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Abstract 
The growing pressures on urban water services has created implications for managing and 

governing water sustainably affecting the resilience of social-ecological systems. Water 

governance resilience principles present an opportunity for water managers and policymakers to 

incorporate and respond to changes or disturbances within the water system. This case study 

investigates to what extent the resilience principles from the water governance literature are 

evident in water policies and plans at the regional municipality level in the Niagara Region. 

Through a content analysis of policy documents, it was found the presence of the seven 

resilience principles differed across and within the documents with only one document 

containing all seven. These findings indicate that the policies and plans do not currently reflect 

sustainability principles which may have implications for the governance of water in the Niagara 

Region, and that further understanding of resilience principles is needed by governments and 

policymakers in the region.  

Keywords: water governance, sustainability, social-ecological systems, surface water, 

groundwater 
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1. Introduction 
Canada has one of the largest renewable supplies of freshwater in the world with 20% of 

the world’s surface freshwater and 7% of the world’s renewable water flow (Statistics Canada, 
2018). Freshwater to most Canadians is observed to come from surface waters such as lakes, 
streams, glaciers, and rivers (Environment and Climate Change Canada, n.d.a; World Wildlife 
Fund, n.d.). However, a hidden resource, groundwater, is an extremely valuable component of 
freshwater contributing to a quarter of all Canadians’ daily water needs (Environment and 
Climate Change Canada, n.d.a). Groundwater consists of freshwater reserves stored underground 
while acting as a buffer during prolonged dry periods (de Chaisemartin et al., 2017). Therefore, 
groundwater plays a significant role in contributing to the world’s freshwater resources, 
supporting 2.5 billion people worldwide (de Chaisemartin et al., 2017). As a result, the concept 
of freshwater should include both surface and groundwater components. In addition, what is 
considered freshwater (i.e., surface water, groundwater, both) can impact how freshwater is 
governed and managed. 

 
Freshwater is vital to supporting human development including one’s health, as well as 

providing food and energy and supporting the global life system (Falkenmark, 2020; Rockström 
et al., 2014). Despite the Earth’s surface being comprised of two-thirds water, freshwater 
ecosystems cover less than 1% of the Earth’s surface area and only 3% of all the water on Earth 
is freshwater (Darwall et al., 2018; World Wildlife Fund, n.d.). In addition, freshwater is a 
critical resource to all living organisms and allows landscapes to provide ecosystem services in 
terms of both blue (liquid water that sustains ecological habitats) and green water (infiltrated rain 
that supports plant growth) (Rockström et al., 2014). Since freshwater is critical to supporting 
life on Earth, it will need to maintain its roles and functions to support a global life system in the 
presence of rapidly growing environmental impacts. Consequently, this will be a defining issue 
for future generations to overcome.  

 
 Urban growth, climate disasters, economic development, pollution, and shifting 

consumption patterns are contributing to water scarcity and shifting freshwater ecosystems from 
stable environmental conditions (Falkenmark, 2020; Saikia et al., 2022; United Nations, 2021). 
Climate change where shifts in temperatures and weather patterns occur over the long term also 
poses a significant threat to freshwater systems (United Nations, n.d.b). Changes in the water 
cycle are intensifying or altering droughts, floods, melting glaciers, causing sea-level rise and 
storms which can create direct consequences on water security (International Union for 
Conservation of Nature, 2015). Additionally, in 40 years, there will be approximately nine 
billion people living on Earth with Canada’s population expected to grow from 38.2 million to 
between 43 and 63.8 million by 2061 (Rockström et al., 2014; Statistics Canada, 2015; Statistics 
Canada, 2021; United Nations, 2013). As a result, there will be an increased demand for water, 
higher water withdrawals, a decline in the quality and quantity of freshwater, and increased 
pressures on water management (van Leeuwen, 2013), which calls for the enhancement of 
sustainable freshwater systems.  

 
Thus, the sustainability of freshwater requires new strategies that will respond to the 

increasing shocks and stresses it currently experiences and will continue to face in the future. In 
1987, sustainable development was defined in the Brundtland Report as “development that meets 
the needs of the present without compromising the ability of future generations to meet their own 
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needs” (WCED, 1987, p.8). Therefore, according to this definition, sustainable freshwater 
systems can positively contribute to and reduce adverse impacts on human health, the economy, 
and ecosystems for present and future generations. Thus, achieving the sustainability of 
freshwater requires going beyond the water sector and examining social, political and economic 
dynamics that may influence the water system (Rockström et al., 2014). Examining different 
perspectives will help broaden the understanding of how solutions can help secure sustainable 
freshwater systems (Rockström et al., 2014). Furthermore, new approaches in water governance 
will need to be developed and applied to ensure the sustainability of freshwater and to help build 
resilience. Water governance has mainly been applied to regulate the development and 
management of water resources as well as water services (Özerol et al., 2018). However, despite 
these efforts, water governance challenges continue to remain highlighting the need for water 
governance to shift to sustainability.  

 
According to the Global Water Partnership (2002), as cited in Lautze et al. (2011), water 

governance can be described as “the range of political, social, economic, and administrative 
systems that are in place to develop and manage water resources, and the delivery of water 
services, at different levels of society.” (p. 3).  Therefore, water governance itself influences 
systems and their management. For example, water governance is used to manage how these 
systems can influence the management and use of water. Water governance is highly complex as 
connected land and water systems carry different hydrological properties, and cross different 
ecological and socio-political boundaries (Mistry et al., 2021).  

 
In Canada, water governance has adopted a decentralized federal system, whereby the 

federal and provincial governments share water responsibilities (Bakker & Cook, 2011; Hurlbert 
& Diaz, 2013). The federal government’s responsibilities include fisheries, navigation, federal 
lands, and international waters under the Canadian Constitution (Bakker & Cook, 2011). While 
provincial/territorial responsibilities include water resources and water supply (Bakker & Cook, 
2011). However, water supply is usually managed at the municipal level making water 
governance in Canada subject to jurisdictional, territorial, and scalar fragmentation creating 
governance gaps, overlaps, and challenges (Bakker & Cook, 2011). Water governance is also a 
multifaceted issue for Indigenous peoples with treaty rights crossing jurisdictions (McGregor, 
2012). Historically, Indigenous communities have been and continue to be excluded from 
freshwater decision-making and management decisions made by Canada’s colonial governments 
(Simms et al., 2016). Furthermore, First Nation communities experience disproportionate access 
and availability of water quality and quantity in comparison to most Canadians (Black & 
McBean, 2017). Unfortunately, this has led First Nation communities to experience some of the 
poorest quality of water across Canada (Black & McBean, 2017). Despite these challenges, more 
recently, there has been a growing movement towards including and building relationships with 
Indigenous communities around water governance in Canada (Simms et al., 2016). Indigenous 
communities are responding to water challenges by asserting their views and knowledge through 
declarations, maintaining perspectives and relationships with water, recognizing women have a 
central role in caring for water and advocating for the inclusion of Traditional Knowledge (TK) 
in the decision-making process to protect water (McGregor, 2012).  

 
Furthermore, embracing resilience as a solution in water governance can help alleviate 

the ongoing shocks and stressors water systems experience (Rodina, 2018). Resilience, more 
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specifically social-ecological resilience, presents an opportunity to respond to current and future 
freshwater challenges associated with climate change by enabling the system to continuously 
adapt, change and transform to withstand risks, as well as maintain its function over time (Baird 
et al., 2020; de Bruijn et al., 2017; Rodina, 2019). This understanding of resilience shows how 
this concept can act as a system characteristic but also as an opportunity to learn and produce 
outcomes that can avoid/minimize water-related tipping points (Fallon et al., 2022). Thus, 
resilience presents an opportunity to explore water-related challenges and its impacts on 
environmental, social, economic, and political spheres (Fallon et al., 2022). As a result, applying 
a resilience lens for water governance can produce new perspectives and understandings of the 
underlying causes that create shocks and stresses to freshwater systems. Hence, a water resilient 
system will enable opportunities to respond to change and adapt to maintain its functions 
resulting in sustainable water governance.  

 
With growing concerns about the sustainability of freshwater due to climate change, there 

is an urgent need for water governance to include social-ecological resilience. Furthermore, the 
resilience of ecosystem services that support social, economic, and human well-being has 
become of significant interest to policymakers (Biggs et al., 2012). Given these circumstances, 
there is a desirable need for resilience thinking to translate into practice to solve complex real-
world problems (Krievins et al., 2018). The seven resilience principles developed by Biggs et al. 
(2012) present an opportunity to translate these principles into water policies and plans to 
enhance the resilience of social-ecological systems. Thus, this research will assess to what extent 
the seven resilience principles are evident in water documents at the regional municipality level 
to better understand whether water policies and plans are contributing to sustainable water 
governance.  

 
 

2. Literature Review 
This section will provide an overview of the existing literature on the main concepts of 

this research including water sustainability, governance, and water resilience. This will provide 
an opportunity to summarize and synthesize existing research which will then be used as a basis 
to guide this regional case study and frame the two codebooks (see Appendix A and B).  

2.1 Sustainability of Water 
Global freshwater resource availability is rapidly declining threatening freshwater 

abundance for future generations (Koehler, 2008). Both surface and groundwater reserves are 
being overexploited, poorly managed, and contaminated with pollutants (Albrecht, 2017; 
Koehler, 2008). In addition, climate change is changing rainfall patterns, increasing evaporation 
and droughts across the world (Koehler, 2008). Without proper water resource management, 
water security, “the availability of an acceptable quantity and quality of water for health, 
livelihoods, ecosystems and production, coupled with an acceptable level of water-related risks 
to people, environments and economies” may become unattainable resulting in environmental, 
economic, and social impacts (Albrecht, 2017, p.44). For example, this could lead to social 
tensions, disputes, and possibly acute conflicts with an increased likelihood for this to occur in 
urban environments where demand for water resources is the highest (Wiek & Larson, 2012). 
Furthermore, water conservation, limited local water availability, population growth, changes in 
commercial or industrial use, user conflicts, insufficient infrastructural capacity, and concerns 
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with a leakage are all critical issues municipalities in Canada are currently experiencing (Furlong 
& Bakker, 2011). Consequently, freshwater resources and the current governing of freshwater 
resources are unsustainable.  

 
The sustainability of water systems should be, “designed and managed to contribute fully 

to the objectives of society, now and in the future, while maintaining their ecological, 
environmental and hydrological integrity” (Loucks, 1997, p. 518). Based on this definition, 
sustainability can also imply survivability, where water systems are able to survive extreme 
water stress situations (Rogers, 2005). Thus, developing urban water systems that are resilient to 
shocks and stressors is vitally important in the future, as demand for water and climate change 
impacts will continue to increase among many other issues. To assess, evaluate and monitor the 
sustainability of water systems and current water governance regimes, a set of evidence-based 
sustainable principles or measurements needs to be applied (Loucks, 1997; Wiek & Larson, 
2012). Therefore, this literature review will convey the importance of resilience and resilience 
principles as solutions in water governance to achieve sustainability in the presence of climate 
change. Incorporating sustainable practices such as the concept of resilience and Biggs et al. 
(2012) resilience principles into water governance can help achieve water security for present 
and future generations. Together, resilience and sustainability describe a system, the state of a 
system or feature, and concentrate on how that system operates under normal conditions as well 
as in response to disturbances or changes (Marchese et al., 2018). Additionally, resilience and 
sustainability share overlapping goals, research methodologies, global frameworks, and 
multilateral trends (Marchese et al., 2018). As a result, when sustainability and resilience are 
applied together, environmental, social, and economic systems can experience benefits under 
normal and abnormal conditions. Thus, including resilience and sustainability in water policies 
and plans can lead to more efficient management practices and reduce future conflicts.   

2.2 Water Governance 
This section will provide a brief background on water governance and how different 

jurisdictions are responsible for managing water in Canada. Water governance can be described 
as, “the social function that regulates development and management of water resources and 
provisions of water services at different levels of society and guiding the resource towards a 
desirable state and away from an undesirable state.” (Pahl-Wostl, 2015, p. 26). It encompasses a 
variety of formal and informal institutions where the direction or scope of work is established 
(Farhad & Baird, 2022). Thus, water governance can act as a prerequisite for improving the 
management of water resources (Jiménez et al., 2020). As a result, this highlights the importance 
of including water governance in policies and plans to contribute to the sustainability of water.  

 
Water governance is implemented in policies and plans to prevent water challenges and 

crises now and in the future. When applied in policies and plans, water governance contributes to 
how water is managed and controlled while also connecting political, social, economic, and 
administrative systems that develop and manage water systems as well as allocate water services 
to different societal groups (Bayu et al., 2020). Despite these contributions, to date water 
governance continues to face adverse challenges that prevent water issues and crises from 
occurring. Therefore, scholars, jurisdictions, and policymakers are prioritizing collective efforts 
and investments into indicators that can help alleviate these water challenges (Johns, 2021). 
More recently, a series of principles, indicators, and frameworks have been developed by the 
United Nations through the Millennium Development Goals, the OECD Water Governance 
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Principles and Indicators, and the Yale Environmental Performance Index (Johns, 2021; Seijger 
et al., 2018). For example, the 12 water governance principles developed by the OECD have 
been used to ensure water governance systems when designed and implemented into policies are 
legitimate, efficient, and effective (OECD 2018; Seijger et al., 2018). Thus, when applied in 
policies and plans can lead to the sustainable management of water.  

 
Currently, urban development, urban sprawl, climate change, and the degradation of 

water resources and associated ecosystems are contributing to increased water stress 
(Johannessen et al., 2019). Furthermore, Canada’s fragmented water governance structure has 
also negatively impacted the ability to properly manage water resources across Canada and can 
add complexity when jurisdictions are overlapping from both a vertical and horizontal scale 
(Bakker & Cook, 2011; Caniglia et al., 2016). At the vertical scale, in Canada, water is managed 
at the local, municipal, provincial, and federal levels which are further complicated by the 
horizontal scale, where multiple actors could be operating across the same level, for example, 
municipalities (Caniglia et al., 2016). Thus, the fragmentation and overlapping of jurisdictions in 
Canada can impede the efficiency of water policies and plans as well as governance resulting in 
the unsustainable use and conservation of water (Caniglia et al., 2016). Understanding the 
structure of water governance in Canada will generate clarity around the roles and 
responsibilities of each actor in this research and if the different water policies and plans are 
successfully including water resilience.  

2.2.1 Federal 
In Canada, the federal government is responsible for governing water in relation to 

national parks, First Nations reserves, fisheries, navigation, federal lands, water that crosses 
provincial/territorial boundaries and the international boundary between Canada and the United 
States (Environment and Climate Change Canada, n.d.c.; Simms & de Loë, 2010). To address 
freshwater issues and develop strategic approaches, over 20 federal departments work together 
and have unique responsibilities such as Agriculture and Agri-Food Canada, Environment and 
Climate Change Canada, and Fisheries and Oceans Canada (Bakker & Cook, 2011; Environment 
and Climate Change Canada, n.d.c). In 1970, the federal government developed the Canada 
Water Act (1985), an important piece of legislation that, “contains provisions for formal 
consultation and agreements with the provinces” (Environment and Climate Change Canada, 
n.d.c, Water legislation). The Canada Water Act (1985) acts as a framework for provinces and 
territories to conserve, develop and use Canada’s water resources (Environment and Climate 
Change Canada, 2017).  

2.2.2 Provincial 
The constitutional authority of provincial/territorial governments is to manage and govern 

water that falls exclusively within the boundaries of the province/territory (Environment and 
Climate Change Canada, n.d.b; Simms & Loë, 2010). Provincial governments have legislative 
powers over but are not exhaustive to, areas of flow regulations, authorization of water use 
development, water supply, pollution control, and thermal and hydroelectric power development 
(Bakker & Cook, 2011; Environment and Climate Change Canada, n.d.b.). In Ontario, under the 
Water Resources Act (1990) and related statutes, there are two responsible ministries for the 
governance of water including the Ministry of the Environment and the Ministry of Natural 
Resources (Environment and Climate Change Canada, n.d.b). The Ministry of the Environment 
also implements the Nutrient Management Act (2002), the Clean Water Act (2006, s1.1) to, 
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“protect existing and future sources of drinking water” and the Safe Drinking Water Act (2002, 
s1.1) to: 

 
Recognize that the people of Ontario are entitled to expect their drinking water to be safe. 
To provide for the protection of human health and the prevention of drinking water health 
hazards through the control and regulation of drinking water systems and drinking water 
testing.  
 

The now Ministry of Environment, Conservation and Parks also implements the Great Lakes 
Protection Act (2015) and is responsible for implementing the Canada-Ontario Agreement on 
Great Lakes Water Quality and Ecosystem Health. The Ministry of Natural Resources also 
administers several pieces of legislation, for example, the Lakes and Rivers Improvement Act 
(1990). The province is also responsible for other important legislation such as the Planning Act 
(1990) and the Conservation Authorities Act (1990) which have significant implications for 
water governance and policy in Ontario. 

2.2.3 Municipal 
In Canada, municipalities do not have constitutional authority over the governance of 

water (Simms & de Loë, 2010). Instead, municipalities follow directions and responsibilities 
established under provincial legislation (Simms & de Loë, 2010). According to Bakker & Cook 
(2011), municipalities are mandated to provide drinking water and treat wastewater and 
stormwater. Municipalities have a wider range of policies and responsibilities for water 
management including water provision, water quality, water planning, and water asset 
management through their operation of water, wastewater, and stormwater systems. In Ontario 
these responsibilities are shared between regional governments (in some regions) and local 
municipalities. 

 
In Ontario, there are three types of municipalities: upper-tier and lower-tier in a two-tier 

structure, and single-tier which is not part of an upper-tier municipality (Ministry of Municipal 
Affairs and Housing, 2019b). Regional municipalities are referred to as upper-tier municipalities 
and are the focus of this research. Regional municipalities provide water services such as sewer 
and water systems to their residents (Association of Municipalities of Ontario, n.d.)  

2.2.4 Conservation Authorities 
Conservation Authorities act as sub-provincial institutions and can be found across 

Ontario in many local watersheds (Conservation Ontario, n.d.; Simms & de Loë, 2010). With 36 
conservation authorities in total, 31 located in southern Ontario and five located in northern 
Ontario, these agencies have a mandate to “undertake watershed-based programs to protect 
people and property from flooding and other natural hazards, and to conserve natural resources 
for economic, social and environment benefits” (Conservation Ontario, n.d., para 8). Thus, 
conservation authorities such as the Niagara Peninsula Conservation Authority (NPCA) are 
responsible for flood prevention, and the protection and management of water (Simms & de Loë, 
2010). They are also responsible for a wide range of watershed management and planning 
programs and initiatives including water monitoring and stewardship. 
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2.2.5 Indigenous Peoples 
Canada’s First Nation peoples have a unique and important role and relationship to water. 

They governed water for centuries prior to Canada becoming a colonial government and have 
many treaties and rights related to water that pre-date Confederation. Indigenous peoples and 
communities have been governed by the Indian Act (1985) since its passing in 1867 by the 
Parliament of Canada (Bradford et al., 2016). Under the Indian Act (1985), Chief and Council in 
First Nation communities have governing authority, although the federal government largely 
continues to retain authority and is responsible to care for and protect the interests of First Nation 
communities (Bradford et al., 2016; Dyck, 2017). As a result, this limits First Nation 
government’s ability to provide adequate access to water resources on reserves as well as address 
water resource issues (Dyck, 2017).  

 
In addition to the Indian Act (1985), treaty rights, which are agreements made between 

the Government of Canada (Crown) and an Indigenous Nation also play a role in the governing 
of water in Canada (Nowlan, n.d.). Historically, treaty rights with Indigenous Peoples did not 
include water rights and it is rather the modern treaties that have included water rights that are 
assumed under the Government of Canada (Nowlan, n.d.). As a result of these circumstances, it 
can be presumed that emerging issues and threats to water occurring within Indigenous 
communities have been stemming from the signing of the historical treaties. Furthermore, there 
is a difference in opinion when it comes to treaty rights between the Crown and Indigenous 
communities. Indigenous peoples argue water should be controlled and regulated by themselves 
and are opposed to regulatory regimes being implemented on their lands (White et al., 2012). 
Despite these different views on the governing of water, the Crown continues to be responsible 
for delivering safe drinking water to Indigenous communities which typically occurs in the 
provision of funding, while Indigenous communities are responsible for the delivery of water 
which includes designing, building, and operating their water systems (White et al., 2012).  

  
The United Nations Declaration on the Rights of Indigenous Peoples (UNDRIP) was 

adopted in 2007 by the United Nations. This declaration is a commitment to continue 
recognizing Indigenous Peoples’ culture and way of life setting standards to ensure their well-
being (Black & McBean, 2017). UNDRIP wasn’t adopted by the Government of Canada until 
2016 (Black & McBean, 2017), and a commitment to implementing UNDRIP was only 
embodied in a federal statute in 2021. 

 
Regarding water, UNDRIP has implications for how it is managed, distributed, governed, 

and used (Taylor et al., 2020). Through the declarations principles this can change how 
Indigenous peoples gain access to water, alter their power and authority, and the governance of 
water (Taylor et al., 2020). However, this is only one aspect of improving Indigenous peoples’ 
rights to water. Decision-making also needs to focus on Indigenous values, responsibilities and 
rights, and understanding these are embedded within their traditional knowledge systems (Taylor 
et al., 2020). Thus, Canada adopting this framework is one step forward to improving access to 
clean water, as well as the management of water and wastewater although more work needs to be 
done to consider Indigenous values in water governance.   
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2.3 Social Ecological Resilience Framework 
Developing, building, and enhancing water resilience within a system (i.e., the ability to 

absorb a disturbance, persist, adapt, transform, and evolve with change to sustain human well-
being and support ecosystems (Folke, 2016)), will largely depend on how water resources and 
services are being governed as well as managed (Saikia et al., 2022). Therefore, how federal, 
provincial, municipal, conservation authorities and Indigenous Peoples manage and govern water 
resources and services will have a profound impact on building resilience within a water system.  

 
In the ecology discipline, resilience first emerged in 1973 in the works of Holling, 

‘Resilience and Stability of Ecological Systems’ (Holling, 1973; Manyena, 2006; Saikia et al., 
2022). Since then, resilience has evolved and been applied to different disciplines creating new 
interpretations (Farhad & Baird, 2022; Saikia et al., 2022). Some examples of these new 
interpretations of resilience include engineering, ecological, social-ecological, and community. 
However, for the purpose of this research, the focus will be on applying a social-ecological 
resilience lens. This approach will enable a better understanding of how social-ecological 
systems (i.e., freshwater systems) persist, adapt, and transform in the presence of change (Folke 
et al., 2021).  

 
Social-ecological systems seek to understand the relationship between social (human) and 

ecological (biophysical) subsystems which together form a complex adaptive system (Farhad & 
Baird, 2022; Saikia et al., 2022). The term ‘complex’ refers to the multiple components of a 
system and the interactions occurring within parts of the system, ranging across geographic 
extents, institutional levels, and time (Farhad & Baird, 2022). While ‘adaptive’ refers to the 
ability of the system to adapt to change (Farhad & Baird, 2022). Therefore, framing social-
ecological systems as complex adaptive systems supports the ideology that social and ecological 
systems are inextricably linked shaping the dynamics and features of the systems (Preiser et al., 
2018). This can be referred to as social-ecological resilience, which focuses on the capacity of 
the system to cope, adapt, shape, and transform change (Folke et al., 2005; Rodina, 2018). 
Incorporating a social-ecological resilience lens into this research is important as it will provide a 
better understanding of how social and environmental interactions with regard to climate change 
are disrupting the functions and roles of water systems which can then help inform policy 
decision-making while increasing water resilience.  

2.4 Resilience Principles 
As social-ecological systems continue to face ongoing change and disturbances, Biggs et 

al. (2012) developed seven principles to increase the resilience of these systems. These seven 
principles were developed from the resilience literature, a mock court workshop where the 
proposed principles were debated, and a modified Delphi survey with leading experts who are 
members of the Resilience Alliance (Biggs et al., 2012). These principles are highly 
interconnected with the first three principles focused on generic properties and processes of 
social-ecological systems, while the remaining four principles are focused on key properties 
related to the governance of these systems (Biggs et al., 2012; Krievins et al., 2018). In addition, 
Biggs et al. (2012) argue that these principles are highly interdependent. These seven principles 
will be utilized for this research as they represent the most current state of knowledge for 
building resilience within social-ecological systems (Krievins et al. 2018).  
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Below, Biggs et al. (2012) seven resilience principles are introduced including a brief 
description of each of the principles and a short explanation of how each of the principles will be 
identified in the five water policies and plans through the development of two codebooks.  

 
1. Maintain diversity and redundancy 

The first resilience principle, maintain diversity and redundancy, involves three 
components that will help build the resilience of a system: diversity, functional 
redundancy, and response diversity (Krievins et al., 2018). First, the diversity of a social-
ecological system can be described as having a variety of components such as species, 
landscape types, knowledge systems, actors, cultural groups, or institutions (Kotschy et 
al., 2015). When a social-ecological system contains a higher variety of components this 
can lead the system to be more resilient than systems with fewer components (Kotschy et 
al., 2015). However, this only describes one aspect of diversity; variety, which refers to 
the number of elements in a system (Kotschy et al., 2015). There are two other aspects of 
diversity including balance which refers to how many of each element and disparity 
which refers to how different the elements are from each other (Kotschy et al., 2015). 
Together these three aspects help define diversity and can play a role in maintaining a 
particular ecosystem service.    

 
The second component of the first resilience principle is functional redundancy 

which provides “insurance” within a system as certain remaining components can 
compensate for the loss of other elements in a disturbance (Biggs et al., 2012). Therefore, 
this can involve the replication of elements or pathways within the system which enables 
those elements to perform a similar function to maintain the capacity of the system 
(Kotschy et al., 2015). In contrast, the third component, response diversity is when 
elements in the system can respond differently to change or disturbance (Kotschy et al., 
2015; Krievins et al., 2018). Thus, when a social-ecological system contains diversity, 
functional redundancy, and response diversity it allows the system to respond to change 
and confront a disturbance resulting in an increase in resilience. Therefore, these three 
components will be used to help guide the coding analysis of the water policies and plans. 
Keywords such as infrastructure and water sources that reflect one or all three of these 
components will be used in the analysis. For example, policies and plans that include 
more than one reliable source of water such as groundwater and surface water that 
supports the supply of drinking water will be considered to be diverse. Only policies and 
plans that include all three components will result in the first resilience principle being 
achieved. Any water policies and plans that fail to include all three components were 
considered not to meet the definition of the first resilience principle.  

 
2. Manage connectivity  

The second resilience principle is managing connectivity which facilitates the 
exchange of material or information within a social-ecological system (Dakos et al., 
2015). Connectivity can be described as having two components that can increase the 
resilience of a system. The first component of connectivity refers to the structure, while 
the second component of connectivity refers to the strength of interactions occurring 
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between the components of social-ecological systems (Biggs et al., 2012; Krievins et al., 
2018). The structure of interaction between components can be described as the presence 
or absence of linkages as well as the distribution of linkages within a system (Krievins et 
al., 2018). Whereas the strength of interactions between system components is the 
intensity of those linkages and how strong those connections between the system 
components are (Krievins et al., 2018). Together, the structure and strength of these 
linkages form a network which can further increase resilience within a social-ecological 
system.  

 
Despite these positive benefits, the literature also recognizes connectivity can 

negatively affect the resilience within a social-ecological system (Biggs et al., 2012; 
Dakos et al., 2015; Krievins et al., 2018). High connectivity can help facilitate recovery 
and prevent a disturbance, but it can also cause a disturbance to spread at a faster rate 
affecting the entire system (Biggs et al., 2012; Dakos et al., 2015). Therefore, to maintain 
and increase resiliency within a system, connectivity needs to be properly managed. 
Biggs et al. (2012) provides a few guidelines on how to achieve this such as by mapping 
the connectivity, identifying important elements and interactions within the system, 
restoring connectivity when it is lost, and optimizing connectivity patterns. Hence, 
following these guidelines is one step closer to properly managing connectivity within a 
social-ecological system.  

 
To understand if connectivity is being operationalized within the five water 

policies and plans, each document will be analyzed for the structure and strength of 
interactions between the system components. For example, landowners who are 
frequently educated about water conservation to reduce water consumption would be 
considered as displaying both structure and strength. To further support the coding 
analysis, keywords associated with structure and strength such as education and frequent 
contact will be used as a guide. Policies and plans that include both components of 
connectivity will meet the definition of the second resilience principle.   

 
3. Manage slow variables and feedbacks 

Social-ecological systems contain variables which interact and connect creating 
either positive (reinforcing) or negative (dampening) feedback (Biggs et al., 2015). When 
responding to disturbances, a shift in the feedback system can alter ecosystem services, 
impact human societies, trap the system into producing a limited set of desired ecosystem 
services and make it difficult for the system to transition into a different configuration 
(Biggs et al., 2015). In other words, this can change the configuration of the system and 
its functions, making it difficult to reverse (Biggs et al., 2015). This is where the third 
resilience principle, managing slow variables and feedback becomes important in 
building the resilience of a social-ecological system. Slow variables are responsible for 
determining the structure of the system, while positive and negative feedback plays a 
critical role in ensuring the system does not pass its threshold (Biggs et al., 2012). Thus, 
key slow variables need to be monitored in proximity to a threshold (Krievins et al., 
2018); while feedbacks need to be managed appropriately to ensure the system does not 
pass a critical threshold (Krievins et al., 2018). Consequently, this should involve 
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strengthening feedbacks that maintain desirable configurations and disrupting or 
removing feedbacks that negatively impact the system (Krievins et al., 2018). Policies 
that monitor key slow variables and manage feedbacks appropriately will result in a 
resilient system.  

 
To determine the presence of this principle in the water policies and plans, slow 

variables and feedbacks will be identified. Slow variables such as policies, rules, and 
legislation will be closely analyzed as well as feedbacks such as replacing grey 
infrastructure with nature-based solutions or green infrastructure. Policies and plans that 
manage feedbacks and monitor key slow variables will result in principle three being 
achieved.    

 
4. Fostering an understanding of social-ecological systems as complex adaptive systems 

A complex adaptive systems (CAS) approach does not directly increase the 
resilience of ecosystem services, but it can cause changes in the management processes 
and decisions (Bohensky et al., 2015). CAS contains multiple interacting components that 
can adapt, self-organize, evolve, and yield emergent properties at various scales 
(Bohensky et al., 2015). In addition, CAS may experience a shift to an alternative regime 
which may cause the delivery of ecosystem services to change from their previous 
function (Bohensky et al., 2015). Thereby making CAS difficult to predict, and control 
and increasing uncertainty (Bohensky et al., 2015). However, accepting and 
understanding that social-ecological systems such as CAS are unpredictable, uncertain, 
complex, and contain a multitude of perspectives, can act as the first step towards 
developing management actions or practices that enhance resilience (Bohensky et al., 
2015; Krievins et al., 2018). The second step to building resilience within a system with 
this principle is to include a holistic approach. Looking at the whole system such as the 
management of ecosystem services, the various trade-offs that are occurring, the 
interactions transpiring at different scales (i.e., above and below the focal scale), as well 
as lags and feedbacks within the system can help foster complex adaptive systems 
thinking (Bohensky et al., 2015; Krievins et al., 2018). Consequently, these two 
actionable steps when applied together can result in complex adaptive systems thinking 
which will further increase the resilience of the system. Therefore, these two approaches 
will be used to determine the presence of this principle in the water policies and plans. 
The focus will be emphasized on keywords that reflect holistic approaches as well as 
unpredictability, uncertainty, and variability. Policies and plans that display both 
approaches will meet the definition of this fourth principle.  

 
5. Encourage learning and experimentation 

Social-ecological systems are continuously changing and therefore to enhance the 
resilience of a system, continuous learning, experimentation, monitoring, knowledge 
coproduction, and collaboration are required (Cundill et al., 2015). Approaching learning 
and experimentation through adaptive management, adaptive co-management, and 
adaptive governance can help achieve and enhance the resilience of social-ecological 
systems (Cundill et al., 2015; Krievins et al., 2018). These three approaches show that 
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when managing social-ecological systems there will always be uncertainty, change and 
surprise thereby making learning fundamental (Cundill et al., 2015).  

 
Adaptive management focuses on the scientific approach where hypotheses are 

developed, experimentation takes place and the hypotheses are evaluated (Cundill et al., 
2015). This will facilitate improved decision-making, increase the understanding of 
social-ecological systems, as well as improve problem-solving capabilities (Cundill et al., 
2015). Therefore, adaptive management or willingness to experiment where certain 
social-ecological system processes and structures are actively manipulated to evaluate 
different hypotheses will facilitate learning (Krievins et al., 2018). The next step to 
achieving this principle is adopting adaptive co-management where it goes beyond 
experimentation. Adaptive co-management involves the sharing of knowledge between 
multiple actors while still learning through experimentation and long-term monitoring 
(Cundill et al., 2015). For adaptative co-management to be successful there must be 
multiple actors and not just specialist agencies involved in the long-term monitoring or 
experimentation of social-ecological systems (Krievins et al., 2018). If this is achieved, 
learning will occur which can result in improved decision-making, changed perceptions, 
values and norms, and lead to collective action (Cundill et al., 2015). The third piece of 
this resilience principle is to include adaptive governance where knowledge is shared 
among actors but across scales (Cundill et al., 2015; Krievins et al., 2018). Implementing 
adaptive governance can also support learning resulting in improved decision-making, 
changed perceptions, values, norms and rules, and lead to collective action (Cundill et al., 
2015). Due to the significance of adaptive management, adaptive co-management, and 
adaptive governance in facilitating the learning of social-ecological systems, these will be 
used to guide the analysis of the policies and plans.  

 
6. Broaden participation 

To build the resilience of social-ecological systems, participation from diverse 
stakeholders is required (Leitch et al., 2015). Through active engagement, building a 
shared understanding of social ecological systems, bringing together diverse types of 
knowledge, and uncovering new perspectives can help improve legitimacy and build trust 
(Krievins et al., 2018; Leitch et al., 2015). The first step to broadening participation is 
making sure that relevant stakeholders are actively engaged throughout the management 
and governance process (Leitch et al., 2015). This may involve participation occurring 
throughout the entire policy process or within various stages (Leitch et al., 2015). Either 
way, ensuring relevant stakeholders are actively engaged plays an important role in 
understanding the dynamics and management of the system (Leitch et al., 2015). Another 
important aspect of broadening participation is ensuring diverse types and sources of 
knowledge are being welcomed and considered throughout the process (Krievins et al., 
2018). Including diverse types and sources of knowledge improves legitimacy, increases 
the depth of knowledge, and increases the chance of identifying changes or disturbances 
within a system (Leitch et al., 2015). Thus, broadening participation is essential to 
successfully manage a social-ecological system.  
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However, participation does have limitations and if not managed carefully it can 
lead to undesirable outcomes. The resilience of a social-ecological system can become 
compromised if participation fails to include the most relevant individuals or groups, 
does not consider the context-specific nature of the participation, or does not review and 
revise participation throughout the policy process or adaptive management cycle (Leitch 
et al., 2015). In addition, resilience may become degraded if participation focuses on 
short-term rather than long-term goals, there is an increase in power or influence amongst 
specific stakeholders, there is a lack of social or institutional support, or there are too 
many participatory schemes resulting in ‘consultation fatigue’ (Leitch et al., 2015). 
Therefore, participation is most efficient when the goals, roles, and expectations are clear 
throughout the participation process; the policy process or adaptive management cycle is 
continually revised to ensure only the most relevant participants are included; there is 
effective facilitation and leadership; capacity building of participants; power differentials 
have been identified; and enough resources have been provided (Biggs et al., 2012; 
Leitch et al., 2015). Consequently, each policy and plan will be examined to determine 
which stakeholders are actively engaged and if diverse types and sources of knowledge 
are being brought together while also considering the limitations of not properly 
managing participation.   

 
7. Promote polycentric governance systems 

Polycentric governance systems contain multiple interacting governing bodies 
who develop and enforce specific policies while ensuring the right people are addressing 
these problems (Krievins et al., 2018; Schoon et al., 2015). There are three key 
characteristics of polycentric governance including multiple governing authorities who 
come from different levels; links within levels (horizontal); and links among levels 
(vertical/nested) (Biggs et al., 2012; Krievins et al., 2018). The first characteristic, 
multiple governing authorities who come from different levels, occurs when deliberation 
and decision-making come from different sources of authority at different scales 
(Krievins et al., 2018). This is where the second and third characteristics come into play 
with governing bodies interacting and linking at the horizontal and vertical scales. 
Together these three characteristics develop polycentric governance systems which can 
increase resilience by providing opportunities to learn and experiment, enabling broader 
participation, improving connectivity, creating modularity, improving the potential for 
response diversity, and building redundancy which can minimize and correct errors 
within governance (Schoon et al., 2015).  

 
Despite these benefits of polycentric governance systems, there are three key 

challenges which can compromise the resilience of a social-ecological system. The first 
challenge is needing to balance redundancy and experimentation which can arise from 
overlapping authority and increasing transaction costs (Schoon et al., 2015). Rising 
transaction costs may result from the increased need for coordination amongst governing 
authorities at both the horizontal and vertical levels (Schoon et al., 2015). Additionally, a 
lack of coordination, the overlapping of authorities as well as other costs related to 
communication and information may also be responsible for increasing transaction costs 
(Schoon et al., 2015). The second challenge is the negotiation of trade-offs where impacts 
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can affect those who do not disturb or benefit from ecosystem services or when users 
have different goals and objectives for ecosystem services (Schoon et al., 2015). As a 
result, this can lead to the degradation of ecosystem services (Schoon et al., 2015). The 
final challenge of polycentric governance is politics, or the process of resolving conflict 
and how to allocate trade-offs (Schoon et al., 2015). Determining who bears the costs and 
benefits of ecosystem services can prove difficult to govern and can compromise the 
integrity of the system (Schoon et al., 2015). However, strengthening the polycentric 
system through collaboration, collective problem-solving, and conflict resolution, can 
help mitigate this challenge (Schoon et al., 2015). Therefore, when analyzing the policies 
and plans for polycentric governance systems it will be important to identify the three key 
characteristics of polycentricity but also to be vigilant of the challenges that can arise if 
not managed appropriately.  

2.5 Connecting Regional Water Governance and Resilience 
The resilience of social-ecological systems has become of significant policy interest as 

anthropogenic changes are altering the world’s ecosystems and potentially causing irreversible 
changes (Biggs et al., 2012). More recently, resilience has also been increasingly associated with 
water governance as it can address climate change impacts and other stressors on water systems 
(Rodina, 2018). Currently, water systems are already facing cumulative pressures on global 
water resources which will impact water-related decision-making and planning (Rodina, 2018). 
Thus, water governance, the processes of decision-making, and the social structures humans 
have created can have profound implications on the system and for the management of water 
(Farhad & Baird, 2022). Therefore, how a region responds to the management and governance of 
the water system will determine whether the resilience of the system increases or decreases.  
 
 

3. Purpose and Objectives 
The purpose of this research is to investigate to what degree resilience principles are 

evident in water policies and plans at the regional municipality level in the Niagara Region. 
Niagara Region is an upper-tier municipality with broad responsibilities related to water and is 
the focus of this research. This regional case study will address three objectives:  

 
1. Identify what types of water sources are included in each water policy and plan; 

a. What types of water sources are included in the water policies and plans in the 
Niagara Region? 

2. To illustrate how resilience principles are being incorporated by the Regional 
Municipality of Niagara and the Niagara Peninsula Conservation Authority in water 
policies and plans by assessing; 

a. Is there any evidence that water resilience principles are evident in each policy or 
plan? If so, which principles?  

b. Are specific resilience principles more predominant than others in municipal 
water policies and plans?   

3. Identify key findings and recommendations that can further help incorporate resilience 
principles into water policies and plans in the Niagara Region. 
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By addressing these three objectives and understanding how each organization includes 
resilient principles within regional water policies and plans, this research will make real-world 
and academic contributions. First, this research will make real-world contributions by identifying 
areas where the resilience principles as well as types of water sources should be further 
incorporated into water policies and plans. This will help to ensure water policies and plans at 
the regional municipality level are becoming more sustainable. Freshwater policies that exhibit 
social ecological resilience and incorporate resilience principles will positively lead to the 
safeguarding and protection of regional freshwater resources now and in the future. Likewise, 
this research will add to the academic literature on resilience principles and whether they are 
being applied at the regional level which can help inform knowledge gaps.  

 
 This research uses a content analysis of policies and plans from the Regional 
Municipality of Niagara and the Niagara Peninsula Conservation Authority. Using a single case 
study design, a total of five policies and plans are analyzed using two codebooks to meet the 
objectives of this research. 
 
 

4. Methodology 
This research used a case study design to conduct a content analysis to achieve the 

purpose and objectives. A content analysis was performed on five water documents published 
within the Niagara Region using two deductive codebooks. These documents were selected 
based on organizations/institutions in the Niagara Region who are responsible for governing 
water resources as well as who write and develop water policies and plans. Additionally, the five 
chosen water policies and plans were the most relevant and up-to-date documents. The sub-
sections below, describe the methodology that was undertaken in this study.  

4.1 Case Study Context 
To conduct this research, a case study design was implemented as it can provide an in-

depth and multifaceted understanding of complex issues (Crowe et al., 2011). A case can be 
described as a unit of analysis and therefore based on this understanding; the Niagara Region 
will act as a single case (Yin, 2009). Within this case study are two main entities responsible for 
water policy: the Regional Municipality of Niagara and the Niagara Peninsula Conservation 
Authority (Figure 1). The Niagara Region is comprised of 12 local municipalities of both rural 
and urban communities and a growing population of over 450,000 people (Niagara Region, 
2022a). Located in southern Ontario, Canada, the region has an approximate land base of 1,854 
square kilometres (Niagara Region, 2022a). The region is situated between Lake Ontario and 
Lake Erie and is also sheltered by the Niagara River (Niagara Region, 2022a). A renowned 
UNESCO World Biosphere Reserve, the Niagara Escarpment, can also be found transecting the 
region (Niagara Region, 2022a). Meanwhile, the Niagara Peninsula Conservation Authority is 
also of importance for this research as it manages 41 Conservation Areas within the Niagara 
Peninsula watershed (Niagara Peninsula Conservation Authority [NPCA], n.d.). In addition, it 
encompasses an area of 2,424 km2 and is responsible for protecting, enhancing, and sustaining 
healthy watersheds (NPCA, n.d.). Due to Niagara Region’s and NPCAs unique location and 
being surrounded by two Great Lakes and the Niagara River, it will be the central focus of this 
research. 
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Figure 1. A map of the Regional Municipality of Niagara and the Niagara Peninsula 

Conservation Authority (Brock University Map, Data & GIS Library, 2022). 

Water plays an important role in Niagara’s economy (e.g., production, processing, and 
manufacturing) to supporting the function of the region’s unique ecosystem (e.g., regulating 
water systems, filtering wastes and wastewater, irrigation), supporting the tourism industry (e.g., 
wine production, agriculture), as well as human health and wellbeing (Niagara Region & Brock 
University Environmental Sustainability Research Centre, 2013). For example, the Niagara 
Region encompasses a large agricultural industry from grape and tender fruit growers to 
cannabis, dairy, poultry, and livestock that generates $1.41 billion in GDP highlighting the 
significant contribution to Ontario’s economy (Niagara Region, 2021; Weatherson et al., 2021). 
In addition, freshwater ecosystems, such as wetlands, play a critical role in the global water cycle 
by supplying, purifying, and protecting freshwater resources; mitigating the effects of floods and 
drought; preserving biodiversity; and enhancing water quality and quantity (United Nations, 
n.d.a). Consequently, Niagara Region residents are then able to access clean drinking water and 
sanitation as well as enjoy cultural attributes such as recreational enjoyment which contributes 
positively to human health and well-being (Niagara Region & Brock University Environmental 
Sustainability Research Centre, 2013).  

 
Despite these findings, Niagara’s regional water system is feeling the impacts of climate 

change as well as urban growth/sprawl advancing on naturalized areas which can exacerbate 
issues related to water security and availability (Penney, 2012). For example, the region will see 
more rain and less snow in the winter, more frequent and longer droughts in the summer, and 
increased heavy rainfall events (Niagara Region, 2019). According to Penney (2012), Niagara 
Region is expected to see a 20% decrease in summer rainfall by 2050 which will negatively 
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impact the ecosystem services water provides to the region. Thus, these predicted changes in the 
climate and other compounding issues within the Niagara Region demonstrate the critical need to 
conduct research to enhance the sustainability of water in freshwater policies and plans. 
Therefore, a total of five policies and plans have been selected for qualitative and quantitative 
analysis using content analysis.  

4.2 Documents for Analysis 
To achieve the purpose and objectives of this research, policies, and plans with a focus on 

water and the environment were selected to be analysed for this study. The first set of documents 
that were analysed came from the Regional Municipality of Niagara which have been published 
within the past nine years. The various documents aim to either address challenges associated 
with climate change and/or current and future needs of the community regarding water and 
wastewater servicing needs. Thus, it can be understood these plans and policies are working to 
address sustainability issues such as the sustainability of water within the region, however to 
what extent is unclear. Correspondingly, there is a need to analyze these documents to determine 
to what extent sustainability and the sustainability of water have been adopted by the Niagara 
Region.  

 
Four Niagara Region policy documents were analyzed: 

1) the Niagara Region Community Climate Change Action Plan 2013 (total pp. 41) 
2) the How We Flow – Water and Wastewater Master Servicing Plan 2016, Volume III – 

Water Master Servicing Plan Update and Project File 2016 (total pp. 240) 
3) the How We Flow – Water and Wastewater Master Servicing Plan 2016, Volume IV – 

Wastewater Master Servicing Plan Update and Project File 2016 (total pp. 354) 
4) the Official Plan for the Regional Municipality of Niagara 2022 (total pp. 390) 

 
 In addition, one key water document, the Source Protection Plan for the Niagara 
Peninsula Source Protection Area 2013 (total pp. 59) was analyzed from NPCA. This plan was 
chosen as the Niagara Peninsula Source Protection Area overlies the same jurisdiction as the 
Regional Municipality of Niagara as well as portions of the City of Hamilton and Haldimand 
County (NPCA, 2013). Thus, the Source Protection Plan works in tandem with the Regional 
Municipality of Niagara to protect and reduce the risks to water quality and quantity threats in 
the Niagara Peninsula Source Protection Area (NPCA, 2013). Therefore, this plan is addressing 
some aspects of the sustainability of water, but the plan does not make this explicitly clear. 
Consequently, an analysis of the plan is required to determine to what extent the NPCA is 
addressing sustainability. 

4.3 Data Analysis and Coding Framework 
Content analysis is a research method used to categorize textual data into similar groups 

or categories within texts or sets of texts to identify patterns between variables or themes (Busch 
et al., 2005; Given, 2008). More specifically, this method seeks to “analyze the presence, 
meanings and relationships of such words and concepts” to make inferences about what is 
occurring in the texts (Busch et al., 2005, para. 1). Content analysis can be classified into two 
research methods including both qualitative and quantitative (Hsieh & Shannon, 2005). 
Qualitative content analysis (QCA) is primarily used to analyze textual data with a focus on 
language characteristics including the text’s content and/or context (Hsieh & Shannon, 2005). 
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QCA mostly answers “why” questions using an interpretive approach as well as analyzes 
perceptions (Given, 2008). This allows the researcher to identify categories, themes, and patterns 
to develop knowledge and further understanding of the research topic (Assarroudi et al., 2018). 
In contrast, quantitative content analysis requires systematic coding, quantification of content, 
reliability testing, and statistical analysis (Neuendorf, 2017). Its primary goal is to produce a 
numerical summary of the messages and aims to help answer “what” questions (Given, 2008; 
Neuendorf, 2017). Applying content analysis to this research assisted in fulfilling the objectives 
by gaining a better understanding of the five policies and plans. To analyze the language within 
these documents, two codebooks were developed to answer questions associated with objectives 
one and two of this research (Appendix A and B).  

 
The coding framework consists of two codebooks which have been developed to support 

the content analysis by identifying keywords derived from the water resilience, water 
governance, and water literature (see Appendix A and B). In terms of Objective 1: Identify what 
types of water sources are included in each water policy and plan, the major themes and 
descriptions of the two main types of water sources, surface water, and groundwater, were 
derived from the Drinking Water Source Protection website (n.d.). Once the main themes were 
identified, a codebook was developed showing the main category code, the sub-codes, and a 
description of the subcodes. This creates clarity and a straightforward coding process for 
analyzing the types of water sources in the five policies and plans.  

 
Following the development of the codebook, each document was analyzed using 

NVivo20 software (QSR International) where text was highlighted and coded to either the main 
category code, two main types of water sources, or the two sub-category codes, groundwater 
and/or surface water. The text was coded to the main category code, two main types of water 
sources, if the text discussed groundwater and surface water together and identified the two as 
being sources of water. In contrast, for the two sub-category codes, only text was coded to 
groundwater or surface water if it was discussed independently and was described as a source of 
water, for example for households, utilities, manufacturing, quarrying/mining, transportation, 
recreation, or agriculture.  

 
The second objective, to illustrate how resilience principles are being incorporated by 

the Regional Municipality of Niagara and the Niagara Peninsula Conservation Authority in 
water policies and plans involved the development of a second codebook. This codebook was 
primarily developed using the criteria Krievins et al. (2018) Criteria for judging the presence of 
principles for building resilience (Biggs et al., 2012) in the general phases of ecological 
restoration process [see Table 3]. The criteria identified by Krievins et al. (2018) were used as 
the sub-category codes to help identify the presence of the principles within the five policies and 
plans. However, since this criterion was developed for ecological restoration processes by 
Krievins et al. (2018), other literature sources with a focus on the resilience principles such as 
Principles for Building Resilience: Sustaining Ecosystem Services in Social-Ecological Systems 
(Biggs et al., 2015) as well as from other sources such as Ungar (2018) were used to help build 
the descriptions and keywords in the codebook. Thus, the codebook was developed using a 
deductive approach where codes were developed from pre-existing theories in the literature 
(Bingham & Witkowsky, 2021) and were organized into four categories including the main 
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category code (one of the seven resilience principles), sub-category code (Krievins et al., 2018) 
criteria, a description of the sub-category code and keywords.  

 
To support the coding process of the five water policies and plans, NVivo software was 

used for the second objective. In NVivo, each policy and plan was read entirely through, except 
for the Official Plan for the Regional Municipality of Niagara where only Chapters 3 and 5 were 
analyzed for the resilience principles. Since official plans are a planning policy rather than a 
water/environmental policy, it was important to choose chapters that were most relevant to this 
research. Thus, a word search identified where water was mostly discussed within the Official 
Plan which resulted in Chapters 3 and 5 being chosen for the coding analysis for objective two. 
To support the coding process, keywords were inputted into NVivo for a query search which 
resulted in those keywords being highlighted throughout the entire policy or plan. This helped 
the coding analysis of the five policies and plans as it emphasized where to pay attention when 
reading through the documents. All text was coded to the sub-category codes and not the main 
category codes for objective two.  

 
Once the data was collected, it was then analyzed using content analysis to fulfill the 

objectives. For Objectives 1, 2a, and 3, a qualitative approach was used to examine the data 
which involved analyzing the content for patterns. First, the text was coded under each main or 
sub-category code(s) to differentiate between the types of water sources and the seven resilience 
principles. This helped organize the data and identified patterns within the codes (Saldaña, 
2009). Meanwhile, Objective 2b was analyzed using a quantitative approach to help determine 
the prevalence of the resilience principles in each of the documents. Frequency analysis was used 
to determine how often the resilience principles from the categorization of the codes appear in 
each of the water documents (Saldaña, 2009). Furthermore, when analyzing the data for 
Objective 2, the resilience principles were only considered present if all sub-category codes were 
found.  

4.4 Importance of Research 
The overall aim of this research is to produce scholarly research that can inform and 

improve the sustainability of Niagara’s freshwater resources, identify areas where the resilience 
principles and types of water sources should be further integrated, and provide opportunities for 
other regional municipalities in the province and/or across Canada to utilize and apply the 
findings of this report. This research aims to improve water governance transition towards 
sustainability not only for the Niagara Region but also for other regional municipalities across 
Ontario and Canada. Thus, it’s important to disseminate the results of this MRP to ensure the 
information/knowledge is being shared with appropriate organizations. More specifically, as a 
recipient of the Geoffrey F. Bruce Fellowship in Freshwater Policy, a policy brief will be 
developed and shared with this water policy community including recommendations. In addition, 
the MRP and the policy brief should also be shared with the Regional Municipality of Niagara 
and the Niagara Peninsula Conservation Authority as well as other relevant organizations such as 
the Association of Municipalities of Ontario (AMO), Conservation Ontario, Federation of 
Canadian Municipalities (FCM), and the Canadian Water Network (CWM).   
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5. Results 
This section will discuss the key findings found from the analysis of the five water 

documents. Objectives one and two will be discussed independently below.     

5.1 Objective 1: Types of Water Sources 
In the Niagara Region Community Climate Change Action Plan 2013, the types of water 

sources described throughout the plan are limited to two sources of surface water: Niagara Falls 
and the Welland Canal. In the document, Niagara Falls is described as “…both a popular tourist 
attraction and large producer of hydroelectricity” which emphasizes that Niagara Falls is used as 
a source of surface water to produce hydroelectricity and support the utilities sector (Niagara 
Region, 2013, p. 7). Meanwhile, the Welland Canal is described as “…a shipping route to by-
pass Niagara Falls” which shows it as a source of surface water to support transportation 
(Niagara Region, 2013, p.7). This plan does make one reference to groundwater with the 
expectation for groundwater to experience increased stress and shortages for rural residents in 
the Niagara Region (Niagara Region, 2013). However, this reference was read as a statement 
rather than a source of water which led to this reference not being included as a source of water. 
Thus, the codes for Objective 1 did not identify any further sources of water and the results can 
be found in Table 1.   

 
Table 1: Results of the coding analysis for types of water sources identified in the five policies 
and plans. 

 
Two Main Types 
of Water Sources Groundwater Surface water Water Source 

(Aggregate) 
Volume IV – 
Wastewater 
Master Servicing 
Plan Update and 
Project File  
 

0 0 0 0 

Official Plan for 
the Regional 
Municipality of 
Niagara  
 

3 4 4 11 

Volume III – 
Water Master 
Servicing Plan 
Update and 
Project File 
 

0 0 17 17 

Niagara Region 
Community 
Climate Change 
Action Plan 
 

0 0 2 2 

Source Protection 
Plan for the 
Niagara Peninsula 3 0 1 4 
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Source Protection 
Area 

 

When coding the Official Plan for the Regional Municipality of Niagara for the types of 
water sources noted, the results found coded text for both groundwater and surface water. First, 
this document did include a definition for water sources where it described it as consisting of 
both groundwater and surface water. Overall, there were three references which consisted of 
0.07% of the text representing the main category code, two main types of water sources. This 
document also discussed groundwater independently and found four references (0.19%) of the 
text being this type. Similarly, surface water also had four references (0.16%) of the text coded 
to this type of water source. Therefore, groundwater had the highest percentage, followed by 
surface water and then two main types of water sources creating a total of 11 references (0.42%) 
of the text coded for this first objective. The results are summarized in Table 1.  

 
The results for the How We Flow – Water and Wastewater Master Servicing Plan, 

Volume III – Water Master Servicing Plan Update and Project File had a total of 17 references 
(1.75%) of total water sources coded. Of those 17 references, there was no text coded to 
groundwater or two main types of water sources and was entirely comprised of surface water. 
Sources of surface water included Lake Ontario, Lake Erie via Welland Canal, the Welland 
Canal, the Niagara River via the Welland River, Lake Erie, and Lake Gibson. In contrast, the 
How We Flow – Water and Wastewater Master Servicing Plan, Volume IV – Wastewater Master 
Servicing Plan Update and Project File had no text coded to two main types of water sources 
including groundwater and surface water. The results are summarized in Table 1.  

 
Finally, for the Source Protection Plan for the Niagara Peninsula Source Protection 

Area, there were three references (0.13%) of coding types specifically referring to two types of 
water sources. For example, one of the coded references was the definition of water source 
which was described as “an aquifer or surface water body being used to supply the water 
drinking system” (NPCA, 2013, p. 52). In regard to groundwater, there were no coding types 
found in this document. Finally, surface water had only one reference accounting for 0.26% of 
coded types. This reference referred to the Great Lakes basin acting as a source of water where 
withdrawals are taking place and was therefore coded to surface water. Thus, this plan has a total 
of 4 references (0.39%) of coded water source types. The results of this coding analysis can be 
found summarized in Table 1.   

5.2 Objective 2: Resilience Principles  
After the documents were coded related to types of water sources, all the documents were 

coded related to the seven resilience principles (Table 2).  
 
Table 2: List of seven resilience principles for building resilience in social-ecological systems 
(Biggs et al., 2012). 

Principle 1. Maintain diversity and redundancy 
Principle 2. Manage connectivity 
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Principle 3. Manage slow variables and feedbacks 
Principle 4. Foster an understanding of social ecological systems as complex adaptive systems 
Principle 5. Encourage learning and experimentation 
Principle 6. Broaden participation 
Principle 7. Promote polycentric governance systems 

 
There was evidence of water resilience principles in the Niagara Region Community 

Climate Change Action Plan. The results found principles 1, 2, 3, and 7 throughout the plan 
while principles 4, 5, and 6 were not evident in this plan. Principles 1, 2, 3, and 7 had similar text 
that was coded across some or all four principles. For example, the project, environmental 
management and planning, which is organized by the Niagara Peninsula Conservation Authority 
was coded to principles 1, 2, 3, and 7. Another example is the project, shoreline and terrestrial 
restoration, which was coded across principles 1, 2, and 7. Within these similarities, there were 
also differences across principles 1, 2, and 3 as they did have additional coded text that was 
unique to their specific principle. For example, climate change was connected to challenges 
associated with water treatment systems, groundwater supplies, and stormwater and sewage 
systems. This was analyzed and determined to fit only under Principle 2 (manage connectivity). 
Since principles 1, 2, 3, and 7 had coded text under each sub-category, this resulted in the 
Niagara Region Community Climate Change Action Plan having a total of four principles. 

 
Regarding Principle 4, text was coded to ‘holistic approaches are emphasized’ but 

ultimately text failed to include ‘unpredictability, uncertainty and variability’ which resulted in 
this principle not meeting the definition of this principle. An example where a holistic approach 
was emphasized within this plan was through a shoreline and terrestrial restoration project which 
focused on restoring the shoreline “by planting trees, creating watershed buffers, and 
implementing other erosion control methodologies” as well as naturalizing a significant portion 
of land (Niagara Region, 2013, p. 34). Furthermore, there was no evidence of principles 5 and 6 
in this plan.  

 
The results show there are specific resilience principles that are more predominant than 

others within the Niagara Region Community Climate Change Action Plan. According to the 
results, Principle 2 (manage connectivity) had the highest number of references followed by 
Principle 1 (maintain diversity and redundancy), Principle 4 (foster complex adaptive systems 
thinking), Principle 3 (manage slow variables and feedbacks), Principle 7 (promote polycentric 
governance systems), Principle 6 (broaden participation), and Principle 5 (learning and 
experimentation). A summary of these results can be found in Table 3.  
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Table 3: The results of the coding analysis for the evidence of the seven resilience principles and their sub-categories in the five water 
policies and plans. Only principles with text coded to all sub-category codes were ‘counted’. 
 

How We Flow – 
Water and 
Wastewater 

Master Servicing 
Plan, Volume IV – 

Wastewater 
Master Servicing 
Plan Update and 

Project File 

Official Plan 
for the 

Regional 
Municipality 
of Niagara 

How We Flow – 
Water and 
Wastewater 

Master Servicing 
Plan, Volume III 
– Water Master 
Servicing Plan 

Update and 
Project File 

Niagara 
Region 

Community 
Climate 
Change 

Action Plan 

Source 
Protection 

Plan for the 
Niagara 

Peninsula 
Source 

Protection 
Area 

Total 
Number of 
References 

Principle 1 - 
Maintain Diversity 
and Redundancy 
 

74 26 36 8 72 216 

Diversity of system 
components 
 

49 20 22 2 22  

Functional 
redundancy 
 

4 1 3 1 26  

Response diversity 
 21 5 11 5 24  

Principle 2 - Manage 
Connectivity 
 

78 29 115 12 89 323 

Appropriate 
strength of 
interactions 
between system 
components 
 

14 10 30 6 47  

Appropriate 
structure of 
interactions 

64 19 85 6 42  
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between system 
components 
 

Principle 3 - Manage 
Slow Variables and 
Feedbacks 
 

38 0 34 6 39 117 

Feedbacks are 
managed 
appropriately 
 

36 0 33 1 6  

Key slow variables 
are monitored 
 

2 3 1 5 33  

Principle 4 - Foster 
Complex Adaptive 
Systems Thinking 
 

71 40 26 0 22 159 

Holistic approaches 
are emphasized 
 

11 36 17 2 14  

Unpredictability, 
uncertainty & 
variability are 
accepted 
 

60 4 9 0 8  

Principle 5 - 
Learning & 
Experimentation 
 

0 0 0 0 18 18 

Collaborative & 
long-term 
monitoring 
 

0 0 0 0 2  

Knowledge sharing 
among actors & 
across scales 
 

1 3 1 0 13  
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Willingness to 
experiment 
 

0 0 0 0 3  

Principle 6 - 
Broaden 
Participation 
 

3 36 7 0 35 81 

Diverse types & 
sources of 
knowledge are 
brought together 
 

1 9 1 0 15  

Relevant 
stakeholders are 
actively engaged 
 

2 27 6 0 20  

Principle 7 - Promote 
Polycentric 
Governance Systems 
 

0 34 0 5 71 110 

Governance units 
have horizontal 
linkages 
 

12 12 1 1 27  

Governance units 
have vertical 
linkages 
 

0 19 3 3 31  

Multiple governing 
authorities at 
different scales 

0 3 0 1 13  
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For the Official Plan for the Regional Municipality of Niagara, there was also evidence 
of water resilience principles in this planning policy. The results showed principles 1, 2, 4, 6, and 
7 as evident in this policy meanwhile principles 3 and 5 were not included. An example of 
principles 1 and 2 being represented by the text is the role in the delivery of services where it 
describes the region as being responsible for “…water treatment, transmission mains, storage 
facilities, major booster pumping stations, wastewater treatment, trunk sewers, and sewage 
pumping stations” and the Local Area Municipalities being responsible for “local water 
distribution networks and local sewer collection systems.” (Niagara Region, 2022a, p. 155). The 
text further describes “the Region and Local Area Municipalities share a role in stormwater 
management.” (Niagara Region, 2022a, p. 155). As a result, the coding of this text does have 
similarities and differences with the Niagara Region Community Climate Change Action Plan 
when examining Principle 2. Both documents mention the different components that makeup 
parts of the water system in Niagara. However, the language and context differ across the two 
documents with the Niagara Region Community Climate Change Action Plan connecting climate 
change to impacts on infrastructure and the Official Plan for the Regional Municipality of 
Niagara connecting the roles of the Region and Local Area Municipalities to the different types 
of water infrastructure.  

 
Another similarity between the Niagara Region Community Climate Change Action Plan 

and the Official Plan for the Regional Municipality of Niagara is the exclusion of Principle 5 
from both documents. The sub-category, knowledge sharing among actors and across scales, was 
the only sub-category code under Principle 5 with coded text in the Official Plan. An example of 
this in the Official Plan, is where “The Region in collaboration with the Province, Local Area 
Municipalities, the Conservation Authority, and organized interest groups, will provide advice 
and information on other land stewardship programs to landowners …” (Niagara Region, 2022a, 
p. 89). However, since text was only coded to one of the sub-category codes under Principle 5, it 
did not meet the definition of this principle. Similarly, Principle 3 was also missing coded text to 
its sub-category codes and was, therefore, determined to be excluded from the Official Plan. As a 
result, this may explain why principles 3 and 5 were the least prevalent in this document.  

 
The next two documents, How We Flow – Water and Wastewater Master Servicing Plan, 

Volume III – Water Master Servicing Plan Update and Project File and the How We Flow – 
Water and Wastewater Master Servicing Plan, Volume IV – Wastewater Master Servicing Plan 
Update and Project File both included five of the same seven resilience principles. The results 
for both documents show principles 1, 2, 3, 4, and 6 as present within these plans except for 
principles 5 and 7. When comparing the coded text within these two documents, there are 
similarities and differences with how the principles are represented. For example, Principle 6 
found both documents to indicate the need to “provide extensive consultation with the public and 
stakeholders” (Niagara Region, 2016, p.4). However, under the same principle, Volume III made 
multiple references to working and sharing a project with Ontario Power Generation (OPG) 
which was not indicative in Volume IV. Another example with Principle 3, under the sub-
category code feedbacks are managed appropriately, both documents contained strategies or 
plans to ensure water and wastewater servicing needs will be met until 2041. Although how this 
was framed across the two documents differed within the language. Volume III used words such 
as “new watermain connection”, “new backfeed” and “new elevated tank” while Volume IV 
used words such as “increase capacity”, “sewage pumping upgrades”, and “pump replacement”.  
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Similarly, the results for both documents indicate Principle 2 (manage connectivity) as 
having the highest amount of text coded with Principle 5 (learning and experimentation) having 
the least amount of text coded. Principle 5 only had one reference to the sub-category code, 
knowledge sharing among actors and across scales, without any references made to the other two 
sub-categories in Volumes III and IV. As a result, Principle 5 was not considered to be evident in 
this plan and for these same reasons Principle 7 was not included. Results for these two plans can 
be found summarized in Table 3.  

 
The Source Protection Plan for the Niagara Peninsula Source Protection Area is the 

only document that included all seven water resilience principles. All other documents failed to 
include all seven resilience principles and one principle, Principle 5, was not evident in the four 
other policies and plans. This is the only document that included all three sub-category codes 
associated with Principle 5. For example, the sub-category code, collaboration and long-term 
monitoring, was identified in the plan as “The SPA, along with municipalities and other partners, 
will have an important role in monitoring and reporting on the progress of the SPP’s 
implementation” (NPCA, 2013, p. 41). Furthermore, sub-category code, knowledge sharing 
among actors and across scales, was mainly identified in the text through their consultation 
process where “early engagement activities were voluntary efforts to engage local stakeholders, 
municipalities, and government agencies prior to the legislated pre-consultation phase” (NPCA, 
2013, p. 16). Other consultation activities included posting the Source Protection Plan “on the 
internet for public review and inspection” as well as in local newspapers, sending out notification 
letters and holding four open house information sessions for all municipalities, implementing 
bodies, landowners, and other key stakeholders (NPCA, 2013, p. 18). The Source Protection Plan 
also included willingness to experiment, where for example, event-based contaminant modelling 
was used to “determine if a diesel fuel spill into the Welland Canal would adversely affect the 
water supply at the intakes of the DeCew Falls, Welland, and Port Colborne water treatment 
plants.” (NPCA, 2013, p. 7). Given these circumstances, Principle 5 was evident in the Source 
Protection Plan which makes this plan distinctive from the four other documents.  

 
Despite Principle 5 being evident in the Source Protection Plan, it remains the least 

prevalent of the seven principles. In contrast, Principle 2 (manage connectivity) had the highest 
amount of text coded to the sub-category codes. For a full summary of these results, please see 
Table 3.  

 
Finally, the results in Table 4 show a summary of the total number of references for the 

seven resilience principles and their corresponding ranking from highest (rank of 1) to lowest 
(rank of 7) for the prevalence of the principles found in the five water policies and plans. The 
principle that was most predominant (rank number 1) out of the five policies was Principle 2 
(manage connectivity) which had a total of 323 references and the principle with the lowest rank 
was Principle 5 (learning and experimentation) with a total of 18 references and a rank of 7.  

 
Table 4: A summary of total number of references for the seven resilience principles and their 
associated rank from most predominant (rank of 1) to least predominant (rank of 7) found in the 
five water policies and plans.  

Resilience Principles Total Number of References Rank 
Principle 1 – Maintain Diversity and Redundancy 216 2 
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Principle 2 – Manage Connectivity 323 1 
Principle 3 – Manage Slow Variables and Feedbacks 117 4 
Principle 4 – Foster Complex Adaptive Systems Thinking 159 3 
Principle 5 – Learning & Experimentation 18 7 
Principle 6 – Broaden Participation 81 6 
Principle 7 – Promote Polycentric Governance Systems 110 5 

 

6. Discussion 
This section will critically discuss the significance of the findings, explore the underlying 

meaning of this research, and explain new understandings that will help formulate a better 
understanding of water resilience and water governance in the Niagara Region.  

6.1 Objective 1: Types of Water Sources  
The results of Objective 1 provide a better understanding of whether water policies and 

plans in the Niagara Region are including different types of water sources. This is important to 
recognize as it will show whether the Regional Municipality of Niagara and the Niagara 
Peninsula Conservation Authority have a good understanding of its freshwater resources or if 
they are failing to include the different types of water sources in policies and plans. Thus, by 
assessing the water policies and plans for types of water sources one will be able to determine if 
the documents include both groundwater and surface water and the extent to which they are 
applied and discussed throughout the water documents. Overall types of water sources were 
found in four of the five documents (Niagara Region Community Climate Change Action Plan, 
Official Plan for the Regional Municipality of Niagara, How We Flow – Water and Wastewater 
Master Servicing Plan, Volume III – Water Master Servicing Plan Update and Project File, and 
Source Protection Plan for the Niagara Peninsula Source Protection Area), however, the 
recognition of groundwater and surface water varied throughout the policies and plans.   

 
Within the four documents that included types of water sources, surface water was the 

primary water source mentioned throughout the policies and plans. This may be due to the 
Niagara Region being geographically bordered by Lake Ontario, Lake Erie, and the Niagara 
River providing an abundance of surface water opportunities to support households, agriculture, 
utilities, manufacturing, and transportation needs (Niagara Region, 2022a; Statistics Canada, 
2017). According to Juuti et al. (2022), hydrological, hydrogeological, geographical, ecological, 
and climatic conditions may influence the choice of water sources. In addition, surface water can 
be easier to access than groundwater as volumes of groundwater may be limited (Juuti et al., 
2022). Furthermore, economic and non-economic considerations such as operational time and 
infrastructure setup as well as socio-environmental considerations may also influence the use of 
surface water over groundwater (Juuti et al., 2022). Therefore, to better understand why surface 
water is more prevalent in the policies and plans than groundwater, future research could look at 
these factors to determine their influence on water source decision-making.  

 
Limited information was available on specific groundwater sources in the Niagara 

Region with the use of more general terms such as aquifer and water tables in the water policies 
and planning documents. However, according to a study conducted by Weatherson et al. (2021), 
data obtained in October 2021 from the Ministry of Environment Conservation and Parks’ 
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Permit to Take Water (PTTW) found 94 permits for surface water, 107 permits for groundwater, 
and 91 permits for both groundwater and surface water for a total of 292 PTTWs in the Niagara 
Region. These permits are being used for agriculture, commercial golf courses, construction, 
energy, and industrial operations suggesting a mix of water sources are being used to support the 
supply of water across the region (Weatherson et al., 2021). Furthermore, according to a 
Groundwater Vulnerability Analysis prepared by the NPCA (2009), there are no municipal 
groundwater systems in the Niagara Peninsula Source Protection Area, however private water 
supplies serve 77,000 residents in the region. This data also suggests groundwater is mainly 
being used to support private households. Therefore, across these two studies, groundwater is an 
important source to the region and there needs to be a greater emphasis or inclusion of 
groundwater in these five water policies and plans to ensure the long-term sustainability of this 
resource.   

 
 Only one document, the Official Plan for the Regional Municipality of Niagara discussed 
groundwater independently from the other sources of water and was therefore found to be the 
only document coded to groundwater. The Official Plan acts as a long-term strategic policy 
framework that will guide decision-making for the Niagara Region until 2051 (Niagara Region, 
2022a). This is significantly important as freshwater availability will see mounting pressures 
from increased demand, declining water quality and quantity, the impacts of climate change, and 
other stressors in the future (Koehler, 2008; van Leeuwen, 2013). Thus, including groundwater 
within the Official Plan can help the Niagara Region preserve and protect its freshwater sources 
to meet the needs of its community until 2051.  
 

Despite the Official Plan including groundwater as a source of water, all other documents 
failed to independently discuss or mention groundwater as a source of water. However, the 
Source Protection Plan for the Niagara Peninsula Source Protection Area did discuss water 
sources as including both surface water and groundwater except the coded text was limited and 
failed to define groundwater as part of the freshwater system. Groundwater is critical to 
sustaining ecosystems as well as supporting the human population (Elshall et al., 2020). It also 
faces similar challenges as surface water from growing demand to overexploitation and pollution 
of aquifers affecting water quality and quantity (Elshall et al., 2020; Zwarteveen et al., 2021). 
Considering the Source Protection Plan is a policy document that aims to reduce risks from water 
quality and quantity threats, as well as plan for protection and take action for the Niagara 
Peninsula Source Protection Area, there should be a greater emphasis on groundwater such as by 
including it as part of the freshwater resource system. As a result, this remains a key gap 
identified in this water policy and can have implications for the governing of groundwater and 
the sustainability of Niagara’s freshwater resources.  

6.2  Objective 2: Resilience Principles  
The results from Objective 2 provide a better understanding of which resilience principles 

were present in the five policies and plans as well as which resilience principles were more 
prominent. This gives insights into whether sustainable water governance is reflected in key 
water policy documents throughout the Niagara Region or whether more work is required. 
Through analyzing the results for Objective 2, evidence of principles within water documents 
varied across the sub-category codes which influenced the outcomes of the main category 
code/resilience principles. The results clearly show each principle is not being applied equally 
within and across the documents. One may ask however, should the resilience principles be 
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equally represented within and across the water policies and plans? This may require further 
research to investigate whether resilience principles should be looked at independently or if a 
more robust approach is needed to improve the resilience of water policies and practices. 
Another key question that warrants further discussion is how frequently should the principles be 
referenced in the documents? Thus, having a better understanding of how centrally the resilience 
principles should be applied and referenced in water policies and plans will further support 
building resilience and sustainable water governance in the Niagara Region.  

 
There is a large discrepancy between the application of Principle 2 (manage connectivity) 

and Principle 5 (learning & experimentation) and Principle 6 (broaden participation). One 
possible explanation for why Principle 2 was the most predominant and Principle 5 was the least 
predominant within the water policies and plans may have to do with the understanding of these 
principles and their feasibility to apply them into practice. For example, specific resilience 
principles such as principles 2, 3, and 6 are well understood to enhance the resilience of social-
ecological systems, while the evidence of principles 4 and 5 contributing to resilience is less 
clear and less evident (Biggs et al., 2012). Thus, the understanding of how these principles 
enhance the resilience of social-ecological systems may play a major role with their 
implementation into practice. However, this explanation does not explain why Principle 6 was 
the second least predominant principle in the five water policies and plans. According to the 
results, implementing Principle 6 into practice remains a key challenge.  

 
Despite these findings, when examining the documents individually, the Official Plan had 

the highest number of references for Principle 6. The Official Plan is the most recently published 
document out of the five policies and plans. Therefore, this could indicate that over time 
Principle 6 has become better understood across policymakers and has been valued to be 
included in the policy-making process as well as in policies and plans. According to Abernethy 
et al. (2020), over the last several decades participation has broadened within scientific societies 
and has been recognized as an important goal for many institutions. However, marginalized 
groups continue to be overlooked which can undermine the resilience of the system (Abernethy 
et al., 2020; Leitch et al., 2015). Therefore, the Official Plan may be an early indication that 
Principle 6 (broaden participation) has become an important component for water governance in 
the Niagara Region. Although further efforts need to be made to continue broadening 
participation across and within the water policies and plans to build water resilience in Niagara. 
 

Regarding the five documents, the Niagara Region Community Climate Change Action 
Plan had the least amount of text coded to each of the principles. This was largely due to the 
topic of water being limited throughout the entire document. At the beginning of the Plan, a 
paper was referenced entitled, Adapting to Climate Change: Challenges for Niagara, authored 
by Dr. Jennifer Penney (Niagara Region, 2013). This paper determined the potential impacts of 
climate change in the Niagara Region (Niagara Region, 2013). Within this paper, the author 
identified negative impacts associated with climate change and water such as placing increased 
stress on groundwater supplies creating water shortages for residents (Niagara Region, 2013). 
This is important to identify as climate change will pose significant threats to urban water 
services including safe drinking water, sanitation, and the drainage of wastewater (Johannessen 
& Wamsler, 2017). Furthermore, if the regional community wants to reduce greenhouse gas 
emissions water must be considered among the different priority actions. A considerable amount 
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of energy is required to treat and deliver water from the source to high-end users resulting in 
increased greenhouse gas emissions (Spang et al., 2020). Thus, reducing water consumption for 
example can help reduce greenhouse gas emissions by saving energy (Spang et al., 2020). 
However, this plan failed to connect these negative impacts of water to its ongoing and potential 
new actions. For example, the Niagara Region Community Climate Change Action Plan contains 
no actions that focus on water within its following priority areas: local food, built form and 
transportation, community engagement and outreach, energy, and waste. Instead, water was only 
included in two priority areas: ‘industry, commercial, institutions’ and ‘adaptation and other 
related activities’. Therefore, several gaps are present in the Niagara Region Community Climate 
Change Action Plan from connecting greenhouse gas emissions with water and including water 
within its various priority actions. Thus, for this plan to achieve sustainable water governance 
and enhance the resilience of the water system, there needs to be greater consideration of water.   

 
Furthermore, only one policy, the Source Protection Plan for the Niagara Peninsula 

Source Protection Area applied all seven resilience principles within the policy. Meanwhile, the 
four remaining policies and plans developed by the Niagara Region only applied four to five of 
the seven resilience principles. This could be an indicator that the Regional Municipality of 
Niagara is not aware of the seven specific resilience principles, and it was coincidental that the 
remaining principles were found in those policies and plans. As such, the documents would have 
greater value if all principles would have been knowingly implemented. Additionally, NPCA and 
the Niagara Region made no acknowledgement that the seven resilience principles developed by 
Biggs et al. (2012) were used to guide the development of the five documents which further 
strengthens this argument that both parties are possibly unaware of these principles. This is not 
surprising given practitioners are not aware of scholarship or other important international 
principles and indicators such as the OECDs. For example, according to de Bruijn et al. (2017), 
there is often a disconnect between resilience approaches and policy practices due to this 
research not being translated from academic institutions to practice. Thus, this could indicate that 
practitioners and academics have different perspectives and use different terminology on the 
same concepts.   
  

6.3 Objective 3: Recommendations 
This study aimed to contribute to research focused on water resilience and water 

governance that will help the Niagara Region and NPCA achieve sustainable water for its current 
and future generations. Results of this research provide a greater understanding of what types of 
water sources are included in various policies and plans as well as if key resilience principles 
identified in the scholarly literature are being applied. With this research, there are implications 
if groundwater and surface water are not included in the policies and plans as well as the seven 
resilience principles. Water policies and plans that include both types of water sources as well as 
the resilience principles will enhance the resilience of the system leading the documents to be 
more effective in articulating policy principles, goals, and efforts related to responding to 
disturbances or change. However, not all types of water sources and resilience principles were 
applied within the five policies and plans. Therefore, due to the limited evidence of resilience 
principles used in full, recommendations that can further help incorporate resilience principles as 
well as water sources into water policies and plans in the Niagara Region have been suggested 
below.  
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This research has provided evidence that groundwater and surface water are not included 
within the policies and plans to the same degree. Surface water is more prominent within the 
water policies and plans when compared to groundwater and this can impact how freshwater is 
being governed and managed. This is generally the case in Canada and Ontario. Thus, the first 
recommendation is to develop a Niagara groundwater study/policy document. The development 
of this document could use existing information from the Ontario Geological Survey and the 
Geological Survey of Canada as well as collaborate with local institutions to ensure the most 
relevant scientific information is being included. Additionally, Niagara Region and NPCA could 
work with environmental consulting firms who have experts in hydrogeology, hydrology, 
engineering, municipal planning, agriculture, etc. to help develop this document. The 
groundwater document should include strategies and action plans that will protect the region’s 
groundwater resources in the long-term. In doing so, this will help the Niagara Region and 
NPCA have a better understanding of their groundwater supply which will in turn help protect 
the region’s aquifers and further support the sustainable use of groundwater. 

 
Two overall recommendations that can help incorporate groundwater into their existing 

and new water policies and plans are communication and collaboration. First, there needs to be 
communication between scientists and policy-makers where two-way flows of information with 
true engagement are occurring (Maguire, 2007). In other words, this requires decision-makers 
(i.e., Regional Municipality of Niagara and NPCA) to be at one end and researchers (Brock 
University and Niagara College professors and students, and other academics) at the other end, 
both receiving and distributing information (Maguire, 2007). Second, to support communication 
between policy-makers and researchers there needs to be collaboration. This could take the form 
of developing councils/committees and facilitating long-term relationships/partnerships that 
represent different backgrounds and perspectives as well as including policy-makers in the early 
phase of research conducted by scientists (Maguire, 2007). Additionally, the Regional 
Municipality of Niagara and the Niagara Peninsula Conservation Authority could create 
opportunities for early-career researchers through fellowships, co-ops, or other programs that 
allow them to directly interact with legislators and policymakers. This would allow early-career 
scientists to provide clarity and synthesize data into policymaking decisions as well as 
familiarize and understand the science-policy process (Gaieck et al., 2020). Thus, local 
institutions such as Brock University need to communicate and collaborate with the Regional 
Municipality of Niagara and NPCA to ensure scientific research is effectively integrated into 
public policies. In doing so, this could provide a better understanding of groundwater which can 
further strengthen groundwater governance and the sustainable management of freshwater.  

 
Another key finding was that the Niagara Region and NPCA are most likely applying the 

resilience principles using different terminology or perspectives within the water policies and 
plans. One potential reason is the lack of communication between academic institutions and the 
private and public industries. Therefore, as indicated above, to close this gap it is recommended 
that the NPCA and the Niagara Region continuously work or share information with local 
institutions such as Brock University and Niagara College. This could include developing a 
community of practice, a committee with private and public institutions, or graduate students 
sharing their major research paper or thesis with municipalities and conservation authorities. 
Another option is for the local universities and colleges to hold a one-day course on 
sustainability, water resilience, water governance, and resilience principles with public and 
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private organizations to ensure rural and urban water issues can be addressed appropriately. 
Creating open communication channels as well as learning opportunities across public and 
private organizations will help address this gap and can assist in the uptake of Principle 2 
(manage connectivity), Principle 5 (learning and experimentation), Principle 6 (broaden 
participation), and Principle 7 (promote polycentric governance systems).  

 
Furthermore, Principle 5 can be enhanced through increasing knowledge and awareness 

of the water resilience principles which will develop future opportunities for policymakers to 
include all seven resilience principles in water policies and plans. This includes knowing when, 
how, and where to apply them as well as their differences and similarities. This will help 
strengthen the response to changes and disturbances that are taking place within the water 
system. Once a good understanding has been established, the seven resilience principles should 
act as a guide to build the resilience of a social-ecological system while also reinforcing other 
water resilience and water governance concepts within the water policies and plans.  

 
Additionally, the five water policies and plans should be monitored over the long-term, or 

the next time they are revised, to identify where and what resilience principles are enhancing the 
resilience of the water system. This will help build upon Principle 3 (manage slow variables and 
feedbacks). This may involve reviewing and updating the documents every few years to ensure 
they reflect the most current information. This was identified as a limitation in this study as the 
publication dates of the policies ranged from 2013 to 2022. The Official Plan is the most current 
policy that was published this year, 2022. Therefore, it is highly recommended that the 
remaining four policies and plans be updated to ensure they reflect the Official Plan and current 
research on water governance. Additionally, updating the documents provides new opportunities 
to learn and apply the resilience principles within the water policies and plans which will 
contribute to the sustainability of water in the Niagara Region. Furthermore, it will be important 
to monitor the impact of water policies to ensure the desired outcomes are being achieved. This 
could be done through developing measurable targets for the region and NPCA to evaluate 
whether they are being met or need to be updated or changed related to resilience principles or 
existing water governance indicators. This may involve paying close attention to climatic events 
that have a significant impact on the water system in Niagara to determine if further 
modifications are required.  

 
One final recommendation to better incorporate water resilience into the plans and 

policies to ensure the objectives are being implemented long-term by the region and NPCA is to 
adopt a City Water Resilience Framework (CWRF) tool that was introduced in a paper authored 
by Saikia et al. (2022). The CWRF contains “a set of resilience goals, sub-goals and indicators, 
categorised across four dimensions: infrastructure and ecosystems, health and wellbeing, 
planning and finance, and leadership and strategy.” (Saikia et al., 2022, p. 1). Consequently, this 
allows cities to identify existing resilience gaps and future actions that build water resilience 
(Saikia et al., 2022). This tool has been implemented in Cape Town and in Greater Miami and 
the Beaches which was found to strengthen their strategies, increase their understanding of the 
water system, and resilience challenges and bottlenecks that may arise (Saikia et al., 2022). 
However, since resilience is context-dependent, the region and NPCA may need to refine the 
indicators and include additional indicators to achieve water resilience (Siakia et al., 2022). 
Despite the CWRF being a new tool, this could provide a new opportunity for the region and 
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NPCA to build water resilience within their plans and policies as well as improve upon Principle 
4 (foster complex adaptive systems thinking). The CWRF tool applies a holistic approach by 
examining four different dimensions, but it will also be important when applying this framework 
to include unpredictability, uncertainty and variability to build water resilience in water policies 
and plans. 

 
 

7. Limitations 
 It’s important to acknowledge the limitations that occurred within this research which 
included limited access to water policies, publication dates of the documents, the sample size of 
documents analyzed, and the time limits for conducting the research. Understanding these 
research limitations will provide better insights on the outcomes and conclusions of this research.  
 
 The first limitation of this research was access to water policies, as only three of the five 
documents have a direct focus on water. The other two documents had a section dedicated to 
water or some aspect of water and were included to provide a better understanding of what is 
occurring in the Niagara Region. Furthermore, the NPCA has limited water documents available 
on their website which is why only one document was included in this research. As a result, this 
limited the amount of information available to analyze for the three research objectives with 
regard to water policies. Another limitation with respect to the five documents was the 
publication dates ranging from 2013 to 2022. Two documents were published in 2013, two 
documents were published in 2016 and the most recent was published in 2022. As a result of this 
wide range in publication dates, there may be some inconsistencies with the analysis with the 
publications from 2013 not reflecting the most current practices, information, or alignment with 
the new Official Plan (2022). Additionally, at the time of writing this, the Official Plan for the 
Regional Municipality of Niagara is still awaiting approval from the Province of Ontario’s 
Municipal Affairs and Housing (Niagara Region, 2022b). The approval process from the 
Province of Ontario’s Municipal Affairs and Housing can either result in its approval, approval 
with modifications, or refusal to approve parts or the entirety of the Official Plan (2022) 
(Ministry of Municipal Affairs & Housing, 2019a). Therefore, the analysis of this research may 
not reflect the most up to date version of the Official Plan and can have implications on the 
results.   
 
 The sample size (five) is also a limitation of this research as it is partly due to the time 
constraints of writing a major research paper. Brock University has strict guidelines and 
timelines for completing an MRP and therefore this research needed to be scoped and planned 
appropriately to ensure it would be completed by the deadline. Consequently, to warrant 
sufficient time to collect and analyze the data, only five documents were chosen that could help 
achieve the overall purpose of this research. One specific document the How We Flow – Water 
and Wastewater Master Servicing Plan has a total of five volumes of which only two volumes 
(Volumes III and IV) were analyzed. This selection was due to the timeframe of the MRP which 
influenced the decision to examine the plans only and not the other volumes that explicitly 
focused on how the plans were developed or provided a summary of the plans. Therefore, 
Volume I – Executive Summary, Volume II – Background and Planning Context, and Volume V – 
Public and Agency Consultation were excluded from this analysis. As a result, this may not 
provide a comprehensive understanding of what resilience principles were applied as well as 
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types of water sources which could influence the overall results for this document. However, if 
more time was provided additional water policies and plans could have been selected from the 
local municipalities within the Niagara Region. This would then allow for a cross comparison 
analysis across the regional and local municipalities to better understand whether municipalities 
in the Niagara Region are incorporating resilience principles into policies and plans as well as if 
this is contributing to sound water governance. It would also provide insights into how the 
different municipalities compare to one another and if one or several municipalities are taking 
the lead on water resilience and water governance in the Niagara Region.  
 

The final limitation of this research is the research design using a single case study. As 
previously mentioned, it would be beneficial to look at additional municipalities to determine if 
water policies and plans are including water resilience principles and whether municipalities 
view water sources as including both groundwater and surface water. Conducting a multiple case 
study would allow the researcher to analyze the similarities and differences across the cases 
(Gustafsson, 2017); within and across situations (Gustafsson, 2017); and would allow for 
stronger and more reliable data (Gustafsson, 2017). Consequently, this would further support the 
application of these results/findings and apply them to other municipalities and regions across 
Canada.  

 
 

8. Conclusion 
Climate change, urban growth, and pollution among other issues are creating vulnerabilities 

in managing freshwater sustainability across the world in both rural and urban areas. Leveraging 
knowledge in water resilience and water governance can strengthen water policies and plans to 
sustainably manage freshwater. Thus, there is a need for research to focus on water resilience, 
water governance, and applying a social-ecological lens into policies, strategies, plans, and 
management. This study contributes to the water resilience and water governance literature by 
examining five water policies and plans authored by the Regional Municipality of Niagara and 
the Niagara Peninsula Conservation Authority.  

 
Through the three research objectives, the results illustrate that types of water sources as 

well as the seven resilience principles differ across the documents which can have implications 
for building resilience within the water system. Surface water was the primary source of water 
discussed throughout the five documents with limited reference to groundwater. There were two 
documents where groundwater and surface water were discussed together, however, only one 
document discussed groundwater independently. This suggests that there is a failure to 
acknowledge groundwater as a source of water within the policies and plans which can limit the 
effectiveness of managing and governing water sustainably in the Niagara Region.  

 
By analyzing the five policies and plans for the seven resilience principles, this study found 

only one plan, the Source Protection Plan for the Niagara Peninsula Source Protection Area to 
include all seven resilience principles. Whereas the Niagara Region Community Climate Change 
Action Plan had the least amount of water resilience principles present within the plan. Both 
documents were published in the same year, however, it is hard to determine why one document 
contained all seven principles and the other didn’t. One possible explanation is the NPCA who 
authored the Source Protection Plan had a better understanding of water resilience and principles 
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than the Niagara Region at the time of development. Furthermore, the presence of the resilience 
principles varied within and across the five documents with Principle 2 (manage connectivity) 
being the most prominent and Principle 5 (learning & experimentation) being the least. One can 
conclude Principle 2 is easier to include within policies and plans whereas Principle 5 is more 
challenging to incorporate as it invites theoretical ideas into policies and plans. Correspondingly, 
this highlights Principle 2 is more tangible for regional municipalities and conservation 
authorities to recognize, formalize and implement across policies and plans. Thus, this implies 
resilience principles are being operationalized within the five policies and plans and are 
contributing to a more resilient and sustainable water system. However, it also indicates that an 
in-depth understanding and implementation of the resilience principles is lacking.  

 
Transitioning water governance in the Niagara Region towards sustainability will make a 

stronger and more resilient system that is able to respond to disturbances and change. Including 
different types of sources of water and the seven resilience principles in water policies and plans 
will strengthen the management and governance of water resources in the region further 
supporting the transition to sustainability. Thus, policymakers must incorporate and understand 
the importance of groundwater and resilience principles to safeguard the region’s water supply 
now and for future generations.   
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10. Appendices 
Appendix A. A deductive codebook developed for differentiating types of water sources 
(Drinking Water Source Protection, n.d.).  

Main Category 
Code 

Sub-Category 
Code 

Description 

Two main types 
of water sources 

Surface water Water that lies above the Earth’s surface including 
lakes, rivers, streams, ponds, wetlands, etc. 
 

 Groundwater Water that lies below the Earth’s surface (i.e., 
aquifers).  
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Appendix B. A deductive codebook developed for the seven resilience principles (Biggs et 
al., 2015; Bohensky et al., 2015; Cundill et al., 2015; Dakos et al., 2015; Kotschy et al, 2015; 
Krievins et al., 2018; Leitch et al., 2015; Schoon et al., 2015; Ungar, 2018). 

Main Category 
Code 

Sub-Category 
Code 

Description Keywords 

Maintain 
Diversity and 
Redundancy 

Diversity of 
system 
components 

The number of 
elements in a system 
such as species and 
landscape types 
(variety), the number 
of each element 
(balance), and how 
different those 
elements are from 
each other 
(disparity). 

Stormwater management, 
wastewater treatment, water 
supply, water sources 
(groundwater and surface 
water), rainwater harvesting, 
greywater treatment, water 
treatment, supply systems, 
variety, range, diversity, 
number, watersheds, private 
drinking water systems, wells, 
cisterns 
 

 Functional 
redundancy 

Elements in a system 
that can compensate 
for the loss of other 
elements in a 
disturbance. 

Green infrastructure, nature-
based solutions, water 
treatment, water sources, 
stormwater management, 
wastewater treatment, water 
supply, infrastructure, water 
quality, water quantity, rain 
barrels, rain gardens, 
permeable pavements, 
watersheds 
 

 Response 
diversity 

Elements in the 
system can respond 
differently to change 
or a disturbance. 

Project funding, emergency 
response, infrastructure 
upgrades, improvements, 
future plans, project review, 
emergency measures, 
comments 
 

Manage 
Connectivity1 

Appropriate 
structure of 
interactions 
between system 
components 

The presence or 
absence of linkages 
as well as the 
distribution of 
linkages within a 
system. 

Interactions, links, 
infrastructure, education, 
communication, meetings, 
conferences, emails, letters, 
posters, conferences, 
knowledge transfer, rainwater 
harvesting, greywater 
treatment facilities, 

 
1 Connectivity refers to other related systems to water including water quality/quantity; groundwater/surface water; 
food/water nexus; energy/water nexus, etc.  
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stormwater drains, water 
treatment, stormwater 
management, wastewater 
treatment, water supply, 
intake protection zones, 
agreements, liaison, share 
 

 Appropriate 
strength of 
interactions 
between system 
components 

The intensity of 
those linkages and 
how strong those 
connections between 
the system 
components are. 

Interactions, connections, 
contact, communication, 
meetings, conferences, 
emails, formal 
correspondence, feedback, 
updates, frequency, 
procedures, measures, steps, 
backups, failure, emergency 
plans, timelines, authority 
 

Manage Slow 
Variables and 
Feedbacks 

Feedbacks are 
managed 
appropriately 

Plays a critical role 
in maintaining the 
configuration of the 
system while also 
ensuring the system 
does not pass a 
certain threshold.  
 

Green infrastructure, nature-
based solutions, feedbacks, 
monitoring, water testing, 
infrastructure testing, test 
results, acceptable standards, 
parameters, deviation 

 Key slow 
variables are 
monitored 

Determine the 
structure of the 
system and need to 
be monitored in 
proximity to a 
threshold. 

Government, legislation, 
policy, rules, legal systems, 
values, monitoring, traditions, 
Acts, water treatment plants, 
intake protection zones, 
regulations, spill, overflow 
 

Foster Complex 
Adaptive 
Systems (CAS) 
Thinking 

Holistic 
approaches are 
emphasized 

Approaches that 
look at the 
whole/entire system 
such as the 
management of 
ecosystem services, 
the various trade-
offs that are 
occurring, the 
interactions 
transpiring at 
different scales (i.e., 
above and below the 
focal scale), as well 

Problem identification, 
causes, symptoms, system, 
threats, goals, targets, 
commitments, collaboration, 
participation, thresholds, 
boundaries, restructure 
responsibilities, institutional 
change, barriers 



 

 56 

as lags and 
feedbacks. 
 

 Unpredictability, 
uncertainty, and 
variability are 
accepted 

Management actions 
or practices that 
accept and 
understand that 
social-ecological 
systems as CAS are 
unpredictable, 
uncertain, complex 
and contain a 
multitude of 
perspectives. 

Goals, objectives, plans, 
decisions, unpredictability, 
uncertainty, variability, 
scenario planning, planning, 
management, threats, actions, 
change, surprise, solutions, 
context dependent, 
adaptation, conditions, 
explore, evaluate, alternative 
pathways, assess, 
consequences, decisions, 
assumptions 
 

Learning and 
Experimentation 

Willingness to 
experiment 

Where certain 
social-ecological 
system processes 
and structures are 
actively manipulated 
to evaluate different 
hypotheses. 

Experiment, manipulate, 
social-ecological systems, 
scenario planning, processes, 
structures, observe, evaluate, 
outcomes, effective, analyze, 
measure, examine, practice, 
research, pilot project, 
modeling 
 

 Knowledge 
sharing among 
actors and across 
scales 

The sharing of 
knowledge between 
multiple actors while 
still learning through 
experimentation and 
long-term 
monitoring. 

Knowledge sharing, social 
media, newspaper, national 
news, local news, email, 
newsletters, collaboration, 
participation, connection, 
communities of practice, 
workshops, communication, 
contact, interactions, liaison, 
conferences, webinars, 
networks, educational 
sessions, exchange 
information, inventory, 
presentations, campaigns, 
speakers, talks, tours, booths, 
events, guides, administrative, 
scientific, technical support, 
contributions, input, letters, 
notification, meetings, 
internet 
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 Collaborative and 
long-term 
monitoring 

Knowledge is shared 
among actors but 
across scales. 

Collaboration, participation, 
partnership, long-term 
monitoring, collect, 
information/data, record, 
share, observe, examine, 
investigate, inspect, 
surveillance, measure, 
compile, track, audits, 
calculate 
 

Broaden 
Participation 

Relevant 
stakeholders are 
actively engaged 

Relevant 
stakeholders are 
actively engaged 
throughout the 
management and 
governance process. 

Community 
members/organizations, 
citizens, residents, NGOs, 
Niagara Peninsula 
Conservation Authority, 
government representatives 
(municipal, provincial, 
federal), researchers, 
academics, cultural groups, 
institutions, Indigenous 
communities, conservation 
authorities, stakeholders, 
engagement, Ministry, 
landowners, City, St. 
Lawrence Seaway 
Management Corporation, 
Ontario Power Generation, 
agencies, public, approval 
bodies 
 

 Diverse types and 
sources of 
knowledge are 
brought together 

Diverse types and 
sources of 
knowledge are being 
welcomed and 
considered 
throughout the 
process. 
 

Partnerships, connections, 
relationships, sources of 
knowledge, local knowledge, 
experiential knowledge, 
traditional knowledge, 
participation 

Promote 
Polycentric 
Governance 
Systems  

Multiple 
governing 
authorities at 
different scales 

When deliberation 
and decision-making 
come from different 
sources of authority 
at different scales 

Niagara Peninsula 
Conservation Authority, 
provincial government, 
federal government, 
municipal government, 
NGOs, community 
organizations, Regional 
Municipality of Niagara, local 
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municipalities, conservation 
authorities, landowners, 
Indigenous communities, 
decision-making, 
deliberation, discussion 
 

 Governance units 
have horizontal 
linkages 

Interactions with 
other governance 
units at similar 
scales. 

Niagara Peninsula 
Conservation Authority, 
provincial government, 
federal government, 
municipal government, 
NGOs, community 
organizations, Regional 
Municipality of Niagara, local 
municipalities, conservation 
authorities, Indigenous 
communities, linkages, share, 
neighbouring communities   
 

 Governance units 
have vertical 
linkages  

Interactions with 
other governance 
units with scales 
above and below and 
within the same 
scale.  

Niagara Peninsula 
Conservation Authority, 
provincial government, 
federal government, 
municipal government, 
NGOs, community 
organizations, Regional 
Municipality of Niagara, local 
municipalities, conservation 
authorities, Indigenous 
communities, linkages, 
advice, information, input    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


