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Abstract 

Urbanising deltas in South Asia are witnessing rapid growth and change. In cities like Khulna  
(Bangladesh) and Kolkata (India), this has put increasing pressure on groundwater resources in 
peri-urban areas. ‘ Shifting Grounds: Institutional transformation, enhancing knowledge and 
capacity to manage groundwater security in peri-urban Ganges delta systems’ is an NWO 
funded project (grant number W07.69.106) that works to address these challenges. It is part of 

NWO’s Urbanizing Deltas of the World program that aims to increase knowledge about river 
delta’s worldwide and to contribute to water safety, food security, and to sustainable economic 
development in these areas. The project includes consortium partners from Delft University of 
Technology (Netherlands), Bangladesh University of Engineering Technology (Bangladesh), 
South Asia Consortium for Interdisciplinary Water Resources Studies (India), BOTH Ends 
(Netherlands), Jagrata Jhuba Shangha (Bangladesh), and The Researcher (India). 

Shifting Grounds investigates institutional developments, looking at the dynamic interactions 
between different groundwater users, the groundwater systems and the influence of nearby 
cities. The insights should help local stakeholders negotiate institutional arrangements that can 
facilitate more sustainable and equitable outcomes in groundwater management. Research 
activities are combined with workshops to strengthen the negotiation capacities of local 
stakeholders. Khulna and Kolkata also provide the basis for institutional comparison, being 
part of the same Ganges delta system, yet located in different countries.  

 

Keywords 

Ganges delta, New Institutional Economics, Institutional Analysis and Development 
Framework, Peri-urban, Institutional Change  
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Introduction 

The Ganges delta region in south Asia has experienced significant changes as a result of 
urbanization. One consequence of uncontrolled urban expansion in this region is the pressure 
it places on groundwater resources in the area. The stress of groundwater insecurity is felt most 
at the peri-urban interface, where the majority of the rural to urban transition takes place.  This 
transition is visible through changes in peri-urban population, land use, and economic sectors, 
all of which contribute to the variations in groundwater usage and demand. It has challenged 
the ability of existing institutions to sustainably manage groundwater resources while ensuring 
equitable supply to local users. Furthermore, this competition over scarce resources brings 
environmental, economic, and social consequences in terms of exclusion and poverty. 

The following concept note is the basis for proposed research as part of a larger NWO-funded 

project titled, Shifting Grounds: Institutional transformation, enhancing knowledge and capacity to 

manage groundwater security in peri-urban Ganges delta systems. The main goal of the Shifting Grounds 
project is: 

“ To build knowledge and capacity among local actors to support a transformative process in 
peri-urban delta communities in Bangladesh and India for a pro-poor, sustainable and equitable 
management of groundwater resources across caste /class and gender.” 

On-going research by project partners in the delta region shows evidence of growing concern 
among peri-urban residents regarding competition over access to groundwater resources as a 
result of competing demands from different user groups (Kumar, Khan, Rahman, Mondal, & 
Huq, 2011). This competition stems from multiple stressors including degrading surface water 
resources, land use change, increased climatic variability, unequal social structures, and weak 
institution arrangements. Moreover, lack of access to groundwater during critical periods 
impacts the livelihood of vulnerable communities and contributes to poverty within the area. 
Workshops conducted during the proposal development phase reveal consensus among 
stakeholders on the ineffectiveness of existing rules, regulations, and policies in addressing the 
groundwater resources and a need for alternate solutions (Thissen et al., 2013). Hence, there is 
a need for strengthening peri-urban institutions within the region that can support more 
effective groundwater management outcomes.  

The Shifting Grounds project aims to build integrated research on the biophysical, socio-
economic and institutional aspects of peri-urban groundwater management in the Ganges delta 
region. Given that the project works in peri-urban communities within the same delta in both 
India and Bangladesh, comparison between the institutional contexts in India and Bangladesh 
brings the added benefit of exploring how country level aspects have resulted in different 
management outcomes. Subsequently, this research will also serve as inputs into the design of a 
serious game to support learning and capacity building during stakeholder workshops within 
peri-urban communities. These knowledge sharing platforms are planned as the first step 
towards supporting more long term institutional change. The inter-disciplinary research 
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approach is also expected to generate more strategic and holistic responses in an otherwise 
fragmented region.  

The following concept note features theories on institutions and their role in society from 
various disciplines. It also describes institutional transformation in society and the mechanisms 
and pathways by which this is found to take place. Following this general overview of 
institutions, there is a need to then explore the context in which they exist. Here, unique 
characteristics of peri-urban areas and groundwater resource management highlight the 
institutional challenges of creating effective management outcomes. The literature suggests that 
given these contextual features, exploring societal problems such as groundwater management 
from an institutional perspective can be beneficial to problem structuring. Several important 
variables are found to be important in an institutional analysis and game theory modelling is 
found to be a useful methodological approach for capturing and analysing actor dynamics.  

The proposed study explores the institutional component in the Shifting Grounds project. To 
derive causal explanations in the institutional analysis, empirical research uses qualitative case 
study and formal game theoretic modelling approaches. Knowledge sharing with local actors on 
the institutional dynamics based on empirical findings will be undertaken through serious 
gaming. The designed game is expected to help build local capacity and learning by fostering an 
improved understanding of actor dynamics and institutional challenges within the peri-urban 
groundwater system. It will be applied and tested during the stakeholder workshops.  

The following concept note is structured with a literature review in Chapter 2 followed by the 
design of a conceptual framework in Chapter 3. The literature review structures future 

empirical research as part of the Shifting Grounds  project. Undertaking such an enquiry 
however, requires further elaboration of relevant theories and analytical methods to conduct 
the analysis The following objectives guide the literature review below: 

i. What are institutions? 

ii. What do we know about institutions and institutional transformation in the peri-
urban groundwater context? 

iii. How can we capture dynamics of institutions? 

iv. What available methods can be used to communicate and deliberate empirical 
insights as part of a capacity building tool for local peri-urban stakeholders? 

Based on these conceptual foundations, Chapter 3 explores potential framework options for 
institutional analysis. The selected framework is further tailored to suite the context and 
specific analytical elements of interest for the study of peri-urban institutions as identified in 
the literature.  
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1. Theoretical perspectives on Institutions and Institutional Change 

The concept of institutions is addressed in numerous social science disciplines including 
economics, political science, sociology, philosophy as well as resource management. Selecting an 

appropriate starting point for this theoretical basis was identified on the basis of how institutions 
are portrayed within the various disciplines.  
 

1.1 New Institutional Economics and Rational Choice perspectives 

The importance of institutions in shaping societal behaviour has evolved from neoclassical 
economics to new institutional economics, the latter, largely shaping the arguments presented 
in this section. New Institutional Economics originated during the 1970s from Ronald Coase’s 

work on the institutional environment and ‘the nature of the firm’ on institutional governance 
(Williamson, 1998b). As a field of economic research, it adopts an inter-disciplinary approach 
to the study of the institutional environment and modes of governance in the context of 
human behaviour and society (Williamson, 1998a). New Institutional Economics furthers the 
study of institutions beyond general theories on allocation to the emergence of institutions and 
their purpose in society and economic activity. In contrast, older schools of economic theory 
stressed the now widely accepted notion that institutions matter and were more normative than 
analytical in approach (Williamson, 1998b). Thus, New Institutional Economics offers a wider 
empirical application.  

When applied, New Institutional Economics is believed to result in more effective policy 
recommendations as contextual factors, featured in this approach are important in the design 
of institutions (Williamson, 2000). Moreover, there are limitations in the theories that underlie 
neoclassical economics that assumes profit maximizing and rational behaviour along with 
complete information in the decision making process. These assumptions hold true for perfect 
competition and zero transaction cost exchanges, however, human behaviour in many real 
world situations is unpredictable due to the high cost of information, limited cognitive abilities, 
complex motivations and unstable preferences (North, 1990). Subsequent sections below will 
reveal the relevance that these behavioural and decision making attributes have on the 
outcomes in complex social problems. Moreover, North (1990) further notes that human 
coordination and cooperation, missing from the classical approach, is significant in situations 
with transaction costs. These dynamics of human interaction is also relevant in solving complex 
problems. For these reasons, the basic institutional normative that follows stems from this New 
Institutional Economic perspective.   

1.1.1 Institutions as Rules 

Institutions provide the enabling and constraining rules that structure all forms of interaction 
and behaviour within society (North, 1990). North (1991) further elaborates on this basic 
definition in stating that institutions are humanly devised and include both formal and 
informal rules that structure social, political, and economic interactions (cited in Williamson, 
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1998b). Williamson refers to institutions in economic terms as “the set of fundamental 
political, social and legal ground rules that establishes the basis for production, exchange and 
distribution” (David and North, 1971 cited in Williamson, 1991). Examples of formal rules 
includes constitutions, laws, property rights whereas informal constraints are the sanctions, 
taboos, customs, traditions, and codes of conduct (Williamson, 1998b).  

These formal and informal rules can be classified in several ways. North classifies rules based on 
their codification and enforcement. Formal and informal rules differ in their codification and 
enforcement. Formal rules are codified in regulations, legal documents and procedures ranging 
from the general to more specific rules and are enforced through legal mandates. Meanwhile 
informal rules are socially transmitted codes of conduct from one generation to the next and 
include shared social norms and cultural values that form a society’s culture (North, 1990) 
(North 2001 cited in Pahl-Wostl, 2009). Moreover, formal rules may be consciously designed 
whereas informal rules emerge as a result of repeated interactions between individuals. These 
informal rules are also referred to as norms that are internally enforced, socially transmitted 
codes of conduct and includes knowledge and values that together forms a societies culture 
(North, 1990).  

Institutions may be classified in several others ways as well. Based on their action outcomes, 
institutions may be regulative that define permissible actions, normative that determines 
actions that would be acceptable by society and cultural-cognitive as thinkable actions (Scott, 
2001 cited in Pahl-Wostl, 2009). However, as will later be explained, it is not always possible to 
determine with certainty the actions that result from rules. Hence, this classification has 
limitations. In terms of the guidance institutions provide, Black (1962) classifies rules as 
regulatory (enforced rules) which is most commonly used in institutional studies, instructive 
that guides strategy, precepts or norms and principles referring to physical laws (cited in 
Ostrom, 2005). Yet another type of classification is presented by Ostrom. Ostrom's (2005) 
structural attributes of rules is most descriptive in the list of functions given by institutions that 
includes position, boundary, choice, aggregation, information, payoff and scope rules The 
sections below will elaborate on how these factors are of significance to decision making 
outcomes. 
 
Furthermore, Ostrom (2005) highlights that these rules exist in a nested structure such that 
rules at one level are determined by the set of rules at higher levels which has implications in 
the way these rules can be changed.  For the purpose of elaborating on this nested rule structure 
she suggest 3 levels: 

 Operational rules that structure day to day activities at the most local level of society 

 Collective choice rules that structure operational rules 

 Constitutional choice rules that set the collective choice rules 

North, (1990) also supports this notion of hierarchy of formal rules from national and 
international constitutions to local bylaws and individual contracts. A similar reference to this 
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nested structure is found in Williamson's, (2000) economics of institutions. However, one can 
argue that informal rules are also nested as these rules are based on cultural attributes such as 
religion, beliefs, customs and values may differ at different levels of society. While Ostrom and 
North’s classification deals more with the hierarchy of formal rules, it may be relevant to also 
bear in mind differences in informal rules as this could potentially result in different outcomes. 
Given how institutions structure societies through its formal rules and creates a societal identity 
through the informal rules, the remainder of this section describes how institutions are 
operationalized. 

1.1.2 Actor Behaviour in Society 

Ostrom’s (2005) work on institutional analysis provides a useful typology for the study of 

institutions. Her approach to examining institutions focuses on the action arena which she 

describes as the action situation in which individuals and groups, referred to as actors interact to 
address societal problems (Ostrom, 2005). Actors are social entities;  a person or organization 
that has some ability to directly or indirectly influence the system in which it has an interest (B 
Enserink et al., 2010). Moreover, organizations are groups of individuals bound by a common 
goal , that collectively act to achieve this objective (North, 1990). Institutions operating within 
these action situations determine several structural attributes as mentioned earlier in Ostrom's 
(2005) structural classification. In the context of multi-actor situations is that these institutions 
also define the expectations of each other’s behaviour (Ostrom, 2005).  

The neoclassical economics approach assumed that individuals select their actions based on an 
expected utility of its outcome. However as North (1990) argues, internally enforced codes of 
conduct also shape behavioural outcomes with individuals making subjective choices between 
utility outcomes and their own values. Furthermore, decisions are also based on perceptions of 
both the problem they wish to address and the action situation in which they make decisions.  

These perceptions are based on mental models of the situation. "Mental models are the internal 
representations that individual cognitive systems create to interpret the environment” while 
“institutions are the external mechanisms individuals create to structure and order the 
environment" (North, 1996). These models are cognitive representations the action situation 
based on the information received from the system itself.  

In multi-actor situations,  these models help shape strategic decisions when actions are based on 
the  behavior of other participants. Here, trust plays a significant role in forging cooperative 
outcomes. On the topic of trust, Williamson (1993) stresses that trust is a risk borne by 
participants in assuming other actors also act in a similar manner and repetitive interactions 
can certainly increase the likelihood of trust forming among actors. This idea of trust also stems 
from the concerns of whether actors behave in their own interest or collective interest. Here, 
Williamson (1998a) (1998b) refers to this as opportunistic behaviour, which is described in 
transaction cost economics as a limiting factor to effective transactions particularly in situations 
of bilateral dependency. It is therefore apparent that decision making in societal problems 
extends beyond the institutional system to more cognitive and behavioural factors. Hammond 
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and Butler (2003) similarly highlight that more than just institutional rules need to be 
considered in the robust understanding of a particular system (cited in Ostrom, 2005). 

Section 1.1.1 outlined a basic representation of the role of institutions in shaping the decision 
making processes of multi-actor situations and the outcomes they produce. However, there are 
reasons for why some rules are ineffective, cooperation is difficult to achieve and actor decisions 
don’t always produce the best solution to societal problems.  This can be explained by the 
limitations of human behaviour, rules and group dynamics.  

1.1.3 Limitations of applied rules and actor behaviour 

Several factors contribute to the unpredictable nature of why institutions are not always 
effective in resolving complex societal problems.  

The first concerns the nature of the rules itself. Rules, as Ostrom, (2005) notes, often lack 
clarity and can therefore be misinterpreted particularly when they are modified over time due to 
changes in technology or societal norms. Furthermore, she adds the effectiveness of rules is 
determined by how well they can be enforced and monitored. The need for creating 
enforceable rules is to prevent opportunistic behaviour or situations of ‘free riding’. 
Mantzavinos, North, & Shariq (2004) explain the emergence of rule enforcement as trust is 
inversely proportional to group size. With a large group, the number of defectors increase 
creating the need for safeguarding mechanisms. However, when there is only a small risk to 
breaking a rule and no penalty or monitoring, then actors may consider that option with 
greater weight (Ostrom, 2005). Thus, in situations wherein an external enforcing mechanism is 
key, institutions can sometimes lack in this regard.  

Williamson (1991) in his work on comparative economic organization, also argues that the 
efficiency of governance modes is dependent on the contract laws that support it. One can also 
make the argument that the design of rules must also account for the governance structures in 
place such that they may be properly applied. Moreover, the environmental and cultural context 
is also important in the design of rules as limited understanding of the impact of rules and 
combination of rules in a particular context can produce unintended or even disastrous 
outcomes (Ostrom, 2005).  

Secondly, cognitive limitations  of the actors also impact the decision making outcomes to 
societal problems. Here, the arguments against the rational choice model are relevant. At the 
core of decision making, are mental models of the actor’s environment that evolve through 
feedback from the physical environment, socio-cultural context and through interactions with 
other actors (North, 1996)(Ostrom, 2005). And further add that feedback information is costly 
and thus limited as is the cognitive processing of that information, resulting in subjective 
representations of the situation. Thus, decision making stems from a limited understanding of 
both the situation and action-outcome linkages. Ostrom (2005) further notes that individuals 
may have multiple mental models for a single situation based on different values which 
increases the difficulty in understanding situations. The preferred actions are also based on 
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multiple behavioural factors such as trust, altruism, self-interest and fairness which are internal 
values that can change over time.  

Such attributes, North (1990) highlights are reasons for outcomes that aren’t always rational. 
Thus, unlike the classical economic assumptions of rational behaviour, New Institutional 
Economics suggests bounded rationality  as a more realistic characterization  of human 
behaviour in the real world. Finally, the collective decision making  is further complicated as 
individuals in multi-actor situations are faced with multiple varying objectives. Cooperation, 
requires a convergence of different objectives, a level of trust among participants and the desire 
to pursue strategies towards a common interest (Ostrom, 2005).  

Thus, the play of the game is also an important aspect to consider in institutional analysis. 
Understanding the governance environment within which interaction occurs helps uncover 
those factors that constrain cooperative outcomes. For example Ostrom (2005) explains that 
situations, with changing participants or irregular interactions further reduces the chances of 
cooperation. Thus, group homogeneity is a necessary factor to developing trust and reaching 
agreements. The institutional system also defines the governance rules in society such as who 
gets to participate at the decision making table and the mechanisms for interaction. Here, 
transaction cost economics is useful in explaining the attributes and hazards of difference 
modes of governance (Williamson, 1998a).  

Hence, problem solving in a multi-actor context is complex as effective outcomes are a factor of 
the institutional context, individual cognitive abilities, and group dynamics. Given that 
institutions structure decision making, insight on how institutions can be modified to reduce 
the challenges mentioned above can help in problem solving. The next section focuses on this 
aspect of institutional change.  

1.1.4 Institutional Change 

 The work of Douglass C. North provides useful insights into the processes of Institutional 
change. Institutions in society, evolve over time through the processes of learning in human 
beings (North, 1996). Institutional change occurs when the actors or their organizations invest 
in changing outcomes either within an existing institutional structure or by altering the 
institutions themselves. Negative feedback from the situation prompts actors to modify their 
responses in order to achieve their preferred outcome. If the actor perceives that existing 
institutional arrangements limit the ability to achieve their outcomes, they can invest in 
modifying the rules  (North, 1996). North further notes that changes in perceptions and 
updating of the actors mental model occurs via learning through the feedback received from 
outcomes of the action situation. Therefore, the rate and the direction this learning takes are 
contributing factors to the process of institutional change. 

This decision to invest in changing the institutional constraints can be thought of in 
equilibrium terms (North, 1990). When institutions are in equilibrium, actors find it 
disadvantageous to change the rules because of the costs involved in doing so even when the 
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payoffs from doing so may be significant. As a result, North (1990) notes that both formal and 
informal rules can be gradually eroded without purposive actions by replacing them with 
alternate actions or ignoring them altogether.  
 
The costs of transforming institutions also relates to the concept of embeddedness as given by 
Williamson. Williamson's (2000) framework on the economics of institutions is useful in 
explaining the concept of institutional embeddedness. Informal rules are located at the level of 
social embeddedness where changes occur along centurial or millennial timescales. This make 
changes to informal rules extremely costly which he argues may be due to the fact that these 
evolve spontaneously through practice (Williamson, 1998b). Formal rules in his framework are 
located at the level of the institutional environment which change in the order of decades or 
centuries. This embeddedness of institutions is also what helps achieve stability in society. Here, 

the concept of institutional stability is worth highlighting. North (1990) describes institutional 
stability in terms of a nested structure of rules which becomes increasingly more costly and 
difficult to change. This stability is needed for actors to organize the behaviour and predict the 
outcomes from their own actions and the actions of others (North, 1990). Thus, institutional 
change needs to strike a balance between achieving stability in society and being flexible to 
changing needs and values.  

 

Fig. 1 Organization of institutions in society and timescales of institutional change (Adapted 
from Ostrom, 2005; Williamson, 2000)  

The costs involved in changing institutions also relates to the organization of individuals in 
decision making processes. North (1990) describes institutions, in the organizational sense, as 
individuals bound by a common purpose that are created to overcome the costs of transaction 
and maximize their objectives. He refers to them as the agents of institutional change. Given 
that institutions, as it refers to the set of rules in society, tends to favour those with greater 
bargaining power, organizations enable individuals to strengthen their voice in the decision 
making process. Here, North (1990) adds that organizations with bargaining power are more 
successful in changing institutions if that option results in better payoffs. Thus, there are 
benefits to collective action, however, the ability to organize is also given by the institutional 
environment and as mentioned earlier depends on actors ability to reach a common objective. 



11 

 

North (1990, 1996) furthermore highlights that in reality, institutions aren’t socially efficient 
and outcomes typically favour those with the most bargaining power. Collective action can help 

in this regard.  Actors with bargaining power are the agents of institutional change (North, 
1990). Ostrom's (2005) structural classification is thus useful in examining how actors mobilize 
their resources to achieve outcomes or invest in institutional change through its definition of 
participants, positions and control.  

Furthermore, institutional change is also difficult to achieve due to path dependency of 
learning. North (1990) states that present day learning occurs within a context of accumulated 
and embedded knowledge that influences future choices. This embedded knowledge may not 
be suitable to address present day problems. As a result, institutional change is also path 
dependent as institutional heritage reinforces an evolutionary path of growth or decline (North, 
1990, 1996). North (1990) challenges theories on social survival by Alchain (1950) which state 
that more efficient institutions over time automatically replace failing ones.  
 
Given this cost and cognitive complexity in institutional transformation, we need to 
understand the path that institutional change occurs in the real world. North (1990) notes that 
more than often, this institutional building is incremental due to the costs of transforming 
institutions and their how embedded they are in society. It occurs along the margins of most 
pressing issues by changing the structure or function of existing rules (Ostrom, 2005). Large 
scale transformation through exploratory means also requires favourable windows of 
opportunity which is partly why this type of institutional change so rarely occurs and can result 
in failed responses (Williamson, 1998b). We see examples of this type of response in the water 
sector with the application Integrated River Basin Management institutions which sometimes 
fails due to poor implementation.  

Despite these challenges in solving societal problems through institutional change, it is argued 

that institutional adaptation is needed to deal with changing circumstances. Williamson (1991) 
discusses the economic adaptation models presented by Hayek (1945) and Barnard (1938). 
Hayek stresses for a market adaptation while Barnard favours internal adaptation though 
cooperative efforts. Williamson argues that both individual and market adaptive responses are 
needed to achieve overall efficiency (Williamson, 1991). North (1996) also points to a notion of 
adaptive efficiency through flexible institutional structures in order to achieve long-term 
economic growth. Institutions with an adaptive efficiency are further elaborated as those that 
promote learning, innovation, risk taking that help resolve societal problems through time 
(North, 1990). Ostrom (2005) supports this theory that institutional change is possible in an 
open society where individuals have the option to relocate resources to challenging institutions 
at higher levels. Literature on institutional adaptation is sparse and fuzzy at this nascent stage. 
What is clear however, is the inherent complexity of institutional research and sense-making in 
the real world. 

1.1.5 Synthesis of economic perspectives on institutions 
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The New Institutional Economic approach to institutions is useful in characterizing the role of 
institutions in structuring decision making in society. The terminology used to define 
institutions as the formal and informal rules organized in a nested structure of operational, 
collective choice and constitutional levels is a useful starting point in institutional analysis. 
Ostrom’s (2005) research on the operationalization of rules as actors participating in action 
situations that make choice decisions that produce outcomes provides a clear understanding of 
the role of institutions in society. A micro-level examination of these action situations reveals 
that decisions at an individual level are based on internal codes of conduct, an imperfect 
mental model while ground dynamics is strongly influenced by notions of self-interest and trust 
between the participants that determines the likelihood of cooperative outcomes.  

Moreover, this research also highlights specific aspects of societal decision making that inhibits 
the effectiveness of institutions in solving societal problems. The fact that New Institutional 
Economics focuses on the outcomes of institutional systems is useful in situations where the 
objective is sustainable management of common property resources like groundwater. Theorists 
argue that rules are limited by issues of clarity, enforceability and suitability to the context in 
which they are applied (Ostrom, 2005)(North, 1996). This eludes to consideration of not only 
the institutions makeup, but also those variables that defines the context in which the rules are 
applied. Similarly, cognitive limitations such as bounded rationality and imperfect mental 
models in addition to group dynamics such as trust, self-interest and changing preferences are 
also revealed to shape the success of institutions in society yet further clarification on what 
contributes to these conditions is necessary.  

New institutional economics also outlines the concept of institutional change as initiated by the 
actors themselves in response to feedback received from the outcomes of the action situations. 
They elude to the use of resources to achieve institutional change if that is in fact the actors 
preferred response to changing the outcomes but also describes the embeddedness of 
institutions which makes change costly to achieve in practice. Furthermore, historical 
experiences also contributes to a path dependency function of institutional change which may 
not always result in effective outcomes.  

What this section suggests is that institutional change depends on several factors that can 
differs from one context to another. Moreover, even when change does occur it does not 
guarantee improved outcomes for the actors. Therefore, societal problems can benefit from 
such an examination of actors responses through investments in institutional change. 
Institutional economics literature offers limited explanation of the underlying mechanisms in 
which institutional change takes place for such an analysis. For this, we turn to other disciplines 
that may help in this regard. 
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1.2 Political science perspectives on institutional change 

Political scientists have also made significant contributions in explaining the role of 
institutions. Although their perspectives are in relation to political institutions and policy 
outcomes, some of their concepts on institution building and human learning can be 
transferred to a general context as well.  

For political scientists, institutions are seen as a key factor in  structuring and influencing actor 
interactions that produce policy outcomes. Institutions provide order to otherwise chaotic 
situations by limiting the set of choices available to actors and in this process define individual, 
group and social identities (March & Olsen, 1989; Scharpf 1997). Scharpf's (1997) theories on 
institutional analysis is drawn from his work on actor centred institutionalism that examines 
institutions from a public policy perspective. Some of his concepts on how institutions are 
defined is similar to those given by institutional economists. Scharpf (1997), uses Ostrom’s 
definition of institutions as the formal and informal rules that structure individual choices in 
society but further explains that non-compliance can affect an actors’ reputation, societal 
approval or erode cooperative agreements. Secondly, he also identifies similar attributes of 
actors as New Institutional Economics. Scharpf, (1997) views actors as having different 
perceptions, preferences, and responses to opportunities, threats, and constraints that may 
result in non-compliance to the given set of rules. 

 In contrast, March & Olsen's (1989) New Institutionalism approach assumes that institutions 
provide the rules for appropriate behaviour that create uniform routines independent of actors 
own values and preferences. Here, actors are seen to match situations with appropriate actions 
determined by the institutions, suggesting a tendency for rule conformity based on obligation 
given by their position with the structure rather individual motivation or a logic of consequence 
(March & Olsen, 1984; March & Olsen, 1989; March & Olsen, 1997; March & Olsen, 1983; 
Scott, 1995). Thus, actions are viewed more as duties based on their roles in the political 
institutions than on their individual self-interests (March & Olsen, 1989).  

New Institutionalism also discusses the concept of legal pluralism referring to situations 
involving multiple or overlapping rules requiring actors to decide on which rules to refer to. 
The relationship between institutions in these complexes determines if they complement, 
reinforce or are conflicting (Greif, 2006). March & Olsen (1989) state here, that choices are 
based on legal reasoning involving the ranking of rules based on some criteria. They further add 
that actor familiarity with the rules from recent use or development increases the likelihood of 
being evoked. Legal pluralism is also discussed in governance literature on polycentricism. 
Polycentricism involves multiple decision making centres at different levels with overlapping 
roles, to suit the realities of biophysical boundaries (Aligica & Tarko, 2012; Huitema et al., 
2009; Pahl-Wostl, 2009).  

Political science perspectives are particularly useful in building on the institutional change 
theories offered by institutional economics. Giddens, (1979) discusses the agents of 
institutional change in his structuration theory. March & Olsen (1983, 1989) suggest that 



14 

 

societal class structures decide the distribution of wealth and other resources that define these 
agents. Thus the social context is seen as endogenous to political outcomes and institutions 
(March & Olsen, 1983, 1989).  
 
On the topic of path dependency, Greif (2006) refers to it as self-enforcing institutions that 
through use get embedded in actors mental models. He adds that change occurs when self-
enforcing characteristics break down or actors are faced with new situations in which 
institutions aren’t available. Here, forward thinking actors may invest in institutional change to 
guide behaviour in such situations (Greif, 2006). Greif, (2006) explains that path dependency 
typically results in marginal institutional change whereas large-scale institutional change occurs 
when alternate institutions outweighs institutional heritage. Similarly, in situations of legal 
pluralism the cost of institutional change increases if institutions share similar elements that are 
self-enforcing (Greif, 2006). This too affects the functioning of polycentric systems by reducing 
actors ability to create, enforce and reformulate rules (Aligica & Tarko, 2012). Besides the cost 
of introducing new alternatives, there is the uncertainty of outcomes, lag time for results to 
transpire, as well as unknown distributive effects (Greif, 2006). Thus, even when institutional 
change is a plausible outcome, it does not guarantee socially efficient outcomes. 
 
 Lanzara (1998) also discusses change in terms of institutional building which is the emergence 
of a structure or patterns of behaviour that over time gains legitimacy and functionality in 
society, thus becoming stable. Scharpf notes this change to be the result of deliberate human 
interaction or more gradual evolutionary processes and supports the path dependency function 
of institutional development (Brennan & Buchanan, 1985 cited in Scharpf, 1997). Situations 
of crisis or transitions, prompt actors to allocate resources towards institution building along 
three possible pathways: exploratory, exploitative or bricolage. Exploratory involves creating 
alternate institutional arrangements or using existing ones (Lanzara, 1998). A third approach to 

institutional building referred to as bricolage  which combines the processes of exploratory and 
exploitative pathways is also suggested. Here, institutions are built from existing materials or 
made to perform new functions that gives rise to open and active institutions as opposed to 
more stables ones (Lanzara, 1998). Further, he adds that bricolage is ex post and involves 
working and innovating with existing institutions and depends on the result of interactions 
over time (Lanzara, 1998).  

Some key differences between the three pathways are given in Table 1.  

Features Exploratory Exploitative Bricolage 
Benefits & 
Costs 

Long-term, High cost Short-term, Low cost Innovative, Ex post 

Requirements Risk taking attitude & 
resources 

Risk averse attitude Repeated 
interactions 

Outcomes Variable Reliable Open, active 
institutions 

Opportunities Innovative Initiates  building process  Creative with 
reduced risks  
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Risks No Short term results 
linked to failure 

Path dependency  

 Redundancy as preferences 
change 

 Reinforce suboptimal 
outcomes 

 

 Premature  institutional 
change 

 Higher cost of future 
exploration 

 

Table 1. Characteristic differences between the pathways of institutional building (Lanzara, 
1998) 

Lindner (2003) also expands on the above theories on institutional change by explaining 
change as a function of the breakdown in stability. He outlines four mechanisms of change that 
differ in transaction cost and may occur in sequence or simultaneously depending on the actors 
(Lindner, 2003) (Table 2). 
 
Mechanism  Level Features Benefits & Costs 
Unilateral 
Interpretation 

Individual  Weak clarity & sanctions  Low cost, lack of alternates 

Joint 
Interpretation 

Collective 
agreement  

Prevents unilateral 
reinterpretation & 
application 

Less binding nature 

Third party 
Interpretation 

3rd party 
involvement 

Inability to reach joint 
outcome 

Carries binding power on 
outcome 

Explicit change Formal change Initiated by rule makers Prevents informal 
substitutions, high 
uncertainty 

Table 2. Mechanisms of Institutional Change (Adapted from Lindner, 2003) 

 
The success of institution building is strongly affected by cognitive limitations in understanding 
cause-effect relationships and the uncertainty, changing preferences, identities, and unequally 
distributed resources of their decision making context (Lanzara, 1998). The process of 

processing and updating mental models is referred to as learning (Keen, Brown, & Dyball, 2005; 
McGinnis & Ostrom, 2012; Pahl-Wostl, 2009). The nature and direction of individual learning 
is thus important in shaping institution building. March & Olsen (1983) describe learning 
along three dimensions: 

 Strategic learning resulting in altering their choices within the  pool of alternatives 

 Competency learning that strengthens actors skills in a particular activity 

 Aspirational learning that redefines the idea of success based on past performance 

Comparing this learning model with Table 1, we can argue that institution building is enabled 
by higher order learning in terms of competencies and aspirations. The decision to stop acting 
within the existing institutions and investing in institution building is either triggered by some 
external change or occurs when some endogenous threshold has been crossed (Lanzara, 1998). 
While both exploitative and exploratory institution building have costs and benefits (Table 1), 

the choice of which pathway to invest in stems from the sunk costs of altering embedded 
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institutions and developing social capital necessary to achieve change (Lanzara, 1998). Thus, in 
situations of poor trust, uncertainty, high sunk costs and risk averse behaviour, attempting to 

create active institutions rather than stability can be achieved through institutional bricolage 
(Lanzara, 1998). It combines exploitative with exploratory pathways thus reducing some of the 
risks of path dependency and high costs of exploitative or exploratory pathways.  

This overview further elaborates on the symbiotic relationship between institutions and actors. 
Understanding societal problems from an institutional perspective, requires consideration of 
not just the rules but several other factors that determine actor behaviour as discussed above. 
What is needed then are scientific tool to capture these complex dynamics and enrich the 
analytical insights. The next sub-section explores various actor analysis and modelling tools 
suitable in this regard. 
 
 
1.3 Modelling institutional change dynamics 
 
Several useful methods are available to analyze complex problems of a multi-actor nature and 
the dynamics in these situations. They range in complexity and focus from simple stakeholder 
analysis, game theory models, to more advanced simulation type agent based models.  
 
Formal models make explicit assumptions of key variables to predict outcomes (Ostrom, 
Gardner, & Walker, 2006). Although conceptual frameworks often used in social science 
research, help organize empirical data in the analytic process, insights from this tend to be 
descriptive accounts of observed phenomena. Moreover, in situations with multiple factors of 
causation, there is a need to correlate causal relationships with some certainty to strengthen 
scientific results.  Models can improve the richness of empirical results through the testing of 
variables on behavioral outcomes in a laboratory setting (Ostrom et al., 2006). Selecting the 
appropriate modelling approach however, depends on the objectives as each focuses on 
different variables and vary in their data requirements offering different levels of analytical rigor 
and practical feasibility (Hermans, Cunningham, & Slinger, 2014).  
 
Research on the relationship between institutions and decision making outcomes, suggests 
actor strategies, options, and payoffs as important variable to consider based on the theories 
presented so far. Game theory and agent based models are potentially useful tools for 
examining  these variables. Literature suggests that model selection typically involves trade-off 
between simple versus descriptive models (Janssen & Ostrom, 2006; Kiesling, Günther, 
Stummer, & Wakolbinger, 2012; Windrum, Fagiolo, & Moneta, 2007). Such choices also 
figure into the exploration of useful modelling approaches in this context. 
 
Agent based models are computer simulations of social agents in evolving systems of 
autonomous interacting agents (Janssen & Ostrom, 2006). Outputs of such models typically 
evaluate the effect of select input variables through multiple ‘runs’ of a computer program 
(Gilbert & Terna, 2000). Agent based models allows for greater specification of micro-level 
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decision rules that incorporates actor heterogeneity, bounded rationality and learning, 
providing a more realistic output (Windrum et al., 2007). Increasing parameters and equations 
in model design, however, is data intensive. Therefore practical consideration of this method 
must account for time and resource constraints. Moreover, the difficult in measuring actors 
related variables often calls for best-guess values, diminishes its validity in being a realistic 
representation of the real world (Janssen & Ostrom, 2006; Windrum et al., 2007). They also 

feature ceteris paribus by discounting certain behavioral attributes and system dynamics (Wilber 
& Harrison, 1978). Given these considerations, simple modelling approaches are better suited 
to the research needs, expertise and time constraints of such a study. 
 
As an analytical tool, game theory models adds rigor and a logical structure for interpreting 
decision making phenomena in real world multi-actor situations (Hermans et al., 2014; 
Osborne & Rubinstein, 1994). They are mathematical representations of behavior based on 
game theory, thereby still providing a method for validating observed phenomena. Game theory 

describes the actions of multiple, strategic decision makers in the form of a game consisting of 
players, actions, payoffs on resulting outcomes (Rasmusen, 2007). It applies mathematical 
reasoning to social science research  and offers a suitable language for quantitatively analyzing 
strategic behavior and their outcomes (Schelling, 2010).    
 
Game theory’s potential in the context of this research cannot be overlooked. Common pool 
resource (CPR) problems like groundwater management can be represented as time dependent 
repeated games, helpful in examining challenges of CPRs (Ostrom et al., 2006). Moreover, 
water conflicts typically involve different interested parties wherein the final outcome depends 
on their individual choices. Here, Madani (2010) highlights how conflicts, represented as 
prisoners dilemma, chicken or stage hunt type game metaphors can provide an effective and 
precise language for their understanding. Although, such games typically describe situations 
involving two players, strategies in multi-actor situations characterized by communication, 
coordination or trust also draw from these basic game metaphors.  
 
Game theory models are also applied in institutional research, especially policy analysis of CPR 
conflicts. Its use in policy analysis enabled Dutch policymakers to explicate policy-outcome 
processes on future coastal management strategies (Hermans et al., 2014). I also has practical 
application in modelling water resource conflicts with little or no accurate quantitative data 
unlike the systems modelling approach (Madani, 2010). It’s concepts feature in several theory 
based analytical frameworks including the Institutional Analysis and Development (IAD) 
framework and Actor Centered Institutionalism (Ostrom, 2005; Scharpf, 1997). This 
compatibility with institutional theory stems from its overlap in examined variables and 
assumptions of human behavior (Ostrom et al., 2006)(Osborne & Rubinstein, 1994). 
Therefore, as a supporting analytical tool, game theory is suitable for testing and predicting 
outcomes in a multi-actor context. Although it focuses on actor dynamics, its recognizes the 
value of underlying rules and enables the understanding of physical or deontic implications on 
game structure and outcomes (Ostrom et al., 2006; Rasmusen, 2007). Moreover, outcomes are 
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predefined “interesting elements” by the modeler and thus, also offers application to the study 
of institutional change (Rasmusen, 2007). However, just like agent based models, model 
validation remains essential.  

1.4 Serious Games 
  
Janssen & Ostrom ( 2006) explain how case studies, laboratory experiments, stylized facts or 

role games can help with model validation. Given that the Shifting Grounds project involves 
several opportunities for knowledge sharing during stakeholder workshops, this research looks 
at how the game theory insights can be utilized to achieve the learning and capacity building 
objectives of the project. The workshops also offer a suitable platform for model validation. 
What is needed, however, is a tool to communicate model results in a way that also facilitates 
the learning objectives. This research therefore explores the potential of serious games in this 
regard. 
 
Literature on institutions already highlighted the challenge of limited information in reaching 
collective action and optimal outcomes. Serious games can help communicate aspects of a 
problem, the game’s structure and its evolution over time. Using actors as participants in 
strategic games, accounts for bounded rationality and varying perspectives that difficult to 
incorporate into formal models, thus helping validate results (Bots & van Daalen, 2007). 
Applications of serious games feature in development planning as well as river basin 
management (Lankford, Sokile, Yawson, & Lévite, 2004; Mayer, Carton, de Jong, Leijten, & 
Dammers, 2004). Game theory models help evaluate payoffs in self maximizing and joint 
outcomes, can be used as realistic scenarios in games designed to evaluate options to address 
CPR conflicts (Madani, 2010). Role playing games using similar scenarios helped facilitate 
stakeholder learning and negotiations in Bhutan (Gurung, Bousquet, & Trébuil, 2006). There, 
companion modelling combined formal models with serious games in institutional building 
and conflict resolution in irrigation management. Role playing games using agent based models 
also helped rural actors in Nepal understand water management complexity and enabled 
experimental approaches to future climate change (Janmaat, Lapp, Wannop, Bharati, & 
Sugden, 2015).    
 
Although serious games features in the agent based literature, its combination with game theory 
models is uncommon (Hermans & Bots, 2002). This research adds further insights into how 
the two may be combined from an analytical and application perspective.  
 
2. Institutional challenges in the context of peri-urban groundwater management 

This section explores the peri-urban groundwater management context of institutions. Sub-
section 2.1 begins by summarizing trends from the resource management literature. In 2.2, we 
discuss characteristic feature of groundwater resources followed by a brief discussion on 
groundwater management issues in the global south. Sub-section 2.3 outlines key aspects of 
peri-urban areas that a relevant to the study of institutions.   



19 

 

2.1 Characteristic features of peri-urban areas 

Urbanization is one of the most rapid and significant global phenomena occurring today. It is 
expected that less developed nations will see majority of this urban growth (Foster & Chilton, 
2003). The peri-urban interface is where urbanization is most evident, as it is here that rural to 
urban transitions take place. 

Several definitions exist regarding the term peri-urban. It may be defined in spatial terms, as the 
rural fringe surrounding the urban centre. Typically, these fringe areas experience a spill over 
effect from the city thereby resulting in its expansion. In reality however, urbanization patterns 
do not occur evenly and thus as a space, peri-urban areas may not be uniformly distributed or 
located specifically at the urban periphery (Mattingly, 1999). They may develop as continuous 
or fragmented space  and thus a clear geographic  boundary between the urban, peri-urban and 
rural areas is difficult to define (Bowyer-Bower, 2006).  

Other academic scholars meanwhile, suggest that rather than defining peri-urban in terms of 
spatial characteristics, they should be defined as a process involving  changes in land use, 
resource exchange and social heterogeneity (Allen, 2003) (Narain, 2010). Narain (2010) defines 
peri-urban as a transition zone in close proximity to the expanding city with a two way flow of 

goods, services and population between the two. These process definitions overcome the 
geographical constraints mentioned above and by viewing it as a process, gives them  a dynamic 
characteristic which is important within the context of institutional change.  

Furthermore, as a concept, the peri-urban interface is denoted by a blend of urban and rural 
activities (Narain & Nischal, 2007). These activities give rise to more distinct characteristic 
features that provide a visible picture of processes occurring in this interface. For example, a 
blend of agricultural and industrial activities highlights the range of economic activities and 
social groups engaged in these activities. The activities also provide clues on the type of 
infrastructure services that typically get featured here. The presence of formal public services 
can also explain migratory patterns as good public infrastructure lays the foundation for 
residential development, private sector entry and job creation. In reality, the peri-urban 
interface involves a co-existence of both urban and rural components with an overall transition 
from rural to urban (Allen, 2003).  

As a result of this rural-urban dichotomy, both urban and rural institutions may coexist each 
establishing their own set of formal and informal rules. Determining the roles, responsibilities 
and rules for service provision and resource management is challenging, given the unclear 
geographic boundaries of peri-urban areas particularly when government jurisdiction are based 
on administrative boundaries. As a result of this institutional fragmentation and boundary 
issues of the peri-urban interface, formal institutional arrangements are unable to manage the 
peri-urban area in its entirety due to size constraints and their traditional orientation toward 
either urban or rural administration (Allen, 2003). As a result, peri-urban management is often 
dealt with in a piecemeal approach by multiple, often overlapping administrative, community 
and private sector actors. Similarly, traditional planning methods are also poorly applicable to 
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this urban-rural dichotomy which questions the sustainability of urban development taking 
place in these area. (Allen, 2003) suggests that instead of traditional approaches, peri-urban 
planning be based on inputs from rural, urban and regional planning methods as poor 
planning translates into ineffective policies for managing local resources as a result of isolated, 
blueprint approaches to policymaking.  

In addition to physical heterogeneity, peri urban areas have changing social composition 
consisting of a mix of actors including farmers, industrial entrepreneurs, informal settles, urban 
middle class and others (Allen, 2003). Each of these actors differ in their lifestyle, economic 
and educational background which then contributes to different objectives. Homogeneity 
between participants values in problem situations determines their level of trust and costs of 
reaching agreements (Ostrom, 2005). This has implications on how actors respond to peri-
urban problems such as resource management and the outcomes they produce. Differences in 
preferences and values among resource users makes cooperative resource management a 
challenging task, particularly if some users are left out of the decision making process. This 
points to a need for social considerations during the decision-making processes, a key 
component often left out of the policy-making cycle in the global south. V. Narain, (2009) 
highlights how historically top-down policies have failed to adequately address peri-urban issues 
in India with key stakeholders being mere recipients but having no role in the actual policy 
process.  

These issues of institutional fragmentation and socio-economic heterogeneity  impacts the 
management outcomes in peri-urban areas. Several researchers highlight the need for peri-urban 
planning and management to evolve into a strategic, participatory and flexible process with due 
importance given to non-technical forms of knowledge (Allen, 2003; Mattingly, 1999; V. 
Narain, 2009). This aspect of knowledge also ties back to information access, which enables 
informed decision making and creation of robust mental models. In addition to the peri-urban 
context, the resource context, specifically groundwater resources, is also relevant as groundwater 
forms a major source of freshwater supply in the Ganges delta. The following section explores 
some specific features of the resource itself that bring added challenges to sustainable 
development.  

 
2.2 Groundwater Resources: Global Status and local context 

Groundwater is an important source of freshwater and some of the world’s largest aquifer 
systems are shown in Fig. 2. Over 2 billion people are users of groundwater globally (Kemper, 
2004). Aquifers differ according to hydrogeological conditions; in particular their storage 
capacity and flow potential. This storage capacity is also what gives aquifers a residence time in 
the order of decades, centuries or millennia (Foster & Chilton, 2003). Furthermore, the 
recharge rate also varies across aquifers due to a combination of factors such as land use change 
and vegetation cover, urbanization processes, surface water system changes, water table decline 
and climatic cycles (Foster & Chilton, 2003). Therefore, given these intrinsic aquifer 
characteristics alone, groundwater is significantly different from other sources of water. Despite 
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this, groundwater has gained significant importance globally as a source of water in recent 
decades. 

 

Fig. 2 Distribution of global groundwater resources (Taylor et al., 2013) 

Utilization of groundwater resources began in the 1950’s and 1970’s in the industrialized and 
developing countries respectively. Since then rapid growth in groundwater usage as occurred 
partly due to its high economic benefits per unit volume that is possible due to availability on 
demand, low treatment and transport costs and drought resistance (Kemper, 2004), Burke & 
Moench 2000 cited in (Foster & Chilton, 2003) (Shah, Roy, Qureshi, & Wang, 2003). In 
countries like India and Bangladesh, groundwater plays a significant role in irrigated 
agriculture. As a result, global groundwater resources are currently facing rapid, uncontrolled 
exploitation has often come with the cost of groundwater decline (Foster & Chilton, 2003). 
This overdraft has also lead to ecological consequences to due reduced aquifer discharge to the 
environment (Foster & Chilton, 2003). Moreover, water quality is also affected by salinity, 
agricultural pesticides and naturally occurring contaminants like Iron, Flourine and Arsenic 
that get mobilized due to over-exploitation (Foster & Chilton, 2003). The socio-economic 
benefits of this resource is the main reason behind rapid expansion of groundwater usage and 
its subsequent deterioration. 

Groundwater plays a very important role in the agricultural economy of South Asia and its food 
security. Nearly 60% of irrigated areas in India is obtained from groundwater (Shah et al., 
2003). Here, groundwater has contributed to rural and economic growth while also improving 
local livelihoods. However, the emerging scarcity disproportionately affects low-income 
households that are unable to invest in deeper wells or find alternate sources (Kemper, 2004). 
On the other hand, a successful groundwater economy has spontaneously emerged in South 
Asia due to the market setup of groundwater distribution among private tube well owners due 
to agricultural demand and low investment costs (Shah et al., 2003).  
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In the past, technical approaches to groundwater issue is unsuccessful because it needs to be 
combined with management responses also. Furthermore context specific solutions that 
consider the differences in hydrogeology and socio-economic characteristics in places of 
groundwater use is also key (Kemper, 2004). Research shows that implementing management 
approaches from Western countries without any changes would not work in the developing 
world where usage characteristics significantly differs (Shah et al., 2003).  

Groundwater management is hampered by insufficient scientific information on both quantity 
and quality aspects (Foster & Chilton, 2003). Public investments in groundwater management 
is significantly less than surface water which may be due to private ownership of groundwater 
infrastructure in many places (Shah et al., 2003). Furthermore, the available quality data is 
unreliable due to the inadequate sampling and analytical protocols used (Foster & Chilton, 
2003). Interviews with groundwater monitoring authorities in West Bengal stated that their 
monitoring capacity is severely limited by resource and sanctioning constraints that supports 
arguments that groundwater is an undervalued resource (Key Informant 4, 2014). Foster & 
Chilton (2003) highlight that long-term deterioration of groundwater resources ultimately 
impedes development yet government invest little in management and protection. This may be 
a result of political agendas that tend to favour vote gaining issues such as healthcare and 
surface water projects that are more ‘visible’. Therefore, processes at a constitutional level are 
also useful in explaining outcomes at the local level. 

 Furthermore, demand side interventions through pricing, laws, property rights has often not 
borne results due to weak implementation capacity (Shah et al., 2003). The State Water 
Investigation Board in West Bengal similarly introduced a rule to limit licences for new tube 
wells of a particular capacity, yet at a local level, these rules are not effectively implemented (Key 
Informant 4, 2014). Similarly Shah et al.,(2003) also mention that responses to groundwater 
scarcity is through supply side interventions and again at peri-urban communities in Kolkata 
were investing in surface water projects to make up for lack of groundwater availability and 
growing demand (Key Informant 17, 2014).   

What this situation reflects is a weakness of existing institutions in achieving sustainable and 
equitable groundwater management outcomes. Although the type of reform strongly depends 
on the local resource and socio-economic characteristics, Foster & Chilton (2003) argue for 
investments in developing the institutional capacity as well as richer groundwater data. Limited 
contextual knowledge of institutions, beliefs and the problem itself narrows the solution space 

for problem solving (Adams, 2003). Others promote resilience and an adaptive co-management 
model for coping with uncertainty and achieving sustainability (Pahl-Wostl, 2009)(Folke et al., 
2002). Adaptive co-management uses a system approach, experimental problem solving and is 
supportive of polycentricity (Folke et al., 2002). It also recognizes that institutional 
fragmentation is a deterrent to the adaptive process (Koontz et al., 2015). 
 
This section highlights the institutional challenges in peri-urban groundwater context. Based on 
the features described, it can be described as complex, unpredictable and dynamic. Research 
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also suggests that improving outcomes in such complex, uncertain and dynamic situations 
requires addressing the underlying institutional arrangements (Koontz et al., 2015). This is the 
basis for the proposed research which is explained in the following section. 
 

2.3 Synthesis of Research Gaps 

A summary of key aspects of this literature review can be found in Annex 3. The preceding 
literature review was structured around four main questions. The first was  to define 
institutions. Here institutions, are given as the formal and informal rules that structure 
interaction and behaviour, that in turn determines outcomes to societal issues. These 
institutions, can be observed through manifested actor behaviour within these issues. 
Addressing issues in groundwater management in the peri-urban Ganges delta can benefit from 
such an institutional analysis. Identifying key groundwater issues to peri-urban communities 
offers a useful starting point in this regard. 
 
In addressing our second goal, the literature also highlighted several elements for  institutional 
research in the context of peri-urban groundwater management. First, bounded rationality and 
imperfect mental models of actors makes behaviour less predictable despite the presence of 
rules. In groundwater management, data availability is found to be an ongoing concern. 
Second, institutional clarity, enforcement, and legal pluralism brings added complexity to 
decision making outcomes. The geographic complexity of peri-urban areas suggests institutional 
pluralism is a key factor to peri-urban outcomes. Thus, there is a need to examine the effect of 
overlapping institutional arrangements on decision making outcomes. Third, the multi-actor 
context of decision making involves multiple objectives and preferences of how problems need 
to be addressed. Peri-urban’s socio-economic heterogeneity also suggests understanding actor 
preferences and objectives in multi-actor groundwater issues and their impact on outcomes.  
 
This review furthermore explored the concept of institutional change. It showed actors to be 
the agents of institutional change to achieve their desired objectives. Fixed institutions run the 
risk of becoming redundant or worse counter-productive and institutional change allows for 
rules to better address these changing needs. This is especially relevant to peri-urban areas 
where its dynamic and uncertain nature suggests a needs for institutional change.  The 
feasibility of institutional change however, is dependent on the transaction costs that relates to 
the embeddedness of rules. This means that only select actors with the right resources are able 
to achieve change through either formal or informal means. Understanding the evolution of 
institutions provides insight into actors responses to these changing dynamics of the peri-urban 
groundwater context.  
 
Given the number of variables involved, the third goal explored potential methods to capture 
and enrich such an institutional analysis. Game theory models because of their compatibility 
with institutional theories, application in CPR conflicts, and relatively simple computing needs, 
can help in this regard. Examining  decision processes within groundwater issues as a multi-
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actor game, enables the prediction of outcomes.  However, the value of such empirical insights 
may be increased if shared with the local actors directly involved in these groundwater issues.  
 
For this reason, the fourth goal briefly addressed methods to communicate empirical insights 
with peri-urban communities. The aspect of learning featured several times in institutional 
theories, in enabling cooperation and institutional change. Given the local data constraints and 
cognitive limitations to synthesize such complex dynamics, there are opportunities for local 
learning and capacity building through knowledge sharing of these institutional dynamics. 
Here, serious gaming offers a potential means to communicate this in an simple, accessible way. 
It has been used extensively for learning purposes but not often in combination with game 
theory models. Thus, a final goal is to examine if and how model outputs can be developed into 
a serious  game to achieve this.  
 
3. Research questions for future empirical work on peri-urban groundwater institutions 

The following research questions are defined given the objectives of the Shifting Grounds project 
and the existing gaps in knowledge. These questions have been grouped into three main 
components defining the focus and systematic approach in this research project. 

Institutional Analysis 

1. What are the key groundwater issues for peri-urban communities in the Ganges delta? 

2. How have institutions influenced actors decisions and resulting outcomes in these 
groundwater issues? 

 
3.  How have institutions evolved in relation to these groundwater issues? 
 
Modelling 
 
4. What can game theory models tell us about the strategic behaviour of peri-urban actors in 

issues of groundwater management? 
 
Game Design 
 
5. Can game theory models be combined with serious games to achieve capacity building of 
local actors? 
 

4. Conceptual Framework 

Key differences exist between frameworks, theories and models in terms of providing increasing 
degrees of specificity to the empirical research context. Frameworks organize the inquiry by 
presenting the relevant elements and language of terms and concepts of the phenomena under 
investigation from which theories can then be formed (McGinnis & Ostrom, 2012) (McGinnis 
& Ostrom, 2012)(Ménard & Shirley, 2008). A framework can be defined as “a set of 
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assumptions, concepts, values and practices that constitute the way of viewing the specific 
reality” (Binder, Hinkel, Bots, & Pahl-Wostl, 2013). Theories are more specific,  as they relates 
to causal relationships or working assumptions between core variables of the conceptual 
framework. They help identify the key elements relevant to answering the research questions. 
Multiple theories can be linked to a single conceptual framework. Meanwhile, a model in even 
more specific and allows theoretical assumptions to be tested or explored based on a set of 
outcomes, thus allowing for an explanation of a phenomena and their outcomes (McGinnis & 
Ostrom, 2012)(Ménard & Shirley, 2008). 
This section outlines the design and analytical approach for this empirical undertaking on peri-
urban groundwater institutions in the Ganges delta.   

4.1 Design Requirements 

The selection of an appropriate conceptual framework to guide the empirical research begins by 
defining a set of criteria against which each may be compared. The literature review highlighted 
several potential frameworks centred around examining institution. Each came with a varying 
degree of detail and possibility for adapting it to suit the research context. This research has 
four important focus areas to consider in the institutional analysis given the existing literature 
as follows: 

i. Rules for per-urban groundwater management 

ii. Actor dynamics in peri-urban groundwater management 

iii. Changes in the action situation 

iv. Contextual features 

The following frameworks, rooted in the New Institutional Economics literature are reviewed 
based on the criteria above.   

a. Institutional Analysis and Development (IAD) Framework  

b. Socio-Ecological System (SES) Framework (Ostrom, 2009) 

c. Economics of Institutions (Williamson, 1998a) 

4.2 Comparative analysis of conceptual frameworks 

Ostrom's (2005) Institutional Analysis and Development (IAD) is useful in examining the 
symbiotic role of actors and institutions. The unit of focus is the action arena in which action 
situations are defined in the institutional, socio-economic and physical context referred to as 

exogenous variables. This allows for the institutional analysis to also incorporate other peri-urban 
features that were highlighted as relevant from the literature above. This context together 

determines the set of choices available to actors and the boundary rules for participation and 
interaction. The outcomes from these situation in turn have consequences to the actors, the 
contextual variables (Ménard & Shirley, 2008). The IAD framework also recognizes that action 
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situations may be linked. Such a domino effect of decision outcomes is commonplace in the 
real world, thereby incorporating a form of real-world complexity in the analytical process 
(Breeveld, Hermans, & Veenstra, 2013). Another useful feature of the IAD is the ability to 
unpack the basic elements of the framework, as shown in Fig. 3.1, to generate an added level of 
detail and specificity in the analysis (Fig. 3.2) 

 
(Left) Fig. 3.1 Basic structural components of the IAD framework (Ménard & Shirley, 2008)  
(Right) Fig. 3.2 Internal working parts of an action situation (Ostrom, 2005) 

Similarly, the institutional context may be broken down into different levels. This nested 

structure or rules within rules wherein rules at one level are given by the set of rules at a deeper 
level, is relevant to understanding institutional change in real world settings (Ostrom, 2005). 
The IAD framework does fall short in some regards however. The first relates to the definition 
of research criteria to operationalize the framework. Second, given our interest in 
understanding institutional change in peri-urban Khulna and Kolkata, the feedback loops of 
the IAD framework becomes an important component. While the feedback of the outcomes on 
the exogenous variables are depicted, the framework does not elaborate on the mechanisms of 
change nor are there differentiations made between physical system changes and institutional 
change. To improve on these limitations, we turn to the SES and Williamson’s framework.  

The SES framework was developed in response to a need for tailored approaches to studying 
social-ecological systems with equal emphasis on the system’s social and biophysical components 
(Ostrom & Cox, 2010).  It builds on the IAD framework developed earlier by Elinor Ostrom 
and also provides a multi-disciplinary, applicable to a variety social-ecological systems. The 
framework is useful in the examination of action situations in relation to 4 inter-connected core 
subsystems namely the resource system, resource units, governance system and users. McGinnis 
& Ostrom (2012) have since built on the original SES framework by incorporating the nested 
concept of each core sub-system (Fig. 4). While the SES framework is similar to the IAD in 
many ways, it differs in its focus. The SES framework in particular is more specifically devised 
to examine human-ecosystem dynamics. Thus, the biophysical components, seen as exogenous 
factors in IAD play a more prominent role in the SES framework. Moreover, institutional 
context is not explicit and are included as part of the core variable ‘governance’. (Fig. 4.2). 
Therefore, given the research objectives, the IAD framework is perhaps a more suitable 
approach. Where the SES framework does add the most value is in identifying second and third 
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order variables listed for each core sub-systems (Fig 4.2). These can be selected to suit the 
context of the research which if applied to the IAD components, can make it more operational 
in a field setting.  

 

 
 
Fig. 4.1 Higher order variables under of the core sub-systems within the SES framework 
(Ostrom, 2009) 
 

 

Fig. 4.2 Variables of the SES framework (McGinnis & Ostrom, 2012) 

The review also examined Williamson’s framework on the economics of institutions. The 
framework describes a four-tiered structure to guide analysis of societal structures. It is also 
based on the New Institutional Economics approach to institutional analysis. Institutional 
constraints at each level are given by the levels above it and feedback within the institutional 
structure occurs from the bottom up (Williamson, 2000). At diff levels within the framework he 
highlights the relevant economic theories to analyze economic processes. Most notably, it 
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provides insight into the and the inter-connectedness and timescales of change between these 4 
levels (Williamson, 2000). 

 
Fig. 5 Williamson’s framework (Williamson, 2000) 

 
This framework is useful in expanding on the nested institutional structure of Ostrom (2005) 
but is more normative in scope and therefore must be combined with other appropriate 
frameworks. 
Moreover, given that institutions need to be examined in relation to the actors that apply them, 
this framework fails to consider both the multi-actor context. Nor, does it give attention to 
other contextual variables. What it does offer are appropriate theories to analyze the results, 
most notably the levels at which these rules are organized and the timescales of change (Fig. 5). 
It also recognizes that the governance structure is also given by the institutional context which is 
useful in describing the interactions that occur within the IAD’s action situation.  
 
The following section outlines a working framework for the analysis of peri-urban institutions 
in the Ganges delta. This framework has since been tested on its operational and analytical 
suitability during a pre-scoping visit to Khulna, in 2015.  

 

4.2 Framework Overview 

The IAD framework described below successfully captures these attributes as well as the 
dynamic nature of peri-urban groundwater context. It includes minor modifications in order to 
suit the analytical needs (Fig. 6). This framework will be applied to action situations at block 
level in Khulna and Kolkata, as well as micro; village level and macro; state or national level 
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institutional dynamics as needed. This corresponds also the Ostrom idea of linked action 
situations in which deeper situations influence the local context (Ostrom, 2005). 
 

 

Fig. 3 Institutional analysis framework for peri-urban groundwater research (Adapted from 
IAD Framework) (Ostrom, 2005) 

The action arena is the focal point of the framework. These are typically multi-actor situations 
relating to groundwater issues where interaction results in a two-way exchange of information. 
The action arena in Fig. 6 differs from Ostrom's (2005) original framework in its  depiction of 
multi-actor interactions within the action arena instead of separating participants, interactions 
and situations . Given that marginalization in a concern in this context, the analysis includes 
marginalized actors as a participant  (Thissen et al., 2013). Single actors and organizations are 
represented as a single entities during the analysis.  

Action arenas are examined in the context of the rules in use, biophysical conditions, and 
community attributes in which they exist. Here, rules in use refer to the institutions that apply 
to peri-urban groundwater issues that are organized into different levels using the framework 
indicators (Table 4.).  The groundwater system attributes, are examined in the biophysical 
context while peri-urban characteristics feature in the community attributes. 

The feedback loop from the outcome in the IAD framework is useful in analyzing institutional 
change. It takes into account the dynamic nature of peri-urban groundwater situations by 
enabling the study of action situations over time. The revised framework also differs from the 
original IAD framework by differentiating between observed and institutional change 
outcomes. Learning outcomes are represented as actor feedback that results in strategic or 
institutional change (Fig.6). Customizing the IAD framework to this research context is also 
achieved through the selection of indicators. These indicators detail key elements of the 
conceptual framework, and guides the data collection process. The use of concepts, attributes 
and indicators has been shown to be effective in  operationalizing research on relatively vague 
concepts (Goertz, 2007 cited in Aligica & Tarko, 2012). A summary of these indicators is 
shown in Table 4. The indicators reflect the nested structure of the contextual variables. Sub-
attributes for the biophysical conditions and rules-in-use refer reflect the local to larger context 
in Table 3 (top to bottom). Deeper level influences are similarly captured within the community 
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attribute indicators. Lindner's (2003) mechanisms of change (Table 2) and Ostrom's (2005) 
structural classification of rules togehter provide the indicators to analyze institutional change. 
These indicators are referenced under actor resources and institutional change sub-variables 
(Table 3).  

 
Table 3. Indicators for analysis of peri-urban groundwater institutions  
 

5. Concluding Remarks 

This concept note set out to summarize the literature on institutions and their role in societal 
decision making and problem solving. For an overview of Sections 1 and 2, refer Annex below 
(Pg 35). New Institutional Economics discipline is found to be useful in explaining the 
symbiotic relations between actors and institutions. Moreover, it highlighted several 
institutional limitations as well as complexity arising out of multi-actor dynamics. Similarly, 
political science literature also elaborated on theories of institutional building. What this 
literature suggests overall is that institutions need to be examined within the context in which 
they are used and his includes the physical context as well as the social context. In reviewing 
literature on peri-urban groundwater management, we find the multi-actor, dynamic and 
uncertain features to be most relevant to the institutional analysis. Future work is therefore 
aimed at examining institutions and institutional transformation in groundwater management 
within peri-urban communities of the Ganges delta. For a summary of the literature review, 
please refer to Annex 4. 

Finally, the paper also was aimed at designing a framework for studying institutions and 

institutional change in the context of the  Shifting Grounds project. For this, the IAD framework 
offers a strong starting point in understanding both institutions in societal decisions as well as 
institutional change. A set of criteria was set out to guide the design of this framework that 
called upon the need for revising this framework for the peri-urban groundwater context. Here, 
the SES and Williamson’s framework contributed the criteria and theories to operationalize 
and analyse the research data respectively. In order to improve the analytical richness, 

Framework component Attribute Sub- attribute Indicators

Local Groundwater aquifer Resource dynamics, dependency

Regional aquifer system Resource dynamics 

Surface water resources Availability, Change in surface water availability

Peri-urban ecological system land use change, water demand

Ganges delta biophysical processes Climate related processes

Caste system

Livelihoods within peri-urban community

Length of tenure within peri-urban community

Economic sectors

Location within peri-urban community

Health concerns facing community

Urban-rural linkages

Population dynamics

Operational Choice rules Provision, Production, Distribution, Appropriation, Assignment, Consumption rules at the local peri-urban level

Collective choice rules Governance network structure, property rights systems, rules for monitoring, applying and enforcing at the state level

Constitutional choice rules Informal institutions and national level rules

Action Situation Harvesting, information sharing, conflicts, investments, lobbying activtities, self-organizaing activtities, monitoring and 

evaluation activities, Deliberative activities

Situation characteristics Past interactions, trust between participants, platforms of actor exchange

Participants

Positions

Actions

Information

Control

Potential Outcomes

Net costs & benefits

Belief system: internal values, religious factors

Valuation of resource

Strategy change Change In strategy

Institutional change Unilateral interpretation, joint interpretation, 3rd party interpretation, formal change

Physical Outcomes social, ecological, economic consequences

Contextual Variables

Decision making 

System Feedback

Actor Resources relevant to actor dynamics

Outcomes 

Biophysical System

Socio-economic system Community Attributes

Institutional system

Action Arena
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framework analysis is coupled with formal modelling approaches rooted in game theory 
modelling, that works well with the New Institutional Economics literature on which this 
research is largely based on. To provide a first look at how the institutional insights may be 

incorporated into the shifting grounds project objectives of capacity building, the review also 
outlined the potential use of serious games in this regard.  
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