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1.

CALL TO ACTION

Data and research continue to demonstrate that climate change is
already impacting our communities, and that these impacts are
expected to continue to increase in rate and intensity. While some
of these impacts may be difficult to quantify with certainty,
especially for smaller communities with limited resources, it is
important to act now, even in the face of uncertainty. Climate
change is a global challenge which requires collective local action
to address the degree of change and adapt to the changing
climate and its associated impacts; the Summer Village of Ghost
Lake (also referred to within as ‘SVGL’ and ‘the Village’) has a role
to play in building the resilience of Canadian communities.
Acknowledging that SVGL Lake values self-sufficiency and citizen
action, this Plan is intended to achieve a balance between
governance and community approaches, prioritizing multi-solving
solutions and actions with co-benefits wherever possible to help
overcome the capacity and resourcing challenges that come with
being a small rural municipality.

1.1

SVGL VISION:
The Summer Village
of Ghost Lake will
build capacity within
its means wherever
possible, to ensure
that our community
and its residents
remain safe, resilient,
responsive, and selfsufficient, in the face
of a changing climate
for generations to
come.

Climate Change
Climate change refers to long term shifts in atmospheric conditions such as temperature
and weather systems (IPCC, 2001). These changes are mainly driven by the addition of
greenhouse gases to the atmosphere (IPCC, 2001). These greenhouse gases trap heat
in the atmosphere leading to an increase in average global temperatures and shifts in
weather systems. The Canadian prairies, including Alberta communities, have seen
higher rates of warming when compared to other regions of southern Canada (Sauchyn
et al., 2020).
Community responses to climate change fall generally into two broad categories:
mitigation (reducing our inputs to climate change) and adaptation (responding to impacts
caused by a changing climate). This is summarized in Figure 1. Increasingly, actions that
achieve emissions reductions while simultaneously helping communities adapt to climate
change are preferred in order to maximize efficiency; this emerging work is called lowcarbon resilience, as illustrated in the middle portion of the Venn Diagram (Figure 1).
Historic and existing greenhouse gas emissions have already resulted in observed
changes to our climate resulting in impacts that we must respond to (Canadian Institute
for Climate Choices, 2020). Examples of climate change hazards include but are not
limited to increases in wildfire events, increases in flooding frequency and intensity,
more intense droughts and water scarcity issues, more severe and frequent storm
systems, human health impacts, and a loss in biodiversity (IPCC, 2022). These changes
in climate change hazards will have significant impacts on people, infrastructure, and
natural ecosystems.
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Figure 1. Climate Change Adaptation and Mitigation
(Sauchyn et al., 2020)

1.2

Regional Climate Context
Climate related impacts will be felt globally by communities of all sizes including the
Summer Village of Ghost Lake. For example, the southern Prairies, including the Bow
River watershed, typically have a more limited and variable water supply compared to
other Prairie regions, relying largely on groundwater (Sauchyn et al., 2020). Further, the
2013 flooding in Calgary and the 2016 wildfire in Fort McMurray were two of the most
expensive disasters in Canadian history, and many Prairie communities are working to
adopt and implement policies and programs to build resilience in response to these
extreme type events (Sauchyn et al., 2020). Other potential climate hazard impacts
predicted to impact the Village include extreme heat, wildfire, and wind and storm
events. To best deal with these changes and impacts, proper planning and adaptive
measures must be taken.
This report aims to outline potential climate related hazards and interactions and their
associated impacts on the Summer Village of Ghost Lake. Recommendations to adapt
to these impacts within the context of what is possible and realistic for a small
community with limited resources and capacity are included. With proper knowledge and
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planning the Summer Village of Ghost Lake can increase its resiliency to potential future
climate related hazards.

1.3

Climate Adaptation for Summer Village of Ghost Lake
Climate adaptation planning is a process for us to
identify current and potential climate change
impacts and establish a working plan to
proactively (wherever possible) respond to these
impacts and to better prepare our community,
natural spaces, buildings, and infrastructure to
climate change impacts. The adaptation
planning process also allows communities to
take advantage of opportunities by prioritizing
co-benefits and multi-solving solutions. Climate
resilience, in a nutshell, is the ability to prepare
for, recover from, and adapt to, disturbances
caused by climate change impacts.

Co-Benefits: Beneficial outcomes
that are not directly related to
climate change. Examples of cobenefits to climate adaptation might
include healthier green spaces and
wildlife habitat, improved air and
water quality, creation of new job
and economic development
opportunities, or an increased
sense of place/community
cohesion.

While climate change is a global concern, it
requires local attention, as many of the most
effective actions we can take to become more
resilient to climate change are within the
jurisdiction of local governments. Actions we
take today to respond to climate change can
influence how our communities respond to
impacts in the future; therefore, it is important
to use this process as a starting point to adopt
a climate lens, where climate considerations
are a part of all decision-making processes.

Multi-Solving Solutions: Working
across diverse silos and sectors of our
community to develop solutions that
contribute to solving more than one
issue at a time. For example, tree
planting initiatives help to reduce
GHGs in the atmosphere through
carbon sequestration, can decrease
energy consumption due to shade,
reduce urban heat island effect, and
have a positive impact on stormwater
management efforts.

To facilitate an effective climate adaptation
planning process for the Summer Village of Ghost Lake, this Plan is centered around 4
key pillars of the community (Figure 2). These 4 pillars will be further defined and
explored throughout the Plan.
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Figure 2. 4 Pillars of Climate Adaptation

Successful climate action will require integration of climate considerations into municipal
decision-making and planning processes, including decisions about infrastructure and
services. This is most effective when climate adaptation is included as a key
consideration or policy goal at the very beginning of a planning process. This section will
look at the key buildings, infrastructure, and service offerings owned and maintained by
the Summer Village of Ghost Lake. For example:
•

•

SVGL owns and maintains one multi-functional
community building.
• Roads in the community are owned by the province
but are maintained by SVGL.
• SVGL relies on porous local soils, low development
density and a rural road cross-section design with
open drainage ditches and culverts for stormwater
management.
SVGL collects municipal solid waste (garbage) for disposal at a landfill site in
Calgary. Recycling and yard waste are also collected and disposed of at the
appropriate facilities.
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This Plan will consider climate risks that may impact these
assets and services, as well as actions that can be taken to
increase resilience so that SVGL can continue to offer the
level of service expected by residents. The Plan will further
have consideration for expanding ‘green’ initiatives, as these
types of initiatives were previously identified as an area of
interest during community engagement for the Sustainability
Plan and the Municipal Development Plan.

The majority of developed land in SVGL is residential, with single detached dwellings
occupying the majority of lots. Effective climate adaptation actions will consider how to
support the people living in the community, as well as the homes they live in, to become
more resilient to climate change impacts. Current building design is based on historic
climate conditions and may not be as suitable under future climate conditions. This may
impact:
•
•
•
•

residents financially through increased cooling costs
comfort and well-being in extreme heat events
physical assets, such as leaks in homes
water quantity in domestic use groundwater wells

These impacts can be reduced through proper planning, monitoring and implementation
of suitable resiliency measures. As noted in the Villages’ Municipal Development Plan,
the population of SVGL is not expected to grow. This will allow SVGL to prioritize
keeping existing infrastructure and residents safe and resilient to future climate impacts.
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Natural spaces are very important to the community,
and there is an interest to preserve remaining vacant
land in a naturalized state. The following elements of
natural spaces identified as socio-culturally significant
in the Summer Village of Ghost Lake include:
•
•
•
•
•

wetland and decorated trails,
sensitive fescue grasslands,
wooded areas with walking trails,
waterfront with bird nesting areas, and
undeveloped natural areas.

Forest, grassland, and parkland ecosystems are expected to shift at variable rates due
to climate change, with disturbances such as development and the success of
adaptation actions affecting the rate of change (Sauchyn et al., 2020). However, when
managed well and given space to function as intended, natural systems can also have
strong multi-solving properties (Eyquem et al, 2022). SVGL is in an ideal position to
leverage these benefits as a component of their climate response by looking to the
ecosystem services and resilience solutions that can reduce capacity constraints and
increase efficiency. Finally, recreational opportunities such as parks & leisure areas, the
golf course, and the Ghost Lake reservoir are all part of this pillar, as they are impacted
significantly by the health and resilience of the natural systems that support them.

There is no municipal or common water system in SVGL. Instead, water is obtained from
private wells and cisterns located on individual properties. Sewage is also handled
through private systems, typically traditional septic tank and tile field systems or holding
tanks. As previously mentioned, the southern Prairies are susceptible to variations in
water availability, which will be a key consideration for SVGL moving forward.
Hydrological drought (or low water tables) can impact municipal water supplies relying
on groundwater. However, the extensive management of water flows in this region
makes it difficult to tell whether changes and impacts are caused by climate change or
other human-induced strains on water systems (e.g. development pressures). SVGL will
also want to consider the impacts of:
•
•
•

heat waves,
increased average temperatures, and
longer snow-free periods on surface water levels (such as the community’s
wetland areas).
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1.4

This Plan
This Plan is designed to build the capacity of the Summer Village of Ghost Lake’s staff
and residents to be able to assess their actions through the lens of a changing climate
and ensure that projected future climate conditions are adequately considered during
decision-making.
In order to be able effectively plan for climate adaptation and resilience, it is important to
understand what climate hazards could potentially impact the community, and what
elements of the community are most at risk. From there, conceptualization on how to
use this information to plan for and respond to these risks can begin.
Determination of climate risk requires looking at:
•
•
•

what hazards could potentially impact the community,
what elements of the community are exposed to these hazards, and
the likelihood that the exposure will happen.

Consideration of the above, informs an understanding of community vulnerability. We
then look to understand the consequences of the interaction, or understanding the
significance of, say, the indirect effects of wildfire impacts like air quality on recreational
resources like the golf course or beachfront. The output of this process is an
understanding of the overall climate risk. Finally, we can use the results of this risk
assessment to frame out the community’s plan to respond to these risks, including what
we need to do and how we need to do it. This framework has been carried through in the
layout of this Plan, with the remaining sections of this report containing the information
as follows:
•

Section 2 describes the methodology of this process in more detail.

•

Section 3 describes the climate profile, including the potential climate hazards
that were assessed and the data that supports the decision to include or exclude
certain hazards from the risk assessment and resilience planning process. It also
explores the planning context of this report, including exploring the Summer
Village of Ghost Lake’s Municipal Development Plan and Sustainability Plan to
set the stage for climate adaptation planning.

•

Section 4 describes the overall results of the climate risk assessment process.

•

Section 5 lays out the most significant actions that the Summer Village of Ghost
Lake can implement over the short-medium term to increase the community’s
resilience to a changing climate

•

Section 6 outlines the various resources required to achieve the actions
identified in Section 5.
Section 7 provides some commentary on next steps, including how to evaluate
success and keep this Plan relevant over time.

•
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2.
2.1

DEVELOPING THE PLAN

Methodology
The climate adaptation and resilience planning process used to develop this Climate
Adaptation Plan generally followed the approach described in the All One Sky Climate
Express Process (All One Sky, 2021), the Climate Lens General Guidance
(Infrastructure Canada, 2019), and the PIEVC High Level Screening Guide (PIEVC,
2021).
This Plan will assist the Summer Village of Ghost Lake in understanding how the climate
is projected to change into the future, and to prioritize climate change resilience actions
that have been determined to address significant climate change impacts on the four
community pillars. This Plan will support SVGL in identifying and implementing local
actions to manage the risks stemming from these changes as well as capitalize on
opportunities that may present, in order to ensure the community is resilient in the face
of a changing climate. Figure 3 shows the 4-step process followed in to complete this
Plan, with each step further described in the subsections that follow.

Figure 3. Climate Adaptation Planning Process

2.1.1 Step 1: Define Scope and Collect Data
2.1.1.1

Scope of the Assessment
The first step of the climate action planning process is to define the
scope. As part of this scoping, several decisions needed to be made
very early on. The following determinations were made to inform the
scope of the project:
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2.1.1.2

•

A higher-level screening and a simple process would be most
suitable for the Summer Village of Ghost Lake, as a very small
community with limited staff and resources.

•

The process was designed to be shorter in duration so that it
could be completed in a few months, allowing SVGL to spend
limited time and resources as efficiently as possible.

•

The Plan, and associated climate risk assessment would be
qualitative in nature, based on secondary research and the
planning documents that SVGL has already published. This
approach required limited public engagement, though the
project team worked to keep SVGL staff and community
members informed as the project proceeded.

Defining Community Elements
To define the community elements that are valued and should be
included in the Plan, the project team used existing planning
documents and publicly available research in collaboration with SVGL
project representatives. These community elements will be explained
in greater detail in the following sections. For an initial example,
during this process we identified that water supply was a major
concern, particularly considering that as the reservoir levels change,
this can impact well water, and also considering a lack of pressurized
water in the event of a wildfire. We also learned that while riverine
flooding is a common concern in many Canadian municipalities, this
isn’t particularly relevant for SVGL due to the village’s siting on a
controlled reservoir. These are all important considerations for the
scoping. We also learned that hazards of particular concern include
extreme heat, drought events, and wildfires. These community
concerns help us to ensure we scope the risk assessment
appropriately.
Finally, to perform the climate risk assessment in Step 2, we needed
to know how the climate in SVGL is projected to change in the future.
The final activity in the scoping exercise was to compile this
information. A detailed description of the climate data synthesized for
the Summer Village of Ghost Lake can be found in Section 3.2.

2.1.1.3

Climate Change Projection Data
The climate risk assessment process started with a series of climate
impact statements which described the links between the projected
changes and the related hazards that have the potential to impact
SVGL now and into the future. During this step of the process, the
project team defined the scope and timescale of the climate related
data that would inform the temporal boundaries for the assessment.
The assessment used two climate change projection time-horizons
(historic and project future (2080s)), following standard best practice
by applying Representative Concentration Pathway (RCP) 8.5 as a
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high future global GHG emissions scenario. The 2080 time period was
selected given the lifespan of the infrastructure in the Village and to
facilitate long term planning. Since shorter timeframes were not
considered for this reason, near term impacts were not captured in the
assessment. Climate Atlas and ClimateData.ca were primary sources
for climate data, as they present an amalgamation of climate science
outputs and modelled climate projections and are supported by the
Canadian Centre for Climate Services of Environment and Climate
Change Canada.
The result of this exercise presents a picture of how the climate is
expected to change in the SVGL under a continued high GHG
emissions scenario, through to the 2080s time horizon. The full
climate profile can be viewed in APPENDIX A: Detailed Climate
Profile.

2.1.2 Step 2: Assess Risks and Opportunities
In Step 2, the project team collected information relevant to the scope of work to
further understand the interactions between valued community elements, and
climate hazard indicators. With support from our team of technical specialists, the
project team used this collected data to conduct a climate risk assessment. For a
more detailed breakdown of risk assessment methodology including definitions
and limitations please refer to APPENDIX B: Detailed Climate Risk Assessment
Methodology.
Using likelihood and consequence rating systems, the project team qualitatively
assessed climate risks.
Risk = Exposure (E) x Likelihood (L) x Consequence (C)

Exposure: Exposure of a valued community element to a specific climatic
condition. Exposed elements receive a score of 1 with non-exposed elements
receiving a score of 0. This results in non-exposed elements to “screen out” of the
assessment.
Likelihood: The likelihood of a particular climate event occurring during a specific
time-period. Based on observed trends and climate projection data with scores
between 1-5. Existing conditions typically receive a score of 3. Similar future
conditions, receive a similar likelihood score; increasing climatic trends receive an
increased likelihood score; decreasing climatic trends receive a decreasing
likelihood score.
Consequence: The potential consequences/severity of an interaction arising from
the climate event exposure. These scores were determined in the risk assessment
workshop by relevant technical leads at MH. Scores are between 0-5 with 0 being
no consequence and 5 being very high consequence.
Interaction: The relationship between a given climate hazard and community
element where an exposure has been identified.
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A simple numeric rating system was defined for each likelihood and
consequence to generate a qualitative risk analysis for each community element.
First, each element was assessed to determine if it had the potential to be
exposed to the climate hazard. If no exposure was anticipated, the element was
‘screened out’ of the assessment. Where exposures were identified, the preassigned likelihood scores were applied (Figure 4).
Likelihood scores were assigned using the ‘middle baseline’ approach. This
means that current/recent climate considerations received a score of 3. When
comparing to future projected conditions to the future 2080s time-horizon, the
degree of change from the baseline was considered. Reductions in intensity or
frequency will receive scores lower than 3, while increases in intensity or
frequency receive higher scores, with degree of change in likelihood scores
dependent on the degree of change in climate trends. In some cases, where
future conditions are projected to stay roughly the same, the likelihood will not
change.

(PIEVC HLSG, 2021)

Figure 4. Likelihood Score Definitions

Next, the project team assigned consequence scores. This process was
conducted using a facilitated workshop approach, where the team of subjectmatter experts systematically assessed each interaction to determine the
potential exposure and associated consequences of each community element to
a given climate hazard (Figure 5). When assigning consequence scores,
consideration of the various ways that a community element might be impacted
by a potential exposure to a climate hazard was included. If a score was low for
one community response consideration, but moderate for another, the more
conservative (higher consequence) score was applied.
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(adapted from PIEVC HLSG, 2021)

Figure 5. Consequence Score Definitions

Community response considerations assist in examining how exactly a
community is vulnerable and to what extent climate change or extreme weather
events might affect its built, natural, and social components. Figure 6 outlines
some of the community response considerations that were considered in the
determination of potential consequences within the context of this assessment.

Figure 6. Community Response Considerations
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The results of the consequence and likelihood scoring exercise are combined at
this stage to generate an overall risk rating for each climate impact interaction.
Putting all of this together, each interaction was assigned a qualitative risk score
based on the relationship between exposure, likelihood, and consequence. A
matrix was used to assign the category of risk, as shown in Figure 7.

Figure 7. Risk Score Matrix

Risk ratings can be defined as follows:

Negligible Risk (risk scores between 1 and 2): Risk events do not require
further consideration.
Low risk (risk scores between 3 and 4): Risk requiring minimal action. Controls
are not likely required.
Moderate risk (risk scores between 6 and 9): Risk that may require further
action. Some controls may be required to reduce risks to lower levels.
High risk (risk scores between 10 and 19): Risks that require action. Highpriority control measures may be required.
Extreme risk (risk scores between 20 and 25): Risks that require immediate
action. Immediate controls may be required.
Special Consideration: Describes two unique scenarios. Low likelihood and
high consequence interactions would consider events such as tornados, where
the likelihood of a direct hit is very low, but the overall consequence could be
catastrophic; and high likelihood low consequence events such as ongoing
deterioration of elements resulting from continued exposure to various climatic
conditions.

Our analysis has considered how SVGL might be able to prepare for higher
consequence interactions / risks in ways that support the prioritization of limited
resources while limiting the negative consequences of a potentially damaging or
catastrophic event.

2.1.3 Step 3: Action Planning
Identifying resilience strategies, categorizing them and prioritizing them is the
final step in Climate Change Adaptation and Resiliency Planning. The intent of
this Plan is to develop risk treatment and adaptation actions for interactions that
fall into high and extreme risk categories, as well as explore potential adaptation
actions for special consideration interactions. Low-moderate items have been
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flagged for reference for monitoring by SVGL into the future. Step 3 consisted of
the following components:
1. Identifying actions to reduce or avoid the harmful consequences of priority
climate risks
2. Evaluating actions against key decision criteria and implementation
considerations to help determine priorities for implementation. These decision
criteria include cost, timelines, and complexity.
3. Characterizing priority actions and developing implementation plans,
including information on estimated costs, timelines, the implementation
lead(s) and potential partners.

2.1.4 Step 4: Implementation
Step 4 is where the Summer Village of Ghost Lake will take the information that
has been synthesized as part of this project, and the implementation plan that
was subsequently developed, and begin to take action to increase the
community’s overall resilience in the face of a changing climate.
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3.

DATA COLLECTION

The climate data most relevant to the SVGL, including past and historic events that informed
plan development, are included within this section of the report. The section also explores the
Summer Village of Ghost Lake planning context with the intent of highlighting existing policy
language that can help inform climate action and create efficiencies between the various plans.
Finally, it summarizes the community elements that were analyzed during this Plan as being
material to SVGL’s climate response.

3.1

Community Elements
Elements were chosen based on discussions with the Summer Village of Ghost Lake,
review of the Village’s municipal documents such as the Municipal Development Plan
(SVGL, 2020) and the Village’s Sustainability Plan (SVGL, 2018) as well as input from
relevant MH staff. The development of the community elements list was also supported
by a site visit to SVGL on August 24, 2022. The visit helped to inform an understanding
of historic exposures, responses, and existing conditions of the community elements
included in the assessment. Elements included in this assessment as well as their
descriptions and reason for inclusion can be seen below in Table .
As described in Section 2.1, these community valued elements formed the basis of the
climate risk assessment. Each community element was assessed against the relevant
climate hazards as described in Section 3.1. In Step 3 of the climate adaptation planning
process, adaptation measures proposed for each interaction that was classified as a
high or extreme risk. Types of adaptation measures considered for this assessment
include but are not limited to those shown in Figure 8.

Structural

Nature-Based

Community
Tools

Risk Transfer/
Acceptance

Further Study

Replace

Protection

Community
Engagement

Bylaw & Policy

Modelling

Redesign

Natural
Infrastructure

Education &
Programming

Emergency
Response

Climate &
Financial
Analysis

Refurbish

Management

Incentivizing
Behaviour
Change

Procedures &
Guidelines

Data Gathering

Renovate

Restoration

Partnership &
Collaboration

Planning

Detailed
Assessments

Figure 8. Types of Adaptation Actions
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Table 1. Summary of Community Elements Included in Assessment
Community Pillar

Element

Description

Reason for Inclusion

Community Hall

SVGL Community Hall

The community Hall is noted as the main social
hub and meeting hall for the Village.

Municipal Services

Garbage collection, etc.

Services to the community and may be
impacted by future climate conditions.

Roads & Stormwater
Management

Overland Drainage,
Ditches, Culverts, etc.

Provides essential civil services to the
community which may be impacted by future
climate conditions.

Leased Property

Leased Property from
TransAlta

Leased property may have different operation
and maintenance procedures.

Management & Changes
Outside of Village Control

Forest Management,
Reservoir Management,
etc.

Certain impacts may fall outside Municipal
control but are still significant to consider,
particularly when identifying adaptation actions.

Staff

Municipal Staff

Health, safety, and overall working conditions
for staff may be impacted by future climate
conditions.

Residents

SVGL Residents (Local
and Tourist)

Health, safety, quality of life, and overall wellbeing of residents may be negatively impacted
by changes in climate conditions.

Residential Buildings

Building property of
SVGL residents

Building infrastructure of residents in the Village
may be vulnerable to changes in climate
conditions.

Residential Soft and Hard
Landscaping

Hard and soft
landscaping infrastructure
of SVGL residents

Hard and soft landscaping elements on
residential property may be impacted by future
climate conditions.

Private Septic Systems

Septic systems of SVGL
residents

Provides civil services to the community and
may be impacted by future climate conditions.
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Community Pillar

Element

Description

Reason for Inclusion

Golf courses

Specific purpose
greenspace area for
golfing and walking
activities.

Provides recreational activities for the
community. Natural areas may be impacted by
future climate conditions.

Marina

Sheltered Marina for
docking boats.

Provides shelter for resident boats and provides
access to related reactional actives to
community. Noted as important infrastructure in
the Municipal Development Plan.

Beachfront

Ghost Lake Beach Front

Developed recreational area for the community
Provides access to lake front activities. Natural
areas may be impacted by future climate
conditions.

Parks and Green spaces

All SVGL parks and
green spaces excluding
sensitive ecosystems

Provides recreational services and greenspaces
for the community. Natural areas may be
impacted by future climate conditions.

Sensitive Ecosystem Native Grasslands

Sensitive Grassland
Species

Sensitive ecosystems may be vulnerable to
changes in climate.

Groundwater
Quantity/Supply

Wells and natural springs

Main water source to most residents. May be
impacted by future climate conditions.

Groundwater Quality

Quality of groundwater
supply

Water quality is essential for community health
and may be impacted by future climate
conditions.

Surface Water

Surface water quality and
quantity, including
wetlands

Water quality and quantity are essential for
community health and may be impacted by
future climate conditions.
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3.2

Community Climate Profile
In general, by 2080 under a high global GHG emissions scenario, the Summer Village of
Ghost Lake is projected to become warmer with increasing intensity and frequency of
precipitation. Periods of extreme heat (heat waves) are predicted to increase, as are
extreme annual maximum temperatures. The timing of seasons is expected to shift, and
a decrease in freeze-thaw cycles is projected. Precipitation is expected to increase in all
seasons with the most notable changes in the winter and shoulder seasons. Increases in
temperature and evapotranspiration are predicted to lead to increases in the frequency
of intensity of drought and dry conditions. Total average snowfall is projected to
decrease leading to a possible reduction in the total snowpack, further exacerbating
seasonal drought and dry conditions. Conditions for convective events such as wind and
storm are predicted to increase in the region (City of Calgary, 2022)
Climate related hazards included in this assessment include:
▪
▪
▪
▪
▪

▪
▪
▪
▪
▪
▪

Average annual temperature
Extreme heat
Extreme cold
Total precipitation
Riverine flooding

Average snowfall
Rain on snow and freezing rain
Drought and dry conditions
Wind and extreme combination events
Invasive species
Wildlife (Direct and Indirect Impacts)

Table 2 is an overview of the results of the scenario analysis, demonstrating the overall
trends for the hazards that have the potential to impact the community as a result of
climate change.
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Table 2. Climate Trend Summary
Category

Climate Hazard

TEMPERATURE

PRECIPITATION

Direction of Change

Category

Climate Hazard

WIND AND EXTREME
COMBINATION EVENTS

Average Temperature

Wind Gusts

Extreme Hot Temperatures

Severe Storms

Cold and Extreme Cold Temperatures

Hail

Total Annual Precipitation

Tornadoes
Lightning Events

Extreme Rainfall

Wind-Driven Rain

Riverine Flooding
OTHER
Extreme Snowfall

Invasive Species
Rain-on-Snow Events
Freezing Rain Events

Drought / Dry Conditions

WILDFIRE

Forest Fires – Wildfire Interface

Reduced Air Quality
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High and extreme risk interactions for SVGL are projected to result from extreme heat,
wildfire, wind and extreme combination events, invasive species, extreme precipitation,
riverine flooding, and drought and dry conditions. The following sections explore these
hazards in more detail.

3.2.1 Extreme Hot Temperatures
Extreme hot temperatures are expected to increase by the 2080 time
period. The Summer Village of Ghost Lake is predicted to see a
significant increase in the number of days over 30°C annually, with less
than two days per year projected at baseline increasing to over 55 days
per year by the 2080s (Climate Data, 2019). Days over 32°C are
projected to increase by approximately 23 times by the 2080s with
days over 37°C increasing approximately 3 times by the 2080s compared to
current baseline conditions (Climate Data, 2019).

3.2.2 Extreme Precipitation
Extreme precipitation events are expected to increase in
frequency and severity by the 2080 time period (Climate Data,
2019). Max total one day precipitation is expected is expected
to increase by 33% by the 2080 time period (Climate Data,
2019). Precipitation is predicted to increase during all seasons
with the most notable increases in the fall, winter and spring
and less significant increases during the summer season (Climate Data, 2019).

3.2.3 Riverine Flooding
The Government of Alberta is currently incorporating climate
projections into provincial flood mapping data sets, which is not
yet publicly available at the time of writing this report
(Government of Alberta, 2022). That said, increases in riverine
flooding have been predicted for most of western Canada
(Sauchyn et al., 2020) as well as regionally (City of Calgary,
2022). Max total one day precipitation is to increase by 33% by
the 2080 time period (Climate Data, 2019). Sudden intense and/or prolonged
precipitation events could increase the likelihood of riverine flooding within the
watershed, though it is important to note that the local hydrological conditions at
the SVGL are largely influenced by the Bow River Dam infrastructure.

3.2.4 Drought/Dry Conditions
Drought and dry conditions are predicted to increase slightly in
the region by the 2080 time period (City of Calgary, 2019). The
number of periods with five or more consecutive dry days (days
with less than 1 mm precipitation) are projected to increase by
18% by the 2080 time period (Climate Data, 2019).

20

DRAFT – SVGL Climate Resilience & Adaptation Plan
October 2022

3.2.5 Wildfire
Wildfires are predicted to increase in severity and frequency in
the region under future projected climate conditions (Sauchyn et
al., 2020). Risk of extreme wildfire is said to already have
increased by a factor of 1.5 to 6 due to changes in climate
conditions from human influence (Sauchyn et al., 2020).
Increases in temperatures and dry conditions in the future will
likely increase this risk (Sauchyn et al., 2020).

3.2.6 Extreme Combination Events
Extreme weather events with increased intensity and severity
due to changing climate conditions will be the most challenging
consequence to the prairie provinces related to climate change
(Sauchyn et al., 2020). Wind and storm events have the
potential to have severe negative impacts on natural and built
infrastructure. In addition, the frequency of the events has a high
level of uncertainly and are very difficult to forecast. Favorable conditions for
severe storm formation are predicted to increase by 77% for the region by the
2080 time period (City of Calgary, 2022).

3.2.7 Invasive Species
The number of growing degree days (5°C) in projected to
increase by approximately 101% by the 2080 time period
(Climate Data, 2019). Local greenspaces, agriculture and crop
production may benefit from increases in temperatures in the
region, however these benefits will be contrasted with impacts
such as increased in pests and invasive species (Sauchyn et
al., 2020). Future projected climate conditions are expected to lead to an
increase in invasive species (Sauchyn et al., 2020).
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3.3

Summer Village of Ghost Lake Planning Context
Two key planning documents informed the development of the Summer Village of Ghost
Lake’s Climate Resilience and Adaptation Plan (Figure 9). These two documents also
have the ability to work alongside this Plan for more effective and resource-efficient
implementation.

Figure 9. SVGL Planning Context

3.3.1 Sustainability Plan
The Sustainability Plan (SP) was adopted by Council in 2012. During the
consultation for the Municipal Development Plan (MDP) in 2020, most residents
felt that the SP was still relevant, despite being an older planning tool, therefore it
was not updated, and the MDP was developed using the SP as a foundation.
The SP identifies village values such as respect, safety, environmental
stewardship, and local governance. The vision further describes these values
and prioritizes preserving the village lifestyle alongside environmental
stewardship. There are many priority initiatives that can be explored from a
climate resilience perspective, including actions related to learning about and
preserving the natural environment features that are fundamental to the
community’s identity and sense of place.

3.3.2 Municipal Development Plan
The Summer Village of Ghost Lake’s Municipal Development Plan (MDP) was
approved by bylaw in April 2020 and is intended to address future land use and
development. The MDP also lays out a vision for the community’s future and
establishes goals and policies to help the community move towards that vision.
As explained in the MDP, SVGL has several unique aspects regarding population
and development constraints. SVGL has numerous seasonal landowners, as well
as children and family members who may not have been counted in the
population due to being classed as ‘visiting’. The community also has a higher
than average population of older adults (65+) – 23.5% as compared to Alberta’s
12.3%. This may have implications for climate resilience, as youth and
seniors/elderly populations may be more vulnerable to climate-related impacts.
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The MDP identifies development constraints such as Highway 1A, areas of steep
slopes, TransAlta lease area (along shoreline for recreational purposes),
wetland, and natural water springs. These constraints also require consideration
from a climate resilience perspective. For example, steep slopes may be
susceptible to erosion during extreme weather events; drought may impact
surface water levels in wetlands; and leased areas mean that there can be
limited municipal authority to take proactive action on land not owned.
There is limited commercial development in SVGL, therefore commercial areas
were not included in the community elements assessed in this project. Likewise,
agriculture is common in the landscapes surrounding SVGL, but there is no
agricultural land within the municipal boundaries, therefore this was also
excluded.

MDP Vision: “In 10 to 15 years, the Summer Village of Ghost Lake will
remain a small, cohesive and self-reliant municipality where commitment
to the community is readily apparent, and where people take advantage of
retained open spaces and direct access to the Ghost Reservoir for
recreation and relaxation.”
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4.

RISKS AND OPPORTUNITIES
- RESULTS SUMMARY

Using the methodology as described in Section 2, 234 interactions (18 elements crossreferenced with 13 hazards) were assessed. Of these interactions, 17 extreme risks, 42 high, 23
moderate, 71 low, 33 negligible, 10 no risk, and 38 special consideration items were identified
under projected 2080s conditions (Figure 10).

Figure 10. Risk Summary Under Projected Future Conditions

The changes in the risk profile from the baseline time period to the projected future 2080s time
period are summarized in Figure Figure 11, and detailed below.

Figure 11. Summary of Changes from Baseline to Projected Future Conditions
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4.1

Baseline Conditions Risk Profile
The risk profile for baseline conditions consists of 6 negligible, 139 low, 49 moderate, 19
high, 0 extreme, and 11 special consideration risk interactions. High risk interactions are
dominated by interactions with extreme heat and wind and extreme combination events
with 5 and 10 interactions respectively. These risks result from interactions with exposed
municipal and community-built infrastructure; natural spaces; as well as residents and
staff. Other high-risk interactions included one of each of the following climate hazard
interactions: riverine flooding, drought and dry conditions, indirect wildfire impacts and
invasive species. High risk interactions were seen for most elements in baseline
conditions with the exception of the leased TransAlta property, hard and soft
landscaping, water supply, groundwater quality, private septic systems, and surface
water quality and quantity.

4.2

Future Conditions Risk Profile
Future projected conditions for the 2080 time period consisted of 33 negligible, 71 low,
23 moderate, 42 high, 17 extreme, and 38 special consideration risk interactions.
Climate interactions resulting in high and extreme risks are similar to baseline conditions
including extreme heat, wind and extreme combination events, riverine flooding, drought
and dry conditions, indirect wildfire events and invasive species. However, the 2080
period also sees the addition of risk interactions resulting form average temperature,
extreme precipitation, and direct wildfire interface.
All elements evaluated had at least one high risk interaction identified, except for water
supply and private septic systems.
Most elements had at least one extreme risk interaction except for:
•
•
•
•
•
•
•

the leased TransAlta property,
hard and soft landscaping,
water supply,
groundwater quality,
private septic systems,
surface water quality and quantity, and
management changes outside SVGL control.

There is a distinct shift to higher levels of risk interactions for elements in SVGL during
the 2080 time period when compared to baseline conditions. This shift is mainly driven
by increasing likelihood scores of temperatures, precipitation, wildfire, wind and extreme
combination events, and invasive species.

4.3

High and Extreme Risks Carried Forward
High and extreme risk items were carried forward in the process, meaning that the
project team recommended risk treatment and adaptation options for these risks to help
SVGL prioritize the actions that will have the most impact when considering how to
increase community resilience. All assessed elements had at least one high or extreme
risk interaction except for wells and natural springs and private septic systems.
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Moderate and low risk items do not require any further actions at this time. It is
worthwhile to revisit this risk assessment periodically as an important part of plan
monitoring and evaluation, to ensure that risk scores are still accurate over time. There
is the possibility that as data and projections improve, or as SVGL’s situation changes,
risk scores may change, and something that is moderate at the time of this assessment
may elevate to a high risk in the future, meaning that action may be required.
No extreme risk interactions were identified under current conditions. Projected extreme
risk interactions for the 2080 time period resulted mainly from extreme heat and extreme
combination events with remaining extreme risks coming from wildfires (indirect), and
invasive species as shown in Table 3.
The full results are compiled in APPENDIX C: Detailed Risk
Assessment Results.
Table 3. Extreme Risk Interactions
Climate Hazard

Interactions

Extreme Heat

▪
▪
▪
▪
▪

Community Hall
Municipal Staff
Municipal Services
Residential Buildings
Residents

Extreme Combination
Events

▪
▪
▪
▪
▪
▪
▪
▪
▪
▪

Community Hall
Golf course
Marina
Beachfront
Parks & Greenspaces
Roads & Stormwater Management
Municipal Staff
Municipal Services
Residential Buildings
Residents

Wildfire - Indirect
Impacts

▪

Residents

Invasive Species

▪

Sensitive Ecosystems - Native Grasslands
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Table 4. Risk Workshop Summary
Baseline Conditions (1981-2010)

Projected 2080s Conditions (2071-2100)

Negligible
Risk

Low Risk

Moderate Risk

High Risk

Extreme Risk

Special
Consideration

Negligible
Risk

Low Risk

Moderate Risk

High Risk

Extreme Risk

Special
Consideration

Municipal Buildings
and Services

-

42

8

7

-

4

8

19

4

11

5

14

Homes and People

1

42

9

7

-

4

10

23

3

11

7

9

Parks, Greenspaces, &
Recreation

2

36

19

5

-

3

9

21

6

16

5

8

Water

3

19

13

-

-

-

6

8

10

4

-

7
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5.

CLIMATE ADAPTATION PLAN

For the Summer Village of Ghost Lake, climate adaptation planning needs to prioritize actions
that reduce the negative impacts of climate change and protect individuals and community
resources from said impacts; all with an eye to remaining practical, affordable, and
implementable for a small community with limited capacity and resources. As this Plan has
conveyed thus far, all governments, sectors, and communities have a role to play in the local
and global responses to climate change. It is crucial that communities of all sizes prioritize
resilience to climate impacts even though there is still uncertainty about where, when, and how
severe these impacts may be. This planning exercise has set out to reduce some of this
uncertainty for SVGL, so that staff and residents can continue on a journey to learn what works,
what doesn’t, and what actions can be taken to remain resilient in the face of such uncertainty.
This section of the Plan is structured around the four community pillars introduced in Section
1.3, and carried throughout. For each pillar, there is a guiding principle statement, intended to
help the reader understand the intended outcomes of the selected action item. Each pillar also
includes a prioritized action list, developed based prioritized short-term actions that the Summer
Village of Ghost Lake can take in order to improve the community’s resilience to climate impacts
while continuing to live within their means. To be more manageable, adaptation actions in this
section have been presented for high and extreme risk actions, and proposed action items
prioritize co-benefits and multi-solving solutions wherever possible.
Many adaptation actions were designed specifically to minimize risk in more than one category.
Adaptation actions also prioritize things that are within SVGL’s sphere of influence, or actions
that the community has direct control over. In some cases, actions are also considered where
there are opportunities to partner with other actors, participate in other programs, and/or
advocate for solutions by other actors and jurisdictions (e.g. the provincial government) that aim
to increase the community’s resilience. Finally, each pillar contains some information about how
residents and community members can take individual action, and what they can do within their
own sphere of influence to contribute to the goals of the Plan.

Guiding Principle: Municipal buildings, along with other infrastructure (such as roads), are
upgraded using climate informed data and decision-making processes when the time comes.
The municipality is adequately prepared to continue service delivery at the levels expected by
residents despite potential future impacts of climate change.
Action M.1.

Residential Action Callout Box

Action M.2
Action M.3
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Guiding Principle: Residents have the tools and information they need to make climate
information decisions and enhance the resilience of their homes and properties. Residents and
community members have safe spaces to shelter from acute climate impacts.
Action H.1
Residential Action Callout Box
Action H.2
Action H.3

Guiding Principle: The community works together to protect and conserve both recreational
and natural greenspaces for their intrinsic and recreational values, which helps to leverage
nature-based solutions to enhance the community’s resilience to a changing climate.
Action P.1

Residential Action Callout Box

Action P.2
Action P.3

Guiding Principle: All residents, community members, and visitors have a source of safe and
reliable drinking water. Both surface and groundwater sources are protected as our water
provides many benefits beyond drinking water, including supporting natural systems and
recreation.
Action W.1
Residential Action Callout Box

Action W.2
Action W.3
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6.

PLAN IMPLEMENTATION

This Plan identifies 12 key priority actions the Summer Village of Ghost Lake could implement to
increase the community’s resilience in the face of a changing climate while respecting existing
capacity and resource limitations, as well as retaining valued community attributes. Many of
these actions build upon and are supported by the analysis in the Municipal Development Plan
and the Sustainability Plan.
Small investments in actions that help reduce vulnerability and risk can result in many social,
economic, and environmental co-benefits. The actions presented in this Plan are not mandatory,
but it is recommended that SVGL prioritize the implementation of these 12 actions recognizing
that the community is vulnerable to climate change, and there are steps that can be taken to
become more resilient to climate change impacts. This section provides a high-level
assessment of how the Summer Village of Ghost Lake can implement the 12 priority actions.
Table 5. Resilience Strategy Implementation Order of Magnitude Definitions
Cost

Implementation Timeline

Community Priority

$

Lowest Cost
Implementation

Near-term

5-10 year

Low

Low priority recommendations are the
nice-to-dos. Lower priority items may
have high costs, and long-term
implementation timelines. The
community may feel that these are the
least impactful for their overall resilience.

$$

Moderate Cost for
Implementation

Medium-term

10-25
years

Moderate

Moderate priority recommendations will
address the values of most concern to
the community, though they may not
necessarily represent treatment of the
greatest risk, and/or largest number of
resilience items.

$$$

Highest Cost of
Implementation

Long-term

25+ years

High

These strategies will address the highest
risk elements, or the largest number of
risks. Implementation is strategic to
reduce risk the greatest extent possible
for the SVGL

Section 5 describes the highest priority action items in each pillar to serve as the immediate
priority, to focus attention and resources where they have the potential to be most impactful.
Section 6 provides implementation considerations for the full list of recommended actions based
on an assessment of what SVGL could realistically achieve in the short-medium term to respond
to the high and extreme risks identified during this planning process. By including order of
magnitude implementation considerations, this portfolio of actions is intended to serve as a
resource for SVGL, allowing decision-makers to draw upon this list where funding, resources,
and capacity allows.
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Table 6. High-Level Implementation Plan
Action
ID

Action Description

Action Category

Risks Addressed

M.1

Update planning processes to account for changes to operating costs and
resilience to a changing climate, such as upgrading emergency power options,
upgrading to high temperature sealants at time of renewal, developing an external
power outage operations management plan, clearing pathways for overhead utility
lines, stormproof siding/windows etc.

Structural, Further Study

AT-1; EH-1; WEC-1; WEC-9;
WFD-1; WFI-1;

M.2

Develop climate-related safety policies and procedures for staff to protect human
health and safety and identify procedures for safely continuing or resuming service
delivery, such as identifying safe working temperatures and procedures for
extreme heat events.

Risk Transfer/Acceptance

EH-3; EH-4; EH-9; WEC-12;
WEC-7; WEC-8; WFD-5;
WFD-6; WFD-7; WFI-6;

M.3

Detailed condition and risk assessment of the Community Hall to identify specific
upgrades and resilience measures to ensure the facility can continue to act as a
climate shelter during extreme and/or poor air quality events, as well as remain
resilient to changing climate conditions to support service delivery. Could consider
programs such as FCM's Municipal Retrofit pathway.

Structural, Further Study

EH-7; WEC-10; AT-1; EH-1;
WEC-1; WEC-9; WFD-1; WFI1;

M.4

Conduct a stormwater analysis to identify properties which are at risk of overland
flooding and prepare measures to protect those properties. This should include a
program to ensure roads, ditches, and culverts are maintained in a state of good
repair.

Further Study

HP-1;

M.5

Work with other levels of government (eg., Province of Alberta) to consult on future
dam construction, riverine flooding, and drought risk to mitigate potential future
impacts to SVGL.

Community Tools, Risk
Transfer/Acceptance

RF-1; DD-1;

M.6

Develop/Review Fire Fighting Response Plan. Including access to water both
when lake is at normal and low level.

Risk Transfer/Acceptance

WEC-8; WEC-9; WFD-1;
WFD-2; WFD-10; WFD-11;

H.1

Support homes and residential buildings in identifying resources to achieve high
efficiency cooling upgrades to counter solar heat gain, as well as protection from
extreme events such as fire breaks. Consider combining with energy-efficiency
measures to leverage funding, for example through FCM's local home-energy
upgrade financing program.

Community Tools

AT-4; EH-6; EH-8; WFD-8;
WFI-7;

H.2

Develop and implement community education and participation programs on water
use and drought tolerate landscaping, for example rain barrel programs, tree
planting programs and so on. Could consider programs such as TD's Friends of
the Environment to help offset costs.

Community Tools

AT-5;

H.3

Develop an emergency management plan in coordination with neighbouring
communities, and develop associated community engagement programs to ensure
all residents understand how to remain safe during extreme events (including for
both essential and recreational activities).

Risk Transfer/Acceptance

EH-7; WEC-10; WEC-11;
WFD-3; WFD-9; WFI-3; WFI-4;
WFI-5; WFI-8;
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Action
ID

Action Description

Action Category

Risks Addressed

P.1

Add an irrigation system to the golf course to accommodate increases in water
demand and improve the resilience to high temperatures and drought.

Structural

AT-2; AT-3; WFD-4;

P.2

Accept a 'go golden' approach to parks and maintained greenspaces, to reduce
watering needs during periods of high temperatures and drought.

Risk Transfer/Acceptance

AT-2; AT-3; WFD-4;

P.3

Develop and implement a fire-smart climate resilient landscaping program for
parks and recreational areas, including actions such as planting drought-tolerant
grass and plant species, installing wood chips around large vegetation to support
moisture retention, planting species that can act as wind breaks, and planting trees
with large canopies to support shading of recreational and naturalized spaces.

Community Tools, Risk
Transfer/Acceptance

AT-2; AT-3; EH-10; EH-2; EH8; WEC-11; WEC-2; WEC-3;
WEC-5; WFD-4; WFI-2; EH-5;

P.4

Conduct further analysis into strategies to protect native grasslands from erosion
and flooding due to extreme precipitation events. Examples of strategies might
include designing retaining ponds to prevent water from pooling in sensitive areas,
planting water-tolerant native species in areas prone to pooling/flooding, or
relocating/creating compensation areas for native grasslands where other
conservation strategies are not possible.

Further Study

HP-2;

P.5

Prepare and implement detailed Invasive Vegetation Management plan that
provides best management practices on how to eradicate and prevent the growth
of invasive species, and includes considerations of how native ranges may shift
over time in a changing climate.

Risk Transfer/Acceptance,
Further Study

IS-1; IS-2; IS-3; IS-4; IS-5; IS6;

P.6

Conduct an assessment on trees in landscaped and maintained areas to assess
the health and condition of trees, identify high-risk trees that may pose potential
threats to public safety, and develop mitigation strategies to balance tree health
with human safety.

Further Study

WEC-2; WEC-3; WEC-5;
WEC-6; WFD-4;

P.7

Explore the feasibility of mitigation measures to protect beachfront area from wind
and extreme storm events, such as retaining walls to protect infrastructure and/or
planting sand tolerant species to develop a robust root network to combat erosion.

Further Study

WEC-4; WEC-5;

W.1

Develop a community education and participation program to educate the
community on potential surface and ground water impacts and encourage
community members to report potential impacts observed on surface water.

Community Tools

WEC-13; WFI-10; WFI-9;

W.2

Develop plans for back up water supply if groundwater supply has been impacted.

Risk Transfer/Acceptance,
Structural

WFI-9;

W.3

Conduct a detailed groundwater assessment to assess the likelihood and
consequence of climate impacts on well quantity/quality, and explore the feasibility
of more specific adaptation actions where appropriate.

Further Study

WFI-9;
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7.

MONITORING AND EVALUATION

The actions recommended in this Plan provide a path forward for the Summer Village of Ghost
Lake to respond to climate risk and increase community resilience. This Plan should be
evaluated regularly; it is recommended that an evaluation of this Plan occur at least every five
years. Through the ongoing monitoring and evaluation process, SVGL can assess what has
been achieved, what challenges have arisen, what lessons have been learned, and what new
actions need to be added to the prioritized list of actions.
.
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8.

CLOSURE

The Summer Village of Ghost Lake retained Morrison Hershfield to conduct the work described
in this report, and this report has been prepared solely for this purpose.
This document, the information it contains, the information and basis on which it relies, and
factors associated with implementation of suggestions contained in this report are subject to
changes that are beyond the control of the authors. The information provided by others is
believed to be accurate and may not have been verified.
Morrison Hershfield does not accept responsibility for the use of this report for any purpose
other than that stated above and does not accept responsibility to any third party for the use, in
whole or in part, of the contents of this document. This report should be understood in its
entirety, since sections taken out of context could lead to misinterpretation.
We trust the information presented in this report meets Client’s requirements. If you have any
questions or need additional details, please do not hesitate to contact one of the undersigned.
Morrison Hershfield Limited
Prepared by:

Clarissa Huffman
Climate Risk Project Manager
chuffman@morrisonhershfield.com

Alexander Templeman
Climate Risk Analyst
atempleman@morrisonhershfield.com
Reviewed By:

Joelle Doubrough
Senior Environmental Planner
jdoubrough@morrisonhershfield.com
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Andrew Harkness
Director, Climate Change Practice Lead
aharkness@morrisonhershfield.com
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