants.

Level of
Performance Tree Cover (Trees per Inhabitant) Scaling for

GIS Process Qualitative Evaluation

Very low 1 tree per more than 12 inhabitants 0.00 Areas with very low cover in
terms of trees per capita

Low 1 tree per 6.1 to 12 inhabitants 0.24 Areas with low cover in terms of
trees per capita

Acceptable 1 tree per 4.1 to 6 inhabitants 0.48 Areas with medium cover in
terms of trees per capita

High 1 tree per 3.1 to 4 inhabitants 0.72 Areas with high cover in terms of
trees per capita

Very High 1 tree per 3 inhabitants 1.00 Areas with very high cover in
terms of trees per capita

References

1. United Nations. World Economic and Social Survey 2013: Sustainable Development Challenges; United Nations:
New York, NY, USA, 2013.

2. Gross, R.; Heptonstall, P.; Blyth, W. Investment in Electricity Generation, the Role of Costs, Incentives and Risks;
UK Energy Research Centre: London, UK, 2007.

3. McGranahan, G. The Citizens at Risk; Earthscan: London, UK, 2001.
4. Satterthwaite, D.; Bartlett, S.; Roberts, D.; Dodman, D.; Solecki, W.; Sverdlik, A.; Pelling, M. Chapter 13:

Conclusions on ways forward. In Cities on a Finite Planet; Towards Transformative Responses to Climate Change;
Bartlett, S., Satterthwaite, D., Eds.; Earthscan from Routledge: London, UK; New York, NY, USA, 2016; p. 243.

5. Bangalore Outcome Document. Second Urban Sustainable Development Goal Campaign
Consultation on Targets and Indicators, 2015. Available online: http://media.wix.com/ugd/bfe783_
5f3512ca01df49c3b9d3c4e5a781926c.pdf (accessed on 12 February 2016).

6. Newman, P.; Jennings, I. Cities as Sustainable Ecosystems: Principles and Practices; Island Press: Washington,
DC, USA, 2008.

7. Hoornweg, D.; Freire, M. Building Sustainability in an Urbanizing World; World Bank: Washington, DC,
USA, 2013.

8. Pisano, U. Resilience and Sustainable Development: Theory of Resilience, Systems Thinking and Adaptive Governance;
European Sustainable Development Network (ESDN) Quarterly Report No. 26; ESDN: Vienna, Austria, 2012.

9. Derissen, S.; Quaas, M.F.; Baumägrtner, S. The relationship between resilience and sustainability of
ecological-economic systems. Ecol. Econ. 2011, 70, 1121–1128. [CrossRef]

10. Redman, C.L. Should sustainability and resilience be combined or remain distinct pursuits? Ecol. Soc. 2014,
19, 37. [CrossRef]

11. Brand, F.S.; Jax, K. Focusing the meaning(s) of resilience: Resilience as a descriptive concept and a boundary
object. Ecol. Soc. 2007, 12, 23.

12. Saunders, W.S.; Becker, J.S. A discussion of resilience and sustainability: Land use planning recovery from
the Canterbury earthquake sequence, New Zealand. Int. J. Disaster Risk Reduct. 2015, 14, 73–81. [CrossRef]

13. Tyler, S.; Moench, M. A framework for urban climate resilience, climate and development. Clim. Dev. 2012, 4,
311–326. [CrossRef]

14. Folke, C.; Carpenter, S.R.; Walker, B.; Scheffer, M.; Chapin, T.; Rockström, J. Resilience Thinking: Integrating
Resilience, Adaptability and Transformability. Ecol. Soc. 2010, 15, 20.

15. Hunt, D.V.L.; Makana, L.O.; Jefferson, I.; Rogers, C.D.F. Liveable cities and urban underground space.
Tunn. Undergr. Space Technol. 2016, 55, 8–20. [CrossRef]

16. Shen, L.; Ochoa, J.J.; Shah, M.N.; Zhang, X. The application of urban sustainability indicators—A comparison
between various practices. Habitat Int. 2011, 35, 17–29. [CrossRef]

http://media.wix.com/ugd/bfe783_5f3512ca01df49c3b9d3c4e5a781926c.pdf
http://media.wix.com/ugd/bfe783_5f3512ca01df49c3b9d3c4e5a781926c.pdf
http://dx.doi.org/10.1016/j.ecolecon.2011.01.003
http://dx.doi.org/10.5751/ES-06390-190237
http://dx.doi.org/10.1016/j.ijdrr.2015.01.013
http://dx.doi.org/10.1080/17565529.2012.745389
http://dx.doi.org/10.1016/j.tust.2015.11.015
http://dx.doi.org/10.1016/j.habitatint.2010.03.006


Sustainability 2016, 8, 461 31 of 33

17. Chelleri, L.; Schuetze, T.; Salvati, L. Integrating resilience with urban sustainability in neglected
neighborhoods: Challenges and opportunities of transitioning to decentralized water management in
Mexico City. Habitat Int. 2015, 48, 122–130. [CrossRef]

18. Matthews, E.C.; Sattler, M.; Friedland, C.J. A critical analysis of hazard resilience measures within
sustainability assessment frameworks. Environ. Impact Assess. Rev. 2014, 48, 59–69. [CrossRef]

19. World Bank. The World Bank Annual Report 2013; World Bank: Washington, DC, USA, 2013.
20. Jha, A.K.; Miner, T.W.; Stanton-Geddes, Z. Building Urban Resilience. Principles, Tools, and Practice; World Bank:

Washington, DC, USA, 2013.
21. United Nations. UN Sustainable Development Solutions, 2013. Available online: http://unsdsn.org/

(accessed on 11 February 2016).
22. World Bank. The World Bank Annual Report 2012; World Bank: Washington, DC, USA, 2012.
23. Hammer, S.; Kamal-Chaoui, L.; Robert, A.; Plouin, M. Cities and Green Growth: A Conceptual Framework;

Regional Development Working Papers 2011/08; OECD Publishing: Paris, France, 2011.
24. Sharifi, A.; Murayama, A. A critical review of seven selected neighborhood sustainability assessment tools.

Environ. Impact Assess. Rev. 2013, 38, 73–87. [CrossRef]
25. Komeily, A.; Srinivasan, R.S. A need for balanced approach to neighborhood sustainability assessments:

A critical review and analysis. Sustain. Cities Soc. 2015, 18, 32–43. [CrossRef]
26. Charoenkit, S.; Kumar, S. Environmental sustainability assessment tools for low carbon and climate resilient

low income housing settlements. Renew. Sustain. Energy Rev. 2014, 38, 509–525. [CrossRef]
27. Environmental Protection Agency (EPA). Assessing the Multiple Benefits of Clean Energy; EPA: Washington,

DC, USA, 2011.
28. Victoria Transport Policy Institute. Well Measured—Developing Indicators for Sustainable and Livable Transport

Planning; Victoria Transport Policy Institute: Victoria, BC, Canada, 2015.
29. The United Nations Environment Programme. Integrated Waste Management Scoreboard—A Tool to Measure

Performance in Municipal Solid Waste Management; UNEP: Nairobi, Kenya, 2013.
30. Lundin, M. Indicators for Measuring the Sustainability of Urban Water Systems—A Life Cycle Approach.

Ph.D. Thesis, Chalmers University of Technology, Göteborg, Sweden, 2003.
31. Alberti, A. Measuring urban sustainability. Environ. Impact Assess. Rev. 1996, 16, 381–424. [CrossRef]
32. Shen, Y.-C.; Lin, G.; Li, K.-P.; Yuan, B. An assessment of exploiting renewable energy sources with concerns

of policy and technology. Energy Pol. 2011, 38, 4604–4616. [CrossRef]
33. Singh, R.K.; Murtya, H.R.; Guptab, S.K.; Dikshitb, A.K. An overview of sustainability assessment

methodologies. Ecol. Indic. 2011, 9, 189–212. [CrossRef]
34. Science for Environment Policy. In-Depth Report: Indicators for Sustainable Cities. Available online:

http://ec.europa.eu/environment/integration/research/newsalert/pdf/indicators_for_sustainable_cities
_IR12_en.pdf (accessed on 9 May 2016).

35. Kijak, R.; Moy, D. Decision Support Framework For Sustainable Waste Managemen. J. Ind. Ecol. 2004, 8,
33–50. [CrossRef]

36. Sembiring, E.; Nitivattananon, V. Sustainable Solid Waste Management toward an Inclusive Society:
Integration of the Informal Sector. Resour. Conserv. Recycl. 2010, 54, 802–809. [CrossRef]

37. Belton, V.; Stewart, T. Multiple Criteria Decision Analysis: An Integrated Approach; Kluwer Academic Publishers:
Boston, MA, USA, 2002.

38. Grafakos, S.; Flamos, A.; Zevgolis, D.; Oikonomou, V. Multi Criteria Analysis weighting methodology to
incorporate stakeholders’ preferences in energy and climate policy interactions. Int. J. Energy Sect. Manag.
2010, 4, 434–461.

39. Haque, A.; Grafakos, S.; Huijsman, M. Assessment of adaptation measures against flooding in the city of
Dhaka, Bangladesh. Environ. Urban. 2011, 24, 17.

40. Nguyen, B.; Atlan, H. Comparative review of five sustainable rating systems. Procedia Eng. 2011, 21, 376–386.
[CrossRef]

41. Institute for Sustainable Infrastructure. Envision: A Rating System for Sustainable Infrastructure; Institute for
Sustainable Infrastructure: Washington, DC, USA, 2012.

42. Sutter, C.; Parreño, J.C. Does the current Clean Development Mechanism (CDM) deliver its sustainable
development claim? An analysis of officially registered CDM projects. Clim. Change 2007, 84, 75–90.
[CrossRef]

http://dx.doi.org/10.1016/j.habitatint.2015.03.016
http://dx.doi.org/10.1016/j.eiar.2014.05.003
http://unsdsn.org/
http://dx.doi.org/10.1016/j.eiar.2012.06.006
http://dx.doi.org/10.1016/j.scs.2015.05.004
http://dx.doi.org/10.1016/j.rser.2014.06.012
http://dx.doi.org/10.1016/S0195-9255(96)00083-2
http://dx.doi.org/10.1016/j.enpol.2010.04.016
http://dx.doi.org/10.1016/j.ecolind.2008.05.011
http://dx.doi.org/10.1162/1088198042442306
http://dx.doi.org/10.1016/j.resconrec.2009.12.010
http://dx.doi.org/10.1016/j.proeng.2011.11.2029
http://dx.doi.org/10.1007/s10584-007-9269-9


Sustainability 2016, 8, 461 32 of 33

43. Olsen, K.; Fenhann, J. Sustainable Development Benefits of Clean Development Mechanism Projects. A new
methodology for sustainability assessment based on text analysis of the project design documents submitted
for validation. Energy Policy 2008, 36, 2819–2830. [CrossRef]

44. Nussbaumer, P. On the contribution of labelled Certified Emission Reductions to sustainable development:
A multi-criteria evaluation of CDM projects. Energy Policy 2009, 37, 91–101. [CrossRef]

45. Drupp, M.A. Does the Gold Standard label hold its promise in delivering higher Sustainable Development
benefits? A multi-criteria comparison of CDM projects. Energy Policy 2011, 39, 1213–1227. [CrossRef]

46. The Climate, Community & Biodiversity Alliance. Climate, Community & Biodiversity Project Design Standards
Second Editio; CCBA: Arlington, VA, USA, 2008.

47. Morrison-Saunders, A.; Pope, J.; Bond, A.; Retief, F. Towards sustainability assessment follow-up.
Environ. Impact Assess. Rev. 2014, 45, 38–45. [CrossRef]

48. Reed, R.; Bilos, A.; Wilkinson, S.; Schulte, K. International comparison of sustainable rating tools. J. Sustain.
Real Estate 2009, 1, 1–22.

49. Pope, J.; Annandale, D.; Morrison-Saunders, A. Conceptualising sustainability assessment. Environ. Impact
Assess. Rev. 2004, 24, 595–616. [CrossRef]

50. Olhoff, A.; Markandya, A.; Halsnaes, K.; Taylor, T. CDM. In Sustainable Development Impacts; UNEP: Nairobi,
Kenya, 2010.

51. United Nations Environment Programme. UNEP Year Book 2011; United Nations Environment Programme:
Nairobi, Kenya, 2011.

52. Cash, D.W.; Adger, W.; Berkes, F.; Garden, P.; Lebel, L.; Olsson, P.; Pritchard, L.; Young, O. Scale and
cross-scale dynamics: Governance and information in a multilevel world. Ecol. Soc. 2006, 11, 8.

53. International Energy Agency. Spreading the Net: The Multiple Benefits of Energy Efficiency Improvements; IEA:
Paris, France, 2012.

54. Grafakos, S.; Enseñado, E.M.; Flamos, A.; Rotmans, J. Mapping and Measuring European Local Governments’
Priorities for a Sustainable and Low-Carbon Energy Future. Energies 2015, 8, 11641–11666. [CrossRef]

55. Rotmans, J. Tools for Integrated Sustainability Assessment: A two track approach. Integr. Assess. J. 2006, 6,
35–57.

56. Sinclair, A.J.; Diduck, A.; Fitzpatrick, P. Conceptualizing learning for sustainability through environmental
assessment: critical reflections on 15 years of research. Environ. Impact Assess. Rev. 2008, 28, 415–428.
[CrossRef]

57. Neuenschwander, N.; Hayek, U.W.; Grêt-regamey, A. Integrated Multi-Criteria Modeling and 3D
Visualization for Informed Trade-Off Decision Making on Urban Development Options. In Proceedings of
the 30th International Conference on Education and research in Computer Aided Architectural Design in
Europe (eCAADe 2012), Prague, Czech Republic, 12–14 September 2012.

58. Mori, K.; Fujii, T.; Yamashita, T.; Mimura, Y.; Uchiyama, Y.; Hayashi, K. Visualization of a City Sustainability
Index (CSI): Towards Transdisciplinary Approaches Involving Multiple Stakeholders. Sustainability 2015, 7,
12402–12424. [CrossRef]

59. Organisation for Economic Co-operation and Development. OECD Environmental Performance Reviews;
OECD: Paris, France, 2010.

60. Organisation for Economic Co-operation and Development. OECD Environmental Indicators 2005; OECD:
Paris, France, 2005.

61. Reid, W.V.; Sarukhán, J.; Whyte, A. Millennium Ecosystem Assessment Synthesis Report; Island Press:
Washington, DC, USA, 2005.

62. Wolman, A. The metabolism of cities. Sci. Am. 1965, 213, 179–190. [CrossRef] [PubMed]
63. Newman, P. Sustainability and cities: Extending the metabolism model. Landsc. Urban Plan. 1999, 44,

219–226. [CrossRef]
64. Ravetz, J. Integrated Assessment for Sustainability Appraisal in Cities and Regions. Environ. Impact Assess. Rev.

2000, 20, 31–64. [CrossRef]
65. Resilience Alliance. Urban Resilience. Research Prospectus. A Resilience Alliance Initiative for Transitioning

Urban Systems towards Sustainable Futures. Available online: http://www.citiesforpeople.ca/wp-content/
uploads/2014/02/urbanresilienceresearchprospectusv7feb07.pdf (accessed on 3 May 2016).

66. Fiksel, J.; Eason, T.; Frederickson, H. A Framework for Sustainability Indicators at EPA; United States
Environmental Protection Agency: Washington, DC, USA, 2012.

http://dx.doi.org/10.1016/j.enpol.2008.02.039
http://dx.doi.org/10.1016/j.enpol.2008.07.033
http://dx.doi.org/10.1016/j.enpol.2010.11.049
http://dx.doi.org/10.1016/j.eiar.2013.12.001
http://dx.doi.org/10.1016/j.eiar.2004.03.001
http://dx.doi.org/10.3390/en81011641
http://dx.doi.org/10.1016/j.eiar.2007.11.001
http://dx.doi.org/10.3390/su70912402
http://dx.doi.org/10.1038/scientificamerican0965-178
http://www.ncbi.nlm.nih.gov/pubmed/14338520
http://dx.doi.org/10.1016/S0169-2046(99)00009-2
http://dx.doi.org/10.1016/S0195-9255(99)00037-2
http://www.citiesforpeople.ca/wp-content/uploads/2014/02/urbanresilienceresearchprospectusv7feb07.pdf
http://www.citiesforpeople.ca/wp-content/uploads/2014/02/urbanresilienceresearchprospectusv7feb07.pdf


Sustainability 2016, 8, 461 33 of 33

67. Bierbaum, R.; Stocking, M.; Bouwman, H.; Cowie, A. Delivering Global Environmental Benefits for Sustainable
Development; Report of the Scientific and Technical Advisory Panel (STAP) to the 5th GEF Assembly, México;
Global Environment Facility: Washington, DC, USA, 2014.

68. Eakin, H.C.; Lemos, M.C.; Nelson, D.R. Differentiating capacities as a means to sustainable climate change
adaptation. Glob. Environ. Change 2014, 27, 1–8. [CrossRef]

69. Clarvis, M.H.; Allan, A. Adaptive capacity in a chilean context: A questionable model for latin america.
Environ. Sci. Policy 2014, 43, 78–90. [CrossRef]

70. D’Acci, L. Monetary, Subjective and Quantitative Approaches to Assess Urban Quality of Life and
Pleasantness in Cities (Hedonic Price, Willingness-to-Pay, Positional Value, Life Satisfaction, Isobenefit
Lines). Soc. Indic. Res. 2014, 115, 531–559. [CrossRef]

© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.gloenvcha.2014.04.013
http://dx.doi.org/10.1016/j.envsci.2013.10.014
http://dx.doi.org/10.1007/s11205-012-0221-7
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/

	Introduction
	Methods
	Existing Sustainability Assessment Methodologies
	City-Level Sustainability Assessment Methodologies
	Integrated Sectoral Sustainability Benefit Assessment Approaches
	Rating Sustainability Benefit Assessment Approaches
	Climate Project-Based Sustainability Assessment Methods
	Sustainability Assessments with Resilience Components

	Main Issues to Consider When Developing an SRBA Methodology
	Sustainability Dimensions and Resilience Coverage
	Reference for Measuring Sustainability Benefits
	Multiple Levels of Sustainability and Resilience Benefits
	Weighting
	Trade-Offs between Categories of Benefits
	Applicability and Adaptation Ability
	Participation and Learning
	Illustration and Communication of Results

	Conceptual Framework
	A Systems Thinking Approach
	Different Types of Sustainability and Resilience Benefits
	Sustainability and Resilience Benefits Categories
	Different Levels of Sustainability and Resilience Benefits

	Steps of the Proposed SRBA Methodology
	Identification of the Project and Its Main Characteristics
	Identification of Expected Benefits
	Identification of Indicators for Expected Sustainability Benefits
	Development of the Baseline Scenario
	Development of the Project Scenario
	Estimation of the Difference between Baseline and Project Scenarios
	Development of the Sustainability and Resilience Benefits Assessment Matrix

	An Illustrative Example: Urban Forest in the City of Cali, Colombia
	Identification of the Project and Its Main Characteristics
	Identification of the Expected Impacts/Benefits
	Identification of Indicators for Expected Sustainability Impacts/Benefits
	Development of the Baseline Scenario
	Development of the Project Scenario
	Estimation of the Difference between Baseline and Project Scenarios
	Development of the Sustainability and Resilience Benefits Assessment Matrix

	Concluding Remarks

