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Abstract

With an increasingly urban population, cities have an important role to play in global
environmental sustainability. Cities engaged in pioneering and ongoing sustainability
experimentation—the frontrunners—can lead the way towards sustainability
transition, and often become the beacon for others to follow. However, the nature
and the internal dynamics that make a city a frontrunner, or the role of frontrunner
cities in sustainability transition beyond their boundary, remain unclear. In addition,
most studies on the influence of these frontrunners are limited to passive
influencing, i.e. how the practice has been duplicated by others, or how the practice
is adopted and mainstreamed into system level. Based on in-depth case studies on a
frontrunner city and two other cities influenced by it, this paper examines how
momentum for positive changes has been initiated, built, and sustained towards
changing the status quo of practice through a succession of actors and a series of
reinforcing feedback loops. We argue that creating a positive inertia through
sustained momentum and embedding the frontrunner identity in a city is essential
for it to continue the process of sustainability transition. Frontrunners can create
flow-on benefits for other cities through a proactive influencing. Supported by
multiple two-way benefits, such proactive influencing is a new mechanism of
mainstreaming and up-scaling urban sustainability experiments in system innovation
and transition.

Keywords: Sustainability transition, System innovation, Urban sustainability
experiments, Frontrunners

Science highlights

� A frontrunner city can produce environmental and economic benefits and

opportunities, both within and beyond its boundary through urban

experimentation that contributes to sustainability transition.

� Positive changes toward sustainability are created and sustained by a succession of

self-reinforcing feedback loops involving citizens, businesses, local and national

government.

� Positive inertia is coined to describe an emergent property of a city as a system,

where positive approaches are embedded into the city’s identity, and thus not

influenced by short-term political cycles.

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International
License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and
indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Urban TransformationsIrvine and Bai Urban Transformations             (2019) 1:1 
https://doi.org/10.1186/s42854-019-0001-7

http://crossmark.crossref.org/dialog/?doi=10.1186/s42854-019-0001-7&domain=pdf
http://orcid.org/0000-0002-8521-0271
mailto:Xuemei.Bai@anu.edu.au
mailto:Xuemei.Bai@anu.edu.au
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/


� Building vertical and horizontal linkages is crucial for the success and upscaling of

the sustainability experiments conducted by the frontrunner city.

� Proactive influencing is identified as a new phenomenon where frontrunner cities

actively influence other cities, which can be a new mainstreaming and upscaling

mechanism in system innovation and transition.

Policy and practice recommendations

� Build momentum from bottom-up initiatives, and try to sustain them through pol-

icy and institutional support.

� Enhance citizens’ awareness and education and build a narrative around the

importance of initiating and continuing sustainability initiatives, to help create and

embed an associated new self-identity of pro-sustainability.

� Take an active role towards sustainability-focused, long-term and multi-layered

inter-city collaborations.

Introduction
Cities lie at the heart of dealing with global sustainability challenges. More than two-

thirds of the world’s population is expected to be urbanised by 2050 (United Nations,

Department of Econmic and Sovial Affairs, Population Division 2018), with up to 90%

of the world population increase to be added into cities and urban areas in the global

south (United Nations, Department of Econmic and Sovial Affairs, Population Division

2018; Nagendra et al. 2018). Cities will play an increasingly important role in the transi-

tion towards sustainability, which requires a fundamental societal, economic, political

and technological transformation towards more sustainable modes of production and

consumption that are long-term and multi-dimensional (Markard et al. 2012; Lange

et al. 2013).

Many cities are exploring innovative solutions towards more sustainable development

pathways, making them hotbeds for urban sustainability experiments (Bai et al. 2010;

Bai et al. 2018). Berkhout et al. (2010) define sustainability experimentation as initia-

tives that embody innovative technology or practice that is likely to lead to substantial

sustainability gains. Bai et al. (2010) emphasize the importance of looking at frontrun-

ner cities in sustainability, both individually and across cases, and find that urban sus-

tainability experiments can be multiplied by others, or up-scaled to change the system

of practice, thus playing a significant role in achieving overall sustainability. Nonethe-

less, achieving broader change is complex, and it is important to understand the spe-

cific social context in which the experiment is embedded (Evans et al. 2016).

Continuous processes of experimentation and learning that engage diverse actors are

crucial to steer transition (Loorbach and Rotmans 2006; Nevens et al. 2013; Frantzes-

kaki et al. 2014). This is because uncertainty surrounds both the problems and solu-

tions (Broto and Bulkeley 2013), and cities face different challenges at different

development stages (Bai and Imura 2000).

Many lessons can be learned from looking at frontrunner cities and their role in sus-

tainability transition. Historically, the bulk of transition research has ignored the role of

cities and urban experimentation (cf. Rotmans et al. 2001; Jacobsson and Lauber 2006;

Geels and Schot 2007) and instead focused on national level transition management.
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This has been criticised, with recent research highlighting the importance of examining

diverse scales and interconnections, socio-spatial context and transcending ‘container-

ized’ views of socio-technical systems (Coenen et al. 2012; Truffer et al. 2015).

In addition, a large portion of the existing research has been focussed on European

cities (cf. Voytenko et al. 2016; McCormick and Kiss 2015; Frantzeskaki et al. 2018).

This is problematic as rapid urbanisation is taking place in Asia and polycentric urban

environmental governance, which has been presented as the key to transition, has been

studied only in a few cities, with little exploration of this approach in the Asian region

(van der Heijden 2018). More recently, some studies focusing on Asia have highlighted

conservative development pathways, with challenges in systems thinking and sustain-

ability foresight, and demonstrated an important role for urban sustainability experi-

mentation (Bai et al. 2010; Peng and Bai 2018; Peng et al. 2019; Wolfram 2019). While

these studies have advanced our understanding on the importance of experimentations

at city level, they emphasise the need for better insight into transition in the Asian re-

gion and the system level dynamics and mechanisms underlying the many urban sus-

tainability experiments and their linkages across cities.

The rising number of transnational local government networks for sustainability,

such as ICLEI and C40, also shows that cities are increasingly looking for answers from

each other (Acuto 2016). However, not all city networks are currently active or effect-

ive, with research indicating they need to go further than just information sharing to be

successful (Lee and Jung 2018). This highlights the importance of studying linkages be-

tween cities as well as within them, and looking at relationships outside of the estab-

lished global city networks. In terms of researching such linkages, most of the existing

studies looking at the influence of frontrunner cities on others have focused on passive

influencing, i.e. how others can learn from the innovative practices, and how the prac-

tice has been adopted and mainstreamed by others (see for example, Bai et al. 2010;

Peng et al. 2019; Gerlak et al. 2018). The internal dynamics and mechanisms through

which a frontrunner city can proactively influence others remain unclear. Furthermore,

cross-city learning is complex and innovative practices are often not being transferred

to the majority of cities (Campbell 2009) – with challenges including a lack of openness

and unclear social learning processes (Wolfram et al. 2018). In a recent study exploring

the scaling process of urban sustainability experiments, Peng et al. (2019) found that

contextualization often requires distinctive configurations to be formed, which is an

innovation in itself. To fully understand the role of frontrunner cities in cross-city

learning, it is important to examine the cross-city linkages through both the frontrun-

ner city perspective as well as through the perspectives of partner cities.

This study aims to produce an in-depth understanding of the internal mechanisms

that contribute to the making of a frontrunner city, and its role in sustainability transi-

tion. We aim to answer the following questions: Which elements trigger, enable, hinder

and support ongoing sustainability experimentation in cities? How do these factors

interact to create a frontrunner city system dynamic? Do frontrunner cities influence/

enable sustainability transitions elsewhere? If so, how?

We explore the case of Kitakyushu City in Japan, because the city has transformed

from one of the most polluting cities to a globally recognized frontrunner city with

multiple international awards. Not only engaging with ongoing innovative practices, the

city has also been active in international cooperation with other Asian cities in
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environment and sustainability areas, extending its sustainability experimentation to

the wider Asian region. Understanding the making of Kitakyushu as a frontrunner, as

well as systems of cooperation with cities in Indonesia and Vietnam, may prove highly

instructive for understanding how local actors can play pivotal roles in building and

maintaining momentum towards sustainability.

Conceptual and theoretical perspectives on urban sustainability
experimentation and transition
We introduce several key conceptual and theoretical perspectives, which employ sys-

tems thinking, that informed the analytical framework of this research. Socio-technical

transition and systems innovation, frames the importance of focusing on experiments

that have influenced broader systemic change rather than just individual products.

Transitioning towards sustainability requires ongoing experimentation over time, so a

temporal and evolutionary perspective underpins how frontrunner cities, hotbeds for

urban sustainability experimentation, emerge, maintain their status and have spillover

effects. Distilled from this, a systems and evolutionary perspective is adopted to analyse

the key elements in urban sustainability experiments, including actors, linkages, triggers

and barriers.

Urban sustainability experiments and transition

Strategic niche management research has long demonstrated that sustainable

innovation journeys are facilitated through experimentation in protected spaces that

allow co-evolution of user practice, technology and regulatory structures (Ruggiero

et al. 2018; Schot and Geels 2008). This is required to prevent early rejection (Raven

2007). The multi-level perspective also highlights the importance of this in conjunction

with multi-level socio-technical change for transitioning from one system to another

(Geels 2004; Geels 2011). Socio-technical system transitions involve dynamic interac-

tions between systems, actors and institutions (Geels 2004). Systems innovation re-

search, specifically socio-technical transitions, has broadened the scope of analysis,

covering not only innovation in technologies but also in policy, culture, user practice,

firm management, institutions and regulations (see Berkhout 2002; Kemp and Rotmans

2005; Geels 2006; Schot and Steinmueller 2018). Although the focus in system

innovation literature has been on technological or sectoral innovation (cf. Malerba

2002; Bergek et al. 2008), this study is informed by a socio-technical system (STS) ap-

proach to the study of urban areas. This STS transition lens helps shine light on the

importance of linkages, specifically for dynamics and feedbacks of technologies and so-

ciety, discussed further below. This is appropriate as it recognizes that cities are com-

plex adaptive systems that are dynamic and open, and constantly evolving (Batty 2008:

770; Bai et al. 2016), the trajectory of which is “shaped by a unique combination of en-

dogenous and exogenous forces” (Bai 2003: 528).

In terms of understanding system level mechanisms, Homer-Dixon et al. (2015) have

discussed the development of a causal architecture of failure, where systems can inter-

act to cause a far larger inter-systemic crisis, and then propagate across multiple system

boundaries. However, there is a need to further examine the opposite occurring.
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Urban sustainability experiments can lead to broader, substantial sustainability gains

and the transition, or systems innovation described above (Berkhout et al. 2010). For

example, Curitiba, recipient of the Global Sustainable City Award, is an environmental

management frontrunner and twinned with 13 different cities in Asia, Europe and Latin

America. The city experimented with ways to improve transport in a low cost way, by

dedicating lanes to buses and then establishing faster boarding through use of multiple

doors and off-board payment: it established the first Bus Rapid Transit (BRT) system

that works like a light rail system but has much lower costs, transforming its transport

service. Within the current literature, however, there is still insufficient understanding

of urban sustainability experimentation and its trans-local flows (Affolderbach and

Schulz 2016). Seyfang and Smith (2007) argue that innovation and community action

are key strands for STS transitions, though community action is rarely linked and gov-

ernments capitalising on grassroots innovation to populate mainstream systems is a

challenge. Quitzau et al. (2013) have also noted that the endogenous agency that urban

governments have increasingly shown by engaging in planned efforts to adjust the re-

gimes they operate within is not well addressed in transition studies. Although there

are studies which have explored sustainable urban transformation, there is a lack of

studies looking at the nature and emergence of how a city becomes established as a

“frontrunner”.

The role of actors and linkages

Cities can be considered as a human complex system, where multiple actors, constitu-

ents, and structures coexist and various processes and linkages occur (Bai et al. 2016).

Although transitions cannot be fully planned due to their complexity, they can be

steered by actors who may take up a key role (Kemp and Loorbach 2003). This indi-

cates the importance of examining actors, networks and processes. Bai et al. (2010) pro-

posed a five-tier analytical framework of triggers, barriers, actors, linkages and

pathways in examining urban sustainability experiments, which can help highlight bot-

tlenecks as well as factors of success. Successful experiments that support transition re-

quire a variety of interlinked actors to realign themselves and coordinate financial and

institutional resources (Peng et al. 2019). Social networks crossing various levels and

organisations are crucial to utilizing knowledge to adapt to events (Peng and Bai 2018;

Laakso et al. 2017). Smith et al. (2005) have also argued that sustainable systems

innovation approaches have been overly functionalist, meaning a greater analysis of

agency is needed to inform more effective processes of transformation. They propose a

heuristic framework for understanding transition context and governance, which plots

the locus of adaptive resources against the coordination in response to selection pres-

sures. Importantly, they also highlight the relevance of learning at different agency

levels including actors, networks and institutions. Agency is a key theme that will be

addressed, and is also important for urban change.

Experiments are often part of global knowledge and technology flows. This means

that, whether directly or indirectly, experiments in one place will draw on the experi-

ence of experiments in another (Berkhout et al. 2010). For example, 171 cities have

followed Curitiba to adopt similar BRT systems (BRT+ Centre of Excellence and

EMBARQ 2019). As will be discussed later, global technology and knowledge flows are
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important for spillovers of experimentation. De Boer has recognised that an “unprece-

dented level of cooperation, not only between countries, but also between different

levels of governments and the private sector” (de Boer 2009: 1) is needed to tackle glo-

bal sustainability challenges, such as climate change. Broto and Bulkeley have also

pointed to the need for research on the internationalisation of urban environmental

governance through intercity linkages (Broto and Bulkeley 2013).

Evolutionary perspective

Although there is a shared recognition that system innovation is complex and involves

different elements and experimentation, it is unclear how different elements interact

within a city to drive its behaviour towards sustainability, i.e. how is the momentum

built and maintained to drive a city, a frontrunner, towards sustainability is important.

Specifically: why do some cities become frontrunners and sustain their status over a

long period of time? This temporal perspective is crucial, as one of the key challenges

in urban sustainability lies in the short political cycle and resultant lack of continuity of

sustainability policies.

An evolutionary perspective provides an important theoretical lens for understanding

this temporal perspective. The concept of “urban environmental evolution” recognizes

commonalities in longitudinal dynamics across different cities, while emphasizing a

non-linearity in their trajectories, and that trajectories are shaped by unique combina-

tions of and interaction among internal and external factors (Bai 2003). System

innovation theory also promotes an evolutionary approach (Geels 2005; Schot and

Geels 2008), which understands the development of technologies, business strategies,

institutions and social practices as being a co-evolutionary process (Ma et al. 2018;

Geels 2005). Such evolutionary perspectives are important for understanding how a sys-

tem changes over time; and for understanding what role agencies, and the dynamic

linkages surrounding them, have in influencing such change.

Methodology
Analytical framework

As stated above, we draw on various elements of system innovation and transition per-

spective to help understand how important elements related to Kitakyushu’s approach

to urban sustainability have interacted and driven transition processes. We focus on ex-

perimentation and, drawing on Bai et al. (2010), examine elements proposed in Bai

et al. (2009) including triggers, actors, linkages (both vertical and horizontal), and bar-

riers, to illuminate Kitakyushu’s emergence as a frontrunner and the nature of the sys-

tem that maintains its status as a frontrunner. A temporal dynamics and evolutionary

perspective is adopted to also understand how these factors and their relationships

change over time. The spillover effects of Kitakyushu’s transition processes on other

cities are explored, also viewed through a systems lens (Meadows 2008) to understand

inter-systemic effects between Kitakyushu and the other cities.

Data collection and analysis

Primary data was collected through semi-structured interviews based on questionnaires

developed from the conceptual framework and tailored for different actors. A total of
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35 individuals, 30 from Japan and 5 from Surabaya (Indonesia) and Haiphong

(Vietnam), were interviewed during a 3-week field trip to Japan in Tokyo and Kitakyu-

shu in 2015. The initial pool included respondents from Kitakyushu local government,

companies and a research institute, and national government. From this, a snowball

sampling strategy, a form of purposive sampling, where respondents utilise their social

networks to recommend the researcher to other people able to contribute to the study

(Mack et al. 2005), is used to identify additional interviewees. To avoid limitation in

sample variation, different entrances into the government and industry involved in

Kitakyushu city’s sustainability activities were chosen. The participants from the other

Asian cities were involved in training programs in Kitakyushu, while community partic-

ipants were identified through local contacts the researcher had in the area. Informa-

tion collection, storage and presentation are approved by the ANU Human Research

Ethics Committee (protocol number: 2015/173). Informed consent was given, and iden-

tified participants agreed to be identifiable. Interview data was collected and catego-

rized, and the repetition of certain concepts indicated that the data had reached a level

of saturation. Table 1 shows the role and affiliation of respondents.

The analytical framework was mobilised by developing causal loop diagrams to cap-

ture the complex interplay between different factors (triggers, actors, linkages) both

within and beyond the system, which contributed to analysis of the co-evolution of dif-

ferent elements of the system, relevant to Kitakyushu’s approach to sustainability. This

was based on the analysis of the data collected through interviews that also applied the

framework through the process of coding using QSR NVivo 10 software. These inter-

views were complemented by literature/document search and analysis, as well as infor-

mal conversations with community members and other stakeholders.

The making of a frontrunner city – understanding key system components
and dynamics
Background of Kitakyushu

Kitakyushu transformed from the city with the worst air pollution in Japan in the 1960s

to an environmental leader. The city has supported and integrated environmental in-

dustries, such as recycling, into its existing industrial fabric; developed more sustainable

urban infrastructure, and driven urban regeneration through the Eco-Town project;

dedicated areas of the city to education and experimentation, such as the Higashida

‘green village’ area, community-based energy management systems; and developed

long-term environmentally focussed urban plans. It dealt with the source of immediate

health effects by regulating industry behaviour through introducing emission limits and

then later developed urban plans and policies for the city that focused on sustainability:

engendering significant urban system change in terms of the city’s approach to the

economy and environment. Its significant improvement over 20 years in urban sustain-

ability and environmental strategies was recognised by the United Nations Environment

Programme’s Global 500 award in 1990. Since the establishment of the Yawata Steel-

works (later Nippon Steel) in 1901, Kitakyushu has been an industrial centre of steel,

iron and chemicals. When the Japanese government’s goal to double the nation’s in-

come rapidly progressed from 1960, industrialisation intensified, leading to a significant

increase in pollution. An absence of laws and political will to regulate environmental
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pollution meant that there was no effective system, either local or national, to treat or

minimise industrial waste. This led to severe environmental and associated health ef-

fects, which became a major trigger for change. Kitakyushu suffered the worst air

Table 1 Respondent information

Respondents Role Organisation/affiliation

GOV1 International Cooperation Office, International
Strategy Division

Ministry of the Environment, Japan

JICA1 Training Program Division Japan International Cooperation Agency

JICA2 Partnership Program Division

ICLEI1 Manager, Japan Office ICLEI-Local Governments for Sustainability

ICLEI2 Program Officer, Japan Office

C1, C2, C3,
C4, C5

– Kitakyushu citizens

NPO1 Chairman NPO Satoyama

NPO2 Staff

Co1 Recently retired Kitakyushu company

Co2 Recently retired Kitakyushu company

Co3 Eco Town Researcher Nippon Steel

Co4 Eco Town Researcher

Co5 – Kitakyushu company

Co6 Director, chairman Kitakyushu Environmental consultancy agency,
Kitakyushu Interdependent Business Consortium
for Sustainable Development (KICS), K-RIP

LG1 Former director of International Environmental
Strategies Division

Kitakyushu Local Government

LG2 –

LG3 Director of International Project Division, Water
and Sewer Bureau

LG4 Manager of Kitakyushu Asian Center for Low
Carbon Society International Environmental
Strategies Division

LG5 Manager of Kitakyushu Asian Center for Low
Carbon Society International Environmental
Strategies Division

LG6 Recently retired executive of the
Environmental Bureau

R1 Haiphong JCM project leader and researcher Kitakyushu Asian Center for Low Carbon Society

R2 Researcher –

IGES1 Manager of JCM projects in Surabaya Iskandar
and Haiphong, and researcher

Institute of Global Environmental Strategies

IGES2 Manager of water filtration project in Surabaya,
and researcher

Institute of Global Environmental Strategies

IGES3 Researcher Institute of Global Environmental Strategies

KITA1 Member Kitakyushu International Techno-cooperative
Association

HaipLG1 Official Haiphong Local Government

HaipLG2 Official Haiphong Local Government

SuraLG1 Official Surabaya Local Government

SuraNPO1 Member Surabayan NPO

SuraC1 Citizen Surabaya community member

Irvine and Bai Urban Transformations             (2019) 1:1 Page 8 of 27



pollution in Japan in the 1960s, however, continued public pressure fostered by

women’s groups led the local government to begin engaging with the companies re-

sponsible, introducing emission limits and pushing them to treat their waste from the

1970s (See Table 3). As shown in Table 2, a wide range of initiatives were carried out

in the city, many of which can be considered as experiments, as they often are the first

in the country. As a result of these initiatives, the city was widely recognized by mul-

tiple national and international awards.

Table 2 Experiments and related key triggers, actors, barriers, linkages

Year Initiatives/experiments Triggers Barriers Actors Linkages

1970~ Pollution control initiative Pollution, health
effects

Political,
cultural and
financial

Citizens Local government–
citizens–companies

1990~ Expanding role of
Kitakyushu International
Techno-Cooperative
Association to include
local government and
accept trainees for
environment-focused
courses, knowledge transfer

Global 500 Award,
economic decline

Local
government

Companies–local
government–national
agency

1996~ Environmental technology
transfer (ODA)
-‘96 Dalian (Pollution)
- ‘99 Phnom Penh (Water
management)

- ‘04 Surabaya (composting)
- ‘10 Haiphong (U-BCF)

Global concern,
economic decline

Cultural Local
government

Local government–
local government,
NPO–NPO

1997 “Eco Town” (zero-emission
industrial cluster)

Economic decline Institutional,
competition/
external
recycling
market

Local
government

Local government–
private sector–
national agencies

2003 Higashida Area:
“Green village
development”

2001 Japan Expo
on “Coexistence”
held in Higashida
(Kitakyushu)

Institutional Private
sector/local
government

Private sector–local
government

2010 Higashida Area: “Smart
Community Project”,
community energy
management and
the creation of energy
“prosumers” (producers/
consumers)

Pressure from
power
companies,
competition

Private
sector/local
government

Private sector–local
government–citizens

2010 Establishment of Asian
Center for Low Carbon
Society by the mayor:
institution of environmental
business matchmaking,
promotion joint ventures
with developing Asian cities

Economic decline,
global concern

Cultural,
financial,
political

Local
government/
private
sector

Local government–
private sector
partnership

2010 Environmental SMEs
business expansion in-
Haiphong (U-BCF expansion)
- Surabaya (recycling plant)
- Surabaya (industrial cluster)

Economic decline,
global concern

Cultural,
financial,
political

Private
sector

Business–business

2011 FutureCity Initiative Ageing
population and
economic decline

Social,
financial

Local
government

Local government–
business–citizens
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Triggers for experimentation

Kitakyushu’s current approach to sustainability is the result of a wide range of elements

that have influenced its trajectory and directed sustainability experimentation. This sec-

tion presents the elements, as identified by interview participants, that triggered Kita-

kyushu’s urban sustainability experimentation. All Japanese respondents noted two

major triggers: health impacts caused by severe pollution, and economic decline. These

were widely identified in relation to two separate time periods—first, the pollution

abatement phase from around the 1960s to the 1980s, and second, the phase of eco-

nomic decline from the 1980s to present.

All respondents identified severe pollution as the starting point of Kitakyushu’s ap-

proach to sustainability and urban revitalisation. The response, however, was not

intended as an ongoing sustainability strategy: “So there wasn’t CO2 reduction or

‘green’ thinking originally, it was because it had impacted people’s health and become a

social problem that technologies to deal with that were accumulated” (Co1).

Economic decline was identified by respondents as the second major trigger. This

was associated with Kitakyushu’s long-term strategy of fostering environmental indus-

try and linkages with developing Asia. Many respondents, including the majority of

local government respondents, referenced the city’s “existence being threatened” or a

“sense of crisis” due to economic structural change. Nippon Steel, which was a major

employer, suffered a loss in 1986 due to increasing international competition. Co2 dir-

ectly stated, “Nippon Steel was the trigger”. Other industry respondents elaborated on

why this triggered the local government to encourage more innovation in the city as

the steelworks company had shifted its main base, “and then workers disappeared and

technology left [to Tokyo]”. Local government officials also agreed, and recall asking,

“how can we keep the city going?” (LG3).

This trigger was also noted by LG4, who identified it as a pressure for policy change

and also noted that there was an awareness that the environment was Kitakyushu’s

strength, as it had environmental management resources due to its past efforts at over-

coming pollution.

The role of actors in enabling experimentation

Various actors have played an important role in enabling or supporting Kitakyushu’s

sustainability experimentation. The role of actors was not static and changed as Kita-

kyushu’s sustainability transition progressed.

Citizens’ vision of sustainable urban change

Participants from local government, businesses and civil society stated that women’s

groups were the most important agents for change towards pollution abatement. As

stated by LG6, who worked as the Chief Executive of the Environmental Bureau, “when

understanding how Kitakyushu overcame pollution, it is impossible to ignore the role

of the women’s [groups]. I think they were the first to do NPO [‘not-for-profit’ environ-

mental group] activities in Japan”. The women’s group alerted the wider public to the

state of the environment and its health impacts, motivated to protect their children’s

health. Rather than use legal avenues or public demonstrations, the group’s strategy
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was to conduct experiments that demonstrated the impacts of pollution, and to collect

data, which was then disseminated through the media.

The women’s groups pushed for local government and industry to implement mea-

sures that would reduce pollution. Their vision for improved environmental quality cul-

minated in the creation of a film titled “We Want Our Blue Skies Back” that was

disseminated not only in Kitakyushu but also throughout Japan. Local government and

civil society group respondents described the campaign as a “silent battle” that was

unique compared to the other anti-pollution campaigns across Japan. For example,

LG5 explained why this connected to further sustainable innovation: “Rather than de-

manding the companies pay them off for all the harm they had caused, the citizens

asked them to invest in green technology to protect them” (LG5).

Kitakyushu has been hailed as the pioneer in establishing voluntary agreements between

government and industry (Sugiyama and Imura 1999). The on-the-ground perception,

however, seems to be more complex. All the local government officials highlighted the

partnership between industry, local government and citizens’ groups. However, R2 stated

that, “in reality they were not trusting each other [...] but only a beautiful story remains”.

They stated that in retrospect people noticed the importance of the partnership.

The changing roles of actors and agency

Though citizens’ environmental awareness was framed by respondents as remaining

high since the city significantly reduced pollution, respondents from companies and

civil society groups described citizens as playing less of an active role in pushing change

in the second stage (1980s – today).

As women’s groups’ efforts became effective, they did not need to push as hard, and

their mission was taken up by the local government. Several respondents stated there

was a clear shift in the role of actors, whereby the citizens’ activity had inspired the

local government to take the leading role. For example, Co3 stated that there is no lon-

ger a sense of civil society enthusiastically lobbying and engaging with environmental

issues, rather “those matters are being entrusted to the local government”. Some com-

munity members expressed support for the local government’s promotion of environ-

mental conservation and educational spaces where citizens could learn about

Kitakyushu’s history and natural environment, however, they also acknowledged the

large role of local government in the city’s vision (C5). Also expressed was a concern

that citizens are no longer actively involved in designing the city’s sustainable future,

with the pollution and associated health concerns no longer such an issue (NPO1 and

Co3). This concern was not shared by local government officials, as LG2 considered

some groups as still active, and LG6 interpreted the process more positively as a “syn-

ergy”, whereby, with a clear vision for the future from the leaders, citizens can work to-

wards the same goal.

Political leadership

Political leadership played a significant role in prompting innovative changes in the

city’s institutional environment that enabled ongoing sustainability experimentation

(see Table 3 and Table 2). The majority of respondents (20) mentioned the import-

ance of leadership. Most indicated that the Eco Town experiment and growing
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environmental cooperation linkages with developing Asia would not have happened

in such a rapid, frontrunner way, if at all, without Mayor Sueyoshi’s (1987–2007)

leadership. LG6 who was Executive of the Environmental Bureau stated: “the top

person in government is extremely important. The reason why I could do these

kinds of challenges [Eco Town and Higashida experiments] was because of Kita-

kyushu’s mayors”.

The main reason why Sueyoshi was cited as such an important actor was because of

his efforts to build a vision of fostering a new environmental “green growth” industry,

and leading corresponding institutional innovation in local government, such as the es-

tablishment of the “one-stop service”, the Environmental Industries Promotion Office,

to attract industries to the Eco Town experiment. Co4 described how Sueyoshi’s desire

to establish this new sustainable development paradigm outweighed the political risk of

importing rubbish for a recycling plant, and Kitakyushu was quick to establish its envir-

onmental industry compared to other cities. Co1 also noted that Kitakyushu’s success

did not hinge on its technological innovation stating that it was really a difference of

strategy, i.e. political will.

Co6, who worked for Nippon Steel in the 1960s, and later advised Sueyoshi, recog-

nised Sueyoshi as an important change agent, and commented on the shifting mode of

city-to-city cooperation from purely voluntary towards the recognition of the need to

incorporate business interests to be sustainable. This shift in thinking led to the estab-

lishment of an association, now called ‘KICS’ [Kitakyushu Interdependent Business

Consortium for Sustainable Development] in 1998.

Table 3 Policy overview and environmental recognition

1967–1987 Mayor: Tani Gohei

Goal: Pollution abatement Established Environmental Bureau (1971)
‘The City of Kitakyushu Pollution Control
Ordinance’ (More stringent than national laws)
Agreements to prevent pollution, began enforcing
measures against major companies,
individualised target-setting

1987–2007 Mayor: Kouichi Sueyoshi

Goal: Resource
circulating society,
zero waste emissions,
new environmental industry

“Eco Town Plan”
Development (1990s) of Kitakyushu Eco
Town Plan approved by National
government 1997.
Creation of an Eco-Industrial Complex (29
plants), Hibiki Recycling Area and Practical
Research Area (15 facilities). Eco Town re-
duces 380,000 t of CO2 per year (FY2010)
(OECD 2013)
“Grand Design” on World Capital of
Sustainable Development (2004)

1990 United Nations
Environment Programme Global
500 Award
1992 Earth Summit UN Local
Government Honours
1995 Asian Environmental Award
2002 Johannesburg Declaration
recognised the Kitakyushu
Initiative (Knowledge-sharing
network of cities)
2007–2008 Japan’s Top Eco-City
Contest first place

2007 – present Mayor: Kitahashi Kenji

Goal: Low Carbon society
50% emissions reduction by
2030 on 2005 levels and 150%
Asian region-wide

“Green Frontier Plan”
Established the Asian Center for Low Carbon
Society, which is a grouping of local
government, research institute and public
body, the Kitakyushu International Techno-
Cooperative Association, aimed at expand-
ing environmental business through city-to-
city cooperation.

2008 Approved as an Eco-Model
City (Japan)
2011 Approved as a Future City
(Japan)
2013 “Green Asia”
Comprehensive Special Zone
20% of company earnings
involved in relevant projects
deducted from tax.
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Linkages and system dynamics

Linkages were seen as important for capturing momentum from triggers. Horizontal

linkages, particularly between business and local government, were important for over-

coming institutional and economic barriers and building support for and enabling new

sustainability initiatives. Vertical linkages were important for growing resources to-

wards the city’s approach. Figure 1 is a systems causal diagram that shows how the

diverse elements, including the triggers and actors mentioned above, interact across

horizontal and vertical linkages to form a system that builds momentum and fos-

ters Kitakyushu’s approach to urban revitalisation and sustainability. A series of re-

inforcing loops and a balancing loop are presented in this figure, which was

identified based on analysis of the collected data (see Table 4 for detailed descrip-

tion). Momentum for positive change is created and sustained by a succession of

self-reinforcing feedback loops – there is a temporal element as link 1 with envir-

onmental degradation extent and dissemination of data started the first loop, with

the other loops following on. This illustrates the mechanism of sustained frontrun-

ner status through a series of reinforcing feedback loops which shaped the city’s

identity.

Horizontal linkages

The interplay of expectations of change between local government and business led to

close horizontal linkages, enabling local governance. Kitakyushu began constructing

long-term sustainable development goals involving business (LG6). While Nippon Steel

had expectations of profitable change for the area, which it owned and hoped to sell,

the local government was motivated by the desire to make the Eco Town experiment a

success and thus worked closely with the established company: the links between local

government and industry were necessary (Co4). As can be seen in Fig. 1, there was

feedback related to increasing business and local government activity. The success of

Kitakyushu’s approach to urban revitalization—moving quickly to establish a positive

environment for environmental businesses—created business opportunities and

B = balancing feedback, R = reinforcing feedback

Success of Kitakyushu's
approach to urban
revitalisation and

sustainability

Support from
national government

for Kitakyushu

Financial
resources to
Kitakyushu

+

+

+

Leadership and local
government initiatives to
promote city's success

Citizen awareness
of environmental

management

Support for new
sustainability initiatives

and policies

+

+

+

+

Extent of
environmental
degradation

Dissemination of data
on the state of the

environment and its
health impacts

+

+

-

Socio-economic
benefits to the city

+

Business
opportunities +

+

B1

R1

R2

R3
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Fig. 1 Systems diagram of Kitakyushu’s sustainability experimentation. See Table 4 below for explanation
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increased the role of local government. In discussing horizontal linkages, LG6 empha-

sised linkages for coordination of actor roles and sharing a vision between government,

businesses and citizens, stating, “businesses and Kitakyushu local government made a

new society. To do that, together they first designed the ideal form it should take”. Fig-

ure 1 demonstrates how government leadership to connect with citizens and maintain

environmental awareness to support experimentation fed back into the success of Kita-

kyushu’s approach.

Most respondents—including those from companies, civil society groups and local

government—felt that the sharing of a common vision among business, local govern-

ment and civil society was important for long-term orientation towards sustainability

goals and creating strong linkages. For example, Co2 reflected “everyone exactly shared

a mission of building and acting on that strategy. It is a very big point that that mission

has continued”. LG6 also described how experiments presented platforms for promot-

ing transition and linkages:

Table 4 Explanation of links and loops from internal activities shown in Fig. 1. Urban
environmental degradation triggered action whereby the city supported an approach, which in
time brought support from the national government

Loop Links Description

B1 Citizen awareness 1–2 – 3 – 4 – 5 Kitakyushu’s severe environmental degradation
in the 1960s caused women’s groups to campaign
and experiment to produce data on the effects of
pollution, as they were concerned for their children’s
health. They raised enough awareness to exert pressure
on the local government and to generate support for
new policies that addressed urban sustainability. As the
state of the environment improved fewer people experienced
adverse health impacts, and there was less urgency among
citizens to promote data-collection by groups on how
the environment was being managed.

R1 Local government leadership 6–7 – 3 – 4 By the 1970s the dominance of loop B1 declined,
as the effect of loop R1 increased. The local government
took advantage of the past efforts of the citizens (B1)
who initiated and drove a campaign focused on urban
sustainability. Local government exercised better political
leadership and supported activities, which maintained
citizen awareness of urban environmental management
strategies and support for new policies.

R2 Business effects 8–9 – 10 – 4 Success in approaching urban revitalisation and
sustainability increased business opportunities.
For example, the local government made linkages
with local business to create an institutional environment
that would encourage environmental business.
Kitakyushu’s Eco Town project saw 29 environmental
businesses set up an environmental recycling industrial
park, and increase employment and investments. It is
used as an educational and research resource to
continue developing sustainability innovations. It is
now a central part of Kitakyushu’s Eco Tourism business.
Business has played a role in supporting continued new
initiatives in the city.

R3 National level support 11–12 – 13 Success in the city’s approach generated support from
the national government. For example, the national
government has used Kitakyushu as a show-case,
supporting its efforts, and has continued to provide
financial resources to continue experiments or to establish
new ones, for example, Higashida ‘green village’, international
cooperation, and new institutions, such as the Centre for
Asian Low-Carbon Society.
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If a platform is made that everyone can share, that can continue to be a platform

from which to step up. Even if it takes time. For the waste problem, the Eco Town

project was a step. And the next step was the Higashida town development. [...]

various people, university professors, people who were interested, everyone, gathered at

the Higashida Eco Club.

In the case of the Higashida project led by local government and businesses, which in-

cluded a form of eco-city suburb development, the process went beyond the technical

creation of sustainable urban areas and the promotion of economic development. The

civil society group Satoyama emphasised how it was aiming to create feelings of con-

nectedness of the inhabitants, and bring companies, workers and residents face-to-face

as part of developing a “smart community”.

Vertical linkages

Vertical linkages (enabling forms of multi-level governance) with national agencies have

supported sustainability experimentation for change and there is feedback between

funding and experimentation. National government funding has been necessary to carry

out some of Kitakyushu’s larger sustainability experiments, such as the Eco Town, the

Higashida community energy management project and also experiments overseas. Hav-

ing established horizontal linkages through the study group and building a vision for

the Hibikinada Area as an Eco Town that would attract business and grow Kitakyushu’s

local economy, it was found that the area would not be profitable without protection of

this new niche market. As shown in Fig. 1, however, Kitakyushu could bolster support

from the national government by highlighting its past environmental successes and pre-

senting its strategy. The national government introduced a recycling law, which would

secure part of the market for recycling goods. This helped overcome the initial bar-

rier—the absence of a secure market. ICLEI1 stated that it was even easier for Kitakyu-

shu to receive funding after being declared an Eco Model City and a Future City.

GOV1 shared a similar view, and described how Kitakyushu was used as a showcase,

and the national government had taken high-level visitors from across Asia to visit

Kitakyushu’s Higashida Smart Community and Eco Town. Loop R3 (Fig. 1) demon-

strates how increased financial resources and support have not only bolstered Kita-

kyushu’s success but also inspired the government to continue supporting the city.

GOV1 elaborated on the city’s relationship with national-level: “When it comes to get-

ting funding, the reason for Kitakyushu’s forward-thinking strategy is that it can appeal

to so many places. And by appealing to the national [government] the following year

[of starting an experiment] it is easy to get budget the next year, for that reason, we are

indirectly supporting [Kitakyushu]”. As represented in Fig. 1 there is positive feedback

between Kitakyushu’s approach and support from the national government. GOV1

stated, “there is feedback, ‘you did well, so let’s support the next [project] a bit more’,

that kind of support. A good loop is operating where there is continuous progression

as support from the national level has formed a successful loop with the actual activ-

ities of Kitakyushu” (GOV1).

Though GOV1 was not aware of how such a system began, he was aware of its exist-

ence. Vertical linkages have continued to play an important role as Kitakyushu’s Smart

Community project received national funding, and funding from the national
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government enables the functioning of Kitakyushu’s technology transfer engine the

“Asian Low Carbon Society Centre” (established 2010). Its aim is to upscale innovative

sustainable urban technologies developed by Kitakyushu city businesses into developing

Asian cities. Both horizontal and vertical linkages are playing a role in enabling and

supporting Kitakyushu’s sustainability experimentation.

Barriers to sustainability experimentation

The most important barriers initially were political will and institutional arrangements.

LG6 expressed that, “the established ways of doing things becomes a barrier”, but that

“having a person at the top who will let us challenge that, gives us confidence to chal-

lenge the accepted thinking”. Following this, two powerful barriers to facilitating on-

going sustainability experimentation were raised: economic factors, and the lack of the

concept of corporate environmental responsibility. Changing the approach of business

was a barrier that was overcome through pressure initiated by first citizens and then

the local government to innovate and change industrial practices.

Several interviewees acknowledged the paradigm shift in terms of corporate environ-

mental responsibility. Co1 stated that “waste was seen as joint output, a sign of pros-

perity from creating products. It wasn’t that Nippon Steel was bad, it was just that the

concept [of spending money on waste treatment] didn’t exist in society, so all Japan ex-

perienced pollution”. The biggest barriers in terms of transforming business approach

came from within the company—the sentiment of “why do we have to invest in some-

thing that doesn’t create profit?”, as noted by LG6. Convincing internal stakeholders to

shift focus from short-term profit to long-term potential future profit took the most

time.

Numerous external pressures in terms of product selection were exerted on compan-

ies to innovate their technology and practice to mitigate pollution and treat waste

(LG6), while new concepts such as “eco-town” were developed (Co1, LG6). Describing

the Eco Town experiment, LG6 stated, “in a business sense, there weren’t many people

who were happy. It took seven years until it was established, and during that process

everyone really did things like spin out. There were many people like that”, highlighting

the economic difficulties.

Positive inertia and embedded frontrunner identity

Kitakyushu’s approach to urban revitalisation and sustainability was based on the two

pillars of fostering environmental industry and internationalising its urban environmen-

tal governance. The emergence of a succession of positive feedback loops explains the

increasing strength of vertical linkages, resources available to engage in experimenta-

tion, and associated self-identity. This creation of the system dynamics described above

(Fig. 1), generated a path dependency, what we call here a positive inertia. We define

positive inertia as an emergent property at urban system level, where positive ap-

proaches are embedded into the city’s identity and thus not influenced by short-term

political cycles. In Kitakyushu’s case, the positive inertia is formed through a succession

of a series of positive feedback loops, which over time helped form an embedded iden-

tity as a frontrunner. Such embedded identity is in turn supported and reinforced via

the citizens’ perceived self-identity.
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The increasing resources available to the city also enabled it to widen the scope of its

mandate to form environmental cooperation linkages with cities in developing Asia,

while economic decline provided motivation to utilise these spaces of flows for environ-

mental joint ventures and SMEs expansion. Barriers such as political will, short-term

thinking by industry and uncertainty surrounding system change initially hindered the

progress of experimentation, but the positive feedbacks caused by horizontal and

vertical linkages reinforced the nature of the city’s “frontrunner” dynamic. This

meant that even with the change of leadership, Kitakyushu would continue to pur-

sue a frontrunner role.

This approach is embedded in the city’s identity and relates to the historical develop-

ment of systems dynamics depicted in Fig. 1. Kitakyushu’s identity as a frontrunner has

become embedded and no respondents could envision Kitakyushu pursuing different

goals or local government leaders changing the city’s commitment to sustainable urban

development: “Even if the mayor changes, by this time I don’t think it will change […]

we have a path” (LG4). The risk of changing the city’s frontrunner nature was consid-

ered small by R1 as well, stating “the environmental technology development field is

one of the biggest directions of the city. It is a pillar. No one can change the big pillar”.

One of the reasons raised was that the local government continued to have a strong

mandate due to the Grand Design of 2004 that involved a year-long process of consult-

ation to reaffirm the direction for the city towards becoming a ‘world capital of sustain-

able development’. The 2009 Green Frontier Plan established Kitakyushu’s carbon

reduction goals for within Kitakyushu and in wider Asia, and the Asian Low Carbon

Society was established by the mayor to help reach these goals, with funding from na-

tional agencies.

Kitakyushu’s role in promoting urban sustainability in the region
Kitakyushu’s internal success led to increased international recognition, cultivating its

strategy to export their technologies and expertise to cities in developing Asia. This led

to city-to-city collaboration with several cities in Asia. The Kitakyushu Initiative Net-

work, which was established at the UN ESCAP Ministerial Conference on Environment

and Development (2000), was helpful for the city to identify potential partners. Two ex-

amples include Surabaya and Haiphong. Kitakyushu city began experimenting with

composting methods to assist in improving Surabaya’s waste management issues in

2004. Experimentation with water management in Haiphong began in 2010. There have

been multiple environmental initiatives since, and Surabaya is now a Green Sister City

(2012~) and Haiphong is a Sister City (2014~). Surabaya sought to upgrade their city-

to-city relationship from a Joint Statement on Strategic Environmental Partnership to

Sister Cities because of the urgency of current environmental management issues, such

as waste management, water treatment, sanitation and reduction of greenhouse gases

(SuraLG1). Both relationships have been built up towards environmental business joint

ventures from ODA-funded sustainability experimentation in each city, aimed at assist-

ing these cities with environmental issues.

As described by Co1, there were two modalities of Kitakyushu’s engagement with

other cities on sustainability: one is providing technology or knowhow owned by the

Kitakyushu city government on infrastructure and water supply, and the other is the
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local government coordinating for the private companies of Kitakyushu that can pro-

vide technology.

Successful cooperation led to the good relationships between Kitakyushu and Sura-

baya today. For example, “it is a good partner city because of the [Takakura] compost-

ing project. There was no successful composting before Takakura” (R1). A member of

a Surabayan NPO felt that Kitakyushu assisted in alleviating Surabaya’s waste problem,

stating “they introduced the Takakura Basket that effectively reduces waste from house-

holds. The community very much welcomed that technology. We hope more technol-

ogy can be applied in Surabaya” (SuraNPO1). This project was upscaled to other cities

in developing Asia, receiving strong promotion by the city and JICA.

In the case of Haiphong, the success of experimentation with Kitakyushu local gov-

ernment’s U-BCF water filtration technology contributed to the cities’ decision to be-

come sister cities and continue collaboration. The technology was purchased by

Haiphong and other cities in Vietnam have since applied to experiment with it. Kita-

kyushu also accepted trainees from developing countries for environmental manage-

ment, more so than other cities: R2 commented, “other cities aren’t so interested, and

can’t see so well how it connects”. In Kitakyushu’s case, collaboration with other cities

has been a key part of its strategy to revitalise its economy.

The two major motivations of Kitakyushu to engage with other cities were described

by respondents as: contributing to Asia’s sustainability transition and business expan-

sion. Both were generated through city-city collaboration. Business opportunities in-

creased following the changing nature of collaboration: “there has been a transition.

[…] Now, though they are supporting business expansion, they still say international

cooperation” (R1). Local government officials described the increasing involvement of

business as necessary for carrying out sustainability experiments that continue beyond

the experimentation stage. Figure 2 depicts the local government’s shift in policy re-

garding international cooperation.

Perspectives from Surabaya and Haiphong

Surabaya’s respondents viewed Kitakyushu as playing an important role in facilitating

environmental improvement and linked the city’s collaboration to behavioural change,

new regulations and technology transfer that had occurred in the city.

Cooperation with Kitakyushu was credited for the introduction of new regulations,

such as one to institutionalize community-based waste management. SuraLG1 agreed

that Kitakyushu had made a positive impact: “For example, the compost making tech-

nique, and encouraging people who live along the river to keep the environment,

Fig. 2 Policy shift towards business expansion
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especially the river along their village, clean”. This view was echoed by a community

member, stating “the main benefits for the community include raising awareness, learn-

ing and aid related to the environment” (SuraC1). SuraLG1 felt the role was “very im-

portant” and described the partnered projects, Super Depo and Wonorejo, waste

management initiatives, as successes.

Kitakyushu’s role in Haiphong was seen as enabling faster transition towards sustain-

ability by improving local government environmental management and building long-

term visions of change. Similar to Surabaya’s respondents, those in Haiphong also

placed an emphasis on technology transfer, yet they spoke more about the benefits of

business-driven projects. This was linked to advancement of JCM projects. Regarding

what kind of role Kitakyushu local government had played, HaipLG2 stated: “Kitakyu-

shu has made practical contributions to encourage changes towards sustainability in

Haiphong, including: orientation for key roles and responsibilities of the city’s adminis-

trative units and vision”.

Similar to HaipLG2, HaipLG1 also viewed Kitakyushu as playing a role in improving

local government capacity. When asked whether the experiments and learning from

them will play an important part in Haiphong’s transition towards green growth,

HaipLG1 stated that “even in the first step of conducting studies, not implementation,

there was noticeable improvement”. Cooperating with Kitakyushu on these projects ne-

cessitated various local government departments’ sharing of information and improve-

ment of information access, as well as stakeholder cooperation. Kitakyushu’s

involvement was considered to have directly increased the prominence of sustainability

on the city’s political agenda and caused the leader of the city to focus more on sustain-

able planning (HaipLG1).

Forming a system of collaboration and proactive influencing

Figure 3 and Table 5 present a system level analysis, showing how Kitakyushu is pro-

moting urban sustainability in the region and captures various interrelated factors that

show why there is dynamic two-way motivation for engagement. Figure 3 shows the

multiple reinforcing loops influencing the success of Kitakyushu’s approach, similar to
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Fig. 3 Systems diagram of the effects of Kitakyushu’s sustainability experimentation on other cities. See
Table 5 below for explanation
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Table 5 Explanation of feedback loops from city-city collaboration shown in Fig. 3. Internal success
attracted the attention of other cities in the region

Loop Links Description

R1 Engagement 2–3 Increased international recognition of Kitakyushu as an
environmental frontrunner has seen requests from other
cities and from the national level to be involved in
collaborative sustainability initiatives. Kitakyushu initially
leveraged its increased reputation to establish linkages
with other cities for collaboration. These proactive
networking activities, such as the Kitakyushu Initiative,
have in turn increased international recognition.

R2 Spread of innovation 4–5 – 6 City-to-city collaboration has generated new
environmental initiatives in new contexts. For
example, the composting initiative in Surabaya led to
a new locally appropriate method of composting. In
Haiphong, experiments in U-BCF filtration technology
led to Haiphong purchasing the Kitakyushu technology.
Further experiments with it are underway in other parts
of Vietnam. This collaboration has brought socio-economic
benefits to these cities, such as reduction of waste and
lower cost, lower-energy water-filtration methods
respectively. As collaboration initiatives increased,
networks were strengthened.

R3 New markets 2–7 – 8 – 9 City-to-city collaboration initiatives have increased
business opportunities for Kitakyushu businesses.
For example, both Haiphong and Surabaya local
governments have introduced ideal business
counterparts to Kitakyushu businesses based on a
two-way dynamic motivation (capacity building and
economic). It is especially difficult for SMEs to take
environmental products or services abroad. Thus,
Kitakyushu’s strategy, of tapping into new markets in
developing Asia for environmental solutions, benefits
SMEs. The number of local government officials
dedicated to environmental industry development
and international cooperation has increased. For
example, the establishment in 2010 of the local
government’s Asian Centre for Low-Carbon Society,
as well as the Kitakyushu Overseas Water Business
Association. The national government is providing a
50% subsidy to overseas low-carbon ventures under
the Joint Crediting Mechanism, which Kitakyushu is
leveraging to foster international collaborations. Its
activity has garnered it even more international
recognition.

R4 Partnership 1–2 – 7 – 10 – 11 The success of Kitakyushu’s approach has increased
international recognition through various international
awards and especially following the OECD 2011
selection of Kitakyushu as a model city of Green Growth.
Visits by world leaders have also raised the city’s profile.
China’s president Xi Jinping described Kitakyushu as a
“successful model of environmental protection” (2009).
Thus increasing collaboration and business opportunities
have provided an incentive for both local government and
businesses to work together. While the domestic market is
shrinking, there is high demand for environmental solutions,
such as pollution control, recycling business, etc. in developing
Asian markets. Kitakyushu local government strategy is to
reinvigorate the local economy through helping its
environmental SMEs to expand overseas and be more involved in
collaborative experiments. The incentive to build up existing
linkages between local government and business, and to
work together, is contributing to the success of Kitakyushu’s
approach by aligning mutual interests to a common goal.

R5 R&D 1–2 – 7 – 12 – 13 As business opportunities increased by new networks through
city-city collaboration, and as environmental initiatives have
been utilised to form joint ventures and to create market access,
there was incentive for continued research and development.
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the previous systems diagram. As reflected in the diagram, the number of city-city col-

laboration initiatives is increasing, and this is an emerging property of the system that

has developed and become embedded. Collaboration generated new initiatives, and

Fig. 3 demonstrates how the generation of further initiatives was dependent on and

evaluated in terms of socio-economic benefits to the partner city rather than hard tech-

nology transfer. The causal loop diagram shows how collaboration contributed to other

cities’ sustainability and business opportunities, the two main motivations outlined by

Kitakyushu stakeholders. Multiple reinforcing loops show how international engage-

ment, spread of innovation, new markets, local partnerships and R&D have all in-

creased and are relevant to Kitakyushu’s approach.

The system represented in Fig. 3 is complex rather than mechanical, and local gov-

ernment officials emphasised emergent properties. For example, they highlighted that

now—as shown in Fig. 3—there are “many requests urging us to engage in cooperation”

(LG5). This shows the momentum and feedback of increasing linkages resulting from

the city’s proactive influencing. Visits and praise by world leaders such as the Chinese

President Xi Jinping, and the publication of the OECD Green Growth report, which

listed Kitakyushu as the only urban Asian model of green growth, have raised the city’s

profile. Indeed, most interviewees viewed elements of Kitakyushu’s experience, such as

strategy, long-term planning and linkages across levels of government, cities and busi-

nesses as being replicable.

Discussion
The discussion below focuses on the importance of a succession of different reinforcing

loops that help generate a positive inertia. The dynamics discussed characterise the na-

ture and making of a frontrunner city, where embeddedness makes it difficult to sway

from a sustainable trajectory, and proactive influencing by experimentation in new con-

texts can contribute to sustainability transition.

Creating positive inertia

The making of Kitakyushu as a frontrunner city involved a combination of various trig-

gers, actors and linkages, and overcoming various barriers. Severe pollution and eco-

nomic decline were the two main triggers for Kitakyushu to embark and continue its

sustainability experiments, which in turn created windows of opportunity for urban ac-

tors—citizens and local government—to promote alternative visions for the city. A clear

shift in primary actors can be observed, from citizens to local government. The in-

creased involvement of local government came as a response to the economic decline

Table 5 Explanation of feedback loops from city-city collaboration shown in Fig. 3. Internal success
attracted the attention of other cities in the region (Continued)

Loop Links Description

For example, Kitakyushu Science Research Park and Water Plaza
have engaged in commercial R&D experimentation with
technologies aimed at meeting the needs of other cities. The
Kitakyushu Urban Centre of the Institute for Global Environmental
Strategies has also contributed research on policy strategies that
could be applied elsewhere. These experimental hubs contribute
to Kitakyushu’s approach by acting as both centres of research
and innovation that can act as showrooms for other cities to visit.
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as local government needed to incentivise involvement in sustainability transition for

businesses. This indicates that a large level of agency from both civil society and local

government is required for creating change within cities at different stages. In Kita-

kyushu’s case, as transition towards sustainability progressed and the citizens’ efforts

became more effective in motivating the local government, the strength they initially

brought was taken up by the local government. This momentum was sustained as local

government constructed a vision and policies that linked economic growth with foster-

ing new environmental industries. This shift in agency can be understood as a shift in

the dominant feedback (Fig. 1). Government leadership was strengthened based on the

success of its approach to urban revitalisation and sustainability. The most important

initial barrier was establishing the political will and institutional arrangements, and sub-

sequently economic factors and markets drivers – this supports existing literature (Bai

et al. 2010).

Political leadership built the confidence of multiple actors, including other local gov-

ernment agencies and created business opportunities. This was important for enabling

businesses to play a key role in experimentation and contribute to visions for the fu-

ture. This suggests that co-evolution of business and government is important to sus-

tainable urban development, and reflects research on the governance role that

experimentation can play by creating a new political space (Bulkeley and Castan Broto

2013). The interplay of local government and industry’s expectations of change led to

the creation of horizontal linkages and coordination of their resources to promote

change. Vertical linkages with national agencies have enabled ongoing sustainability ex-

perimentation and there is evidence for feedback between national support and the

success of Kitakyushu’s approach. Transforming the approach of businesses to invest in

long-term sustainability and experimentation was hindered by a focus on short-term

profits. Local government incentives, such as the Eco Town subsidies and the local gov-

ernment’s vision of expanding environmental business in developing Asia, were import-

ant for involving business. Internal regimes of local government acted as another

barrier to further experimentation. This was overcome by strong political leadership

from the city’s mayors who encouraged experimentation and gave local government of-

ficials the confidence to challenge conventional forms of governance, setting new insti-

tutional arrangements.

Four distinct co-evolutionary feedback loops were identified. First was citizens acting

as a catalyst, second was local government leadership, third was business related and

the fourth was vertical with resources from national government. The systems analysis

also indicated that urban sustainability transitions become self-reinforcing when a) trig-

gers present an opportunity for different actors to build momentum towards new sus-

tainability policies and experimentation; b) horizontal linkages with business are

formed based on working towards shared visions of change and increasing business op-

portunities; and c) vertical linkages are established that contribute resources and polit-

ical support. Although there have been discussions in the past about the causal

architecture of failure (see Homer-Dixon et al. 2015), this paper has investigated the

emergence of positive inertia.

The findings support and extend the system innovation and transition literature in

the following ways. Firstly, the study echoes the view that the successes of sustainability

transition are the result of more than simple technological and economic motivations,
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as in Sartorius (2006), but it also shows that system dynamics can in turn promote fur-

ther technological innovation and economic growth. Secondly, the role of local govern-

ment leadership, particularly the Mayor Sueyoshi, supports to an extent the view that

transitions can be steered, and urban governance challenges overcome (Sengers et al.

2016; Kemp and Loorbach 2003). The system described by the interviewees also indi-

cates characteristics of a complex system, e.g. emergent properties in the outcome. Fi-

nally, while the role of agency in transformation is well recognized (Smith et al. 2005),

this study shows how the city acts as a system interacting with external elements, in

which no single actor can perpetuate the process, but through the succession of actors

at different phases of sustainability transition.

As discussed above, ‘positive inertia’ differs from existing conceptions of ‘momentum’

(Hughes 1969), which describes how large technical systems build up forces to create

change. ‘Positive inertia’ describes the difficulty of swaying from a sustainable trajec-

tory–referring to the reluctance or resistance to change–in this case the path-

dependency of the self-reinforcing drive towards more sustainable futures. From a sys-

tems perspective, a positive inertia is a desirable emergent property, and momentum

may or may not result in a positive inertia. This distinction is important, as one of the

key challenges in urban sustainability is the lack of continuity due to the short political

cycle. A change of mayor may, for example, completely change the momentum for sus-

tainable practices, but would be hard to change when positive inertia is in place.

The practical implications of the study relate to building upon initial momentum to

create a positive reinforcing cycle that increases success in urban revitalisation and sus-

tainability – and contributes to creating positive inertia. In any city, there are always

small triggers that can be leveraged, and this case highlighted the importance of captur-

ing and building on momentum from economic and environmental triggers for sustain-

ability transition. In Kitakyushu’s case, civil society started the process that was

continued by businesses, and local and national government. The feedback between

Kitakyushu’s activities and national support was necessary for the city to engage in on-

going sustainability experimentation. Without national support, the necessary financial,

political and regulatory resources would not have been available. This indicates that cit-

ies, by their nature, require national support for success to be sustained.

Proactive influencing

Kitakyushu’s internal success in building horizontal and vertical linkages was extended

through a proactive role in international cooperation. The two causal loop diagrams

presented in Figs. 1 and 3 shows how urban experimentation can generate momentum

towards sustainability both within and outside of the city. The nature of the cooper-

ation shifted from voluntary assistance to exploring business opportunities, with a two-

way dynamic motivation to engage in sustainability experimentation. For Kitakyushu,

the business opportunities could be increased concomitantly with a wider range of en-

vironmental solutions for partner cities. Compared to international multi-city forums,

focused city-to-city relationships produced more direct benefits, such as business op-

portunities and learning, for both sides. For the two partner cities, the various socio-

economic and environmental benefits and increased business opportunities, lead to an

increased motivation towards further collaboration. Both Haiphong and Surabaya’s

Irvine and Bai Urban Transformations             (2019) 1:1 Page 23 of 27



respondents saw Kitakyushu as supporting the cities to move faster towards more sus-

tainable trajectories. This was reflected in the positive feedback between the generation

of new environmental initiatives and city-city collaboration. The different experiences

of collaboration with Kitakyushu appear to relate to the differing environmental issues

facing those cities today, such as waste management and green growth. The main role

Kitakyushu appears to be playing is enabling new environmental initiatives in other cit-

ies, which contribute to new business models, government capacity and financial

resources.

In system innovation and transition literature, successful experiments are consid-

ered as a starting point of diffusion and transition. Experiments in one place often

draw on experiments elsewhere, either directly or indirectly (Berkhout et al. 2010),

and upscaling and eventual transition often realized by multiplication, i.e. other cit-

ies learning from the frontrunner (Bai et al. 2010). These can be considered as a

passive influencing, as the action needs to be the initiative of a party that is exter-

nal to the frontrunner. Our analysis reveals another mode of diffusion and upscal-

ing, i.e. via proactive influencing, where the frontrunner actively reaches out to

other cities and influences their practices. Utilising their own past experience and

resources, frontrunners can help provide direction to partner cities to accelerate

their moves towards sustainability, as well as tap into new markets for environ-

mental solutions.

The Kitakyushu case study shows the importance of the involvement of multiple ac-

tors, including different levels of government and private sectors, as also recognized by

De Boer (2009), and is an example of the internationalisation of urban environmental

governance through city-to-city cooperation (Broto and Bulkeley 2013). A unique find-

ing from the case study is that it showed how by incorporating an international aspect

into its operations at home a city can create benefits and reinforcing feedbacks for itself

and partner cities. Further, there are broader spillovers as practices such as Takakura

composting and technologies such as U-BCF have since been upscaled to other parts of

Indonesia and Vietnam.

Applicability

The majority opinion of the interviewees was that many elements of the case of Kita-

kyushu were replicable to other cities. While some factors are inherent to the city, such

as being an industrial port city, others such as strategy regarding partnerships, vision

crafting, creating permanent spaces for experimentation and education, and lobbying

the national government may be transposed to any city worldwide. The key lies in first

creating momentum, then capturing and sustaining it through a succession of lead ac-

tors and linkages that create positive feedback, i.e. committed citizens, visionary leader-

ship, and industries that are pressured by the society and later seek economic

opportunities. External recognition and encouragement at national and international

levels can help in embedding the frontrunner identity into the city, creating a positive

inertia, reinforced via the citizens’ perceived self-identity. The inertia here is not about

a single initiative, but referring to an emergent property of a city as a system, whereby

positive approaches are embedded into the city’s identity. Such system level dynamics

and changes can happen in different contexts.
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Nonetheless, contextualisation of experiments and innovation is important when

attempted in different cities. Depending on the context, there may be different inter-

plays of elements and the size of the role of key actors, as different cities and countries

vary in terms of governance, and business cultures.

Conclusion
This paper examined how positive momentum has been initiated, built, and sustained

towards changing the status quo of practice through a succession of actors, and what

the role is of frontrunner cities in sustainability transition beyond their boundary.

Three cities were chosen as case study sites—Kitakyushu in Japan as a frontrunner city,

and Surabaya in Indonesia and Haiphong in Vietnam as two cities influenced by the

frontrunner city. Systems analysis of the triggers, actors, linkages and barriers reveals a

complex interplay, and a series of reinforcing dynamics, that enabled Kitakyushu’s ap-

proach to urban revitalisation and sustainability within and beyond the city. We found

that creating the mechanism of sustained frontrunner status through a series of reinfor-

cing feedback loops embedded the frontrunner identity and created positive inertia,

which was essential for ongoing experimentation and transition towards sustainability.

This emergent property related to a core identity rather than a core set of technology,

which past studies of momentum have focused on. Moreover, a city with frontrunner

identity and positive inertia in sustainability practice can have numerous flow-on bene-

fits for other cities when it involves proactive influencing supported by its established

frontrunner identity. Such proactive influencing, supported by multiple two-way bene-

fits, is a new mainstreaming and upscaling mechanism for urban sustainability experi-

ments towards broader systems innovation and sustainability transition.
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