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Abstract: Despite rising awareness concerning climate change, global anthropic impacts on the 
environment are forecasted to increase overcoming years, exceeding our planet’s ecological limits. The 
accelerating pace of climate degradation calls for a quick and efficient response from our societies, should 
we have a chance to limit the impacts of global warming. Being main nodes of over-consumption and 
pollution, thus having a high potential for footprint reduction, cities are crucial actors for climate mitigation. 
Hence, to successfully achieve a transition towards real sustainability, knowledge transfer needs to happen 
from the cities that are aiming towards life-respecting planetary boundaries to other urban regions 
worldwide. Although gaining momentum in the literature, a life respecting Earth’s Carrying Capacity (ECC) 
is not yet explicitly nor widely set as the ultimate goal for cities wanting to realistically face climate change. 
This article’s purpose is to reflect on the identification of cities aiming for ECC and points out the various 
obstacles to this goal. A misrepresentation of cities’ impact, both induced by misused sustainability terms 
and incomplete assessment methodology, is found to be hindering cities from reducing their footprint with 
the efforts needed to adequately face climate change. To that extent, it is crucial that ECC becomes a wider 
used target for cities, and that compliant assessment methods along with more holistic indicators are used 
to evaluate and monitor their progress. Finally, other technical issues regarding the incompleteness of 
standards, accessibility, and representativeness of qualitative data must be addressed.  

1 INTRODUCTION 

Accounting for 80% of global greenhouse gas (GHG) emissions and 75% of the planet’s material resources, 
cities’ overconsumption is a crucial point regarding the environmental crisis (Ortega-Montoya and Johari 
2020; Swilling et al. 2018; Ghaemi and Smith 2020). Already home to half of the world’s population, this 
urbanizing trend is projected to increase to 70% by 2050, according to the latest report by the United Nations 
Organization (UNO) (United Nations, Department of Economic and Social Affairs, and Population Division 
2019). Concentrating important monetary, material and energetic flows, cities have a great potential for 
resource conservation and could be catalysts to a global sustainable transition (Hachaichi and Baouni 2020; 
J. Moore, Kissinger, and Rees 2013). As a result, a growing interest has been given to cities regarding
urban sustainability in the literature (Baabou et al. 2017; Swilling et al. 2018; Lombardi et al. 2017; Mirabella,
Allacker, and Sala 2019). However, despite this rising awareness concerning climate change, ecological
footprint, natural resource consumption and greenhouse gas (GHG) emissions, are all foreseen to increase
in the years to come, exceeding our planet’s limits (Spratt, Dunlop, and Taylor 2020; D. Moore et al. 2012;
Swilling et al. 2018; Galli et al. 2020). The purpose of this article is to reflect on how to identify cities that
have reduced their pressure on the environment and are aiming towards a life within our only planet’s
means. A first review of the discrepancies in meaning when talking about sustainability is performed and

Authors submitted manuscript of the article published in Proceedings of the Canadian Society of Civil Engineering Annual 
Conference 2021, part of the Lecture Notes in Civil Engineering book series (LNCE, volume 249), pp 309-321. 
The final publication is available at Springer via DOI 10.1007/978-981-19-1061-6_33

https://doi.org/10.1007/978-981-19-1061-6_33


 

   

ENV435-2 

 

compared to what Earth’s carrying capacity (ECC) really entails. ECC compliant sustainability indicators 
and accounting approaches are described, and the importance of their correspondence with cities’ dynamics 
is put forward. Finally, the common gaps and biases encountered in a search for cities on the path towards 
real sustainability are listed. Real sustainability is defined as a recognition that human manufactured capital 
is not substitutable for natural ecological capital, commonly referred to as ecosystem services or biocapacity 
(Neumayer 2003).  

2 VARIOUS DEFINITIONS AROUND SUSTAINABILITY 

In a world where terms like “sustainability”, “green growth”, or “green cities” are flourishing, some must 
wonder how is it that scientists keep talking about global warming. Although the meaning of “sustainable 
development” was universally agreed upon in the Brundtland report in 1987, the term “sustainability” bears 
several meanings (J. Moore, Kissinger, and Rees 2013; Rees 1989; Hassan and Lee 2015; Eyong and Foy 
2006). As an example, Metro Vancouver is often cited in the literature as a sustainable city, because of its 
engagement and actions towards environmental challenges (J. Moore, Kissinger, and Rees 2013). 
However, when looking at its global impact, it appears like most Canadian cities : rather unsustainable and 
typical of high-consuming cities (Isman et al. 2018). Indeed, when measured with an overarching indicator 
such as the ecological footprint, the city was found in a clear overshoot, at the point that if everyone on earth 
were to live alike Metro Vancouver’s residents, almost four planets would be needed to supply resources 
and assimilate the waste and pollution of their lifestyles (J. Moore, Kissinger, and Rees 2013). This 
dependency on other regions for food and natural resources, exacerbated by the globalized context of our 
societies, highlights the pressure cities induce on territory outside their physical boundaries and their “lack 
of self-sufficiency” (Ortega-Montoya and Johari 2020; Kissinger, Rees, and Timmer 2011; Hassan and Lee 
2015; Galli et al. 2020). Hence, for accuracy purposes not only shall one refer to these urban regions as 
“cities on the way to sustainability” rather than “sustainable cities”, but also consider a more holistic approach 
when assessing urban environmental impact, in order to consider cities’ widespread impact (Kissinger, 
Rees, and Timmer 2011; Galli et al. 2020; Baabou et al. 2017; J. Moore, Kissinger, and Rees 2013). This 
discrepancy between usual terms employed and actual status sheds light on the distortion that can happen 
regarding the perception people have on the overall environmental situation, and can further hinder 
decision-makers from acting according to the urgency of the matter (Hassan and Lee 2015; Mirabella and 
Allacker 2021). Indeed, “One Planet” is not a mere target for our societies, it is the context within which we 
evolve and must respect in order for future generations to be able to live and thrive (Galli et al. 2020). The 
Earth’s Carrying Capacity (ECC) sets quantitative environmental limits, or planetary boundaries (PB), within 
which our societies can operate without causing irreversible degradation (Steffen et al. 2015). These 
environmental thresholds could be a more accurate objective for policy-makers rather than mere 
sustainability, because not only do they give quantitative objectives, but they can also be used for evaluating 
sustainability indicators of various materiality (Li et al. 2020; Świąder et al. 2018; Swilling et al. 2018; 
Hachaichi and Baouni 2020). 

3 HOW TO ASSESS EARTH CARRYING CAPACITY AT CITY SCALE? 

To comply with the definition of ECC, the identification of best performing cities relies on several aspects. 
The indicators and metrics measured shall be comparable with planetary boundaries and the analysis must 
be holistic and comprehensive.  

3.1 ECC Compatible Sustainability Indicators 

Cities are complex systems for which various challenges need to be considered in order to fully understand 
their dynamics and correctly assess their impacts (Mirabella, Allacker, and Sala 2019; J. Moore 2013). As 
of today, no single indicator can evaluate environmental urban impacts in their entirety although several 
proxies can be measured. Among the most used at the city scale are several footprints such as material, 
ecological, carbon or water (Mirabella, Allacker, and Sala 2019; Bringezu 2015). They can be described as 
ECC compliant because planetary thresholds have been scientifically evaluated for their corresponding 
metrics.  

 



 

   

ENV435-3 

 

3.1.1 Material Footprint 

Natural resource consumption is generally evaluated using Domestic Material Consumption (DMC) which 
accounts for the annual quantity of raw material a territory extracts and uses domestically or physically 
imports and is expressed in tonnes per capita per annum (Swilling et al. 2018). A DMC range of 6 – 8 tonnes 
has been proposed as an indicative threshold for staying within planetary boundaries, given current 
population, and associated averaged material standard of living, i.e., a fair material share. This could 
therefore serve as a target for economic decoupling efforts (Swilling et al. 2018; UNEP 2011). 

However, because it omits the upstream impacts of resource consumption - which represents 80-90 % of 
the material footprint - and the unused extraction, this indicator fails at representing the real impact of a 
territory’s consumption (J. Moore 2013). Hence, another indicator referred to as the Total Material 
Consumption (TMC) has been proposed, as it encompasses these lacking aspects and allows for a better 
guidance as it deconstructs material footprint into three different flows (Swilling et al. 2018; Bringezu 2015). 
The corresponding thresholds have been set for biotic, abiotic and Raw Material Consumption (RMC) 
respectively to 2, 6-12 and 3-6 tonnes per person per year (Swilling et al. 2018; Bringezu 2015). This corridor 
for sustainability would allow a better use of natural resources and could also serve as a basis for reducing 
different bundles of environmental pressure induced by our societies (Bringezu 2015; Sala et al. 2020). 

3.1.2 Ecological Footprint 

The ecological footprint (EF) accounts for the human pressure a specific population induces on its natural 
capital and expresses it in terms of global hectares of productive land necessary to produce the resources 
needed for consumption and assimilates the generated wastes (Świąder et al. 2018; Kissinger and Rees 
2010). It either compares it to the biocapacity (BC) of the same supportive ecosystem (the bioproductivity 
of the land), or to the Fair Earth Share. The latter is a dynamic indicator evaluated by dividing the global 
biocapacity of the planet by the total number of its inhabitants. Using the data for 2019, the Fair Earth Share 
was evaluated at 1.6 gha/cap/year, for a world’s total biocapacity of 12.2 billion hectares, to be shared by 
7.7 billion people (Global Footprint Network 2019). This reflects the fact that environment is a common good, 
hence everyone shall be legitimate to pretend to an equal share of it (J. Moore and Rees 2013). Although, 
one should bear in mind that as population increases and available biocapacity goes down, due to climate 
warming’s side effects, this Fair Earth Share is likely to shrink over the coming years (United Nations, 
Department of Economic and Social Affairs, and Population Division 2019; D. Moore et al. 2012)  

3.1.3 Carbon Footprint 

The carbon footprint (CF) is a subpart of the ecological footprint and represents the quantity of greenhouse 
gas (GHG ) emissions emitted directly or indirectly by a particular entity, and is generally expressed in terms 
of tonnes of CO2e (Lombardi et al. 2017). An upper global limit of 387 gigatons of CO2e has been set, 
referred to as the carbon budget. It represents the cumulative amount of emission that our societies must 
not exceed in order to respect Paris Agreements and remain within a temperature elevation of 1.5°C (C40 
Cities and ARUP 2016).In a scenario where our societies do not rely on carbon capture technologies, the 
equivalent per capita target would be of 2.5 tCO2e in 2030 and gradually decrease to 0.7 tCO2e by 2050 
(Institute for Global Environment Strategies and Aalto University 2019) 

3.1.4 Water Footprint 

The water footprint (WF) is the amount of water used by a territory for its activities and considers the indirect 
flows through either a lens of production or consumption (Aldaya 2012). The WF comprises three main 
categories of blue, grey and green water according to the source of the flow considered, respectively 
groundwater and surface water, evapotranspiration from soil or assimilated with waste flows (Paterson et 
al. 2015; Aldaya 2012). Analogous to EF, the WF threshold is either expressed in terms of local attributes 
(here water availability), or in terms of planetary boundaries. The latter corresponds to the global amount of 
freshwater our societies can use while still allowing to maintain the natural environmental flow in all river 
basins. It has been set at 2,800 km3/year, or for a global population of 7.7 billion people, a limit of 363.6 
m3/cap/year (Gleeson et al. 2020; Li et al. 2020).  

3.1.5 Anthropic Pressure 
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It is worth mentioning that although planetary boundaries have been set for these sustainability indicators, 
their value is not constant over time and are particularly sensitive to parameters like population, population 
density or economic globalization and GDP, as represented in Figure 1 (Ortega-Montoya and Johari 2020; 
Moran et al. 2018; Ghaemi and Smith 2020). As a result, the identification of cities on the way towards ECC 
must be done through absolute reductions of their overall pressure on the ecosystem. Monitoring reductions 
based on normalized indicators at the urban scale (i.e., CO2e per capita) would dismiss the population as a 
driver for environmental degradation and would fail to reflect a city’s situation in its integrality.  

 

 

 

 

Figure 1: Scheme for some of the planetary boundaries per capita and anthropic pressure factors  

3.2 Boundaries and Accounting Approaches 

To ensure the comprehensiveness and accuracy of sustainability assessments at the urban scale, the first 
challenge lies in the accounting method. The approach chosen determines whether impacts are attributed 
according to a consumption-based (CB), production-based (PB) or territorial (TE) point of view. Depending 
on the method chosen, the responsibility is then either placed on the consumer, the producer or merely 
where the impacts physically occur, as represented in the Figure 2 (Mirabella and Allacker 2021; Lombardi 
et al. 2017).  
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Figure 2: Scheme of different accounting approaches (Source: adapted from C40 Cities 2017) 

Hence, for a sustainability assessment to represent the pressure adequately that a certain city induces on 
its ecosystem, it must reflect the city’s dynamics (Mirabella and Allacker 2021; Balouktsi 2020; Swilling et 
al. 2018; Kissinger and Rees 2010). As connectivity of urban regions develops with the rest of the world, it 
spreads ecological pressure to further territories (Ortega-Montoya and Johari 2020; Mirabella and Allacker 
2021; Li et al. 2020). As a result, to reflect the city’s economic structure, consumption-based approach ould 
be preferred for high-consuming cities (typically based on services) and a production-based approach for 
low-consuming cities (generally based on manufacturing) (Wiedmann et al. 2020; C40 Cities 2017; Moran 
et al. 2018). This profiling helps prevent any “burden-shifting” from high-consuming cities, whose embodied 
emissions and impacts are bigger than direct ones, to low consuming ones (Moran et al. 2018; Wiedmann 
et al. 2020; Ghaemi and Smith 2020; Ortega-Montoya and Johari 2020). Apart from a fairer and more 
equitable attribution of impacts, categorizing the urban clusters could help develop more efficient transfer 
knowledge among cities facing the same issues and limit a “front runner paradox effect” (Balouktsi 2020; 
Van der Heijden 2018; Noiva, Fernández, and Wescoat 2016). The latter describes the lack of adequacy 
that can occur when knowledge transfer is done from a small group of seemingly leading cities to the urban 
majority where solutions do not resonate with their realities and main issues, making the whole process 
inefficient (Van der Heijden 2018; Hassan and Lee 2015). Having in mind all these aspects prevents 
misrepresentation and allows targeting active cities on the way towards ECC with more accuracy. However, 
there are other practical obstacles that stand in the way of identifying these leading urban regions and that 
must also be acknowledged. 
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4  OBSTACLES FOR ECC ASSESSMENT AT URBAN SCALE 

When trying to pinpoint leading cities transitioning towards a life respecting our only planet’s means, several 
gaps and biases are encountered, that can be separated among four main categories: definitions and 
materiality, scopes and methodology, urban accounting standards, and data at the urban scale.  

4.1 Definitions and Materiality 

As described in Section 2, there is a significant discrepancy concerning frequently used sustainability terms 
and actual situations regarding environmental impact assessment. As a result, the misemployed words can 
distort reality to the point of being in antagonism with it. This ambiguity in definition can make it difficult for 
urban decision-makers to make the right decision in designing policies that could reduce cities’ 
environmental impact according to the urgency of the matter (Hassan and Lee 2015). This is corroborated 
by the fact that nowadays, despite the critical situation regarding climate change, only a few cities really 
monitor their environmental impact against ECC, or in a planetary boundary perspective (J. Moore, Ouellet-
Plamondon, et al. 2021; Galli et al. 2020). Moreover, although carrying capacity assessment promotes a 
holistic approach to assess the environmental impact, the most used indicator at urban scale remains about 
GHG emissions quantification despite its narrow focus (Kalbar et al. 2017). Although an important driver of 
global change, affecting biodiversity, water availability, and some natural resources, particularly those 
related to food crops, a singular focus on GHG emissions is less comprehensive than other indicators like 
ecological footprint., It does not account for direct drivers of crucial aspects such as loss of biodiversity, due 
in large part to land use change, water shortages or depletion of natural resources (Kalbar et al. 2017; 
Mirabella, Allacker, and Sala 2019). This lack of completeness is problematic because in the case where 
an absolute reduction in GHG emissions is achieved by a trade-off in another kind of ecological capital, a 
carbon footprint assessment would fail to capture it and only present the situation as an improvement (Yu 
et al. 2019; Merino-Saum et al. 2020). For example, converting to biofuels as a way to reduce carbon 
intensity could increase timber harvest from forests with a negative impact on biodiversity. Not only do those 
parameters make it difficult the identification of leading cities aiming for a life within ECC, but it also unveils 
a lack of comprehensiveness concerning the scopes and boundaries considered.  

4.2 Scopes and Methodology 

Selecting cities on the basis of a global and absolute reduction (as suggested in section 0) implies comparing 
the same urban system’s footprint for various years. However, both these temporal and physical scopes are 
limited in some ways. Indeed, if we consider urban ecological footprint assessment for instance, most of the 
evaluation worldwide have been performed for a single year, and do not specify the boundaries considered, 
which hinders comparability for evaluation and monitoring of improvements (J. Moore, Ouellet-Plamondon, 
et al. 2021). Hence, although EF is considered an overarching indicator, the lack of urban longitudinal 
studies prevent its broader use as a selection criteria for identifying cities going toward ECC (Galli et al. 
2020; J. Moore, Ouellet-Plamondon, et al. 2021). Another bias that affects the identification of leading urban 
regions in terms of impact reduction is the lack of consistency among cities’ typologies and the accounting 
methods used to evaluate their sustainability. Indeed, most of the studies performed are on high-consuming 
cities and yet, there is a clear lack of comprehensive consumption-based assessment (Wiedmann et al. 
2020; Moran et al. 2018; Mirabella and Allacker 2021). This gap is partly explained by the inconsistency in 
urban accounting standards (Lombardi et al. 2017; Wiedmann et al. 2020). 

4.3 Urban Accounting Standards  

To facilitate interurban comparison on sustainability performance, international accounting standards have 
been designed. However, some inconsistencies have been pointed out for different materiality assessment. 
For example, standards for ecological footprint or material footprint assessment at urban scales are directly 
adapted from their national versions, respectively Global Footprint Network or Eurostat, using a top down 
approach (Świąder et al. 2020; Baabou et al. 2017; Voskamp et al. 2017). While it allows for a comparison 
between different cities, it also hinders the accuracy of their evaluation. For a more precise assessment, a 
bottom up approach can be used, however, it can hinder comparison, as various approximations and 
adaptations might be done differently from a study to another (Voskamp et al. 2017; Wang et al. 2020; 
Świąder et al. 2020)). As a result, a choice between accuracy and comparability is to be made. For water 
and carbon footprints, although international urban standards already exist, shortcomings in their accounting 
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protocols have been expressed (Lombardi et al. 2017; Mirabella and Allacker 2021; Aldaya 2012). As 
highlighted in section 4.2, there is a lack of comprehensive consumption-based assessment at the urban 
scale, despite the fact that most urban clusters have significantly large consumption embodied emissions, 
on par with direct ones (Moran et al. 2018). Indeed, for the main international standards concerning carbon 
footprint, the report of indirect emissions is both incomplete and facultative for cities, which can partly explain 
inadequacy in assessment (Lombardi et al. 2017; Mirabella and Allacker 2021; Chen et al. 2019). This lack 
of comprehensive accounting results in misrepresentation of cities’ real impacts., Only considering direct 
emissions can lead to under-reporting by up to three times a city’s real impact, and indirectly promotes 
burden shifting from high-consuming urban clusters to low consuming ones (Ortega-Montoya and Johari 
2020; Mirabella and Allacker 2021). Life cycle analysis (LCA) methods, that encompass embodied 
emissions, are gaining momentum in the urban academic literature and several researchers request that 
they further complement actual standards to solve this issue of unfairness and incompleteness (Albertí et 
al. 2017; Mirabella, Allacker, and Sala 2019; Ghaemi and Smith 2020). However, LCA methods are data-
intensive approaches that can be hard to use in regions where qualitative data are hardly accessible 
(Ghaemi and Smith 2020). 

4.4 Data at Urban Scale 

When listing the limitations and gaps of one’s research in the domain of urban sustainability, the lack of 
accessible, comprehensive, and qualitative data is typically mentioned (Khalil and Al‐Ahwal 2020; Ghaemi 
and Smith 2020; Chen et al. 2019). Either they lack transparency, have a weak precision or are merely 
unavailable, which directly impacts the identification of cities going towards ECC (J. Moore, Ouellet-
Plamondon, et al. 2021). International comprehensive urban databases for sustainability assessment are 
lacking water, material, and ecological footprint, which limits their use in the search for leading cities (J. 
Moore, Ouellet-Plamondon, et al. 2021). For carbon footprint, although the Carbon Disclosure Project (CDP) 
database helps with gathering information on cities’ emissions around the globe, the platform is self-reported 
by cities and data are not further verified, which brings uncertainty on their quality (Nangini et al. 2019). 
Reporting qualitative and comprehensive data for urban sustainability requires dedicated infrastructure, staff 
and is time-consuming, requiring a subsequent budget. These kinds of constraints are one of the reasons 
why low-consuming cities are generally poorly represented in existing databases (Hachaichi and Baouni 
2020; Dietz 2018). This regionality in qualitative data accessibility further prevent the unbiased identification 
of cities going towards ECC and sheds light on the importance of assessing an intentionality parameter.  

5 CONCLUSION 

Identifying cities on the way towards real sustainability, that is, pursuing a life respecting our only planet’s 
means, remains a difficult task. Indeed, actual main urban sustainability assessment methods, approaches 
and standards lack the completeness and accuracy needed for this selection (Wiedmann et al. 2020; 
Mirabella and Allacker 2021; Lombardi et al. 2017; Moran et al. 2018). Holistic indicators and coherent 
attributive methodologies need to be promoted and integrated to international urban standards in order to 
adequately evaluate urban environmental impact and responsibly face the climate crisis (Kissinger and 
Rees 2010; Mirabella and Allacker 2021). This prevention of burden shifting and trade-off between different 
aspects of environmental degradation also needs to be complemented with a more inclusive representation 
of cities in databases (Moran et al. 2018). The unequal representation of urban regions, and more 
specifically of low-consuming cities, hinders their identification as ones aiming at an ECC goal. To conclude, 
ECC must be put forward as the absolute goal for every city wanting to reduce their impact and be the 
subject of major knowledge transfer among urban regions. To ensure the efficiency of this interurban 
capacity building, further research must be done on relevant parameters to group cities with comparable 
contexts and facing similar challenges. Generalizing of an only solution to various cities is an irrational belief 
regarding a successful transition to a one planet paradigm. Considering the challenge foreseen from rapidly 
growing cities in the global south, it is crucial to get more information on these low-consuming cities’ best 
practices in order to find appropriate solutions, rather than blindly keeping on applying inadequate solutions 
from high-consuming, western contexts (Hassan and Lee 2015; Nagendra et al. 2018).  



 

   

ENV435-8 

 

6 ACKNOWLEDGEMENT 

The authors would like to thank KSG funding for research in the theme Living within the Earth’s Carrying 
Capacity.  

7 REFERENCE 

Albertí, Jaume, Alejandra Balaguera, Christian Brodhag, and Pere Fullana-i-Palmer. 2017. “Towards Life 
Cycle Sustainability Assessment of Cities. A Review of Background Knowledge.” Science of The 
Total Environment 609 (December): 1049–63. https://doi.org/10.1016/j.scitotenv.2017.07.179. 

Aldaya, Maite M. 2012. The Water Footprint Assessment Manual: Setting the Global Standard. 1st ed. 
Routledge. https://doi.org/10.4324/9781849775526. 

Baabou, Wafaa, Nicole Grunewald, Claudiane Ouellet-Plamondon, Michel Gressot, and Alessandro Galli. 
2017. “The Ecological Footprint of Mediterranean Cities: Awareness Creation and Policy 
Implications.” Environmental Science & Policy 69 (March): 94–104. 
https://doi.org/10.1016/j.envsci.2016.12.013. 

Balouktsi, Maria. 2020. “Carbon Metrics for Cities: Production and Consumption Implications for Policies.” 
Buildings and Cities 1 (1): 233–59. https://doi.org/10.5334/bc.33. 

Bringezu, Stefan. 2015. “Possible Target Corridor for Sustainable Use of Global Material Resources.” 
Resources 4 (1): 25–54. https://doi.org/10.3390/resources4010025. 

C40 Cities. 2017. “Consumption Based GHG Emissions of C40 Cities.” 
https://www.c40.org/researches/consumption-based-emissions. 

C40 Cities, and ARUP. 2016. “Deadline 2020 - How Cities Will Get the Job Done.” 2016. 
https://www.c40.org/researches/deadline-2020. 

Chen, Guangwu, Yuli Shan, Yuanchao Hu, Kangkang Tong, Thomas Wiedmann, Anu Ramaswami, Dabo 
Guan, Lei Shi, and Yafei Wang. 2019. “Review on City-Level Carbon Accounting.” Environmental 
Science & Technology 53 (10): 5545–58. https://doi.org/10.1021/acs.est.8b07071. 

Dietz, Ton. 2018. “Online Representation of Sustainable City Initiatives in Africa: How Inclusive?” 
International Development Policy | Revue Internationale de Politique de Développement, no. 10 
(October): 139–61. https://doi.org/10.4000/poldev.2674. 

Eyong, C.T., and I.I. Foy. 2006. “Towards Alternative Strategies for Sustainable Development in Africa.” 
International Journal of Sustainable Development and Planning 1 (2): 133–56. 
https://doi.org/10.2495/SDP-V1-N2-133-156. 

Galli, Alessandro, Katsunori Iha, Sara Moreno Pires, Maria Serena Mancini, Armando Alves, Golnar Zokai, 
David Lin, Adeline Murthy, and Mathis Wackernagel. 2020. “Assessing the Ecological Footprint and 
Biocapacity of Portuguese Cities: Critical Results for Environmental Awareness and Local 
Management.” Cities 96 (January): 102442. https://doi.org/10.1016/j.cities.2019.102442. 

Ghaemi, Zahra, and Amanda D. Smith. 2020. “A Review on the Quantification of Life Cycle Greenhouse 
Gas Emissions at Urban Scale.” Journal of Cleaner Production 252 (April): 119634. 
https://doi.org/10.1016/j.jclepro.2019.119634. 

Gleeson, Tom, Lan Wang-Erlandsson, Samuel C. Zipper, Miina Porkka, Fernando Jaramillo, Dieter Gerten, 
Ingo Fetzer, et al. 2020. “The Water Planetary Boundary: Interrogation and Revision.” One Earth 2 
(3): 223–34. https://doi.org/10.1016/j.oneear.2020.02.009. 

Global Footprint Network. 2019. “Glossary.” 2019. https://www.footprintnetwork.org/resources/glossary/. 
Hachaichi, Mohamed, and Tahar Baouni. 2020. “Downscaling the Planetary Boundaries (Pbs) Framework 

to City Scale-Level: De-Risking MENA Region’s Environment Future.” Environmental and 
Sustainability Indicators 5 (February): 100023. https://doi.org/10.1016/j.indic.2020.100023. 

Hassan, Abbas M., and Hyowon Lee. 2015. “The Paradox of the Sustainable City: Definitions and 
Examples.” Environment, Development and Sustainability 17 (6): 1267–85. 
https://doi.org/10.1007/s10668-014-9604-z. 

Institute for Global Environment Strategies, ., and Aalto University. 2019. “1.5-DEGREE LIFESTYLES: 
Targets and Options for Reducing Lifestyle Carbon Footprints. Technical Report.” 
https://enfuce.com/wp-content/uploads/2020/06/15_degree_lifestyles_mainreport.pdf. 

Isman, Margaux, Maude Archambault, Patricia Racette, Charles Noel Konga, Roxana Miranda Llaque, 
David Lin, Katsunori Iha, and Claudiane M. Ouellet-Plamondon. 2018. “Ecological Footprint 
Assessment for Targeting Climate Change Mitigation in Cities: A Case Study of 15 Canadian Cities 



 

   

ENV435-9 

 

According to Census Metropolitan Areas.” Journal of Cleaner Production 174 (February): 1032–43. 
https://doi.org/10.1016/j.jclepro.2017.10.189. 

Kalbar, Pradip P., Morten Birkved, Subhankar Karmakar, Simon Elsborg Nygaard, and Michael Hauschild. 
2017. “Can Carbon Footprint Serve as Proxy of the Environmental Burden from Urban Consumption 
Patterns?” Ecological Indicators 74 (March): 109–18. https://doi.org/10.1016/j.ecolind.2016.11.022. 

Khalil, Heba Allah Essam E., and Ahmad Al‐Ahwal. 2020. “Reunderstanding Cairo through Urban 
Metabolism: Formal versus Informal Districts Resource Flow Performance in Fast Urbanizing 
Cities.” Journal of Industrial Ecology, August, jiec.13056. https://doi.org/10.1111/jiec.13056. 

Kissinger, Meidad, and William E. Rees. 2010. “An Interregional Ecological Approach for Modelling 
Sustainability in a Globalizing World—Reviewing Existing Approaches and Emerging Directions.” 
Ecological Modelling 221 (21): 2615–23. https://doi.org/10.1016/j.ecolmodel.2010.07.003. 

Kissinger, Meidad, William E. Rees, and Vanessa Timmer. 2011. “Interregional Sustainability: Governance 
and Policy in an Ecologically Interdependent World.” Environmental Science & Policy 14 (8): 965–
76. https://doi.org/10.1016/j.envsci.2011.05.007. 

Li, Mo, Thomas Wiedmann, Junguo Liu, Yafei Wang, Yuanchao Hu, Zongyong Zhang, and Michalis 
Hadjikakou. 2020. “Exploring Consumption-Based Planetary Boundary Indicators: An Absolute 
Water Footprinting Assessment of Chinese Provinces and Cities.” Water Research 184 (October): 
116163. https://doi.org/10.1016/j.watres.2020.116163. 

Lombardi, Mariarosaria, Elisabetta Laiola, Caterina Tricase, and Roberto Rana. 2017. “Assessing the Urban 
Carbon Footprint: An Overview.” Environmental Impact Assessment Review 66 (September): 43–
52. https://doi.org/10.1016/j.eiar.2017.06.005. 

Merino-Saum, Albert, Pekka Halla, Valeria Superti, Anne Boesch, and Claudia Binder. 2020. “Indicators for 
Urban Sustainability: Key Lessons from a Systematic Analysis of 67 Measurement Initiatives.” 
Ecological Indicators 119 (September). https://doi.org/10.1016/j.ecolind.2020.106879. 

Mirabella, Nadia, and Karen Allacker. 2021. “Urban GHG Accounting: Discrepancies, Constraints and 
Opportunities.” Buildings and Cities 2 (1): 21–35. https://doi.org/10.5334/bc.50. 

Mirabella, Nadia, Karen Allacker, and Serenella Sala. 2019. “Current Trends and Limitations of Life Cycle 
Assessment Applied to the Urban Scale: Critical Analysis and Review of Selected Literature.” The 
International Journal of Life Cycle Assessment 24 (7): 1174–93. https://doi.org/10.1007/s11367-
018-1467-3. 

Moore, David, Gemma Cranston, Anders Reed, and Alessandro Galli. 2012. “Projecting Future Human 
Demand on the Earth’s Regenerative Capacity.” Ecological Indicators, The State of the Art in 
Ecological Footprint: Theory and Applications, 16 (May): 3–10. 
https://doi.org/10.1016/j.ecolind.2011.03.013. 

Moore, Jennie. 2013. “Getting Serious about Sustainability : Exploring the Potential for One-Planet Living in 
Vancouver.” University of British Columbia. https://doi.org/10.14288/1.0074187. 

Moore, Jennie, Meidad Kissinger, and William E. Rees. 2013. “An Urban Metabolism and Ecological 
Footprint Assessment of Metro Vancouver.” Journal of Environmental Management 124 (July): 51–
61. https://doi.org/10.1016/j.jenvman.2013.03.009. 

Moore, Jennie, Claudiane Ouellet-Plamondon, Christina Olsen, Maria Spiliotopoulou, Erin Kennedy, Marie 
Vigier, Alex Harte, and Leopold Warmbersie. 2021. “Forthcoming Report : Measuring and Managing 
for Living within Earth’s Carrying Capacity at the City Scale.” SSHRC – Knowledge Synthesis Grant 
Living within Earth’s Carrying Capacity. 

Moore, Jennie, and William Rees. 2013. “Getting to One-Planet Living.” In State of the World Report: Is 
Sustainability Still Possible? Washington, DC, USA,: The Worldwatch Institute. 
http://library.uniteddiversity.coop/More_Books_and_Reports/State_of_the_World/State_of_the_W
orld_2013-Is_Sustainability_Still_Possible.pdf. 

Moran, Daniel, Keiichiro Kanemoto, Magnus Jiborn, Richard Wood, Johannes Többen, and Karen C Seto. 
2018. “Carbon Footprints of 13 000 Cities.” Environmental Research Letters 13 (6): 064041. 
https://doi.org/10.1088/1748-9326/aac72a. 

Nagendra, Harini, Xuemei Bai, Eduardo S. Brondizio, and Shuaib Lwasa. 2018. “The Urban South and the 
Predicament of Global Sustainability.” Nature Sustainability 1 (7): 341–49. 
https://doi.org/10.1038/s41893-018-0101-5. 

Nangini, Cathy, Anna Peregon, Philippe Ciais, Ulf Weddige, Felix Vogel, Jun Wang, François-Marie Bréon, 
et al. 2019. “A Global Dataset of CO2 Emissions and Ancillary Data Related to Emissions for 343 
Cities.” Scientific Data 6 (1): 180280. https://doi.org/10.1038/sdata.2018.280. 



 

   

ENV435-10 

 

Noiva, Karen, John E. Fernández, and James L. Wescoat. 2016. “Cluster Analysis of Urban Water Supply 
and Demand: Toward Large-Scale Comparative Sustainability Planning.” Sustainable Cities and 
Society 27 (November): 484–96. https://doi.org/10.1016/j.scs.2016.06.003. 

Ortega-Montoya, Claudia Y., and Arpan Johari. 2020. “Urban Ecological Footprints.” In Sustainable Cities 
and Communities, edited by Walter Leal Filho, Anabela Marisa Azul, Luciana Brandli, Pinar Gökçin 
Özuyar, and Tony Wall, 812–24. Cham: Springer International Publishing. 
https://doi.org/10.1007/978-3-319-95717-3_76. 

Paterson, Willa, Richard Rushforth, Benjamin Ruddell, Megan Konar, Ikechukwu Ahams, Jorge Gironás, 
Ana Mijic, and Alfonso Mejia. 2015. “Water Footprint of Cities: A Review and Suggestions for Future 
Research.” Sustainability 7 (7): 8461–90. https://doi.org/10.3390/su7078461. 

Rees, William. 1989. “Defining Sustainable Development.” CHS Research Bulletin, May 1989. 
https://scarp.ubc.ca/sites/scarp.ubc.ca/files/1989%20May_Defining%20Sustainable%20Devt_Ree
s.pdf. 

Sala, Serenella, Eleonora Crenna, Michela Secchi, and Esther Sanyé-Mengual. 2020. “Environmental 
Sustainability of European Production and Consumption Assessed against Planetary Boundaries.” 
Journal of Environmental Management 269 (September): 110686. 
https://doi.org/10.1016/j.jenvman.2020.110686. 

Spratt, David, Ian Dunlop, and Luke Taylor. 2020. “Climate Reality Check 2020.” Breakthrough – National 
Centre for Climate Restoration. https://469804a7-ae0f-4ba4-926a-
0f4778d88216.filesusr.com/ugd/148cb0_c4cb345518ad4669bafa7c31d205edf4.pdf. 

Steffen, Will, Katherine Richardson, Johan Rockström, Sarah E. Cornell, Ingo Fetzer, Elena M. Bennett, 
Reinette Biggs, et al. 2015. “Planetary Boundaries: Guiding Human Development on a Changing 
Planet.” Science 347 (6223). https://doi.org/10.1126/science.1259855. 

Świąder, Małgorzata, David Lin, Szymon Szewrański, Jan K. Kazak, Katsunori Iha, Joost van Hoof, Ingrid 
Belčáková, and Selen Altiok. 2020. “The Application of Ecological Footprint and Biocapacity for 
Environmental Carrying Capacity Assessment: A New Approach for European Cities.” 
Environmental Science & Policy 105 (March): 56–74. https://doi.org/10.1016/j.envsci.2019.12.010. 

Świąder, Małgorzata, Szymon Szewrański, Jan K. Kazak, Joost Van Hoof, David Lin, Mathis Wackernagel, 
and Armando Alves. 2018. “Application of Ecological Footprint Accounting as a Part of an Integrated 
Assessment of Environmental Carrying Capacity: A Case Study of the Footprint of Food of a Large 
City.” Resources 7 (3): 52. https://doi.org/10.3390/resources7030052. 

Swilling, M., M Hajer, T Baynes, J Bergesen, F Labbé, J.K. Musango, A. Ramaswami, et al. 2018. The 
Weight of Cities: Resource Requirements of Future Urbanization. the International Resource Panel. 
United Nations Environment Programme, Nairobi, Kenya. 

UNEP, ed. 2011. Decoupling Natural Resource Use and Environmental Impacts from Economic Growth. 
Kenya, UNEP. 

United Nations, Department of Economic and Social Affairs, and Population Division. 2019. World 
Urbanization Prospects: 2018 : Highlights. 

Van der Heijden, Jeroen. 2018. “From Leaders to Majority: A Frontrunner Paradox in Built-Environment 
Climate Governance Experimentation.” Journal of Environmental Planning and Management 61 (8): 
1383–1401. https://doi.org/10.1080/09640568.2017.1350147. 

Voskamp, Ilse M., Sven Stremke, Marc Spiller, Daniela Perrotti, Jan Peter van der Hoek, and Huub H. M. 
Rijnaarts. 2017. “Enhanced Performance of the Eurostat Method for Comprehensive Assessment 
of Urban Metabolism: A Material Flow Analysis of Amsterdam.” Journal of Industrial Ecology 21 (4): 
887–902. https://doi.org/10.1111/jiec.12461. 

Wang, Xinjing, Yanxian Li, Ningyin Liu, and Yan Zhang. 2020. “An Urban Material Flow Analysis Framework 
and Measurement Method from the Perspective of Urban Metabolism.” Journal of Cleaner 
Production 257 (June): 120564. https://doi.org/10.1016/j.jclepro.2020.120564. 

Wiedmann, Thomas, Guangwu Chen, Anne Owen, Manfred Lenzen, Michael Doust, John Barrett, and 
Kristian Steele. 2020. “Three‐scope Carbon Emission Inventories of Global Cities.” Journal of 
Industrial Ecology, September, jiec.13063. https://doi.org/10.1111/jiec.13063. 

Yu, Huajun, Yutao Wang, Xiao Li, Chengdong Wang, Mingxing Sun, and Anshu Du. 2019. “Measuring 
Ecological Capital: State of the Art, Trends, and Challenges.” Journal of Cleaner Production 219 
(May): 833–45. https://doi.org/10.1016/j.jclepro.2019.02.014. 

 




