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Abstract 

A substantial proportion of anthropogenic greenhouse gas generating activities are concentrated 

in global cities. Action to reduce emissions at the urban level requires an understanding of life-

cycle emissions sources and reduction potentials. Policy response(s) by municipal authorities 

needs to consider all emissions scopes across the urban lifecycle. Existing framework guidance 

often does not include all relevant emissions sources, proposes inconsistent methodologies and 

fails to consider the significance of limited data. A clear statement of the urban system and its 

boundary is required to develop benchmarks and facilitate the development of global „low-

carbon‟ cities. Carbon footprints are being developed to facilitate the management of 

anthropogenic GHG emissions and offer the opportunity to develop internationally agreed 

models to inform decision making and localize the issue of climate change. This paper will 

explain the theory behind their development and outline how theory can be translated into a 

practical tool. 
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Introduction  

Global cities are powerful drivers of global 

economic activities, centers of innovation 

and the hearts of their regions and countries. 

More than half the world population, > 3.3 

billion, live in cities, with more than 4 per 

cent living in „megacities‟ (a population of 

10 million or greater), predicted to increase 

to 5 per cent (400 million people) by 2015, 

with a total urban population of 5 billion by 

2030 (UNFPA, 2007). 

Many cities are situated in low-lying coastal 

areas, providing regional industry access to 

the global trade market (De Sherbinin, 2007). 

As a result, a significant proportion of the 

global population is at increased risk from 

current and projected hazards resulting from 

climate change. Urban areas are 

disproportionately important in terms of 

global climate change policy-making; 

without the commitment, understanding and 

knowledge to develop effective policy at a 

local level, global climate change 

management targets are likely to be 

unattainable (Wright et al, 2011a). Local 

mitigation of climate change is required for 

the stabilization of global climate, 

addressing this issue can also have benefits 

for urban biodiversity, pollution, social 

wellbeing and economic development.  

The complex nature of urban climate change 

mitigation requires the bridging of the gaps 

in knowledge theory and rhetoric. Carbon 

footprints have emerged in recent years as 

an indicator, to measure and manage 



anthropogenic emissions of GHGs, which is 

both understandable and relatable. We have 

defined the carbon footprint as a life cycle 

climate change metric: “A measure of the 

total amount of CO2 and CH4 emissions of a 

defined population, system or activity, 

considering all relevant sources, sinks and 

storage within the spatial and temporal 

boundary of the population, system or 

activity of interest. Calculated as CO2 

equivalents using the relevant 100-year 

global warming potential” (Wright et al, 

2011b). 

Carbon footprints provide a tool for the 

calculation of emissions linked to a process, 

activity or behavior. The merits of the 

carbon footprint are grounded in its 

simplicity, making the metric economically 

viable, (potentially) internationally 

comparable and readily understandable.  

Existing Policy Response  

The urban politics of climate change has 

been a key factor in challenging global 

policy development (Bulkeley, 2010). 

Climate change affects cities in three ways: i) 

a significant proportion of GHG emissions 

occurs in cities; ii) the effects have direct 

impacts on cities;  iii) synergies between 

climate policy and sustainable development 

are most obvious at a local level and 

motivate cites to generate the social and 

technological innovations that reduce GHG 

emissions and adapt to the challenges (Alber 

& Kern, 2008). Additionally, national 

governments will be unable to reach national 

greenhouse gas (GHG) reduction targets 

without the commitment of sub-national and 

local governments (Bulkeley and Kern, 

2006). Recognizing these factors, many 

cities are starting to develop climate change 

strategies and policies. For these policies to 

be effective, adequate tools to measure, 

monitor and manage sources of GHG 

emissions need to be available (Bastianoni et 

al, 2004). 

Many cities have developed „low carbon 

agendas‟, for example Southampton‟s (UK) 

„Low Carbon City‟ (see 

www.incadesign.co.uk/low-carbon/), many 

more have become members of networks, 

for example the Swedish 

„Klimatkommunerna‟ network 

(Klimatkommunerna, 2011); the U.S. 

Mayors Climate Protection Agreement (The 

United States Conference of Mayors, 2008); 

or the C40 Cities (C40 Cities, 2010). Many 

of these networks are working to develop 

standardized procedures for the assessment 

of urban emissions (Alber & Kern, 2008). 

For example the ICELI has agreed a GHG 

emissions measurement protocol, and now 

provides a multinational tool (the 

„Harmonized Emissions Analysis Tool‟ 

(HEAT)) (ICELI, 2006). Problems remain, 

especially in cases where cities are 

compared and do not utilise the same 

methodology (Wright et al, 2011a). 

Carbon Footprints 

Carbon footprints provide a relatively 

straightforward, low cost, understandable 

solution that is ideal for uptake in the public, 

private and governmental sectors. We 

recognize that in some situations a more 

comprehensive metric for the assessment of 

further GHGs may be required; where the 

need is identified and complete data is 

available it can be used to provide a „climate 

footprint‟; this name reflects the inclusion of 



further Kyoto Basket non-carbon gases, 

encompassing the full range of gases in the 

global communities‟ response to climate 

change (Wright et al, 2011b).  

An assessment of a city‟s carbon or climate 

footprint requires boundary selection. Three 

options are available: municipal operations, 

geographic boundaries, or all territorial 

boundaries including life-cycle linked 

processes (e.g. electricity generation, waste 

disposal, etc). The available options offer 

increased completeness at the cost of greater 

complexity (Wright et al, 2011a). Cities 

generate emissions across the urban life-

cycle: from direct emissions as a result of 

fuel combustion activity within the 

geographic boundaries; to life-cycle 

emissions associated with products and 

services. The World Resource Institute   

differentiates emissions sources in terms of 

„scopes‟ (1–3) that relate to the spatial 

boundary of the activity or process 

(Greenhalgh, 2003). Scope 1 encompasses 

direct emissions. Scope 2 is defined as 

emissions associated with electricity 

consumption; we expand this definition to 

include all regionally or nationally produced 

energy consumption (e.g. regional 

community heating, regional steam 

production, etc.). Scope 3 encompasses all 

„physical‟ out of boundary, process linked 

emissions. Emissions sources can be further 

differentiated by life-cycle perspective, 

single process or production chain emissions. 

Production chain emissions occur upstream 

(e.g. service provision, energy production) 

and downstream (e.g. waste) (Kennedy, 

2010). 

The issue of boundary selection is largely 

addressed through the consideration of 

emissions responsibility. Broadly, there are 

two perspectives, production (at source) and 

consumption (end-user) accounting. 

Production accounting assigns emissions 

responsibility to the producer of emissions, 

whereas consumption accounting locates 

emissions associated with production to the 

final consumption of goods and services. 

Production accounting methodologies are 

currently widely used but may lead to 

„burden-shifting‟; energy intensive process 

are exported to less-developed countries and 

imports of products then increase in 

consumer countries (Larsen & Hertwich, 

2009). Thus consumption accounting is 

becoming a preferred method of emissions 

accounting; however, it fails to consider the 

role and ability of a local authority (LA) to 

manage emissions. 

Alber & Kern (2008) identify four modes of 

governance applicable to LA climate change 

management: „self-governance’ – LA 

management of corporate activity; ‘enabling’ 

- coordinating and facilitating partnerships 

with the private sector and encouraging 

community participation; „provision’ - 

action through the provision of public 

services; and „authority’ - action through 

regulation or sanction.  In reality, these 

modes often overlap with any individual 

measure often based on a combination of 

these modes. This identification defines and 

limits the action that can be undertaken by a 

LA across the various scopes and life-cycle 

emissions. As a consequence, any model 

must reflect the ability of the user authority 

to implement the results. Given the limits of 

political influence and action achievable by 



a LA there are four key areas for climate 

change policy action by LAs: energy; 

transport; waste and waste water; and urban 

planning. To achieve a comprehensive 

system of management, understanding of 

emissions in sectors where LAs have limited 

influence is also required, including: 

industrial processes; land use and land use 

change; and „other‟ uncontrolled accidental 

or fugitive emissions. 

 There are three principal approaches to 

emissions inventories: environmental input–

output analysis (EIOA); process analysis 

(PA), hybrid environmental input–output 

life cycle assessment (hybrid-EIO-LCA).PA 

based LCA assesses emissions from the 

bottom-up based on the energy and mass 

flows in the process flow. EIOA is a top-

down assessment that uses national 

economic and environmental data to 

estimate emissions caused by the activities 

of industry sectors within an economy 

(Larsen & Hertwich, 2009). Top-down 

EIOA utilizes aggregate data at the meso 

level to attribute emissions based on 

monetary transactions. The development of  

an urban carbon footprint methodology 

requires the combination of bottom-up PA 

and top-down EIOA in addition to estimate 

fuel consumed and emissions (see Table 1). 

The principal theory governing emissions of 

CO2 and CH4 through the bottom-up PA 

models is mass balance. For example, in 

combustion activities emissions of CO2 and 

CH4 are a direct result of the carbon content 

of fuel and rate of oxidation during the 

combustion process; in waste systems the 

emissions are determined by mass of carbon 

through the various treatment processes. In 

some cases it is not possible to construct 

mass balance models, therefore pre-

determined „emissions factors‟, consumption 

or activity data combined with coefficients 

that quantify emissions or removals per unit 

of activity are used. The higher order 

upstream processes are then calculated using 

a tiered input-output analysis.   

Assessing the carbon footprint or the 

underlying drivers is purely an academic 

exercise unless this information is used to 

develop effective, locally appropriate 

models to inform strategy and policy. This 

theory is being used to inform the 

development of a model for use by a local 

authority, currently focusing on the case 

study city of Southampton, UK, but intended 

for roll-out to others in due course (Wright 

et al, 2011a). The methodology presented 

(potentially) offers a globally comparable 

urban carbon footprint methodology. 

Conclusion 

Carbon footprints offer a comparable, 

readily understandable and relatively easily 

implemented metric for the management of 

urban GHG emissions. Urban carbon 

footprints utilize the methods established in 

traditional LCA. The majority of current 

research agrees that the most successful and 

inclusive method of carbon footprinting at 

the sub-national level is achieved through 

the application of hybrid-LCA, where EIOA 

is utilized to assess high-level processes, 

supplemented with PA where possible. This 

results in increased accuracy, completeness 

and the ability to capture city and sector 

level emissions reduction measures. 

Selection of techniques for the calculation of 

emissions is dependent on the ability of LAs 

to govern climate change. LAs have  



Table 1. Description of source/sink categories, scope, and associated emissions calculation 

methodologies 

 Scope Description Methods 

Energy Scope 1 Direct emissions from fuel combustion within 

boundary. 

Mass balance based process analysis (PA) of 

fuel consumption and combustion. 

Scope 2 Emissions associated with electricity 

consumption and district heating/cooling. 

PA of fuel consumption in all connected 

regional/national generation facilities. 

Environmental input-output analysis (EIOA) 

to determine regional/national distribution 

and local emissions apportioning. 

Scope 3 Life-cycle emissions from fuel production, 

processing and transport. 

PA studies of individual fuel sources. 

EIOA of fuel supply system to determine 

emissions apportioning per unit fuel.  

(Transport) Scope 1 Emissions from in-boundary fuel 

consumption in transport. 

PA of fuel consumption and combustion. 

Scope 3 Life-cycle emissions from fuel production, 

processing and transport. 

PA studies of individual fuel sources. 

EIOA of fuel supply system to determine 

emissions apportioning per unit fuel. 

Scope 1/3 Shipping and aviation. PA of fuel consumption process at unit level. 

EIOA at national/international level to 

determine emissions apportioning. 

Industrial 

Processes 

Scope 1 Emissions from industrial processes within 

city boundary. 

PA of industrial processes. 

Waste & waste 

water 

Scope 3 Emissions from the collection, transport, 

treatment and disposal of wastes. Emissions 

can occur within or outside city boundary. 

PA of waste treatment processes. Mass 

balance of waste production and routing 

applied to determine emissions. 

Land use, 

agriculture & 

land use change 

Scope 1 Emissions and sequestration from/to land and 

land based processes. 

Predetermined emissions/removal 

coefficients. 

Soil/plant interaction modeling.  

Products & 

services 

(consumption) 

Scope 3 Life-cycle emissions from consumption of 

products and services within city boundary 

(reported separately). 

EIOA, corrected for city level exports. 

Reported separately from emissions totals to 

enable inter-city authority comparisons. 

Other Scope 1 Includes all other emissions sources (e.g. 

accidental fires, small scale waste burning). 

Combination of methods and pre-determined 

emissions factors. 

 

significant influence in transport; waste; 

energy and urban planning, thus emissions 

models must strive to present these 

emissions as a priority. Understanding of 

further process emissions, for example 

embedded in goods and services, is essential 

to provide a complete and holistic picture of 

urban emissions profiles.  

The application of these techniques is 

enabling the development of models that 

that are transferable between cities, such as 

those in Southampton. Without an  

 

internationally agreed methodology, 

comparison of models will remain invalid. 
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