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EXECUTIVE	
  SUMMARY	
  
The Ontario Ministry of Natural Resources (MNR), in collaboration with Pollution Probe
and the Association for Canadian Educational Resources (ACER), is working with 5
Local Adaptation Collaboratives (LACs) represented by Municipalities, Conservation
Authorities and other agencies engaged in watershed management across Ontario to
enhance their capacity to manage the weather-water related risks to current and future
climate change. The 28 month initiative engages leading communities and agencies
responsible for watershed management to inform, test and demonstrate the “Gateway”,
which is a web-based Provincial weather and water information discovery and access
service. The Gateway directs local decision-makers to the most relevant information,
data, guidance material and tools, that will help users make more informed and effective
decisions regarding climate change adaptation. The key weather-water related risks
addressed are source water protection, low water response, stormwater management,
riverine flooding, and integrated watershed management. The Gateway project is one of 7
projects funded through the Ontario Regional Adaptation Collaborative, a $7 M FederalProvincial initiative involving numerous partners, with the intended goal of enhancing the
adaptive capacity of communities and other local agencies to climate change. In
particular, the Gateway is intended to help the LACs make more informed decisions
regarding vulnerability, risks and adaptation, leading to more sustainable watersheds and
more resilient communities.
In order for MNR to create the Gateway, it is essential that relevant weather, water and
climate change related data and information needs of water practitioners are identified,
including those used in best practices for watershed management. ACER has been tasked
to work with each LAC to learn about what is needed to address weather-water related
vulnerabilities and risks that are currently a serious concern for watershed management,
and projected to be an even greater challenge with climate change. This report outlines
the gaps identified by the 5 LACs, such as specific needs regarding weather and water
information and data for current and future climate, including appropriate guidance
materials and tools to identify and assess climate change vulnerability, risks and
adaptation options. The results presented in this report are intended to help inform MNR
regarding how they should populate the Gateway in a manner that best meets the needs of
local decision-makers.
There is wide variation in the readiness and capacity of each LAC to make informed
decisions in regards to which watershed adaptation measures will be most effective in
reducing vulnerability and risks anticipated with climate change. Nonetheless, the LACs
were able to identify a broad range of basic information and data requirements that the
Gateway needs to address for them to make more informed adaptation decisions. The
Gateway will direct decision-makers to appropriate Meta-data records that lead them to
regional climate records and other long-term data sets that can assist them in addressing
many of their climate-related concerns. Further, there is a growing body of guidance and
assessment tools that can help watershed managers better understand climate change
vulnerability, risks and adaptation options. However, each LAC faces their own unique
iv

challenges in applying effective adaptation actions that lead to more sustainable
watersheds and more resilient communities. While the project may demonstrate that the
Gateway can act as a useful discovery and access portal to assist watershed decisionmakers, how far it advances the participating LACs towards implementing effective
adaptation action will likely be locally determined. Recommendations are provided which
address these gaps, including next steps for LAC engagement and areas for future
research.
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1.0	
  INTRODUCTION	
  
The Ontario Ministry of Natural Resources (MNR), in collaboration with
Pollution Probe and the Association for Canadian Educational Resources (ACER), is
working with leading municipalities and Conservation Authorities across Ontario to
enhance their capacity to manage the weather-water related risks in current conditions
and under future climate change. The 28 month initiative engages leading communities
and Conservation Authorities to create Local Adaptation Collaboratives (LACs) and
inform, test and demonstrate the “Gateway”, which is a web-based Provincial weather
and water information discovery and access service. The key weather-water related issues
addressed are source water protection, low water response (e.g. drought conditions),
stormwater management, flooding, and integrated watershed management. The Gateway
is one of 7 projects funded through the Ontario Regional Adaptation Collaborative
(Ontario RAC), a $7 M Federal-Provincial initiative involving numerous partners, with
the intended goal of enhancing the adaptive capacity of communities and other local
agencies to climate change.
The purpose of the Gateway is to act as a discovery and access portal for
information, data, guidance material and tools, to help users make more informed and
effective decisions regarding climate change vulnerability, risks, and adaptation as part of
prudent watershed management practices, leading to more sustainable watersheds and
more resilient communities. The central premise of the Gateway project recognizes that
enhancing the levels of understanding and awareness among local decision makers
regarding vulnerability and the risks associated with climate change is a necessary but
potentially insufficient requirement for adaptation measures to be implemented.
However, having the right actionable data, information and tools may also be essential for
local decision makers to be ready to implement effective adaptation measures. It is often
(and incorrectly) assumed, for example, that there is sufficient monitoring, surveillance
and longitudinal data sets available to watershed managers to facilitate effective action.
This is often far from being the case regarding information on climate trends and climate
change projections, and sometimes it even does not apply to monitoring hydrologic data
and modeling future hydrological conditions. There is a serious gap in the type of
information and data that is needed to help decision makers address the risks and
adaptation measures arising from too little or too much water. Ensuring that information
is openly distributed, publicly accessible, and standardized is also an important element
of the Gateway project, whereby multiple data repositories from Federal, Provincial,
Local agencies and Non-Governmental Organizations are both accessible and
discoverable by local decision-makers.
The primary objective of the Project is to demonstrate that the Gateway is needed
and can act as a useful discovery and access portal to assist watershed decision-makers,
and the degree that it can be used to advance the participating LACs towards
implementing effective adaptation actions. Given the timeline of the project and the
length of time that it often takes to move from improved awareness and understanding to
taking action, there was no expectation at its inception to guarantee the application of
1

climate change adaptation measures at the watershed level as a performance measure. If
such action occurs as a result of this project, then such an outcome would be a welcomed
bonus, rather than as a measure of success. Indeed, some of the LACs have already begun
to assess climate change vulnerability and risks, and introduce adaptation measures, while
others are just starting to address the problem. How each LAC embraces the Gateway to
help them make informed decisions on climate change adaptation is a story that is still
being written. Regardless of where each LAC is along the decision-making process and
where they may be at the completion of the project, the Gateway needs to demonstrate
that it can and will be used by local watershed decision-makers to make more informed
adaptation choices that reduces their vulnerability and risk to climate change.
In order for MNR to populate the Gateway, relevant weather, water and climate
change related data and information needs to be identified, including those used in best
practices for watershed management. ACER has been tasked to work with leading
municipalities and Conservation Authorities and help establish LACs in order to learn
about what is needed at the local/community level to address weather-water related
vulnerabilities and risks that are currently a serious concern for watershed management,
and projected to be an even greater challenge with climate change. Potential LACs were
identified and approached based either on their recent experiences with extreme weather
events, their engagement with sharing distributed data and information regarding
watershed management, or their reputation for already moving forward on addressing
climate change from an adaptation perspective. By design the engagement of the LACs
through the Gaps Analysis phase of the project should allow MNR to locate the most
relevant data and populate the Gateway in a manner that will be useful for local
authorities to make more informed decisions on adaptation planning. To help inform
MNR regarding how they should populate the Gateway in a manner that best meets the
needs of local decision-makers, ACER engaged CAs and Municipalities to establish and
pilot 5 LACs across Ontario:
1. Mississippi-Rideau Source Protection Committee (MRSPC), including the
Mississippi Valley Conservation Authority (MVCA) and the Rideau Valley
Conservation Authority (RVCA), to bring the perspective of source water protection
planning;
2. The Nottawasaga Valley Conservation Authority (NVCA), to bring the perspective of
low water response and Permit to Take Water;
3. The Toronto and Region Conservation Authority (TRCA), the City of Toronto and
other Greater Toronto Areas (GTA) municipalities (Region of York, Region of Peel,
Region of Halton, the Region of Durham and their respective local municipalities) to
bring the perspective of stormwater management;
4. The City of Peterborough and the Otonabee Region Conservation Authority (ORCA)
to bring the perspective of riverine and stormwater flooding; and
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5. The City of Sudbury and the Nickel District Conservation Authority (NDCA), to
bring a northern Ontario perspective and demonstrate how climate change is being
mainstreamed into integrated watershed management.
While each of these LACs are expected to bring their expert insights on their specific
climate-related risk, engagement with them is not restricted to addressing single risks, but
includes as many of the additional risks tackled in the project that local decision makers
deem relevant to their watershed.
Each of the LACs are led by a Conservation Authority, but may also involve
Municipalities and/or potentially other relevant stakeholders who have a direct stake in
watershed management. Each of the Conservation Authorities are taking a leading role,
and have agreed to participate and contribute in-kind resources to the Gateway Project,
including identifying key gaps in data, information, guidance and tools that would help
enhance their capacity to adapt to climate change. Municipalities and other relevant
agencies are also contributing knowledge and resources where appropriate, on an issueby-issue basis.

1.1.	
  Purpose	
  of	
  the	
  report	
  
The purpose of this report is to identify the key needs and gaps in information,
data, guidance materials and tools that would assist local decision-makers working for
Conservation Authorities, Municipalities, Non-Governmental Organizations and other
agencies to make more informed watershed adaptation decisions in response to climate
change. This involved engaging each of the 5 LACs to identify information gaps and
needs for the 5 climate change issues addressed in this project, but also involved
broadening the dialogue to include a larger suite of community-based decision-makers.
Due to the nature of adaptation as a “process” rather than as a single linear action, this
report is intended to act as a living, organic document, growing and evolving over the
duration of the project, as our collective understanding of information needs improves,
and as a result the knowledge and data gaps hopefully narrow.
The main partners involved in the delivery of the Gateway Project (MNR,
Pollution Probe and ACER) have adopted an inclusive, stakeholder driven approach,
where input into the design and delivery of the Gateway is informed through a bottom-up
stakeholder or watershed practitioner driven process. This places significant importance
on identifying the needs of the participating stakeholders, especially around data,
information, guidance materials and tools, to help them have an improved understanding
of climate change vulnerability, risk and adaptation options. This also requires working
closely with the LACs to determine how they are coping with current climate risks based
on various data collection methods. For this report, this included reviewing survey
responses, recent reports and studies that their agencies or departments have
commissioned that address climate and/or climate change (to determine what data and
techniques have been used), and more focused direct discussion with engineers, planners
and other staff regarding their needs to ensure that climate change adaptation will be
mainstreamed into their decision-making and planning processes.
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1.2	
  Organization	
  and	
  outline	
  of	
  the	
  report	
  
The report is organized into 6 sections and should be used in conjunction with
Appendix I that describes gaps and needs in greater detail for the 5 LACs. Following this
introduction, Section II situates the Gateway Project within the broader context of how
climate change vulnerability, risk and adaptation is being addressed in the practice of
watershed management in Ontario. The discussion briefly outlines the origin of concerns
and the evolution of interests and actions towards managing climate change vulnerability
and risks in watershed management in Ontario. The events deemed most relevant to the
development of the Gateway Project range from the E coli outbreak in Walkerton,
Ontario, in May 2000 to the establishment of the Ontario RAC in 2009. This Section
includes a brief description of the Ontario RAC, the role of the Gateway Project in
supporting the overall initiatives, and the partners engaged. The discussion also outlines
how the Gateway could be used by local decision-makers in making more informed
adaptation choices to reduce climate change risks and vulnerability. Lessons learned from
this project, especially regarding the development and utilization of the Gateway tool,
could make a significant contribution towards advancing adaptation throughout Ontario,
across Canada, and abroad.
Section III outlines the approach that was used to engage the LACs in identifying
gaps and needs for the appropriate data, information, guidance materials and tools that
would enhance their ability to respond to climate change vulnerability and risks. The
discussion begins by summarizing the lessons learned from the Ottawa-Gatineau
Watershed Atlas (OGWA) project, regarding the need for open access, standardized and
distributed data (Kebo, 2010). Additional lessons to be learned include the significance of
climate change as a serious area of concern among watershed managers, and conversely
the degree that water issues are viewed by municipalities as being a serious climate
change issue. The discussion then shifts to the process to select and engage municipalities
and Conservation Authorities to develop the LACs, and how they were approached to
capture their perspective on data gaps and needs. It became evident early in the
engagement process that the issue of communicating information gaps and needs is much
more challenging than originally envisaged, since the LACs are at varying stages along
what can be described as the adaptation decision-making continuum. The issue of gaps
and needs does not merely apply to data-sets and numerical information, but rather
information needs that pertain more to the process of adaptation, from both a learning and
application perspective. This includes challenges around understanding and using climate
change projections, the value of existing and planned guidance documents and
assessment tools, the importance of learning from the best practices among their peers,
the types of partnerships that may enhance their research and analytical abilities, and the
role of policy in inhibiting, enabling and otherwise influencing the LACs capacity to take
action on adaptation. This discovery necessitated a re-evaluation of how best to fully
capture the gaps and needs from the LACs in order to provide the type of information that
would be most useful to MNR in populating the Gateway. It was decided to adopt a
multi-level approach that would allow the ACER team to delve more deeply into how
each LAC was, or was not, addressing climate change, and explore additional gaps that
may influence each of their abilities to move forward on climate change adaptation.
4

Section IV is a general discussion that draws selectively from Appendix I
regarding gaps and needs for information, data, guidance documents and tools. The
information in Appendix I was collected from surveying the LAC partners, and reviewing
reports and studies commissioned by them regarding their respective climate-related
issues. Additional information was extracted from the guidance materials and assessment
tools used by some of the LACs to assess climate change vulnerability and risks. Further
information was obtained as an outcome of the Knowledge Transfer workshops, which in
some cases gave stakeholders their first introduction to the Gateway and an opportunity
to identify/contribute reports that could be accessed through a Meta-Data record. The
discussion focuses first on the two LACs that are recognized leaders in addressing
climate change risks, vulnerability and adaptation, and then shifts attention to the
remaining three LACs who are dealing primarily with current climate risks, and who
place less emphasis on addressing climate change. In this section the discussion is largely
directed at identifying specific climate and climate change vulnerabilities and risks, and
teasing out the relevant data needs and requests from the LACs regarding weather and
water related information. In addition, further insights on data and information needs are
drawn from a series of workshops delivered jointly by the Ontario Centre for Climate
Impacts and Adaptation Resources (OCCIAR) and Conservation Ontario, which engaged
a wider audience of Conservation Authorities and Municipalities across Ontario on
climate change issues.
In section V the discussion addresses additional gaps and needs arising from key
sources of information that are essential to the adaptation process and to helping move
the LACs along the decision-making continuum. This includes looking more closely at
the gaps in guidance materials and tools, and the climate change projections made
available to local decision-makers. These guides and tools present a potential conundrum
for the Gateway, since they raise the interesting challenge of whether potential users
should be directed only to where they may be accessed, or to the original data and
information that provided the basis for developing the tools, or applied in their case
studies. There is also the further problem that some of the data which informed the
development of these guides and tools, such as climate trends, climate change projections
and atmospheric hazards have previously been made available by Environment Canada,
and proposed budget cuts (including some put into effect long ago) may compromise the
future availability of climate change scenarios from all models (www.cccsn.ca) and
atmospheric hazards information that includes impacts, historical analyses, climate trends
and relevant projections (www.hazards.ca).
The discussion also considers the gaps involving the use of Rainfall IntensityDuration-Frequency (IDF) Curves, their updating cycle and how they could be used to
assess infrastructure design requirements under current and projected future climate
conditions. Deficiencies in existing IDF information reflect the need for updating of outdated climate information, coupling this updated analyses with climate change scenarios,
and providing LAC decision-makers with the local scale information that so many covet.
Following the theme of needing an improved understanding of local experiences, the
discussion explores the value of developing and showcasing case studies, where best
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practices and lessons learned from addressing climate change vulnerability, risks and
adaptation needs for watershed management can be shared among LAC decision-makers.
Policy challenges and opportunities are also briefly explored, suggesting that the policy
landscape represents a regulatory maze for decision-makers to stickhandle through, and
can play a significant role in inhibiting, enabling, and otherwise shaping adaptation
response at the local watershed level. Additional gaps are also briefly presented such as
the need to address headwaters and near shore areas, cumulative effects assessment,
examining rivers and streams within a wider context of surrounding ecosystem health,
and the potential contribution of traditional knowledge.
The report concludes with section VI, which provides a summary of common
gaps and needs for data, information, guidance materials and assessment tools. The
discussion also outlines proposed next steps to engage the LACs, based on engagement
up to and including the Knowledge Transfer workshops. Lastly, recommendations for
future work are presented.

6

2.0	
  BACKGROUND	
  AND	
  CONTEXT	
  
The need to design, develop and implement adaptation strategies in response to
climate change is becoming more widely accepted by the science and policy
communities. In response to increasing confidence in climate change science, growing
admission that some degree of climate change is inevitable or may even be occurring
now, and the widespread experience of impacts from more frequent and severe weather
events, many levels of government, departments and agencies are beginning to take
climate change vulnerability and risk more seriously, and are exploring, designing and in
some cases implementing adaptation measures. This is certainly the case in Ontario,
where in recent years the Provincial Government has taken very seriously the importance
of addressing climate change vulnerability, risks and adaptation (e.g. Expert Panel on
Climate Change Adaptation, 2009; Ministry of the Environment, 2011), while many
municipalities, Conservation Authorities and other agencies have also begun to
mainstream climate change into decision-making and planning. In Ontario, the
emergence of water-related issues and watershed management in particular as a climate
change adaptation issue did not suddenly appear as an area of concern, but its inclusion as
a key project within the Ontario RAC is the outcome of a decade of interest, effort and
activities. Indeed, climate change and water issues are widely acknowledged as
significant areas of concern across Canada, in virtually all regions of the country, and
Ontario is no exception.

2.1	
  Climate	
  Change	
  in	
  Canada	
  and	
  Ontario	
  
Two national assessments led by Natural Resources Canada – From Impacts to
Adaptation: Canada in a Changing Climate 2007 (Lemmen et al., 2008) and by Health
Canada – Human Health in a Changing Climate: A Canadian Assessment of
Vulnerabilities and Adaptive Capacity (Séguin, 2008) provide compelling evidence that
Canada’s climate is changing and that the impacts from climate change are already
evident in every region of the country. These include, but are not restricted to, permafrost
degradation, reduced ice cover and snow cover, increased coastal erosion, changing
animal distributions, increased plant productivity, earlier onset of spring, and lower lake
and river levels (Figure 1). It is anticipated that climate change will exacerbate many
areas that are vulnerable and at risk to current climate, such as reduced water quality and
quantity, increased frequency and magnitude of extreme weather events, increased heat
waves and smog episodes, increased risk of diseases and pests, and increased risk of
forest fires.
In Ontario, recent extreme precipitation events in northern Ontario, Stratford,
Peterborough and Toronto also suggest that many areas across the province may already
be experiencing the effects of climate change (Chiotti and Lavender, 2008).
Correspondingly, it is becoming evident that in many parts of the province municipal
infrastructure, particularly stormwater systems, are vulnerable and at risk to extreme
events. Additional areas of concern regarding vulnerability to current climate cited are
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droughts, low water levels, implications for aquatic ecosystems, and human health,
including source water protection. In terms of climate change, drawing from 7 General
Circulation Models (GCMs) and 7 different emission scenarios, it is projected that the
Province of Ontario (divided equally through the middle into western and eastern
regions) can expect significant changes in temperature and precipitation as early as 2020,
and more so by 2050 and 2080 compared to the climate norms from 1961-1990 (Figure
2). This could result in an increase in annual mean temperature of 2°C by 2020, 3.5°C by
2050 and 5.5°C by 2080, and an increase in annual precipitation by 10 to 20 percent.
Spatial differences could also be substantial, given the size of Ontario’s landmass. Under
a high emissions scenario, for example, changes in temperature will vary considerably by
latitude and seasons (Figure 3), and even in the case of projected increases in
precipitation it is anticipated that there will be more frequent and severe weather events
such as winter storms (snow and ice), summer convection storms, heat waves and periods
of drought.
Figure 1: Climate change impacts across Canada

Source: Lemmen et al. (2008).
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Figure 2: Scatterplots of projected change in annual mean temperature and precipitation

Source: Figure 10, Chiotti and Lavender (2008)
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Figure 3: Projected changes in temperature by 2071-2100,
CGCM2, A2 scenario for summer and winter
Summer

Winter

Source: Colombo et al. (2007)
Water resources are projected to be one of the sectors most impacted from climate
change across Canada, and these concerns apply equally to Ontario. With either too much
or too little water, effects will be felt by unmanaged and managed ecosystems,
transportation and energy, critical infrastructure and human health (Lemmen et al., 2008).
In Ontario projected impacts related to water include reduced water flows, especially
seasonal shortages, warmer water temperatures will reduce water quality, and increases in
the frequency and intensity of heavy rainfall will impact municipal infrastructure (Chiotti
and Lavender, 2008; Cheng et al., 2010; 2011). Great Lakes will also be affected, with
less ice cover contributing to increased erosion and more evaporation, leading to lower
lake levels and reduced hydro output, lost shipping capacity, major impacts on marinas
and wetlands, and possibly requiring the relocation of water intake pipelines. It is within
this climate change context that watershed managers in Ontario will be facing new
stresses of drought and flooding upon the aquatic and terrestrial ecosystems that they
manage, in addition to impacts on urban related systems such as stormwater management.

10

At the local scale, watershed managers will have to cope with changes in climate
conditions for temperature, precipitation and extreme weather events, but also changes in
climate variability. To illustrate what these impacts mean in a practical and applied sense,
Lemmen and Warren (2004) describe two different scenarios where decision-makers face
impacts on river flows, from the current problem of addressing too little water and too
much water periodically, and in the future with climate change leading to an increased
frequency in these extremes (as depicted in the schematic of Figure 4). As illustrated, this
shift in extremes would result in crisis events or disasters occurring more often as water
levels exceed or drop below current coping capacity unless proactive and aggressive
adaptation actions were undertaken. Not only will river flows and depth be too high or
too low more frequently, but the extent of these levels will be even greater under climate
change than what is experienced with current climate conditions. But the challenge
doesn’t just end there. Decision-makers will face the need to expand their coping ranges,
by introducing new adaptation measures that address the more extreme and variable
conditions (Figure 5). This introduces the challenge of determining the extent of
projected changes, the most effective adaptation measures, the timing of new adaptation
measures and the improvement from past standards required in the design of new
measures. Responding to such challenges places greater need to better adapt to current
conditions while having more accurate projections of climate change conditions for
temperature, precipitation, extreme weather and the associated hydrologic effects, and
improving understanding of vulnerability and risk for ecosystems (e.g. streams,
floodplains, integrity of surrounding habitat, water temperature, and ice/snow
climatology) and infrastructure (e.g. stormwater pipes and ponds, bridges and roads).
Figure 4: Changes in risk and coping capacity to flooding and low water

Source: Figure 2.3 (Lemmen and Warren, 2004).
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Figure 5: Increasing coping capacity through adaptation

Source: Figure 2.4 (Lemmen and Warren, 2004)
As decision-makers prepare to meet the additional risks imposed by climate
change through the implementation of effective adaptation measures, it is important to
recognize the gap that exists with their capacity to cope with current climate stress, based
on the numerous examples of infrastructure failure in the past decade. Further, Canada
has a significant “adaptation deficit” (Burton, 2004; Burton and May, 2004), the gap
between our adaptive capacity to current climate and weather hazards and how adaptable
we may be to climate change, and it is likely that a similar deficit occurs in Ontario
(Chiotti and Lavender, 2008). By extension, understanding the adaptive capacity to
current climate and comparing this to where LACs need to be in the future may help
enhance resilience, reduce vulnerability, and avoid catastrophic failure to climate change
and variability. This may be best illustrated in municipal infrastructure, such as
stormwater systems, which have been compromised if not overwhelmed in many
Canadian cities over the past decade, including some of those participating in the
Gateway Project (e.g. Toronto, Vaughan, Sudbury, Peterborough, and Mississauga).
However, the same undoubtedly applies to each LACs capacity to deal with source water
protection, low water response, riverine flooding, and integrated watershed management.

2.2	
  Climate	
  Change	
  and	
  Water	
  Issues	
  as	
  an	
  Area	
  of	
  Policy	
  
Concern	
  in	
  Ontario	
  
There are many aspects of climate change impacts on Ontario’s water resources
that have been of concern and interest to policy-makers. In some regards the roots of this
interest can be directly traced back to the deadly E coli outbreak that occurred in May,
2000, in Walkerton Ontario, when 5 days of extraordinary rainfall saturated the ground
and facilitated the transport of microbiological pathogens into the municipal water
system, demonstrating the vulnerability of Ontario’s water supply to weather-induced
water-borne disease outbreaks (O’Connor, 2002; Auld et al., 2004; Richards, 2005).
Concern over the reoccurrence of similar disease outbreaks with climate change
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prompted the call for mainstreaming climate change adaptation into source water
protection planning (de Loe and Berg, 2006). The passage of the Clean Water Act in
October, 2006, was a step in this direction, requiring that source-water protection plans
be developed and reported based on assessments of water quantity and quality in each
watershed of the province. These plans, which include a water budget for each watershed,
are also supposed to identify existing and future threats to drinking water in vulnerable
areas, including climate change.
In May 2007 thirteen Provincial and Territorial Premiers came together at a
Council of the Federation gathering to discuss issues of energy and climate change.
During their summer meetings held in Moncton, in August, 2007, they released a report
on leading practices on climate change by Provinces and Territories across the country
(Council of the Federation, 2007). While this report included a section outlining activities
to date devoted to climate change adaptation, the Premiers followed up with a
commitment to hold a national conference on climate change adaptation in early 2008.
Just prior to this event, the Council of the Federation sponsored a Forum held in
Vancouver, in January 2008, which focused on adaptation issues related to water, forestry
and Northern climates, while follow up work included completing a flood mitigation
strategy. Water continued to be a leading topic at the national conference hosted by
Ontario in March, 2008, which brought together top scientists and academics to discuss
how to better prepare for the effects of climate change. This summit was seen as an
opportunity for all provinces and territories to share experiences and ideas that could be
used to inform and develop provincial and national water-related strategies for coping
with climate change (Government of Ontario, 2008). The summit focused on adaptation
challenges related to water within three key sub-themes: (i) infrastructure, (ii) emergency
planning and preparedness, and (iii) water management.
Policy discussions within the Government of Ontario were taking place during
this time, paralleling the higher level Federal/Provincial dialogue. In December 2007, the
Government of Ontario appointed an expert panel on climate change adaptation to
provide advice and direction on approaches to minimize the negative impacts of a
changing climate and ensuring that Ontario is best prepared for these changes. Over the
course of 2 years, the panel engaged 15 provincial departments and agencies regarding
their understanding of climate change vulnerability and risks, and how/where they need
to consider mainstreaming adaptation into their decision-making and planning processes.
The panel released a report in December 2009, which provided recommendations that
were intended to provide guidance to the Government of Ontario in developing a climate
change adaptation strategy (Expert Panel on Climate Change Adaptation, 2009). Almost
half (25) of the 57 recommendations dealt with water and water-related issues, and were
directed at 9 Provincial Ministries, Conservation Authorities, Municipalities and other
organizations. Among their recommendations was a more integrated approach to
managing Ontario’s water resources.
In April 2011, the Government of Ontario released Climate Ready: Ontario’s
Adaptation Strategy and Action Plan 2011-2014 (Ontario Ministry of the Environment,
2011). The purpose of the strategy is to create a vision and framework for collaboration
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across ministries and with external partners, for the next three years, if not beyond. While
37 actions are outlined in the strategy covering many but not all of the recommendations
from the Expert Panel, most can be categorized into four distinct areas which aim to
avoid severe loss and unsustainable investment, and to take advantage of opportunities
for economic growth. The four areas are: (i) water management; (ii) infrastructure,
including the built environment, water, transportation, and energy; (iii) agriculture; and
(iv) tourism. Key actions that are both directly and indirectly related to water issues
include:
a)
b)
c)
d)
e)
f)
g)
h)
i)
j)
k)
l)
m)
n)
o)
p)
q)
r)
s)

water management,
the promotion of water conservation,
reviewing the Ontario low water response program,
building climate change adaptation into Ontario’s 10-year infrastructure plan,
integrating climate change impacts into the environmental assessment process,
integrating adaptive solutions into drinking water management,
developing guidance for stormwater management,
building adaptation into the Great Lakes Agreements,
examining climate change impacts on fisheries,
developing the Lake Simcoe Adaptation Strategy,
increasing awareness of land use planning tools,
integrating adaptation policies into the Provincial Policy Statement,
updating extreme rainfall intensity-duration-frequency curves,
providing community outreach and training,
enhancing climate-related monitoring,
undertaking climate impact indicators studies,
undertaking research partnerships for climate modeling,
establishing a climate modeling collaborative, and
establishing and leading the Ontario RAC.

2.3	
  The	
  Ontario	
  Regional	
  Adaptation	
  Collaborative	
  and	
  The	
  
Gateway	
  Project	
  
To support and more appropriately regionalize Canada’s adaptation response to
climate change, the Government of Canada announced at the Conference of the Parties
(COP 13) meetings held in Bali in December 2007, that they were committing $85.9 M
towards adaptation initiatives, including $19.8 M for the development of RACs across the
country. This commitment represented a shift in the Federal Government approach on
climate change impacts, from research and network development, to supporting practical
applications of real adaptation initiatives. Six RACs have since been created across
Canada, with the expectation that their respective projects will be completed by June,
2012. Each RAC is made up of Provincial Government departments along with interested
partners from the private sector, academia and the broader public sector (including
Municipal and Regional levels of government, and NGOs). The objective of each RAC is
to facilitate the integration of climate change considerations into planning and decisionmaking, and increase the capacity/capabilities of local level decision-makers to adapt to
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anticipated climate change impacts. Not surprisingly water issues make up many of the
various RAC projects, and in the case of the Atlantic RAC, virtually all of their projects
are water related.

2.3.1	
  The	
  Ontario	
  Regional	
  Adaptation	
  Collaborative	
  	
  
In February 2009, an initial proposal to NRCan for an Ontario RAC was
approved, and was signed off by each of the Government partners in March 2010. The
Ontario RAC, is being coordinated by the Ontario Ministry of the Environment (MOE)
and focuses on three main areas: outreach and capacity building, risk management, and
water resources, and includes eight sub-projects (Figure 6). In total, the Ontario RAC
represents an investment of approximately $7 M of cash and in-kind contributions,
involving a wide range of partners, including three Provincial Ministries (Environment,
Natural Resources, and Municipal Affairs and Housing) and the Insurance Bureau of
Canada, the Clean Air Partnership, the Ontario Centre for Climate Impacts and
Adaptation Resources, Conservation Ontario, Pollution Probe, Association for Canadian
Educational Resources and Toronto Public Health. The project led by the Insurance
Bureau of Canada on developing a basement flooding tool has since been funded
separately through NRCan’s adaptation tools program. MNR has responsibility for one of
these sub-projects: the development of a “Weather and Water Information Gateway”
(Gateway) to support local decision makers in watershed management and climate
change adaptation. Climate change is becoming a significant part of the Ontario
Government’s agenda, and MNR has a regulatory agenda which intersects climate change
through emergency management, as well as source water protection and water budgets.
First Pollution Probe and then ACER were approached to partner with MNR to
provide their expertise, and to help engage and assist local municipalities and
Conservation Authorities in informing the development of the Gateway, testing and using
the Gateway, and developing effective climate change watershed management adaptation
measures. The team from ACER (and originally from Pollution Probe) brings
considerable expertise on climate change impacts and adaptation, as co-lead author of the
Ontario chapter in the report From Impacts to Adaptation: Canada in a Changing
Climate 2007 (Chiotti and Lavender, 2008) and as a member of the Ontario Expert Panel
on Climate Change Adaptation (Expert Panel on Climate Change Adaptation, 2009).
Their team also brings considerable experience from a Pollution Probe led initiative
working with local stakeholders to consolidate data across the Ottawa River Watershed to
improve watershed management (Kebo and Tonto, 2010), while ACER brings additional
knowledge and experience in developing educational resources on climate change.
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Figure 6: The Ontario Regional Adaptation Collaborative

2.3.2	
  The	
  Weather-‐Water	
  Information	
  Gateway	
  –	
  The	
  Gateway	
  
Project	
  
In order to build local capacity to effectively adapt to changing climate risks at
the watershed level, the Weather and Water Information Gateway (The Gateway) Project
aimed to establish 4-5 Local Adaptation Collaboratives (LACs) across Ontario. Each
LAC would be developed and supported to demonstrate how data, information and tools
can be developed or managed to inform the design and delivery of effective adaptive
watershed management measures in response to current climate stressors and those
projected with climate change. Four key issues were initially identified to be the focus of
the LACs: source protection planning, low-water response, flooding, and storm water
management. Integrated watershed management was added as a fifth issue. The selection
of each LAC was to be based upon their recognized leadership and understanding of one
of the four key issues. The Ontario MNR allocated over $1 M towards this initiative, with
another $600K coming from NRCan. Interacting and making linkages with the other
projects noted above were expected, but moreso on an informal basis rather than through
a formal, coordinated process.
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This capacity building project would help ensure that local governments and
agencies are better equipped and enabled to make more informed policy decisions on
watershed management for their area, by directing them to actionable guidance, data
analyses, best practices, tools, etc. This capacity will be developed through direct access
via the Gateway to the data, analyses and information needed to make these decisions. In
addition, the Gateway will provide the technical advice, direction and examples provided
through Ontario’s RAC, through regional climate change modelling output and through
the sharing of knowledge between the LACs, which essentially act as local demonstration
pilots. Although most LACs will be asked to focus on a particular watershed management
adaptation issue, the expectation is for a broad sharing of information, data and
knowledge that the participating LACs can apply to all four climate change – watershed
management issues addressed in the project.
One can imagine the Gateway providing a major portal for decision makers as a
discovery and access service to a wide range of data repositories, contributed by different
levels of government and other agencies including Conservation Authorities,
municipalities (regional and local), and NGOs (Figure 7). This would also include other
relevant information to inform decision-making, including guidance materials and
assessment tools. LACs would be able to access data, information, guidance and tools as
required, as they progress from having a better understanding of climate change
vulnerability, risks and adaptation options regarding watersheds and watershed
management to the point of actually designing and implementing adaptation measures.
By putting in place adaptation measures that are based on informed decision-making,
such actions should lead to more resilient communities and more sustainable watersheds.
Figure 7: The Gateway and local decision-making on climate change vulnerability, risks
and adaptation
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More broadly the Gateway will also form the foundation upon which other
projects initiated through the RAC could build upon, notably source water protection
planning, a municipal guide to assist municipalities in climate change risk assessment,
and the development of tools to reduce climate change impacts on public health and
storm water systems. There may be other opportunities where the lessons learned and
experiences gained through the Gateway will benefit other Canadians across the country
engaged in watershed management, and thus help enhance their adaptive capacity to
climate change risks. Indeed, a quick scan of water-related projects across the country in
other RACs indicates that the Gateway Project is unique, and it is the only project of its
kind that focuses on user needs for information, data, guidance and tools. As such both
the project and the Gateway tool represent models in themselves, to be replicated across
the province and in other regions of Canada, if not abroad.
In practice the Gateway is part of a broader initiative by the Ontario Public
Service to make information and data more available, and is one of multiple portals
available on a central website
(https://www.appliometadata.lrc.gov.on.ca/geonetwork/srv/en/main.home). The platform
for delivery is an opensource GeoNetwork that is a standardized and decentralized spatial
information management environment, which is designed to enable access to a wide
community of spatial information users to geo-referenced databases, cartographic
products and related metadata from a variety of sources. The overall philosophy of this
approach is to enhance spatial information exchange and sharing between organizations
and their audience, and provide users to have easy and timely access to available data and
existing thematic maps in order to make more informed decisions regarding sustainable
development. The website includes access to the Land Information Ontario (LIO)
Warehouse, and provides users to hundreds of records via a search engine that considers
location and keywords.
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3.0	
  DETERMINING	
  GAPS	
  AND	
  NEEDS:	
  LEARNING	
  FROM	
  
WATERSHED	
  DECISION-‐MAKERS	
  
In this section the discussion outlines the approach and methodology used to
select and engage 5 LACs from across the province that would bring informed insights
into different climate change risks, and help identify key needs and gaps regarding data,
information, guidance materials and tools. The beginning of this process coincided with
an assessment of lessons learned from the OGWA project (Kebo and Tonto, 2010), which
served to support the need for the Gateway as an access and discovery service, outlined
some of the key themes of interest, provided some insights regarding data and
information needs for public education, and gave an indication of the relative importance
of climate change and watershed management as a significant area of concern. Many of
the needs and gaps encountered during the establishment of OGWA are now highlighted
in the process to establish the Gateway, suggesting that there are consistent challenges
facing decision-makers regarding finding and using appropriate data and information for
watershed planning. These challenges include the need for open access, standardized and
distributed data, the broad range of issues, concerns and stakeholders involved in
watershed management, and the relative importance of climate change risks as a
significant area of concern.
Each of the LACs were selected based on their recent experience with extreme
weather events that are consistent with climate change, and/or for their experience
working in a multi-stakeholder environment involving a broad set of climate- and waterrelated data and information. This discussion reports on the methodology used to
determine the level of awareness of the LACs on climate change risks, their preparedness
and capacity to take action, and the most effective means to determine how their data and
information needs can be best met through the Gateway. In many ways the engagement
experience with the LACs became a discovery process to help them identify their key
data and information needs. This required a multi-tiered approach to the Gaps Analysis,
and is still very much an ongoing process of discovery.

3.1	
  Ottawa-‐Gatineau	
  Watershed	
  Atlas	
  and	
  lessons	
  learned:	
  
OGWA was the result of Pollution Probe’s earlier efforts in their water program,
and is a useful example that supports the creation of the Gateway as an access and
discovery tool. OGWA is a data and information sharing initiative that combines raw data
and contextual information with interactive mapping to increase the availability and
utility of environmental information for public education and watershed management. It
is available online, and has unrestricted public access (Figure 8). It allows for the
integration of watershed management on both sides of the Ottawa River by utilizing
watershed boundaries (i.e. an ecosystem approach) rather than political boundaries for the
inclusion of environmental data and information. OGWA has become widely regarded as
a model for stakeholder engagement and cooperative efforts towards a vision for
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sustainable watershed management, and even serves as a public education tool to
communicate how one of the region’s most valuable resources is being managed.
Figure 8: The Ottawa-Gatineau Watershed Atlas (OGWA)

The water topics addressed through OGWA are quite broad, and include
information on water basics, water quality, water flow, land use, wildlife, climate, climate
change, community activities, policy and regulations, and what the public can do locally.
Each of the themes are addressed in more detail, providing information that explains the
issue in an informed but accessible manner. In the case of water flow, for example, there
is supporting narrative on precipitation, flooding, stormwater, drought, erosion and
changing shorelines, water use, and water conservation. Users are also able to access an
interactive mapping tool, and literally produce their own map of their particular
watershed based on a selection of criteria (or layers). In the case of water flow, for
instance, users can access data and information on water use, erosion, drought, flooding,
precipitation, and rivers and lakes, and more specifically high-risk erosion areas,
hydrologic data from stream flow stations, floodplains, dams, etc. In determining which
themes and categories were to be included in OGWA, both watershed managers and
decision-makers were engaged, as well as the public. In the former case climate change
was not seen as a significant area of concern, whereas it seemed to resonate more with the
public, in terms of seeking data and information regarding potential impacts on their
watershed. However, even in the latter case climate change was just one of many areas of
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concern identified by the public. The need for distributed, open access, and standardized
data and information was also articulated by all of the stakeholders.
The OGWA experience suggests that there is still some confusion among decision
makers and the public in separating, or linking, specific water-related issues with climate
change. Climate change may be identified as a significant environmental concern in
surveys and polls, for example, but linking specific floods, droughts, smog episodes,
forest fires or other weather-related events are unlikely to be attributed to, or even
considered consistent with, a changing climate. In a recent study by Environment Canada
and Emergency Management Ontario, municipalities across Ontario were surveyed and
asked to identify their top-ranked risks to their communities and infrastructure (MacIver
et al., 2009). This survey was a follow up to the provincial requirement under Ontario’s
Emergency Management Act or Bill 148 where municipalities have been mandated to
implement risk-based emergency management programs, including identifying their top
10 hazards. Weather hazards, as defined by snowstorms/blizzards, ice storms, tornadoes,
windstorms, etc. were identified as the number one risk by over 50% of the
municipalities, and when weather-related hazards, including flooding, drinking water
emergencies, critical infrastructure failure, drought, etc. are included, they represent 84%
of the top 10 hazards identified. Further, in assessing weather risks specifically, 9 of the
top 20 weather-induced impacts were related to water, with severe weather, flooding, and
critical infrastructure failure as the top 3 water-related impacts.
Global climate change was also listed on both top 10 lists by some municipalities,
but on an aggregate basis each ranked quite low, ranking 28th and 21st respectively. While
more research is required to determine the degree that decision-makers are linking
weather hazards to climate change, these survey results and the lessons learned from
OGWA suggests that climate change is just one of many weather-related risks, and that
the link with extreme events has not yet been made. This could be cause for concern since
the changing climate will affect the frequency and severity of the events listed in the top
10 that are also weather-hazards or weather-related hazards. If connections are not being
made with climate change, then there is considerable potential for maladaptation to occur,
and an increase in the adaptation deficit years or decades down the road. This runs
contrary to the spirit and intent of the Emergency Management Act, and highlights the
importance of municipalities adopting “low regrets” actions.

3.2	
  Selecting	
  the	
  Local	
  Adaptation	
  Collaboratives:	
  5	
  pilots	
  
ACER was tasked to engage Conservation Authorities, municipalities and other
relevant stakeholders to come together and create 4-5 LACs that addressed 4 climate
change-water related issues: (i) flood and drought management, (ii) source water
protection, (iii) permit to take water, and (iv) municipal infrastructure management.
Further, there was some expectation to include a LAC that could bring a northern Ontario
perspective. In discussions with MNR and Conservation Ontario it was recognized that
not all Conservation Authorities had the same capacity to address climate change risks,
and that some were obvious leaders on addressing many climate-related issues. Engaging
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a cross section of Conservation Authorities might be more representative of the 36
Conservation Authorities as a whole, rather than focusing solely on those taking a
leadership role. Recent experience with extreme weather events was also a consideration,
in addition to their history with collaborative initiatives involving other research partners
and stakeholders. Eventually 5 Conservation Authorities were approached to participate
in the project and provide the foundation for each respective LAC, and all 5 agreed to
participate, bringing to the initiative considerable expertise, and an estimated
$100,000.00 of in-kind support.
The following 5 LACs participating in the project acted as "pilots" to provide
input, test and demonstrate the Gateway:
1. MRSPC, including MVCA and RVCA, to bring the perspective of source water
protection planning. Both Conservation Authorities were founding members of
OGWA, and have had considerable experience in contributing data and information to
the development of this web-based tool.
2. NVCA, to bring the perspective of low water response and permit to take water.
NVCA has worked closely with MNR on various projects around low water response
since experiencing severe drought conditions during the summer of 2007. It is an area
that includes a subwatershed (Innisfil Creek) where surface water is the primary
source for irrigation that supports intensive agriculture and is prone to drought.
3. The City of Peterborough and ORCA, to bring the perspective of riverine and
stormwater flooding, based on experiencing two well-documented and publicized
floods in 2002 and 2004. It is an area that has subwatersheds that are prone to
flooding, and in particular Jackson’s Creek which literally runs through and under
parts of the downtown.
4. TRCA, the City of Toronto and other GTA municipalities (Region of York, Region of
Peel, Region of Halton, the Region of Durham and their respective local
municipalities) are bringing the perspective of stormwater management. TRCA has
been a leader among Conservation Authorities in climate change adaptation for over a
decade, and the City of Toronto is a leader among Canadian municipalities. Both have
been actively engaged in forming collaborative initiatives on climate change,
including the Toronto Urban Climate Change Network, the Climate Consortium for
Research Action Integration, and the Ontario Region Climate Change Consortium.
TRCA is also a partner in the Source Water Protection project funded under the
Ontario RAC. An extreme precipitation weather event on August 19th, 2005, which
triggered the collapse of Finch Avenue and also flooded other areas across the GTA,
was the costliest weather related disaster in Ontario’s history, causing an estimated
$500 million in insured losses alone. In the latter context, if Toronto has been a leader
in adaptation, there are parts of the City and its infrastructure that remain vulnerable
to climate change and in need of further action.
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5. The City of Sudbury and NDCA, to bring a northern Ontario perspective and to
demonstrate measures to integrate climate change into watershed management. There
has been more than 20 years of engagement between the City, the Conservation
Authority and the broader research and business community, initially addressing the
environmental consequences of acid deposition and the need to take remedial actions
on ecosystem rehabilitation, and more recently in the area of climate change
adaptation. MIRARCO Mining Innovation, a not-for-profit corporation of Laurentian
University, is host of OCCIAR, and hosted its predecessor the Canadian Climate
Impacts and Adaptation Research Network – Ontario Node. The City of Sudbury, in
collaboration with Laurentian University researchers, has also received funding
through Natural Resources Canada and their climate change adaptation funding
programs. The City of Sudbury and the NDCA are founding members of the Greater
Sudbury Climate Change Consortium (GSCCC).
With these LACs participating in the Gateway Project, each of the climate change –
watershed issues are well covered, and in theory each LAC is positioned to share
information and experiences and learn from each others best practices on all of the issues
(Figure 9). Each LAC will be contributing to the project by providing input into the Gaps
Analysis report, testing and optimizing the Gateway, and working with ACER and MNR
to demonstrate to decision-makers and the public how the Gateway can help them make
more informed decisions on climate change vulnerability, risks and adaptation.
Figure 9: Participation and collaboration through the Gateway Project
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3.3	
  Method	
  of	
  Engagement	
  and	
  Methodology	
  to	
  Determine	
  Gaps	
  
and	
  Needs	
  
From the outset of the project the engagement of the LACs was considered very
much to be part of a continuous process, an evolving relationship based on trust, dialogue
and collaboration. While MNR and ACER had approached each LAC having some
awareness of their experience in dealing with climate change, the engagement process
became very much what can be described as a mutual discovery process where each
partner began learning more about the other, and this very much turned out to describe
the method of determining gaps and needs. While it was recognized early in the project
that the engagement of each LAC was expected to be unique, reflecting different levels of
capacity, needs and gaps among the partners, just how each relationship and discovery
process unfolded was unknown, as each would be dependent upon local circumstances,
leadership and other factors. Adaptation to climate change is a process, and at the local
scale the measures being considered, designed and implemented tend to follow a pathway
that focuses upon what each partner deems important, or what is considered to be at
highest vulnerability/risk. Further, actions tend to proceed on timelines within their own
abilities, capacity and available resources. By extension, understanding and articulation
of gaps and needs may follow a similar pathway of discovery and learning. Within this
context the following section outlines the initial engagement of the LACs, and the
process to discover their gaps and needs regarding data, information, guidance materials
and tools.

3.3.1	
  Initial	
  Engagement	
  
Each LAC was contacted by email and telephone, followed by a joint face-to-face
meeting attended by ACER and MNR. These initial meetings took place from April to
July, 2010, with the intent of introducing the project, establishing an initial foundation for
a close working relationship with the partners, and securing letters of intent which
reflected in-kind contributions. Initial correspondence with participating Conservation
Authorities and the first face-to-face meetings revealed that each LAC was facing very
different issues and challenges, and the process of engagement was going to be unique to
each. TRCA, for example, was interested in participating, if the Gateway Project could
help narrow the information and data gaps between municipalities responsible for
stormwater management, and their own responsibilities for flood control. Other than
some work done by the City of Toronto in rebuilding the Finch Avenue culvert, little was
known about the state of stormwater management vis-à-vis climate change among the 9
local municipalities and 4 regional municipalities across the GTA. It was understood that
the NDCA have worked closely with the City of Sudbury on climate change adaptation
for a number of years, and soon became known that they were also moving towards
establishing the GSCCC. Very little was known, however, regarding the detail of their
research and activities. The MRSPC was in the process of developing and submitting
their source water protection plans to MOE, and saw the Gateway Project as an
opportunity to help them address climate change risks. Although NVCA had been
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working with MNR on various projects pertaining to low water response, the summer of
2010 was much like the previous two summers which had ample rainfall and
consequently concerns over low water was not an immediate crisis at the time of first
contact. While it was known that the City of Peterborough had commissioned a series of
studies of their subwatersheds, little was known of the detail in these studies, the level of
engagement with ORCA and other agencies, or the degree that they were addressing
climate change.
While each initial meeting focused less on specific knowledge sharing and more
on providing a high level introduction, there were five themes that reoccurred throughout
the initial engagement process that represented areas of concern or additional issues for
consideration. First, while it was apparent that the LACs as a whole brought considerable
knowledge and expertise to the project, their level of knowledge (and soon to be
discovered, their level of preparedness and engagement) on climate change was highly
variable. Second, there was some uncertainty regarding just what the Gateway was, what
it would bring to the LACs, and how it would help decision-makers make more informed
choices on adaptation measures. A reasonable level of understanding and comfort was
certainly apparent at the 30,000 foot level, but there seemed to be some degree of
uncertainty and also differences in expectations of what the Gateway would actually
deliver where the proverbial “rubber hits the road.” The Gateway Project sounded
promising, but since “the proof of the pudding is in the taste”, the comfort levels of LAC
decision-makers would not likely be satisfied until they had a working version of the
Gateway to test and optimize.
Third, while the intent of the Gateway Project is to demonstrate where and how
the Gateway can be used to discover and access data, information, guidance materials and
tools, as a portal to distributed data and information, MNR is not solely responsible for
the quality, or continued availability, of material they do not own. Therefore there is an
element of dependency inherent to the Gateway’s success that lies with the owners of the
original data, information, guidance and tools, particularly in terms of their clarity in
providing direction to potential users regarding how this knowledge can be used
effectively, and how long it will remain updated and available. Fourth, it was apparent
that although Conservation Authorities and in some cases Municipalities were committed
to participate and contribute to the project, it became evident that in some of the LACs
and for specific climate change water-related issues the potential stakeholders that needed
to be engaged was much greater than who were part of the initial meeting. Lastly,
although addressing policy per se is not part of the project, during the meetings with each
LAC it was an issue that was often danced around in the dialogue. Typically the
proverbial “elephant” in the room, it was widely acknowledged that policy, regulations
and guidelines from all levels of government have a significant influence in enabling,
inhibiting, and otherwise shaping the ability of watershed decision-makers to take
effective adaptation action on climate change. While this gap and need is not addressed in
the project, basic concerns regarding policy would need to be captured in this Gaps
Analysis report as articulated by the LACs.
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Follow up correspondence and meetings involved circulating a questionnaire
regarding data and information needs, in terms of how each LAC was addressing risks
from current climate and climate change. In some cases questionnaires were also
circulated to a wider audience of practitioners, such as a meeting organized through York
University’s GTA Climate Change Knowledge Mobilization project, involving TRCA
and GTA municipalities, as well as to the southern Ontario working group on stormwater
management at their fall meeting in 2010. LACs were also asked to share information,
particularly studies and reports commissioned by the Conservation Authorities or
municipalities that addressed their specific climate-related issue.

3.3.2	
  Survey	
  instrument	
  –	
  questionnaire	
  
Two versions of a questionnaire were developed. The first was somewhat lengthy
and after testing the questionnaire with two of the LACs it was decided that the
instrument was too onerous for wider distribution. A second and tighter questionnaire
was developed that focused on a smaller subset of issues, and distributed to each of the
LACs during the fall of 2010. The questionnaire consisted of only 7 questions, beginning
with an initial question to explore data and information needs to current climate risks,
followed by 6 remaining questions that addressed climate change risks. Each
questionnaire was directed at a particular climate change risk, reflecting the primary issue
that each LAC was expected to address. For example, for stormwater the questions were:
1. What data and information do you monitor, collect or use to understand and plan
for stormwater management risks?
2. Are you taking climate change into account for the planning of future municipal
stormwater quantity and quality design?
3. If you were to do so, what types of planning/design changes would you
investigate to improve system robustness in a changing climate?
4. What climate change information and data are you using or would you need in
order to integrate climate change into stormwater system design?
5. What other information, data, knowledge and tools will you need to design and
implement effective adaptation measures in response to future climate?
6. What policies are in place that inhibit or enable your responsibilities to conduct
adaptation measures?
7. What are the barriers in adopting new practices and/or technologies that may
compromise an effective adaptation measure?
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3.3.3	
  Relevant	
  supporting	
  documents:	
  
Each LAC was also asked to identify and share appropriate documents, studies
and reports that they deemed most relevant to their specific climate change – watershed
issue. Most of these documents were available online, and together they represent an
extensive body of literature detailing their research activities into climate-related risks,
climate change, vulnerability, and adaptation. As a reflection of each LAC’s thinking on
climate change risks and adaptation, the documents themselves provide some useful
insights into where they were in the adaptation decision-making continuum. The City of
Toronto was engaged in a major project to assess climate change risks in two
departments, specifically social housing services and transportation services, with the
latter including culverts and drains. They were also about to embark on applying the
climate change risk assessment tool developed by Engineers Canada (the PIEVC – Public
Infrastructure Engineering Vulnerability Committee) on three culverts across Toronto,
and this report was released in late 2011 (Genivar Inc., 2011). Similarly, TRCA was
involved in their own PIEVC pilot project, assessing the vulnerability of their two main
flood control dams to climate change (Genivar Inc., 2010). They were also involved as
advisors to the development of the Guide for Assessment of Hydrologic Effects of Climate
Change in Ontario (EBNFLO Environmental and AquaResource Inc., 2010), which was
being prepared for MNR and MOE in partnership with Credit Valley Conservation
Authority. This guide is the keystone document for the Source Water Protection Project
funded through the Ontario RAC, and York University is working with MOE to develop
education and training materials, including an online training course, in support of the
guide.
Similarly, at the point of initial engagement the City of Sudbury and the NDCA
were already well on their way to establishing the Greater Sudbury Climate Change
Consortium, and over the latter half of the past decade have greatly benefitted from
NRCan funding to host a series of workshops and produce a range of documents on
climate change risks, vulnerability and adaptation (e.g. Vasseur and MacMillan, 2009).
This also included their own testing of the PIEVC climate change risk assessment tool, to
assess the vulnerability of their roads and associated infrastructure to climate change
(Dennis Consultants, 2008). As a result, it quickly became apparent that the City of
Sudbury and NDCA would not only bring a northern Ontario perspective, but they would
also be a model for collaborative research, public engagement and adaptation action, not
only on a wide range of climate change risks and issues, but also from an integrated
perspective, including integrated watershed management. Their most recent foray into
social equity also represents a new frontier, and is consistent with another Ontario RAC
collaborative project by the Clean Air Partnership and Toronto Public Health (Pinto et al.,
2011).
The other LACs had a comparably lengthy list of reports and documents that
pertained to current climate risks. Since the flood of 2004, the City of Peterborough had
embarked on a systematic analysis of stormwater vulnerability on a subwatershed basis,
with each having its own lengthy assessment report (e.g. XCG Consultants, 2009), as part
of the development of an overall flood reduction master plan (UMA, 2005). The
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MRSWC had prepared and submitted proposed assessment reports for their respective
source protection areas (e.g. MRSPR, 2011a; MRSPR, 2011b), with each having a
chapter dedicated to climate change and another addressing data gaps and future needs.
NVCA had undertaken a number of studies on low water response, many that were
supported by MNR (e.g. Wilson and Switzer, 2008). Of note, efforts were not made to
identify and collect reports and studies that pertained to climate change water-related
risks which fell outside the priority areas for each LAC. For example, ORCA was not
asked for their proposed source water assessment report, or MRSPR for any studies that
they had done related to riverine flooding and stormwater management.

3.3.4	
  Webinar	
  
In June 2011, ACER and MNR held a webinar on the Gateway and invited
partners from each of the LACs to participate. The purpose was to re-engage the LACs,
bring them up to date on the project, present preliminary findings on the Gaps analysis,
and explore other questions that would help tease out and better understand the data and
information needs, in terms of populating the Gateway. During the webinar a series of
poll questions were posed to the participants:
1. Do you think we would be more successful if we focused on data needs for addressing
current climate risks, rather than climate change risks?
2. Are the data needs for Municipalities significantly different from those of the
Conservation Authorities?
3. Do you think that we need to engage special interest groups/unique stakeholders in this
project, such as Parks Canada or Land Developers?
4. Would it be helpful to you if we gave a formal presentation to your political decisionmakers?
5. What do you think is the best mechanism for us to engage you and your colleagues on
this project?
6. Do you still have information to provide the project team which will be valuable in
understanding your local situation?
7. Aside from this project, are you incorporating Climate Change Adaptation planning
into your practices?
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3.3.5	
  Ongoing	
  engagement	
  
At the end of the webinar, next steps were outlined to the participants in terms of
follow-up engagement leading to the testing and optimization phase of the Gateway
Project. A series of questions were presented to the participants, in part for immediate
reaction (in which there was none), and for discussion at the next face-to-face meetings
scheduled from July – September, 2011. The following questions were posed:
•

Do you agree with the high level gaps that we have identified for your climate
change risk?

•

Have we sufficiently captured what your information and data needs are for
addressing current climate risks in your job?

•

How can we best follow up to collect that information? Personal visits?

•

How can we best capture the wide range of information and data needs that you
have that best helps your response to climate change, when the level of
understanding is so variable?

•

What is the best mechanism/forum to address policy needs, from your
perspective?

•

Who else do we need to engage on the project such as municipal or other
stakeholders?

•

How can we best facilitate dialogue and information exchange between LAC
partners as we move forward?

•

Do you have any additional reports that would help us understand what is
happening in your LAC?

•

Can you identify a contact person to approach that would help us compile short
case study narratives about your LAC?

•

Would you be interested in participating in another webinar before the end of
September and be prepared to give a short overview of your activities and needs?

3.4	
  Understanding	
  Gaps	
  as	
  a	
  Complex	
  Issue:	
  The	
  Need	
  for	
  a	
  
Multi-‐tiered	
  Approach	
  to	
  Gaps	
  Analysis	
  
Initially, the task to identify gaps in information, data and tools seemed relatively
simple and straightforward, and was allocated a relatively tight timeline to produce a
Gaps Analysis Report. Indeed, the fundamental premise of the Gateway Framework is
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that by providing the data, information and tools required to make informed adaptation
decisions, then the implementation of effective adaptation measures are likely to occur.
This view was echoed by some well informed members of the LACs, who suggested that
the three key ingredients needed to make informed decisions was to have sufficient
baseline information, the appropriate data on climate trends, climate change projections
and hydrologic conditions, and the suitable guidance and tools to undertake system wide
or site specific climate change vulnerability and risk assessments. This was also
consistent with the approach supported by MNR that the process to populate the Gateway
was locally informed, essentially a bottom-up approach to identify information and data
gaps and needs.
It became obvious very early in the engagement process, however, that the degree
of awareness and understanding by the various LACs towards climate change,
vulnerability and risks, data and information needs was highly variable. This posed some
fundamental challenges to how best to support the LACs, and by extension how best to
populate the Gateway. It has become evident in the engagement efforts to date –
meetings, questionnaire, and webinar – that the biggest challenge and most significant
knowledge gap lies in the low level of awareness of climate risks, understanding of
potential liabilities and the adaptation process that characterizes a majority of our LAC
members. There are obstacles that need to be overcome to help advance them along the
decision-making continuum so they can become more actively engaged, and have a more
focussed awareness of needs, risks and opportunities. This will lead to sufficient
comprehensive understanding to take action, make informed decisions and apply
effective adaptation measures. Two of the LACs are arguably among Provincial leaders
in understanding climate change risks, creating the effective partnerships through the
establishment of climate change consortiums. This facilitates efficient use of various
tools to identify vulnerabilities, risks, and adaptation measures for current climate and
future climate conditions. In contrast, three LACs could be described as being at the
beginning of the decision-making continuum, largely preoccupied with addressing
current climate risks, having limited capacity and resources, and only dreaming about
becoming more actively engaged in mainstreaming climate change adaptation into
planning processes.
This spectrum of readiness and capacity to address climate change was reflected
in the questionnaire responses and the webinar poll. Responses to the questionnaire were
highly variable, and revealed only superficial insights into the specific data and
information needs by the LACs. This was probably as much of a reflection on the survey
instrument as it was the ability of the LACs to articulate their needs. In cases where the
LACs were leaders on assessing climate change vulnerability, risks and adaptation
measures, the answers to the questions were too complex and numerous to be addressed
in a simple questionnaire, and the ACER team was directed to their volumes of reports,
documents and studies that had been previously published. This was the case for the City
of Toronto/TRCA and the City of Sudbury/NDCA, perhaps reflecting that they had
already done the leg work to identify and access the data required for them to undertake
climate change risk assessments and consider effective adaptation measures. Similarly,
the City of Richmond Hill was discovered to be on the leading edge of climate change
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and stormwater management, having recently won an award from the Federation of
Canadian Municipalities for mainstreaming climate change adaptation into the redesign
of a stormwater pond (see Appendix II). They had already designed and implemented
their own adaptation measures, and as such represented a huge opportunity to learn from
their experience, rather than investigate what they need.
At the other end of the spectrum was the possibility of receiving no response at all
such as the case of municipal stormwater engineers. According to one municipal engineer
who did understand the climate change issue, their lack of response, however, was not
meant to indicate a lack of interest in responding, but perhaps reflected a large gap in
time and resources required to address the issue. It is difficult to articulate and identify
gaps and needs for data, information, guidance materials, and tools, if in the first place an
organization is not dedicating time and resources to understand climate change risks,
vulnerability and the need for adaptation. During the presentation to the southern Ontario
municipal stormwater engineers workshop in December, 2010, when asked which of the
35 municipalities in attendance were actually addressing climate change, only 3
responded affirmatively. In the case of source water protection, the initial engagement
with MRSPC stimulated an internal review of climate change risks and how they needed
to respond. This was outlined in a presentation at one of the OCCIAR/Conservation
Ontario workshops (in Kingston, ON), and an internal survey was administered that
included exploring gaps and needs. However, follow up communication with the LAC
indicates that they are not prepared at this time to identify their specific gaps and needs
regarding data, information, guidance materials, and tools.
The results from the webinar poll also shed some light into the challenge of
identifying gaps and needs (Table 1). These include: (i) shifting emphasis from climate
change risks to current climate risks would likely be a more successful approach to
engage decision-makers; (ii) Conservation Authorities and Municipalities have
significantly different data needs and issues; (iii) special interest groups or unique
stakeholders also need to be engaged and communications tools considered; (iv) the
LACs have additional information that would help the project team better understand
their local situation and challenges; and (v) aside from their participation in the Gateway
Project, many of the LACs are incorporating climate change adaptation into their
planning practices.
Table 1: Results from the Webinar Poll
Question
1. Do you think we would be more
successful if we focused on data
needs for addressing current
climate risks, rather than climate
change risks?
2. Are the data needs for
Municipalities significantly
different from those of the
Conservation Authorities?

Yes

No

Unknown

No Answer

6 (46%)

2 (15%)

0

5(38%)

6 (46%)

2 (15%)

1 (13%)

4 (31%)
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3. Do you think that we need to
engage special interest
groups/unique stakeholders in this
project, such as Parks Canada or
Land Developers?
4. Would it be helpful to you if we
gave a formal presentation to your
political decision-makers?

5. What do you think is the best
mechanism for us to engage you
and your colleagues on this
project?

6. Do you still have information to
provide the project team which
will be valuable in understanding
your local situation?
7. Aside from this project, are you
incorporating Climate Change
Adaptation planning into your
practices?

7 (54%)

2 (15%)

0

4 (31%)

4 (31%)

4 (31%)

0

5 (46%)

In person

Webinars or
teleconference

Combination
of both

No Answer

0 (0%)

2 (15%)

7 (54%)

4 (31%)

Yes

No

Unknown

No Answer

6 (46%)

2 (15%)

0

5 (38%)

7 (54%)

2 (15%)

0

4 (31%)

In order to sufficiently address these broader challenges, it was felt that the terms
of reference regarding this Gaps Analysis Report needed to be expanded, and a multilevel approach to the assessment was needed. This included:
(i) data and information needs based on meetings, survey and the webinar;
(ii) data and information based on published documents, including insights from other
Conservation Authorities;
(iii) data and information used in guidance materials, assessment tools; and
(iv) additional gaps, including policy, partnerships, local circumstances, and missed
issues, such as cumulative effects assessment, traditional knowledge, ecosystem health,
and headwaters, near shore and coastal areas.
The first level in the gaps analysis was identical to our original task, and focused on what
the LACs are able to identify and articulate as their data and information needs regarding
climate change. In some cases specific municipalities or Conservation Authorities were
unable to articulate their needs, in part reflecting their level of unawareness regarding
vulnerability and risks. At the other extreme the LACs that were well along the decisionmaking continuum simply passed along their ample list of reference material and
consultants reports, indicating that all of the answers to our questions could be found in
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these documents. This required the ACER team to undertake a second level of
assessment, and review these documents to determine the types of issues and concerns
facing each LAC, and extract from these a list of data and information needs that seem
most relevant to climate change adaptation. This has proven to not be an easy task, as the
list of consultant reports, correspondence and publicly posted reports was quite extensive,
and in some cases still very much work in progress.
It was also considered to go beyond the LACs, and seek input from other
Conservation Authorities across Ontario, who might also be leaders in addressing a
particular climate change issue and could thereby help fill in any noticeable knowledge
gaps. While this may still be done prior to, or during, the testing phase of the Gateway
(e.g. for riverine flooding), an opportunity arose to draw from another of the RAC
projects to move towards filling this gap. As part of their outreach activities, was teaming
with Conservation Ontario and engaging Conservation Authorities on climate change
through 3 regional workshops, producing a summary report and making available online
most of the presentations (Douglas and Richard, 2011). By reviewing their workshop
material, it was possible to cross-check some of the challenges and gaps expressed by
some of our LAC partners, in addition to identifying where our climate change issues
were being addressed elsewhere, and who were the Conservation Authorities that we
needed to add to our engagement plan.
Third, in the case where LACs were already using state-of-the-art climate change
projections and assessment tools, there was evidence that the breadth of data and
information being used by Conservation Authorities and municipalities regarding climate
trends, climate change projections, and hydrologic processes increased substantially. This
was positive insofar as their approach represented what all LACs should be aspiring to,
but also potentially extended the boundaries of data and information required quite
considerably. This then raised questions regarding the types of climate trend information,
climate change projections, guidance documents and assessment tools being used by
some LACs, or being made available to those ready to embark on more serious
engagement.
The Canadian Standards Association and others, however, have raised concerns
regarding the plethora of guidance documents, climate trend data and climate change
projections, and assessment tools and whether there is a need for standardization when
engaging stakeholders. It is not clear if it is the Gateway’s function to merely direct
current and future LACs to this information and tools, or go further and direct decisionmakers to where detailed climate and climate change information could be accessed for
their specific locale, represents a gap in itself. The obvious guidance and tools that should
be available through the Gateway, and potentially the information needed at the local
scale to facilitate risk assessment, include those funded and supported through the
Ontario RAC, and those familiar to participating LACs. More specifically this includes
the Guide for Climate Change Risk Assessment for Small and Medium Municipalities
being developed by the Ontario Ministry of Municipal Affairs and Housing, the Guide for
Assessment of Hydrologic Effect of Climate Change in Ontario and the associated
outreach and training material being developed by the Ontario Ministry of the
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Environment and York University, and the PIEVC assessment tool developed by
Engineers Canada and used by the City of Toronto, TRCA, the City of Sudbury and
NDCA.
The fourth and final level of analysis for the gaps assessment report pertained to
other factors and considerations identified by the LACs that could greatly affect and
shape adaptation. The issues identified mostly involved the lack of resources, the desire
to access and share best practices, the need for further financial support, and how much
local decision-makers are seeking top-down leadership and direction. This part of the
assessment also involved understanding the regulatory landscape and how different (and
sometimes contradictory) regulations, policy and legislation from various departments
and levels of government could impede or enhance the likelihood of adaptation from
occurring. In some cases the policies were direct and obvious, but in other cases the
regulatory landscape was complex and diverse, with further research and stakeholder
consultation required to determine their influence over local adaptation. There were some
missing areas identified by the LACs which added to the climate change – water related
risks, such as headwaters, near shore areas, and coastal areas. Other gaps include
cumulative effects assessment, consideration of broader ecological health, the need for
best practice case studies, and the absence of traditional knowledge.
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4:0	
  GAPS	
  AND	
  NEEDS	
  FOR	
  DATA	
  AND	
  INFORMATION	
  
This section focuses on data and information needs and gaps identified by the
LACs regarding climate, climate change, and hydrologic conditions. The discussion
draws selectively from Appendix I, which outlines the gaps and needs in greater detail
and depth for each of the LACs and climate change water-related issues. This section
begins with some general observations, common elements and significant differences
across the LACs regarding gaps and needs.

4.1	
  Some	
  General	
  Observations	
  About	
  Gaps	
  and	
  Needs	
  
In entering the process to engage the LACs to determine gaps and needs, the
ACER project team was guided by the expectation that watershed decision makers would
likely be able to articulate their data and information requirements to address current
climate-related vulnerability and risks, in addition to climate change-related vulnerability
and risks. It was anticipated that some imbalance might occur in favour towards current
climate conditions, but it was fully expected that most if not all of the LACs had a fairly
sound foundation of awareness and knowledge on climate change and had spent some
time on addressing vulnerability, risks, needs and adaptation options. Further, given the
team’s knowledge of climate change adaptation literature, studies to date, and locally led
initiatives to explore climate change vulnerability, risks and adaptation, it was expected
that gaps and needs would include guidance documents and tools that could help facilitate
and inform the decision-making process. Given the nature of watershed management in
Ontario, and especially the different levels of government who intervene on water-related
issues, it was well understood by the project team that each LAC was operating within a
complex array of regulations and policies, regardless of their specific climate change
issue. Consequently, it was expected that policy matters would arise in discussions, but it
was uncertain as to the degree of their importance to the LACs as an area of concern. It
turned out that the degree of concern over policy issues was unexpectedly high, and
pervasive across all LACs and climate-related issues, not just to those where there has
been some well documented anxiety, such as low water response and source water
protection, but also in terms of regulatory requirements concerning stormwater
management and flooding. Addressing climate change – watershed issues from an
integrated perspective also amplified the complexity of the policy landscape, and yet at
the same time offered some clarity in terms of how best to navigate through the
regulatory maze.
While it was generally accepted that understanding climate change vulnerabilities
and risks may be a necessary condition for adaptation to occur, it was also recognized
that this may not be sufficient in itself for LACs to be able to make informed decisions.
Indeed, the very premise of the Gateway Project is based on the need to provide the right
data, information, guidance and tools to facilitate more informed decision-making on
adaptation. However, it became evident during our initial discussions with the LACs that
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improved awareness and understanding plus the right data, information, guidance and
tools was a progressive step forward, it may not in itself guarantee that climate change
would be mainstreamed into decision-making process, followed by informed decisionmaking on adaptation. Our engagement with the LACs over the course of the project has
merely served to reinforce this view, although this is not intended to question or weaken
the huge leap forward that the Gateway tool represents and the important, if not essential
role it can play, in enabling adaptation. Rather, it has become obvious that other factors
also need to come together to put in place the right conditions for the LACs to implement
effective adaptation measures.
Overall there is a diverse level of knowledge, needs and adaptive capacity
exhibited by the LACS, and it is anticipated that the range (towards the initial stages of
the adaptation decision-making continuum) would be even greater if one considered all
Conservation Authorities across Ontario, and potentially in all other provinces given the
absence of an additional tier of government or agencies formally responsible for
watershed management. In general, LACs are more focused on addressing current climate
vulnerability and risks, rather than those pertaining to climate change, even among those
who are leaders in climate change adaptation. This is not necessarily a negative discovery
since understanding vulnerabilities and risks to current climate conditions is an important
step in its own right. Further, many Conservation Authorities and Municipalities tend to
be focused on maintaining the performance standards of their watersheds and stormwater
systems, or in some cases even facing the challenge of bringing them up to standard, let
alone considering how to enhance them to address future climate change risks. Any
change in the implementation of adaptation measures that includes a no regrets upgrade is
a step forward in addressing climate change. Fortunately some of the LACs or their
individual members are leaders on climate change, and have already moved through the
adaptation decision-making continuum using their own devices. They not only represent
an opportunity to inform the Gateway on data, information, guidance and tools, that will
help other Conservation Authorities and Municipalities tackle similar issues, but also
provide knowledge and experience by acting as case studies for best practices that can
help guide other LACs who wish to follow their lead.
Each LAC has experienced a climate-related event, that has acted as a catalyst to
promote understanding of risk, and incorporate adaptation measures to reduce
vulnerability. This has typically involved a severe weather event such as a drought or
storm that resulted in significant property damage and in some cases even the loss of life.
In some cases the impetus to take action can be traced back to a locally experienced
event, or in the case of source water protection, as a consequence of a well-publicized E.
coli outbreak in Walkerton, Ontario. These events (Table 2) not only catalyzed local
attention, but also galvanized public demands and support for an effective response.
While some of these actions could be classified as directly addressing climate change
risks and adaptation, most responses were still largely described and framed within the
context of current climate. If local champions, experts and partnerships with Government
and/or University based climate change scientists were in place that had already been
addressing climate change, then such events could function as a focal point to catalyze
more attention and galvanize further support for taking action on climate change, whether
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it was directly targeting the specific event, or more widely as a broader effort to address a
suite of climate change risks and adaptation needs. Having the right people and expertise
around the table to tackle these issues seems to be an essential element of being able to
take proactive, assertive, effective and measurable action on climate change adaptation.
Table 2: Key weather events
LAC
Sudbury/NDCA

Date
August 25th,
2007

Event
Storm

Consequence
Flooding and
death of child

July 28th,
2009

Storm

90 mm rain in
90 minutes;
downtown and
low income
neighbourhoods
flooded

NVCA

July 2007

Drought

Level I, II and
III for low
water response

Peterborough

June 11th, 2002
July 15th, 2004

Storm
Storm

MRSWP

May 2000

Toronto, other
GTA
municipalities
and TRCA

August 19th,
2005

Localized
flooding;
widespread
flooding
reportedly in
excess of $100
million in direct
physical
damages
Drought/Rainfall
E. coli
leading to welloutbreak, 7
head source
deaths, 2000
water
illnesses
contamination
Storm
Stormwater
flooding,
collapse of
Finch Avenue,
$500 million in
insured losses
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Outcome
Stormwater
redevelopment
and risk
education,
including
Junction Creek
Access
Structure;
GSCCC
established
Improved
understanding
of drought
dynamics via
MNR funded
studies
Subwatershed
studies;
Stormwater
management
Plan

Walkerton
Inquiry, Clean
Water Act
Culvert
replacement;
PIEVC risk
assessments to
better
understand
vulnerability to
current climate

and climate
change
LACs at the early stages of wanting to take action but lacking the sufficient
resources and conditions to move forward face many challenges, including trying to
navigate through a complex maze of resources on climate change, confusion over
uncertainty and risks associated with climate change, and the potential for information
and work overload as they struggle with addressing current climate issues. The policy
landscape also poses some challenges and obstacles for taking effective local action, to
both current climate and climate change. In virtually all cases the LACs have
communicated the need for leadership, actionable and relevant guidance and support
from higher levels of Government (Provincial and Federal), which has obvious relevance
to the potential role of MNR and MOE on watershed management issues. In general, the
LACs are very receptive to adaptation planning and taking action on climate change, but
are unsure as how best to proceed. This applies not only to the LACs poised to take
action, but also those who have already taken action and are looking to expand their
efforts into new and uncharted territory. Collectively this represents a huge opportunity
for the Gateway, to aid, assist and direct the LACs towards the data, information,
guidance and tools that will enable more effective adaptation actions for today’s climate
as well as for the changing climate.
While specific information and data sets can help enable a more effective
response to current climate risks, by extension it should also enhance the LACs capacity
to adapt to climate change. However, it is important to recognize that there is a wide
range of information, data, guidance and tools that directly pertain to climate change, and
decisions will need to be made by the Gateway team, if not the ORAC partners, to decide
on a common toolkit required for climate change adaptation. This includes climate data
and trends, climate change projections, relevant climate analyses and services, tools to
model hydrologic and climate impacts, actionable guidance documents that support
climate change risk assessment, and actual assessment tools, among others.

4.2	
  LACs	
  Addressing	
  Climate	
  Change	
  
There are two LACs that are actively engaged in addressing climate change risks
and adaptation: (i) TRCA, the City of Toronto, and the Town of Richmond Hill, with
somewhat less progress in the City of Vaughan, the Town of Pickering and the City of
Mississauga; and (ii) the City of Sudbury and the NDCA. TRCA, the City of Toronto, the
City of Sudbury and the NDCA have undertaken climate change risk assessments using
state-of-the-art guides and tools, whereas the other partners are probably better described
as addressing climate change using their own devices and methods, or closer to the LACs
poised to take action. Where LAC members have taken the lead on climate change
vulnerability, risks and adaptation, they have been less communicative in identifying data
gaps and information needs regarding current conditions. Indeed, narrowing the gaps in
baseline information between GTA municipalities and TRCA was a primary reason for
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the latter participation in the Gateway project. Nonetheless, the LACs who demonstrate
leadership on climate change present a huge opportunity for learning what meta-data is
needed to undertake risk and vulnerability assessments, and determine effective
adaptation measures.
It is also important to recognize that within large municipalities and Conservation
Authorities there may in fact be multiple departments responsible for addressing
watershed management issues, and even though there is evidence of taking the lead on
climate change adaptation, this leadership does not necessarily exist across the board and
throughout the organization. This represents a serious "governance" gap. Nonetheless, in
both LACs there are examples where there has been a convergence of interests between
Conservation Authorities and Municipalities to create research collaboratives with
Government- and/or University-based scientists to address climate change risks and
watershed management. In some cases the partnerships have morphed into networks or
consortiums, such as the GSCCC, the TUCCN, the CC-RAI, and the ORCCC. Each LAC
consortium has partners that have had a relatively long history of working on
environmental issues, including climate change, dating back many years (e.g. Haley and
Auld, 2000; Vasseur et al., 2007).
Certain departments within the City of Toronto and TRCA have undertaken
climate change risk assessments using data, information, guidance documents and tools,
such as those developed by Deloitte and Engineers Canada to undertake assessments of
vulnerability and risks. Similarly, the GSCCC has also undertaken multiple studies on
climate change risks, drawing from a variety of guidance documents and tools, including
PIEVC. In these cases the approach taken is either a high level scan of risks and
adaptation needs (e.g. transportation and stormwater systems), or a detailed assessment of
a particular site such as a major culvert or dam. In some cases such as the City of
Toronto’s rebuild of Finch Avenue over Black Creek (Schroeder, 2005) or Richmond
Hill’s Pioneer Park Stormwater Management Project (Appendix II), no formal guidance
documents or climate change vulnerability/risk assessment tools were used, instead
drawing upon current best practices or building to the regional- or 100-year design storm
standard. For studies taking climate change into account, there is a wide range of climate
related variables that were considered, typically applied to multiple climate change
scenarios, for three future time periods (2020s, 2050s and 2080s), based on climate
normals from either 1961-1990 or 1971-2000. Future climate data that was used has
usually been restricted to temperature and precipitation on an annual, seasonal, monthly,
and daily basis, with hourly data sometimes made available. A noticeable gap in
precipitation data concerns extreme weather events, the frequency and occurrence of
events, and short-term episodes that are less than an hour in duration.
Uncertainty regarding the ability of GCMs to project the magnitude of potential
climatic changes and especially extreme events is somewhat problematic for addressing
floodplain management (and mapping for future floodplains) and stormwater capacity,
and somewhat less so for low water response and source water protection planning.
Understanding how changes in the frequency, severity and duration of extreme
precipitation events manifest in local scale impacts is critical to designing and implementi
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tations in GCM regional scale output pose significant challenges for local decisionmakers who struggle with determining new design standards in face of uncertainty
regarding climate change and hydrologic impacts, especially in terms of the costs
associated with upgrading or replacing antiquated infrastructure to a level which
correlates to the magnitude of climate change. Responsibility for making such decisions
typically rest at the local municipal level, and yet many LAC partners have cited the need
for Provincial (and in some cases Federal) leadership and guidance regarding new
standards for stormwater or floodplain management that take climate change into
account.
The need to consider policy as an integral part of climate change adaptation is a
step in the direction of recognizing that implementing effective measures must also be
viewed as part of a broader and more complex adaptation process. The GSCCC research
to date reflects this recognition, shifting attention from climate change impacts research
to activities which enhance the community’s ability to adapt, such as
•
•
•

acknowledging shared responsibilities for taking action,
building understanding between stakeholders in the community, and
developing public participation in ecosystem management and integrated
decision-making and planning (Vasseur et al., 2008).

Their work on identifying climate change risks, vulnerability and adaptive capacity has
subsequently focused on a wide range of issues, including water, municipal
infrastructure, health and industry, while consequences have included indirect impacts on
unmanaged and managed ecosystems such as soil conservation, agricultural practices,
and urban sprawl (Dennis Consultants, 2008; Vasseur and McMillan, 2009). Future areas
of concern include addressing the human and social dimensions of climate change,
notably issues around vulnerability and social equity (GSCCC, 2011). Despite an
extensive body of research, the GSCCC has identified a number of gaps and action items
that need to be addressed in order to enhance adaptive capacity in some key strategic
areas. This list includes many issues related to water, such as the protection of lakes from
invasive species and algal blooms, enhancement of a flood warning system, updated
floodplain mapping that includes climate change, water and wastewater infrastructure
upgrades, the integration of climate change into drinking water source protection, and
monitoring the incidence and spread of West Nile Virus and other waterborne pathogens.

4.3	
  LACs	
  Poised	
  to	
  Address	
  Climate	
  Change	
  
There are three LACs that are poised to address climate change: NVCA and low
water response; MVCA, RVCA and MRSWPC and source water protection; and the City
of Peterborough and ORCA regarding stormwater flooding. Some municipalities within
the GTA in the stormwater management LAC also fall into this category, such as the City
of Mississauga and Vaughan. These LACs have expressed interest in addressing climate
change risks and adaptation, but for the most part are preoccupied with meeting existing
requirements regarding standards and practices to deal with current climate risks. Their
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capacity to deal with climate change appears to be somewhat limited by staffing and
resourcing issues, compounded by a lack of knowledge of data and information needs,
including limited awareness and understanding regarding scenarios, guidance documents
and assessment tools. Some of the LACs, or specific municipal partners, are beginning to
address climate change risks through the policy process, such as MRSWPC and their
proposed source water protection assessment plans, and the City of Vaughan through
their official plan and emergency response planning.
Much of the activities undertaken by the MRSWPC is in response to directives
and requirements from the Provincial Clean Water Act regarding deliverables for source
water protection committee, where addressing climate change risks remains a future
problem and task. In the case of source water protection and climate change, to date
MRSWPC has only been required to identify climate change risks as part of their
assessment plans submitted last fall. In each of their respective CA plans, they both
identified only a few knowledge gaps, specifically around water flow projections, how to
address uncertainty regarding local level precipitation and temperature projections, and
the effects of climate change on water budgets. There are undoubtedly more knowledge
gaps that they could identify, but to date they have been unable to do so. On a positive
note, engagement with the Gateway Project had initiated an internal review process
within RVCA to prioritize the broad risks associated with the changing climate (not just
those associated with source water protection), but this work is still in progress and a
final report has yet to be released. This review and prioritization process was intended, in
part, to address the survey questions presented to each LAC regarding gaps for current
climate and climate change. There is, however, an extensive list of existing knowledge
gaps pertaining to climate information and hydrological conditions that are in some cases
likely to be common to other SWP committees (e.g. improved information regarding
managed lands and livestock density calculations; inadequate surface water quality
monitoring network), while in other cases more regionally specific (e.g. lack of
information for a particular subwatershed). Further, MVCA has done some work with
MNR on climate change and water budgets, and may be further ahead regarding
knowledge and capacity to address climate change risks and adaptation relative to RVCA.
MVCA has also sponsored at least two studies addressing climate change sensitivities,
vulnerability and risks for the watershed, at a general level (Lavender and Egginton,
2008) and more specifically regarding fish, fisheries and water resources (Casselman et
al., 2011).
The NVCA has experienced problems with low water levels in 7 of the past 12
years, especially in 2007 and most recently in 2011. They have dedicated considerable
resources, in some cases funded by MNR, since the drought of 2007 to address their
ability to meet low water response program requirements for determining thresholds for
level 1, level 2 and level 3 conditions. Much of this work has focused on measuring and
monitoring ecosystem health of their drought prone subwatersheds, documenting
conservation practices adopted by their major permit holders for water taking, and
demonstrating economic impacts upon those sectors dependent upon surface water. Gaps
in weather and hydrologic information have been identified, including in the latter case
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information on both surface water and groundwater conditions. Key gaps tend to be
oriented towards meeting specific low water response requirements, such as:
•
•
•
•
•
•

Gaps in stream inflow data;
Gaps in identifying alternative water supplies;
Gaps in being able to document and demonstrate measures taken by major water
takers regarding conservation practices;
Gaps in low water response regulations around trigger levels, and conservation
practices required when environmental/ecological thresholds are reached;
Funding gap for further study on instream flows; and
Gap in reporting what constitutes a scientifically defensible threshold for
ecological damage.

Many of these gaps continue to persist, and may constrain the functioning of their Water
Response Team (WRT), based on observations from attending a meeting of their WRT in
July, 2011. Various stakeholders had expressed concerns regarding the need to update
water budgets and estimate the amount of rainfall required to alleviate low water
conditions, the ability to document real time water takings compared to amounts
allowable under permits, calculations of conservation measures on water levels, and the
disconnect between actual water level conditions with monitoring and reporting
requirements. While there is some recognition that a changing climate could exacerbate
the duration and frequency of low water conditions, there seems to be little evidence or
capacity to comprehensively address extreme vulnerability and risk as it pertains to
drought.
A similar focus on addressing existing problems to current climate describes the
stormwater flooding situation in the City of Peterborough. Since stormwater management
is primarily a municipal responsibility, the role of ORCA is largely secondary relative to
City stormwater engineers. Originally the climate change categories selected in this study
included flooding and stormwater management, but in the case of Peterborough and the
floods of 2002 and 2004, the local perception was that riverine flooding was not that
much of a problem compared to severe limitations in the city’s existing antiquated
stormwater system. The severe rainstorm of July 14th and 15th, 2004, flooded much of the
downtown and caused over $100 million damage in insured costs (Buttle and Lafleur,
2007). An extensive series of consultant reports have been commissioned since the flood,
concluding that the City’s stormwater infrastructure system is quite inadequate, with 85
percent unable to accommodate a 1 in 5 year flood event (UMA Engineering, 2005).
Updating the City’s stormwater infrastructure system, particularly Jackson Creek through
the downtown core, is part of a 40-50 year redevelopment plan for managing stormwater
quantity. Other, more "softer" measures have also been considered, and in some cases
implemented, such as low impact development, site specific reclamation, etc.
Climate change is not a priority on anyone’s agenda as a direct consequence of
the 2002 and 2004 floods, but engagement through the Gateway project has stimulated
some discussion between different departments within the City of Peterborough (planning
and emergency response), and between the City and ORCA, regarding climate change

42

risks. This has culminated in high level consideration of climate change risks as part of
the public consultation around an Environmental Assessment of the City’s stormwater
quality management plan, which focuses on 28 stormwater ponds and 60 intake/outtake
pipes across Peterborough. Consideration of climate change may also be incorporated
into their official plan process. In the former case, initial advisory meetings have included
representatives from ACER, Trent University and local public health officials, perhaps
reflecting the potential for a broader dialogue around climate change risks and watershed
management. Upon further reflection with MNR, there may be a link between stormwater
flooding and riverine flooding such that the storm event of 2004 also led to surface water
contamination downstream for communities dependent upon the Otonabee River for
drinking water supplies. By extension, the flood event may also represent an opportunity
to consider source water protection into the mix of issues, particularly around intake
zones downstream.

4.4	
  Key	
  Data	
  and	
  Information	
  Needs	
  and	
  Gaps:	
  Meta-‐Data	
  
Requests	
  
Essentially meta-data and data needs and gaps can be classified into three main
areas: 1) information that helps address gaps in baseline information, regarding climate
trends, hydrologic conditions, and other areas of concern specific to particular climaterelated watershed issues; 2) information and data regarding climate change projections,
including extreme events, that address uncertainty and support assessments of costs that
can be defended or justified; and 3) guidance and tools to support climate change risk
assessments at the system-wide or site-specific levels of analysis. From Appendix I, a
lengthy list of data and information needs and gaps have been identified from the 5
participating LACs (summarized in Appendix III) that pertain to both current climate
conditions and from those arising from climate change. In the latter context there is a fair
amount of accepted meteorological and climatological data associated with climate
change projections that applies to all climate-related watershed issues, but how these
changes are manifested through hydrology and other impacts tends to more specific to
individual stresses such as low water response or source water protection.
Some of the gaps reflect limitations in temporal and spatial data sets and
monitoring networks, suggesting that better and more baseline information is needed in
order to take the leap to addressing climate change risks and making more informed
decisions regarding adaptation. Key gaps include sufficient and ongoing or long-term
supported data that helps decision-makers determine the quality and quantity of water
supplies through surface water, groundwater and aquifers; the capacity of stormwater
systems to accommodate extreme weather events; calculations of water budgets; updates
of IDF curves; among others. In some cases gaps may be as simple as sufficient data that
helps municipalities map and document their existing stormwater pond system,
suggesting that what constitutes a “key gap” may be locally determined. Climate change
gaps will include improved knowledge of current climate and climate trends, and from a
future climate perspective a wide range of climatic variables for different scenarios and
time periods, including projections based on different baseline periods. Projecting
43

extreme events, especially precipitation, remain problematic for most GCM output,
requiring the use of Regional Climate Models, the coupling of models with suitable
downscaling or localization (e.g. weather generators), or some surrogate estimate of
changes in the frequency, duration and intensity of severe weather (e.g. understanding of
the atmospheric processes influencing the extremes and their trends as well as improved
understanding and validation of climate model outputs).
A number of guidance documents and assessment tools are available to decisionmakers, or in some cases have been used by some of the LACs, with certain ones more
appropriate for specific climate-related issues than others. Nonetheless, the array of
guidance documents, tools, and especially climate change projections, present a complex
suite of meta-data that have the potential to confuse more than illuminate the pathway
forward through the decision-making adaptation continuum. Additional help may be
required to direct the LACs to the appropriate guidance documents and assessment tools,
while further engagement may be required to prioritize key gaps and needs, now that a
comprehensive list has been compiled. In the latter case it will be important to attribute
gaps and needs to particular climate-related watershed issues, in order to determine
whether they apply across the board or for an individual issue.

4.5	
  Additional	
  Insights	
  from	
  Conservation	
  Authorities	
  and	
  
Municipalities	
  on	
  Gaps	
  and	
  Needs	
  
While data, information, guidance documents and assessment tools should be an
essential component of the Gateway, it is evident from our engagement with the LACs
that additional gaps and needs must be addressed and if possible included in the MetaData and data made available. Such gaps acknowledge and build upon the recognition
that adaptation to climate change is a process, and that the progression through the
decision-making continuum may require more than improved knowledge and awareness,
and having the right and relevant/actionable data, information, guidance documents and
assessment tools. This includes, for example, some direction regarding what guidance
documents and assessment tools actually do, and for what issues they should be applied.
This could be done through a knowledge-sharing mechanism where LAC members post
comments regarding their own experiences with the Meta-Data, or with some high level
commentary imbedded within the data record (i.e. validation). Guidance may be required
in terms of directing the LACs to climate change data, such as GCM output, for different
time periods, and based on a suite of scenarios. Different sources for climate change
projection data has already been used by various LACs doing climate change risk
assessments, while some of the complementary RAC projects, such as the MAH guide for
small and medium municipalities, will have their own data on climate trends and climate
change projections. MNR has adopted an ensemble approach to generating CGM output
for temperature and precipitation for numerous weather stations across Ontario
(http://climate.aquamapper.com), and this data set has the potential to become the defacto
source for data on climate change projections. While the intended audience is source
water protection, this data set will likely be drawn upon from decision-makers operating
in all of the 5 climate-related watershed issues addressed in this project. How these
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models address extreme weather events, the limitations by GCMs to capture them in
climate change projections, and where surrogate measures may be found will also need to
be addressed.
Updated IDF curves remain a unique problem since those currently being used to
inform decisions regarding municipal infrastructure are widely considered to be out of
date. This requires an update of IDF curves, in addition to calculating or estimating how
they may shift as the climate changes. Further, the extension of projecting climate change
upon changes in IDF curves and what this means for stormwater design is another key
knowledge gap that needs to be addressed. In practice, decisions around adopting a more
stringent design standard that takes into account future climate change could in the worst
case be based on intuition, or alternatively in the best case be based upon scientifically
defendable evidence. The latter may be the preferred approach in the absence of
Provincially or Federally directed design standards, where proactive local decisionmaking must still be deemed fiscally defensible.
Among all of the gaps identified by the LACs, perhaps the most important for the
Gateway was the need to include case studies and best practices, so that decision-makers
could learn directly from their Municipal and Conservation Authority peers. There are
plenty of examples where LACs do not have to reinvent the wheel, and can draw upon
their peer experiences with filling in gaps in baseline data, and using guidance
documents, climate change projections, and assessment tools for certain climate-related
watershed issues. Best practices may be particularly useful for identifying appropriate
adaptation options, but in all cases a substantial benefit will occur from the
documentation of the adaptation process and success stories as well as “failures”, and
how each is unique and quite different among the LACs. It is important for the LACs to
recognize and feel that they are not alone in this adaptation process, and they can learn
from each other and make their situation have value to their peers.
A significant gap for the LACs is a requirement for an assessment of policy
issues and challenges, and while the gaps analysis report has provided an opportunity to
at least identify how policy, regulations and instruments may shape, influence and
otherwise determine the adaptation process, further research is required on the
interactions and effectiveness of these instruments. Although policy has not been
incorporated into any of the Ontario RAC projects, it is apparent from our engagement
with each of the LACs that policy concerns are significant, not only for specific issues
where the policy concerns may be obvious such as low water response and source water
protection planning, but across the board as Federal, Provincial and Municipal level
policies impose constraints and/or enable an adaptation response.
Lastly, there may be additional gaps and needs that should be addressed in this
iteration of the Gateway. These include gaps in watershed areas not addressed in the
project, yet identified by the LACs as important areas of concern, such as headwaters and
near shore location issues. The most obvious, if not glaring, gap pertains to riverine
flooding, and whether the Peterborough/ORCA LAC can sufficiently address this climate
change issue, whether other Ontario Conservation Authorities can provide insights on this
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topic (e.g. Upper Thames Conservation Authority, and the City of London, Ontario), or if
other LACs (e.g. TRCA, GSCCC) can help fill in the gaps. Although the gaps analysis is
generally viewed as an organic, living document, it may be necessary to cap the reporting
and documentation of gaps and needs, at least for the purposes of this project, possibly
coinciding with the transition from testing and optimizing the Gateway, to the knowledge
transfer workshops.
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5:0	
  GAPS	
  AND	
  NEEDS	
  FOR	
  THE	
  ADAPTATION	
  PROCESS	
  
As in the previous section, this discussion draws selectively from results reported
in Appendix I. It is not the purpose of this section, or this report, to provide an exhaustive
or all inclusive assessment of all gaps and needs, nor direct MNR to all sources of
information. It is the purpose of this discussion to provide some guidance as to how gaps
pertaining to the adaptation process may be addressed, and identify potential sources of
information that address these gaps, as required directly or indirectly by the LACs. The
latter becomes somewhat problematic if the purpose of the Gateway is to function as a
portal that directs decision-makers to guidance documents, case studies and reports, or go
beyond and provide direction as to how and where the primary data and information
accessed should be used. It may be that a more thorough description and assessment of
the gaps and needs informing the adaptation process will be required in the future, than
what can be addressed at this stage of the project with this report. Indeed, it is expected
that this report and attached appendices will serve to stimulate further discussion around
data and information needs, and this process will be further enabled when the LACs test
and optimize the Gateway tool.

5.1	
  Guidance	
  Materials	
  and	
  Assessment	
  Tools	
  
There are a number of guidance documents and assessment tools available to the
LACs. These include those that have already, or are currently being used by some LAC
partners, in addition to those that will soon become available through projects supported
by the ORAC initiative. Collectively these guidance documents and tools provide a wide
level of direction on assessing climate change risks on hydrology and infrastructure, from
a basic level on risk assessment to those that provide more in-depth investigation of risk,
vulnerability and adaptation needs and hopefully meet necessary requirements for “due
diligence” in their analyses. For instance, basic level documents and tools include the
guide for small and medium sized municipalities being developed by MAH, as a
contribution to the Ontario RAC initiative. A comparable guide has recently been
prepared by the ICLEI -- Local Governments for Sustainability (Jackson et al., 2011).
Both provide similar coverage of the risk assessment process and how it applies to
climate change, while also providing some detail on how to assess risks for municipal
infrastructure. A more comprehensive risk assessment guide has also been developed by
Deloitte for the City of Toronto (see Oates, 2010). This tool has been used to assess
climate change risks for transportation services and social housing services in Canada’s
largest city, and in the former case includes an evaluation of stormwater culverts
associated with roads. In these, and other, examples there is some consistency in the
general framework and methodologies proposed, but the use of climate trends data and
climate change projections is not standardized, and none include a protocol on which
scenarios, time periods, or GCMs should be used. It has been suggested that the
identification, assessment, and management of climate change-related risks would benefit
from the establishment of nationally-accredited guidance that provides more consistent
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principles of good practice with respect to climate change impacts, vulnerability, risks
and adaptation measures (Sparling et al., 2010).
Guides that help direct LACs to more detailed assessments of risks for climaterelated watershed issues include the Hydrologic Assessment Guide produced for MNR,
MOE and Credit Valley Conservation Authority (EBNFLO Environmental and
AquaResource Inc., 2010), and the material developed by Engineers Canada through the
PIEVC to assess climate change risks and vulnerability for municipal infrastructure. In
the former case additional eLearning training modules are being developed by MOE,
TRCA and York University. Both the guide and the training material will highlight a case
study on how to apply climate change risk assessment to a hypothetical community. The
hydrologic guide will be helpful in developing water budgets under climate change, and
could be applied to a variety of hydrologic issues such as low water response, source
water protection planning, and even stormwater management and flooding if decisionmakers are content with precipitation data at temporal resolutions higher than 1 hour. The
PIEVC tool has been used by TRCA for Dams (Genivar, 2010), and is currently being
used by the City of Toronto to assess climate change risks and adaptation options for
three culverts. The GSCCC has also applied an earlier iteration of the PIEVC protocol to
transportation infrastructure, although the latter only included a small subset of GCM
output (Dennis Consultants, 2008). There are also guidance documents that address
ecosystems and cumulative effects assessment including climate change (e.g. Gleeson et
al., 2011) that may be helpful to the LACs. Overall, there is a growing realization that a
need exists for guidance or a Guideline/Standard to ensure that emerging climate change
impacts and adaptation studies are able to meet requirements for due diligence and
thereby, provide good risk management guidance into the future for decision-makers. An
ambiguous climate change impact study based on poor, inappropriate or insufficient use
of climate data and climate change outputs or reliance on only one or two climate models
can add to stakeholder’s maladaptation risks. With climate change study Guidelines and
“due diligence” practices in place, stakeholder liability and maladaptation risks will be
significantly reduced and climate change uncertainties will be properly handled, reducing
their impacts as a barrier to future adaptation actions.

5.2	
  GCMs	
  and	
  Extremes	
  
There is a vast range of information on climate change projections for Ontario in
the literature, including those utilized in the various guidance documents and tools cited
above and hopefully, all meeting “due diligence” process. The various scenarios guidance
ranges from the general and somewhat obscure to the most specific and detailed, such as
an ensemble of output that can be linked to additional tools that help capture local scale
conditions through the use of weather generators, statistical downscaling, etc. The
scenarios developed by MNR and provided through the waterbudgets.ca website are
likely to become the defacto model output used by most decision makers engaged in the
Gateway project, at least for developing water budgets. Extremes are not well addressed
by most GCMs and remain problematic, especially for those engaged on stormwater
management and Guidelines and guidance are needed for the proper understanding and
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treatment of future extremes and their uncertainties. There are some alternative sources of
information such as Environment Canada’s website on Atmospheric Hazards
(www.hazards.ca), which is also cited in many of the climate change risk assessment
guidance documents, but the future of this website remains uncertain with impending
budget cuts within this Federal Department.

5.3	
  Rainfall	
  Intensity-‐Duration-‐Frequency	
  Curves	
  
It has been widely noted by the LACs that existing IDF curves are outdated and
insufficient for addressing current stormwater issues. There have been some efforts at the
Federal level of government to update IDF curves for Ontario to 2007
(ftp://arcdm20.tor.ec.gc.ca/pub/dist/IDF/IDF_v_2.100_2011_05_17/).The updated values
(nationally) include new Google Earth App software to assist users in locating stations as
well as new research and development on Regional IDF Approaches for calculation of
IDF values. The new Regional IDF Approaches supplement the limited rate-of-rainfall
measurements (tipping bucket rain gauges) in Ontario with analyses of NEXRAD radar
data amounts and patterns, forensic studies, lighting patterns and additional quality
control of extreme rainfall information (Paixao et al., 2011; Paixao et al., forthcoming).
Recently, Environment Canada (former Adaptation and Impacts Research Section), the
Canadian Standards Association, and a National IDF Committee consisting of many
national water practitioners updated a Canadian Standards Association IDF Guideline for
water resource practitioners with the aim of ensuring that the derivation and use of IDF
information was as consistent and scientifically defensible as possible and providing
formal evidence and advice for the incorporation of forward-looking information into
IDF values and related design activities. MTO has developed IDF curves for many
locations across Ontario, primarily to be used by transportation engineers in designing
culverts and stormwater pipes under Provincial highways.
Despite the difficulty to date in detecting trends in rainfall IDF characteristics in
Ontario, climate change science indicates that discernable future changes are likely.
While the level of spatial and temporal resolution of Global and Regional Climate
Models is inadequate for the projection of future rainfall IDF characteristics down to a
locality, some statistical downscaling and analyses techniques have been developed to
attempt to project selected characteristics of sub-daily rainfall extremes forward into the
future. For example, changes in IDF curves have been projected for two regions of
Ontario (Kenora and Rainy River Region, and the Grand River Region) using local scale
information downscaled from the Canadian GCM for three future time periods, from
which recommendations are made for changes in drainage infrastructure design standards
(Coulibaly and Shi, 2005). There are some other examples cited by the LACs where
GCM output has been applied to IDF curves. Nonetheless, there is no standard or
accepted methodology to determine how future sub-daily extreme rainfall could change
in intensity and frequency at point locations or over a small area in the future climate
(CSA, 2010).

49

5.4	
  Case	
  Studies	
  and	
  Best	
  Practices	
  
Each LAC in themselves represents a potential case study and example of best
practices, especially among those Conservation Authorities and Municipalities who have
taken the lead in addressing climate change risks, vulnerability and adaptation needs.
Some of the LACs have their own studies and reports that demonstrate best practices, or
could be used as a case study. One of the deliverables in the Gateway Project provided by
the ACER team are narratives capturing the adaptation process in each LAC. This
includes identifying how they used the Gateway to become more informed about climate
change risks and adaptation needs, but also the broader process that enabled some LACs
to be further along the decision-making continuum compared to others.

5.5.	
  Policy	
  Challenges	
  and	
  Opportunities	
  
As previously discussed there are a number of policy issues that can inform and
otherwise shape how the LACs are responding to climate change risks and adaptation
needs. While it is not the intent or mandate of the Gateway Project to review or assess
policy gaps and needs, including barriers and opportunities, numerous policy issues were
identified as concerns by virtually all of the LACs. The gaps analysis provides a chance
to at least highlight policy challenges and opportunities, with more indepth analysis best
left for future work. However, acknowledging and framing the policy environment should
be incorporated in the knowledge transfer workshops.

5.6	
  Other	
  Gaps	
  and	
  Needs	
  
There are many additional gaps and needs that have not been addressed in any
substantial depth in this report. These include the need to broaden our knowledge and
understanding of climate change risks and adaptation needs of streams and rivers within a
broader ecosystem framework, including the interaction between aquatic and terrestrial
ecosystems and their ecosystem services to water management. Cumulative effects
assessment of climate change impacts has also been cited by the LACs as an important
gap. Traditional Knowledge has not been identified by any of the LACs, yet its exclusion
should not be seen as a reflection of its relative importance compared to other gaps, but
rather a function of the stakeholders engaged and the absence of Aboriginal or First
Nations input. OCCIAR has been actively engaged with Aboriginal communities in
northern Ontario as part of their Ontario RAC activities, and there may be a rich package
of traditional knowledge that could be shared from their experiences.
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6.0.	
  SUMMARY,	
  NEXT	
  STEPS	
  AND	
  RECOMMENDATIONS	
  
In this section the discussion provides a short summary of the key findings
regarding the process to engage the LACs in identifying their key gaps and needs
regarding Meta-Data, notably data, information, guidance documents and assessment
tools required to make more informed decisions on climate change adaptation within their
watersheds.

6.1	
  Common	
  Gaps	
  and	
  Needs	
  for	
  Data,	
  Information,	
  Guidance	
  
Materials	
  and	
  Assessment	
  Tools	
  
From Appendix I, a long list of gaps and information needs have been identified
by the ACER team (see Appendix III), which were directly and indirectly provided by
each of the LACs. The gaps and needs identified by the LACs address those that exist for
their existing baseline information, regarding climate trends, climate data, hydrologic
conditions, etc., in addition to significant uncertainties regarding climate change. The
latter includes having access to climate change projections that are meaningful for local
decision-making, in addition to the most appropriate guidance documents and tools that
will help the LACs in determining risks from a changing climate, key vulnerabilities, and
the most effective adaptation options available.
There remains a significant gap, however, between the LACs understanding of
vulnerability and risks from current climate and climate change, and how this translates
into specific data and information needs. Appendix III is intended as a starting point for
discussion, rather than an exhaustive list, and it is already 12 pages long. In consultation
with the LACs at a face-to-face meeting in 2011, it was suggested that our focus should
be on a subset of gaps and needs, such as a list of “must haves” or “can’t do without”.
Each LAC has been instructed to review Appendix III and identify those that are vital to
their decision-making, and add new gaps and needs where applicable. It is also important
to acknowledge where these gaps exist for specific climate change – watershed issues, to
determine commonalities and identify where needs may be unique.

6.2	
  Next	
  Steps	
  to	
  Engage	
  the	
  LACs	
  
Each section below provides a brief outline of a recommended approach to
engage the LACs for next steps, as part of the testing and optimization of the Gateway,
followed by proposed knowledge transfer workshops.
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6.2.1	
  Source	
  Water	
  Protection	
  
Communication and training materials which are being developed by MOE, York
University and TRCA as part of the Ontario RAC program could be helpful to engaging
all LACs interested in calculating future water budgets as they pertain to low water and
source water issues. Climate change projections for precipitation on an hourly basis have
limited value to LACs interested in stormwater issues, depending upon the need for
estimates of short storm bursts (e.g. 15 minutes) at a local scale. A small selection of
Conservation Authorities are being engaged to pilot this material, including the Grand
River Conservation Authority, but few to date have actually used this information as part
of a formal process to assess climate change vulnerability and risks, and design and
implement appropriate adaptation measures.
The MRSPC is not included in the list of participating Conservation Authorities,
representing both a gap and a missed opportunity to engage them on how the guide and
supplementary material (scenarios and eLearning modules) can help them better address
climate change risks and move towards adaptation action. However, given where they are
on the decision-making continuum, it may be more effective to initially focus on the gaps
pertaining to current climate risks, and then explore how the Gateway could help them
address these risks under a climate change scenario. MNR and ACER could then engage
MSRPC in testing the communication and training materials, in relation to their stated
gaps and knowledge limitations. Adopting this approach in future engagement would also
benefit the refinement of the communication and training materials being developed from
the guide.
Given that MVCA is somewhat ahead of RVCA in their work to date on climate
change, another option may be to focus our efforts to build upon that capacity, while also
promoting further sharing of best practices and lessons learned between the two
respective Conservation Authorities and opportunities for the development of robust and
flexible adaptation options. The work on water budgets would be one logical starting
point, from which they could broaden consideration of climate change risks into
additional facets of their activities and workplans. This would also be consistent with the
interest expressed by RVCA to look at climate change risks across the board, not just for
source water protection.
Upon meeting with RVCA and MVCA in the fall of 2011, it became evident that
the latter was already planning to hold a knowledge transfer workshop that engages
stakeholders across their watersheds as an ongoing outcome of a broader watershed
characterization process. The City of Ottawa is also engaged in this process, pursuing
their own data and information needs, similar to the knowledge gap that was identified by
TRCA regarding a lack of information sharing between municipalities and Conservation
Authorities, albeit from a municipal perspective. Opportunities may exist with both
initiatives to introduce the Gateway and demonstrate how it can help local decision
makers address climate change risks.
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6.2.2	
  Low	
  Water	
  Response	
  
In terms of next steps to engage NVCA, there is an ample list of issues identified
in their documents, through correspondence with staff, and as observers on the most
recent meetings of their WRT to form as a basis for further discussion. Obvious points of
discussion will likely be around how the Gateway can help NVCA and their WRT meet
the required criteria of communication, monitoring and reporting in order to meet level 1,
level 2 and especially level 3 conditions, particularly their capacity to monitor and report
on actual water takers among major permit holders, and clear demonstration of adopting
conservation measures. Since major permit holders tend to be agricultural and
recreational based, drawing liberally from surface water sources for irrigation, the project
must be careful to draw boundaries around the scope of the Gateway project in terms of
venturing into end user adaptation practices, such as agricultural land management
practices that include sustainable water use (although the project could collect and assess
impacts information and assist in improving critical thresholds for adaptation responses to
developing drought conditions). Inclusion of holders of large water taking permits is
essential in future engagement, and consideration should be made to engage stakeholders
participating on their WRT to further discuss climate change risks and low water
response.
Perhaps the best case scenario to be addressed concerns the fundamental
challenge of managing water demand during low water conditions, and that would be to
develop a method to prioritize water use among the major holders of permits to take
water. It is not a question of whether drought conditions will reappear, but rather when
will it reoccur, how severe it will be and what precipitation and near-term adaptation
responses will be needed to effectively reduce the drought impacts and risks. Conversely,
the worst case scenario of completely dry conditions, or the extreme case scenario of zero
taking of surface water, may also need to be examined as a possible climate change
outcome, with farmers and golf courses following municipal users who draw their water
supplies from groundwater, aquifers or directly from the Great Lakes (Georgian Bay) as
the ultimate adaptation response. Focusing on large water takers would be a logical first
step, followed by broader engagement with the low water team.

6.2.3	
  Stormwater	
  Flooding	
  and	
  Stormwater	
  Management	
  
The issue of how the Gateway can best be utilized to help decision-makers
address climate change risks associated with stormwater management and stormwaterrelated flooding is daunting. Given that there is a wide range in the understanding of
climate change, the capacity to take action, and the nature of the problem within each
LAC, it is unlikely that a single approach that fits all of the stakeholder needs would be
appropriate, and a multi-pronged approach is required. To some degree the issues for
each stormwater LAC are quite different and distinct, although there are comparable
lessons to be learned from each experience, and consequently some merit in sharing
information and best practices across both LACs. Nonetheless, there are best
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management practices that can be considered now to both reduce risks from the current
climate and proactively prepare for the future.
In the case of Peterborough and ORCA, their focus on addressing the need to
bring an antiquated stormwater system up to a 1 in 5 year return period standard
represents an opportunity to introduce climate change risks into the process. Provincial
leadership on incorporating climate change risks and adaptation into asset management of
municipal infrastructure is one option to frame the dialogue, recognizing that any
improvements to the stormwater system through a 50-year rebuilding plan will inevitably
be affected by climate change. Engaging officials from the municipality and ORCA on
how best to initiate this dialogue, and use the Gateway to enhance their capacity to
address current climate risks, could be a realistically achievable goal. Peterborough and
ORCA would also likely benefit by learning from the TRCA/GTA LAC experience, as
well as the GSCCC. There may be further opportunities to build upon the Ontario
stormwater management working group as a mechanism to introduce the Gateway to a
wider range of potential users who are municipally based decision-makers. It may be
useful to highlight the collaborative work being done by Trent University scientists and
the Town of Richmond Hill, especially since the same professors failed to generate
interest in a closer working relationship with the City of Peterborough immediately after
the July 2004 storm event. However, the presence of Trent University into the
Environmental Assessment of the stormwater quality management plan process is a
positive step forward.
There is also a process underway to develop a sustainability plan for the Greater
Peterborough Area. This process involves many communities and stakeholders and is
endorsed by the City of Peterborough Council. This initiative addresses a broad range of
sustainability issues, including climate change. A sustainability plan is scheduled to be
submitted to Peterborough Council in February 2012, which will include the development
of a sustainability toolkit. In the latter case the Gateway could be a significant
contribution to the toolkit, while the groups and communities committed to the
sustainability plan may be a useful target audience to engage on climate change risks,
vulnerability and adaptation.
In terms of the GTA, it is important to recognize that TRCA’s involvement in the
Gateway Project was in part influenced by their own need and interest in learning more
about municipal activities, and an expectation of greater sharing of water-related
information. Given the diversity of understanding, capacity and engagement on climate
change issues across the GTA, it may be prudent to focus on municipalities already
taking a leadership role such as the Town of Richmond Hill and the City of Toronto, and
foster dialogue and information sharing between TRCA and other municipalities poised
and positioned to take action. This includes possibly engaging the City of Mississauga,
the Town of Caledon, the City of Vaughan, and Peel Region, among others, and focus on
key stormwater projects to determine what actions are being taken, and to what extent is
decision making taking into account climate change risks, vulnerability and adaptation.
This might also involve engaging other Conservation Authorities whose jurisdiction
overlaps with some of the GTA regional municipalities, such as in the case of Peel
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Region, drawing from the expertise and experience of the Credit Valley Conservation
Authority.
There still remains a potentially significant gap in our knowledge regarding
riverine flooding, and given the extent of this type of flooding across many parts of
Canada in 2011, it may be prudent to reassess where this type of hazard is most likely to
occur in southern Ontario. TRCA’s analysis using PIEVC on two flood control dams
provides some insights on the flood risk issue, while part of Peterborough’s experience is
relevant as well. Further review of stakeholders participating in OCCIAR/Conservation
Ontario workshops has identified the City of London, Ontario and the Upper Thames
River Conservation Authority as leaders in Ontario in addressing climate change and
flood risks. Further, the Institute for Catastrophic Loss Reduction, which is based at the
University of Western Ontario, has been influential in having the University
administration abandon plans to construct a new building on the Thames River
floodplain, as an adaptive response to climate change. While adding another LAC is not
being proposed due to timing and resource issues, there may be some value in meeting
with local authorities from the City of London, Upper Thames River Conservation
Authority, and the University of Western Ontario, to learn more about their activities, and
determine if there are any lessons to be learned that may benefit decision makers in our
stormwater flooding LAC. Further engagement could also involve McMaster University
and MTO staff leading the work on IDF curves, including Meteorologists from
Environment Canada.

6.2.4	
  Integrated	
  watershed	
  management	
  
Given where the northern LAC is along the climate change decision-making
continuum, it is obvious that the GSCCC represents a model of how to address climate
change risks from a collaborative and integrated perspective. Managing climate change
risks to watershed management has been a central issue throughout the 6 years of their
climate change research, public engagement, and adaptation efforts. While there may be
some gaps that need addressing to help the GSCCC move forward into addressing the
social and human dimensions of climate change impacts, vulnerability and adaptation
measures, their progress to date should be showcased as a model to other LACs, and
certainly many if not all of the climate change-watershed management-adaptation issues
being addressed in the other LACs are being addressed in Sudbury. This places the
Gateway in a slightly different position, of learning from their experience and identifying
key data and information needs that is deemed essential to their adaptation efforts.
Meetings with the GSCCC in September and November reflected a convergence
of interests, highlighting the importance of capturing “the story” of how the consortium
came into being, and to describe their evolution over the past 5-6 years. This would
require compiling a timeline of events and reports, the reasons behind these actions, and
for the primary purposes of the Gateway document the data, information, guidance and
tools that could be useful to other decision-makers. There was interest in introducing the
Gateway to other municipal departments to help them identify climate change risks,
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vulnerability and adaptation needs, and make this the focus of the knowledge transfer
workshop in January or February, 2012. Given how far the GSCCC is along the
adaptation continuum, it would be prudent to engage a department within the City of
Sudbury who is fully engaged on the climate change issue to act as a pilot to use the
Gateway to make more informed decision making, and share this experience at the
knowledge transfer workshop. Social Planning Services and Emergency Response were
two departments that may be able to play this role.

6.3	
  Recommendations	
  for	
  Future	
  Work	
  
This section briefly addresses recommendations for future work, specifically in
three areas: (i) advancing the use and effectiveness of the Gateway among local decision
makers; (ii) further enhancing the adaptive capacity of the LACs; and (iii) disseminating
and communicating key lessons learned from the project that contributes to a broader
national and international understanding of community based adaptation and the
important role that a discovery and access portal can have in reducing vulnerability and
risks to climate change.
The knowledge transfer workshops should help refine our understanding of gaps
and needs, but it is anticipated further refinement will still be needed, especially as the
level of understanding increases among the LACs and their readiness to move further
along the adaptation decision-making continuum improves. Indeed, if this gaps report is
considered as an organic, living document, then the refinement of gaps and needs will
also be an ongoing process. Engagement should be extended beyond the existing LACs
and include other progressive Conservation Authorities across Ontario, particularly to
help fill in some key knowledge gaps such as riverine flooding, but also other areas such
as headwaters, near shore, and Traditional Knowledge. Efforts should be made to
strengthen collaboration with Conservation Ontario and OCCIAR to address these areas,
in addition to working with them to help further disseminate and communicate the value
of the Gateway in enhancing community based adaptation. A strong user base could play
a significant role in justifying ongoing maintenance and updating of the Gateway as an
ongoing functioning and relevant adaptation tool.
While the Gateway has been demonstrated to have a useful role as a discovery
and access portal, the establishment of LACs has also been shown to play a valuable and
supportive role to advance community-based adaptation to climate change. The 5 pilot
LACs would all benefit from ongoing support, regardless of where they are on the
decision-making continuum. Other Conservation Authorities may benefit from the LAC
experiences, which could be replicated and expanded across the Province, aided by
webinars and additional knowledge transfer workshops. This could also provide an
opportunity to explore in more depth our understanding of policy as it enables or inhibits
effective adaptation. Some obvious areas to explore further include low water response,
source water protection, and stormwater management guidelines, in addition to floodplain
mapping and management, and land use planning instruments.
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Lastly, the lessons learned from the Gateway Project, including the key findings
from this Gaps Analysis Report, should be communicated to a broader audience through
presentations (e.g. the Canadian Water Resources Association annual conference),
posting on a publically accessible website, and as a peer reviewed paper.
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Acronyms	
  
Association for Canadian Educational Resources
Conference of the Parties
General Circulation Models
Great Sudbury Climate Change Consortium
Greater Toronto Area
Intensity, Duration and Frequency
Land Information Ontario
Local Adaptation Collaborative
Ministry of Municipal Affairs and Housing
Ministry of the Environment
Ministry of Natural Resources
Mississippi Valley Conservation Authority
Mississippi-Rideau Source Protection Committee
Natural Resources Canada
Nickel District Conservation Authority
Nottawasaga Valley Conservation Authority
Regional Adaptation Collaborative
Ontario Centre for Climate Impacts and Adaptation Resources
Otonabee Region Conservation Authority
Ottawa-Gatineau Watershed Atlas
Rideau Valley Conservation Authority
Source Water Protection
Toronto and Region Conservation Authority
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ACER
COP
GCM
GSCCC
GTA
IDF
LIO
LAC
MAH
MOE
MNR
MVCA
MRSPC
NRCan
NDCA
NVCA
RAC
OCCIAR
ORCA
OGWA
RVCA
SWP
TRCA

