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ABSTRACT

This research focuses on the role of water governance in building resilience and
fostering sustainability in socio-ecological systems (SES). Water governance refers to the
structures, processes and actors — and the dynamic interactions among them — that
facilitate and influence decisions affecting water resources and aquatic ecosystems in
terms of their collective influence on sustainability of SES. As human water demands
grow and the impacts of climate change set in, water governance regimes are increasingly
challenged to provide sufficient water to support livelihood and economic activities while
also protecting the life-supporting functions of freshwater ecosystems. The objective of
this thesis was to understand and assess whether governance arrangements for water

allocation in Ontario are effectively addressing this challenge.

A broad literature review focused on three overlapping bodies of literature — (1)
sustainability, resilience and systems thinking, (2) governance and planning, and (3)
water policy and management. From this review, a conceptual framework was developed
to guide understanding and assessing the effectiveness of water governance arrangements
to enhance resilience and foster sustainability. The framework includes seven criteria:
socio-ecological system integrity; equity; efficiency; transparency and accountability;

participation and collaboration; precaution and adaptation; and, integration.

A case study of water allocation was undertaken in Whiteman’s Creek watershed,
a sub-watershed of the Grand River in southwestern Ontario, where water scarcity is a
persistent concern and where conditions are anticipated to worsen under climate change,
posing problems for both human livelihoods and the integrity of the creek ecosystem.
Data for the case study were collected through content analysis of documents, records
and websites and through semi-structured interviews with key informants. The
conceptual framework was used to synthesize the data into a narrative from which

recommendations for strengthening water governance were proposed.

Water governance is increasingly taking on forms more distributed or polycentric
in structure and more inclusive, collaborative and participatory than previous models

built largely on top-down, centralized decision making. This shift is viewed by many as a
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critical element for building resilience and sustainability. While the governance regime
for water allocation in Whiteman’s Creek reflects these general trends, the case study
findings suggest that Ontario’s existing water governance system is not capable to deal
effectively with more frequent and prolonged drought conditions anticipated in

Whiteman’s Creek as the climate changes.

Introduction of decentralized governance arrangements over the past decade,
primarily the Ontario Low Water Response (OLWR) plan, has enhanced capacity in
Whiteman’s Creek to cope with recurring low water conditions. Yet when pressed with
extreme drought conditions, as experienced during the period of field work for this thesis,
the challenge of satisfying both instream water needs and withdrawal uses reveals
weaknesses in the governance system, including unclear decision-making criteria (e.g.,
related to hydrological thresholds), uncertainty related to roles and responsibilities of

various actors, and generally limited capacity for precaution and adaptation.

Recommendations are proposed for improving water governance in Whiteman’s
Creek, and in Ontario more broadly. Ecologically-based thresholds should be integrated
into water management regimes to ensure sufficient water is secured to sustain aquatic
ecosystem integrity and to provide clarity on limits to permitted allocation and OWLR
thresholds. More broadly, a focus on building adaptive capacity and engaging in
anticipatory planning will be central to building resilience and fostering sustainability in

Whiteman’s Creek.
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Chapter 1:  INTRODUCTION
1.1. Setting the context

Whiteman’s Creek is a small tributary of the Grand River, located in the heart of
southwestern Ontario. Despite its proximity to the world’s largest freshwater lakes — the
Laurentian Great Lakes — water scarcity is a persistent problem in Whiteman’s Creek watershed.
During late summer and early autumn, both precipitation and stream flow are at a minimum
when water taking reaches a maximum. Providing sufficient water to support cash crop
operations while at the same time sustaining the integrity of the creek ecosystem is a growing

challenge (Grand River Conservation Authority, 2007b).

Evidence suggests that water scarcity may be worsening in Whiteman’s Creek. Ivey’s
(2002) summary of climate change impacts for southern Ontario and the Grand River watershed
points to declines in late summer and early autumn precipitation, annual surface runoff and
discharge rates, and increased evaporation due to rising air temperatures. Observations for
Whiteman’s Creek watershed support these projections as summer low water conditions are
becoming more frequent. The decade from 1995 to 2005 included five years of drought-level
conditions, with critical low water levels experienced in 1999 and 2001 (Grand River
Conservation Authority, 2005a). In 2007, the provincial Ministry of Natural Resources asked
anglers in the region to voluntarily stop fishing in Whiteman’s Creek because brook and brown
trout were under stress from near-record low water levels and increased water temperatures

(Ontario Ministry of Natural Resources, 2007).

The situation in Whiteman’s Creek illustrates the some of the key challenges of water
management in the 21% century. Growing human demands for water coupled with the impacts of
climate change are altering the quality and availability of fresh water, which increases the
difficulties of securing water to support economic activities such as agriculture and urban
development while also protecting the life-supporting functions of freshwater ecosystems
(Postel, 2000: 941). The situation in Whiteman’s Creek also points to the important role of fresh
water — and governance over it — as fundamental to building or maintaining resilience in socio-
ecological systems (SES), which is viewed as a critical element of sustainability (Walker and

Salt, 2006).



The 21* century water challenge is recognized largely as a governance problem
(Kreutzwiser and de Log€, 2004; Brandes, Ferguson, M'Gonigle et al., 2005; UNESCO, 2006;
United Nations Development Program, 2007). It is widely acknowledged that technological
solutions and/or enhanced scientific understanding alone cannot solve mounting water
challenges; rather, the problems — and the solutions required to address them — often relate more
to social and institutional factors. Effectively addressing these challenges will require
strengthening of existing organizations and institutions and developing new arrangements to
reconcile the often conflicting needs, values and interests of various stakeholders without further
compromising the integrity and productivity of ecological systems (de Lo€ and Kreutzwiser,

2007).

As with environmental issues more broadly, water governance and management are
shifting in response to the challenges of the 21 century (Gleick, 2003; Pahl-Wostl, Craps,
Dewulf et al., 2007). The tradition of state-led, command-and-control regimes is giving way to
models based on decentralized decision making and participatory planning involving state and
non-state actors, including water users, environmental organizations and citizens (Dale, 2001;
Folke, 2003; de Log, 2005; de Lo¢ and Kreutzwiser, 2007). At the same time, the practice of
water management is shifting from an emphasis on extraction of resources and manipulation of
freshwater ecosystems towards more holistic approaches that seek to manage human water
demands within the broader goal of protecting and restoring ecosystem integrity (Folke, 2003;

Gleick, 2003; Pahl-Wostl, Craps et al., 2007).

The persistent water problems in Whiteman’s Creek relate, at least in part, to problems
with the Permit to Take Water (PTTW) program. The creek is, as a report in 2005 concluded,

over-allocated.' The report states:

It is clear that the permitted rates far exceed the availability of water in Whiteman’s
creek, and if they were extracted simultaneously at the maximum permitted rate, there

! The term over-allocated reflects permitted uses, which are for a specified volume and may be subject to additional
criteria related to timing of use. Permitted takings do not necessarily equal actual water takings as users may not use
their full permitted allocation in all or some years.



would be nothing left for the aquatic environment (Grand River Conservation Authority,
2005a: 202).

From an implementation perspective, the PTTW fails to effectively account for the
cumulative impact of multiple water takings within a watershed or specific region. From
a design perspective, the PTTW includes only discretionary consideration of the needs of
the aquatic environment on a case-by-case basis; there is no overarching requirement in
the PTTW program (or any other provincial law or policy in Ontario) that ensures
sufficient water is secured to support ecosystem functions.

The response to the water allocation problem in Whiteman’s Creek reflects a shift
towards more decentralized and participatory water governance. In 2003, the provincial
government introduced the Ontario Low Water Response (OLWR) program to facilitate effective
local response in the event of a drought. Superimposing the OWLR program on the PTTW
system shifted water governance towards a more decentralized regime focused on the local or
sub-watershed scale, and on engaging a range of watershed actors and interests in decision
making around water allocation. Around the same period, even more localized responses —
Irrigation Advisory Committees (IAC) — emerged in agricultural areas in regions of Ontario
experiencing increasingly severe and frequent low water conditions, including Whiteman’s
Creek. This reflects a further decentralization of water governance to the local scale and with
some aspects of decision-making authority devolved to water users. The result is part of an
evolution towards a nested set of institutions for water governance and a move towards more

decentralized and participatory decision making.
1.2. Research scope and questions

Using Whiteman’s Creek as a case study, this thesis seeks to understand whether and
how this evolution in water governance in Ontario is building resilience and fostering
sustainability in SES. The focus is on water allocation, broadly understood to mean the system of
processes and institutions through which society enables and constrains the use of water, when

and under what circumstances. The thesis is framed by the following questions:
1. What are appropriate criteria for assessing governance for sustainability in SES?

2. Is governance of water allocation in Ontario fostering sustainability in SES?



3. How might governance of water allocation in Ontario be modified to better foster

sustainability in SES?
1.3. Conceptual perspective

In this thesis, water governance and sustainability are approached from a systems
perspective, viewing Whiteman’s Creek watershed as a SES. Berkes and Folke (1998) began
using the term ‘social-ecological systems’ to denote the integrated elements of human and
natural systems and to emphasize that the distinction between the two is artificial and arbitrary.
Humans are part of, rather than separate from, nature. Our activities, particularly as collectives
through our social and economic institutions, are major influences on ecological patterns and are
in turn affected by them (Grumbine, 1994; Grumbine, 1997; Cortner and Moote, 1999; Kay,
Regier, Boyle et al., 1999; Folke, 2003; Slocombe, 2010).

Anderies, Janssen and Ostrom (2004: 3) define an SES as “an ecological system
intricately linked with and affected by one or more social systems.” This perspective views
linked social and ecological systems as nested hierarchies of complex, adaptive units; an SES
consists of multiple subsystems that at the same time are embedded within multiple larger
systems (Kay, Regier et al., 1999; Mitchell, 2002; Anderies, Janssen et al., 2004). Falkenmark
et. al (Falkenmark and Folke, 2002; Falkenmark, 2003; Falkenmark and Rockstrom, 2004) have
added an explicit hydrological dimension to the SES concept to reflect the fundamental
importance of fresh water to sustainability, arriving at a conception of watersheds as integrated

socio-ecohydrological systems.

Systems approaches and systems thinking underpin the concept of SES. Some argue that
widespread adoption of a systems perspective in planning and natural resource management is
central to directing society onto a sustainable trajectory (Trist, 1980; Kay, Regier et al., 1999;
Ravetz, 1999; Folke, 2003). In the realm of fresh water, Falkenmark and Folke (2000: 351)
suggest that there is an “ongoing shift from an impact-oriented to a true systems approach.”
Elsewhere, Folke (2003) proposes a shift in perspective for freshwater management from a
command and control approach intended to stabilize ‘optimal’ production towards a complex

systems perspective based on managing for social-ecological resilience (Table 1-1).



Table 1-1: Shift in thinking and perspective on freshwater management

From command-and-control To complex systems
e Assume stability and seek to control e  Accept change and manage for resilience
change
e Assume predictability and seek optimal * Acknowledge uncertainty and opt for risk
control spreading
e Manage resources for increased yield ® Manage diversity to cope with dynamic
change

e View water as input to production ® View water as Earth’s ‘bloodstream

e Rely on adaptive co-management to build

e Rely on technological change to solve 2.
resilience

resource issues
® View society and nature as co-evolving

® View society and nature as separate
systems

systems

(Adapted from: Folke, 2003: 2033)

1.4. Justification

Governance and, more specifically, water governance is a relatively new field of inquiry.
Imperial (1999) notes that the field is challenged by lack of consensus on approaches for
studying governance networks, particularly regarding what constitutes successful performance
and how it might be measured. In this thesis, I attempt to address this challenge by proposing a

framework for assessing water governance as it relates to resilience and sustainability in SES.

The thesis focuses on how to approach the problem of governing water use in a manner
that ensures human water demands do not undermine the integrity of aquatic ecosystems in order
to secure and enhance resilience and sustainability in SES (Folke, 2003; Postel and Richter,
2003; Wallace, Acreman and Sullivan, 2003; Falkenmark and Rockstrom, 2004; Smakhtin,
Revenga and Doll, 2004). It is anticipated that approaching the problem of water governance
from a sustainability perspective and via a systems approach will identify means for delivering
on or at least providing steps towards this primary focus. More pragmatically, given that water
issues are anticipated to be an increasingly pressing challenge for parts of Ontario, this thesis
aims to provide a sense of direction and recommendations for improving water governance in

Whiteman’s Creek watershed, and for Ontario more broadly, as steps towards sustainability.



1.5. Research approach

The research was conducted using a case study approach. In employing a case study
approach, researchers seek in-depth understanding of a complex social phenomenon such as a
program, an event, an activity, a process, or individual/group dynamics through intensively
exploring a single or small number of examples (Rothe, 1994; Creswell, 2003). This research
focuses on a single case — Whiteman’s Creek watershed — to develop a ‘thick’ understanding of
water governance by looking at the various decision-making arrangements at various ecological

and institutional scales (Young, 2002; Adger, Brown, Fairbrass et al., 2003).

Qualitative strategies were used to collect, analyze and interpret case study data. Data
were collected through content analysis of documents, records and websites and via semi-
structured interviews with key informants. With the conceptual framework providing the
structure, the data were synthesized into a narrative from which recommendations for
strengthening water governance emerged. The focus on a single case limits the potential to
generalize to other watersheds across the province; however, it does provide insights into the
performance of policies that, in many cases, apply province-wide, and to similar low water

challenges in other regions or contexts.
1.6. Thesis outline

This thesis includes six chapters. This introduction is followed by Chapter 2, which
reviews the literature regarding resilience, sustainability and systems thinking, governance and
planning, and water policy and management, and from this literature proposes a conceptual
framework for assessing water governance. Chapter 3 discusses the research design, including
the general methodology, methods for data collection and interpretation, and the research
procedure and limitations related to the approach. Chapter 4 is the first of two chapters
presenting the case study of water governance in Whiteman’s Creek. It outlines the context,
including the watershed environment and legal and institutional framework for water governance
in the watershed. Chapter 5 builds on this context to assess water governance in Whiteman’s
Creek by applying the assessment criteria developed in Chapter 2. Chapter 6 presents

conclusions and recommendations, limitations, as well as opportunities for further research.



Chapter 2: LITERATURE REVIEW

This chapter draws on three broad but overlapping bodies of literature — (1) sustainability,
resilience and systems thinking, (2) governance and planning, and (3) water policy and
management — and from this information creates a conceptual framework for understanding and

assessing governance arrangements for water management to foster resilience and sustainability.

The first section of the chapter establishes the context for the thesis with discussions of
sustainability, resilience and fresh water, the concept of SES as a systems-oriented approach to
addressing sustainability problems, and the role of governance and planning as part of such
responses. The second section draws on these literatures to develop the assessment criteria

applied to the case study in Chapter 4 and 5.

2.1. Sustainability

In 1987, the World Commission on Environment and Development landmark publication
Our Common Future defined sustainable development as “development that meets the needs of
the present without compromising the ability of future generations to meet their own needs”
(WCED, 1987: 8). Since its introduction, the concept of sustainable development has influenced
aspects of human development ranging from natural resource management and urban planning to
policies and institutions dealing with environmental security, poverty and human health, and
economic planning. It has been taken up, to varying degrees and under varying interpretations,
by government bodies at national and sub-national levels, and by influential policy actors from

the UN to non-government organizations.

Over the following 20-plus years since Our Common Future was published, the
definition of sustainable development has been the subject of debate and criticism that typically
has focused on the use of the word development. That word is often interpreted as synonymous
with growth, implying a primarily physical or material expansion of production (Daly and Cobb,
1994; Mitchell, 2002). The problem with this perspective is that the biosphere has a limited
capacity to sustain growth. Therefore, such a perspective fails to address the fact that, ultimately,
ecological limits to physical and material expansion exist beyond which irreversible scarcity of
resources and degradation of life-sustaining ecological processes begins to occur. Daly and Cobb

(1994; 1996) distinguish growth, normally understood as quantitative expansion, from

7



development, taken to mean qualitative improvement. The word ‘sustainability’ is now typically
preferred to ‘sustainable development’, as it eliminates interpretation of ‘sustainable’ as an

adjective for growth (Mitchell, 2002).

Recognition of limits to growth, while fundamental to defining sustainability, has also
been one of the many challenges encountered in operationalizing the concept. Central to the
challenge is that ecological limits to physical and material expansion are unlikely to be fixed or
absolute, but are more likely to reflect conditions in a given time and at a particular place,
including the operative technologies and associated practices (Mitchell, 2002: 78). As stated in
Our Common Future, “ecological limits are not absolute limits but limitations imposed by the
present state of technology and social organization on environmental resources and by the ability
of the biosphere to absorb the effects of human activities” (WCED, 1987: 8). However, as Dale
(2001: 126) notes, despite the fact that limits are made more plastic through technology and
human ingenuity, humans cannot escape the limits of a finite biosphere. In order to avoid abrupt
global environmental change due to anthropogenic pressures on Earth, Rockstrom et al. (2009)
suggest there is a need to define a “safe operating space for humanity”, and argue that staying
within that space will require that, as a minimum, humanity not transgress one or more of seven
‘planetary boundaries’ related to: CO, concentration in the atmosphere, ocean acidification,
stratospheric ozone concentration in the atmosphere, cycling of nitrogen and phosphorus, global

freshwater use, land conversion, and loss of biodiversity.

As the sustainability literature evolved, the now-common ‘pillars’ conception emerged as
the dominant framing. This evolution in the understanding and application of sustainability is
commonly centred on three pillars — social, economic and ecological — and the balancing or at
least accounting of considerations and values within these three categories. As Gibson et al.
(2005: 94) indicate, these categories have proven useful in grouping relevant actors and interests
in sustainability discussions and in organizing sustainab