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Abstract&
Stewardship as a concept is increasingly brought forward as a goal to reach sustainability goals of 
ensuring human wellbeing within the limits of Earth’s life support systems. Scholarship on the 
required capacities for planetary stewardship is growing rapidly, as are the insights. This thesis 
focuses on contributing with knowledge about what stewardship implies in terms of civic 
engagement in environmental issues, particularly in contexts where these can be particularly 
challenging: rapidly changing cities. Paper I describes the internal functioning of a citizen 
network engaged in various environmental issues in Bangalore, India. Analyzing social network 
structure and desired outcomes, it shows that while the loose structure inhibits efficiency, it 
encourages inclusiveness and builds legitimacy among members. Despite a reduced capacity to 
actively mobilize members, the network facilitates ecosystem monitoring and serves as an 
information platform to connect diverse groups across the city. Paper II describes how local 
engagement to restore Bangalorean lakes can influence city-level governance of water supply. 
Following key events in the 1960s, Bangalore has become increasingly dependent on a single 
source of water and seems unable to explore other supply approaches for its rapidly growing 
population. The study shows that the system’s trap-like dynamics can be rewired by citizen-based 
lake groups by incentivizing authorities to break long-standing centralization trends. By re-
acknowledging the water bodies’ multifunctional role as man-made water harvesting units, groups 
have gathered local support and improved monitoring to protect lakes after restoration. Together, 
the two papers show that civic involvement in urban environmental stewardship can improve 
governance by complementing and acting as a watchdog over public authorities. 
Keywords: Environmental governance; urbanization; social–ecological systems; collective action; 
Bangalore, India 
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Introduction&
With the impacts of human activities on planet Earth standing out not only as unprecedented but 
also undermining our own existence, environmental problems continue to resist solutions based on 
previous approaches (Steffen et al. 2007). Increasingly, voices in sustainability science argue that 
humanity is now at a juncture where we need to promote “stewardship” (Falkenmark and Folke 
2009, Chapin et al. 2011, Folke et al. 2011, Krasny and Tidball 2012, Rozzi et al. 2015) in order 
to move away from outdated and dysfunctional command-and-control approaches (Berkes 2010) 
and help us find a sustainable existence within planetary boundaries (Rockström et al. 2009). The 
problems that humanity have and will have to address are particularly pronounced in rapidly 
growing cities, where ecosystems are modified beyond recognition, where resource consumption 
is more intense and more dependent on global networks, and where social inequalities and cultural 
heterogeneities are more pronounced (UN Habitat 2008, Grimm et al. 2008, CBD 2012). As cities 
are also centers of innovation, urban environmental stewardship is likely to play a key role in 
sustainability in coming decades (CBD 2012). 
There is a range of literature that provides insights on stewardship and how it may emerge and be 
promoted, including environmental psychology (Scannell and Gifford 2010), environmental 
education (Chawla 1998, Tidball et al. 2010), planning (Nassauer 2011, Plieninger et al. 2015), 
conservation biology (Asah and Blahna 2012), political ecology (Karvonen and Yocom 2011, 
Ogden et al. 2013), environmental ethics (Welchman 2012), and resilience (Chapin et al. 2009, 
Rozzi et al. 2015). Research on stewardship of social–ecological systems has made progress on 
the capacities and qualities that is required, such as being able to deal with complex social–
ecological interactions that produce uncertainty, and the need to “foster a diversity of future 
options [to] provide resilience in the face of an unknown but rapidly changing future” (Chapin et 
al., 2009:320). There is a need to better understand what it means to be a steward, and how 
stewardship emerges, spreads, and is maintained over time. In this thesis, stewardship is viewed in 
a broader sense that not only includes the specific qualities required for understanding and 
adapting in social–ecological systems, but to also explicitly involve pro-environmental behavior, 
values, and action (Chawla 1999). It is thereby understood as a process not only about rational 
organization and management, but also as containing a moral imperative and what Nassauer 
(2011) describes as “care”. 

The underlying aim of this thesis is to understand how stewardship can improve governance 
systems, directly at the local level and more generally by contributing to a shift in mindsets and 
collective identities. It sets out to unpack the concept to better understand how it manifests in 
relationship to people and places, in pro-environmental actions, and in changes of governance 
arrangements. It also aims at contributing to theory about stewardship in general, and the 
governance role of citizen groups that emerge and mobilize to protect and restore ecosystems in 
urban landscapes in particular. These topics are studied using cases from Bangalore, India. 
The thesis starts to outline a theoretical framework for understanding stewardship, particularly in 
urban contexts, from the intentions behind pro-environmental behavior, through individual to 
group actions, to the impacts it may have on ecosystem governance and functioning. It places 
particular emphasis on the internal dynamics of civic engagement in environmental stewardship, 
such as personal motivations, collaborative approaches, and network structure.  
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This can be broken down into two overarching research questions (RQs): 

1. How does citizen involvement in urban environmental stewardship manifest itself in 
rapidly changing urban contexts?   

2. How is urban environmental stewardship influencing and influenced by social–ecological 
relations (ecosystem services, governance of biophysical processes, sense of place)? 

These questions are addressed in two papers, using a tentative framework that views urban 
environmental stewardship as a cycle that may potentially interact with government activities 
(Figure 1). Paper I engages with the dynamics of collective action, including the underpinning 
civic mobilization, and the outcomes in terms of lobbying and practical interventions. It focuses 
on RQ1 by looking at what functions citizen groups have, and what the (internal and external) 
tensions, challenges and opportunities are that influence their effectiveness. Paper II studies the 
relationship between citizen-based activities and government activities, and the outcomes of both 
in terms of use, disuse, restoration and maintenance of hydrological ecosystems. It provides 
insights on both RQ1 and RQ2 by investigating the function of informal civic initiatives and the 
impact they have on formal management structures and norms.  

This licentiate thesis contributes with insights for how civic engagement in environmental issues 
(general as in Paper I, or specific as in Paper II) plays a part in stewardship. Based on empirical 
studies from a rapidly changing city in the global South, the findings of the thesis show that 
fostering and engaging with the local initiatives emerging from citizen groups and networks is a 
key part of stewardship. 
The thesis is structured as follows: First, a background section on stewardship briefly summarizes 
previous research the topic in the sustainability science field, and presents a framework for 
integrating insights from other fields. Second, I give a summary of the two papers of this thesis 
and how they specifically engage with the overarching questions. Third, I discuss how the studies 
fit together and inform a bigger picture, and identify remaining questions that need further 
investigation. Finally, the concluding remarks summarize the key insights of the thesis.  

Stewardship&

An#agenda#to#“reconnect#to#the#biosphere”#
In research on social–ecological systems, the stewardship concept has come to be a label for 
societal institutions that better acknowledge complexity, uncertainty, non-linear dynamics, and 
change (e.g. Chapin et al. 2010, 2011, Folke et al. 2011). This also includes a normative 
dimension that emphasizes stewardship’s role in the objective to ensure ecosystem services for the 
benefit of human wellbeing (Chapin et al. 2010) – it is in other words not only about ecosystem 
conservation in its own right, but as a fundamental base for all human activities (Folke et al. 
2011). 

This view builds on critiques of “natural resource management” as often employing reductionist 
and positivist ways of understanding ecological processes, which has in many cases created 
maladaptive, top-down governance systems that separates users from managers (e.g. Holling and 
Meffe 1996, Berkes 2010). Instead, environmental issues are increasingly understood by drawing 
on discourses about “wicked problems”, where the answers are not straightforwardly identifiable 
by (natural) science alone (Rittel and Webber 1973) and where the notion of “expertise” is 
questioned (Ludwig 2001). In stewardship, non-conventional experts and new forms of 
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Figure 1. The dimensions of stewardship addressed in this thesis through Paper I and Paper II. Civic 
engagement in stewardship is viewed as a cycle of individual attitudes, engagements, collective actions, 
and interventions to modify the biophysical world, as well as potentially influencing the way that 
government agencies do the same. 
 

knowledge need to be engaged with in order to link more open knowledge systems to action on 
sustainability (Olsson and Folke 2001, Berkes 2004, Cornell et al. 2013). 

Stewardship is thus linked to the idea of participatory approaches; it is even used by some to 
describe various types of citizen involvement in environmental governance (e.g. Krasny and 
Tidball 2012, Connolly et al. 2013). Schultz et al. (2011) point out that “participation” is a very 
general term that can be difficult to evaluate without defining what outcomes are expected. For 
instance, their findings show that participation of local inhabitants may not have a visible effect on 
conservation bioreserves, but that it does correlate with higher effectiveness in reaching 
sustainable development.  
Sustainability science’s take on stewardship is based on the argument that while ecological 
processes and management institutions need to be understood, other questions need to be asked: 
“Are there deeper, slower variables in social systems, such as identity, core values, and 
worldviews that constrain adaptability?” (Folke et al. 2010). At the core of sustainability 
challenges is said to be a need to cognitively and emotionally “reconnect” humanity better with 
the rest of the biosphere (Folke et al. 2011), to find a new, more active role in the anthropocene 

Paper#I#

Paper#II#
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era, as stewards: “Humanity is, in one way or another, becoming a self-conscious, active agent in 
the operation of its own life support system” (Steffen et al. 2007). Following this, there is a need 
to develop an understanding of the “deeper, slower variables” that allow for the emergence of 
stewards and stewardship behavior and actions, and how this can play a part in a reconnection 
process.  

Integrating#perspectives#on#stewardship#
The emphasis here on the role of civic engagements and direct activities in stewardship moves the 
perspective closer to more policy-oriented research in planning and environmental education. I 
rely on the definition of urban environmental stewardship provided by Connolly et al. (2013:76), 
as “work to conserve, manage, monitor, restore, advocate for, and educate the public about a wide 
range of issues related to sustaining the local environment”, but also benefit from work on e.g. 
civic environmentalism (Karvonen and Yocom 2011), which emphasizes the importance of 
deliberative approaches as having “the most promise for recognizing and managing the 
complexities of urban nature” (Karvonen 2010:194), and civic ecology as “a field of 
interdisciplinary study concerned with individual, community, and environmental outcomes of 
community-based environmental stewardship practices, and the interactions of such practices with 
people and other organisms, communities, governance institutions, and the ecosystems in which 
these practices take place” (Krasny and Tidball 2012:268). 
To organize the study of these interactions, and structure the integration of the various 
perspectives on stewardship this thesis uses a heuristic pictured in Figure 1. The figure indicates 
where the focus lies in the two papers of the thesis. The basic idea behind the heuristic begins with 
an assumption that people who choose to engage in environmental work often have some intention 
based on personal emotions, identity or memory that create an understanding of the non-human 
world as something positive and valuable. Louise Chawla (1998:19) calls this “environmental 
sensitivity”, defined as “a predisposition to take an interest in learning about the environment, 
feeling concern for it, and acting to conserve it, on the basis of formative experiences”. When 
individuals pool their resources and efforts, this predisposition can potentially also leads to action 
at group or network level (Ostrom 1990, Diani and McAdam 2003, Carlsson and Sandström 
2008). 

The collective nature of such endeavors implies a (re)negotiation of problems, objectives and 
ideas about the identity of the environment to be protected. Strong consensus on what a specific 
place is and should be can be an indicator of sustainability, but a diversity of place meanings can 
be a resource in the face of unexpected change (Stedman 1999). Redefining what a place is can 
improve stewardship as new values are made visible (Olsson et al. 2007), but such efforts can also 
exclude some user groups from the collective effort (Ernstson et al. 2008, Ernstson and Sörlin 
2009). This makes it important to understand the internal workings of stewardship networks, and 
social network analysis (Borgatti et al. 2009) is increasingly drawn on to study urban 
environmental stewardship (e.g. Ansell 2003, Ernstson et al. 2008, Holt et al. 2012, Connolly et al. 
2013, Paper I).  

These collaborative efforts can play a part in designing and defining the urban landscape, either by 
direct interventions or indirectly by influencing the activities of public authorities and agencies 
(Figure 1). The role of formal governance systems in stewardship per se is beyond the scope of this 
thesis and is studied elsewhere (e.g. Galaz et al. 2012). Here, the focus is on the interactions 
between civic initiatives, public authorities and the biophysical form and function of the urban 
landscape. In the context of environmental problems generally, such relations have been framed as 
traps where social and ecological processes reinforce maladaptive behavior and prevent a system 
from moving onto a more desirable pathway (Carpenter and Brock 2008, Boonstra and de Boer 
2014). 
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Whether it comes from civic groups directly, or in the form of changed government practices, 
interventions can impact the urban environment in two general ways: either in the biophysical 
form, through protection, restoration, or other concrete outcomes regarding landscape features (e.g. 
Ernstson et al. 2008, Tidball et al. 2010, Rathwell and Peterson 2012); or more intangibly through 
a redefinition of the biophysical function – what activities and uses that are considered allowed 
and what types of spaces are acknowledged as a part of an ecosystem (Olsson et al. 2007, Ernstson 
and Sörlin 2009, Barthel et al. 2010). 

The function, character, and meanings associated with urban landscapes is important for 
stewardship, because as the “people, places and cultural interpretations” of a place changes, the 
experiences that form the basis for environmental sensitivity also change (Chawla, 1998:19). 
Civic greening initiatives play an important part by allowing “the process of restoration of the 
physical and/or social environment [to] birth powerful new meanings” (Stedman & Ingalls, 
2014:137), which may be essential to building the care needed for stewardship (Nassauer 2011) 
and taking some steps to “reconnect to the biosphere” at the local level. 
This thesis treats the cycle in Figure 1 as a working hypothesis for how an understanding of civic 
engagement in urban environmental stewardship can be understood in broader discussions about 
stewardship. It builds on previous research (e.g. Colding et al. 2006, Ernstson et al. 2008, 
Connolly et al. 2013) by drawing attention to a city in the global South, where urban 
environmental challenges are not only often greater than elsewhere but where the capacity to 
address them can also be lower (CBD 2012). Bangalore is one of India’s most rapidly changing 
cities, where economic growth and infrastructure development risks destroying the supporting 
social-ecological system of water supply through man-made lakes. The papers described in the 
following section study the emergence, organization, and impact of environmental groups and 
citizen networks trying to prevent the loss of public spaces of greenery and water. 

Summary&of&papers&
Paper I describes citizen involvement in a network working on a range of environmental and 
social issues in Bangalore. Combining social network analysis and qualitative interview data, the 
study reveals tensions between building local legitimacy and a capacity for rapid collective action 
to influence authorities or protect fragmented greenery in the city. The results in low efficiency 
due to the loose structure and absence of active leadership; however, the network has show a 
capacity to channel strong citizen responses to development projects that threaten parks, lakes, and 
street trees. Rather than acting as an environmental NGO, it serves as a platform to empower and 
inform people regarding the rapid urban changes that take place around them. The findings in 
Paper I add to other studies on urban environmental stewardship (e.g. Ernstson et al. 2008, Holt 
et al. 2012, Connolly et al. 2013), and informs on how citizen involvement can manifest in a 
rapidly changing city (RQ1). With organizational features that enable bridging between diverse 
interest groups and facilitate engagement, the network is adapted to its social context and 
facilitates engagement from the transient dwellers of an urbanizing metropolis. 

In Paper II, the theoretical construct of rigidity traps (Carpenter and Brock 2008) is utilized to 
study adaptive capacity in Bangalore’s water supply system and the contribution of civic 
engagement in environmental stewardship. More specifically, the emergence of citizen-based lake 
restoration groups is analyzed in relation to city authorities’ emphasis on externalizing supply and 
centralizing distribution of water to the city’s inhabitants. The study draws on a framework for 
temporal emergence of trap dynamics (Boonstra and de Boer 2014). Findings point to a critical 
juncture in the 1960s that precipitated increased disuse and degradation of the city’s water bodies, 
along with the main supply of the city shifting to one main external source. Recent spread of 
citizen engagement, however, has brought attention to the lakes as multifunctional parts of the 
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urban landscape that are not only recreational areas (RQ1). Paper II shows that by relieving 
authorities with maintenance and monitoring tasks, lake groups incentivize the formal governance 
system to allow for approaches to water supply that integrates use and management to a higher 
extent than before. They thereby contribute to a shift in the social–ecological relations present in 
the water governance system (RQ2), and open up for new arrangements that could shift 
dependence from single and centralized to multiple and decentralized sources. The paper thereby 
illustrates how urban environmental stewardship activities may increase the sustainability of urban 
water bodies, and contribute to a vision that provides potential pathways out of trap dynamics. 

Discussion&
The insights in the previous section concern two aspects of urban environmental stewardship: the 
internal functioning and challenges of civic networks (Paper I); and the influence on government 
activities from citizen groups (Paper II). More broadly, the papers illustrate that stewardship 
initiatives can function very differently compared to formal management institutions in terms of 
capacity to focus or explore new solutions, how deliberations happen and decisions are made, and 
what the basic raison d’être is. Importantly, neither study argues that these differences imply that 
civic groups should replace authorities – rather, they identify ways in which they can complement 
agencies or in other ways contribute to the governance of public spaces, for example through co-
management agreements. 
Regarding how citizen involvement in urban environmental stewardship manifests itself (RQ1), 
both papers show that it relies directly on the legitimacy and trust that can be built with local 
communities. In Paper I, the prioritization of inclusiveness results in an open platform for 
information sharing and alerts, as well as a channel for engagement when urgent issues arise. 
Paper II on the other hand show that civic engagement has increased greatly once a few groups 
achieve results and thereby convince and educate other communities about how success can be 
possible. This platform and this model for lake restoration are two examples of how stewardship 
provides a channel, a format for engagement. This stewardship “infrastructure” is then drawn on 
to channel additional or new forms of engagement as it emerges. 
This is important since both studies indicate that actions are largely reactions; instead of broad 
mobilization of citizens based on planning from a central organization, the times when more 
widespread support is gathered is when a more or less urgent threat can be perceived (a metro 
project threatening a park in Paper I, or water scarcity paired with degraded lakes in Paper II). In 
rapidly changing cities such threats can emerge unexpectedly (even when they are an outcome of 
slowly accumulating change), but reactions could be channeled into collective action if there are 
shadow networks (sensu Olsson et al. 2006) or other types of stewardship infrastructure with the 
capacity to rapidly disseminate alerts, explore new solutions, and share information on effective 
modes of operating. In Paper II, this has enabled citizen groups to develop and spread a new 
collaborative form of lake management, which has broken the previous trend of centralizing the 
governance of water supply. This may have reduced what Carpenter and Brock (2008) describe as 
system rigidity, and rewired the reinforcing feedbacks that otherwise risks maintaining trap-like 
dynamics in a system (Boonstra and de Boer 2014). This shows that urban environmental 
stewardship actions can influence social–ecological relations in important ways (RQ2), and that 
interventions that alter biophysical form and function can indeed happen indirectly via 
government activities as suggested in Figure 1. 
Engaging in networks is typically motivated by a need to achieve outcomes that are not attainable 
individually (Provan and Kenis 2007). Environmental networks can generate benefits by 
facilitating the sharing of workloads, enabling rapid information sharing, and be a tool for 
monitoring of fragmented urban ecosystems (Hahn et al. 2006, Ernstson et al. 2008, Paper I). 
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These benefits illustrate how a stewardship infrastructure can facilitate the mobilization of 
individual engagement into collective action, with more effective outcomes in terms of 
interventions (Figure 1). Further, gaining access to multiple sources of knowledge can help identify 
novel ideas for addressing problems that conventional management institutions struggle with. This 
could be an important step to better incorporate multiple place meanings (Stedman 1999), and 
provide flexibility to attract broad support (Ernstson and Sörlin 2009) or lobby authorities more 
effectively (Connolly et al. 2013). 

While Paper II shows that citizen groups can influence social–ecological relations, RQ2 requires 
further attention. For example, environmental stewardship networks can sometimes contribute to a 
better fit between ecological and administrative processes (Olsson et al. 2004), and the 
relationship between biophysical environments and users, visitors, and managers matters for the 
development of stewardship attitudes (Chawla 1998). These topics concern the left side of the 
cycle in Figure 1 and will be addressed together with other questions below. 

Next#steps#
The papers in this thesis explore important aspects of urban environmental stewardship, but also 
point to key questions that remain to be answered. With civic engagement as an important part of 
interventions, a third research question emerges: 

3. Why do people in urban areas choose to engage in pro-environmental behavior (protection, 
restoration, management of ecosystems)?  

This question is important for understanding how the cycle in Figure 1 is completed, and could 
thereby also contribute to informing the broader discussion about the role of stewardship for 
“reconnecting to the biosphere”. Such a shift towards a “stewardship era” (Steffen et al. 2007) 
would involve mechanisms that not only changes large-scale governance of global 
biogeochemical processes, but also the cognitive and emotional bonds that people have with local 
environments, landscapes, and places (Krasny and Tidball 2012). Exchanges between the physical 
world, a social context, and a person’s own need, abilities, emotions, and interests produces 
environmental sensitivity which influences human behavior and actions (Chawla 1998). Using the 
term “biophilia”, Stedman & Ingalls (2014) similarly argue that activities aimed at greening an 
urban environment come from an innate love of the living. This often intersects with place 
attachment as the biotic environment are imporant for notions of place, “but there may be other 
elements – neighbors, social relationships, memories, landmarks, the built environment – that may 
be crucial as well” (Stedman & Ingalls, 2014:130).  
Importantly, place attachment emerges based on specific place meanings, and together the two 
concepts constitute a sense of place (Stedman 2002). Meanings are the narratives that emerge 
based on the biophysical features of a landscape (Stedman 2003, see Mosse 1997 for an Indian 
example), but are also subject to negotiation and manipulation (Ernstson and Sörlin 2009, Bell and 
York 2010). Physical and cognitive changes in landscapes can both destroy one’s sense of place 
and create new ones. Cronon (1991:367) shows how the rapid urbanization of Chicago “destroyed 
its residents’ sense of belonging to a place and community” (emphasis in original); not only by 
changing the local milieu but also the way it interacts with a vast hinterland beyond the city itself.  

In an ongoing review of the relevance of sense of place literature for research about social–
ecological systems, Stedman, Masterson, Enqvist et al. (ms) point out that stewardship can both 
strengthen and be strengthened by sense of place. They also emphasize the distinction between 
place meanings and place attachment as an important tool for studying pro-environmental 
behavior (e.g. Vorkinn and Riese 2001, Kyle et al. 2004), and understanding why the co-existence 
of multiple place meanings can both impede collective action and be a source of innovation and 
response diversity (e.g. Stedman 1999). This may be particularly relevant in cities, where 
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residence is often transient and the commitment of individuals who has neither past nor future in a 
place may rely on other factors than deep attachment (Bendt et al. 2013). The inclusive 
approaches and bridging capacity identified in Paper I could be an adaptation to this, which 
would allow different stakeholders to interact, acknowledge differences, and identify collaboration 
opportunities. Some of the questions identified by Stedman, Masterson, Enqvist et al. (ms) will 
therefore be addressed in the following. 
Three future papers will continue the integration of stewardship research (Figure 2) and together 
with the first two provide answers to the three research questions (Table 1). Paper III adds to 
previous studies about Bangalore’s lake groups (Luna 2014, Paper II) and focuses on how urban 
environmental stewardship groups emerge, spread, and scale up. Using qualitative interview data 
and geographical information about lake connectivity, it draws on methodologies for analyzing 
social–ecological networks (Bodin and Tengö 2012, Bodin et al. 2014) to relate stewardship 
activities to the physical features of the hydrological system. This is further related to theories of 
how innovation disperses (Abernethy et al. 2014). The objective is to better understand how 
stewardship manifests (RQ1), specifically how collective action multiplies and how groups 
collaborate in networks to intervene in the biophysical form of the landscape (Figure 2). Further, 
Paper II maps how stewardship and lake network structure are related (RQ2) in terms of 
geographical spread of initiatives as well as possible explanations for variation in success or 
restoration and maintenance. 

Intended contribution and timeline: Data collected and analysis underway; paper to be submitted 
in fall of 2015. I will be the main author and collaborate with members of the Bangalore project. 

As the first papers have demonstrated the importance of civic engagement, the final two will seek 
to engage more deeply with RQ3 and investigate how environmental experiences underpin 
stewardship actions, as suggested by Chawla (1999). Paper IV investigates the relationship 
between biophysical form and funtion, and environmental sensitivity and pro-environmental 
intentions (Figure 2). Particularly interesting are the attachments and meanings that urban dwellers 
associate to fragmented ecosystems in rapidly changing city landscapes, and which of these might 
underpin stewardship values expressed through e.g. protective behavior. The paper draws on 
interview and survey data to be collected at sites in New York, based on methods to be developed 
from sense of place research (e.g. Brown and Raymond 2007, Manzo and Devine-Wright 2013). 
The paper seeks to identify biophysical elements that carry important meanings and strong 
attachment for urban stewards, and thereby analyze the “ecology of sense of place” in order to 
inform how stewardship is influenced by social–ecological relations (RQ2). Attention will also be 
paid to the social context and the co-production of place meanings that may or may not influence 
pro-environmental engagement (Carrus et al. 2014), to form a fuller understanding of the 
motivation for steardship actions in cities (RQ3). 
Intended contribution and timeline:  Project to be developed in 2015 and carried out early 2016, 
in collaboration with sense of place scholars and colleagues studying urban environmental 
stewardship in New York. 

Paper V focuses primarily on RQ3’s motivations for pro-environmental behavior, i.e. 
understanding how and why environmental sensitivity sometimes translates into engagement and 
action (Figure 2). This paper integrates findings from multiple PhD projects that address 
motivations for stewardship from perspectives including economics, psychology, and social 
learning. It similarly draws on multiple sources of data: interview and survey data from civic 
groups, biosphere managers, and community gardeners; behavioral experiments about 
collaborative ecosystem management and uncertainty; as well as secondary information from 
environmental education practitioners. By comparing motivations of citizens monitoring lakes in 
Bangalore, staff working at nature reserves in Melbourne and Cape Town, people growing plants 
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Figure 2. Future steps (Paper III-V) will engage with aspects of stewardship that concern biophysical form 
and function, environmental sensitivity, and individual engagement. 
 

 
 

# RQ1#–#Stewardship#
How#does#citizen#involvement#in#

urban#environmental#
stewardship#manifest#itself?#

RQ2#–#Relations#
How#is#urban#environmental#

stewardship#influencing#and#influenced#
by#social–ecological#relations?#

RQ3#–#Motivation#
Why#do#people#in#different#

urban#areas#choose#to#engage#
in#proJenvironmental#behavior?#

Paper#I# X& & &

Paper#II# X& X& &

Paper#III# X& X& &

Paper#IV# & X& X&

Paper#V# & & X&

Table 1. Three research questions, and the contribution of two completed and three planned papers. 

Paper#III#

Paper#IV#

Paper#V#
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and vegetables on roofs in New York, and experiment participants cooperating to maximize 
returns, the aim is to synthesize insights about the mechanisms that does or does not lead to pro-
environmental actions. While we do not expect to find simple or generalizable answers, we hope 
that the rich and varied material will enable us to identify some key points that underpin 
environmental care and stewardship at an individual level. 

Intended contribution and timeline: This paper draws on already collected data, but will require 
further development that will happen during the end of 2016. I will work closely with fellow PhD 
students Simon West, Caroline Schill, and Matteo Giusti. 

Conclusions&
This thesis proposes a framework for studying urban environmental stewardship, and contributes 
to a better understanding of civic engagements in collective action and influence on the capacities 
of governance systems. 

• The structure of social networks matters for the type of activities that can be carried out in 
urban environmental stewardship. Prioritizing legitimacy among members can inhibit 
efficient results in the short term, but instead create a capacity to channel public reactions 
when threats to public greenery arise. 

• Local initiatives can identify and articulate new ways of integrating ecosystem use and 
management that goes against conventional approaches. This can serve as an asset in 
systems that are trapped in unsustainable states, by demonstrating success and rewiring the 
social–ecological feedbacks that create the trap. 

• Citizen groups and networks can perform functions that differ from and sometimes 
complement those of formal institutions responsible for urban ecosystem functioning. This 
can improve governance either through scrutinizing the work of authorities, or by 
incentivizing new approaches that better integrate local needs and conditions. 

Acknowledgements&
Many thanks to the kind support and help from my supervisor Maria Tengö, as well as timely 
input from co-supervisors Örjan Bodin and Beppe Karlsson. Bangalore has my gratitude for two 
wonderful field trips, with over one hundred very kind and patient interviewees. Harini Nagendra, 
Derick Anil and Bhagyalakshmi Srinivas also helped me greatly. 
Warmest thank you to the incredible PhD cohort I am lucky enough to be a part of. 

This thesis is funded by Sida and Stockholm Resilience Centre grants.  



 

!
11 

References&

Abernethy, K. E., Ö. Bodin, P. Olsson, Z. Hilly, and A. Schwarz. 2014. Two steps forward, two 
steps back: The role of innovation in transforming towards community-based marine 
resource management in Solomon Islands. Global Environmental Change 28:309–321. 

Ansell, C. K. 2003. Community embeddedness and collaborative governance in the San Francisco 
Bay Area environmental movement. Pages 123–144 in M. Diani and D. McAdam, editors. 
Social Movements and Networks. Relational Approaches to Collective Action. Oxford 
University Press, Oxford, UK. 

Asah, S. T., and D. J. Blahna. 2012. Practical implications of understanding the influence of 
motivations on commitment to voluntary urban conservation stewardship. Conservation 
biology 27:866–75. 

Barthel, S., C. Folke, and J. Colding. 2010. Social–ecological memory in urban gardens — 
Retaining the capacity for management of ecosystem services. Global Environmental Change 
20:255–265. 

Bell, S. E., and R. York. 2010. Community Economic Identity: The Coal Industry and Ideology 
Construction in West Virginia. Rural Sociology 75:111–143. 

Bendt, P., S. Barthel, and J. Colding. 2013. Civic greening and environmental learning in public-
access community gardens in Berlin. Landscape and Urban Planning 109:18–30. 

Berkes, F. 2004. Rethinking community-based conservation. Conservation Biology 18:621–630. 

Berkes, F. 2010. Shifting Perspectives on Resource Management: Resilience and the 
Reconceptualization of “Natural Resources” and “Management.” MAST 9:13–40. 

Bodin, Ö., B. Crona, M. Thyresson, A.-L. Golz, and M. Tengö. 2014. Conservation Success as a 
Function of Good Alignment of Social and Ecological Structures and Processes. 
Conservation Biology 28:1371–1379. 

Bodin, Ö., and M. Tengö. 2012. Disentangling intangible social–ecological systems. Global 
Environmental Change 22:430–439. 

Boonstra, W. J., and F. W. de Boer. 2014. The historical dynamics of social-ecological traps. 
Ambio 43:260–74. 

Borgatti, S. P., A. Mehra, D. J. Brass, and G. Labianca. 2009. Network analysis in the social 
sciences. Science 323:892–895. 

Brown, G., and C. Raymond. 2007. The relationship between place attachment and landscape 
values: Toward mapping place attachment. Applied Geography 27:89–111. 

Carlsson, L., and A. Sandström. 2008. Network governance of the commons. International Journal 
of the Commons 2:33–54. 

Carpenter, S. R., and W. A. Brock. 2008. Adaptive Capacity and Traps. Ecology and Society 13. 



 

!
12 

Carrus, G., M. Scopelliti, F. Fornara, M. Bonnes, and M. Bonaiuto. 2014. Place Attachment, 
Community Identification, and Pro-Environmental Engagement. in L. C. Manzo and P. 
Devine-Wright, editors. Place Attachment - Advances in Theory, Methods and Applications. 
Routledge, Oxon, Canada. 

Chapin, F. S., S. R. Carpenter, G. P. Kofinas, C. Folke, N. Abel, W. C. Clark, P. Olsson, D. M. S. 
Smith, B. Walker, O. R. Young, F. Berkes, R. Biggs, J. M. Grove, R. L. Naylor, E. Pinkerton, 
W. Steffen, and F. J. Swanson. 2010. Ecosystem stewardship: sustainability strategies for a 
rapidly changing planet. Trends in ecology & evolution 25:241–9. 

Chapin, F. S., G. P. Kofinas, C. Folke, S. R. Carpenter, P. Olsson, N. Abel, R. Biggs, R. L. 
Naylor, E. Pinkerton, D. M. S. Smith, W. Steffen, B. Walker, and O. R. Young. 2009. 
Resilience-Based Stewardship: Strategies for Navigating Sustainable Pathways in a Changing 
World. Pages 319–337 in F. S. Chapin, III, G. P. Kofinas, and C. Folke, editors. Principles of 
Ecosystem Stewardship - Resilience-Based Natural Resource Management in a Changing 
World. Springer, Amsterdam. 

Chapin, F. S., S. T. a. Pickett, M. E. Power, R. B. Jackson, D. M. Carter, and C. Duke. 2011. Earth 
stewardship: a strategy for social–ecological transformation to reverse planetary degradation. 
Journal of Environmental Studies and Sciences 1:44–53. 

Chawla, L. 1998. Significant Life Experiences Revisited: A Review of Research on Sources of 
Environmental Sensitivity. The Journal of Environmental Education 29:11–21. 

Chawla, L. 1999. Life Paths Into Effective Environmental Action. The Journal of Environmental 
Education 31:15–26. 

Colding, J., J. Lundberg, and C. Folke. 2006. Incorporating green-area user groups in urban 
ecosystem management. Ambio 35:237–244. 

Connolly, J. J., E. S. Svendsen, D. R. Fisher, and L. K. Campbell. 2013. Organizing urban 
ecosystem services through environmental stewardship governance in New York City. 
Landscape and Urban Planning 109:76–84. 

Cornell, S., F. Berkhout, W. Tuinstra, J. D. Tàbara, J. Jäger, I. Chabay, B. de Wit, R. Langlais, D. 
Mills, P. Moll, I. M. Otto, A. Petersen, C. Pohl, and L. van Kerkhoff. 2013. Opening up 
knowledge systems for better responses to global environmental change. Environmental 
Science & Policy 28:60–70. 

Cronon, W. 1991. Nature’s Metropolis: Chicago and the Great West. W. W. Norton & Company, 
Inc., New York, USA. 

Diani, M., and D. McAdam. 2003. Social movements and networks: Relational approaches to 
collective action. Oxford, UK. 

Ernstson, H., and S. Sörlin. 2009. Weaving protective stories: connective practices to articulate 
holistic values in the Stockholm National Urban Park. Environment and Planning A 
41:1460–1479. 



 

!
13 

Ernstson, H., S. Sörlin, and T. Elmqvist. 2008. Social movements and ecosystem services — the 
role of social network structure in protecting and managing urban green areas in Stockholm. 
Ecology and Society 13:39. 

Falkenmark, M., and C. Folke. 2009. Ecohydrosolidarity!: A New Ethics for Stewardship of 
Value-Adding Rainfall. Pages 247–264 Water. 

Folke, C., S. R. Carpenter, B. Walker, M. Scheffer, T. Chapin, and J. Rockström. 2010. Resilience 
Thinking: Integrating Resilience, Adaptability and Transformability. Ecology and Society 15. 

Folke, C., Å. Jansson, J. Rockström, P. Olsson, S. R. Carpenter, F. S. Chapin, A.-S. Crépin, G. 
Daily, K. Danell, J. Ebbesson, T. Elmqvist, V. Galaz, F. Moberg, M. Nilsson, H. Österblom, 
E. Ostrom, Å. Persson, G. Peterson, S. Polasky, W. Steffen, B. Walker, and F. Westley. 
2011. Reconnecting to the Biosphere. Ambio 40:719–738. 

Galaz, V., F. Biermann, B. Crona, D. Loorbach, C. Folke, P. Olsson, M. Nilsson, J. Allouche, Å. 
Persson, and G. Reischl. 2012. “Planetary boundaries”-exploring the challenges for global 
environmental governance. Current Opinion in Environmental Sustainability 4:80–87. 

Grimm, N. B., S. H. Faeth, N. E. Golubiewski, C. L. Redman, J. Wu, X. Bai, and J. M. Briggs. 
2008. Global change and the ecology of cities. Science 319:756–60. 

Hahn, T., P. Olsson, C. Folke, and K. Johansson. 2006. Trust-building, knowledge generation and 
organizational innovations: the role of a bridging organization for adaptive comanagement of 
a wetland landscape around Kristianstad, Sweden. Human Ecology 34:573–592. 

Holling, C. S., and G. K. Meffe. 1996. Command and Control and the Pathology of Natural 
Resource Management. Conservation Biology 10:328–337. 

Holt, A. R., P. Moug, and D. N. Lerner. 2012. The Network Governance of Urban River 
Corridors. Ecology and Society 17. 

Karvonen, A. 2010. MetronaturalTM: Inventing and reworking urban nature in Seattle. Progress in 
Planning 74:153–202. 

Karvonen, A., and K. Yocom. 2011. The civics of urban nature: enacting hybrid landscapes. 
Environment and Planning A 43:1305–1322. 

Krasny, M. E., and K. G. Tidball. 2012. Civic ecology: a pathway for Earth Stewardship in cities. 
Frontiers in Ecology and the Environment 10:267–273. 

Kyle, G., A. Graefe, R. Manning, and J. Bacon. 2004. Effects of place attachment on users’ 
perceptions of social and environmental conditions in a natural setting. Journal of 
Environmental Psychology 24:213–225. 

Ludwig, D. 2001. The Era of Management Is Over. Ecosystems 4:758–764. 

Luna, F. 2014. Transformation of urban lake governance in Bangalore, India. Stockholm 
University, Sweden. 



 

!
14 

Manzo, L. C., and P. Devine-Wright. 2013. Place Attachment: Advances in Theory, Methods and 
Application. (L. C. Manzo and P. Devine-Wright, Eds.). Routledge, Oxon, Canada. 

Mosse, D. 1997. The Symbolic Making of a Common Property Resource: History, Ecology and 
Locality in a Tank-irrigated Landscape in South India. Development and Change 28:467–
504. 

Nassauer, J. I. 2011. Care and stewardship: From home to planet. Landscape and Urban Planning 
100:321–323. 

Ogden, L., N. Heynen, U. Oslender, P. West, K.-A. Kassam, and P. Robbins. 2013. Global 
assemblages, resilience, and Earth Stewardship in the Anthropocene. Frontiers in Ecology 
and the Environment 11:341–347. 

Olsson, P., and C. Folke. 2001. Local ecological knowledge and institutional dynamics for 
ecosystem management: A study of Lake Racken watershed, Sweden. Ecosystems 4:85–104. 

Olsson, P., C. Folke, V. Galaz, T. Hahn, and L. Schultz. 2007. Enhancing the Fit through 
Adaptive Co-management: Creating and Maintaining Bridging Functions for Matching 
Scales in the Kristianstads Vattenrike Biosphere Reserve, Sweden. Ecology and Society 12. 

Olsson, P., C. Folke, and T. Hahn. 2004. Social-Ecological Transformation for Ecosystem 
Management: the Development of Adaptive Co-management of a Wetland Landscape in 
Southern Sweden. Ecology and Society 9. 

Olsson, P., L. H. Gunderson, S. R. Carpenter, P. Ryan, L. Lebel, C. Folke, and C. S. Holling. 
2006. Shooting the rapids: navigating transitions to adaptive governance of social-ecological 
systems. Ecology and Society 11:18. 

Ostrom, E. 1990. Governing the commons: The evolution of institutions for collective action. 
Cambridge University Press, Cambridge, MA, USA. 

Plieninger, T., C. Bieling, N. Fagerholm, A. Byg, T. Hartel, P. Hurley, C. a López-Santiago, N. 
Nagabhatla, E. Oteros-Rozas, C. M. Raymond, D. van der Horst, and L. Huntsinger. 2015. 
The role of cultural ecosystem services in landscape management and planning. Current 
Opinion in Environmental Sustainability 14:28–33. 

Provan, K. G., and P. Kenis. 2007. Modes of network governance: structure, management, and 
effectiveness. Journal of Public Administration Research and Theory 18:229–252. 

Rathwell, K. J., and G. D. Peterson. 2012. Connecting social networks with ecosystem services for 
watershed governance: A social-ecological network perspective highlights the critical role of 
bridging organizations. Ecology and Society 17. 

Rittel, H. W. J., and M. M. Webber. 1973. Dilemmas in a general theory of planning. Policy 
Sciences 4:155–169. 

Rockström, J., W. Steffen, K. Noone, Å. Persson, F. S. Chapin, E. F. Lambin, T. M. Lenton, M. 
Scheffer, C. Folke, H. J. Schellnhuber, B. Nykvist, C. A. de Wit, T. Hughes, S. E. van der 
Leeuw, H. Rodhe, S. Sörlin, P. K. Snyder, R. Costanza, U. Svedin, M. Falkenmark, L. 



 

!
15 

Karlberg, R. W. Corell, V. J. Fabry, J. Hansen, B. Walker, D. Liverman, K. Richardson, P. 
Crutzen, and J. A. Foley. 2009. A safe operating space for humanity. Nature 461:472–275. 

Rozzi, R., F. S. Chapin, J. Pickett, S. T. A. Baird Callicott, M. E. Power, J. J. Armesto, and R. H. 
May. 2015. Earth Stewardship: Linking Ecology and Ethics in Theory and Practice. Springer. 

Scannell, L., and R. Gifford. 2010. The relations between natural and civic place attachment and 
pro-environmental behavior. Journal of Environmental Psychology 30:289–297. 

Schultz, L., A. Duit, and C. Folke. 2011. Participation, Adaptive Co-management, and 
Management Performance in the World Network of Biosphere Reserves. World 
Development 39:662–671. 

Secretariat of the Convention on Biological Diversity (CBD). 2012. Cities and Biodiversity 
Outlook. Montreal. 

Stedman, R. C. 1999. Sense of place as indicator of community sustainability. The Forestry 
Chronicle 75:765–770. 

Stedman, R. C. 2002. Toward a Psychology of Place: Predicting Behavior From Place-Based 
Cognitions, Attitude, and Identity. Environment and Behavior 34:561–581. 

Stedman, R. C. 2003. Is It Really Just a Social Construction?: The Contribution of the Physical 
Environment to Sense of Place. Society & Natural Resources 16:671–685. 

Stedman, R. C., and M. Ingalls. 2014. Topophilia, Biophilia and Greening in the Red Zone. Pages 
129–143 in K. G. Tidball and M. E. Krasny, editors. Greening in the Red Zone: Disaster, 
Resilience, and Community Greening. Springer Netherlands, Dordrecht. 

Stedman, R. C., V. Masterson, J. Enqvist, M. Giusti, M. Tengö, D. Wahl, and U. Svedin. 
(Manuscript). Sense of Place and Resilience in Social-Ecological Systems: An Integrative 
Framework and Research Agenda. 

Steffen, W., J. Crutzen, and J. R. McNeill. 2007. The Anthropocene: are humans now 
overwhelming the great forces of Nature? Ambio 36:614–21. 

Tidball, K. G., M. E. Krasny, E. Svendsen, L. Campbell, and K. Helphand. 2010. Stewardship, 
learning, and memory in disaster resilience. Environmental Education Research 16:591–609. 

UN Habitat. 2008. State of the world’s cities 2010/2011: bridging the urban divide. Earthscan, 
London, UK. 

Vorkinn, M., and H. Riese. 2001. Environmental Concern in a Local Context: The Significance of 
Place Attachment. Environment and Behavior 33:249–263. 

Welchman, J. 2012. A Defence of Environmental Stewardship. Environmental Values 21:297–
316. 

 



 

!
16 

  



 

!
17 

#

#

#

#

Paper#I#
 

Citizen&networks&in&the&Garden&City:&
Protecting&urban&ecosystems&in&rapid&urbanization&

 



 

!
18 

 



Landscape and Urban Planning 130 (2014) 24–35

Contents lists available at ScienceDirect

Landscape  and  Urban  Planning

j  o  ur na l  ho me pag e: www.elsev ier .com/ locate / landurbplan

Research  Paper

Citizen  networks  in  the  Garden  City:  Protecting  urban  ecosystems  in
rapid  urbanization

Johan  Enqvist ∗, Maria  Tengö,  Örjan  Bodin
Stockholm Resilience Centre, Stockholm University, SE-10691 Stockholm, Sweden

h  i g  h l  i g h t  s

• A  citizen  network  provides a  platform for  urban  environmental stewardship  in India.
• Key  activities  include monitoring  both  authorities  and  fragmented urban  ecosystem.
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a  b  s  t  r a  c t

Citizen  groups  can  be important  actors  in urban  environmental stewardship, and  network structure  often
influences  function  and performance.  However,  most previous  studies  focus  on cities  in “developed”
countries,  thereby overlooking conditions relevant for  the  parts  of the  planet  where  most  people  live and
most  urban  growth is expected.  This  paper describes a citizen  network  engaged in environmental  issues
in Bangalore,  India, where  rapid  urbanization puts pressure  on conventional management  structures  as
well  as the  ecosystems providing benefits for  the  city’s inhabitants.  The  study  uses  a  mixed  methods
approach  of qualitative  interviews  and  social  network  analysis. Results  show that  the  citizen network
functions  as  a platform that  enables interaction  between diverse interest  groups,  and  as  a watchdog that
monitors  parks, lakes and  trees  to prevent  further  loss  of fragmented urban  ecosystems.  The network’s
activities  are  influenced  by  internal  tensions  between inclusiveness  and efficiency,  and between  inter-
nal  and  external legitimacy.  Although  core  actors  have  central network  positions,  strong leadership  or
political  alliances  are  not considered  important;  members  instead  prefer  to emphasize  transparency  and
democratic  participation.  This  limits the  capacity  to act  collectively  on  controversial  issues,  but  creates
an  inclusive  forum  that  bridges  between groups  in the  heterogeneous and  dynamic  population.  This  is
important  for  monitoring  Bangalore’s  fragmented ecosystems and for  raising public awareness  and  sup-
port.  Findings  indicate  an urgent need  to  develop  a comprehensive  framework  for  urban environmental
stewardship,  to  better describe  potential  roles of citizens  in  governance  across diverse social,  political
and  ecological  conditions,  and during  different  periods  of urban change.

© 2014  The Authors.  Published by  Elsevier  B.V.  This  is an  open access article  under the  CC  BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).

1. Introduction

Structural aspects of how network members interact have been
shown to matter for civil society organizations (Diani & Bison,
2004), as well as public management and governance systems
(Kickert, Klijn, & Koppenjan, 1997). Social Network Analysis (SNA)
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is  increasingly applied to study natural resource management and
complex social–ecological systems (Bodin & Prell, 2011; Carlsson &
Sandström, 2008; Crona & Bodin, 2006; see also Ogden et al., 2013),
as well as to how citizens and civic groups can influence the protec-
tion of urban ecosystems (Connolly, Svendsen, Fisher, & Campbell,
2013; Ernstson, Barthel, Andersson, & Borgström, 2010; Ernstson,
Sörlin, & Elmqvist, 2008; Holt, Moug, & Lerner, 2012). However,
these studies on urban environmental stewardship focus only on
a Northern “developed country” context. As recently observed by
McHale, Bunn, Pickett, & Twine (2013), there is  a  need to expand
the understanding to and address challenges in the global South,
where rising levels of urbanization in the coming decades are
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expected to challenge the capacity of urban ecosystems to  support
human wellbeing of all inhabitants (MA,  2005; TEEB, 2011). Cities
can be crucial biodiversity hotspots, important for the mainte-
nance of local ecosystem services such flood protection, pollination,
recreation, and cooling (CBD, 2012). Increased urbanization implies
competition between remaining green spaces and other land uses,
which makes management of the service-generating ecosystems
particularly complex.

This is evident in  Bangalore, India, where shifting administra-
tive control and geographical expansion of city boundaries happen
against a  backdrop of rapid population growth and social inequal-
ities. The city’s struggle to accommodate needs for infrastructure
and settlements has had serious consequences for the city’s trees,
parks, lakes and other urban ecosystems (D’Souza & Nagendra,
2011). Future challenges such as water scarcity and temperature
increases related to  climate change are likely to be exacerbated
further if more trees and lakes are  lost (Nagendra, Sudhira, Katti,
Tengö, & Schewenius, 2012). The ongoing urbanization in  Bangalore
is severing important links between citizens and urban ecosys-
tems, both by reducing the ecosystem’s capacity to  provide benefits
for human wellbeing, but also by  limiting people’s participation in
management and protection of these green spaces.

Many Bangaloreans are critical of ongoing developments and
participate actively in  various civil society groups. This study
describes a citizen network created in 2005. It  is an informal group,
and to  reduce its exposure this paper uses the pseudonym Green
Life. Green Life has both organizations and individuals as members
and the group is primarily held together by  an email list with about
850 people (as of 2012). Apart from sharing information and opin-
ions online, some members also participate in informal meetings
and organize actions depending on current developments in the
city. Green Life members have worked on a  broad range of issues
related to urban governance and has used a  variety of approaches
including mobilizing street protests, physically preventing tree cut-
ting, and raising public awareness and engaging communities in
neighborhood governance. This study focuses primarily on Green
Life’s role in urban environmental stewardship,  defined by Connolly
et al. (2013:76) as “work to conserve, manage, monitor, restore,
advocate for, and educate the public about a wide range of issues
relating to sustaining the environment”. Citizen groups are not the
only actors involved in  such work, but there is a lack of research
on their role – particularly in  cities in  the global South. This study
therefore contributes important insights into the protection and
management of urban green spaces in developing countries, where
most urbanization and related economic, institutional and ecologi-
cal challenges are expected to occur in  coming decades (UN Habitat,
2008).

1.1. Social network functioning

Green Life, as a network, consists of social relations whose struc-
ture is an important component of the analysis in this study. The
following section gives a  brief overview of how previous theoret-
ical and empirical work on environmental governance and social
network analysis relate to  the present study. A more thorough
description can be  found in Enqvist (2012).

Members’ participation in Green Life is likely to be related to
the capacity of networks to  enable interaction among actors and
generate a  greater diversity of ideas, knowledge and resources
(Kickert et al., 1997; McCarthy & Zald, 1977). This capacity
will depend Green Life’s ability to  transmit information, allow-
ing members to access easily information and knowledge; and
facilitate deliberations, enabling members to equally take part in
the exchange of ideas regardless of background or power rela-
tions (Newig, Pahl-Wostl, & Günther, 2010). Participating in Green
Life will be attractive to members if it is effective in generating

Table 1
Tensions in network functioning and their relation to various structural
characteristics.

Tensions Impact from network structure

Efficiency vs.
Inclusiveness

Closure. A centralized network structure
favors efficiency by  strengthening leadership
and facilitating coordination (Bodin et al.,
2006; Provan &  Kenis, 2007), particularly
closeness centralization (Freeman, 1979).
Heterogeneity.  Both member diversity and
size are indicators for inclusiveness. Also, size
reduces efficiency as more members take more
time to coordinate (Provan & Kenis, 2007).

Internal vs. External
legitimacy

Closure.  Centralization. Favors external
legitimacy as central actors can represent the
whole network, while internal legitimacy is
reduced since members tend to  prefer
decentralized structures (Provan &  Kenis,
2007).  In-degree indicates popularity
(Freeman, 1979).
Heterogeneity.  Size favors external legitimacy
as more members indicate greater public
support (Ansell & Gash, 2007).

“positive network-level outcomes that could not normally be
achieved by individual organizational participants acting indepen-
dently” (Provan & Kenis, 2007:230). Effective functioning can be
impeded by internal network tensions. This can occur between effi-
ciency and inclusiveness,  which means that if Green Life members
prioritize equal participation and transparency, the network can
become less efficient in terms of action, and vice versa. Effectiveness
also requires a  balance between Green Life’s internal and external
legitimacy,  a tension implying that accurately representing mem-
bers’ interests has to be weighed against the need to  speak with one
voice when interacting with outsiders (Provan & Kenis, 2007). There
is  also a  potential tension between flexibility and stability (Provan
& Kenis, 2007)  that is not analyzed in  this study, partly because it
would require longitudinal data and Green Life is a  relatively young
network.

For Green Life to  influence Bangalore’s formal decision-makers,
its representatives should preferably be able to demonstrate sup-
port from a  broad membership base (Ernstson et al., 2008). On the
other hand, members can perceive collaborations with politicians
as controversial if they risk co-opting the movement (Ansell, 2003)
– proper internal representation from a  broader set of grassroots
stakeholders is sometimes more important for a  group’s legiti-
macy than political contacts (Holt et al., 2012). One way to balance
this can be to adopt a  bi-modal approach of alternating between
collaboration and confrontation with authorities (Connolly et al.,
2013). Findings from Europe and North America suggest that mem-
bers of environmental networks like Green Life tend to  consist of
a densely connected core and larger group of peripheral actors
(Ansell, 2003; Diani & Bison, 2004; Ernstson et al., 2008). Such a
structure could facilitate a  “division of labor” in Green Life, where
core actors interact with decision-makers and the political process
and the peripheral actors focus on grassroots activities (Diani, 1995;
Ernstson et al., 2008; Hahn, Olsson, Folke, & Johansson, 2006).

This study measures network features such as core–periphery
structure to help identify key functions in Green Life. The employed
SNA approach builds on previous theoretical and empirical work
(Carlsson & Sandström, 2008; Holt et al., 2012; Sandström & Rova,
2010a, 2010b) that uses two broad categories of network charac-
teristics: closure and heterogeneity.  These characteristics relate in
different ways to the Green Life’s functioning and internal tensions,
as summarized in Table 1 and described in more detail in Appendix
A (see also Enqvist, 2012). Some previous research (e.g. Burt, 2000;
Carlsson & Sandström, 2008; Newman & Dale, 2005)  suggest that
Green Life would benefit from a centralized structure that balances
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density in a  core group with bridging links to  external resources and
information. However, finding a single optimal model for each case
might not be possible (Crona & Bodin, 2006). This study instead uses
SNA to identify crucial issues that need attention given the particu-
lar structure of Green Life. This is particularly important to bear in
mind as this study applies SNA in an under-researched context; the
behavior of members of the Green Life network is  likely to depend
considerably on Bangalore’s specific social, political and ecological
context.

1.2. Aim and research questions

By exploring how citizens engage in a network to work for the
protection of Bangalore’s green spaces, this study aims at better
understanding the role and potential for civic involvement in urban
environmental stewardship under conditions of rapid urbaniza-
tion. More specifically, it will address the following questions:

1. What are the key activities of Green Life and its members for
urban environmental stewardship in  the rapidly transforming
city of Bangalore?

2. Who  participates in the network and how are the social relations
structured?

3. What organizational characteristics do  members of the network
perceive as important for it to function effectively?

4. How do these key activities, network structure and organiza-
tional characteristics relate to effective network functioning for
urban environmental stewardship in  the city of Bangalore?

To address these questions, two types of information were col-
lected: first, qualitative interviews with members of Green Life,
describing activities and performance; second, quantitative data
describing the relationships between the members of the network.
Based on Provan and Kenis’ (2007) definition of effectiveness (see
above) the study combines SNA (Scott, 2000) with network gover-
nance theory (Provan & Kenis, 2007)  to analyze structural qualities
and effectiveness in urban environmental stewardship.

Based on the findings, civic involvement in Green Life is  com-
pared to similar cases in  different socio-political and ecological
contexts (Connolly et al., 2013; Ernstson et al., 2008; Holt et al.,
2012), and further related to  theories about functions and internal
tensions inherent to network governance (Ernstson et al., 2010;
Newig et al., 2010; Provan & Kenis, 2007). This analysis is used to
identify and discuss key functions of urban environmental stew-
ardship that are important for addressing the complexity of urban
ecosystem management.

2. Methods

2.1. Case study

Green Life was initiated in 2005 as a reaction against encroach-
ment on urban greenery in  Bangalore. Formerly the “Garden
City” of India, Bangalore was once known for its many trees,
parks, lakes and village groves. During the last few decades it
has undergone changes on a scale that few had projected and
some asses it to be among the fastest growing cities in  the world
(Sudhira, Ramachandra, & Subrahmanya, 2007). The decades since
independence show an exponential population increase (Fig. 1),
reaching 8.4 million in  2011 (Government of India, 2011). Simul-
taneously, administrative reorganizations have centralized the
management of many urban ecosystems previously under the care
of village communities, and both green spaces and water bod-
ies have been converted to other land uses (D’Souza & Nagendra,
2011; Sudhira et al., 2007). These changes have been contested,

Fig. 1.  The population growth rate in Bangalore is increasing. Based on data from
Government of India (2011) and Sudhira et al. (2007).

and many Bangaloreans participate actively in different civil soci-
ety organizations and citizen groups. Nationwide programs such as
the Jawaharlal Nehru National Urban Renewal Mission encourages
reformation of governing institutions and a focus on community
participation; however, changes have been slow and much of Ban-
galore’s administrations still operates without involving the public
(Sudhira et al., 2007).

Green Life was started as a  way  for individuals to  engage and
coordinate efforts regarding the protection of  urban greenery and
public spaces, but also related governance issues. It is primarily
web-based, with an email list  in English that includes people who
are often also engaged in  other groups or organizations. As such,
it is not  a  registered organization but rather a network that con-
nects people and groups informally. This study focuses on Green
Life because it has directly or indirectly engaged with the whole
range of issues under urban environmental stewardship – con-
servation, management, monitoring, restoration, advocacy, and
education (Connolly et al., 2013). It has also received official recog-
nition as a  representative of Bangalore’s citizens; after protests and
legal action regarding road widening and tree felling, state courts
ordered municipal authorities to  start consulting Green Life every
time a tree is  to be cut  (The High Court of Karnataka, 2005). How-
ever, Green Life is  only one of several examples of  civic engagement
in Bangalore, which means that the results of  this study cannot
be assumed to apply to all groups working on similar issues. Still,
the chosen case study provides an important contribution to  fill-
ing the identified research gap, regarding the role of citizen groups
in  urban environmental stewardship in rapidly urbanizing cities in
the global South.

2.2. Definitions and boundaries

Although Green Life’s members are both individuals and orga-
nizations this study defines network actors as individual persons,
for two  reasons: the SNA is likely to  be more accurate when nodes
represent similar objects; and, second, interactions in Green Life
typically take place informally between individuals, rather than
formally between organizations. Network links are defined as con-
tacts that each member sees as their most important, regarding the
Green Life-related issues that they are most concerned with. This
means that each link is  directed: the “sender” of the link sees the
“receiver” as one of their most important contacts.
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There is  no official definition or consistent view among respon-
dents of who is  a  member of Green Life. Marsden (1990) identifies
three methods for defining network members, based on different
criteria: (1) attributes, (2) events, and (3) relations. These are  used
in this study as a  basis for defining case-specific criteria, as listed
below, in order to  identify a coherent network for the SNA. This is
referred to  as “the GL network” or simply “GL”, while “Green Life”
refers to  the broader movement. A relevant basic actor attribute (1)
is to be  subscribing to the Green Life email list (1a). This generates
about 850 tentative members. Among these, active members to  be
included in  the GL network qualify by meeting at least one of four
additional criteria:

• Actor attribute (1b): being or having been appointed to specific
administrative tasks.

• Participating in  events (2): taking part in information exchange
by sending at least 1% of the emails on the list.

• Social relations (3): being mentioned at least once as a most
important contact of another active member.

Because of the large number of email subscribers and the pos-
sibility of important members not being identified by Marsden’s
criteria, the authors defined a  safeguarding fourth criterion using
the input from six key informants with in-depth knowledge of
Green Life (the present unofficial coordinator of Green Life; a  pre-
vious coordinator; representatives from each of the three main
member organizations; and a  researcher who has interacted with
the network):

• Safeguard criteria (S): being mentioned by a key informant as
someone who should be included in  the study.

Thus, an “active member” of Green Life is defined as an individ-
ual that meets criterion (1a), and at least one of criteria (1b), (2),
(3) or (S). Each active member is represented by a  node in  the GL
network, and this network is defined as consisting of these nodes
and no other.

2.3. Data collection

A small initial study was carried out to  get a  broad understanding
of Green Life and to  identify active members according to crite-
ria (1b) and (2). Eleven people were identified as having particular
tasks (1b) and nineteen people each sent at least eight emails from
August 2011 to January 2012, thereby exceeding 1% of the circa 750
emails sent during that period (2).

During the subsequent interviews, forty people were mentioned
as a  most important contact at least once (criterion 3). The key
informants suggested five individuals (criterion S).  The final sample
includes forty-three GL members, with several members qualifying
by more than one criterion. Another seven identified active mem-
bers either declined to be interviewed or could not be reached,
but since they qualified by the set criteria they are still included
in the SNA. This gives an overall response rate of 86%, which is
similar to  several other studies (e.g. Crona & Bodin, 2006: 83%;
Ernstson et al., 2008: 79%; Stein, Ernstson, &  Barron, 2011: 90%),
and is  considered to have sufficient reliability for carrying out
the SNA. In addition to interviews, direct observation of online
forum emails and discussions was carried out from August 2011
to May  2012 in order to follow specific campaigns, events and
interactions.

Forty-three interviews were carried out during November
2011–January 2012. Most were done face to face, but  for seven
interviews phone or internet-based communication was  used at
the respondents’ request. Interviews were conducted one at a  time,

Table 2
Main themes during interviews.

Theme Type of questions asked

Personal information Name, Occupation, Geographical origin, etc.
T1.  Respondent’s

involvement in
Green Life

What is  Green Life?
What issues is Green Life working with?
When and why did you join Green Life?
What issues are you mainly concerned with
now?
What are your reasons for being a  member of
Green Life now?

T2.  Most important
contacts

Who  would you say are your most  important
contacts in Green Life, regarding the  issues you
are most concerned with?
Are  there people outside Green Life that you
also consider to  be similarly important? Who
are they?

T3.  Relation to groups
outside Green Life

What is  your level of interaction with -
environmental groups? (local, national,
international)
-  urban cultivation groups? (e.g. tree planting,
gardening, urban cultivation)
-  nature groups? (e.g. bird-watching, trekking,
other outdoor activities)
-  citizen groups? (e.g. resident welfare
associations, human rights groups, urban
activist groups, other)
-  researchers? (e.g. ecology, natural science,
social science, technology, other)
-  city authorities? (e.g. planning &
development, transport & infrastructure, water
management, other)
-  state authorities? (e.g. forestry &
environment, public health, pollution control,
other)
-  news media? (papers, TV, radio)
-  cultural groups? (e.g. theater groups,
musicians, artists, other)
-  discussion forums? (on or off the Internet)
-  other groups?

T4.  Green Life’s
performance

What are Green Life’s most important
achievements?
What are the main challenges–internally,
externally?
What do you think is needed to  deal with these
challenges?

all in  English, which posed no apparent problem to  the respon-
dents. They were able to choose the time and place, and almost all
accepted the use of a  voice recorder. Interview time varied from
about fifteen minutes to over two hours. Interviews were semi-
structured (Kvale & Brinkmann, 2009), using a  scripted interview
guide including themes and suggested questions (Table 2) but also
allowing for emerging issues of relevance to be incorporated into
subsequent interviews (Corbin & Strauss, 1990). The T3 questions
addressing relations to groups outside Green Life were in  most
cases answered by respondents themselves using a questionnaire
(Appendix B).

2.4. Analysis

Interviews provided both qualitative information and quanti-
tative data for the SNA. The qualitative data from interview notes
and recordings was summarized and subsequently coded. Using a
grounded theory approach and selective coding (Corbin & Strauss,
1990)  based on the study’s focus on Green Life’s effectiveness, three
categories of concepts emerged: Activities, Properties and Perfor-
mance. Interview quotes are included in results and discussion for
illustration, cited with interviewees’ network position (C for core,
P for periphery) and an anonymous identification number (1–43).

In addition to this, interviews also produced actor attribute data,
collected to assess network heterogeneity (Carlsson & Sandström,
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2008). Quantitative data on actors and relations was  analyzed
using computer software Ucinet and Netdraw (Borgatti, Everett,
& Freeman, 2002), including tests for core–periphery structure,
hypothesis testing about the means of relational group data
(Hanneman & Riddle, 2005)  and testing for subgroups (Newman
& Girvan, 2004). For  testing difference in  means between indepen-
dent variables such as actor attributes, a  regular t-test in  Microsoft
Excel was used.

Network characteristics were analyzed using the following
measures: Density,  derived by  dividing the number of links present
in the GL  network by  the number of potential links between all
members (Wasserman & Faust, 1994). Degree centrality, the num-
ber of links that a specific actor has, was registered for links going
both to (in-degree) and from each GL member (out-degree). Close-
ness centrality measures the distance from one node to all others in
the GL network (Freeman, 1979). At the network level, centraliza-
tion shows to what extent high degree or  closeness is  concentrated
to only one or  a  few GL members. The size of the network was  mea-
sured by the number of nodes, as well as the maximum or  mean
distance between any two members (Hanneman & Riddle, 2005).
Members’ contacts with groups outside Green Life were used as
indicators for bridging links (Carlsson & Sandström, 2008). This was
assessed through a  questionnaire (Appendix B), where respondents
graded their levels of interaction with external groups as (1) for
having interacted with a  group, (2) for having a friend in  it, or (3)
if the respondent themselves belonged to the group. Links graded
(2) and (3) are considered weak and strong, respectively; the (1)
option was included in  questionnaires to avoid over-reporting and
is not considered in the analysis. This approach provides a  sim-
ple estimate of how access to knowledge, skills and resources are
distributed across the network as a  whole.

3. Results

Our findings describe the citizen network Green Life based on
a mixed methods approach. Key activities in the network accord-
ing to interviewees are to  inform and alert members, provide skills
and knowledge, and to  raise public awareness. It  is  a  loose network
of about 850 members, where inclusiveness and transparency are
emphasized. Despite a  core–periphery structure the core members
consciously choose to not act as leaders: “There are [. . .]  a few peo-
ple who actually lead, in  the sense that they put in more effort, but
[Green Life is] also very open.” (P-27). Members in  general possess
links to a  wide diversity of external actors, primarily environmen-
tal organizations and local citizen groups. Green Life was  created
in 2005 and grew slowly until 2009, when its email list  members
suddenly doubled in connection to large protests against the con-
troversial construction of a Metro line with considerable impacts
on parks and residential areas. Since then, membership has stabi-
lized and participation in activities during 2010–2011 was  lower
than in 2009: “That responsiveness has been decreased. We’re not
there every time a  tree is being cut, we’re not, like, at every single
protest in  tens and twenties.” (C-4).

3.1. Members’ perceptions of Green Life activities and roles

Fig. 2 presents an overview of the interview findings. Inter-
viewed members are quite diverse in terms of age, gender,
profession, background and level of involvement, although there is
some predominance of males, people younger than 40, and those
who have stayed in Bangalore 10 years or more. Most interviewees
also consider themselves inactive or passive (Table 3). All inter-
viewees spoke good to  excellent English and most had occupations
associated with some level of higher education, indicating lower
diversity in terms of social class. Many respondents explicitly

Table 3
Aggregated attribute data for interviewees (n = 43).

Gender distribution Female 13
Male 30

Connection to
Bangalore

Bangalorean since birth 21

Bangalorean for long (10+ years) 8
Bangalorean since recently 11
Living outside Bangalore 3

Age  group
(estimated)

25–40 years 25

41–60 years 16
61–80 years 2

Involvement
in/relation to Green
Life

High (active daily or weekly) 9

Medium (monthly/irregularly) 4
Low (some few rare events) 20
Passive (only reads e-mails) 10

Field  of occupation Research 9
Other/unknown 8
NGO 7
IT/Engineering 7
Law 4
Education 3
Media 3
Medicine 2

mentioned Green Life as being a middle-class network that has
some difficulties with connecting to  and involving groups such as
migrant workers and slum inhabitants, even though it engages in
issues related to vulnerable groups. The use of  an Internet-based
forum in English might also contribute to this problem: “Unorga-
nized workers, street vendors, government workers–all those, I
mean non-middle class communit[ies] – how  do you reach out to
them? Because internet is  not an answer to any of that.” (C-24).

3.1.1. Key activities and functions
Green Life’s most commonly mentioned achievement is  raising

public awareness and putting environmental issues on the urban
agenda. Since the network was formed, media reports, authori-
ties’ behavior and public opinion have shifted: open consultations
for major public projects are now expected, and it has become
more common to question and discuss what type of  development is
desirable.

“Five years ago it was  like ‘Yeah of course we have to  cut the
trees’, now it’s like ‘You know, maybe it’s not getting us anywhere,
we cut all these trees but traffic is still the same’. It’s hard to say
whether it was [Green Life’s] campaigns that helped make that
change in  opinion, but I like to  believe that [Green Life] played a
role, because there was a  lot  of press [. . .]  when we were doing our
protests.” (P-28).

More people know about Green Life and local residents con-
tact its members for help. Still, interviewees commonly mention
that attitudes toward urban development and low awareness of
both decision-makers and the general public are still problematic.
The court-ordered consultations with Green Life (The High Court
of Karnataka, 2005) have not taken place, which indicates that city
authorities have been able to  circumvent the decision.

Many interviewees mention the importance of  Green Life’s
email list  for various forms of information sharing. “If I need solid
information about something, I know where to go.” (P-28). During
its first years and to some extent still today, the network functions
as a  tool for monitoring illegal tree felling in the city: “If somebody
[sees] a  tree being felled, then you [know] who  to  get in  touch with”
(P-29). Members throughout Bangalore’s many neighborhoods can
report if public spaces or greenery is being encroached upon. Simul-
taneously, Green Life also acts as a  support network, providing
members with instructions on how to organize protests without
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Fig. 2. Interviewees’ opinions regarding Green Life’s key activities, properties, and performance. Bars in the left chart indicate the number of respondents that agree, disagree
and/or  think something needs to  change or improve. The right chart shows how respondents viewed each aspect of Green Life in relation to  its  functioning: either as an
important part of it,  or as problematic and related to  difficulties.

breaking the law, what the obligations of public agencies are, how
to approach authorities and officials, what permits to  ask for, and
what the experiences have been in previous cases.

“There’s an area called Banaswadi. And there was  a plan that
Banaswadi roads had to  be  widened, and suddenly some work
started, and they all got  in  touch with [Green Life], and said ‘Can
you help us organize a  protest?’ or ‘Can guide us [about] what to
do?’ So that was like a  good thing [. . .]  – somebody is actually look-
ing at the kind of work we’ve done and they want to do something
similar.” (C-15)

In addition to  these functions, members also view the group’s
internal online discussions and member diversity as important
assets for learning and finding solutions to  challenges related to
urbanization and the environment: “It is  a  platform to discuss and
learn and spread ideas.” (C-20). In summary, Green Life dissemi-
nates information and alerts, shares knowledge and experiences,
and serves as an arena for exchanging ideas.

3.1.2. Organization and performance
Notably often, interviewees bring up the “loose” structure of

Green Life. The network is unregistered, open for anyone, and with-
out any formal leadership. Many consider this to be a  part of the
very idea of Green Life, and fundamental for democracy, participa-
tion and transparency.

“It has people of all different kind of political thinking, we  are  the
left-leaning kind of people, we are the far right kind of people, we
are the centrists. And, [. . .]  we have no problem with that [. . .]  – if
we really want to  call it like a  wide network, then it is  important to
have that kind of flexibility.” (C-15)

However, interviewees also indicate that the lack of formaliza-
tion does sometimes cause problems as reaching consensus in  the
large and heterogeneous group can be complicated. Issues ranging
from nuclear power and tree planting to slum demolitions and
street vendors’ rights are debated in the email group, and opin-
ions often vary considerably. Interviewees often mention these
discussions as important; “[Green Life] made me change my mind
completely - the discussions [. . .]  put things in  context: the loss of
trees, displacement of people, the fact that there were alternatives
to the Metro” (C-20), but some respondents express concern that
the diversity gets in the way of action – “There’s a lot of people who

are just ready to talk and send emails, but not actually do  anything
[. . .] right now it’s very hard to build consensus in the group!” (P-
28). The most commonly mentioned problem with Green Life is
the lack of active members, which often leaves a  small group doing
most of the work.

This more active group consists of 5–8 members who usually
meet at least a  few times a  month. Although this core group seems
to experience less friction internally compared to the larger forum,
they are reluctant to  initiate action in  the name of Green Life with-
out a  mandate from the other members –  which can be difficult
since no formalized decision-making procedures exist. One core
member explains that “it’s a  challenge for us to work, because
how do  you represent [. . .]  and how do you make decisions? [. . .]
This has been a  consistent running challenge for us.” (C-24). The
level of activity has varied considerably over the years, but inter-
viewees do  not attribute this to changes in  leadership but rather
to varying levels of engagement from peripheral members. Some
interviewees explain their reduced activity with an uncertainty
about what Green Life actually stands for, others are concerned
with its growth: “I’m a  little bit disillusioned with [. . .]  the group
as it exists on the [email list]. It’s become really big.” (P-28). Still,
more members than not see the looseness is an important trait
for the network (Fig. 2)  and many state that it should be  open
and equal to all. Some interviewees also mention the looseness
as a protection from authorities; questioning development plans
or criticizing powerful vested interests is easier if there is no
organization permit that can be withdrawn, no funds to  be seized,
and no leader that risks trouble with authorities. Few members
mention strong relations with policy-makes and authorities as
important, especially compared to  the value placed on interaction
with external groups in general. Of these, links to  local commu-
nities such as citizen groups and resident associations are seen as
most important, since their support is often needed for protests
against development projects or tree cutting to  be successful.

“If  you have a  group of local residents who are actively involved
it becomes much easier to support them with information, with
background, with context, with perspectives. [. . .] Wherever there
is  a  possibility of some local support, we try and get it. [. . .]  Not
so much organizations, more like [. . .]  the residents of  that area.”
(C-24)
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Fig. 3. The GL network consists of 50 nodes. 48 of them are connected in a single
component, while 2 are isolates. Diamond-shaped nodes represent the 7  members
who  were not interviewed. Node color indicates whether actors belong to  the net-
work core or periphery, as described in the main text. Links represent the contacts
that each actor consider most important for their engagement in Green Life. Thick
lines indicate reciprocal links. Theoretically, 2,450 directed links could exist in the
network, but only 165 are present which implies a low density at 0.0673. Still,
geodesic distances are  relatively low: no pair of nodes in the main component has
more than 5 links (mean =  2.30, SD =  0.80) between them if  the direction of the links
is  disregarded.

3.2. Social network structure

Social relations in the GL network are illustrated as a network
graph in Fig. 3 and network measures are presented in Table 4.
Despite a low network density where less than 7% of all potential
links are present (network density =  0.0673), the network connects
almost all actors indirectly via intermediaries. This is explained
by the core–periphery structure (Borgatti & Everett, 1999), where
most actors send links to one or  a  handful of central nodes that
mostly link to each other. Ucinet (Borgatti et al., 2002) tests reveal
one group of eight core nodes and another group of 42 periphery
nodes (fitness =  0.535), indicated by  node color in  Fig. 3.  This con-
figuration also corresponds with the interview results indicating
a more active core group that meets regularly. A  simplified ver-
sion of the GL network (Fig. 4) illustrates how links are focused
towards and within the core; its density is  over 20 times higher than
the periphery’s. No subgroups were observed apart from the core
(Newman–Girvan tests gave highest modularity value at 0.174 indi-
cating no sufficiently cohesive clusters (Newman & Girvan, 2004)).

Ucinet’s core–periphery algorithm relies partly on centrality
data to group members into core and periphery. Comparing various
centrality measures between the two groups (Table 4)  is there-
fore expected to reveal considerable differences, meaning that
statistically significant difference among them does not constitute
additional and independent evidence for core–periphery struc-
ture. This study includes details on different types of centrality

Fig. 4.  The GL network has a core of well-connected actors, where the density is
over 10 times higher than the network average (0.067).

for illustrative purposes since they inform qualitatively on the
differences between the two groups. For instance, degree and close-
ness indicate high centralization (Table 4), which should facilitate
communication and efficiency in the network since the highly con-
nected core can act as intermediaries and coordinators (Freeman,
1979). The considerably lower out-degree centralization observed
(18.1%) was  expected, since all respondents were asked to  only
name their most important contacts. The high in-degree central-
ization (68.1%) shows that most interviewees name core members
as their most important contacts.

GL members have a  wide variety of links to different stake-
holders in society, as Fig. 5 shows. Most network members (>30)
have direct or indirect ties to  environmental and citizen groups.
City and state authorities, on the other hand, are only connected
to the network through a handful of mostly indirect linkages.
Statistically, core and periphery actors are  not significantly differ-
ent (lowest P value = 0.296, df =  41), which indicates that neither
group is  currently more important for the network’s external
relations.

4. Discussion

Analysis of the results of the study points to three key activ-
ities in Green Life (Question 1): informing and alerting members,
providing skills and knowledge, and raising public awareness. Find-
ings further reveal a  loose network with a diverse set of members
informally grouped in a  core–periphery structure (Question 2). This
network has to balance different and sometimes opposing interests.
Currently, inclusiveness is favored by the emphasis on transparency
and democratic participation in  decision-making. Although SNA
describes a  centralized structure, members value looseness and
openness and the core group functions less as leaders and more as
facilitators of communication between and action among members
(Question 3). As a  consequence, deliberations in  the heterogeneous
group sometimes limit efficiency and thereby also the capacity for
rapid collective action on controversial issues. On the other hand,
the democratic underpinning is  important for maintaining internal
legitimacy among the heterogeneous members. This is essential
for Green Life’s role in  urban environmental stewardship (Ques-
tion 4) since the peripheral members are linked to external citizen
groups and environmental organizations throughout various parts
of the city, which enables monitoring of a  large and fragmented
ecosystem.

Table 4
Centrality values in the GL network show that core–periphery differences are particularly pronounced for degree, in-degree and closeness centrality.

Degree In-degree Out-degree Closenessa

GL network [n = 50], mean (SD) 5.56 (±5.88) 3.30 (±5.86) 3.30 (±2.71) 108 (±21.9)
Centralization 64.7% 68.1% 18.1% 68.4%
Core  [n =  8],  mean (SD) 14.8 (±8.98) 12.0 (±10.3) 7.25 (±2.22) 87.6 (±12.1)
Periphery [n =  42], mean (SD) 3.81 (±2.42) 1.64 (±1.63) 2.55 (±2.01) 112 (±21.1)
Core–periphery, difference in means

(two-tailed significance test value)
10.9(0.0001) 10.4(0.0001) 4.70(0.0001) 24.2(0.0054)

a For calculation of closeness centralization, means and variance, the two  nodes with no  links where excluded. The sample is  therefore missing 2 values: GL network
(n  = 48), core (n =  8), and periphery (n =  40).
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Fig. 5. GL members (n =  43) that report connections to different relevant groups outside Green Life. A respondent’s own involvement in another group provides a direct link,
while  having a  friend relation indicates an indirect link.

4.1. Connecting to discuss and collaborate

That Green Life as a  network enables sharing of both hands-
on and knowledge-based resources corresponds with previous
insights from research on social movements (Diani & McAdam,
2003; McCarthy & Zald, 1977) as well as governance networks
(Kickert et al., 1997; Newig et al., 2010). Further, members explicitly
mention the value of a  forum to share and openly discuss ideas and
opinions on urban environmental issues: “It’s been a  really great
experience, being part  of the network, because I get to [. . .]  talk to
different people, get their opinion – and [. . .]  we have people of dif-
ferent political [ways of thinking].” (C-15). The exposure to  these
ideological differences is likely to  be facilitated by the relatively
short distances between members that result from the centralized
nature of the GL network (Fig. 3).

This core–periphery structure is  similar to other environmental
networks (Ansell, 2003; Ernstson et al., 2008), and it has previously
been suggested to indicate high efficiency in terms of action (Bodin,
Crona, & Ernstson, 2006; Provan & Kenis, 2007). However, sev-
eral interviewees express concern over the lack of decision-making
capacity in  the network (Fig. 2). This could mean that the SNA meas-
ures incorrectly indicate a  centralized structure, but the identified
core group of eight nodes (Fig. 3, Table 4) corresponds with the
more active group mentioned in  interviews. Instead, the qualita-
tive data provides an explanation that reveals an interesting aspect
of Green Life’s organization. Respondents most commonly describe
Green Life as a  “loose” network, and this looseness is  deemed more
important than any other trait (Fig. 2). The preference for a loose
and inclusive group is  described as based on norms of democracy
and transparency rather than as a strategy: “This is  a  loose network.
It belongs to nobody but it’s  everybody’s, you know what I mean?
[. . .]  A  space for people to  do, come and do  anything.” (P-29). Mem-
bers have also come to  realize that this has consequences: “How do
you [stay] inclusive [. . .]  without being loose in that way [where
nothing gets done]? Being a loose network, which has a direction,
which, like, does stuff–I think that’s the biggest challenge.” (C-4).
Green Life’s leadership thus builds on principles of inclusiveness.
This means that Green Life’s efficiency and capacity for collective
action has limitations despite the observed network centralization,
because core actors are reluctant to use their centralized position
for more authoritative and possibly efficient leadership. In the ten-
sion between inclusiveness and efficiency (Provan & Kenis, 2007),
the actions of Green Life’s members are currently giving priority
to participation of all members. This can make deliberations more
effective (Newig et al., 2010) and thereby facilitate the discuss-
ions and exchange of knowledge, skills and ideas. This enables the

network to  function as a platform where a  diverse set of actors and
representatives from different groups across the city can connect,
discuss, and collaborate.

4.2. Rapid alerts and local connections

The centralized structure of the GL network (Table 4) means that
quick internal communication is  possible despite a  relatively large
amount of sparsely connected periphery members (Freeman, 1979;
Newig et al., 2010). For many, joining Green Life has given an oppor-
tunity to  stay up-to-date with developments or to send distress
calls when a  site in their neighborhood is threatened. This means
that peripheral members collectively facilitate ecosystem monitor-
ing by providing access to information from multiple independent
sources (Ernstson et al., 2008).

Green Life’s members also provide links to  other groups in
the city (Fig. 5), particularly – and most importantly, according
to interviewees – citizen groups (Fig. 2). Adequately represent-
ing grassroots interests can be important for members’ confidence
in  the legitimacy of a  network (Holt et al., 2012), a  sentiment
expressed also in Green Life: “[Activities] work only if there is a local
community which is involved, I mean, we can’t [. . .]  do anything on
our own” (C-31). In  addition to strengthening Green Life’s internal
legitimacy, local members can also act as scale-crossing brokers
(Ernstson et al., 2010)  to connect the needs of  specific neighbor-
hoods to the network’s knowledge and experience: “People see
[Green Life] as a group that they can go to, in  emergencies. [People]
outside the group, also.” (P-16). It is clear that peripheral members
can and do  perform key functions in Green Life, which indicates
an additional benefit of favoring inclusiveness over efficiency. The
preference for inclusiveness and internal legitimacy therefore seem
to be two sides of the same idea: creating an open democratic space
for urban environmental issues where everyone participates on an
equal level.

These preferences also imply that Green Life’s members con-
sciously or unconsciously view internal legitimacy as a  priority over
external legitimacy (Provan & Kenis, 2007). This could explain why
Green Life does not  have more links to state and city authorities
(Fig. 5), a finding that distinguishes it from environmental stew-
ardship networks elsewhere (e.g. Connolly et al., 2013; Ernstson
et al., 2008; Hahn et al., 2006). If power were to be delegated to a
representative and decision-making moved away from the major-
ity of Green Life’s members, the internal legitimacy would be  at
risk of weakening (Holt et al., 2012). Since the network was cre-
ated relatively recently, members might fear that their cause will
get co-opted in  collaborations with powerful actors (Ansell, 2003).
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Connolly et al. (2013) observe that stewardship groups become bet-
ter at using both confrontation and collaboration to their advantage
only once they reach a  certain level of maturity, and as Green Life
continues to evolve it might develop certain specialized subgroups
that interact directly with public agencies, as in other environmen-
tal networks (e.g. Ernstson et al., 2008). So far, however, Green
Life has kept a more confrontational stance and prioritized inter-
nal legitimacy. This is likely to improve its access to information
from sources located directly near to  threatened patches of green-
ery, which in combination with an internal structure that facilitates
rapid communication makes Green Life function as a  watchdog that
monitors the urban ecosystem of Bangalore.

In summary, the prioritization of inclusiveness and internal
legitimacy over efficiency and external legitimacy has conse-
quences for the capacity of Green Life’s members to reach results
based on rapid action or collaborations with authorities. However,
inclusiveness and internal legitimacy are crucially important for the
two main functions that  the network has in urban environmental
stewardship in Bangalore: that of the platform, where a diverse set
of actors across the city can connect, discuss, and collaborate; and
that of the watchdog,  through which citizens can monitor changes
in urban ecosystems and hold public authorities accountable to
protect Bangalore’s remaining greenery.

4.3. Future research on urban environmental stewardship
functions

This study does not investigate the reasons for why these
functions have emerged. Speculating, it could be argued that the
watchdog role is the result of an explicit goal. The platform func-
tion, on the other hand, could either be a  strategy of Green Life’s
members, or have emerged spontaneously in  response to the spe-
cific context that the group is operating in. It  is worth noting that
most members are also engaged in other civic groups (Fig. 5) where
“their” issues can be pushed more strongly. This would mean that
Green Life itself does not need to  be  as active, but instead serve
as the meeting platform for these various groups. Another expla-
nation could be that informally structured environmental groups
are sometimes more accessible for mobile urban citizens that are
unable to  commit long-term (Bendt, Barthel, & Colding, 2013). One
core member seems at least partly aware of this when describing
their concern with organizational forms that might exclude new
members:

“All structure is  not bad, but you don’t want like a tight structure
which [means that] if you came today and said ‘I want to  be a  part
of [Green Life]’, you have to  [overcome barriers]: ‘Oh, there’s this
core group, and I  don’t know what they are doing, but I can be part
of the [email list instead]’.” (C-4).

Promoting inclusiveness as a  strategy could be particularly rele-
vant for stewardship in rapidly changing and heterogeneous cities
like Bangalore, where lack of rootedness, social stratification and
institutional barriers prevent many from engaging in the future of
their local area. One member explains:

“[Green Life] is much needed in  a city like this. [. . .]  Not just
[environmental] organizations doing their own thing, [. . .]  but a
network like this is very important [to] also empower people in
that locality to take [. . .]  charge, you know – that’s their place, their
space. [. . .]  People [. . .]  need to start becoming involved more in
civic issues [and] governance.” (P-29).

This shows some awareness among members of the need for
a platform to connect citizens. However, the lack of decision-
making capacity speaks against the existence of a  thought-out
strategy for Green Life. The inclusiveness allowed the group to grow
considerably when the Metro campaigns in 2009 could point to a
single unifying issue, but since that battle came to  a  largely nega-
tive end it has become more difficult to engage enough members

to  share the workload of the more active core (Fig. 2). This could
potentially impede the group’s long-term momentum.

This study complements previous findings (e.g. Ansell, 2003;
Bendt et al., 2013; Colding, Lundberg, & Folke, 2006; Connolly et al.,
2013; Ernstson et al., 2008) demonstrating that citizens can and do
play an important part the governance of urban ecosystems, and
the Green Life case shows that this contribution can take different
forms depending on social, political and ecological contexts. It  is
becoming increasingly clear that current knowledge is insufficient,
particularly regarding the mechanisms behind the emergence of
different roles for civic groups and networks and the urban stew-
ardship functions that they fill. There is  a  need to  develop a  broader
framework, as has previously been presented for policy networks
in  general (Kickert et al., 1997). This has partly been initiated by
Ernstson et al. (2010),  who  identify network structure as a key
component for matching social and ecological scales in urban gov-
ernance. Importantly, such a framework needs to be informed by
case studies from cities across the globe, particularly areas where
the capacity of formal authorities to  govern urban development is
limited and the task of supporting the wellbeing of all urban citizens
are particularly challenging. In addition, internal tensions of net-
work governance (Provan & Kenis, 2007; see also Sandström & Rova,
2010b) can broaden the understanding of structure and functions
in  stewardship networks and how they play out under different
conditions and rates of change. Crona and Bodin (2006) point out
that the needs in a specific network can vary over time as it moves
between different phases. For  example, Provan and Kenis (2007)
argue that as network members’ initial enthusiasm drops, gover-
nance without centralized leadership becomes more difficult. This
risks increasing the tension between inclusiveness and efficiency.
In the light of the temporal dynamics of stewardship networks in
response to socio-political and ecological change, networks like
Green Life could also be viewed in another way than in the ear-
lier discussion. Considering the network’s defining characteristics
as loose and open, and two key activities being awareness rais-
ing and knowledge sharing, it can be argued that although Green
Life might not  be efficient in itself, it provides a “shadow network”
that works for “[s]ocial transformation toward ecosystem manage-
ment [involving] shifts in  perceptions and awareness as well as
‘reserves’ of experience” (Olsson et al., 2006). This would imply that
Green Life builds a  capacity to navigate and mobilize when issues
or threats emerge that unifies its members and thereby create a
window of opportunity, as exemplified during the Metro protests
of 2009. Thus, further research would benefit from including longi-
tudinal studies of Provan and Kenis’ (2007) third tension, between
stability and flexibility. Specific activities or needs for action can
require or encourage certain patterns of network structure. This
would be  central to understanding what structures and functions
are needed to make urban environmental stewardship sustainable
and effective in  the long run.

5. Conclusions

This study of urban environmental stewardship in a rapidly
developing city sheds new light on the function and structure of  an
urban citizen group and how it interacts with formal governance.
Comparing previous research to a case study from Bangalore broad-
ens the perspective beyond the global North to cities where rapid
growth and socioeconomic conditions make effective stewardship
more urgent. Green Life is  a loose non-hierarchical network that
emphasizes inclusiveness at the cost of efficiency and prioritizes
internal rather than external legitimacy, which points to  differ-
ences in approaches compared to  similar groups in other studies
(e.g. Connolly et al., 2013; Ernstson et al., 2008; Holt et al., 2012).
However, it is  obviousthat more research is  needed to further tease
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out the causes between such differences across different socio-
political and social–ecological contexts, as well as the dynamics
of individual networks over time.

The time is  right to  develop a  framework that can capture a
range of different kinds of networks and organizations and ana-
lyze their role for governance of urban ecosystems. In the context
of previous research, this study shows that there are a  variety of
forms, functions and needs across case studies, and this needs to
be systematized. What are the different institutional, cultural, eco-
logical, and other factors that may  determine what type of civic
actions are possible and needed? How are those actions organized?
What roles do different networks and organizations take on and
how do they interact with and complement one another? Do cit-
izen groups move between different phases of functioning, or  are
they more like passive networks that enable action during windows
of opportunity?

The specific functions of Green Life that this study identifies – as
a bridging platform, and as a monitoring watchdog – show that
it can address the diversity and dynamics of a  rapidly changing
metropolis. Green Life facilitates rapid sharing of information about
changes in the urban landscape and allows for organization of
responses to perceived threats. It connects members throughout
the city to discuss what kinds of changes are needed and desired.
Cooperation and repetitions of campaigns in different neighbor-
hoods reproduce alternative visions of what the city should or  could
be like, which means that citizens get a  chance to question the
development narrative often promoted by those in  power. This
emerging awareness may  be a  seed to grow a genuinely sustain-
able urbanization for Bangalore. Other actors are surely needed
to complement Green Life in urban environmental stewardship of
Bangalore’s ecosystem, but the specific contributions and capac-
ities residing in  citizen networks of its kind can be  crucial for
creating more equitable and sustainable cities, in  India as well as
elsewhere.
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Appendix A. Network closure and heterogeneity

A network has more closure when its members are  closely linked
to each other, either through direct links or via well-connected
intermediaries (Prell, 2011). Direct links between all or most actors
imply high network density, which facilitates information sharing
and increases trust between members (Burt, 2000). This facilitates
interaction and collaboration (Reagans & Zuckerman, 2001)  which
is important for both information transmission and deliberation
(Newig et al., 2010). Network closure can also build on indirect
connections via key intermediaries, which produces structurally
centralized networks (Freeman, 1979) such as the core–periphery
structure mentioned above. It enables the core to synthesize infor-
mation and coordinate activities, and improves the capacity of
the network as a  whole to react quickly and solve simple prob-
lems. However, centralization can be a problem for solving complex

problems (Crona & Bodin, 2006)  since only a  few members
have direct access to information and resources (Bodin et al.,
2006). Thus, centralization improves information transmission but
implies power imbalances that can reduce chances of  free deliber-
ation (Newig et al., 2010).

Network heterogeneity is affected by the size, distribution of
links, and the diversity of member backgrounds and attributes.
Larger networks have room for more heterogeneity but often lack
the time and resources to maintain interaction between all mem-
bers, which can cause problems for both information transmission
and deliberation (Newig et al., 2010). Networks that want to  pro-
mote heterogeneity may  need to  pay attention to  the tension
between inclusiveness and efficiency (Provan & Kenis, 2007). An
alternative source of heterogeneity is having partly separated net-
work subgroups that can generate multiple perspectives to  help
form a  broader understanding of complex problems (Bodin & Crona,
2009). Individuals who bridge between subgroups are crucial to
maintain trust and avoid conflicts within the network (Bodin et al.,
2006; Newig et al., 2010). Bridging links can also extend outside
a  network (Reagans & Zuckerman, 2001), which can improve e.g.
ecosystem monitoring by connecting the network to  otherwise iso-
lated sources of ecological information (Bodin et al., 2006) such as
local residents and user groups (Ernstson et al., 2008). Such links are
unique attributes of individual members and thereby contribute to
network heterogeneity.

Appendix B. Questionnaire.

Indicate your relation to  each (if any) – have you had any interac-
tion with them, do  you know someone who is a  member or working
there, or are you a  member or  working there yourself? If you think
is  anything is missing feel free to add it in the empty rows:

Level of interaction
Which
one(s),
specifi-
cally?

1
I inter-
acted
with

2
I have a
friend
there

3
I do
this!

Environmental
organisations - local
-  national
-  international

Urban cultivation groups,
for example:
-  tree planting
-  gardening
-  urban agriculture
-  other?

Naturalist groups, for
example:
-  bird-watchers,
-  trekkers,
-  other outdoor activities,
-  other?

Citizen groups, for
example:
-  residents’ welfare
associations,
-  human rights lawyers,
advocates, activists,
-  urban activist groups,
-  other?

Researchers:
-  ecology
-  natural science
-  social science
-  technology
-  other field (which one?)
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Level of interaction

Which
one(s),
specifi-
cally?

1
I inter-
acted
with
them

2
I  have a
friend
there

3
I do
this!

City authority:
- city planning/development
- transport/infrastructure
- water management
- other

State authority
-  environment/forestry
- public health
- pollution control
- other

News media
-  papers
- tv stations
- radio

Cultural groups, theatre
groups, musicians,
etc.

Discussion forum on the
internet, e-groups

Other discussion forum
Other groups?
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Shaking the shackles: Rewiring rigidity trap dynamics in urban 
water governance through civic engagement 
Enqvist, J.1, Tengö, M.1 
1Stockholm Resilience Centre, Stockholm, Sweden 

Abstract 

India’s booming IT capital Bangalore struggles to meet a rapidly growing water demand 
while relying primarily on a single source outside the city. The previously used system of 
interconnected lakes for local water harvesting has been mismanaged and destroyed or 
polluted by sewage. With a strong focus on one solution while ignoring alternatives, highly 
stressed system with low heterogeneity, the system displays characteristics associated with 
rigidity traps. Lately, however, the emergence of locally based citizen groups has questioned 
this development by shifting focus back to local lakes and decentralized management. The 
study explores this case using a perspective of traps as temporal processes, with the aim of 
understanding the emergence of and possible ways out of trap-like situations in ecosystem 
governance. Historical dynamics are studied through a literature review, complemented with 
semi-structured interviews (n=45) with local citizen groups currently working to restore and 
reconnect Bangalore’s lake system. Findings identify a critical juncture in the 1960s, when 
several events precipitated the self-reinforcing feedbacks that trapped the system in 
continuous investments in external supply while degrading local sources and ignoring the 
extensive reliance on and overexploitation of groundwater sources. The formation of lake 
groups has changed this. By relieving and complementing authorities’ resources and 
capacities, they create incentives for involving local citizens for longer-term maintenance and 
for restoring both ecological and other functions of lakes. While challenges remain to 
reconnect the lakes as a network, the spread of lake groups could enable the system to 
dismantle trap dynamics and create more viable water supply solutions. 

Keywords 

Bangalore, India; Citizen groups; Environmental governance; Social–ecological systems; 
Urbanization; Water resources 
Introduction 

Urbanization is projected to impact terrestrial ecosystems more than any other factor in the 
21st century (Sala et al. 2000) and the effects on ecosystem service generation occur both 
within and outside of cities (CBD 2012). Sustainability is particularly complex in urban areas, 
characterized by rapid changes in population and land cover, competing interests, and 
congested spaces where social–ecological processes are tightly interconnected (Ernstson et al. 
2010). There is a risk that the value of urban ecosystems, generating services like water 
purification and recreation, is often not recognized until it is lost and restoration has become 
difficult. 

Environmental problems are sometimes framed as traps, which draws attention to self-
reinforcing mechanisms that keep a system in an undesirable state and limits the ability of 
decision-makers to adequately respond in time to changing conditions. This is a central theme 
in environmental classics (e.g. Hardin 1968) as well as more recent explorations of social–
ecological system dynamics (Gunderson and Holling 2002, Carpenter and Brock 2008, 
Steneck et al. 2011, Boonstra and de Boer 2014). The key argument is that a trapped system 
lacks adaptive capacity, i.e. the ability to identify and implement alternative solutions when 
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facing novel problems (Carpenter and Brock 2008). Traps emerge and are reinforced through 
interactions between social and ecological processes. If these interactions could be better 
understood, that could provide guidance into how to avoid or dismantle trap dynamics and 
move into more desirable trajectories (Westley et al. 2011, Boonstra and de Boer 2014). In the 
face of global environmental change in general and rapid urbanization in particular, these are 
important challenges for coming decades. 
In the context of cities, the dense social interactions and high level of anthropogenic 
landscape modification present a range of challenges for achieving sustainability (Grimm et 
al. 2008). This is particularly true in areas that are going through rapid change due to drivers 
like economic development or population growth. In one of India’s fastest growing cities, 
Bangalore, water governance is a major challenge for continued development; escalating 
water demands of the expanding populating need to be matched with sufficient and reliable 
supply (Sudhira et al. 2007, Sastry 2008). Most of the water is currently pumped from 
Cauvery River, 98 km south of the city, but the capacity of this source cannot increase much 
further. Meanwhile, groundwater levels in the city are sinking and climate change is expected 
to increase precipitation variability (Lele et al. 2013). Before Bangalore’s rapid urbanization 
since the 1980s onwards, water from the monsoon rains was stored in a local water harvesting 
system of networked man-made lakes. This arrangement was able to support horticulture and 
household needs for centuries (Srinivas 2001, D’Souza and Nagendra 2011). The lakes were 
managed by the village communities that depended on them, and the surface water provided 
half of Bangalore’s total supply (D’Souza and Nagendra 2011). Today, management has 
shifted to various authorities and the development of the city has left most lakes polluted, 
dried, or converted to other land uses. Instead of being essential to water supply as well as 
generating other services, lakes are now at best seen as recreation areas (Nagendra and 
Ostrom 2014) but sometimes seen as sources foul odors and mosquitoes (D’Souza 2008). This 
shift also has implications for more vulnerable groups who depend more directly on the lakes 
for sustenance, since activities like fishing and fodder collection are now sometimes deemed 
illegal (D’Souza and Nagendra 2011). 
Since the mid-20th century, efforts to address Bangalore’s water scarcity have emphasized 
centralized control and increased efforts to access non-local sources, while the lake-based 
water harvesting system has been neglected and mismanaged. The situation resembles what 
has been called a “rigidity trap”, characterized by a high capacity to focus on one solution, 
inability to explore options, low heterogeneity, highly stressed system, and few buffers to 
dissipate this stress (Carpenter & Brock, 2008; Holling, Gunderson, & Peterson, 2002). 
Carpenter and Brock (2008) use the example of a bureaucratic system that is “unable to 
assimilate new information from the system that it governs” so that overuse of control instead 
exacerbates system fluctuations and increases the risk of large-scale breakdown. Such rigid 
systems are similar to when command and control approaches are applied without an 
understanding of ecosystem dynamics (Holling & Meffe, 1996), often stemming from ideas 
that separate users from “expert” managers and reduce systems into components rather than 
viewing them holistically (Berkes 2010). 

This paper starts from the assumption that Bangalore’s water supply system can be described 
as being in a rigidity trap that limits the options available for future development. However, 
this rigidity is recently challenged by the emergence of citizen-initiated lake restorations – 
initially working in solitude (Nagendra 2010), but lately also inspiring more groups and 
forming collaborative networks (Luna 2014, Nagendra and Ostrom 2014). Lake groups work 
to influence authorities to “revive” lakes by removing encroachments, weeds, and pollution, 
but many also demand biodiversity conservation, recreational facilities, or other amenities 
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(Enqvist et al. ms.). Previous research has shown that better acknowledging non-
governmental actors can facilitate effective water governance for municipal authorities (e.g. 
Rathwell and Peterson 2012), and lake restoration groups in Bangalore could potentially both 
contribute to new management approaches and broaden the focus to include both local and 
city-level solutions to water scarcity. 

The aim of this paper is to inform discussions about social–ecological traps in general and 
escaping rigidity traps in particular, by investigating how processes in a system contribute to 
or reduce rigidity trap dynamics. The specific objective is to apply the concept of rigidity 
traps to analyze the water governance in Bangalore and address the following questions: What 
are the key characteristics that contribute to rigidity trap dynamics in the formal institutions 
governing Bangalore’s water supply? (Q1), and How are these characteristics addressed by 
the emergence of local citizen-based lake restoration initiatives? (Q2). Apart from informing 
theory, addressing these questions can also broaden the discussion of relevant policy options 
and the role of civic engagement for addressing issues of water supply in Bangalore. 
This investigation draws largely on how resilience literature understands traps (Holling and 
Meffe 1996, Gunderson and Holling 2002, Carpenter and Brock 2008) and emphasizes the 
particular relevance of a social–ecological systems perspective for understanding traps in 
natural resources management (Folke 2006, Cinner 2011). The central perspective is a 
Temporal lens on traps (Tidball, Frantzeskaki, & Elmqvist this volume) that emerges from the 
use of Boonstra and de Boer’s (2014) framework for historical social–ecological dynamics. 
Background 

Rigidity traps – characteristics and temporal dynamics 

Theory on rigidity traps in social–ecological systems builds on the realization that systems 
can be sustainable but still lack adaptive capacity. Drawing on theories of ecosystem 
dynamics, Holling et al. (2002) propose that such systems would be characterized by: a high 
“potential” or accumulation of wealth; a focus on resisting external disturbances rather than 
adapting to them; and strong social control that prevents innovations from being adopted. 
Such characteristics have been identified by Allison and Hobbs (2004) in an agricultural 
system. Carpenter and Brock (2008) expand these ideas through a model of the relation 
between adaptive capacity and system stress, arguing that although overly rigid systems have 
a high capacity to focus, that focus is narrow and the ability to explore options is low. Rigid 
systems are easily stressed and are ill equipped to reduce this stress. Heterogeneity is low due 
to the high social control (Carpenter and Brock 2008). 

To better understand the emergence and development of traps, Boonstra and de Boer (2014) 
present a framework that treats traps not as static conditions but processes of interactions 
between social and ecological factors. Traps emerge not out of intention or planning, but 
“from the interweaving of human actions and environmental changes” (Boonstra and de Boer 
2014:263). Once a traps process is initiated, it gains causal force that can shape future 
pathways of the system. It is therefore essential to understanding both the relationship 
between people and environment, and between different temporal phases (Figure 1). Traps 
emerge at a “critical juncture” where factors often coincide to favor one approach over others, 
followed by self-reinforcing mechanisms that eliminates other options (Boonstra and de Boer 
2014). 
This fits with Scheffer and Westley’s (2007) idea of rigidity traps as initially being 
evolutionary advantageous changes, that allows for elimination of redundant alternatives and  
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Figure 1. Key phases in traps processes. The first point in each box describes the phase and 
the second gives an example, based on Boonstra and de Boer’s (2014) analysis of an 
agricultural lock-in trap case in Western Australia (Allison and Hobbs 2004). For phase 2-4, 
the events are described in terms of changes in rigidity trap characteristics (Carpenter and 
Brock 2008). 

 
thereby increases efficiency. It also allows for a temporal organization of Carpenter and 
Brock’s (2008) characteristics: a successful innovation encourages the capacity to focus, and 
renders the exploration of new ideas seemingly unnecessary. Wealth can accumulate. 
However, the reduced diversity gradually limits the system’s capacity to dissipate stress. With 
higher levels of stress, the system goes from being stable to increasingly rigid. Scheffer and 
Westley (2007) argue that traps produce group behavior that locks people in passive behavior 
when conditions become untenable. Even when most agree that change is needed, status quo 
remains “often due to rather than despite of” the social context (Scheffer and Westley 2007, 
emphasis in original). 

Mechanisms for dismantling rigidity traps 

While Boonstra and de Boer (2014) provide a useful framework for understanding how traps 
emerge, the “reactive sequences” phase remains largely unexplored. This paper draws on four 
articles to guide the exploration of this important phase; two are theoretical investigations of  

Antecedent contidions   
• Past social and environmental factors that define the 
options available later. 

• Example: Woody region on sandy soils. Rural 
settlements, slow development due to depression and 
World War II. 

Critical juncture 
• Time when one option is chosen over others, triggering 
self-reinforcing mechanisms. 

• Example: Policies, technological innovations and low 
input costs coincide to encourage modernization and 
intensification. 

• Trap characteristics: Diversity is reduced. 

Structural persistence 
• Trap is produced and reproduced, as positive 
feedbacks strengthen the present trajectory. 

• Example: Sinking prices create need to intensify 
further. Degraded ecosystem limits options. Already-
made investments discourage new approaches. 

• Trap characteristics: Ability to focus increases, 
capacity to explore and to dissipate stress decreases. 

Reactive sequences 
• Reactions to the trap, possibly reversing persistence. 
• Example: Drought and salinity makes farming less 
tenable. Soil conservation projects initiated to restore 
ecosystem. 

• Trap characteristics: Stress reaches critical levels. 
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Unlocking factor Relevance for Bangalore Questions for coding 

Dissipate stress and 
increase flexibility 
(Carpenter and 
Brock 2008). 

Water supply is stressed. 
Supply relies on one 
approach, and one main 
source. 

Lakes represent a previous 
source of water. 

How do lake groups and restored 
lakes influence water supply? 

How do lake groups influence 
existing water management 
arrangements? 

Restore and 
maintain ecological 
function at different 
scales (Steneck et al. 
2011). 

Most lakes are degraded; 
reduced water provisioning 
and other ecosystem services. 
Lake network is abandoned, 
lakes management 
uncoordinated. 

How do lake groups influence the 
ecological function and water 
provisioning of individual lakes? 
How do lake groups influence the 
ecological functioning of lakes 
network and groundwater? 

Break the trap 
gridlock (Scheffer 
and Westley 2007). 

The number of lake groups 
has risen sharply following 
the success of a few. 
Involving local groups in lake 
governance goes against 
previous trends of 
management centralization. 

How are new lake groups affected by 
previous initiatives? 

How are lake groups challenging 
managerial, political or other norms 
related to water supply? 
How do individual leaders matter? 

Table 1. Three factors that matter for unlocking trap dynamics, their relevance for the water 
supply system in Bangalore, and seven questions used to guide the coding of interview data. 

 
traps using modeling (Scheffer and Westley 2007, Carpenter and Brock 2008), and two are 
empirical case studies of agricultural (Allison and Hobbs 2004) and marine systems (Steneck 
et al. 2011). Based on this, three key factors can be identified that are likely to matter for 
escaping or breaking rigidity traps (Table 1). 

Carpenter and Brock’s (2008) theoretical model suggests that dissipating system stress and 
increase flexibility reduces overall rigidity. This fits with Allison and Hobbs’ (2004) case 
(used as example in Figure 1) where initiatives began to reduce soil salinization and farmers 
adopted new methods. Steneck et al. (2011) similarly emphasize the need for diversification 
of approaches since fisheries become vulnerable when only focusing on single high-value 
species. In addition, they argue that escaping traps requires new governance structures that 
can restore and maintain functioning ecosystems at multiple scales. This speaks to the 
previously made point that traps emerge from inextricably linked social–ecological processes 
(Boonstra and de Boer 2014), suggesting that understanding these linkages needs to be a part 
of dismantling traps. 

Finding adequate responses to new conditions can be surprisingly difficult in rigid systems, 
even when most would benefit from change. A final key factor for escaping traps is therefore 
also the presence of individuals with the ability to break initial gridlock, that can tip the 
system and end trap-reinforcing mechanisms (Scheffer and Westley 2007). Empirical support 
for this claim can be found in research on transformations in social–ecological systems, where 
e.g. Olsson et al. (2006) point to the importance of key leaders as well as informal networks 
that help mobilize new governance approaches ideas. 
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These perspectives on the emergence of (Figure 1) and possible escape from (Table 1) rigidity 
traps form the basis for analyzing water supply governance in Bangalore. Table 1 also shows 
how the coding categories (see below) are used to analyze how local lake groups’ actions and 
impact relate to theory. 
Materials and methods 

The study combines two forms of data to answer the research questions: secondary data (e.g. 
reports, scientific papers, government webpages) to address Q1 about trap dynamics of 
Bangalore water governance; and key informant interview data to answer Q2 on the activities 
of lake groups. 

The secondary data is listed and categorized in the Appendix, which also includes the short 
references used in-text in this paper. Scientific papers were identified through searches in 
Web of Science databases (keywords: ‘Bangalore’/‘Bengaluru’ and ‘water’ and 
‘governance’/‘management’/‘supply’). Most identified articles focus on technical or 
biochemical problems in water supply; few look at broader governance challenges. Data on 
groundwater levels and extraction is particularly scarce. Non-scientific sources such as media 
reports and official websites were used to complement this material. Newspaper articles from 
2013 onwards were reviewed for recent information on water related issues, identified 
through Google searches on combinations of aforementioned keywords (adding 
‘Cauvery’/’Kaveri’ and ‘V’/‘5’). The website of Bangalore Water Supply and Sewerage 
Board (BWSSB), in charge of all supply-related issues, was reviewed thoroughly to map the 
official view on present and historical water supply, and plans to meet future needs. Data 
from technical reports was also used, identified through references from BWSSB and 
scientific literature. These alternative sources are used with caution and results presented here 
focus primarily on data were sources agree. Interview results also proved valuable for 
assessing the credibility of secondary sources. 

Q1 is thus addressed by analyzing the compiled data on current and historical development of 
Bangalore’s water governance structures, using the framework presented in Figure 1. To 
locate the beginning of the trap process, events are analyzed systematically by asking at what 
point in time “a trap would not have developed if certain events or causal factors were not 
present” (Boonstra & de Boer 2014:270). This provides a rule of thumb for knowing how far 
back in causal chains that triggering events should be searched for. 

The second method uses qualitative empirical data in the form of key informant interviews 
(n=45) with lake groups, public officers, NGO workers, consultants, journalists and 
researchers on the emerging role of lake groups in water governance. This is part of a larger 
research project mapping the emergence, spread and role of civic groups engaging in urban 
environmental stewardship in Bangalore (Enqvist et al. 2014, ms., Luna 2014). Interviews 
were carried out by the lead author from October to December in 2013. 

Particularly important for assessing lake groups’ impact were four interviews with public 
officers. These work for the authorities that are involved in lake management: Greater 
Bangalore Municipal Corporation (BBMP), Bangalore Development Authority (BDA), and 
Lake Development Authority (LDA). A final officer has a position as Conservator of Forests 
within the municipal BBMP, but is appointed by the state-level Karnataka Forest Department 
(KFD). 
Lake groups were identified through press reports, social media campaigns, interviews with 
key informants (local researchers, NGO workers and journalists), and by asking interviewees 
about other groups they knew of. Interviews were held with thirty-one different lake groups,  
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Status Lakes Lake group activities 

1. Restored by 
authorities 
after 
negotiations 
with citizen 
groups 

Chinnappanahalli 
Kaikondrahalli 
Puttenahalli 

“Success stories”. Groups have now signed MOUs 
with BBMP*. They are involved with ongoing work 
such as monitoring, gardening, cleaning, or organizing 
educational and cultural events. All these groups have 
also helped subsequent initiatives by sharing advice 
and support based on their experiences. 

2. Restored by 
authorities 

Agara 
Jakkur 
Sankey 

In these, lake groups mainly monitor the progress and 
undertake preemptive work such as awareness raising 
and watching for potential threats. 

3. Restoration 
work 
underway 

Bairasandra 
Halagevaderahalli 
Mestri 
Munnekolala 
Sheelavantha 
Vibhutipura 

Lake groups try to influence design according to 
recreational activities (accessibility, safety) and/or 
biodiversity needs (creating habitats, planting trees). 

4. Restoration 
not initiated 

(Twenty-four 
other lakes) 

Activities vary; some groups are just starting up and 
are gathering support and knowledge, others are at 
work with pressuring authorities or mobilizing local 
activities such as cleaning drives.  

Table 2. Status of thirty-three lakes that interviewed lake groups are engaging with. 
* Two additional lake groups, working with Uttarahalli and Lower Ambalipura, have also 
signed MOUs but are not as actively engaging with other groups. Since they have been 
described earlier (see Luna, 2014) and the aim here was to study a broad range of groups, they 
were not interviewed for this study. 
 

working with about thirty-six lakes in total (Table 2). About ten additional groups were not 
interviewed due to lack of time, but the present sample was chosen to maximize 
representativeness in terms of lake location and size, as well as groups’ age, success and size. 
All groups that other informants described as important to help newer groups were 
interviewed. 
Interviews typically involved a single representative of the group, but in some cases up to six 
group members were present. In addition, the interviewer was invited to and participated in 
several internal meetings, activities directed to the public, and meetings with lake groups and 
officers from public agencies in charge of lake management. Interviews focused on why and 
how lake restoration initiatives emerge, spread, and interact with each other (Table 3), and 
were semi-structured to allow for topics to emerge during the conversation (Kvale and 
Brinkmann 2009). The transcribed interviews were coded according to seven questions, 
formulated based on literature about trap dynamics and escaping rigidity traps (Table 1) to 
address the second research question (Q2). Interviewees are quoted using random ID 
numbers; for government officers and others with roles other than lake group membership, 
title is also given. 

It should be noted that the theoretical framework was developed after the fieldwork was 
finished, which means that interviews were carried out without any particular consideration of 
trap dynamics. Respondents are therefore highly unlikely to have been influenced by the  
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Topics for 
lake groups 

Reason for engagement with [lake name] 

Problems that needs solutions at [lake name] 
Source of information about 
- how to restore lake 
- how to interact with authorities 

Relation to 
- persons/groups providing this support 
- lakes official manager 
Personal information, including: 
- time of residence in Bangalore 
- source of water at home (BWSSB, borewell, tankers, other) 

General 
topics, for 
all 
interviewees 

Reason for lake groups emerging (at this point in time) 
Geographical or other patterns in where groups emerge/do not emerge 

Formal management of lakes: 
- organization 
- function 
Citizen-run lakes 
- benefits/concerns? 
- relation to other forms of environmental/civic activism 

Future expectation 

Table 3. Interview guide. 

 
interviewer to think or respond in such terms. However, many interviewees described the 
context of the lake groups in terms that fit well with the idea of a social–ecological trap. Some 
quotes are included in the following section for illustrative purposes. 

Results 

The biggest thing for Bangalore is […] where do you get your water? 
[The] death of Bangalore is going to be because of water. 

(42, citizen) 

This section outlines the historical changes in management of water supply in Bangalore, and 
is organized according to the phases presented in Figure 1. Trap characteristics (Q1) are 
described in the first three subsections based on the literature review (Appendix), and lake 
groups’ activities and impact (Q2) in the final part.  

Antecedent conditions – community management shaped by local conditions 

[Before 1960, the] community used to take care because the entire community 
used to depend on that water body. [But when] the responsibility […] shifted 
from the public to the government agency, [the] people who were taking care 
of it [previously], now started exploiting it. […] They said ‘That’s not our 
responsibility anymore – it’s the government [that] should take care of the 
water body’. 

(1, citizen) 
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Figure 2. Bangalore (shaded area representing size after expansion in 2007) with its various 
connections to external water sources: A: Hesarghatta (18 km, dried out), B: TG Halli (28 km, 
seasonally dry), and C: Cauvery river (98 km, perennial). Adapted from Kumar (2009), 
Executive Engineer, BWSSB. 

 
Bangalore is located in the south of the Indian peninsula, in the rain shadow created by the 
mountain ranges surrounding the Deccan Plateau (D’Souza and Nagendra 2011). Water has 
often been scarce and for several centuries local communities relied on a system of manmade 
lakes, created by damming small streams to store water from monsoon rains (Srinivas 2001, 
Suresh 2001). Typically maintained by certain groups within village communities (Nagendra 
and Ostrom 2014), lakes provided water but also allowed fishing, cattle grazing, cultural and 
recreational values, as well as habitat for migratory birds and other species (D’Souza and 
Nagendra 2011). It has been estimated that groundwater could be accessed through wells at 
ten to twelve meters depth during these times (Sawkar 2012).  
The city first started complementing these lakes with external sources in 1896, through pipes 
from Hesarghatta Lake (BWSSB “Mission & History”, Suresh 2001) located 18 km north of 
the city (Figure 2, point A). This lake ran almost completely dry in 1925 and work was 
initiated to secure further supply by constructing the Tippagondana (TG) Halli reservoir in 
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Figure 3. Timeline showing Bangalore’s population (dashed line) (Government of India 2011, 
Sudhira et al. 2007) and external water supply sources from Arkavathy River (darker area) 
and Cauvery River (brighter area) (estimated from BWSSB “Water Supply & Sources 1-2”). 
Arkavathy connections has a total capacity of 184 MLD, but the river is largely dry and 
provides only about 30 MLD. With the second phase of Stage-4 completed in 2012, over 
1400 MLD reaches Bangalore from Cauvery (BWSSB “Mission & History”, Saleth and 
Sastry 2004). 
 

1933, further downstream Arkavathy River (Figure 2, point B). The reservoir’s capacity was 
gradually augmented during the following decades (BWSSB “Water Supply & Sources 2”). 
Control over some lakes was also gradually shifted from local communities to city authorities; 
first by British colonial rulers, then by the post-independence government (D’Souza and 
Nagendra 2011). 
Critical juncture – externalizing supply, centralizing lakes  

When this urbanization [started,] Bangalore’s population was not even [2 
million]. Now we are 10 million. [The] government could not keep pace with 
the development. [so now] sewage is finding this way into the valleys and got 
into these lakes. [The lake network is destroyed, and] since it was acting like a 
flood basin […] it started flooding. […] Earlier it would not have taken this 
much of time as well as money to do [restoration] work. Now it costs a lot. 

(10, technical consultant for LDA) 
Water demand in Bangalore kept growing and by the end of the 1950s an expert committee 
was appointed to investigate sources to use in addition to Arkavathy. In 1964, BWSSB was 
founded (BWSSB “Mission & History”) as a new authority with primary responsibility for 
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provision, consumption, and disposal of water in the city (Lele et al. 2013). One of its first 
tasks was to execute the committee’s recommendations, and in 1969 work began to provide 
Bangalore with water from Cauvery River, 98 km south and several hundred meters lower in 
elevation1 (Figure 2). Completed 1974 (BWSSB “Water Supply & Sources 3”), the project 
was followed by a series of additional connections to Cauvery in the following decades 
(Figure 3).  
1964 was also a pivotal year for lakes, since new legislation was passed that made all public 
land (including lakes) state property. This effectively ended community management of water 
bodies within city boundaries. The different activities associated with water bodies, such as 
fishing and irrigation, came under the responsibility of whatever government department was 
deemed most appropriate (D’Souza and Nagendra 2011). 

Structural persistence – losing multifunctionality, reinforcing external dependence 

What happened in the late seventies when we started getting Cauvery water [in 
this area, is that] we started dumping a lot more sewage into the lakes. […] 
There was a direct correlation with Cauvery water coming and the quality of 
the lake water deteriorating. 

(40, independent researcher) 

In the decades after the first Cauvery connection, the population of Bangalore started growing 
increasingly rapid (Figure 3). The speed and lack of planning of this growth had a severe 
impact on the ecosystem of lakes. Some were drained to make way for development; others 
stopped fluctuating with the seasonal rains and became perennially full of wastewater. This 
generated problems with smell and mosquitoes, which reinforced the loss of lakes by 
encouraging further draining. Some lakes also dried, or flooded, because up- or downstream 
connections were blocked or destroyed (Gowda and Sridhara 2007). 
With the lake-based water harvesting system defunct, Bangalore’s supply became dependent 
on non-local sources – primarily Cauvery. Although delivery increased substantially, Lele et 
al. (2013:12) point out that “local sources have dried up and the population has grown sharply 
in the last decade”, and supply is still below national standards (Subhash Chandra 2012). 
Water is also not distributed equally across the city; many peripheral areas are forced to rely 
on alternative sources while central parts are serviced by BWSSB (CGWB 2013). Municipal 
boundaries were extended in 2007, in effect tripling the service area of BWSSB (Sastry 2008, 
Grönwall et al. 2010). Plans have been announced to draw more Cauvery water to meet this 
additional demand (The Hindu 2013, Manipal World News 2014). 

So far, the insufficient Cauvery supply in Bangalore is met by groundwater. As much as half 
the water used is extracted through borewells (Lele et al. 2013). BWSSB is officially only 
concerned with surface water (Saleth and Sastry 2004), and groundwater is regulated 
governed separately from other water sectors and polluting activities (WGF 2013). Ironically, 
BWSSB still relies on about 10,500 borewells to fill tankers that supplement Cauvery water 
when infrastructure malfunctions or the river’s levels are low. This extraction is not 
systematically monitored, neither is the use of 3-400,000 private borewells in the city  
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1 Most sources put the elevation difference at 500 m (Suresh 2001, Gowda and Sridhara 2007, 
Sudhira et al. 2007), but Lele et al. (2013) claim it is 500 ft (≈152 m). In between is the 
approximately 300 m indicated on GoogleEarth and by Sawkar (2012), which also fits with 
the 1000 ft mentioned by Interviewee 10, an engineer working for the city as a technical 
consultant on water supply. 



 

 

!

44 

 
Figure 4. Results for Q1 interpreted as rigidity trap characteristics (from Carpenter and Brock 
2008) during the initial three phases of a trap process (from Boonstra and de Boer 2014). 

 
(Grönwall et al. 2010, Subhash Chandra 2012). Some of these wells are used by an informal 
sector of vendors selling water at rates several times higher than municipal fees. However, 
most of them belong to residents who use it to supplement Cauvery water during dry months, 
or as a main source because they live outside the central areas serviced by BWSSB (Grönwall 
et al. 2010). Total extraction rates in the city have been estimated to be up to four times higher 
than groundwater recharge (Subhash Chandra 2012) and the increased depth of wells have 
started to reach aquifers where the water is ten to twelve thousand years old (Sawkar 2012). 

The formal water supply system in Bangalore has demonstrated several characteristics that are 
typical to rigidity traps (Q1; summarized in Figure 4). There is a great capacity to focus on 
one solution, as shown with the repeated extensions of Cauvery connections. 95% of current 
supply comes from that one river, and BWSSB’s website makes it clear that Cauvery is the 
obvious source to support the city’s growth: 

Expansion of water supply […] infrastructure to meet the growing needs of 
Bangalore city is extremely important to comply with the urban drinking water 
and sanitation policy of the state and to bridge the gap between demand & 
supply. 

(BWSSB “Growth”) 

Pumping Cauvery water consumes about 65% of BWSSB’s financial resources (Lele et al. 
2013) and since the fees collected from end users (already much higher than in cities like 
Delhi) do not cover these costs, water is in effect subsidized by public funds (Saleth and  

Antecedent contidions (1890s-1950s) 
Diversity: Multiple types of water sources, different 
governance forms. 
Capacity to explore: New sources and approaches tried. 
Capacity to dissipate stress: Complementary water 
sources. Groundwater levels high. 
System stress: Water scarcity problematic. 

Critical juncture (1960s) 
Diversity: Both water supply and lake management 
centralized. Large investments in single water source. 

Structural persistence (1970s-2000s) 
Diversity: Alternative sources neglected & mismanaged. 
Capacity to focus: Multiple large-scale Cauvery 
connections constructed over several decades. Maintained 
despite great costs. 
Capacity to explore: Complete reliance on Cauvery. 
Capacity to dissipate stress: Local water harvesting 
system degraded. Lakes polluted or gone. Groundwater 
sinking due to overexploitation and insufficient recharge. 
System stress: Water demand remain higher than supply. 
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Figure 5. Organizational structure of authorities involved in lakes governance (from figure 
sketched by a BBMP officer (28), and information from an LDA officer (43)). Each 
Bangalorean lake is owned by one of three different bodies, and managed by one of another 
four set of agencies. 

 
Sastry 2004). The efforts to maintain focus add financial dimensions to the stress from water 
scarcity, but also indicates that Lele et al. (2013:22) were right in that “‘[Bangalore]’s 
domestic water need’ is an argument that trumps everything”. 

The external water supply replaced a key function of the previous water harvesting system. 
As lakes were seen as increasingly redundant they gave way to urbanization, which further 
raised the dependence on Cauvery water. System stress remains high due to rapid growth, and 
the capacity to dissipate stress through groundwater usage is uncertain and threatened (Figure 
4). 
Reactive sequence – diversifying options and sharing the workload 

So lake dries up a bit, for some reason or the other. Then our bore well also 
gets dried, and BWSSB, with the increased population, is not able to supply 
much water […] because the Cauvery has to help the agricultural lands also. 
That is why we are protecting all the lakes now. 

(29, citizen) 
The dependence on Cauvery to meet Bangalore’s growing water needs is coming to an end. 
With the 2012 addition, the city started exceeding the amount of water it has been assigned in 
treaties with other users in Karnataka and neighboring states (Lele et al. 2013). BWSSB is 
negotiating with the state government to increase the city’s allocation and even allow for one 
more Cauvery addition (Deccan Chronicle 2013, Times News Network 2013b) that would 
provide another 750 MLD to currently unserviced peripheral areas (The Hindu 2013, Manipal 
World News 2014). A state-appointed expert committee as recommended drawing water from 
an entirely new source, the Linganamakki reservoir (Times News Network 2013a, The Hindu 

Owners 

Revenue Department 
of the Government of 

Karnataka (GoK) 

Minor Irrigations 
Department of GoK 

Zilla Panchayat 
(District Council) 

Managers 

Bangalore Development Authority, 
BDA: 123 lakes 

Greater Bangalore Municipal 
Corporation, BBMP: 55 lakes 

Karnataka Forest Department, 
KFD: 5 lakes 

Lake Development Authority, 
LDA: 4 lakes 
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2014). However, this would require 360 km of new pipes and pumps, 200 km of which would 
cut through biodiversity-rich forests in the Western Ghats (Bangalore Mirror Bureau 2013). 
Available information about BWSSB’s current projects concerns primarily the latest 
connection to Cauvery, and some renovations of existing infrastructure (BWSSB “Current 
projects 1-3”). There is a brief mention of a proposal to make a “comprehensive study for 
water quantity and quality of the whole water cycle of rainfall, surface water, ground water in 
Bangalore” (BWSSB “Current projects 4”), but nothing about concrete actions. Rainwater 
harvesting is brought up, not as a strategy for BWSSB but as do-it-yourself contributions for 
end users to mitigate water scarcity in the city (BWSSB “Rain Water Harvesting 1-2”). Thus, 
none of the “current projects” involve any concrete suggestions that would meet the 
recommendations made by national authorities for actions to raise groundwater levels, 
including rejuvenation of lakes in order to both improve water resources and generate other 
ecological benefits (CGWB 2013). The task to improve lakes instead falls on authorities that 
are not involved in water supply, as outlined in Figure 5 based on interviewed officers at 
BBMP and LDA. 

These officers also explained that while LDA only manages four lakes directly, it has an 
overall responsibility for approving other authorities development plans for any other lake. 
Previous studies have found that while the creation of LDA in 2002 was intended to 
consolidate lake management, responsibilities remain unclear and lakes continue to decline. 
Three lakes have been leased out to private entities by LDA, under a public–private 
partnership (PPP) scheme (Unnikrishnan and Nagendra 2014). The approach is controversial 
and legal processes initiated by civil society and environmentalists halted similar efforts in a 
fourth lake (D’Souza and Nagendra 2011). 
The PPP initiatives are new approaches to try and improve lake management, but do not 
represent an effort to change the governance of water supply as a whole. In comparison, the 
lake groups interviewed in this study are bringing forth a more holistic vision and therefore 
represent an important force in the reactive sequence. In particular, three groups emerged 
around 2005-2010 were able to influence governance in an unprecedented way (Table 2). By 
signing memorandums of understanding (MOUs) with BBMP they established co-
management arrangements to share responsibility of restoration and subsequent monitoring 
and maintenance of the lakes. As described in previous research (Nagendra 2010, Luna 2014, 
Nagendra and Ostrom 2014), these pioneers have been quite successful in both securing 
financial means (locally or externally), removing sources of pollution and eutrophication, 
improving lake surroundings, and creating institutions for monitoring and maintaining the 
lake locally. The early groups have also been important in inspiring others, and Save 
Bangalore Lakes Trust (SBLT) was registered in 2013 as a city-wide network of groups 
(described further in Enqvist et al. ms.). In some cases, e.g. LDA’s “fourth lake”, authorities 
actively look for local groups to partner with for joint management of the lake. 

These lake groups, and the relevance of their activities for trap dynamics (based on the 
analytical framework presented in Figure 1) are described in the following and summarized in 
Figure 6. 
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Figure 6. Results for Q2 summarized as changes in trap characteristics during a reactive 
sequence (Carpenter and Brock 2008, Boonstra and de Boer 2014). 
 

Dissipate stress and increase flexibility. Interviewees are generally aware of Bangalore’s 
problems with water scarcity, and improving local water supply is a key motivation for 
engaging in lake restoration. 

No [we don’t get Cauvery water here], we have borewells. The whole […] area 
is dependent on bore wells. The ground water is very important so I think that 
is one of the major reasons why we should keep the lake healthy. 

(17, citizen) 
So far only a handful of lakes have been restored (Table 2). The potential impact for 
dissipating stress by providing usable water is yet to be evaluated, but few anticipate any 
major impact in the near future. There are, however, other forms of stress that the initiatives 
are affecting. BBMP Lakes’ Chief engineer wants local residents to be “like a watchdog. 
Maintenance is quite expensive. [A lake is] not like a road or park – [it’s] a life body. You 
need to have twenty-four hour watch” (2). The LDA officer shares this view: “We cannot 
supervise the project twenty-four hours. If local people are there, then [they can monitor] any 
illegal activities that take place, so they can inform us, so we can take remedial action” (43). 
Lake groups, especially those that have signed MOUs, also recognize this: 

BBMP has been very responsive, totally. Because they also realize that they 
need citizens’ help. […] It’s very easy to rejuvenate a lake, but to keep it going 
is very tough. For that you need people’s intervention. 

(05, citizen) 
BDA has shown least interest in engaging with local communities. The interviewed BDA 
officer explains that the authority is only in charge of restoring, or “developing”, its 123 lakes 
– after that they will be handed over to BBMP. With a large number of lakes and no long-
term commitment, top-down approaches may seem more attractive compared to time-
consuming collaborative alternatives. 

Antecedent contidions (1890s-1950s) 
 Critical juncture (1960s) 

 Structural persistence (1970s-2000s) 
 Reactive sequence (2010s) 

Diversity: New actors and approaches introduced. 
Restoration of alternative sources initiated. 
Capacity to focus: Still high; supported by subsidies and 
state-level water allocation treaties. 
Capacity to explore: Authorities more open to new ideas. 
Capacity to dissipate stress: Still low for water supply, but 
lake management is relieved by local groups. 
System stress: At a critical point since external supply is 
reaching a limit while demand keeps rising. 
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For authorities working with longer timeframes, however, the help with maintenance and 
monitoring from local groups makes more sense. Groups benefit from this by gaining 
influence and public resources for rejuvenation of “their” lake. This arrangement indirectly 
dissipate stress in the water governance system, and create new management forms that give 
an incentive for authorities to explore approaches that involve local citizens. This increases 
system diversity and enables more flexibility (Figure 6). 
Restore and maintain ecological function. Another impact is on the ecosystem itself. Co-
management approaches are showing a new, more successful way of addressing the problem 
of monitoring and maintenance after restoration. The local director for an international NGO 
notes that 

[for] many of the lakes, [authorities] have spent large sums of money and then 
there is no community to look after it and no maintenance money. So it just 
[degrades again.] Now, if they put in the capital, they have a community really 
looking to make sure, you know, it’s maintained. 

(30) 

Since lakes are legally public land, local citizens are not allowed to make modifications 
themselves. Still, several groups try to convince authorities to restore lakes using what is 
described as an “ecological design rather than a civil engineering design” by a senior bird 
enthusiast (24) who many interviewees refer to as a “local expert”. This design is also 
advocated by a technical consultant hired by LDA: 

If you have a deeper lake then you can hold more water. But according to lake 
ecology you cannot have deeper lake. What will happen sunlight will not enter 
[…], then ecosystem will not survive; fish and all those things. So for that 
reason you’ll need to have [a sloping] profile.  

(10) 

This sloping lake bottom has been implemented in all three “success stories”, and is more 
similar to the original design of the lakes. These groups also take special measures to protect 
breeding sites and habitats in subsequent maintenance work. However, they also consider 
other types of lake functions, including recreation, religious uses, and local water supply. 
Some have also made efforts to accommodate traditional uses like grazing and fishing. 
At a higher level, the ecological function of lake networks is still an unsolved problem. 
Virtually all lake groups are aware of the interconnected origin of lakes: “[a] lake in 
Bangalore is not an isolated system: lake, canal, lake, canal, lake, canal – that’s the way it 
works. […] The priority for anyone who is talking about the lakes today in Bangalore [should 
be] to first get the canals opened” (18, citizen). Clearing these canals and making sure 
inflowing water is unpolluted is a remaining challenge even for the “success stories”. Some 
try to address this by taking on or supporting work with connected lakes, while others choose 
take an active part in the newly formed SBLT network to try and coordinate actions with 
others. 

Break initial gridlock. SBLT has also come to play an important part in spreading 
experiences, knowledge and inspiration generated by the initial achievements of pioneering 
groups. Their success stands out as a key motivation among interviewees, and is seen as an 
important reason why an unprecedented amount of initiatives have emerged lately: 
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Five years ago, people didn’t know where to start. […] The voice of the civic 
engagement was so low, five years ago. Now that you had one success story, 
now everybody’s saying, ‘Let me do it for my lake. Let me do it for my lake’.  

(41, citizen) 
Just as early groups showed the way for others, these groups all have well-known leader 
figures that have been instrumental for initiating and sustaining the work. This is 
acknowledged not least by public officers: 

I always tell [the leaders of Kaikondrahalli and Puttenahalli that I’d] need only 
a hundred people like that, so that all my lakes [could be improved]. They are 
very passionate. We have more than ten million [people] here. You won’t get 
twenty, thirty people so passionate. 

(2, Chief Engineer, BBMP Lakes) 
Similarly, individual leadership matters in public agencies: “Luckily, all the BBMP teams are 
good actually. Because [of] the chief engineer, […] they are very cooperative. […] That is not 
the case with BDA and other[s]” (21, citizen). 

The formally recognized MOUs only involve one authority so far, one that manages less than 
a third of the city’s lakes. Still, they represent a clear break in the trend of centralizing lake 
governance and goes against the norm of disaggregating management tasks over different 
departments (Figure 6). This is an achievement also acknowledged by BBMP: 

In India, […] very often [the] bureaucracy of a civil service and the [local 
groups] are at conflict. […] But at least [on] this [lake] issue, the bureaucracy – 
that is, you know, inherited by me here – and the groups are [in] sync. There is 
no conflict. Whatever they want, we also want the same thing. 

(28, Chief Conservator of Forests, BBMP) 
Discussion 

Bangalore’s water supply problems are not only the result of a rapidly growing population, 
but involve reinforcing feedbacks in an interconnected social–ecological system. The 
introduction of an originally more reliable water source, combined with changes in ownership 
of local lakes, allowed for a destruction of the previously used system for water harvesting. 
As in Allison and Hobbs (2004), the ecological part of the system was transformed which 
reduced the options available; as Bangalore’s urbanization continued and groundwater levels 
went down, the dependence on external supply was reinforced. 
Accessing an external source involved a considerable capital investment in infrastructure, 
which in other cases (e.g. Allison and Hobbs 2004, Steneck et al. 2011) has created a “sunk-
cost effect” that discourages new approaches that imply a loss of previous investments 
(Boonstra and de Boer 2014). The investments and the continued subsidies provided through 
public funds also fits with Holling’s et al. (2002) idea of rigidity traps as recognized by the 
accumulation of wealth and the focus on resisting any need to change. 
This path dependency can also have non-economic dimensions, as the “human capabilities 
acquired through expenditures on knowledge, social relations, innovation, [and] building up 
trust” (Boonstra and de Boer 2014:266) make new ideas unattractive because they upset an 
order many are accustomed to. This may have been the case with Bangalore’s official water 
supply authority, BWSSB. Founded just as the shift from lakes to Cauvery was taking place, 
it has relied on the river as its main source ever since Arkavathy supply diminished (Figure 
3). BWSSB has proved its expertise in exploiting that resource, but was never required to 
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develop other capacities – although groundwater is sometimes used, neither extraction nor 
supply is monitored. When demand now starts to exceed Cauvery’s supply, the only option 
considered seems to be more-of-the-same: to look for water even further away from the city. 
This inability to identify and implement novel solutions is indicative of a low adaptive 
capacity in the system (Holling et al. 2002, Carpenter and Brock 2008). 

The emergence of local lake groups and new collaborative forms of lake governance has 
changed these dynamics (Figure 6). As local groups relieve authorities’ work, they create an 
incentive to further explore new approaches. This effectively rewires certain feedbacks in the 
system and could provide a way for it to break with trap mechanisms. If previous problems 
stem from rigidity similar to command-and-control management (Holling and Meffe 1996) 
and bureaucracies that do not assimilate new information (Carpenter and Brock 2008), this is 
almost exactly what the emerging network of lake groups want to address: 

[Mostly, the city] government works in a [system where, if] you give an input 
[…] there is no feedback. [I think that] people, who are the ultimate […] 
stakeholders in the whole system, [should do] the monitoring: tracking of what 
is going on in the area of their interest, provide that feedback to the 
government, so the government is still accountable and responsible for what 
they are supposed to do [with the lakes]. 

(37, SBLT coordinator) 

This view calls into questions the separation of “expert” managers and resource users, 
described by Berkes (2010). Pioneering groups also take a holistic approach that 
acknowledges the multifunctionality of lakes, which represents a break with previous division 
of tasks among departments based on ideals that Berkes (2010) describes as a more 
reductionist stance. These ideas seem to have played an important part in the trap by making 
the lake system invisible when Cauvery water was introduced. In reality, groundwater still 
plays a fundamental part in sustaining Bangalore. Still, the system ignores its connections to 
surface water – formally in governance, and practically in the mismanagement of the physical 
link: the lakes. 
The identification of key events in the critical junction points to the causal origin of the trap 
process, which could be important for finding ways to end self-reinforcing mechanisms. 
Three such events stand out as important for shaping the subsequent structural persistence: the 
centralization of lake management (1964); the foundation of BWSSB to be in charge of water 
supply (1964); and the decision to make considerable investments in Cauvery connections to 
secure a reliable water supply (1969). Interestingly, all three are currently becoming 
increasingly questioned. Cauvery is no longer sufficient or reliable. BWSSB is still in charge 
of water, but the move of Bangalore’s boundaries in 2007 (Grönwall et al. 2010) created vast 
peri-urban areas beyond the authority’s reach. And lastly, the emergence of collaborative lake 
management reverses the trend of centralization and restores some local control of water 
bodies. This could be an opportunity to take control (Boonstra and de Boer 2014); to integrate 
a network of locally managed lakes into the water supply system. The sunk-cost effect should 
be reduced; although BWSSB as an institution is more used to external supply and centralized 
distribution, the influence of previous infrastructure investments is limited since a new source 
is needed. In addition, the new peripheral areas are less urbanized and have lakes in better 
conditions than those found in denser neighborhoods. Where the needed investments for new 
water supply is directed remains to be seen, but the current situation is likely to be a new 
critical juncture where a new trap could be avoided. 
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This shows that a historical perspective on traps as processes can help identify ways to 
dismantle or escape them. Trap characteristic can emerge gradually and at different points in 
time (Figure 4), and processes often operate at different timescales (Gunderson and Holling 
2002) especially when both social and ecological dynamics are considered (Folke 2006). For 
example, there is a likely time lag effect between the destruction of Bangalore’s lakes and a 
noticeable decrease in groundwater levels. This is also relevant for future pathways, which 
will depend among other things on how civic engagement can be sustained for long enough to 
change other system dynamics. 
Conclusions 

This study does not set out to prove or disprove the existence of a trap, but uses a traps 
perspective to illustrate certain aspects of Bangalore’s water supply system. Local lake 
restoration groups question previous assumptions about water governance and rewire 
feedbacks associated with rigid systems. By increasing diversity of actors, dissipating 
managerial stress, and introducing new approaches they have loosened some of the trap 
gridlock and improved adaptive capacity in the system. 

Importantly, the lake groups are not themselves breaking or dismantling the trap, but they 
create the conditions for the system to do so. Trapped in the logic of urban development fed 
by external water supply, the previously used water harvesting system became increasingly 
invisible. Lake groups draw attention to it by engaging with lakes as links between the 
formally recognized Cauvery water, and the informally used groundwater.  
The involvement of local groups also strengthens the multifunctionality of lakes as 
biodiversity hotspots, recreational areas, and culturally important. Blending use and 
management breaks with command-and-control approaches, and makes monitoring and 
maintenance more effective. 
This is happening at a critical juncture where city authorities are investigating how to access 
new water sources. Lake groups could therefore catalyze a break away from the trap of 
centralized external supply, and instead allow Bangalore’s water supply system to find a 
better fit with the underlying ecological processes of the landscape. 
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