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I EXECUTIVE SUMMARY

Ontariobds climate is war mi ng #&isgdossible that rampergture, precipitaters and wihd patterress will a b |
continue to change for decades, perhaps centuries, affecting the way communities throughout Ontario manage their natural
resources and infrastructure, and changing the lives of people who depend on these assets for health and well-being. Currently,
Ontarians are responding to the known and potential impacts of climate change in two ways: mitigation through greenhouse gas
emission reductions, and adaptation.

Integrating climate change adaptation into natural resource management requires an understanding of the known and potential
impacts of climate change and the corresponding vulnerability of, and risks to, ecosystems and the people who rely on them. This
guide was developed to help practitioners respond to and prepare for climate change. It was also prepared in response to the Expert

Panel on Climate Change Adaptation (2009) recommendations, the commitments containedin Cl i mat e Ready: Ont ar Jobd
Strategy and Action Plan (Government of Ontario, 2011) and the Ministry of Natur a | Resourcesd strategicll pt
change.

This guide introduces the concepts of climate change adaptation, vulnerability, and risk. It also describes vulnerability and risk
assessment tools and techniques, and a framework that can be used to support adaptive management in a rapidly changing climate.
Ultimately, the guide seeks to assist natural resource managers to identify ways that climate change vulnerabilities and risks can be
integrated into decision-making processes that include adaptation action plans, strategies, and policies.
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Note

Climate change adaptation is a rapidly evolving area of practice. Literature and practical guidance continue to be published with new
and innovative approaches and tools. This O6livingd gui daioand]| |
other jurisdictions. Any questions or comments concerning the guide can be directed to Jenny Gleeson (jenny.gleeson@ontario.ca).

An evaluation form to provide comments on the framework is also available to inform future versions of the guide.

e
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I 1.0 INTRODUCTION

A Changing Climate in Ontario

The average annual global temperature warmed by about 0.76°C over the last century (IPCC, 2007a),
but average warming across Canada was more than double the world average (Environment Canada,
2011). In the last 63 years, the average temperature in Canada has increased about 1.6°C, although
there have been differences in warming trends across the country. For example, average annual
temperatures increased 2.3°C in the Mackenzie region of the Northwest Territories and part of
Nunavut, whereas Atlantic Canada warmed by 0.5°C over the same period (Environment Canada,
2011). During this period, average temperatures across Ontario increased by 0.7 to 1.1°C, with higher
temperatures occurring in the Boreal and Hudson Bay Lowlands regions (Environment Canada, 2011).

Projections for Ontario suggest that average annual air temperature will increase, but given the
uncertainty of human behaviour and associated greenhouse gas emission rates and magnitudes, it is
not known by precisely how much. Generally, the average global temperature is projected to warm 1.1
to 6.4°C* during the next century, with land areas warming more than the oceans and higher latitudes
warming more than lower latitudes (IPCC, 2007a). The additional heat in the atmosphere will likely
increase variability in precipitation and wind patterns. For example, as more heat is trapped in the
lower atmosphere by additional greenhouse gases, the frequency and size of extreme weather events
such as ice storms, heavy rains, droughts, and wind storms are expected to increase (IPCC, 2007b).

Based on a scenario that assumes emissions at the current rate of global output (business-as-usual),
the average annual temperature in Ontario is projected to rise by about 5.1°C by the end of the
century (Figure 1) (McKenney et al., 2010). Other scenarios that assume that action is taken to reduce
greenhouse gas emissions project a change of about 3.6°C. Across Ontario, precipitation is projected
to increase; however, projections of changes in seasonal patterns of precipitation are uncertain at this
time.

'The range of temperature changedue to differences ithe projected warming for differengreenhouse gasmission scenarios.
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Figure 1. Annual mean temperature projections using Canadian Global Climate Model 2 (A2 scenario) for 2011-2040 and 2071-2100 (McKenney
et al., 2010).

The changes in climate that have been projected for this century have major implications for the composition, structure, and function
of ecosystems and natural resources in Ontario (Varrin, Bowman, and Gray, 2007). Some species will adapt i by migrating, altering
phenology (e.g., breeding date), or seeking alternative food sources. Others that are less able to adapt to changing conditions will
disappear from all or parts of their current range (Chen et al., 2011). For example, it is projected that the southern range of many
Ontario species such as moose, gray jays, and polar bears will shift north (see, for example, Obbard et al., 2007; Lemmen et al.,
2008).

Decreases in ice cover and changes to freeze-up and break-up times will have physiological impacts on aquatic species and will alter

the food-chain dynamics in aquatic ecosystems. Over the past 40 years, a decrease in the maximum amount of ice that formed each

year was observed on all the Great Lakes, ranging from a 17% decline to a 40% decline in the percentage of each lake that was

covered in ice annually (Karl, Melillo, and Peterson, 2009). Addi t i onal information on the i mpach s
natural resources is available from reports in the Ministry of Natural Resources (MNR) Climate Change Report Series and the

academic literature.
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In 2007, the Government of Ontario released Go Green: Ontari oobs Act i q nith Rargats1 to educe C 1| i

greenhouse gas emissions to mitigate the impacts of climate change (Government of Ontario, 2007). The target was to reduce
greenhouse gas emissions to 6% below 1990 levels by 2014 (a reduction of 61 megatonnes relative to business-as-usual), 15%
below 1990 levels by 2020 (a reduction of 99 megatonnes relative to business-as-usual), and 80% below 1990 levels by 2050
(Government of Ontario, 2007). These progressive targets were accompanied by a commitment to support adaptation programs to
help Ontarians prepare for climate change. The Government of Ontario appointed the Expert Panel on Climate Change Adaptation in
2007 with a mandate to evaluate current government programs and recommend a path forward.

The Panel released its report in November 2009 with 59 recommendations, a number of which addressed the need for adaptive
management supported by vulnerability analyses. For example, recommendation #21 called on the MNR to strengthen its capacity to
develop and plan adaptation actions designed to increase the climate resilience of ecosystems and species at risk.
Recommendations #19 and #28 suggested that Ontario complete vulnerability analyses in support of adaptive management for near-
shore water quality in the Great Lakes and in the Boreal, Great Lakes-St. Lawrence, and Carolinian forested ecosystems (Expert

Panel on Climate Change Adaptation, 2009). The Panel 6 s r ecommendati ons pr ovi flendte Rehdg: b as
Ont ar i o &isn Skategymndaiction Plan (Government of Ontario, 2011).

This guide was prepared in response to the Expert Panel on Climate Change Adaptation recommendations, the commitments
containedinCl i mat e Ready: Ont ari obds AdapmidatMNRD sStsrtataggeyyiandrAotriidn e

guide is designed to assist natural resource managers in their work to integrate an adaptive approach to managing for climate
change into policies and programs.

Adapting to Climate Change in Natural Resource Management

Adapting to climate change involves taking action to reduce or eliminate the negative effects of climate change or to take advantage
of the positive effects. Adaptation complements commitments to reduce greenhouse gas emissions.

Climate change adaptation may require changes to existing policies and programs, and, in some cases, development of new policies
and management approaches. Rather than dealing with adaptation in isolation from other management decisions or other factors, it
is important to integrate (or mainstream) climate change adaptation into ongoing planning and decision-making. This can increase
efficiency in the use of financial and human resources, and deepen our understanding of the interaction between climate change and
the many other factors and forces that shape our world.

¢

a
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Climate change adaptation options come in all forms, shapes, and sizes, and are specific to any one study area. There is no single
6corr ect 0 forpundertakeing clmate change adaptation. Each method of developing adaptive responses has its inique
strengths and its usefulness depends on the specific adaptation process and the stakeholders involved. Because of the uncertainties
associated with some adaptation options, it is also important to build flexibility and dearning-by-doingd a p p into @ecidions.

Forest fire in Wawa, 2009 [Christine Rosche, MNR]

Why Was This Guide Written?

Generally speaking, options can include broad strategies,
regional approaches, and site-specific management actions and
tactics that seek to (1) reduce threats; (2) enhance resilience of
species and systems; (3) engage people; and (4) improve
knowledge.

This guide introduces a framework to assist natural resource
management practitioners to mainstream climate change into
decision-making and operations, and, where necessary, to
develop new policies and management approaches. It
describes tools and techniques for understanding the potential
vulnerabilities and risks of a changing climate on natural
systems in Ontario and a process to support adaptive
management. While many of the tools described in this guide
can be used by other sectors, it is not a tool intended for use for
developing municipal or infrastructure related climate change
action plans. The guide is focussed on adaptive planning and
management of social-ecological systems.

Mainstreaming climate change adaptation requires an understanding of the known and potential impacts of climate change and the
corresponding vulnerability of, and risks to, ecosystems and the people who rely on them for health and well-being. In natural
resource management sectors such as fisheries, wildlife, forests, parks and water management, managing for climate change
includes identifying impacts on natural resources over time and exploring the consequences to and impacts on ecological and social

systems.
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This guide was prepared to help practitioners respond to and prepare for climate change, and is organized around the following
objectives:

C Introduce climate change adaptation, vulnerability, and risk;

C Describe vulnerability and risk assessment tools and techniques that can be used to support adaptive management in a
rapidly changing climate; and

C; Provide examples of assessments with information about how they were used to support adaptive management and decision-
making.

How Can the Guide Be Used?

This guide demonstrates how a suite of tools (e.g., vulnerability assessments) can be
used to inform adaptation ef fdordt smanlutal i s
practitioners to select and combine tools and techniques to enhance their
organi zationés ability t 0o es tesultirg sfrom dlirhatee a
change that are unigue to their location and/or sector (e.g., a forest management unit, ’
a fisheries management zone, or a provincial park).

Given that assessments will be completed in many locations and on a variety of spatial
scales (e.g., local to regional, sector to ecosystem-specific) and will include diverse
expertise from various disciplines, the process is necessarily scalable. For example, a
vulnerability assessment could focus on a specific thematic area, such as water or
wildlife, to limit the size of the assessment team and to reduce the complexity of the
overall process. Likewise, project teams could begin to highlight potential
vulnerabilities and impacts by using the information currently available in literature.

The process described in this guide provides a general framework and examples of
tools that can be used by practitioners from a variety of disciplines. Practitioners are
encouraged to design their own approaches, based on the questions being asked and
the context and focus of their assessment.

Observing a hawkdés nest,
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I 2.0 AN OVERVIEW OF CLIMATE CHANGE ADAPTATION CONCEPTS

Adaptation is an adjustment in natural or human systems to moderate and cope with the consequences of climate change. The
essence of adaptati on desl990)oAddpthtierais charaatdrizet ey addians thagreducge hegative impacts and
risks caused by climate change and increase the magnitude and likelihood of preferred outcomes (Williamson et al., 2011). This
process involves learning about vulnerabilities and risks, evaluating possible responses, implementing adaptation action, and
revising choices with new learning (Leary et al., 2008). Adaptation can include but is not limited to specific actions (e.g.,
improvements to stormwater management), systematic change to organizational operations, and institutional reform.

Given the uncertainty of future conditions at specific locations or points in time, adaptive management is important because it is an
iterative process based on monitoring, new learning, and the re-evaluation of management goals (Swanston and Janowiak, in
review).

Several interrelated concepts of climate change vulnerability, risk, and uncertainty form the basis for practical, hands-on impact
assessments. The concepts are fundamental components for mainstreaming adaptation initiatives into natural resource
management.

Flooding in Peterborough, 2004 [MNR]
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Adaptation can take many forms, anywhere along the spectrums below:

Anticipatory < > Reactive

Activities that are taken before impacts are observed Activities that are taken after impacts have occured
Planned < > Autonomous

Deliberate actions aimed at adaptation Activities to spontaneously cope with climate impacts

Anticipatory and planned ecosystem-based adaptation measures that use a range of opportunities for sustainable
management, conservation, and restoration are the focus of this guide.

The guide provides tools and examples for identifying and prioritizing adaptation actions to reduce threats, enhance
resilience of species and systems, engage people, and improve knowledge.

Vulnerability in the context of climate change is defined as fthe degree to which a system is susceptible to, and unable to cope with,
adverse effects of climate change, including climate variability and extremes. Vulnerability is a function of the character, magnitude,
and rate of climate change and variation to which a system is exposed, [and] the sensitivity and adaptive capacity of that systemo
(IPCC, 2007c). In other words, systems and species that will undergo the greatest change, are sensitive to that change, and have the

least ability to adapt quickly are the most vulnerable (Lemmen and Warren, 2004).
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Developing meaningful adaptation strategies requires an understanding of the vulnerabilities of species, ecosystems, and social
systems to climate change. Vulnerability assessments can support adaptation planning in many ways:

C Identify species and/or ecosystems
most likely to be most impacted by
projected changes in climate;

C Build an understanding of why these
species and/or ecosystems are
vulnerable, including the interaction
between climate change, non-climatic
stressors, and cumulative impacts;

(; Assess the efficacy of previous coping
strategies in the context of historic and
current changes in climate; and

(; Identify and target adaptation measures
to systems with the greatest
vulnerabilty.

Caribou in the Far North of Ontario [Ken Abraham, MNR]

Assessing speci es unerabitity te climatey chdangems & complex task. In addition to the complexity of the
interactions of various components of the ecosystem, assessing climate change vulnerability involves understanding the degree of
and interaction between exposure, sensitivity, and adaptive capacity to climate change in a system, as well as other non-climatic
stresses. Each of these determinants of vulnerability is dynamic: they can vary over time, by type, and by stimulus, and can be place-
and system-specific (Smit and Wandel, 2006).
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A sensitive species example of vulnerability: Eastern Hemlock (Tsuga
canadensis)

Hemlock, an important tree species found in the Great Lakes-St. Lawrence
forest ecosystem, can be used as an example of how the components of
vulnerability relate to one another. Brief definitions introduce each component.

Exposure: the nature and extent to which the species or system is
exposed to significant climate variation. More extreme weather events,
including extended droughts and heat waves, are projected with climate change
throughout Ontario, including southern and central Ontario where hemlock
grows.

Sensitivity: how affected a species or system is by being exposed to a
stress. Eastern hemlock requires cool, moist sites to regenerate and thrive. It is
guite sensitive to dry and hot conditions and experiences significant stress under
these conditions. In addition, hemlock is a preferred browse species of white-
tailed deer; since warmer winters result in less snow cover, hemlock seedlings
would be exposed to more browsing pressure.

Adaptive Capacity: the ability or potential of a species or system to
respond successfully to climate variability and change. Hemlock& natural
ability to adapt to climate change stresses is limited. Its slow growth rate as a
seedling makes it less adaptable to heat and drought conditions that would limit
its growth, cause significant mortality, and make it less competitive than other
Great Lakes-St Laurence tree species. Strategies to keep hemlock in the Great
Lakes-St. Lawrence forest ecosystem could include management techniques
such as seeding and planting of hemlock on suitable sites around water bodies
and assisted migration to appropriate sites further north.

Hemlock [Stan Vasiliauskas, MNR]
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Resilience is a synonym for some of the characteristics of adaptive capacity (the term used in this guide). From an ecological
perspective, resilience is a tendency to maintain integrity when subject to disturbance (UNDP, 2005). A resilient ecosystem can
withstand shocks and rebuild itself as necessary. The resilience of an ecosystem in a changing climate is determined by its
components, function, and structure, and in particular by the diversity of species, the genetic variability within species, and the
regional pool of species and ecosystems. Other influences include the size of the ecosystem (generally, the larger and the less
fragmented, the better), past land use patterns, and the condition of the surrounding environment. Resistance is the capacity of an
ecosystem to absorb disturbances and remain largely unchanged (Holling, 1973). In general, we use the term adaptive capacity to
capture the systembébs ability to prepare for or adjust to stress

Risk describes the likelihood (probability of occurrence) and the consequences of an adverse impact as a result of the interactions
between climate change and society (UNDP, 2005). Risk assessment is basedon peopl eds perceptions of
involves identifying and ranking risk issues and selecting the best risk-reduction strategies even when practitioners do not know what

the future will look like because of climate change and other cumulative impacts.

Uncertaintyisan fiexpression of the degree to which an lackaof inferéatiosn ordranmk n o w
disagreement about what is known or even knowable. It can have many types of sources, from quantifiable errors in data to
ambiguously defined concepts or terminol o(Pg€G, 200M). uncertain proje

Assessing how vulnerable species and ecosystems are to climate change involves uncertainty. The degree of uncertainty is partially
based on the data, information, and expert knowledge available to assess that information. Uncertainty is also a function of the fact
that by using climate models, we are making projections about future climate-induced change based on estimates of greenhouse gas
emissions, and thus we are exploring what those projections could mean.We dondét know the absolute ma
and its potential effects or how systems may exactly respond to change. Uncertainty should not limit vulnerability assessment and
the development of adaptation options, however. The guide presents a language for addressing uncertainty and methods for

incorporating uncertainty into vulnerability assessments.

t]
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I 3.0 A CLIMATE CHANGE ADAPTATION FRAMEWORK FOR ECOSYSTEMS

A climate change adaptation framework (Figure 2) comprises a series of steps that serve as a roadmap for practitioners seeking to
mainstream climate change into natural resource management. The framework is based on a conceptual model for adaptation that
was derived from adaptive management principles. The framework is not strictly linear. It begins with the formation of a team and
identification of a focus for the assessment, and then outlines assessment of existing vulnerabilities and the application of future
climate scenarios in order to estimate future vulnerability and risks. The process then seeks to identify, prioritize, and implement
adaptation measures. Where new data and learning can be integrated, re-evaluations and changes can be made over time.

The ability to know when to act and what actions to take depends on understanding and projecting the effects of climate change on
ecosystems. Uncertainty about future greenhouse gas emissions and the spatial distribution of climate change effects requires that
we use a dynamic and ongoing approach through adaptive management. Accordingly, monitoring and the acquisition of new
knowledge enable practitioners to detect change, assess the success of actions, and modify and adjust decisions over time.

Dragon fly, [MNR]

This framework builds on existing frameworks and information in the
literature (e.g., Glick, Stein, and Edelson, 2011; Kasperson and Berberian,
2011; Alberta Sustainable Resource Development, 2010; Williamson et
al., 2007; Fussel and Klein, 2006; Smit and Wandel, 2006; UNDP, 2005),
as well as guidance currently in development in Canada and the United
States (i.e., Swanston and Janowiak, in review; CCFM, in prep). This
framework also builds on the experience gained in a pilot vulnerability
assessment project in the Lake Simcoe watershed in Ontario, which
informed a local climate change adaptation planning process. The guide
illustrates elements of the adaptation framework used in the Lake Simcoe
pilot in a case study format.

This guide provides a step-by-step description of the framework and of
tools and techniques available to practitioners. Worksheets provided in
guide are intended as examples that practitioners can adapt and use to
meet the specific needs of their sector or planning area.
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Figure 2. A climate change adaptation framework for ecosystems
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STEP 1: SET CONTEXT AND BUILD TEAM

The first step in mainstreaming climate change adaptation is to build the project team, engage stakeholders and partners, and define
the study area and the environmental themes and indicators that will be the focus of the vulnerability assessment.

Defining the Study Area, Themes, and Indicators

People engage in climate change adaptation for many reasons. Some are issue-related, such as losses resulting from an extreme
weather event or perception of future risk (e.g., frequency of flooding or drought). Other reasons relate to a desire to better
understand how climate change might affect a particular area, or concerns expressed by resource managers or the public. Identifying
the reasons motivating the study can help to define the study area and determine the scale at which the issue is best addressed. In
issue-driven studies, there may be less flexibility in selecting the study area and some data limitations may exist.

Climate change impacts occur across multiple scales. In situations where there is flexibility in defining the study area, the scale of
assessment can vary:

C Local assessments, such as a watershed, ecodistrict, forest management unit, provincial park, fisheries management zone,
or other resource planning areas;

C Regional assessments, such as an ecoregion or another regional boundary; and

C Provincial and jurisdictional assessments.

A study at the local level can be a useful scale for encouraging a range of interested parties to participate. Local studies are also
more feasible if there are limited resources and/or a desire to gain experience in conducting vulnerability assessments. However, it is
important to recognize that by its very nature, climate change will require that natural resource managers think and plan within the
context of larger landscapes, even when adaptive management decision-making may occur on a local scale.

Geographic scale affects the usefulness of climatic projections modelled for the study area. At coarser, broader scales, climate
projections are more robust, even with the availability of downscaled climate models (refer to Step 3, on models and scenarios). If a
vulnerability assessment is conducted on a smaller, local scale, it is important to describe uncertainties and avoid over-interpreting
fine-scale projections (Glick et al., 2011). Whatever level an assessment is conducted at, it is important to consider the geographic
range of the species being examined, and how they may shift into or out of the study area under future climate scenarios.
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Worksheet 1.1: Selecting the Study Area

Brainstorm the options for project areas, recognizing that boundary delineations can be at different spatial scales and will be uniquely
affected by the issues motivating the study. Study designers should consider data and information availability. Considering the details
of future implementation can also assist with the establishment of project boundaries (i.e., aligning with existing planning or
management units to enable the mainstreaming of adaptation into existing plans).

Describe planning or operations | Describe research sites, data, or
Potential project area that are defined by project area climate analysis tools applicable
boundaries to the project area

Identify motivating factors unique
to the project area
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Within the study area, it is important to identify environmental themes that are pertinent to the assessment. Availability and quality of
data and availability of expertise should be considered in selecting themes. Examples of themes include:

Hydrology;

Fish and aquatic habitat;
Wildlife;

Forests;

Wetlands

Invasive species;

Species at risk; and

O 0 000000

Parks and protected areas.

Broad-leaf defoliator [Will Byman, MNR]

There are many potential indicators associated with each theme that can be used to focus the assessment. Within the aquatic habitat
theme for example, potential indicators include distribution of coldwater fish species in streams, or temperature and oxygen regimes
in lakes and their associated habitat availability for fish species. Similarly, changes in bird species distribution could be an indicator
within a wetland or forest theme.

Another approach involves a biodiversity-focussed analysis that assesses the vulnerability of various ecosystem services to a
changing climate (Patt et al., 2009). Ecosystems provide food and fresh water, climate and disease regulation, cultural services such
as recreational opportunities, and nutrient cycling and soil formation among other services (Millennium Ecosystem Assessment,
2005). All of these services are potentially vulnerable to climate change.
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Worksheet 1.2: Selecting Themes and Indicators for Analysis

List the themes to be used in the study area and identify indicators. For example, within the theme of hydrology, indicators could
include water quality, water quantity, and stream flow. Within a forest theme, indicators could include forest health, growth and
productivity, disturbance regimes, and forest composition, among others.

As a starting point, investigate the themes and indicators used in other assessments, and/or review possible themes with
researchers and experts. Ranking of potential themes can assist project teams in deciding which themes are most important to focus
on, particularly in cases where there are too many themes to pursue given the resources, capacity, or time available.

Potential
themes

Rank of importance for
analysis

Availability of expertise

Potential thematic indicators

Availability and quality of
data
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Building a Project Team

A diverse set of skills, perspectives, and expertise will be required to complete a comprehensive vulnerability assessment process
and to begin developing and implementing adaptation measures.

C Depending on the scale of the project, a team can comprise in-house staff, external experts, and other partners/stakeholders.
C As the scale and complexity of the assessment increases, greater diversity in expert opinion may be required.
C All members of the project team will have specific roles and responsibilities.

Q Within the project team, a leader will be required to coordinate the project, work with the assessment team experts that are
conducting thematic vulnerability assessments, and facilitate meetings.

(; Assessment team contributors can help to identify the scope of the thematic vulnerability assessments and will conduct the
assessments in their specific areas of expertise. Assessment team contributors will typically be scientific researchers with a
specific area of expertise. Modelling experience is an important skill for contributors.

(; Teams may also elect team members to engage partners and

stakeholders.
Stakeholders

(; A steering committee made up of decision-makers and
those who influence them can be formed to guide the
assessment, help validate the outputs of the assessment, Partners
and prioritize and implement adaptation options.

(; It is recommended that teams develop a project charter to Assessment Team
ensure clear understanding of roles, responsibilities, and
expectations. Project Team
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Worksheet 1.3: Building Your Project Team

To identify the assessment team and to articulate the expectations and activities of each team member, consider the following:

Team roles and responsibilities

What is the collective role and responsibility of
the project team (e.g., team mandate)?

Who is the team leader? Who is the outreach
champion? What role do other project team
members play?

Who are the contributors leading the technical
assessments and what resources/expertise do
they have?

(Source: adapted from J Edwards; pers. comm.)

Identifying and Engaging Partners and Stakeholders

Climate change adaptation is most effective when framed as a participatory, iterative, adaptive management process that builds
strong working relationships with partners and stakeholders. When vulnerability assessments are participatory, they can enhance
parti curmpdaeantstbandi ng of t he v ahelpio develop antl garner Suppore for ageaptationi optiens, targets,
and visions; and build capacity to implement results. In some cases, local participation can also help the project team build a strong
portfolio of local observations that add value to the process, particularly where monitoring data are limited. Local participation may
also allow recognition of interacting factors and stimuli beyond climate, including political, cultural, economic, institutional, and
technological factors (Smit and Wandel, 2006). Many of the challenges of adapting to climate change can be managed by fostering
effective working relationships with stakeholders and communities. Teams are encouraged to identify stakeholders and partners and
discuss possible models for engagement.
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Engagement techniques range from participation through consultation and giving information, to more interactive participation
through joint action planning, to self-mobilization where stakeholders take the initiative (UNDP, 2005). Ultimately, it is important that
stakeholders and partners understand how they are being involved in the process, how the information they provide will be used, and
the degree of power they have in influencing decisions in the process. If stakeholders chose to abstain from the process, they may
ask for regular updates, which may require a communication plan and a team member designated to oversee stakeholder
communications.

Worksheet 1.4: Identifying Partners and Stakeholders

As a team, identify and list potential partners and stakeholders.
Stakeholders can be individuals, communities, or groups that have an
interest in how climate change is considered in natural resource
management and who may be responsible for formal and informal
dissemination of knowledge and/or implementation of policies and
measures. Partners will play a more active role in the project such as
contributing to vulnerability assessments and helping to identify adaptation
options. Questions to consider include:

(; How might each stakeholder and partner contribute to the planning
process?

(; Is there anyone on the partner and stakeholder list that you do not
already have a relationship with?

(; What information about understanding and acting on a climate
change impact does the study team need? Who has (or has access
to) this information?

(; In what areas does the study team have influence? Is there anyone
who can help the team use that influence?

(; How will stakeholders use the vulnerability assessment information,
and how will they contribute to reducing climate risk?

Burntbush Lake, Cochrane, [Scott Finucan, MNR]
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Partner

Describe interests/
resources/expertise

Describe existing
relationship

Possible role in project

Stakeholder

Describe interests/
resources/expertise

Describe existing
relationship

Possible role in project

(Source: adapted from J. Edwards; pers. comm; ICLEI, 2010)
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STEP 2: ASSESS CURRENT VULNERABILITY

Step 2 involves building an understanding of the study area, including the current exposure and sensitivity to climate, the adaptive
capacity of the species or system, and other contextual information. With this information, a comparison to future vulnerabilities can
be completed later in the process.

Assessing Current Exposure, Sensitivity, and Adaptive Capacity

To assess potential future vulnerabilities, it is necessary to understand
the current vulnerability of the system. For example, understanding fire
patterns and related contributing factors such as high temperature days
and/or periods without rainfall could help in exploring what might happen
if future conditions are hotter and/or drier. Additionally, systems that are
already stressed are more likely to experience adverse effects from
changing climatic conditions.

Vulnerability is determined by the degree of exposure, sensitivity, and
adaptive capacity in a system.

Exposure is defined as the nature and degree to which a system is
exposed to significant climatic variations (IPCC, 2001).

Sensitivity is the degree to which a system will respond to a change in
climatic conditions. In many cases, sensitivity and exposure can be
characterized jointly (Smit and Wandel, 2006).

Adaptive capacity is the ability or potential of a system to respond
successfully to climate variability and change (IPCC, 2007c). This
concept is related to many other commonly used concepts such as
coping ability, robustness, and resilience (Smit and Wandel, 2006).

Janet Jackson, [MNR]
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Worksheet 2.1: Assessing Current Exposure, Sensitivity and Adaptive Capacity

At this stage, experts on the assessment team will typically begin their assessments of sensitivity, exposure, and adaptive capacity
using the best available information (e.g., studies, observations, expert judgement, datasets, model outputs, etc.). This simplified
worksheet may be used either to guide experts in providing their final results or to summarize the analysis that experts provide.

To assess current exposure and sensitivity, gather informationt o descr i be t Historicsdnd cugrent alimate, Gsd
observations of change to explore how climate has affected an indicator (or environmental theme more broadly) within the study
area. Rank the current exposure and sensitivity to climate as High (H), Medium (M), or Low (L).

C High T Exposure and sensitivity to climate is the central driver or plays a
significant role in the current state, structure or function of the indicator. Hoh

C Moderate T Exposure and sensitivity to climate plays a moderate role in
the current state, structure or function of the indicator.

(; Low i The indicator is currently not exposed or sensitive to climate. Its
current state, structure or function shows very limited evidence of a
relationship to climate.

Sensitivity and Exposure

The assessment of adaptive capacity is one of the more challenging aspects of

vulnerability analysis. The measurement of adaptive capacity is a relatively new Low

and evolving area of study; adaptive capacity has traditionally been examined High Low
. . . . Adaptive Capacity

from either an ecological or a social perspective. Efforts are underway to

integrate knowledge of adaptive capacity of social and ecological systems (see Figure 4. Al bertads Climate

for example Miller et al., 2010; Turner, 2010). Framework Manual illustrates one approach to

. . . . . . depicting vulnerabilities. (Source: adapted from
n roach i xamine multiple tim ri for rin nd after :
One approach is to examine multiple time periods before, during, and after a Alberta Sustainable Resource Development,

historic climatic event to see whether a system prepared for and/or adapted to 2010))
the stress. If the system adapted or adjusted, whether or not it was negatively
impacted to some degree, then some capacity to adapt had to have existed
(Engle, 2011).

APRACTITIONERGUIDE TELIMATECHANGEADAPTATION @NTARIG ECOSYSTEM&ERSION..0) [ 28




To assess adaptive capacity, look at ecological adaptive capacity (e.g., plasticity, or how changes in temperature cause different
genes to be expressed in tree species, dispersal abilities, etc.) and/or human adaptive capacity (e.g., the ability to implement planned
adaptation measures to cope with changes as a result of economic resources, institutional capacity, infrastructure, technology, etc.).

For each indicator, rank the current adaptive capacity of the system as High (H), Medium (M), or Low (L).

(; High 7 The indicator shows a high tolerance to change and a strong ability to adapt to new conditions or stresses.

C Moderate T The indicator shows a moderate tolerance to change and some ability to adjust or adapt to new conditions or

stresses.

C Low i The indicator shows very little or no tolerance to change and limited ability to adapt to new conditions.

Indicator

Describe current sensitivity and exposure
to climate

Rank
(H-M-L)

Describe current adaptive capacity

Rank
(H-M-L)
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Canada Goose goslings [Scott Taylor, MNR]

Assessing Current Non-climatic Stresses

Assessing the vulnerability of species and ecosystems to climate change should also recognize the influence of non-climatic
stresses. This assists in clarifying the relationships between various species and ecosystems, and their vulnerabilities to current
climatic and non-climatic factors and stresses; it also helps to provide a foundation for the assessment of future vulnerabilities.
Looking at climate change in isolation from the impacts of other stresses on a system may result in a failure to recognize the
cumulative and synergistic effects that result from the interaction between climate change and other factors.

In some cases, there will be human activities that contribute to system stresses, such as changes to population and demographics,
economic growth or diversification, land-use, or market fluctuations.
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Worksheet 2.2: Describing Current Non-climatic Stresses

If possible, consider historical growth patterns in the project area, economic shifts, and historic and recent land-use changes.
Information on existing stresses, as well as professional judgement and expert opinion, can help when considering many of the non-
climatic factors that influence the current status of a system. Depending on what other non-climatic stresses may be present, a

description of the stresses may be qualitative or quantitative. Describe whether and to what degree the non-climatic stresses are
impacted by climate change.

Indicator Describe current non-climatic stresses Relationship to climate

With the information from Worksheets 2.1 and 2.2, a comparison to future vulnerabilities can be completed later in the process.
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DEVELOP AND APPLY FUTURE SCENARIOS

Step 3 incorporates projections of future climate and, where possible, projections of other non-climatic factors such as population
growth and development. All projections vary spatially and temporally, ranging from large scale global climate scenarios showing
long-term changes to average temperature, precipitation and other variables, to impact assessments that integrate climate factors in
regional or more localized ecological response models.

Climate Models and Scenarios

Climate models project the effect of higher concentrations of greenhouse gases based on increasing amounts of heat trapped in the
atmosphere. Increased heat affects virtually all aspects of weather, including precipitation, wind, and humidity (Colombo et al., 2007).

A

There are many ways to explore Ontariobs f ut ur ietya tlinatiavariables: iFdr h

example, since climate change varies with the time of year and location, practitioners can use seasonal climatic variables (e.g.,
summer and winter) for different time periods (e.g., 2011-2040) and different spatial frameworks (Figure 3). Each climate model is
unique, is based on different assumptions, and produces somewhat different projections of future climate when provided the same
data. In total, 24 international centres provided Global Climate Model (GCM) data for the last IPCC assessment in 2007.

4 )

Accessing Climate Models

Models are readily available online at:

Canadian Forest Service at the Great Lakes Forest Centre website, Sault Ste Marie, Ontario:
http://cfs.nrcan.gc.ca/subsite/qglfc-climate; and

Canadian Climate Change Scenarios Network website maintained by Environment Canada, Toronto, Ontario:
http://www.cccsn.ca.

o J

glfjob
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Future levels of greenhouse gas in the atmosphere can be modelled with scenarios that describe different possible ways the world
may develop in response to human activities. Forty scenarios have been approved by the IPCC for use in climate change impact and
vulnerability assessments. Each scenario has a unique set of assumptions about future social and economic conditions. For
example, the A2 scenario (one of the more commonly used scenarios) anticipates higher greenhouse gas levels by 2100, reaching
1,320 parts per million by volume (ppmv) in CO, equivalents’c o mpared to 915 ppmv for the B2
In the A2 world, the human population reaches 15 billion by 2100, and reliance on fossil fuels is higher than in the B2 world, which
projects a world population of 10.4 billion people by 2100. In addition, environmental protection, resulting in lower greenhouse
emi ssions, isS more important in the B2 sg2600ari o than in the

It is important to note that current global
anthropogenic greenhouse gas production
exceeds levels used in the business-as-usual
A2 scenario (IEA, 2011), and A2 is now
considered to be somewhat conservative.

Scenarios are possible outcomes, not
predictions, since the amount of greenhouse
gas in the future depends on variable factors
related to global population, human
behaviour, technological development, and
the carbon sink/source behaviour of
ecosystems. Even if we could accurately
predict the future amounts of greenhouse
gases in the atmosphere, different climate
models produce varying projections.

Alvar Grasslands [Wasyl Bakowsky, MNR]

A2

2 ACQequivalentexpresses the energyapping properties of any greenhouse gas and the length of time it remains in the atmosphere in terms

of the equivalent amount of G@hat would be required to produce the same effect.
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