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Abstract:  Within recent decades, climate change has been considered as one of the most ‘wicked’ 
environmental and social problems in the world. To address this global issue, climate change 
experimentation (such as the utilisation of alternative fuels or the congestion charge) and experimental 
governance has emerged as new approaches for climate actions and city governance. While city network 
is a form of experimental governance and gaining influence in supporting climate experiments, little is 
known regarding the role of city networks during the design, implementation and beyond experimentation. 
In this circumstance, this paper has reviewed relevant literature and developed a conceptual framework to 
explore the complexity of climate experiments and the importance of city networks in transforming 
experiments’ outputs to achieve larger climate change mitigation and adaptation outcomes. Each 
component of the framework has been described, exemplified and illustrated where feasible. While this 
conceptual framework is neither complete nor a fixed formula for success, it provides a good starting point 
to understand climate experiments and critical conditions/aspects to transform outputs to long-term climate 
change mitigation outcomes. 
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1. Introduction 
Within recent decades, climate change has been considered as one of the most ‘wicked’ environmental 
and social problems in the world (Boyd & Ghosh 2013, p. 926). The mitigation of climate change requires 
an ‘unprecedented level of cooperation, not only between countries, but also between different levels of 
Governments and the private sector’ (Boer 2009, p. 1). However, in a world threatened by climate change, 
International Council for Local Climate Initiatives [ICLEI] (2010) and Jones (2017) indicate that national 
governments have failed and proven themselves incapable of introducing and implementing the leadership 
and governance structures necessary to resolve the crisis. The 2009 United Nations (UN) Climate Change 
Conference (also known as the Copenhagen Summit) illustrated the disagreement among national 
governments in relation to the adoption of binding targets to reduce the amount of greenhouse gas 
emissions and their unwillingness to adopt such targets (Lee 2013). Due to this ineffectiveness of national 
governments’ efforts (as well as traditional governance processes), cities are becoming critical sites for 
climate responses as they are both major contributors to climate change and simultaneously most 
vulnerable to its influences (UN-Habitat 2011; IFRC 2010; UNEP & UN-Habitat 2009; Mc Carney et. al 
2011; IPCC 2014). There have been many actions and initiatives being undertaken to address climate 
change, which have been variously tagged in the contemporary literature as ‘climate change 
experimentation’ or ‘climate experiment’  (Bulkeley & Broto 2012; McGuirk et al. 2015). Concrete examples 
of climate change experimentation can be the congestion charge within London or new ideas regarding 
transport provision or the utilisation of alternative fuels in cities (Broto & Bulkeley 2013). These 
experimentations are often implemented within metropolitan locations in the form of ‘purposive interventions 
designed to respond to the imperative for climate change responses in the city, and with a more or less 
explicit attempts to innovate, learn or gain experience’ (Bulkeley & Broto 2013, p. 362). 
 
In line with climate change experimentation, ‘experimental governance’ has emerged as a new approach 
of city governance for tackling complex environmental and social issues such as climate change (Laakso, 
Berg & Annala 2017). Experimental governance that actively embraces shared learning, collaboration or 
co-production can develop new discourses and knowledge, from that increase opportunities for broader 
changes in policies, institutions or technologies (Brown & Vergragt 2008; Berkhout et al. 2010; Bulkeley & 
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Broto 2012). One such form of experimental governance is that of city networks. International scholars point 
out that transnational climate networks have moved beyond a concentration on mitigation to consider 
adaptation forms within urban arenas, and thus have become a central component of the world climate 
politics (Bulkeley 2010; Bulkeley, Edwards & Fuller 2014). The Intergovernmental Panel on Climate Change 
[IPCC] (2014) now acknowledges that city climate networks are critical in engaging citizens in the 
development of responses to climate change. City networks demonstrates the rise of city power and 
contributes to creating a more radical form of urban politics, prominent is the C40 Climate Leadership Group 
(C40), ‘which includes the most politically and economically powerful cities worldwide committing to a post-
carbon energy regime’ (Nguyen, Davidson & Gleeson 2018, p. 1; Davidson & Gleeson 2015). Acuto (2013) 
indicates that the C40 via its legitimacy has played a crucial role in ‘framing climate change as an urban 
question and enabling cities to participate in global environmental governance’ (Nguyen, Davidson & 
Gleeson 2018, p. 1). City networks are also argued to play a critical role in facilitating and scaling up pilot 
climate projects into city-wide schemes (Kronsell & Mukhtar-Landgren 2018; Heijden 2016). However, 
scholars and city leaders have a tendency to pay more attention on examining the internal design of pilot 
projects and urban experiments, little is known regarding how the direct outputs of climate change 
experimentation can be transformed to outcomes, which are ‘sustainability-related accomplishments of the 
experiment’ (Turnheim et. al 2018; Fuenfschilling et. al 2018; Luederitz et. al 2017, p. 67).  
 
Furthermore, within recent years, while there have been several researches investigating the networked 
character of urban experiments (Evans et. al 2016), international scholars have not yet paid attention to 
more critical questions how city networks can facilitate the transformation from outputs to outcomes of 
experimentation. Although city networks have been gaining influence and momentum in recent decades, 
their importance in firstly, supporting the design and implementation of experiments as well as making them 
successful, and secondly, facilitating the transition from outputs to outcomes, is frequently neglected in the 
contemporary literature around experimentation (Smeds & Acuto 2018). Therefore, the investigation on the 
role of city networks during the design, implementation and beyond experimentation is pivotal to provide a 
better understanding on the nature of networked urban governance (Curtis 2018; Gordon & Johnson 2017). 
 
This paper will concentrate on exploring the complexity of climate experiments and their transformation 
from direct outputs to sustainability outcomes in city networks to address the following research questions: 
(1) What factors contribute to making climate change experiments go ‘beyond’ experimentation?, and (2) 
What role do city networks play in the design, implementation and the transformation from outputs to 
outcomes of climate change experimentation? For this research purpose, firstly, the paper will present a 
background section with general understanding about experimentation in city networks as well as the 
importance in transforming experiments’ outputs to achieve larger climate change mitigation and adaptation 
outcomes. Secondly, the paper will draw on relevant literature around experimentation and city networks 
to formulate a conceptual framework to better understand the process of moving from outputs to outcomes 
and the role of city networks within this process. 
 
2. Background on experimentation in city networks  
As an overall view, ‘experimentation’ is considered as one of the central notions in the sustainability 
transitions literature that ‘investigates transformations towards sustainable socio-technical systems’ 
(Sengers et. al 2019, p. 153). The idea of ‘experimentation’ here (which is also known as ‘socio-technical 
experimentation’) is different from the concept of experimentation utilised within the natural sciences. On 
the one hand, natural science experiment is defined as a practice that is implemented in a laboratory or in 
strictly controlled conditions for exploring objective truths. On the other hand, during the design and 
implementation of socio-technical experimentation, the society is a laboratory and various real-world actors 
can engage in the experimental processes ‘tied up with the introduction of alternative technologies and 
practices in order to purposively re-shape social and material realities’ (Sengers et. al 2019, p. 154).  

In this sense, scholars in the sustainability transition field define ‘experimentation’ as the processes of 
collective exploration in which different stakeholders including universities, governments or firms are 
‘‘navigating, negotiating and reducing uncertainty about new socio-technical innovations through real-world 
experiments, gaining knowledge and experience along the way in an iterative learning-by-doing and doing-
by-learning process’ (Fuenfschilling et. al 2018, p. 6). Previous research has revealed that experimentation 
could provide new discourses and knowledge, increase momentum for wider alternations of policies, 
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technologies and institutions (Laakso et. al 2017; Berkhout et. al 2010; Brown & Vergart 2008; Bulkeley & 
Broto 2013). Hence, experimentation could potentially facilitate essential processes in sustainability 
transitions to accelerate transformative change within social-technical systems, such as networking, forging 
alliances as well as the progression of shared visions and various forms of learning, innovation and 
collaboration (Berkhout et. al 2010; Nevens et. al 2013; Bulkeley et. al 2016).  

A specifically compelling context for experiments is discoursed as climate governance (Kivimaa et. al 2017). 
Existing literature on polycentric governance (Jordan et. al 2015) or urban experimentation (Bulkeley et. al 
2014) has demonstrated the limited capacity of traditional national and transnational governance structures 
in resolving global problems, even after the Paris Climate Agreement. Accordingly, ‘government by 
experiment’ has emerged as a potential approach for tackling climate change threats (Bulkeley & Broto 
2013). The top-down approach of governance experimentation advocates the ideas that the trials of 
policies, technologies or participatory techniques at a small scale yet subject to real-world conditions can 
generate useful information and innovative ways of learning (Heilmann 2008; Bruijne et. al 2010; Bos & 
Brown 2012; Sabel & Zeitlin 2012; Laakso et. al 2017). Simultaneously, the bottom-up appeal of 
experimentation also favors the scaling up of successful of grassroots ideas, initiatives and actions (Ceschin 
2014; Laakso et. al 2017). Noticeably, this approach acknowledges the increasing importance of citizens 
within the development of society, and the progression of social media and new digital tools contributes 
considerably to prompt bottom-up change (Laakso et. al 2017).  

One such form of governance experimentation, as proposed by Hoffman (2011), is networked urban climate 
action. In this sense, Smeds and Acuto (2018, p. 551) argue that city networks are crucial to 
experimentation as these networks ‘have facilitated experimentation and raised the level of ambition among 
cities learning from and competing with each other with regard to the deployment of low-carbon 
technologies and policies’ (Gordon & Acuto 2015; Davidson & Gleeson 2015). In the ‘networking boom’ 
age, cities can derive clear benefits from engaging in networking activities. As Toly (2008, p. 341) noted, 
participating in transnational municipal networks [TMNs] provides cities with significant opportunities to 
enter into ‘inter-municipal dialogue[s]’ and pool their global influences. Likewise, Lee and Koski (2014) note 
that the operation of TMNs for addressing climate change supports cities efforts in reaching broader 
development goals and also provides a wide range of opportunities for cities to exchange and transfer 
information or policy learning with the network and other members (Bouteligier 2014; Acuto, Morissette & 
Tsouros 2017). For instance, in 2015, there were approximately 30 per cent of all climate actions in C40 
cities delivering via city-to-city collaboration, remarkably 44 per cent of which involved collaboration via a 
particular network initiated by the C40 (C40 & ARUP 2015). Additionally, in a research conducted by Broto 
and Bulkeley (2013) that surveyed 100 cities worldwide, these scholars discovers that city network 
membership is more critical to determine the number of climate experiments within cities than other 
attributes including GDP per capita or population. Despite these interesting findings, the role of city 
networks in climate change experimentation is relatively absent in the contemporary literature and thus 
constitutes a conceptual gap need to be filled by future research.  

Along with the necessity to investigate the importance of city networks in climate change experimentation, 
it is also crucial for scholars to be much more specific on anticipated outputs and outcomes of 
experimentation. In this correlation, outputs are generated directly from experiments, and outcomes are 
sustainability goals accomplished by experiments and thus ‘pertinent in discussing the role of experiments 
in transitions’ (Kivimaa et. al 2017, p. 25). According to Grin et. al (2010), there are three potential types of 
outcomes that can be achieved by experiments as follows: (1) deepening (which refers to changes in ways 
of practices, thinking or organising economic, physical or institutional structures), (2) broadening (which 
refers to the repetition of experiments in different contexts and the linkages of experiments to other 
domains), and (3) scaling up (which refers to the embeddedness of experiments in existing ways of 
organising, thinking and doing). In this sense, Kivimaa et. al (2017, p. 25) suggest that ‘deepening is much 
more common that broadening, upscaling being the rarest outcome’. However, it is worth noted that the 
fundamental component of transitions is situated within how experiments can challenge current 
unsustainable regimes and policies as well as how broadening and scaling up occurs – which can be 
considered as most desirable outputs of climate experiments. Hence, the success of climate actions 
delivered through experimentation is defined as the movement from outputs to outcomes, which is the 
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movement from a single out (with limited impacts) to wider societal outcomes.   Consequently, there is a 
clear need to investigate on the transformation from outputs to outcomes in climate change 
experimentation; otherwise, experiments ‘will remain ‘just’ experiments with limited impact if they do not 
lead to learning and fail to generate commitment for future actions’ (Kivimaa et. al 2017, p. 25). 
 
3. Conceptual framework: understanding the transformation from outputs to outcomes of 
urban climate experimentation in city networks 
The foundation of the proposed conceptual framework for understanding climate experimentation and the 
role of city networks in going beyond experimentation is primarily derived from the evaluative scheme 
developed by Luederitz et. al (2017) in the study ‘Learning through evaluation: a tentative evaluative 
scheme for sustainability transition experiments’. 
 
In the research field of experimentation, Hilden, Jordan and Huitema (2017, p. 4) emphasise the importance 
of evaluating experimentation and that ‘experimentation without evaluation is unlikely to inform learning and 
hence is unlikely to contribute to the transition towards a low-carbon society or a sufficiently adapted 
society’. Understanding the role of evaluation to experimentation, Luederitz et. al (2017) has developed an 
evaluative scheme for sustainability transition experiments. To date, it is recognised that very limited 
evaluation frameworks on urban experimentation have been published, and the evaluative scheme of 
Luederitz et. al (2017) has become a standard reference for the progression of evaluation practice of urban 
experimentation. In details, the framework of Luederitz et. al (2017) has captured key attributes involving 
in inputs, processes, outputs and outcomes of experiments aiming at enhancing the efficiency and 
effectiveness of experiments. Luederitz et. al (2017)’s evaluative scheme of experiments is illustrated in the 
following Figure 1: 
 

Figure 1. Luederitz et. al (2017)’s evaluative scheme of experiments 
 

 
Source: Adapted from Luederitz et. al (2017) 
 



SOAC 2019 
 

From this foundation, for the purposes of this research, the proposed conceptual framework will be adapted 
and incorporated relevant literature to provide a better understanding on climate experimentation and the 
role of city networks in transforming experiments’ outputs to long-term climate change mitigation and 
adaptation outcomes. The proposed conceptual framework is presented in Figure 2 as follows: 
 
Figure 2. A conceptual framework for understanding the transformation from outputs to outcomes 

of urban climate experimentation in city networks 
 

 
Source: Authors 
 
The following section describes key components of the model based on relevant literature in the field. 
 
3.1. City experimentation 
This component aims at providing general understanding on the nature and logics of city experimentation. 
Proposed attributes of this component are identified as: scale, logics of experimentation, stage of 
experimentation and functions of experimentation.  

Firstly, for understanding the governance of city experimentation, it is critical to examine the scale of 
experiments ranging from local, regional, national to global scales (Annala et al. 2016; Bosch 2010; Laakso 
et. al 2017). In the context of city networks, as cities are central to urban experimentation, two layers of 
experiments in cities are also identified within this model (Peng & Bai 2018). For the first layer, the national 
government can implement several experiments at city level, which aim at informing, testing or modifying a 
specific strategy or policy before introducing it on a larger scale. Turning to the second layer, within a city, 
a pilot project or policy can be designated and tested as an experiment at small-scale areas before 
implementing in other areas of the city if successful (Peng & Bai 2018). 

Secondly, the nature of experimentation can be understood via the identification of three basic experimental 
logics, which include controlled experimentation, Darwinian experimentation and generative 
experimentation (Ansell & Bartenberger 2016). For clarification, controlled experimentation aims at figuring 
out causality; urban experiments under this logic concentrates on controlling rigorously various factors that 
can affect experimental outcomes. Darwinian experimentation endeavors to promote systematic innovation 
via the increase of variation. Generative experimentation attempts to develop new solution approaches 
through iteratively and adaptively refining those approaches. With these specific characteristics, three 
alternative experimentation logics can inform how urban experiments are designated and implemented in 
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different contexts. Additionally, since environmental problem-solving may have plenty of objectives, it is 
potential to combine these three logics to formulate a more comprehensive strategy of experimentalism.  

Thirdly, when assessing the stage of city experimentation, it is meaningful to draw upon the evolutionary 
approach to experimentation (Sotarauta & Srinivas 2006). While previous literature on experimentation 
presents a linear assuming that experiments by default embrace a sequential rationale of trialling, 
subsequent learning regarding successful experience and then rolling out and (or) upscaling (Evans et. al 
2016), an evolutionary approach favors the ideas that actions and interactions between different actors in 
experimentation will continuously adapt and transform, and hence the outcomes are more likely to be 
unpredictable. Accordingly, this approach offers a better understanding on changing processes and 
dynamics of experimentation rather than merely an identification on the results of those processes 
(Sotarauta & Srinivas 2006). In this context, an evolutionary approach outlines three key processes of 
economic and social evolution, which are variation, selection and retention (Sotarauta & Srinivas 2006; 
Tushman & O’Relly III 1996). In detail, variation refers to any deviation from existing routine or tradition 
(which can be either intentional or accidental); selection is defined as the ‘differential selection or selective 
elimination of certain types of variations’; retention involves the processes of positively retaining selected 
variations (Sotarauta & Srinivas 2006, p. 317). Furthermore, it is recognised that there is a potential linkage 
between logics of experimentation and stages of experimentation. For clarification, the Darwinian 
experimentation logic is related to the process of variation and selection. As the core principle of Darwinian 
experimentation is the variation process with multiple trials and the assessment to identify successful 
practice (which pertains to the selection process), experiments under this logic is more likely to generate 
innovative ideas and also promptly refine trials that are unsuccessful (Ansell & Bartenberger 2016). In 
addition, generative experimentation is potentially linked with the process of selection and retention as this 
logic attempts to select and retain a single best experiment for achieving the most successful outcome 
(Stoker & John 2009; Ansell & Bartenberger 2016). 

Fourthly, for elucidating the purposes and potential utilisations of experiments, four key functions of 
experimentation are identified as testing, creating profound influence, multiplying influence and promoting 
systematic change (Berg & Hukkinen 2011; Laakso et. al 2017). With the function of testing, experiments 
endeavor to produce information and determine if an approach is working or not. Turning to creating 
profound influence, experiments aim to profoundly change norms, attitudes or framings inside niches, and 
the core values of this experimentation type are situated within learning and gaining experiences (Laakso 
et. al 2017). For multiplying influence, experiments embrace the goal of scaling beyond the niches – ‘scaling 
out’ involves the repetition of experiments within similar context and ‘scaling up’ refers to the application 
and integration of experiments at higher system level (Luederitz et. al 2016; Smeds & Acuto 2018, p. 553). 
With the function of promoting systematic change, experiments can potentially challenge contemporary 
regimes and generate alternative approaches to do business (Laakso et. al 2017). Moreover, there is a 
potential relation between logics of experimentation and the four-functions typology. In this case, it is 
recognised that controlled experimentation is linked with the functions of testing and creating profound 
influence; Darwinian logic is related to the function of multiplying influence; and generative experimentation 
is linked with the function of promoting systematic change. 
 
3.2. City networks 
This component focuses on investigating the role of city networks in facilitating experiments regarding two 
ways: (1) supporting the design and implementation of experiments as well as making them successful, 
and (2) facilitating the transition from outputs to outcomes. In this model, two key factors potentially affecting 
the design, implementation and transformation of experiments within city networks are identified as habitat 
for experimentation and relationships amongst actors via the orchestration lens. 
 
Firstly, the concept of ‘habitat for experimentation’ is initially inspired from the work of Heiligenberg et. al 
(2017), which indicates the importance of contexts within both the emergence and upscaling of 
experimentation. In this sense, habitats involve the configuration of contextual elements, which can be 
either locally or regionally embedded. Habitat characteristics for experimentation are identified as: (1) local 
or regional visions for future development, (2) particular policies or strategies which the governments utilize, 
(3) the availability of and collaboration within local or regional networks, and (4) processes and institutions 
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facilitating the diffusion of learning experiences (Heiligenberg et. al 2018). In the context of city networks 
with reference to relevant literature in the field, we have modified factors constituting habitat for 
experimentation, and identify three key elements: (1) vision, (2) the procedure for facilitating the exchange 
and dissemination of city experience, and (3) project support.  
 
In terms of vision, it is acknowledged that city networks support cities in establishing strategic goals, visions 
and strategies for the design and implementation of climate change experiments within three different 
approaches as follows: (1) enabling internal mobilization - participating in city networks can raise awareness 
within local politics or the community and make the topic (ex: climate change mitigation) relevant to local 
political agenda, (2) formulating emission reduction goals- many city networks requires members to commit 
to set goals on emission mitigation, and this situation encourages municipalities to provide stronger climate 
policies to achieve that goal, and (3) institutionalising climate trajectories - actors within cities can utilise 
city networks membership to ‘perpetuate climate-friendly politics and to limit the scope for local decisions 
that are harmful to the climate’ (Busch, Bendlin & Fenton 2018, p. 225-226). Turning to the procedure for 
facilitating the exchange and dissemination of city experiences, through participating in city networks, city 
members can exchange their experiences on climate experiments within three key approaches: (1) direct 
exchange of ideas between city members;  (2) staffs’ networking activities between cities; (3) exchange at 
networking events motivates cities to work together towards common goals (Busch, Bendlin & Fenton 
2018). The exchange of knowledge and experiences in this case contributes significantly to the 
development of professional networks and the diffusion of new knowledge (Heiligenberg et. al 2017). With 
respect to project support, city networks can provide city members with useful infrastructure and 
administration to implement concrete activities; for instance, specific policy instruments or legal frameworks 
(including recognition, incentives, financial mechanisms or sanctioning), and various resources in terms of 
human (via training programs), money (fundings from non-governmental organisations (NGOs) or private 
companies), information (such asdata base, guidelines or best practices) (Bouteligier 2013; Peng & Bai 
2018; Rashidi & Patt 2018) 
 
Secondly, the component regarding relationships amongst actors involving in city experimentation will be 
investigated via the conceptual lens of orchestration (Gordon & Johnson 2017). According to Abbot et. al 
(2015), orchestration is defined as a form of indirect governance that is characterised by the weakened 
relationship amongst governor and governed: the orchestrator operates through an intermediary to govern 
a target audience. In the areas of urban climate governance, this indirect governance mode ‘helps to 
capture the different frequencies of power that operate as actors of various sorts seek to produce 
transnationally coordinated urban climate governance activities and efforts’ (Gordon & Johnson 2017, p. 
695; Bulkeley & Kern 2009; Allen 2010; Bulkeley 2012). In this circumstance, three different modes of 
orchestration in city networks are identified as complementary, coordinating and emergent orchestration 
(Gordon & Johnson 2017). In detail, complementary orchestration promotes a politics of inclusion, 
conformity and representation that occur in formal rules and practices of nation-states within multilateral 
regime. Coordinating orchestration advocates a politics of contestation, authority and legitimation that occur 
both outside and alongside the multilateral regime. Emergent orchestration suggests a subterranean 
politics of structural domination, social expectation and identity formation that delineates itself in metrics, 
norms and practices making cities becoming observable, comparable and governance (Gordon & Johnson 
2017). As orchestration stands ‘at the intersection of experimentation and systemic effects’ (Gordon & 
Johnson 2017, p. 707), this typology is useful in evaluating the involvement of cities and different actors 
(including orchestrators and intermediaries) in climate experimentation. An example of how three modes of 
orchestration work in practice is illustrated by Gordon and Johnson (2017, p. 703) in Table 1. 
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Table 1. Three modes of orchestration 
 

Orchestration 
mode 

Orchestrator Intermediary Logic Objectives 

Complementary UNFCCC 
Secretariat, UNSG, 
EU Commission  

IPCC, ICLEI, 
Green Climate 
Fund  

Inclusion, 
Participation  

Bolster regime 
capacity and 
legitimacy 

Coordinating Bloomberg 
Philanthropies, 
Individual cities  

C40, CDP, cCR Autonomy, 
Recognition, 
Enhance capacity 

Augment 
governance 
capacity and 
political capital

Emergent Siemens, World 
Bank  

ISO, GHG 
Protocol for 
Cities, City Credit 
Ratings  

Competitive 
standing, 
Development, 
Trustworthiness  

Enhance return on 
investment and 
impact of capital 
investments  

Sources: Adapted from Gordon and Johnson (2017, p. 703) 
 
3.3. Outputs and outcomes of urban climate experimentation 
To date, only limited research on outputs and outcomes of experimentation has been published (see for 
example Kivimaa et. al (2017) and Luederitz et. al (2017)). In the work of Kivimaa et. al (2017), these 
scholars identified seven key changes that experiments can generate, which are changed discourse, new 
technology, built environment or infrastructure change, policy and institutional change, new business 
practices, new market or market change, and new consumer/citizen practices. Meanwhile, Luederitz et. al 
(2017) propose key principal outputs from experimentation, which include built capacitites, actionable 
knowledge, accountability, structural changes, uptake of experiments, and six outcomes of sustainability 
transition experiments, which are socio-ecological integrity, livelihood sufficiency and opportunity, intra and 
intergenerational equity, resource maintenance and efficiency, socio-ecological stewardship and 
democratic governance, precaution and adaptation (as detailed in Figure 1). Although these researchers 
have taken initial attempts in this field, there is a need to further research on outputs and outcomes of urban 
climate experimentation, with the particular focus on how climate experiments can create more effective 
outputs and outcomes that contribute substantially to the long-term climate change mitigation and 
adaptation (Kivimaa et. al 2017; Turnheim, Kivimaa & Berkhout 2018).  
 
With the inspiration from the framework of UN Habitat (2011) and concurring with the recent work of Broto 
and Bulkeley (2013), the direct outputs from climate experiments are divided into two key categories: 
mitigation and adaptation. Under the category of mitigation, outputs of experiments are identified within five 
major sectors, which include urban infrastructure, built environment, transport, carbon sequestration and 
urban form. The explanation for potential outputs of climate experiments is presented in Table 2. 
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Table 2. Potential outputs of climate experiments 
 

Category Sector Outputs of experiments Examples 
Mitigation Urban infrastructure Changes within water and 

sanitation systems or 
energy (gas and electricity) 
networks 

-Alternative water supply  
-New energy and water 
conservation measures,  
-The collection of waste for 
recycling and reuse,  
-Alternative energy supply (such 
as renewable or low-carbon) 

Built environment Alternations in the design 
and utilisation of built 
environment (including 
housing or commercial and 
industrial buildings)  

-The creation of energy-efficient 
design,  
-The development of new-built or 
retrofitting energy and water-
efficient technologies 
-New building-integrated 
alternative energy and water 
supply 

Urban form Changes in the form of 
urban development 
(including its density and 
location) as well as its 
design 

-New urban development 
-New neighborhood and small-
scale urban renewal  
-The reuse of brownfield land 

Transport Changes leading to the 
reduction of GHG 
emissions in transportation 
such as the construction of 
new low-carbon transport 
infrastructure 

-The construction of new low-
carbon transport infrastructure 
-The enhancement of energy 
efficiency 
-Fuel switching  
-The reduction in travel demands  
-The progression of alternative 
means of travel 

Carbon sequestration The removal of GHG 
emissions from the 
atmosphere such as more 
urban tree-planting areas, 
the restoration, 
conservation and 
preservation of carbon 
sinks or carbon offset 
results 

-More urban tree-planting areas  
-The restoration, conservation and 
preservation of carbon sinks or 
carbon offset results 

Adaptation  Outputs result from 
anticipatory actions for 
dealing with future climate 
risks in terms of protection, 
pre-disaster damage 
limitation, immediate post-
disaster responses and 
rebuilding 

-The development of new cooling 
designs and services, -The 
progression of early warning 
systems 
-The creation of new behavior-
based measures 

Sources: Adapted from UN Habitat (2011); Broto and Bulkeley (2013) 
 
3.3.1. Movement of outputs to wider societal outcomes 
As experimentation aims at addressing wicked environmental and societal problems such as climate 
change for eventually achieving sustainable development (Broto & Bulkeley 2013; Kivimaa et. al 2017; 
Laakso et. al 2017; Hilden et. al 2017), it is reasonable and important to incorporate sustainable 
development goals into potential outcomes of climate experiments. From potential outputs outlined in Table 
1, it is critical to understand how experiments can contribute to creating long-term outcomes for climate 
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change mitigation, adaptation and broadly sustainable development. In this paper, the outcomes of climate 
experiments will be linked to the UN Sustainable Development Goals 2015 (see Table 3) concurring with 
the work of Luederitz et. al (2017). 
 

Table 3. UN Sustainable Development Goals (2015) 
 

 
Goal 1: End poverty in all its forms everywhere 
Goal 2: End hunger, achieve food security and improved nutrition and promote sustainable  
agriculture 
Goal 3: Ensure healthy lives and promote well-being for all at all ages 
Goal 4: Ensure inclusive and equitable quality education and promote lifelong learning 
Opportunities for all 
Goal 5: Achieve gender equality and empower all women and girls 
Goal6: Ensure availability and sustainable management of water and sanitation for all 
Goal 7: Ensure access to affordable, reliable, sustainable and modern energy for all 
Goal 8: Promote sustained, inclusive and sustainable economic growth, full and productive 
employment and decent work for all 
Goal 9: Build resilient infrastructure, promote inclusive and sustainable industrialization and foster 
innovation 
Goal 10: Reduce inequality within and among countries 
Goal 11: Make cities and human settlements inclusive, safe, resilient and sustainable 
Goal 12: Ensure sustainable consumption and production patterns 
Goal 13: Take urgent action to combat climate change and its impacts 
Goal 14: Conserve and sustainably use the oceans, seas and marine resources for sustainable  
development 
Goal 15: Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably 
manage forests, combat desertification, and halt and reverse land degradation and halt 
biodiversity loss 
Goal 16: Promote peaceful and inclusive societies for sustainable development, provide access to 
justice for all and build effective, accountable and inclusive institutions at all levels 
Goal 17: Strengthen the means of implementation and revitalize the Global Partnership for Sustainable 
Development 

Source: Adapted from United Nations (2015). 
 
In this circumstance, there are eight outcomes that can be achieved via city climate experiments, which 
are: (1) socio-ecological integrity, (2) intra- and intergenerational equity, (3) accessibility to reliable, 
affordable, modern energy for all, (4) resilient infrastructure, (5) sustainable consumption and production 
patterns, (6) socio inclusions and effective, accountable and democratic institutions, (7) capacity’s 
improvement in addressing climate change, (8) implementation and revitalisation the Global Partnership for 
delivering climate actions. In detail, while outcome 1 and 2 are inspired by the work of Luederitz et. al 
(2017), outcomes 3 to 8 are developed with reference to the UN Sustainable Development Goals (2015).  
 
Firstly, socio-ecological integrity refers to the recognisation on the interdependence between bio-physical 
conditions and human well-being (Gibson et. al 2005; Luederitz et. al 2017) that aims to compromise or 
prevent degradation of ecosystem services, improve natural resources’ regenerative capacities and reduce 
demands on already hard-pressed life-support systems (Lamorgese & Geneletti 2013). An example for 
enhancing socio-ecological integrity as outcome of climate experiments is the installation of green 
infrastructure (such as green walls and roofs) or tree-planting program for mitigating climate changes 
threats (urban heat islands effects) and increase recreational capacities for life-support systems.  
 
Secondly, for intra- and intergenerational equity, the outputs and benefits of climate experiments should be 
distributed equally between different groups of population to reduce the gap between the rich and the poor 
and enhance the opportunities of future generations in addressing climate impacts and achieving 
sustainable lives (Luederitz et. al 2017; Gibsons et. al 2005; Shah & Gibson 2013).  
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Thirdly, for the outcome of accessibility to reliable, affordable and modern energy, climate experiments 
should contribute to increasing the utilisation of renewable energy via expanding or upgrading clean energy 
infrastructure and technology, and improving energy efficiency (UN 2015).  
 
Fourthly, climate experiments are expected to deliver more resilient infrastructure to reduce the vulnerability 
of cities when experiencing disasters, climate risks and extreme events (UN 2015).  
 
Fifthly, climate experiments can achieve the outcomes of sustainable consumption via the reduction in 
resource consumption (such as energy or water consumption), the increase in resource efficiency, and 
sustainable production patterns through controlling the amount of GHG emissions released during the 
production processes or reducing waste generation (UN 2015).  
 
Sixthly, climate experiments can deliver the outcome of social inclusions via supporting individual and 
collective engagement in the decision-making processes, design and implementation of experiments with 
the operation of effective, accountable and democratic institutions at all levels (UN 2015; Luederitz et. al 
2017).  
 
Seventhly, it is critical for climate experiments to improve cities’ capacities in undertaking climate actions 
through strengthening adaptive and resilient capacity to climate risks and hazards, integrating climate 
change measures into city, regional or national planning, policies and strategies, promoting precaution and 
adaptation through anticipating and acknowledging uncertainty from that avoiding unpredictable risks, 
improving education and awareness about climate change impacts (UN 2015; Luederitz et. al 2017). 
 
Finally, through climate experiments, it is fundamental to implement and revitalise the Global Partnership 
to gather different actors such as city and national governments, private sectors, civil society or NGOs with 
available and relevant resources for effectively delivering climate actions (UN 2015). 
 
3.4. Beyond experimentation 
This component concentrates on investigating the ‘beyond’ of experimentation – which refers to the 
potential influence and embeddednes of experimentation (Turnheim, Kivimaa & Berkhout 2018). There are 
three key dimensions needed to take into consideration, which include temporal dimension, spatial 
dimension and evaluative dimension.  
 
Firstly, with the temporal dimension, city experiments should have long-term life and create deeper 
alternations or broader implications; for instance, the creation of new hypothesis, learning or concepts, the 
progression of new development paths, the formation of new network and alliance and so on (Turnheim, 
Kivimaa & Berkhout 2018) 
 
Secondly, for spatial dimension, there is a necessity to sustain experiments and their outputs across various 
spaces and scales. In this sense, the expectations and nature of experiments should become generic, their 
outputs should become mobile and transferrable, from that contributes to the creation of transformative 
change (Turnheim, Kivimaa & Berkhout 2018). 
 
Thirdly, to go ‘beyond’ experimentation, it is critical to evaluate experiments’ values (in terms of its 
relevance, effectiveness or efficiency) and its ‘success’ (whether experiments can be upscaling or outputs 
can be transformed to outcomes for contributing to the long-term climate change mitigation and adaptation) 
(Turnheim, Kivimaa & Berkhout 2018). The evaluative dimension is summarised in Table 4. 
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Table 4. Evaluative dimension to go ‘beyond experimentation’ 
 

Value of 
experiments 

Relevance Long-term vision 
Necessity 
Outcome-oriented approach 

Effectiveness and 
efficiency 

Iterative participatory goal formulation 
Transdisciplinary knowledge production 
Adaptivity of strategies and institutions 
Anticipation of long-term systemic effects of measures 
Interactive strategy development 
Monitoring and evaluation frameworks 

The ‘success’ of 
experiments 

Upscaling Scaling up 
Scaling out 

Outputs to long-term 
outcomes 

Eight outcomes 

Source: Authors 
 
Within the dimension for evaluating the value of experiments, the relevance component is consisted of 
three key attributes, which are long-term vision, necessity and outcome-oriented approach. Firstly, it is 
crucial for experiments to obtain strategic goals that are integrated within long-term vision of the city with 
relevant attention to medium-term outcomes (Hölscher et. al 2019). Secondly, necessity refers to the 
relevance of experiments whether it fits into the demands of the city; for instance, if a city experiences 
issues regarding air pollution or energy consumption, it is important for the city to develop relevant 
experiments to address those issues (Peng & Bai 2018). Thirdly, it is essential to develop outcome-oriented 
experimentation through incorporating top-down approach (which refers to the commitment, direction and 
support from international or national government in terms of legitimacy, priority, coordination, resources 
(financial support, information or training), and leadership to implement experiments), bottom-up approach 
(the commitment and involvement of local levels (including citizens) in delivering experiments), cooperation 
mechanism between different levels of government to design and implement experiments (OECD 2013; 
Peng & Bai 2018).  
 
Turning to the aspect of effectiveness and efficiency, key attributes are drawn upon the literature of reflexive 
governance, which are iterative participatory goal formulation, transdisciplinary knowledge production, 
adaptivity of strategies and institutions, anticipation of long-term systemic effects of measures, interactive 
strategy development, monitoring and evaluation frameworks (VoB & Kemp 2006). As experimentation 
aims at addressing climate change for eventually achieving sustainable development, to promote 
governance innovations for sustainability, the concept of reflexive governance has emerged and aroused 
wide concerns from international scholars. This concept proposes five key strategy elements to attain 
governance innovations needed for sustainable developments that are incorporated in the evaluative 
aspect of effectiveness and efficiency. Table 5 explains key elements of six attributes within the aspect of 
effectiveness and efficiency. 
 
 
 
 
 
 
 
 
 
 
 



SOAC 2019 
 

 
Table 5. The evaluative aspect of effectiveness and efficiency 

 
Attributes Key elements Definition of elements 
Iterative 
participatory goal 
formulation 

Participatory processes (VoB & 
Kemp 2006) 

The participation of different societal actors in 
formulating experimentation goals 
 

Transdisciplinary 
knowledge 
production 

Expertise (Luederitz et. al 
2017, Wiek et. al 2015) 

The possession of critical skills and knowledge 
of participants involving in the development and 
implementation of climate experiments. 

Transdisciplinarity (Knaggård, 
Ness & Harnesk 2018) 

The integration of different scientific insights 
within climate experiments to produce new 
knowledge aiming to contribute to both 
scientific and societal progress.  

Adaptivity of 
strategies and 
institutions 

Responsiveness (Termeer et. 
al 2015) 
 

The ability of experiments in recognising and 
responding to emergent changes and issues in 
a timely fashion. 

Reflexive learning (Luederitz 
et. Al 2017; Evans & Karvonen 
2014; Mierlo & Beers 2015) 

Reflexive learning throughout experiments 
allows for changing and adapting processes to 
generate desired outputs, which include two 
types: 
-First order learning refers to the alternations of 
given processes to make them more effective 
and efficient.  
-Second order learning involves the 
development of new processes, the 
reinterpretation of purposes and functions of 
existing activities to promote transformational 
change.   

Anticipation of long-
term systemic 
effects of measures 

Comprehensive risk analysis 
(Luederitz et. al 2017) 

The identification on risks and uncertainty that 
potentially occurs as a result of experiments 

Anticipatory actions (Anderson 
2010) 

This element includes three key actions: 
preemption, precaution and preparedness 

Interactive strategy 
development 

Collective strategy between 
government and non-
government stakeholders 
(Peng and Bai 2018; VoB & 
Kemp 2006) 

The interaction between different actors and 
stakeholders to integrate their resources and 
knowledge to assure support for 
implementation.  

Monitoring and 
evaluation 
frameworks 

Effectiveness (Segura & 
Pedregal 2017) 
 
 

The monitoring and evaluation framework of 
climate experiments needs to be transparent, 
visible and credible. Regular review is critical to 
identify strengths, weaknesses, opportunities 
and threats of the experiment.  

External agency (Segura & 
Pedregal 2017) 
 

The utilisation of independent and external 
agencies to conduct evaluation and produce 
reports outlining important insights or 
validation.  

Source: Authors 
 
Turning to the dimension for evaluating the ‘success’ of experiments, in terms of upscaling, ‘scaling out’ 
involves the repetition of experiments within similar context and ‘scaling up’ refers to the application and 
integration of experiments at higher system level (Luederitz et. al 2016; Smeds & Acuto 2018, p. 553). In 
addition, to examine the ‘success’ of experiments, it is also critical to determine whether outputs of 



SOAC 2019 
 

experiments can be transformed to eight outcomes outlined in section 3.3 for contributing to the long-term 
climate change mitigation and adaptation. 
 
4. Conclusion 
In response to climate change as one of the most ‘wicked’ environmental and social problems in the world, 
climate change experimentation and experimental governance has emerged as new approaches for climate 
actions and city governance. While scholars and city leaders tend to pay more attention on examining the 
internal design of pilot projects and climate experiments, there is a lack of knowledge around how the 
outputs of experimentation can seek to influence long-term climate change mitigation outcomes. 
Additionally, as one such form of experimental governance is networked urban climate action, transnational 
climate networks have been gaining influence and momentum in supporting the implementation of climate 
actions through experimentations. City networks such as the C40 are also claimed to play a critical role in 
facilitating and scaling up pilot climate projects into city-wide schemes. Despite previous findings within this 
field, the role of city networks in climate change experimentation is relatively absent in the contemporary 
literature, particularly little is known regarding how city networks can facilitate the transition from outputs to 
outcomes.  
 
Based on a review of relevant literatures, this paper has developed a tentative conceptual framework to 
describe the role of city networks in transforming climate experiments’ outputs into larger climate change 
mitigation and adaptation outcomes. Each component of the proposed framework was described and 
illustrated with examples. We acknowledge that this framework is a simplification and cannot fully capture 
the complexity of the processes involved. Nonetheless, it provides a good starting point to critically engage 
with climate experiments as embedded in and potentially enhanced by city networks. 
 
For future research, we propose a more explicit engagement with the linkages between the described 
components of the framework, engaging explicitly with questions of interdependence and mutual influence, 
externalities, and changeability. Proposing an analytical framework as we do here, can often convey a 
somewhat static image of what are inherently dynamic processes. These dynamics must be illuminated in 
future empirical work. Case study research, for instance, can further expand and sharpen the key aspects 
and attributes proposed in this paper. 
 
We suggest two concrete future research avenues: First, a focus on the question of where within cities 
experiments emerge (Håkansson, 2019) and, consequently, which ‘types’ of experiments and urban places 
are in- and which are excluded from international city networks. Second, a critical engagement with the 
often inherently positive view of both experiments and city networks. Important questions here include: Can 
city networks be a hindrance to experimentation? Or, which unanticipated and undesirable outcomes can 
such networks lead to? 
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