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A Resilient Multi-factor Framework for Low Carbon

Cities: An International Perspective
Yin Zeng, Shuliang Li, Liangru Deng, Shuoyue Feng

ABSTRACT— The roles of cities in low carbon transition
and sustainable development strategies have never been so
important. This paper focuses on the transition, while
considering the current situations of city carbon emissionsin
the world. The management practice of city low carbon
transformation is analyzed and expounded. We then discuss
the low carbon resilience of citiess and establish a
mathematical and logical model. Thepaper illustratesrelevant
scenarios of the measurement factors, and the meanings of the
resilience coefficient. Furthermore, we propose and refine a
framework for analyzing the resilience, in combination with
emission accounting tools and various aspects of city
development.

Index Terms—Low Carbon City; Low Carbon Resilience;
Low Carbon Management; Low Carbon Economy; Carbon
dioxide emission.

[.INTRODUCTION

3 percent of the land area produces about 70 percent of
the total carbon emissions of human activities. Cities
account for about half of the world’'s whole population.
With the development across the world, the city population
will increase to 6.5 hillion by 2050, and the problem of city
carbon emissions will be become more and more serious.
The cities in developing countries and underdevel oped
countries will be faced by the challenge of higher carbon
emission growth. The cities in developed countries will be
subject to international carbon emission reduction targets.
Moreover, the global climate problem is not only closely
related to the economic development of cities, but also has
negative impacts on ecological  environments,
transportation and energy structure. Under the critical limit
of 201, city development is bound to move towards low-
carbon transformation, and thus carbon reduction measures
should be taken systematically from all aspects of the city.

Nevertheless, the behavior of cities is influenced by the
system of resource endowment, energy structure, economic
development and other factors. Previous research effort on
linking sustainability with low carbon resilience is not
adequate. Not enough attention has been paid to the
incorporation of emission accounting. There is also a lack
of integration of government departments, enterprises and
citizens for carbon emission reduction. Therefore, more
accurate, effective, holistic and comprehensive methods are
needed to clarify the city carbon management idea.

This paper will expound the inner mechanism of the
city’s various fields and carbon emissions in terms of low-

carbon resilience, and refine the corresponding analytical
framework, in order to provide valuable reference for the
low-carbon transformation.

[1.CURRENT SITUATIONS OF CITY CARBON
EMISSIONS AND MANAGEMENT

A.Carbon Emissions of Cities

Cities are the main body of a national government to implement
the framework mechanism of international climate change, and the
accurate and effective calculation of acity’s carbon emissionisthe
primary task for a country to set the carbon emission reduction
targets. International organizations, ingtitutions, and governments
a al levels have constantly been trying to regulate appropriate
detailed standards for measuring the city level of carbon emissions.
For example, International Council for Local Environmental
Initiatives (ICLEI) formulated the International Local
Government Greenhouse Gas Emissions Analysis Protocol
(community section) in 2009. The International Sandard for
Determining Greenhouse Gas Emissions for Cities was jointly
compiled by the World Bank, the United Nations Environment
Programme (UNEP), and UN-HABITAT in 2010. On the basis of
the draft, the World Resources Institute, C40 Cities Climate
Leadership Group and ICLElI - Local Governments for
Sustainability (ICLEI) jointly compiled Global Protocol for
Community - Scale Greenhouse Gas Emission Inventoriesin 2013,
which become the standard for city carbon emission accounting.

CDP (Carbon Disclosure Project), as a non-profit organization
with high credibility, carries out the most comprehensive climate
disclosure for cities and enterprises every year. 572 cities
worldwide by 2017, have participated in the CDP city climate
disclosure project. The disclosed data hel psacity learn more about
the scale of its carbon emissions and the segmentation data in
various fields, so as to better grasp the carbon management
strategy. In addition, it can provide real cases for other cities that
do not disclosetheir carbon emissions. According to the disclosure
inthe 229 citiesas shown in Figure 1, the active participating cities
are mainly located in North America, Europe and other developed
countries, including some in southeast Asia. Among them, the
carbon emission scale of cities in North American and Southeast
Asian is relatively high. However, the fact that carbon emissions
are larger, broader and more nebulous in scale 3 has not yet been
counted, making acity’ s carbon footprint lesstangible. The normal
operation of a city needs al kinds of contact with many others,
such as transportation, the upstream and downstream activities
outside the city boundaries. Thus, there is the need for more in-
depth carbon accounting measurement methods and effectivetools.


https://research.westminster.ac.uk/q9020/international-journal-of-environ

Yin Zeng, Shuliang Li, Liangru Deng, Shuoyue Feng, “A Resilient Multi-factor Framework for Low Carbon Cities: An
International Perspective”, International Journal of Environmental Science and Development, In press. 2018.

-180 -150 -120 -9  -60  -30 0 30 60 90 120 150 180
90 90

60

=30

—60

T T T T T T T T T T 1-90
-120 -90  -60 30 0 30 60 90 120 150 180
““ . The carbon emission data of each city in the figure is the sum of range 1 and range 2.
b. The carbon emission data used in the figure is compiled from the CDP open data set.
¢. There are 229 cities with carbon emissions statistics in the figure, between 2010 and 2017

Figure 1. World city carbon emissions

B.City Carbon Management

The United Nations NAZCA Tracking Climate Action
(NAZCA Tracking Cl

imate Action) statistics show that 2508 cities worldwide
have revealed their plans of action to reduce emissions. In
China, however, only Anshan, Jinan and Shenzhen make
their carbon emission reduction targets to the public.
Chinese cities are relatively less transparent about carbon
management, and thus need to improve their confidence in
their carbon management capability and carbon information
disclosure. Nonetheless, there are huge differences in the
levels of low-carbon development across different cities. If
acity lacks a clear understanding of self-emissions, and its
low carbon advantage is insufficient, then it is easy to lose
confidence in the development and, therefore, may form a
vicious circle. This does not conform to the global effort on
tackling climate change, and would affect the participation
of backward cities in international competition. Nowadays,
with the background of low carbon economy globalization,
itisinevitable for citiesto carry out effective management.

The Globa Covenant of Mayors for Climate & Energy
has developed into the largest city climate management
organization in the world, actively promoting the low-
carbon collaboration across cities, enterprises, regions and
citizens, and has achieved remarkabl e results. By 2017, 362
cities have identified carbon reduction targets (see Figure
2). In order to attain the goal, each city has formulated the
carbon emission reduction management plan, such as
increasing the proportion of renewable energy sources (see
Figure 3), adaptive measures, the government operation of
carbon emission reduction activities, and communities of
reduction. Typical management plansare shownin Table 1.
However, relying on isolated action plans is obviously not
enough. This cannot systematically integrate carbon
emission reduction with the economic and socid
development of cities, and can make it difficult for carbon
emission measures to have a practical effect. Therefore, a
resilient mechanism isurgently needed to help citiesexplore
the internal mechanism of development in variousfields. It
is suggested that more scientific and feasible measures
should be drawn up, and the internal links can be observed

to consider the relationships between the development and
the carbon emissionsin various fields [1-3].
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Figure 3. World city renewable energy development targets

From the NAZCA disclosure of information, a city
government often joins the international climate action to
declare its targets, action plan, etc. For instance, London
joined the ‘C40 Cities Clean Bus Declaration’, ‘Carbon
Neutral Cities Alliance’, ‘Compact of Mayors, ‘the
Covenant of Mayors, ‘Global Energy Efficiency
Accelerator Platform’. City carbon emission management is
complicated, with many aspects involved. We should not
just rely on the government of acity, because alarge portion
of the source of carbon emissions is not within the direct
jurisdiction of the government departments [4-6].
According to CDP's statistics, only 3% of the carbon
emissions were produced by city government departments
worldwide. Buildings, persona travel and other aspects are
the main sources. Hence, the carbon emission management
must infiltrate into the enterprise and the citizen level for
joint collaboration.
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TABLE 1. TYPICAL CITY CARBON EMISSION REDUCTION ACTION PLANS

City

Carbon emission reduction action description and example

New York

Action to reduce emissions in city communities: Build upon Zero Waste to reduce greenhouse gas emissions from the solid waste
sector; develop a mode shift action plan to reduce greenhouse gas emissions from the transportation sector; and develop near-term
local actions and long-term regional strategies to reduce greenhouse gas emissions from the power sector.

Action to reduce emissions from city government operations: Energy efficiency/retrofit measures; improve fuel economy and
reduce CO2 from motorized vehicles; recycling or composting collections and/or facilities; and water recycling and reclamation

Renewable energy sources: Itstarget is made in terms of installed capacity not as a percentage of total electricity production; target:
1,000 MW of solar capacity installed by 2030.

Climate adaptation action: A Stronger, More Resilient New Y ork laid out three major coastal protection strategies: increase coastal
edge elevations; protect against storm surge; and improve coastal design and governance. The City, working with the USACE, has
completed a number of beach nourishment and dune projects. Concurrently, the City is making progress on several coastal protection
projects around the city that range from Integrated Flood Protection Systems, Offshore Breakwaters, Flood-walls, Revetments,
Bulkheads, Tide Gates, Dunes, Groins, and Storm Surge Barriers. These projects are moving forward and are in various stages of
conceptual, preliminary and final design.

London

Action to reduce emissions in city communities: Infrastructure for non-motorized transport, and investment in walking continues
with Pedestrian Countdown at traffic signals now available at 550 crossings at over 200 locations. There are now around 1,500 legible
London signs, which are an easy to use street-level signage system to help way-finding across the capital. In addition, low or zero
carbon energy supply generation, and the Decentralized Energy Enabling Project (DEEP) builds upon its predecessor DEPDU,
supporting decentralized energy projects to go from feasibility through to market-ready status. The programme has also supported
London boroughs to produce energy master plans to identify areas suitable for heat networks in London.

Action to reduce emissions from city government operations: Building performance rating and reporting, GLA Group buildings
have completed Display Energy Certificates for their buildings; developing the green economy, and the GLA has a responsible
procurement code which includes environmental criteria; energy efficiency/retrofit measures and GLA Group building are retrofitted
with energy management systems (EMS) and other demand reduction measures through the RE:FIT programme and through other
upgrades as appropriate.

Renewable energy sources: Officially launched the latest phase of the Energy for Londoners initiative, detailing plans to invest in a
range of new services and programme designed to boost energy efficiency and improve access to clean power across the capital .

Climate adaptation action: Heat mapping and thermal imaging that are mapping the UHI and heat vulnerability to prioritize heat risk
areas. The Mayor has aso introduced a‘ cooling hierarchy’ encouraging devel opers to design their buildingsin order to avoid the need
for active cooling, and has worked with partners to produce a risk-based future-looking ‘summer design guidance’, which provides
future summer temperature profilesthat can beincorporated into dynamic thermal building simulation models. The Mayor iscommitted
to increasing the quantity of trees and green cover in the city to provide shading and evaporative cooling. The ambition is to increase
tree cover by 5% by 2025 and to increase green cover in central London by 5% by 2030 (this includes green roofs), which is most
affected by the city heat island effect.

a Thedatain the tableis compiled based on the CDP open data sets: ‘ Cities Renewable Energy Targets', ‘ 2017-
Cities Community-wide Emissions Reduction Actions', ‘2017 - Cities Local Government Operations Emissions
Reduction Activities', ‘1 2017-Cities Adaptation Actions'. https.//data.cdp.net/

clusters. Isaksen et al. [11] analyzed Norway's carbon

I.A FRAMEWORK FOR CITY LOW CARBON
RESILIENCE

A.City Low Carbon Resilience

The concept of resilient cities was first proposed by
renowned ecologist Holling in 1973 [7]. In view of the
impact of carbon emissions on sustainable development,
researchers have explored the resilient law of carbon
emissions from different perspectives. Zhuang [8] analyzed
the path of China’slow carbon transformation based on the
city development. Stern [9] used the environmental Kuznets
curve to analyze income reslience. Li et al. [10]
investigated the carbon emission resilience of industrial

emissions with the resilience of expenditure carbon
footprint. Relevant findings include: the carbon emission
characteristics of residents [12], carbon emission resilience
of industrial energy consumption [13], the resilience of
construction land [14], and agricultural carbon emission
resilience [15]. It can be seen that the development of city
areas and carbon emissions have complex interwoven
internal relationships. It is necessary to clarify the various
factors and the resilience to find the direction of low carbon
action and the degree of strengths. The low carbon
resilience of city elements can be formulated as
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In equation (1), écoz stands for the low carbon resilience

€o, =

coefficient of term i, such as water resource, building,
greening and consumption, etc.
The factors of acity can be expressed as

X =t(x LX) @

In equation (2), x denotes the independent variable of a
relevant factor. X, adopts the corresponding field theory to
measure Vvarious factors. Examples are given as follows.
Enterprises can use production functions. And citizens can
use consumption functions.

Carbon emissions can be measured by the total amount
of emissions, or by the unit strength. This can be
represented as

CO,=(E,+s)exp(-gt)+s ?)

In the equation (3), E,is the base of carbon emissions; s

is the emission covariate reflecting an increase or decrease
of the factor; g isthe carbon attenuation coefficient; and tis
the length of time relative to the base period, in years.
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In the equation (4), € isthe unit carbon emission of the

factor of term i; Y is the total amount of item i; n denotes
the type of emissions; Y; denotes the total amount of
emissions corresponding to type i; € is the emission
intensity, or the emission factor of typei. We have
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In equation (5), AY; represents the corresponding carbon
emission variation of type i; A€ denotes the emission
intensity or emission factor variation of type i; a=Y/Y
symbolizing the carbon emissions accounted for the
proportion of total emissions of type i; Aga; stands for the
variation compared with the reference time.
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Based upon the above method, the low carbon resilience
of city factors can be calculated effectively. And the
resilience relationship between relevant factors and the
carbon emissions can be determined (see Table 2). However,
it can be seen, from the accounting boundary, that the areas
of city development are deeply permeated with the
problems of carbon emissions.

TABLE 2. THE LOW CARBON RESILIENCE COEFFICIENT

e'{:oz Description

The ith factor of low carbonis
completely not resilient.

The ith factor of low carbon is not
resilient
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The ith factor of low carbon is unit
resilient

écoz =1

1<éy, <o Theith factor of low carbon is resilient.

B.The Resilient Framework

The development of resilient cities can certainly help
combat climate change. Therefore, making right decisions

Stationary

Low carbon
resilient
cities

industrial
processes &
product use
(IPPU)

in practice to reduce emissions is vitaly important. For
example, by measuring low carbon resilience, carbon
sensitive factors and carbon inert factors can be identified.
And this then help decision-makers decide whether to
formulate a defensive or aggressive strategy. A framework
for analyzing the resilience isillustrated in Figure 4. It can
provide a systematic reference for management.

Population/
health

Determine the carbon emission accounting boundary:
Geographical boundaries, direct emissions, indirect emissions,
greenhouse gas types and conversion

Determine the accounting and reporting of carbon sources

and carbon sequestration: Clear all departments
corresponding “range”, and the types of the greenhouse gases

Accounting tools that match the actual situation of the city:
Global Protocol for Community-Scale Greenhouse Gas
Emission Inventories, and Clear Path GHG Inventory Tools

Collect and collate data: Activity level data, and top-down
and bottom-up collection methods

Low carbon resilience measurement of each
factor, judgment, formulation or adjustment
of management policies

Calculate carbon emissions: Determine the difficult carbon
sources/carbon sinks, and establish an estimation model
according to the activity level and emission factors

Economy: Economic statistics of various departments, and
economic development sub-models

Society: Livelihood and employment data, observation
models, and community development sub-models

Environment: Unified statistics about carbon emission and
other emissions, including ecological environment
observation models and pollution control sub-models

Population/health: Population size observation models

Infrastructure: Infrastructure regulation sub-models, and
transport management sub-models

Policy management: Government emergency response
capacities, and consultation mechanism of city issues

Figure 4. A framework for analyzing city low carbon resilience

IV.CONCLUSION

This paper has been sought to develop aresilient multi-
factor framework for low carbon cities. On the basis of
compiling relevant data and mathematical modeling work,
we have proposed a method and conceptual framework for
analyzing the internal mechanism of city development
factors and carbon emissions. This paper can deliver the
following values.

(1) To improve the convenience and pertinence of
management by integrating city carbon emission inventory
tools with sustainable city development, and covering
carbon sources, carbon sinks and city development factors.

(2) To improve the comparability of cities and then find
the improvements on urban competitiveness based on the
relevant data sets.

(3) To assist a city in: optimizing various resources,
improving its carbon emission efficiency; and forming a
cooperative mechanism with others.

(4) To help a city improve its ability in: coping with
climate disasters, formulating effective low carbon
strategies; and improving the devel opment resilience.
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