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EXECUTIVE SUMMARY
Eastern Charlotte Waterways Inc. (ECW) worked
in partnership with the Southwest New Brunswick
Service Commission (SNBSC), Local Service District
(LSD) representatives and local municipalities to
continue to build on pre-existing partnerships to
help communities and service providers anticipate,
address and prepare for present and future
climate change challenges. This project enacted a
coordinated, collaborative approach that relied upon
local knowledge and expertise, contemporary climate
data and future oriented projections obtained from
expert climate professionals, as well as technical
oversight and input from pivotal stakeholders and
feedback from several community engagement
events. We are continuously working to increase
climate awareness and salience in the region. The
goals of this project revolved around increasing
education and awareness, providing a platform
for community and stakeholder involvement,
determining local impacts from climate change
and equipping regional and municipal leaders with
tangible, feasible adaptation action items that range
in geographic scope and in practicality.
This project aims to promote a multi-pronged
approach to climate change planning, including
mitigation efforts and adaptation tools and strategies
for southwestern New Brunswick. This regional
plan contains well-researched vulnerability and risk
assessments using the ICLEI, Changing Climates,
Changing Communities methodology, to climate
change in the region and recommended adaptation
action items and solutions. Climate risks in this
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region include, but are not limited to, sea-level
rise, inland flooding, increased temperatures and
changes in biodiversity. Vulnerability and risk
assessments were conducted to determine the
extent to which these climate risks may impact
areas including important physical infrastructure
(primary roadways, energy infrastructure, etc.), social
infrastructure (public health, community cohesion,
etc.), environmental infrastructure (drinking water,
coastal regions, biodiversity, etc.) and economic
infrastructure (fishing, natural resource industry,
etc.). The adaptation action items included in this
plan exist along a wide spectrum of actions that
are required for future planning around climate
impacts. These solutions range from policy-based
recommendations, to planning solut ions to on-theground, practical implementation solutions.

the active community engagement to ensure that
the concerns relating to climate change impacts
are properly represented and integrated into future
planning, policy and development in the area.
This plan provides a regional analysis of climate
change risks and impacted areas, the methodology
of planning and stakeholder engagement and a
service sector breakdown of specific climate impacts
that relate directly to areas of concern relating to
service areas, not geographical scope. The intent
of approaching the adaptation planning process as
a regional analysis of climate change impacts and
consequences to service areas was to demonstrate
that although climate impacts, such as temperature
rise and flooding, show geographical variability, they
also manifest in different measures of severity and
vulnerability depending upon the impacted area.

Adaptation solutions can be attributed to regional
level planning, municipal governments and individual
community members and homeowners. The demand
for climate change adaptation planning continues to
grow as an issue of pivotal importance for municipal
planning within local governments. It is anticipated
that policy and planning procedures moving forward
will continue to work toward incorporating a
climate lens on all levels of governance and decisionmaking. This plan operates under the assumption
that it is perceived to be a living document. As
such, climate change projections must be updated
and maintained in order to continue to provide an
accurate depiction of climate change impacts in
the region. The essence of this plan depends upon

Included as an appendix to this plan is an ArcGIS
package that contains a number of important
climate risk and asset datasets to be used as a
policy and planning tool for regional collaborators.
Within this package there are:
01 Sea level rise contour lines that depict sea level
projections for 2030, 2050, and 2100 in addition
to 1-in-10 storm surge events for each of those
years. This data was computed by R.J. Daigle
Enviro using the IPCC AR5 climate projections
and the 2019 New Brunswick GeoNB LiDAR
data. This can be used as a method to develop
coastal flooding building guidelines.

02 Wet area mapping (WAM) for major
precipitation events of 100 mm and 200 mm,
based on Intensity Duration Frequency (IDF
curves) resulting from a high emission (RCP 8.5)
scenario. These layers demonstrate where water
is likely to pool after rainfall events and their
calculation has taken soil drainage, land cover,
and elevation into account. The modelling was
done by Dr. Paul Arp and Jae Ogilvie at the UNB
Forest Watershed Research Centre. WAMs can
be used as a method to develop inland flooding
building guidelines.
03 ArcMap documents showing current and
predicted required culvert placement and size.
These maps use a combination of WAMs,
predicted flow channels, and data acquired
from the Department of Transportation and
Infrastructure (DTI), all of which can be found
within the package. These maps can be used as a
development tool for future DTI road projects.
04 An infrastructure layer that includes: a listing
of critical infrastructure, and the placement of
emergency stations in the region (data provided
by the Emergency Measures Organization), and
the placements of dams (data acquired from the
Nature Conservancy of Canada and Geo NB).
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ICON LEGEND
This document features a series of icons in the
sidebars of the risk section. These icons were
designed as a visual reference guide that the
community can use to track the impacts of climate
change in this document, the accompanying web
resource, and any future climate change design
efforts in southwestern New Brunswick. The icons
were created in two categories: climate risks and
service areas. Climate risks refer to possible climate

scenario or risk to the region. Service areas refer
to the direct or indirect impacts of these climate
risks. Some impacts have been grouped together in
an effort to simplify the information. For example,
policy and planning have been grouped together and
sea level rise and storm surge have been combined
into coastal flooding. In each section, the icons that
are highlighted in the sidebar represent what climate
risk or service area is relevant to the discussion.

C L I M AT E R I S K S
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C O A S TA L F L O O D I N G
Sea levels are rising in New Brunswick
because of melting terrestrial ice caps, ice
sheets, and glaciers adding extra water
to oceans, the coastal Maritimes sinking
due to falling land levels and sea water
expanding as it heats up. The Atlantic
Canada region is projected to experience
between 75 and 100 cm of sea level rise.

WILDFIRES
Increased warm and dry conditions
combined with longer periods without rain
will increase likelihood of wildfires and
higher temperatures can make the fire
burn faster.

FLASH FREEZE CYCLES
A freeze-thaw cycle occurs when the daily
maximum temperature in the winter is
higher than 0°C and the daily minimum
temperature is less than or equal to -10°C.

I N L A N D F LO O D I N G
Inland flooding occurs from two main
sources: riverine and pluvial. River flooding
can happen when excessive rainfall takes
place over an extended period of time,
pushing water levels past the river’s
carrying capacity. Pluvial or flash flooding
results from heavy precipitation events
taking place over a short period of time.

I N C R E A S E D T E M P E R AT U R E S
Average annual temperatures in New
Brunswick have increased by 1.5°C over the
last 100 years. Climate models predict that
by 2100, the temperature will increase by 3
to 3.5°C.

OCEAN BIODIVERSITY
The Bay of Fundy has been one of the
fastest warming marine environments in
the world and climate models predict that
an average sea surface temperature rises by
an additional 3°C by 2065.
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SERVICE AREAS
PUBLIC INFRASTRUCTURE
Refers to government owned assets such
as wharves, ferries, buildings, wastewater
facilities, etc.

N AT U R E & E C O S Y S T E M S
Refers to the living environment and
communities that house wildlife habitats,
natural water systems and so forth.

W AT E R S U P P LY
Refers to municipal water supply
sources that supply the communities in
southwestern New Brunswick.

RESIDENTIAL PROPERTIES
Considers how individual residential
properties have been or will be impacted by
climate change.

PLANNING & PUBLIC POLICY
The mechanisms that governments can
adopt to help mitigate and adapt to climate
change.

INDIVIDUAL/PUBLIC
The resources and tools available to
individuals, communities and the public
in order to help mitigate and adapt to
climate change.
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G LO S S A RY
A D A P TAT I O N :
Adjustment in natural or human systems in response
to actual or expected climate stimuli or their
effects, which moderate harm or exploit beneficial
opportunities. Several types of adaptation can be
distinguished, including anticipatory (before an
event) and institutional (after an event) adaptation.
(International Panel on Climate Change)
A D A P T I V E C A PA C I T Y :
The whole of capabilities, resources and institutions
of a country, region, community or group to
implement effective adaptation measures. (United
Nations Framework Convention on Climate Change)
BASELINE:
The baseline (or reference) is the state against which
the change is measured. It might be a ‘current
baseline’ in which case it represents present-day
conditions. It might also be a ‘future baseline’ which
is a projected future set of conditions excluding
the driving factor of interest. (Canadian Institute of
Planners)
CHRONIC OBSTRUCTIVE PULMONARY
D I S E A S E ( C O P D ):
A lung disease characterized by chronic obstruction
of lung airflow that interferes with normal breathing
and is not full reversible. (World Health Organization)
C L A S S “ D ” C O S T E S T I M AT E
The Class “D” estimate is an order of magnitude
conceptual stage budget that is often used to screen
alternative solutions. Design documents are in the
initial stages but sufficient information is available to
provide an indication of cost and allow for ranking of
the options being considered. This level of estimate
has the lowest level of confidence and is typically
carried out during the Conceptual Design stage.
Such estimates are order of magnitude estimates
based often on comparisons to similar buildings or
facilities or gross square metre costs. Such estimates
should never be used for developing cost budgets
for financing or approval for project authorizations.
Some references attach a ±45% level of confidence to
such estimates. (CBCL Limited)
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C L I M AT E C H A N G E :
United Nations Framework Convention on Climate
Change (UNFCCC) defines climate change as
“a change of climate which is attributed directly
or indirectly to human activity that alters the
composition of the global atmosphere and which is in
addition to natural climate variability observed over
comparable time periods.” The UNFCCC thus makes
a distinction between climate change attributable
to human activities altering the atmospheric
composition, and climate variability attributable to
natural causes. (Natural Resources Canada)
C L I M AT E S C E N A R I O :
A plausible and often simplified representation of
the future climate, based on an internally consistent
set of climatological relationships and assumptions
of radiative forcing, typically constructed for explicit
use as input to climate change impact models. A
‘climate change scenario’ is the difference between
a climate scenario and the current climate. (Natural
Resources Canada)
C O M M U N I T Y B A S E D A D A P TAT I O N :
Community-based adaption focuses attention on
empowering and promoting the adaptive capacity
of communities. It is a proactive problem living
and forward-looking approach that takes contexts,
culture, knowledge, agency, preferences, and
particularities of communities and their members as
strengths. (Canadian Institute of Planners)
C U LT U R A L H E R I TA G E S I T E S :
historic buildings and town sites, important
geological sites and works of monumental cultural
importance. (UNESCO World Heritage Sites)
ECO-ANXIETY:
A chronic fear of environmental doom. (American
Psychological Association)
E M E R G E N C Y P R E PA R E D N E S S :
The management of emergencies concerning all
hazards (natural and human-induced), including all
activities and risk management measures related to
prevention and mitigation, preparedness, response
and recovery. Mitigation in this context refers to
sustained actions taken to eliminate or reduce
risks and impacts posed by hazards well before
an emergency or disaster occurs, and is generally
synonymous with ‘adaptation’ in a climate change
context. (Natural Resources Canada)

F LO O D S C E N A R I O S:
Flood Scenarios are based on projected sea levels
and storm events that may impact a given area.
They are generally outlined in “likelihood” of the
event occurring. For example, a 1 in 10-year storm
event is likely to happen once every 10 years, or each
year there is a 10% chance of it happening. (Natural
Resources Canada)
GREEN/LIVING SHORELINES:
Green/living shorelines use vegetation and natural
materials to reduce negative impacts on nearshore
habitat for plants, fish, and wildlife while protecting
property. (Natural Resources Canada)
G R E E N S PA C E :
Any vegetated areas of land or water within or
adjoining an urban area. (Forest Research Centre)
H I G H E R H I G H - W AT E R L A R G E T I D E
( H H W LT ):
The average of the highest high tide waters, one from
each of the 19 years of predictions.
I M PA C T S :
The term “impacts” is used primarily to refer to the
effects on natural and human systems of extreme
weather and climate events and of climate change.
Impacts generally refer to effects on lives, livelihoods,
health status, ecosystems, economic, social, and
cultural assets, services (including environmental),
and infrastructure due to the interaction of climate
changes or hazardous climate events occurring
within a specific time period, and the vulnerability
of an exposed society or system. Impacts are also
referred to as consequences and outcomes. The
impacts of climate change on geophysical systems,
including floods, droughts, and sea level rise, are a
subset of impacts called physical impacts. (Canadian
Institute of Planners)
I M PA C T A S S E S S M E N T S :
Impact assessments (for climate change) The practice
of identifying and evaluating, in monetary and/or
non-monetary terms, the effects of climate change
on natural and human systems. (International Panel on
Climate Change)

I N T E N S I T Y D U R AT I O N F R E Q U E N C Y
CURVES:
Intensity Duration Frequency Curves a computerized
web-based IDF tool integrates a user interface with a
Geographic Information System (GIS). The user will
be able to carry out statistical analysis on historical
data, as well as generate and verify possible future
change based on a methodology using a combination
of climate modelling outputs and locally observed
weather data. (IDF_CCTool)
M A N A G E D R E T R E AT :
Refers to the relocation of important infrastructure
or assets in flood prone zones to areas that are not
directly impacted by in-land flooding or sea level rise.
M U N I C I PA L P L A N :
Municipal Plan a planning document that accounts
for a municipality strategic vision in areas relating
to economic, social, environment, etc. growth and
vibrancy.
M I T I G AT I O N :
The longer-term cousin of climate adaptation.
Mitigation is a type of intervention used to reduce
the anthropogenic forces of the climate system;
it includes strategies and measures to reduce
greenhouse gas sources and emissions including the
use of ‘sinks’, which are natural features that absorb
carbon such as forests. Planners address mitigation
through intensification, active transportation,
promoting public transit, encouraging the use of
renewable energy, and reducing fossil fuel use with
vehicle traffic. (Canadian Planners Institute)
N AT U R A L A S S E T M A N A G E M E N T :
The value of natural assets increased considerably
due to their resiliency and adaptability under climate
change and intensified development scenarios.
(Municipal Natural Asset Initiative)
V U L N E R A B L E P O P U L AT I O N S :
Vulnerable Populations groups and communities at a
higher risk for poor health as a result of the barriers
they experience to social, economic, political and
environmental resources, as well as limitations due to
illness or disability. (National Collaborating Centre for
Determinants of Health)
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SECTION 2:

Southwestern
New Brunswick
Regional Analysis
Southwestern New Brunswick rests along
the Bay of Fundy, the Fundy Isles and
shares a border with the northern part
of Maine. A population of approximately
65,287, southwest New Brunswick relies
on main industries such as commercial
fishing, manufacturing, health care and
social assistance and public administration
as essential components of the local
economic livelihood. Other areas of
employment include construction,
retail trade, agriculture and forestry
and accommodation and food servicebased jobs. Southwest New Brunswick
is comprised of both municipalities and
local service districts as much of the area
is designated to be rural communities that
present a major geographical challenge. The
southwest region of New Brunswick rests
within the RSC 10 geographical boundaries.
Municipalities in this area include the
Town of St. Stephen, St. George, Saint
Andrews, the Village of Blacks Harbour,
the Village of Grand Manan, the Village
of McAdam and the Village of Harvey. All
municipalities are located in the Charlotte
County and York County areas. Included in
this geographical scope are the local service
districts (LSDs) and unincorporated areas
of Bayside, Beaver Harbour, Chamcook,
Dennis-Weston, Dufferin, Dumbarton,
Fundy Bay, Lepreau, Manners Sutton,
McAdam LSD, Pennfield, Saint Croix, Saint
James, Saint Patrick, Saint David, West Isles,
Western Charlotte and White Head Island.

As many of the communities reside
alongside the Fundy Bay shoreline they
are subjected to a number of climate risks
including coastal flooding (sea level rise
and storm surge events), inland flooding,
increased precipitation events, changes
to ocean biodiversity, temperature rise
and changes to flash-freeze cycles. The
region has been impacted by a number of
heavy climate events in the past 20 years
including a storm surge event that was
accompanied by 150 mm of rain in 2008
that caused localized flooding and coastal
inundation in many communities. In the
winter of 2010, another storm event where
the combination of strong winds, extreme
high tides and a large rainfall resulted in
major flooding damage in many parts of
the region. The following is a regional
overview of current and project climate
risks to which communities, government
officials, regional service providers and
many other stakeholders must remain aware
of in order to continue to adapt against
the prevailing risks attributed to climate
change. Included in this plan is a data
package that has climate risk mapping data
to be used as guiding documents for any
future development, by-laws and planning
initiatives undertaken in southwestern
New Brunswick.

SECTION 2
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T E M P E R AT U R E R I S E
Global climate models predict that by the
year 2100, the average global temperatures
will increase by 1 to 6°C.1 Average annual
temperatures in New Brunswick have already
increased by 1.5°C over the last one hundred
years, with most of this warming, 1.1°C taking
place over the next thirty years.2

In New Brunswick, climate models predict that
by the end of the century the temperatures will
increase by 3 to 3.5°C.3 This temperature increase
will continue in all parts of the province which
will result in longer and warmer summers and a
shorter winter season.

FIGURE 2.1
Data Type Explanation and Potential Effects of Temperature Rise:
Mean temperature over the year is a measure of how hot or cold the climate is at a given location. Mean temperatures
in New Brunswick currently range from around 5 degrees C in the south to 2 degrees C in the north. By the 2080s, mean
temperatures are predicted to increase by around 3-3.5 degrees C. This will mean that northern areas of the province will
have a temperature climate like that in southern New Brunswick today, while southern areas will become as warm as it is
currently is in parts of southern Ontario. All projections are based off Emissions Scenario A2 (High Emissions Scenario).
(www.acasamaps.ca)

Climate Risks
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1

International Panel on Climate Change. (2013). “AR5 Report Climate Change
2013: Atlas of Global and Regional Climate Projections”

2

Department of Environment and Local Government, (2015) “Climate Action
Report: Transitioning to a Low-Carbon Economy”

3

Atlantic Climate Adaptation Solutions Association, “Regional Adaptation Collaborative Projections”
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SEA-LEVEL RISE

E X T R E M E H E AT E V E N T S
Extreme heat events can cause a range of heat-related
illnesses, increase health risks and exacerbate certain
chronic conditions. As the effects of climate change
accelerate, the intensity, duration and frequency of
extreme heat events are projected to increase. The analysis
of mortality curves relative to temperature rise notes that
relative death rates can begin to rise at daily temperatures
as low as 20° C. To protect the public, Environment
Canada issues Heat and Humidex advisories when
temperatures are expected to reach or exceed 30° C and/or
the Humidex value is expected to reach or exceed 40 on the
Humidex scale. Environment Canada classifies an ‘extreme
heat event or heatwave’ as ‘a period with more than three
consecutive days of maximum temperatures at or above
32°C.4
It is important to note that there are regional variances
regarding extreme heat events as factors such as
average temperature, population acclimatization and
individual risk factors can differ. Risk factors are further
compounded by location variables in heat exposure as
urban centers, due to heat absorption by urban surfaces,
can experience higher degrees of heat events.
4

Eagan, P. (2011). “Extreme Heat Events Guidelines: Technical Guide for Health Care Workers” Health Canada, p. 5

Globally, for the majority of the 20th
century (upward until 1990), sea level
rose at an average rate of approximately
1 mm/year.5 However, since 1993, the
rate of the global average sea-level
rise has tripled.6 New Brunswick is
fortunate to have a wide spectrum of
diverse coastal areas from the Acadian
Peninsula on the coasts of the Gulf of St.
Lawrence to southern shores of the Bay
of Fundy. New Brunswick’s coastlines
continue to contribute significantly to
the overall character of the Maritimes.
However, sea levels are rising along New
Brunswick coasts. Melting terrestrial
ice caps, ice sheets and glaciers are
increasing water levels in ocean and
subsequently projected to rise depending
on local vertical land motion. Due to
land subsistence, large portion of the
Maritimes are vulnerable to higher
projections of sea level rise.7
Reports released by Daigle (2017)
contain updated sea level rise
projections for coastal communities
in Charlotte County.8 In general, sea
level in these areas are expected to rise
by approximately one metre between
2018 and 2100, resulting in frequent
coastal flooding that encroaches upon
waterfront land and infrastructure.
These changes will alter the social,
economic and structural circumstances
of the region. A new report (2019) from
Natural Resource Canada entitled
Canada’s Changing Climate Report

Natural Resources Canada and Environment and Climate Change Canada.
(2019). “Canada’s Changing Climate Report,” p. 381

6

NRCan and ECCC, “Canada’s Changing Climate,” p. 381
Department of Environment and Local Government. (2015)
Daigle, R. (2017) “Sea-level rise and flooding estimates for New Brunswick.” R.J. Daigle Enviro
Natural Resources Canada and Environment and Climate Change Canada. (2019). “Changes in
Oceans Surrounding Canada, Chapter 7: Canada’s Changing Climate Report” p. 349
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(CCCR) indicate that under the high emissions scenario
(RCP 8.5 Pathways), Atlantic Canada region is projected
to see between 75 and 100 cm of sea-level rise due to the
compounded issue of postglacial rebound which causes
land to sink at a faster rate than the rest of Canada.9 In
fact, due to land subsidence, parts of Atlantic Canada are
projected to experience relative sea-level change higher
than the global average during the coming century.10

5

7

14

FIGURE 2.2
Global mean sea level rise data from a variety of climate scientists
to demonstrate slight variance in global projections based off
several external factors.
Source: CarbonBrief (https://www.carbonbrief.org/explainer-how-climatechange-is-accelerating-sea-level-rise)

Ibid., (2019), p. 349
SECTION 2
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F LO O D I N G
Changes in seasonality, intensity, magnitude and
types of precipitation events, storm patterns, river
ice processes and sea level rise are anticipated
to aggravate flooding in future years.11 Climate
change has and will continue to increase flood
hazards in Atlantic Canada. In the last two years,
New Brunswick has experienced major flooding
events along the Saint John river with flood levels
surpassing historical data records. Southwestern
New Brunswick experienced an intense lowpressure system in December 2010 that saw
an average accumulated amount of 100mm of
rain fall in a period of 18 hours. Heavy rainfall
forced the closure of a number of roads and
displaced 37 peoples from their homes along the
Magaguadavic River.12
Climate change projections demonstrate an
increased probability of intense flooding events.
Flooding events can occur in three major types:
coastal (surge), river (riverine) and pluvial (surface)
flooding events. Coastal flooding occurs in
coastal regions and typically transpire due to
extreme tidal conditions caused by severe weather
that results in storm surge events. Coastal
flooding is a reality of coastal communities like
Saint Andrews which can be caused by unusually
11
12
13

16

high tides or storm surges. The areas and land
close to river inlets and saltwater basins can be
at particular risk of flooding due to marine tides,
storm surges and high river flows which can
act independently or simultaneously in extreme
weather events.

P R E C I P I TAT I O N E V E N T S

Warming temperatures, especially those
in the ocean water temperatures, result
in stronger and more frequent storm
events such as hurricanes and tropical
storms. During a storm surge event,
periods of strong winds can push water
toward the coastline which drastically
increases the sea level. As shoreline
winds persist and increase, the storm
surge effect can intensify. Major storm
surge events, where low air pressure
is combined with high winds at a high
tide can be calamitous such as the Saxby
Gale event in 1869. These stronger storm
events can increase the likelihood of
damages to waterfront property and
infrastructure, negatively impact coastal
ecosystems and impact the energy grid
by resulting in greater power outages.

Many New Brunswick communities are already
experiencing more extreme rainfall events, defined as 50
mm or more of rain over a 24-hour period. These events
are predominantly large rainfall events during the summer
to early winter months. The increase in the number of
these events are consistent with climate model predictions.
Models predict that New Brunswick will experience less
frequent but more intense precipitation events, increasing
the annual total precipitation throughout the province.14
This expected increase in precipitation will cause road
wash-outs, more frequent flooding in low-lying areas,
increased soil erosion and water contamination due to
events such as overflowing of municipal waste treatment
systems. It is important to note that although overall
precipitation is projected to increase, variability of such
events can also lead to extended dry periods and even
droughts.

River flooding can happen when excessive rainfall
takes place over an extended period of time,
pushing water levels pass carrying capacity. River
flooding also occurs from heavy snow melt or ice
jams, events from which we have become familiar
with the Saint John river. River floods can be
aggravated by overflow from smaller tributaries
connected to rivers or resulted overflow due to
dams and levees. Pluvial or surface flooding can
result from inadequate stormwater drainage
or high-water tables.13 This means that not all
flood risk areas are directly located near a body
of water. Intense rain can saturate a storm water
drainage system and overwhelm the water flow
onto streets and nearby structures. Included in
the data package for this plan are wet area maps
created to depict the pluvial or surface flooding of
the region based off major rain events
of 50mm, 100mm and 200mm.

Burrell, B. (2011). “Inland Flooding in Atlantic Canada.” Atlantic Climate Solutions Assessment
Department of Environment and Local Government. Flood Details: December 2010
Burrell, B. (2011). “Inland Flooding in Atlantic Canada.” Atlantic Climate Solutions Assessment. p. 5
SOUTHWESTERN NEW BRUNSWICK
REGIONAL CLIMATE ADAPTATION PLAN 2019

STORM SURGE EVENTS

FIGURE 2.3
Data Type Explanation and Potential Effects of Precipitation:
Annual total precipitation is a measure of how much rain and snow fall occurs yearly in New Brunswick. Presently, New
Brunswick receives approximately 1,110 to 1,300 mm annually, with wetter areas in the south. (www.acasamaps.ca)

14

Atlantic Climate Solutions Assessment (ACASA), Climate Projections: Precipitation Events
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OCEAN
BIODIVERSITY
In recent years, the Bay of Fundy
has been one of the fastestwarming marine environments
in the world and climate change
models project average sea
surface temperatures in this area
to increase by an additional 3
degrees Celsius by 2065.15 This
warming may lead to substantial
changes in coastal ecosystems,
affecting species of vital social,
economic and environmental
value, that inhabit these areas.
Warming coastal waters can cause
temperature-sensitive species
such as lobster to shift and move
northward. Invasive species, such
as the green crab, that require
warmer waters to survive, may now
be in a position to move into local
waters and compete with native
species.

S N O W FA L L
It is very likely that snow cover duration will
decline to mid-century across Canada due to
increases in surface air temperature under all
emissions scenarios. Scenario-based differences
in projected spring snow cover emerge by the
end of the century, with stabilized snow loss
for a medium emission scenario but continued
snow loss under a high emission scenario. A
reduction of 5% to 10% per decade in seasonal
snow accumulation is projected through to midcentury for much of southern Canada; only small

One of the more severe impacts
of climate change relates to
ocean acidification. An increase
in warmer waters and rainfall
events lead to greater possibilities
of severely acidic water. Ocean
acidity continues to increase as
higher levels of CO2 are absorbed
into the oceans.16 A more acidic
ocean would adversely affect the
health of marine species sensitive
to lower pH levels such as shellfish
and ultimately result in severe
implications for food webs and
ocean ecosystems. Changes in
ocean biodiversity influence major
economic livelihoods in an area
heavily dependent upon the fishing
industry for employment and GDP.

18

15

Perishing et al. (2015). ‘Adaptation in the face of rapid warming leads to collapse of the
Gulf of Maine cod fishery.” Science, Vol. 350, Issue: 6262, pp. 809-812

16

Bernier, R.Y., Jamieson, R.E and Moore, A.M. 2018. State of the Atlantic Ocean
Synthesis Report. Can. Tech. Rep. Fish. Aquatic Sciences. 3167; p. 6
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changes in snow accumulation are projected for
northern regions of Canada. Snow cover fraction
(SCF) decreased across most of Canada during the
1981–2015 period due to delayed snow cover onset
in fall and earlier snow melt in spring. Regional
and seasonal variability in the SCF trends reflects
internal climate variability in surface temperature
trends. Over the same time period, seasonal
maximum snow water equivalent (SWEmax),
which is indicative of seasonally accumulated
snow available for spring melt.17

FIGURE 2.4
Data Type Explanation and Potential Effects of Snowfall:
Annual Total Snow Days is the average number of days
per year with at least 0.2 cm of snowfall. Days with snow
show relatively little change in future scenarios, decreasing
slightly in the north and remaining similar in the south.
(www.acasamaps.ca)
17

Natural Resources Canada and Environment and Climate Change Canada. (2019). “Canada’s Changing Climate Report”
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F L A S H F R E E Z E E V E N T S A N D F R E E Z E - T H A W D AY S
A freeze-thaw cycle occurs when the daily
maximum temperature is higher than 0 degrees
Celsius and the daily minimum temperature
is less than or equal to -1 degree Celsius. The
minimum temperature of -1 degree Celsius is
used as the threshold for freezing to raise the
likelihood that the water actually froze at the

surface. Freeze-thaw cycles can have major
impacts on infrastructure. Water expands when it
freezes, so the freezing, melting and re-freezing
of water can over time cause significant damage
to roadways, sidewalks, and other outdoor
structures.18 Potholes that form during the spring,
or during mid-winter to roadways.

WILDFIRES
FIGURE 2.5
Data Type Explanation and Potential Effects of
Freeze-Thaw Days:
Annual Freeze-thaw days: the average number of
days per year when the daily maximum temperature
equals or exceeds 0 degrees Celsius AND the daily
minimum temperature is less than 0 degrees Celsius.
The freeze thaw cycle and its associated effects on
water/ice formation can have significant effects on built
environment deterioration.
(www.acasamaps.ca)

18
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Fire is a seasonal summer threat because it
can only start, intensify, and spread in hot, dry
weather. There are a number of key factors that
influence fire behavior including how it reacts to
the influences of fuel, weather and topography.
Fuel refers to the trees, grass, twigs, leaves and
other combustible material that remains in close
proximity. The moisture level of the fuel source
will influence the likelihood and severity of a fire.
Aspects of weather, such as wind and moisture
can also influence the behavior of a wildfire.
Wind is a clear determinant of how quickly a
fire can spread and the direction in which it

moves and shifts. Weather involving abrupt wind
changes, such as sea and land breezes, can be
particularly dangerous as the sudden shift is hard
to predict. Warm, dry weather and long periods
without rain can increase the likelihood of a
wildfire developing and higher temperatures can
make the fire burn faster. Local topography and
the shape of the landscape can directly influence
the severity and length of the burn. Fires will
move and spread faster upslope yet barriers such
as streams, creeks and roads can either slow or
extinguish a fire.

Atlantic Climate Solutions Assessment (ACASA), Climate Projections: Flash Freeze Event and Freeze-Thaw Days
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C L I M AT E C H A N G E
A D A P TAT I O N P L A N N I N G
PROCESS

M E T H O D O LO G Y

Climate change adaptation planning is a complex,
multi-step process that requires ample stakeholder
engagement, identification of climate risks and
prioritization of adaptive actions. In order to
create a successful, robust adaptation plan, a
methodology provided by the federal government
was chosen as a point of guidance. This plan
follows the ICLEI Methodology: Changing Climates,
Changing Communities Guide and Workbook for
Climate Adaptation, a compendium of resources that
“provides a milestone-based framework to assist
local governments in the creation of adaptation
plans to address the relevant climate change
impacts associated with their communities.” (ICLEI,
www.icleicanada.org). Each milestone represents
a fundamental step in the adaptation planning
process by acknowledging that the process is neither

linear or straightforward but rather an iterative
process whereby adaptation goals and actions are
continuously monitored based upon new information
and changed externalities. This plan contains a
regionally based vulnerability assessment, risk
assessment and subsequent adaptation plan which
provides an implementation schedule and timeline.

An adjustment in natural or human
systems in response to actual or
expected climate stimuli or their
effects, which moderate harm or exploit
beneficial opportunities. Several types
of adaptation can be distinguished,
including anticipatory (before an
event) and institutional (after an event)
adaptation.
—International Panel on Climate Change (IPCC)
definition of climate change adaptation

UPDATE ADAPTATION ACTIONS
MILESTONE 1

MILESTONE 2

I N I T I AT E

MILESTONE 3

RESEARCH

• Identify
stakeholders

• Initiate research on
climate changes

• Build climate
change adaptation
team

• Refine impacts and
consider service
area for each

• Identify an
adaptation
champion

• Vulnerability
assessment (study
of sensitivity and
adaptive capacity)

• Take a first look
at climate change
impacts and
existing adaptation
actions
• Pass council
resolution and
community charter

• Risk assessment
(consequence
and likelihood
of impacts) and
prioritization

MILESTONE 4

PLAN

IMPLEMENT

• Establish
adaptation vision
and objectives

• Begin
implementation
• Solidify support
from Council and
community

• Set goals
• Identify options
and actions

• Use appropriate
implementation
tools

• Identify possible
drivers and
constraints
• Evaluate actions
against drivers and
constraints
• Determine
appropriate
baseline and
indicator data

• Follow terms of
action plan
• Report on
successes regularly
to maintain
momentum

• Examine financing
and budget
• Establish
implementation
schedule

MILESTONE 5

MONITOR/
REVIEW
• Assess new
information and
review drivers
• Track
implementation
progress
• Evaluate
effectiveness of
actions using
baseline data and
indicators
• Communicate
accomplishments

S TA G E 1 :

VULNERABILITY ASSESSMENT
Vulnerability refers to the susceptibility
of a given service area to harm
arising from climate change impacts.
Vulnerability is a function of a service
area’s sensitivity to climate change and
its capacity to adapt to climate change
impacts (or adaptive capacity).
—ICLEI

The vulnerability assessment for the regional
adaptation plan contains several stages. First, it
used the climate risk projection models produced
by Mr. Réal Daigle (R.J. Daigle Enviro) and Dr. Paul
Arp (University of New Brunswick). These climate
models rely heavily on contemporary international,
national and provincial datasets relating to
important predictive components that create reliable
projections relating to climate change impacts such
as sea level rise and inland flooding. From these
predictive models, using in-house ArcGIS software,
the vulnerability assessment superimposed the
climate risk data overtop of the provincially available
GeoNB road network data and aerial imagery to
identify physical infrastructure and structures that
were noted to be in areas vulnerable to flooding,
either from sea level rise projections, fluvial flooding
or inland flooding. These physical infrastructure
pieces include primary and secondary road
infrastructure, wharves, residential properties, ferry
terminals, and dam infrastructure.
To guide this identification process, we asked
key questions such as: which pieces of physical
infrastructure are vulnerable to sea-level rise in

Southwestern New Brunswick? Which pieces of
physical infrastructure are vulnerable to in-land
flooding in Southwestern New Brunswick? Which
of these vulnerable physical infrastructures are
residential? Which are municipally or government
owned? Which are commercially owned?
Once this process was complete, we took our findings
to a series of 6 public engagement sessions around
Southwestern New Brunswick to speak to community
members about vulnerable infrastructure as well
as vulnerable service areas. Service areas in this
regard refer to socioeconomic vulnerabilities such as
vulnerable economic sectors, public health services,
recreational activities, vulnerable population,
disruption to access of goods and services and so forth.
The purpose of the vulnerability assessment was twofold. Chiefly, it was important to identify those areas
of concern based off the climate risk data to continue
to guide the adaptation planning process. However,
it was also a crucial exercise used to enhance the
communities’ understanding of the physical and
socioeconomic implications and vulnerabilities from
climate change in the region. In these community
engagement sessions, community participants
highlighted physical infrastructure and service areas
they perceived to be vulnerable to climate change
impacts. Subsequently, the qualitative data obtained
from the vulnerability assessment and community
engagement sessions allowed a better understanding
of how to evaluate the extent to which these areas
are vulnerable and, consequently, to prioritize those
vulnerable areas. The results of the vulnerability
assessments are found in each of the major service
sector areas focused on in the plan.

• Investigate future
adaptation options
and actions
• Revise adaptation
plan
• Launch next round
of adaptation plan

• Create action plan
• Launch plan
REVIEW
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S TA G E 2 :

RISK ASSESSMENT
Risk assessment is a combination
of an event’s likelihood and its
consequence—risk therefore equals
the probability of a climate hazard
multiplied by the consequences of
that event.
Risk = Probability × Severity
—ICLEI

Likelihood Rating

The risk assessment for this report uses the results
from the vulnerability assessment, most particularly
those labeled as having high vulnerability, compared
alongside the research on projected climate change
impacts to estimate the consequence and likelihood
of specific impacts. In order to determine likelihood,
we had to first consider whether the impact is
recurring (continuous) or single event. For instance,
increased demand on municipal water supply
services is a recurrent impact whereas sustained
infrastructure damage from an extreme weather
event is a single event. Using the likelihood rating
outlined below, we then examined the consequence.
Consequence refers to known or estimate
consequences of a particular impact to an area such
as economic growth, community, etc.

Value

Recurrent Impact

Single Event

Almost Certain

5

Could occur several times per
year

More likely than not
Probability greater than 50%

Likely

4

May arise about once per year

As likely as not
50/50 chance

Possible

3

May arise once in 10 years

Less likely than not but still appreciable
Probability between 35% and 50%

Unlikely

2

May arise once in 10 years to 25
years

Unlikely but not negligible
Probability low but noticeably greater than zero

Rare

1

Unlikely during the next
25 years

Negligible
Probability very small, close to zero
Likelihood Rating as outlined in the ICLEI Community Guidebook

Consequence Rating

Value

Description

Catastrophic

5

Major widespread loss of amenity and progressive irrevocable damage

Major

4

Severe loss of amenity and danger of continuing damage

Moderate

3

Isolated but significant instances of damage that might be reversed with intensive effort

Minor

2

Minor instances of damage that could be reversed

Negligible

1

No damage
Consequence Rating as outlined in the ICLEI Community Guidebook
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S TA G E 3 :

A D A P TAT I O N P L A N

In addition to sensitivity, assessing vulnerability
requires consideration of the main stressors, both
climatic and non-climatic as well as socioeconomic
influences on adaptive capacity. The adaptation plan
requires a stringent review of the adaptive capacity
of the region, including physical infrastructure and
socioeconomic service areas. Adaptive capacity
“describes the ability of built, natural and human
systems to accommodate changes in climate with
minimum disruption or additional costs.”19 The
following adaptation plan looks at the adaptive
capacity of southwestern New Brunswick and
provides adaptive action item solutions. Adaptive
solutions can come in a number of varying forms
including, but not limited to, government policy
proposals (at multiple scales of government
including municipal and regionally based strategies),
management proposals and operations such as
cohesive, coordinated strategies to ensure synergy
amongst all stakeholders, land-use development and
by-law implementation policies, zoning procedures,
and finally project based solutions. The projectbased solutions tend to be ones that require capital
cost and infrastructure investment but they can
also refer to education and awareness campaigns
through initiatives such as climate communication
workshops, preparedness workshops and general
local level, community-based project that directly
target an area that will be either directly or indirectly
impacted by climate change.
When creating an effective adaptation plan several
key things must be taken into consideration. Climate
change impacts will be cumulative and often times
synergistic. As such, it is important to employ a
systems-based approach to providing adaptation
solutions. It is important to look at climate change
and its impact through multiple lens and on a
19

range of systems – physical, social, economic and
ecological. By examining a variety of systems that
are being directly or indirectly affected, we can
understand the interrelatedness and interdependency
that exists between systems rather than an isolated
vacuum. Acknowledging that change in one area
can adversely affect another area of the system, we
are promoting organizational communication on all
levels in order to avoid a silo effect. This needs to be
accomplished, by a number of relevant stakeholders,
at a regional level in order for an adaptation plan to
be successfully implemented and upheld.
The Regional Climate Action Plan is comprised of
a regional vulnerability assessment, identified
adaptation options and a possible implementation
schedule. An examination of possible constraints
and drivers as well as an attributed assessment of
adaptive capacity are included in the final plan.
The final adaptation plan provides the Southwest
New Brunswick Service Commission (RSC 10) with
a guideline to implementation and monitoring
including policy recommendations, project proposals
and adaptive action items. These action items were
informed by meaningful public engagement and
subsequently presented to the Regional Board at the
SNBSC prior to being implemented.
Some other legitimate adaptation options are as
follows:
▸ Modifying policies, plans, practices and
procedures to adapt for climate change impacts
▸ Building new or upgrading existing infrastructure
▸ Improving community awareness and public
education
▸ Varying and/or diversifying your options

ICLEI Local Governments for Sustainability. Canada
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R E S E A R C H , T O O L S A N D D ATA
F O R C L I M AT E A D A P TAT I O N
PLANNING

I N T E R N AT I O N A L PA N E L O N
C L I M AT E C H A N G E ( I P C C )

The International Panel on Climate Change (IPCC)
is the United Nations body for assessing the science
relating to climate change. Created in 1988 by a
partnership between the World Meteorological
Organization (WMO) and the United National
Environment Programme (UNEP), the key objective
of the IPCC is to equip all levels of government
(nation-state, regional, state and local) with scientific
information to develop and subsequently institute
climate policies. IPCC scientists work to provide
a comprehensive summary of recognized drivers
of climate change, the possible impact areas and
associated future risks and how adaptation and
mitigation measures can help to reduce those
risks.20 Within the greater IPCC there exists three
core working groups, where this report draws on
the majority of information produced by Working
Group II with Climate Change Impacts, Adaptation
and Vulnerabilities.21 Using the 5th Assessment
Report (AR5), that was finalized between 2013 and
2014, we were able to develop locally based climate
risk projection models including sea-level rise and
storm surge event projections. Presently, the IPCC
is undergoing a 6th Assessment Report: Climate
Change 2022 and AR6 Climate Change 2021: Impacts,

20
21

22

Adaptation and Vulnerability, through which we
hope to continue to garner a global understanding of
climate change impacts to inform local solutions.22
This report will be available in 2023 in which time the
climate data available as an appendix to this report
will require updating.

N R C A N : C H A N G I N G C L I M AT E S ,
CHANGING CANADA
Natural Resources Canada (NRCAN), the Department
of Fisheries and Oceans (DFO) and Environment
and Climate Change Canada (ECCC) released a
report Changing Climates, Changing Canada (2019)
that examines how and why Canada’s climate has
previously changed and how it will continue to
change in the future. It documents changes across
the country in regards to temperature, precipitation,
snow, ice, permafrost and freshwater availability
as perceived to be major impact areas to climate
change. This document will be a part of a larger
series of research that provides climate-science
data to address the impacts of climate change in our
communities, the environment and the economy so
that the federal government and subsequent levels of
government are equipped to adapt to the unveiling
circumstances. It is important to be cognizant of
climate research and policy development at a federal
level when incorporating climate considerations into
regional and municipal considerations.

LIDAR (LIGHT DETECTION
AND RANGING)
LiDAR (Light Detection and Ranging) is a
technology that uses light pulses to collect
3-D information. A LiDAR instrument
principally consists of a laser, a scanner
and a specialized GPS receiver.23 It is
often collected from an airplane using a
laser system pointed at the ground which
measures the amount of time it takes for
the laser light pulses to reach the ground
and return. For the duration of this, billions
of those rapidly-collected measurements
(points) can create extremely detailed 3-D
models of the Earth’s surface.24 There are
two main types of LiDAR: topographic
and bathymetric. Topographic LiDAR
typically uses a near-infrared laser to map
the land.25 LiDAR “systems allow scientists
and mapping professionals to examine both
natural and manmade environments with
accuracy, precision and flexibility.”26

S E A - L E V E L R I S E M A P S 27
Flood risk maps have been created by using
LiDAR imagery. LiDAR is a surveying
technology that measures distance to a
target by illuminating the target with laser
light and measuring the reflected light with
a sensor. Differences in laser return times
and wavelengths can then be used to make
digital 3-D representations of the target.
The LiDAR equipment is typically installed
on an airplane flying low-level gridded
patterns. Once processed, the resulting files
are in the form of “point clouds” whereby a
multitude of returns (approximately six per
square metre) are classified according to
parameters including ground, water,
low vegetation, high vegetation, roads,
bridges, etc.

The International Panel on Climate Change. (2019). “History of the IPCC.” https://www.ipcc.ch/about/history/
The International Panel on Climate Change. (2019). “Working Group II: Impacts,
Adaptation and Vulnerability.” https://www.ipcc.ch/working-group/.

23

International Panel on Climate Change, “AR5 Report: Climate Change 2014: Impacts,
Adaptation and Vulnerability.” https://www.ipcc.ch/report/ar5/wg2/
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FIGURE 2.6
A grid of cells 1km by km covering the areas of New Brunswick where
LIDAR data has been collected. (New Brunswick Government, GeoNB Data
Catalogue (2019) http://www.snb.ca/geonb1/e/DC/lidar.asp)

In order to use this data for mapping purposes, the point cloud
files are then transformed into a continuous 3-D field called
a Digital Elevation Model (DEM). Figure 1 shows an example
of a DEM created from a point cloud file over downtown St
Andrews. In this example, all LiDAR elevation parameters (allhits) were used, thereby creating a view that depicts all LiDAR
returns, including buildings, trees and vehicles. The point
cloud file was downloaded from Service New Brunswick’s
GeoNB website. In order to prepare flood-risk maps, one needs
to process ground-only points. Figure 2 shows the DEM of the
same area as in Figure 1 except that it was created from ground
hits and water surfaces only.

National Oceanic and Atmospheric Administration (NOAA). “What is LiDAR?” https://oceanservice.noaa.gov/facts/lidar.html
Ibid
Ibid
Ibid
The information relating directly to the mapping of sea-level rise projections (based
on AR5 data) was provided by Réal Daigle from R.J. Daigle Enviro.
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The DEM as depicted in Figure 2 can then be
contoured according to desired water levels
representing the required flooding scenario. In
Figure 3, the DEM has been contoured with the
respective HHWLT values (representing the average

highest annual tides) for 2010 in blue, and 2100 in
red. The created contours can then be exported as
individual files and draped over any georeferenced
background, such as an aerial photograph as
depicted in Figure 4.

WET AREA MAPS
In 2018, Eastern Charlotte Waterways Inc. partnered
with Dr. Paul Arp and Jae Ogilvie from the University
of New Brunswick Department of Forestry and
Environmental Management to access a newly developed
method of wet-area maps. This method informs the
Regional Climate Adaptation Plan by demonstrating
areas vulnerable to hydrological risks.28
Wet area mapping refers to a “process by Murphy
et al (2011), which not only allows for mapping
flow channels from zero order upwards, but also
delineates soil drainage and the extent of wet

areas and wetlands next to these channels in a
comprehensive manner, from dry to wet weather
conditions and seasons.” 29 Relying on provincially
available LiDAR, the wet area maps generate point
cloud data that encapsulates a digitally interpolated
vegetation height raster and a digitally interpolated
elevation (DEM rater) for the bare ground surface.30
From these results, Dr. Arp and Ogilvie were able to
map all “topographically controlled flow channels
and associated wet areas by way of the cartographic
ridge to channel depth-to-water index (DTW).”31

FIGURE 2.11
FIGURE 2.7

FIGURE 2.8

DEM example created from a point cloud.

DEM example depicting desired water levels

FIGURE 2.9

FIGURE 2.10

DEM example depicting desired HHWLT values

Aerial view of HHWLT for 2010 in blue and 2100 in red.

The Wet-Areas Mapping
process (WAM): this process
uses LiDAR point cloud
data to delineate elevations
at ground and canopy level,
flow-channels with (e.g.) 4,
1 and 0.25 ha flow-initiation
thresholds, cartographic
depth-to-water (DTW)
adjacent to these channels,
and all areas classified to be
wet as DTW varies from 0
to 1 m (shaded dark to light
blue, respectively).

28

White, B., Ogilvie, J. et al., (2013) “Using the Cartographic Depth to Water Index to Locate Small
Streams and Associated Wet Areas Across Landscapes.” Canadian Water Resources Journal

29

Ibid., p. 334
Ibid., p. 334
Ibid., p. 334
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ACASA MAPS
The maps obtained from the Atlantic Climate Adaptation
Solutions (ACASA) website presents information on the
current climate of New Brunswick as well as future projections
to 2100. Current climate is defined by measurements made over
the period between 1971 and 2000 with data collected from
weather stations across the province. From the ACASA system,
twenty-four possible climate models are developed by the
national weather services and research organizations in nine
countries worldwide. The future map projections available
through ACASA are presented using high to low estimates
of future greenhouse gas emission scenarios using the SRES
methodology. SRES scenarios (otherwise known as Special
Report on Emissions Scenarios) helped to form the basis for
IPCC 4th Assessment Report.

I N T E N S I T Y D U R AT I O N
FREQUENCY CURVES (IDF)

CRITICAL INFRASTRUCTURE RISK
ASSESSMENTS

IDF curves are a graphical representation of
the probability that a given average rainfall
intensity will occur. Rainfall Intensity (mm/
hour), Rainfall Duration (how many hours
it rained at that intensity) and Rainfall
Frequency/Return Period (how often that
rain storm repeats itself) are the parameters
that make up the axes of the graph of IDF
curve.32 An IDF curve is created with long
term rainfall records collected at a rainfall
monitoring station.

For the Regional Climate Change Adaptation Plan, ECW
subcontracted the engineering firm CBCL Limited
to conduct Class D cost estimates on infrastructure
deemed to be ‘critical’ based off a variety of variables.
The following is an explanation of that selection
process.

FIGURE 2.12
This figure depicts an
intensity duration frequency
curve for multiple RCP
emission scenarios. This
demonstrates, dependent
on global emission levels
moving forward, what we
can anticipate from major
rainfall events in the next
100 years.

01 Conduct a hazard analysis to identify the specific
set of circumstances that could potentially result
in a negative outcome. Hazards are identified as
interactions between identified climate events
and components of the infrastructure.
02 Probability assessment: standardized probability
score of 0 to 7, where 0 is that the event will
never occur and 7 means the event is certain
(using IDF curves)
03 Severity assessment: establish a value for risk,
establish the consequences of the event given
that the event has happened. Uses a standard
severity score of 0 to 7, where 0 means no
negative consequences and 7 means significant
failure
04 Determine risk or each interaction: R = P x S
which results in a set of risk values from 0 to 49
(then scored from low-risk, medium risk to high
risk)

IDF_CCTool. (2019). “About the IDF_CCTool.” https://www.idf-cc-uwo.ca/About
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A combined methodology of involving GIS and
weighted probability and severity was used to identify
and prioritize critical infrastructure (CI). Assets at
the risk of flooding and sea-level rise were initially
identified through observation with GIS, where wet
area maps and sea-level rise predictions were overlaid
on top of satellite imagery.

P

Pr =

S TA G E S

05 List is provided to the Planning Management
Committee with the SNBSC and Chief
Administrative Officers from municipalities to
be further refined and prioritized

32

Following initial identification, the assets were
prioritized using relative probability and relative
weighted severity. The relative probability was
calculated as follows*:

P ma x

and

P = ( 1 - w) + s + f

WHERE:

Pr

= the relative probability

P

= the calculated probability

Pmax

= the maximum possible value of P. For
the domains we have assigned to s and f,
this value is 15

w

= the value of the wet area raster at the
asset’s location; a continuous value
between 0 and 1 (inclusive)

s

= the stream order of the nearest
predicted channel; an integer between 1
and 5 (inclusive)

f

= the probability of sea-level rise; an
integer between 1 and 5 (inclusive)

E Q U AT I O N 1
R E L AT I V E R I S K P R O B A B I L I T Y F O R
CRITICAL INFRASTRUCTURE
*Probability is defined as the combined risk of inland flooding AND sea-level rise, as indicated by the
equation. This was done so that assets vulnerable to
both events would be given a higher probability.
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The weighted relative severity was calculated
as follows:

V wr =

V
V max

and

The relative probability and weighted relative
severity were combined into a measure of
cumulative risk as follows:

𝑅  =  𝜇𝑃 𝑟  + 𝜃 𝑉 𝑤 𝑟

𝑉  =  𝛼 𝑆  +  𝛽𝐸 +  𝛾𝑀

WHERE:

WHERE:

Vwr

𝜇

= the weight assigned to the relative
probability of risk, represented on a
continuous scale of 0-1 (inclusive)

Pr

= the relative probability (Eq. 1)

𝜃

= the weight assigned to the weighted
relative severity of risk, represented on a
continuous scale of 0-1 (inclusive)

Vwr

= the weighted relative risk (Eq. 2)

= the weighted relative severity

S,E,M = the social, environmental, and monetary
costs, respectively, represented on an
integer scale of 1 – 5 (inclusive)
𝛼,𝛽,  𝛾 = the weight assigned to the social,
environmental, and monetary costs,
respectively, represented on a continuous
scale of 0-1 (inclusive)
Vmax

= the maximum possible value of V. For
the domains we’ve assigned a, B, y, S, E,
and M, this value is 5f = the probability
of sea-level rise; an integer between 1 and
5 (inclusive)

E Q U AT I O N 2
W E I G H T E D R E L AT I V E R I S K S E V E R I T Y F O R
CRITICAL INFRASTRUCTURE

E Q U AT I O N 3
C U M U L AT I V E R I S K F O R C R I T I C A L
INFRASTRUCTURE

A weighted measurement of each cost was used
because it gives the necessary additional flexibility to
allow for a particular cost type (social, environmental,
or monetary) to have additional power in governing
the end result. For example, the environmental costs
of spillage should be the most heavily weighted for
waste lagoon assets, irrespective of the actual values
for S, E, and M.

It is important to note that a life-cycle analysis
was not included in the risk calculation because
the required information was not available at the
time of conducting this analysis. Therefore, the
measurements of relative probability carry an
additional uncertainty because the condition of the
asset is unknown.
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ENGAGEMENT AND
GUIDANCE: COMMUNITY
A N D S TA K E H O L D E R S

COMMUNITY ENGAGEMENT
The Regional Climate Change Adaptation Plan
underwent extensive public engagement to
ensure that the community was aware and
consulted throughout the planning process.
M AY 2 7 T H T O J U N E 5 T H , 2 0 1 9
In late spring 2019, Eastern Charlotte
Waterways Inc. conducted six public
engagement sessions that considered
potential physical and socioeconomic
vulnerabilities to the region. The public
engagement series kicked off with an open
house forum in Saint Andrews during
the music festival, Paddlefest, in order to
draw in more participants. Other locations
included: Musquash, Oak Bay, Lawrence
Station, McAdam and Pennfield. At
Paddlefest we had a door prize draw with a
recycled fishing rope mat and two tickets
to a local performance. We also provided
Emergency Measures Organization (EMO)
72-hour preparedness checklists, SNBSC
pamphlets that help residential property
owners ‘build’ for climate change and
postcards that demonstrated the locations
of the public engagement series. These
locations were selected to ensure that a
wide geographical scope was undertaken
and individuals who resided in rural
communities had the opportunity to
participate. Average turnout in the local
service district areas ranged from 4–6 and
this public engagement series assisted
in guiding the vulnerability and risk
assessment.

FIGURE 2.13
Paddlefest 2019 Launch:
Donations from local groups such as Marine Debris Fundy and
Paddlefest Music Festival helped to provide door prizes for the events.
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FIGURE 2.14
Paddlefest 2019 Open House:
The launch of the Vulnerability and Risk Assessment public engagement events showcased wet area maps, sea level rise
maps and advertisements for upcoming community outreach. This provided an opportunity to show the public where we were
at in the process while also providing helpful adaptation tools such as the SNBSC Climate Change Residential Property Guide
(shown above).

FIGURE 2.15
Advertisements were put out on social media platforms, local television, community forums and community newspapers/flyers
such as the St. Croix Courier and local Lions Club news (credit: GoDo Good marketing).
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OCTOBER 15TH TO 25TH, 2019
In mid-autumn, Eastern Charlotte
Waterways conducted a final series of
public engagement events for the regional
plan. These events were advertised on
social media, community platforms like
CHCO TV and through direct mailout
to over + 4,000 residents in Local Service
Districts and unincorporated areas. Direct
mailouts were chosen as a means to reach
rural communities. If a resident was unable
to attend a public engagement event,
the advertisements and direct mailouts
contained a web address for community
members to fill out a value-oriented survey
around climate change impacts in the
region. Throughout the public engagement
process, it became clear that a major barrier
to climate change work in the region
revolved around community participation
and turnout. Although it is important to
consult the public on the overall structure
of regional plan, it became apparent that
the technical parts were to be conducted
internally.
FIGURE 2.16
Social media advertisement created for public engagement outreach
(2019)
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TECHNICAL ADVISORY
R E P R E S E N TAT I V E S A N D
S TA K E H O L D E R E N G A G E M E N T
In addition to the public engagement, the Regional
Climate Adaptation Plan undertook numerous
opportunities for external stakeholder engagement
and technical advisory representatives to provide
data, insights, expertise and input in the regional
planning process. Early on in the process we made
contact with regional and municipal representatives
that were pivotal to involve in the planning
process. These individuals were both local experts
in government and in other areas of discipline.
Important connections were made with the
Department of Transportation and Infrastructure
to obtain updated culvert data, the Emergency
Measures Organization to obtain internal documents
for regional emergency planning and location of
emergency stations, the Department of Fisheries and
Oceans to obtain data relating to small craft harbor
wharves, NB Power to obtain data relating to energy
infrastructure and so forth.
These essential data sources are included in the
“climate data package” to continue to depict a
regional picture of services and service areas as it
relates to climate risks and impacts.

PLANNING MANAGEMENT
COMMITTEE
The Planning Management Committee, through
the Southwest New Brunswick Service Commission
(SNBSC), is comprised of representatives from
local service district areas and municipalities to
provide guidance and expertise on the planning
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and development of projects in Southwestern
New Brunswick. This plan worked alongside the
Planning Management Committee to ensure that
deliverables were enhanced by individuals who were
well acquainted with the area. Eastern Charlotte
Waterways delivered several presentations to the
Planning Management Committee in the winter of
2018, as well as the spring, summer and fall months
of 2019. These presentations were meant to ensure
that the relevant stakeholders remained informed
regarding the process and, when necessary, provided
recommendations and guidance to the final plan.

LO C A L S E RV I C E D I S T R I CT
MANAGER AND CHIEF
A D M I N I S T R AT I V E O F F I C E R S
Eastern Charlotte Waterways Inc. consulted the
Local Service District Manager for southwestern
New Brunswick and the Chief Administrative
Officers from St. George, St. Stephen, Saint Andrews,
Grand Manan and Blacks Harbour throughout the
planning process. These conversations were pivotal
in the planning process as the Chief Administrative
Officers offer unique insights into the challenges
and opportunities present in the community. These
individuals were closely consulted in regards
to assessing and prioritizing critical physical
infrastructure and municipal assets that is vulnerable
to possible climate impacts such as flooding and
sea-level rise. The risk assessment and selection of
these assets allowed CBCL Limited to construct
Class D cost estimates relating to possible repair
and replacement costs affect a climate event and
possible adaptation solution costs for upgrade or
maintenance.

E X T E R N A L S TA K E H O L D E R S
Emergency Measures Organization District
Coordinator for southwestern New Brunswick was
consulted throughout the process to ensure that the
necessary representatives at the Emergency Measures
Organization (EMO) were aware of projected climate
impacts that pertained to localized flooding and
other areas.
Emergency Management Coordinator for Red
Cross was consulted regarding the necessary steps
for creating and implementing a possible vulnerable
person list or registry that allows individuals to
voluntarily register and/or sign up as members of
the community that feel particularly vulnerable to
possible natural disaster events due to issues relating
to accessibility, mobility, health and travel.
Head of Charlotte County Search and Rescue
and Dumbarton Local Service District Chair was
consulted to provide unique insights into emergency
response planning and management in local service
districts and unincorporated areas.

data, however, at the publication of this plan, no
formal returns of contact occurred.
New Brunswick Power Representative(s) provided
Eastern Charlotte Waterways with insights around
important power infrastructure that may be at risk to
climate change. We were provided a comprehensive
list of distribution substations, switchyards,
distribution and transmission line data to plot into
our climate risk maps. This data was subsequently
shared internally with NB Power.
The Department of Fisheries and Oceans – Small
Craft Harbours provided Eastern Charlotte
Waterways with a list of small craft harbors and
wharves in coastal zone as well as a detailed list of
their current infrastructure status.
CBCL Limited was subcontracted out through the
process to provide Class D cost estimates on five
pieces of municipal infrastructure deemed to be at
“high risk.”

Climate Secretariat through the Department of
Environment and Local Government provided
insights and guidance through conversations relating
directly to other climate adaptation initiatives in New
Brunswick.
The Department of Transportation and
Infrastructure provided updated culvert data
shapefiles (2016 data) to help ensure that the road
infrastructure data was current. Ongoing efforts
were made to contact regional representatives at the
Department of Transportation and Infrastructure
(DTI) to share available wet-area map and culvert
SECTION 2
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In the implementation phase, it is important to
reflect on possible drivers and constraints that
emerged during the planning process to identify
where attention and particular care is needed
going forward. Research indicates that there are
four categories of barriers that are commonly
encountered in the planning and subsequent
implementation portions of climate adaptation
work. These include:33
01 Institutional
02 Attitudinal
03 Financial
04 Political

Climate Adaptation
Drivers & Constraints

Institutional barriers at a local and regional
level refer to conflicting timescales, institutional
fragmentation, contrasting priorities and the
limited opportunities to build internal capacity
and form formal or informal partnerships
to collaborate on climate change adaptation
planning. At a regional and local level, there
remains an institutional void in Southwestern
New Brunswick to commit trained professionals
to climate change work in the area. With
adaptation plans being completed for the
region and municipalities, the hope is that a
previously deemed ‘low priority’ for climate
adaptation planning at higher institutional levels
can be reframed to include a climate lens in all
institutional decision-making processes in the
future.
Attitudinal barriers can flux and vary at a local
and regional level, and Southwestern New
Brunswick is no exception. Although regionally
there are pockets of the population that are more
committed and involved in community initiatives,
at a large regional level there is a large absence in
direct community involvement. The lack of public
participation and engagement can be based on
a series of variabilities including ineffective
messaging and/or lack of communication, lack
of knowledge/awareness, adverse priorities,
33
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conflicting priorities and/or timescales, lack
of resources or attitudinal barriers. Although
regionally based reports provided by the New
Brunswick Health Council show that there is
a moderate scoring of ‘social cohesion’ and
‘sense of community belonging’ (63%-84% of
the population), there presently exists scattered
priorities as issues related to socioeconomic
vulnerabilities outweigh proactive measures to
building and promoting resilience to climate
change impacts.
Financial barriers can impede the implementation
of effective climate change adaptation and
mitigation planning. These financial barriers
prevail both in government settings and
community settings. Municipal government
systems in Southwestern New Brunswick often
formulate short-term and medium-term financial
planning around community related issues such
as employment, public health and development
without integrating climate change projections
to establish sound financial management.
Short term or long-term variances in financial
resources, failure to secure appropriate funds
and the lack of incentivized adaptive measures at
a federal and provincial level can stifle regional
or local financial commitment to adaptation
solutions. Similarly, there are no immediate forms
of financial assistance provided to individuals
or households to proactively prepare for climate
change.
Political barriers are not static but rather change
over time, with each political cycle that occurs at
all levels of government with varying timescales.
Lack of provincial leadership on climate change
stymies regional and local capacity to move
ahead. Similarly, from a bottom up political
approach, lack of local leadership on climate
change can show an absence of appropriate
decision-making routines that incorporate
climate change considerations. The Province of
New Brunswick does not have clear, pertinent
legislation or policy on addressing climate
adaptation planning.

Eisenack, K. et al., (2014). “Explaining and Overcoming Barriers to Climate
Change Adaptation.” Natural Journal: Climate Change, p. 868
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Below are the possible regional climate adaptation drivers presented in
Southwestern New Brunswick.

Below are the possible regional climate adaptation constraints presented in
Southwestern New Brunswick.

R E G I O N A L C L I M AT E A D A P TAT I O N D R I V E R S

R E G I O N A L C L I M AT E A D A P TAT I O N C O N S T R A I N T S

01 SOCIAL DRIVERS

▸ Commercial businesses located near the coast

01 SOCIAL CONSTRAINTS

▸ Long-term vs. short-term priorities in expenditure

▸ Development of social capital; certain areas in
the region have high levels of ‘community and
a sense of belonging’

▸ High economic value placed on industry and
manufacturing development

▸ Lack of community willingness to participate
(over a long period of time)

0 3 E N V I R O N M E N TA L D R I V E R S

▸ Variances in opinions to strategies and
approaches

▸ The risk of “double exposure” (i.e.: economic
setbacks and damages due to climate change
occurring simultaneously)

▸ Upturn of media stories highlighting climate
change
▸ Exposure to capacity building through
multiple education and awareness campaigns
by community and municipal members
▸ Access to in-house knowledge with local
science and policy-based expertise

▸ Often a shared desire and attitude to preserve
the natural beauty and landscape of the region
▸ Service sector reliance on environment and
ecosystem services (i.e.: municipal drinking
water sources and groundwater sources)
04 INSTITUTIONAL DRIVERS

▸ Access to in-house knowledge with the
Peskotomuhkati (Passamaquoddy) peoples
in the area through traditional ecological
knowledge (TEK)

▸ Regional commitment to adapting against
climate change from the Southwest New
Brunswick Service Commission (SNBSC) and
municipalities

▸ Some level of community involvement in
activities related to climate change awareness,
prevention and adaptation through community
groups/organizations

▸ Varying levels of asset management and
municipal planning incorporating climate
change projections and considerations into
future planning

▸ Continued narrative around climate change in
the community

▸ New Brunswick’s commitment to updated
and open source LiDAR data to contribute to
climate model projections

▸ Recreational, cultural and community value
attributed to coastal areas
02 ECONOMIC DRIVERS
▸ Regional value on the tourism industry
(especially eco-tourism) and recreation
▸ Economic reliance on Bay of Fundy and
other environmental sources for livelihood
and employment, most notably the fisheries
industry

▸ Quality wet-area and sea level rise mapping to
depict flood prone areas
▸ Sound science and data research to intricately
understand the unique climate risks to the area

▸ Misinformation and poor messaging around
climate change risks and impacts
▸ Lack of knowledge around adaptation policies
and strategies
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▸ Insurance liability risks
0 3 E N V I R O N M E N TA L C O N S T R A I N T S

▸ Lack of in-house knowledge to deal with
certain risks

▸ Lack of available green space within municipal
boundaries

▸ Disproportionate demographic structure
(aging population, stagnant population growth
in younger demographics)

▸ Large number of residential properties on
small land space

▸ Permanent vs. temporary residents; seasonal
workers and year-round workers
▸ Public health risks and concerns related to
climate change
▸ Varying societal and cultural values
02 ECONOMIC CONSTRAINTS
▸ Financial resources available at a governmental
and individual level
▸ Staff resources available within municipal
governments, industry and other sectors
▸ Funding resources typically only available for
municipalities; often highly competitive and
difficult to secure
▸ High levels of infrastructure expenditure costs
▸ Lack of presently available technological
solutions to build infrastructure, technologies
or other means necessary to adapt against
climate change

40

▸ High level of vulnerability to fisheries and ecotourism sectors due to changes of biodiversity
in the Bay of Fundy

▸ Lack of alternative water supplies available for
the Town of St. Stephen and the Town of Saint
Andrews
04 INSTITUTIONAL CONSTRAINTS
▸ Maintaining political will due to short term
vs. long term priorities and commitments and
large turnover at municipal level
▸ Adequate government attention and commitment
▸ Lack of consensus building on how to
approach climate risks
▸ Lack of knowledge and expertise on climate
adaptation at a municipal, regional and
provincial level
▸ Climate adaptation planning is a new area of
expertise
▸ Legitimacy of knowledge and information
sources
▸ Regional and municipal regulatory and legal
responsibilities (vertical integration)
SECTION 2
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SECTION 3:

Climate
Vulnerabilities and
Adaptation Solutions

The following section explores the
unique climate change vulnerabilities and
subsequent adaptation solutions in the
region. Vulnerabilities will refer to direct
or indirect impacts to the aforementioned
‘service areas’ be it residential properties,
public health or the community in general.
It is vital to understand the vulnerabilities
to either infrastructure, services or levels
of services in order to tailor adaptation

solutions moving forward. Adaptation
solutions can take many forms. Solutions
can come as an engineered method to
combat sea level rise or as a policy tool to
ensure emergency response planning measures
are met in time of a severe climate event.
This plan attempts to address major climate
vulnerabilities, as well as tangible, measurable
and implementable adaptation solutions.
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GOVERNMENT ASSETS, VULNERABLE
I N F R A S T R U C T U R E A N D C L I M AT E I M PA C T S
ON PHYSICAL STRUCTURE SERVICE AREAS IN
SOUTHWESTERN NEW BRUNSWICK
Reports from the International Institute
for Sustainable Development note that
continued climatic change will greatly
impact built infrastructure throughout
Canada, including but not limited to,
primary and secondary road systems,
building structures such as municipal
and residential properties and coastal
physical infrastructure pieces such as
wharves and ferry terminals.34 Climate
change has an immediate and dramatic
effect on local municipal infrastructure
and as such incorporating climate
factors into engineering infrastructure
design, retrofits, maintenance and
asset management is essential.
Climate change does not simply pose
an immediate threat to the integrity
of built infrastructure but also can
cause disruption to levels of service
provided. Climate variability in the short
term and climate change in the long
term, directly and indirectly, impacts
critical infrastructure which can have
reverberating impacts to economic and
social structures. Adapting physical
structures and infrastructure to climate
change is critical to ensuring the
continuation of critically managed
services such as transportation,
employment, public health and so forth.

Physical
Infrastructure
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Climate change has the potential to
substantially affect the effectiveness and
lifespan of infrastructure in Canada,
particularly transportation, buildings,

marine and water management
infrastructure.35 The southwestern
New Brunswick Regional Climate
Adaptation Plan consulted a wide range
of local stakeholders and experts like
Department of Transportation and
Infrastructure (DTI), NB Power and
the engineering firm CBCL Ltd., to
look at previous historical data around
climate impacts and future climate
change projections to determine which
physical infrastructure in the area are
most at-risk and most essential to the
region. Relying on insights from public
engagement events,36 community leaders
and experts, we refined a priority list of
critical infrastructures that underwent
a Class D cost estimate to determine
the extent to which climate change will
negatively impact the integrity and
capability of the infrastructure.
Although not all infrastructure assets
susceptible to climate impacts are noted,
there was a robust effort to ensure that
the infrastructure chosen had great value
to the region. These assessments will
be crucial as we work to make decisions
around infrastructure changes, upgrades
and possible adaptation solutions in
the area. It is important to note that
very few public infrastructures systems
function in total isolation and many are
interdependent upon other service areas
and other pieces of infrastructure.

34

Boyle, J. Cunningham, M., Dekens, J., (2013) “Climate Change Adaptation and Canadian
Infrastructure: A review of the literature” International Institute for Sustainable Development, p. 6

35

Nova Scotia Federation of Municipalities. “Integrating Asset
Management and Climate Change: A Path Forward,” p. 4

36

Boyle, J. et al., “Climate Change Adaptation and Canadian Infrastructure,” p. 9
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SENSITIVITY AND VULNERABILITY ASSESSMENT OF
PHYSICAL INFRASTRUCTURE IN SWNB
Using the ICLEI methodology to evaluate the sensitivity of the region to events that have occurred in the past
alongside projected climate risks. With this assessment, we can surmise a general level of functionality of the
service area in response to increased climatic pressures. This tool is used to assess the adaptive capacity, referring
to the ability of built, natural or manmade systems, to accommodate changes in the climate. It is important to
note that these assumptions were made based off available historical data, future climate projections, community
interactions and variances inherited by regionally based research.

Impact:

Climate
Changes
that Affect
Functionality:

Effects:

Existing Stress:

Effects on
Functionality,
if Impact
Occurs:

Service Area: Wharves and Ferry Terminals
Increased vulnerability
to built structure and
socioeconomic viability
due to sea level rise and salt
water intrusion

Sea-level rise;
salt water
intrusion; storm
surge events

The wharves have sustained
structural damages
predominantly due to single
instances of storm surge
events and continual salt water
intrusion on abrade structures

Wharves and ferry
terminals are
potentially subjected
to an increase of
usage, traffic and
other factors

S (3) Yes,
functionality
is likely to get
worse

Precipitation
events; inland
flooding

In the December 2010 flood,
there were reports of possible
dam mismanagement that
resulted in flooding in the St.
George area. The concerns were
around too high-water levels

A lack of coordination
between dam
operators along the
major rivers like the
Magaguadavic River.
Industry pressures
Multiple stakeholders
involved

S (3) Yes,
functionality
is likely to get
worse
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Effects:

Existing Stress:

N/A
Not assessed at this time

Increased usage, energy
generation and electrical
grid system requiring
upgrades
Concerns over revenue
generation

S (4) Yes,
functionality
will get worse

Sea level rise; coastal
erosion; salt water
intrusion; increased
temperature; increased
precipitation; fluvial
flooding; inland
flooding; flash freeze
cycles

Municipal buildings
and roadways have been
damaged and distressed
in the past due to large
precipitation events that
resulted in flooding

N/A
Not assessed at this time

S (3) Yes,
functionality
is likely to get
worse

Increased temperature;
increased precipitation
events; low water
levels (cyanobacteria);
decreased snowpack
density

Variances in water levels
and water availability.
Water shortages have
occurred in the past due
to hot, long summer
months

Increased industrial
development, increased
probability of ‘overdraft’
from drilled water
sources, increased
residential development,
high levels of household
water consumption

S (4) Yes,
functionality
will get worse

Could affect household
financial security
Limited availability of
government funding

N/A
Not assessed at this time

S (4) Yes,
functionality
will get worse

Service Area: Energy Services and Infrastructure
Disruption to energy
services can result
in a wide array of
social, economic and
environmental impacts
to the community
functionality

High winds (poor
tree cover); increased
temperatures; inland
flooding; ice storms;
flash freeze cycles; salt
spray and salt water
intrusion

Service Area: Municipal Public Infrastructure
Important infrastructure,
such as municipal septic
operations and main
roadways can impact
the municipality’s
capability to service their
communities

Sea level rise;
fluvial flooding;
inland flooding;
flash freeze
cycles
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Flooding and flash freeze cycles
have long term detrimental
impact on the structural
integrity of roadways and
transportation infrastructure

Drinking water services
to a large portion of
the population rely on
either municipal water
supply infrastructure or
residential wells.

Service Area: Residential Properties

Service Area: Roadways and Transportation Infrastructure
Increased vulnerability to
integrity of built structure
due to flash freeze cycle
events, potential fluvial and
sea level rise compromising
transportation, accessibility
and many service sectors

Climate Changes that
Affect Functionality:

Service Area: Water Supply

Service Area: Dams
In the event of a dam
failure, increased
likelihood to impact
the socioeconomic and
structural

Impact:

Effects on
Functionality,
if Impact
Occurs:

Moderate use for
transportation
Varying levels of
priority for road
maintenance and
upgrades

S (4) Yes,
functionality
will get worse

Immediate damage or
impact to residential
properties can agitate
social and economic
systems and the ability
for individuals to
function as usual

Sea level rise; coastal
erosion; increased
temperatures; inland
flooding; high winds;
storm surge events
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WHARVES
In the Bay of Fundy region, the majority of the
coastal changes are primarily caused by tidal
driven forces of erosion and the changing of the
sea level throughout geologic time.37 In recent
decades coastal areas have increasingly become
more industrialized and urbanized due to their
associated demand for waterfront living. This
leads to considerable alterations occurring
along the coastlines due to historical settlement
patterns and presently based infrastructure
needs. Two of these areas that demand high level
infrastructure need along the southwestern New
Brunswick coastline are wharf infrastructures and
ferry terminals. Wharves contribute a vital role
to the local character of coastal communities as
they are oftentimes used as a means of economic
livelihood with the fishing industry and tourism
industry, recreational purposes and community
gathering points. Similarly, wharves are critical
for proper science-based research projects that
rely on the structures to store vessels. Most of
the modern infrastructure that is currently in
place along the coastline have been designed
to a standard that is based on historical climate
conditions, not future climate projects.38 As such,
a number of wharves and ferry terminals in the
area are not equipped to deal with the pending
climate scenarios.
The following list of wharves was provided
by the Department of Fisheries and Oceans
(Small Craft Harbours): Chance Harbour, Dipper
Harbour, Little Dipper (divestiture), Maces Bay,
Boynes Cove, Seeleys Cove, Beaver Harbour,
Blacks Harbour, Back Bay, Stewart Town, Lorde’s
Cove, Fair Haven, Richardson, Leonardville,
Chocolate Cove (divestiture), Watson Beach, Head
Harbour, Malloch Beach, Curry Cove (divestiture),
Northhead, Engleshead, Seal Cove, Whitehead
Island, Gull Cove, Woodwards Cove, Whale Cove
and Whistlee Cove.
Divestiture refers to wharves that are being
decommissioned due to repair, destitution or
37

38

39
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absence of use. It is important to ensure that
the appropriate departments, most notably
the Department of Fisheries and Oceans, are
cognizant of sea-level rise projections as they
relate to the structural integrity of the wharves.
Although only the small craft harbor wharves are
listed above, there remains other privately owned,
industry owned and governmentally owned
wharves along the Fundy coastline that vary in
size, structural integrity and level of vulnerability.

FERRY TERMINALS
In southwestern New Brunswick there are a
total of four main ferry terminals perceived to be
at-risk to sea-level rise and storm surge events.
The ferry terminals that are at-risk are: Grand
Manan ferry terminal, Deer Island ferry terminal,
Blacks Harbour ferry terminal and Campobello
Ferry Terminal. Important aspects to consider
when looking at how sea level rise could impact
ferry terminals is the current built structure of
the asset itself. Some ferry terminals are built
up to sustain higher water levels whereas others
are not. In order to fully understand the extent
to which ferry terminals in this region will be
impacted, there will need to be a structural
assessment of each area to determine current
resilience to potential higher water levels.

DAM MANAGEMENT
According to a recent report from the Natural
Hazard and Earth System Sciences Journal (2018),
the global effect of climate change on dams and
dam safety has increased in risk. Changes in
climate factors, such as variations in extreme
temperatures or frequency of heavy rain events
are “increasingly likely to affect the different
factors driving dam risks.”39 Recognizing that
there are a number of external pressures placed
on system capacity to response and sustain
increased “loads,” the variability in the climate
phenomena combined with frequency and

Shaw, J., Taylor, R.B., Forbes., et al. (1994). “Sensitivity of Canadian coast to sealevel rise.” Geological Survey of Canada Open File Report
Lemmen, D., Warren, F.J., James, T.S. and Mercer Clarke, C. (2016). “Canada’s
Marine Coasts in a Changing Climate.” Natural Resources Canada

severity of impact events increases the probability
of occurrences such as floods or levee failures.
The hydrology of river basins shifts and changed
based upon heavy precipitation events, snow
cover changes, rapid snowmelt and human as
well as natural (i.e.: beavers) interventions can shift
waterflow, and as such there remains a bigger need
to create a cohesion dam management strategy.
As such, we have identified, using the GeoNB
Road Network data and the Nature Conservancy
of Canada data to determine known dams
currently operational in Southwestern New
Brunswick and its corresponding owners be
it government, industry or privately owned.
This is an available data layer in the supplied
ArcGIS package. This task was performed to
highlight where each dam is currently located
and under whom the operations are assumed.
Understanding the dam management policies
and procedures of each operation will assist the
necessary practitioners to proceed with establishing
a cohesive, holistic dam management plan to
mitigate any severe dam failures or exposures.
In regards to dam structures there are a number
of key vulnerabilities relating to climate change
in addition to externalities. The main component
of dam safety affected by climate change “is the
hydrology of river basins defined by incoming
floods. Heavy precipitation has an importance
influence, but floods are also affected by other
factors including snow cover and snowmelt.”40
Outside of direct climate change impacts,
there are also a number of externalities either
directly or indirectly impacting dam safety
and operations. Natural occurrences and
interventions such as beavers building dams can
also have an impact on water flow.
Scientific studies indicate that beaver habitats are
undergoing constant changes between terrestrial
and aquatic ecosystems, leaving in their wake a
number of abandoned dams that can impact water
flow.41 Feedback from public engagement events
recorded that a number of beaver dams built in
40
41
42
43

Brockway, New Brunswick and other areas, have
drastically impacted the natural flow of many
streams in that area resulting in either minor
floods or water accumulation or alternatively,
droughts and lack of water for important service
needs such as fire water services used to combat
forest fires.42
Climate impacts on dam infrastructure can
have direct and indirect risk consequences.
Direct consequences can refer to the presence
of people, livelihoods, infrastructure and assets
in an at-risk zone that would be immediately
and severely impacted by an inundation event.
Indirect consequences speak to long-term trends
in loss that examine an interruption of services
and/or activities that results in dam failures or
disruption events.43
Dam management in New Brunswick continues
to be an issue with little provincially regulated
system that examines proper dam management
protocols for dams that are under industry or
private ownership. Presently there exists no
immediately identifiable dam inventory that
demonstrates location of dam infrastructure,
including levees and chokeholds, and denotes
clear ownership over the asset.
A D A P TAT I O N S O L U T I O N S :
▸ Create a comprehensive dam inventory
through the Province of New Brunswick
that demonstrates dam ownership (private,
industry, government) and current working
status of dams.
▸ Seek regulatory practices for dams that are
privately or industry owned that resides under
the jurisdiction of a Provincial department to
ensure proper monitoring and enforcement
protocols.
▸ Set water levels that are deemed appropriate
to mitigate against potentially damaging flood
levels.
▸ Improve and promote coordination between
dam owners who share waterways.

Fluxia-Sanmartin, J. et al. (2018). “Climate change impacts on dam safety.” Natural Hazards and Earth Systems Sciences, p. 2474
Fluxia-Sanmartin, J. et al. (2018). “Climate change impacts on dam safety.” Natural Hazards and Earth Systems Sciences, p. 2475
Community Engagement Notes, Flume Ridge
Fluxia-Sanmartin, J. et al. (2018). “Climate change impacts on dam safety.” Natural Hazards and Earth Systems Sciences, p. 2481

Fluxia-Sanmartin, J. et al. (2018). “Climate change impacts on dam safety.” Natural Hazards and Earth Systems Sciences, p. 2473
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T R A N S P O R TAT I O N
AND ROAD
INFRASTRUCTURE
The impacts of climate change on land
transportation corridors are the direct
and indirect result of temperature
and precipitation change and other
climatic factors. These impacts include
increasing freeze-thaw cycles which
can accelerate the deterioration of
transportation infrastructure as well as
warmer summer temperatures which
contribute to pavement softening,
rutting and bleeding of liquid asphalt.
Other impacts include increased
frequency of storm surges, higher tides
and flooding shortens life span of
coastal roads and infrastructure (salt
water intrusion).44 Road infrastructure
is essential in order to ensure proper
transportation services remain in
place. There are several roadways –
primary, secondary and other – that are
vulnerable to potential inland flooding in
southwestern New Brunswick. As such,
the Regional Climate Adaptation Plan
has acquired data relating to current
culvert placement in the region. These
culverts, from 2007 and 2016 inventories,
demonstrate the current placement,
diameter size and built materials (wood,
concrete, etc.) to give an accurate picture
to the current structure of culverts and
roadways in the area. Flooding, after
major rain events of >50mm, is more
likely to occur with improperly sized and
placed culverts.
Relying on the expertise of Dr. Paul Arp
and Jae Ogilvie, with the University of
New Brunswick, we have included a
data package that demonstrates current
culvert placements in addition to

44
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Many existing culverts are failing as
they are underside, partially blocked,
pertain to poor installation or failing.
As such, selecting pipe materials that
are best suited for service is based
on hydrological efficiency, structural
integrity, durability and cost. Using
this data as a guiding tool, the Regional
Climate Adaptation Plan recommends
several crucial considerations
regarding culverts, road infrastructure,
maintenance and precipitation events:
A D A P TAT I O N S O L U T I O N S :

FIGURE 3.1
The above map was created using wet-area data from UNB and
culvert data from DTI. The proportional sized circles show larger
culverts required for larger water carrying capacity. A 200mm
rainfall event was selected to demonstrate a worst-case scenario
impact event. Author(s): Lee Penney, Climate Change Technician at
ECW; Dr. Paul Arp and Jae Ogilvie at University of New Brunswick
Forestry Centre

suggested future culvert placements with recommended
diameter size to tolerate larger rainfall events that will
increase in likelihood with climate change. This GIS
data package delineates recommended diameter size and
placement for future culvert installation to sustain rainfall
events of 50mm, 100mm and 200mm.

▸ Connect with regional representatives
at the Department of Transportation
and Infrastructure (DTI) to show
climate risk data and culvert datasets.
▸ Liaise with Department of
Transportation and Infrastructure to
ensure culvert data remains updated
and relevant.
▸ Promote strong recommendations to
DTI that any future culvert updates,
replacements or new installations are
mandated to consider rainfall events
of 200mm to prepare for worst-case
scenarios.
▸ Liaise with municipal public works
officials and asset managers to ensure
that culvert data remains updated and
relevant.
▸ Conduct a PIEVC Life-Cycle Analysis
on new culvert placements.
▸ Release the data package to
engineering firms working in the
region to ensure that future projects
related to culvert enhancements or
installations.
▸ Incorporate climate change
projections into asset management
policies, planning and principles
housed within municipalities.

Nova Scotia Federation, Integrating Asset Management and Climate Change, p. 4
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NB POWER ENERGY
INFRASTRUCTURE
IN SOUTHWEST NEW
BRUNSWICK
Reports from the Canadian Electricity
Association (CEA) note that “climate
impacts for the electricity sector,
including both risks and opportunities,
may be inventoried into three areas:
electricity demand, electricity
generation and electricity transmission,
distribution and infrastructure.”45 As
such, climate risks and opportunities
must be examined through the lens of
these three main areas.
Climate variability relating to increases
in temperature, changes in precipitation
and higher rates of wind can adversely
impact existing energy infrastructure.
Increases in temperature may reduce
transmission and distribution efficiency,
resulting in increased likelihood for derating (reduced power rating) or failure
of air-cooled transformers.46
Heightened severity in ice storms
can snap powerlines, break or bring
down utility poles and greatly enhance
the probability of tree contacts to
transmission lines, resulting in
widespread infrastructure damage
and potential power loss.47 Higher
winds can also damage wires and
distribution systems. Subsequent
changes in precipitation and run off
may cause or exacerbate storm surge
events and flooding, culminating in
higher vulnerabilities to distribution
substations and switchyards.
In 2019, Eastern Charlotte Waterways
approached NB Power Environment
and Regulatory Department as well
as the Climate Change Vulnerability

The above map was created using the NB Power Asset Data and
the Wet Area Map Data to determine which pieces of energy
infrastructure are prone to flood risk in a 200 mm rainfall event.
Author: Lee Penney, Climate Change Technician at ECW (2019)

Committee, to begin conversations relating to climate
risks and potential impacts to NB Power electricity
infrastructure in southwestern New Brunswick. This
dialogue produced a data sharing initiative that resulted
in NB Power sharing important asset data relating to
the location of distribution substations, switchyards and
transmission and distribution lines in the region. The
intent of this partnership was to use ECW’s available wet
area mapping and sea level rise maps to determine if any
critical energy assets were susceptible or vulnerable to
flooding and/or sea level rise. The data shows 30 energy

45

McCarthy, D. (2016), “Adapting to Climate Change: State of Play and Recommendations
for the Electricity Sector in Canada, Canadian Electricity Association, p. 19

46

McCarthy, D. “Adapting to Climate Change,” p. 24
McCarthy, D. “Adapting to Climate Change,” p. 25

47
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station assets in the region, with eight energy station assets having varying levels of vulnerability to
inland flooding with rain events greater than 200 mm. This data was privately shared with NB Power and
will not be made publicly available.
A D A P TAT I O N S O L U T I O N S :
▸ Share list of impacted on-ground energy infrastructure (switchyards and transmission substations)
with NB Power Climate Change Committee.
▸ Share wet area map and sea level rise map data with NB Power to increase awareness around which
major pieces of energy infrastructure in SWNB are susceptible to flooding.
▸ Work alongside University of New Brunswick Department of Forestry academics Dr. Paul Arp and
Jae Ogilvie or other GIS specialists to begin initial scoping of work involved in vegetation corridor
mapping with NB Power transmission and distribution powerline data to understand which areas are
susceptible to tree contact in high wind and/or storm event.
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M U N I C I PA L
INFRASTRUCTURE:

▸ Storm sewer connections between catch basins
and manholes were assumed to be 200mm
diameter PVC pipe

The following was compiled by CBCL Ltd:

▸ Sanitary sewer mains were assumed to be 300
mm diameter PVC pipe

C B C L A N A LY S I S

CBCL completed a desktop analysis of the
key assets to develop Class D cost estimates
for the above scenarios. Field data and survey
information obtained from previous work was
utilized where applicable to better inform the
data used for the estimates. Please note that data
used from previous work was done so with the
permission from the municipality.
The scope of work was limited to the areas of
interest (note: justification for selection of these
assets can be found in the critical infrastructure risk
assessments found on p. 29 of this report) identified
on each of the satellite maps provided by ECW
for each asset. While there may have been further
detriment to municipal infrastructure caused
by the described climate scenarios, only the
infrastructure located within the denoted areas
were considered in the analysis. Also, private
infrastructure was not included in the analysis,
such as residential homes or businesses.
S T E P 1 : C L A S S D C O S T E S T I M AT E
O F T H E VA L U E O F T H E E X I S T I N G
M U N I C I PA L A S S E T S
The assets were broken down into components
based on what infrastructure is associated with
them (e.g., storm sewer, sanitary sewer, water
system, transportation) to determine the overall
quantity and to provide unit prices for each
component.
Unit prices were developed from previously
publicly tendered projects to reflect the cost of
construction in the Charlotte County region.
Several assumptions were developed to estimate
the value of assets where data could not be
obtained:
▸ Storm sewer mains were assumed to be 450
mm diameter concrete pipe
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▸ Sanitary laterals were assumed to be 100 mm
diameter PVC pipe and
▸ Constant 2% annual inflation rate
The present value of the sewage lagoons was
developed using the initial construction cost
of the St. George sewage lagoon that had been
previously obtained by CBCL. The initial capital
cost of the first cell in St. George’s sewage lagoon
was built in 1987, with the second cell built in
2003. The costs were both translated into 2019
dollars using a constant 2% rate of inflation. Due
to the lack of data on the sewage lagoon in St.
Stephen, its value was estimate by multiplying the
St. George lagoon’s 2019 value by the proportional
difference in size between the two lagoons.

The affected infrastructure quantities along with
the anticipated proportion of damage to each
asset were used to develop a Class D cost estimate
for the total restoration cost. The estimate
was developed to be reflective of the total cost
required to bring each piece of infrastructure
back to its original service if it was damaged
during the climate event.

▸ 50% of affected gravel roadways would need to
be restored

In the case of the two lagoons, the extent of how
an extreme rainfall event would affect them was
undetermined at this stage. While water overflow
into the lagoons would have obvious effects, such
as possible bank failure, certain operation effects
were unknown at the current time. Additional
investigation will be required to determine the
extent of the damage.

▸ 25% of affected armour stone would be
replaced

Several assumptions were developed to estimate
the level of failure for municipal infrastructure
and its components:
▸ 25% of affected asphalt roadways would need
to be restored

▸ 25% of affected sanitary and storm manholes
would need to be replaced
▸ 50% of street furniture (i.e.: park benches and
wooden stairway) would need to be replaced

▸ 25% of sewage lagoons’ initial capital cost
would be required for repair
▸ Sanitary, storm and water piping are all
assumed to be unaffected, as well as concrete
sidewalk and curb
S T E P 3 : D E V E L O P A D A P TAT I O N
MEASURES
S T E P 4 : C L A S S D E S T I M AT E O F
A D A P TAT I O N M E A S U R E S

Through the use of historical unit price data
along with existing survey data, a Class D cost
estimate was developed to represent the value of
existing data.
S T E P 2 : C L A S S D E S T I M AT E O F
R E PA I R / R E P L A C E M E N T A S S O C I AT E D
W I T H C L I M AT E S C E N A R I O
For each of the assets identified by ECW, the
municipal infrastructure within the areas of
interest were analyzed to determine if the
component would be detrimentally affected by
the described climate scenario. The specific
climate scenarios for each asset were described
by ECW. Please note, it was not part of CBCL’s
scope to review the climate scenarios or the
outcomes of the climate event.
Once the quantity of each component affected
by the climate scenario were captured, a
proportional value was assigned to each
component based on the anticipated level of
failure as described in the climate scenarios.

SECTION 3
CLIMATE VULNERABILITIES AND ADAPTATION SOLUTIONS

55

01:
S T. S T E P H E N S E W A G E L A G O O N

02:
S T. G E O R G E S E W A G E L A G O O N

Climate Scenario: A 200mm rainfall event over a period of 48 hours causing the Dennis Stream to
overflow its banks and infiltrate the sewage lagoon. This results in a downward flow from the river and
the lagoon.

Climate Scenario: A 200mm rainfall event over a period of 48 hours causing the Magaguadavic River
to overflow its banks and infiltrate the sewage lagoon (presuming the sewage lagoon infrastructure is
not built up). This results in a downward flow from the river and the lagoon. This assumed the area is
submerged for less than 12 hours.

Physical Description: The Town of St. Stephen’s sewage lagoon is located in the east of Town,
located adjacent to the east bank of Dennis Stream. It is an earthen lagoon, meaning it is open to the
atmosphere, with a clay liner. Berms surrounding the perimeter of the treatment ponds, approximately
1100 m in length, are used to prevent water from entering. A single blower building is situated between
the two ponds.
The following is a list of infrastructure components for the St. Stephen Sewage Lagoon and the associated total
cost and cost per unit.
C L A S S D E S T I M AT E :
VA L U E O F E X I S T I N G A S S E T S
Component

Value
($CAD, 2019)

Type

C L A S S D E S T I M AT E :
VA L U E O F E X I S T I N G A S S E T S
Component
Berms and Clay Liner

Structure

Berms and clay liner, brick structure

$3,755,367

Blower Building

Aeration and Blowers

Aeration system and blower systems

$365, 804

Motors

Series of motors

$16,181

C L A S S D E S T I M AT E :
R E PA I R C O S T A S S O C I AT E D W I T H
C L I M AT E S C E N A R I O
Value
($CAD, 2019)

Lagoon 1: Structure

Lagoon 1

Lagoon 2

Proportion
Damaged

Value
($CAD, 2019)

Berms and Clay Liner

25%

$499,608

Blower Building

25%

$47,114

Component
Lagoon 1: Structure

$1,998,432
$188, 454

Lagoon 1: Aeration System

Lagoon 1: Aeration System

Blower Unit #1

$9,423

Blower Unit #1

100%

$9,423

Blower Unit #2

$9,423

Blower Unit #2

100%

$9,423

Blower Unit #3

$9,423

Blower Unit #3

100%

$9,423

Blower Unit #4

$9,423

Blower Unit #4

100%

$9,423

Structure

Berms and clay liner, brick structure

$2,543,574

Aeration and Blowers

Aeration system and blower systems

$183,875

Blower #1

$13,326

Blower #1

100%

$13,326

Motors

Series of motors

$9,430

Blower #2

$13,326

Blower #2

100%

$13,326

Blower #3

$11,439

Blower #3

100%

$11,439

Blower #4

$10,729

Blower #4

100%

$10,729

Total

$6, 880,000

Lagoon 1: Motors

C L A S S D E S T I M AT E :
R E PA I R C O S T A S S O C I AT E D W I T H C L I M AT E S C E N A R I O
Component / Type

Proportion Damaged

Costs
($CAD, 2019)

Lagoon 1

$1, 885

Motor #1

100%

$1, 885

Motor #2

$1, 885

Motor #2

100%

$1, 885

Motor #3

$2, 827

Motor #3

100%

$2, 827

Motor #4

$2, 827

Motor #4

100%

$938,842

Lagoon 2: Structure

Aeration and Blowers

100%

$365, 804

Berms and Clay Liner

Motors

100%

$16,181

25%

$635,893

Aeration and Blowers

100%

$183,875

Motors

100%

$9,430

Lagoon 2
Structure

Total

$2,150,000

Assuming a flood event that causes the banks of both lagoons to fail, with water reaching the interior of each of the blower buildings and
significantly damaging blowers and motors.

SOUTHWESTERN NEW BRUNSWICK
REGIONAL CLIMATE ADAPTATION PLAN 2019

Lagoon 1: Motors

Motor #1

25%

Structure
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Physical Description: The Town of St. George’s sewage lagoon is in the town’s southwest, located
on the south bank of the Magaguadavic River. It is an earthen lagoon, meaning it is open to the
atmosphere, with a clay liner. Berms surrounding the perimeter of the treatment ponds, approximately
708 m in length, are used to prevent water from entering. A blower building is situated adjacent to each
pond (two in total).

Brick Structure

Total
$1,398,848
$82,367

Lagoon 2: Aeration System
Blower Unit #1

$6,864

Blower Unit #2

$6,864

Blower #1

$5,491

Blower #2

$5,491

$2, 827
$650,000

Assuming a flooding event causes the north bank of the lagoon
#1 to fail and water reaching the interior of the blower building.
Significant damage is assumed to occur to the blowers and motors.
Lagoon #2 is assumed to be unaffected by the flooding.

Lagoon 2: Motors
Motor # 1

$2,746

Motor #2

$2,746

Total

$4,010,000
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03:
T H O M P S O N AV E N U E I N S T. S T E P H E N

04:
CEDAR STREET IN HARVEY

Climate Scenario: A 200mm rainfall event over a period of 48 hours causing Thompson Avenue to
flood. Water remains on the road for a 12-hour period.

Climate Scenario: A 200 mm rainfall event over a period of 48-hours causing Cedar Street to flood due
to Harvey Lake water levels. Water remains on the road for a 12-hour period.

Physical Description: The segment of Thompson Avenue is composed of various types of
infrastructure, including: asphalt roadway, concrete sidewalk, storm and sanitary sewer piping, storm
and sanitary manhole structures, water distribution piping and fire hydrants.

Physical Description: Cedar Street in Harvey is composed of various types of infrastructure, including:
asphalt roadway, gravel roadway, concrete curb and sidewalk, storm and sanitary sewer piping, storm
and sanitary manhole structures. The site is a combination of residential, commercial and municipal
land use. Harvey Lake is also situated to the northwest of Cedar Street.

C L A S S D E S T I M AT E :
VA L U E O F E X I S T I N G A S S E T S
Description

Quantity

Unit

Unit Cost
($CAD)

Cost
($CAD)

C L A S S D E S T I M AT E : VA L U E O F E X I S T I N G A S S E T S

Water
150 mm Diameter PVC Pipe
Fire Hydrants

$250

$4,000

3

Ea.

$5,000

$15,000

Storm Sewer
330

M

$400

$132,000

2

Ea.

$5,000

$10,000

11

Ea.

$3,000

$33,000

Transportation
Asphalt Road c/w Granular A and B

330

M

$453.375

$149,614

Concrete Sidewalk

233

M

$165

$38,445

Total

$590,000

C L A S S D E S T I M AT E :
R E PA I R C O S T A S S O C I AT E D W I T H C L I M AT E S C E N A R I O
Quantity

Unit

Portion
Damaged

Cost
($CAD)

Sanitary Sewer
3

Ea.

25%

$3,750

Storm Sewer
2

Ea.

25%

$2,500

11

Ea.

25%

$8,250

Transportation
Total
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$11,200
$5,000

Storm Sewer
450 mm Diameter Reinforced Concrete Pipe
Storm Manhole

40
4

M
Ea.

$400
$5,000

$16,000
$20,000

Transportation
Asphalt Road c/w Granular A and B
Gravel Road c/w Granular A and B
Concrete Sidewalk
Concrete Curb
Total

40
500
40
80

M
M
M
M

$453.375
$210.375
$165
$150

$18,135
$105,188
$6, 600
$12,000
$200,000

In the event of Cedar Street being 100% covered by
water after a major rainfall event. The following is a
set of probable costs for repair in association to the
presented climate scenario.

The following is a Class D cost estimate based off a
proposed adaptive measure. The proposed adaptive
measure is to increase the road elevation to levels
above anticipated in 2100.

C L A S S D E S T I M AT E :
R E PA I R C O S T A S S O C I AT E D W I T H
C L I M AT E S C E N A R I O

C L A S S D E S T I M AT E :
ADAPTIVE MEASURES

$13,000

M

Asphalt Road c/w Granular A and B

$280
$5,000

$6,500

16

Catch Basin

M
Ea.

Ea.

100 mm Diameter PVC Pipe

Storm Manhole

40
1

2

$108.900

Sanitary Manhole

Sanitary Sewer
200 mm Diameter PVC Pipe
Sanitary Manhole

Description

$330

Description

Cost
($CAD)

$85,800

M

Catch Basin

Unit Cost
($CAD)

$260

330

Storm Manhole

Unit

M

300 mm Diameter PVC Pipe

450 mm Diameter reinforced concrete pipe

Quantity

330

Sanitary Sewer

Sanitary Manhole

The following is a list of infrastructure components located on Cedar Street and the associated costs by unit and
in total.

330

M

25%

$37,403
$60,000

Description

Quantity

Portion
Unit Damaged

Cost
($CAD)

Description

Quantity

Portion
Unit Damaged

Cost

Sanitary Sewer
Sanitary Manhole

1

Ea.

25%

$1,250

Sanitary Sewer
Sanitary Manhole

1

Ea.

25%

$1,250

Storm Sewer
Storm Manhole

4

Ea.

25%

$5,000

Storm Sewer
Storm Manhole

4

Ea.

25%

$5,000

40

M

$4,534

500

M

$52,594
$70,000

Transportation
Asphalt Road c/w
Granular A and B
Gravel Road c/w
Granular A and B
Total

40

M

25%

$4,534

500

M

50%

$52,594
$70,000

Transportation
Asphalt Road c/w
Granular A and B
Gravel Road c/w
Granular A and B
Total

A “do nothing” approach is recommended for Cedar Street at this time. Where the road is positioned at an elevation of 150.2 m and the
approximate elevation of Harvey Lake is 144.9 m, raising the road is not recommended at this time. If there is localized flooding in the
area caused by under-designed storm sewer, then a separate storm water model would need to be developed in order to properly design
such a system.
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05:
W AT E R S T R E E T / PAT R I C K S T R E E T I N S A I N T A N D R E W S

In the event of a climate scenario that covers 25% of Water Street and 30% of Patrick Street in water.

Climate Scenario: 48 hours of submerged roadway due to high water tide level (4.3 m encroachment)
and 200mm rainfall event (worst case scenario). Due to sea level rise, the roadway will be submerged in
water twice daily at high tide with a vertical water depth of approximately 0.5m to 1.0m.
Physical Description: The segment of Water Street and Patrick Street indicated is composed of various
types of infrastructure, including: asphalt roadway, concrete curb and sidewalk, asphalt sidewalk, gravel
walkway and parking area, storm and sanitary piping, storm and sanitary manhole structures, water
distribution piping, fire hydrants, armor stone, park benches and a wooden staircase.

Description

Quantity

Unit Portion Damaged

Cost

Sanitary Sewer
Sanitary Manhole

2

ea.

25%

$2,500

Storm Manhole

1

ea.

25%

$1, 125

Catch Basin

3

ea.

25%

$2,250

Storm Sewer

The following is a list of infrastructure components on parts of Water Street and Patrick Street in Saint Andrews
and its associated unit costs and total cost.

Transportation

C L A S S D E S T I M AT E :
VA L U E O F E X I S T I N G A S S E T S

Asphalt Road c/w Granular A and B

419

M

25%

$47, 491

Gravel Walkway

565

M

50%

$4, 238

2,205

M2

50%

$11,025

15,120

Tonne

25%

$226,800

1

ea.

50%

$1,250

Quantity

Unit

Unit Cost
($CAD)

150mm Diameter PVC pipe

455

M

$260

$118,300

200 mm Diameter PVC pipe

203

M

$350

$71,050

5

Ea.

$6,500

$32,500

Description

Cost
($CAD)

Water

Fire Hydrants
Sanitary Sewer
525 mm Diameter Reinforced Concrete Pipe

935

M

$500

$467,500

300 mm Diameter PVC Pipe

765

M

$330

$252,450

100 mm Diameter PVC Pipe and Connection

40

M

$250

$10,000

Sanitary Manhole

14

Ea.

$5,000

$70,000

575

M

$400

$230,000

40

M

$250

$10,000

4

Ea.

$5,000

$20,000

13

Ea.

$3,000

$39,000

$435.375

$716,333

Storm Sewer
450 mm Diameter Reinforced Concrete Pipe
200 mm Diameter PVC Pipe
Storm Manhole
Catch Basin
Transportation
Asphalt Road c/w Granular A and B

1,580

Gravel Parking Area
Miscellaneous
Armour Stone
Furniture
Total

C L A S S D E S T I M AT E : A D A P T I V E M E A S U R E S * * *
The road elevation on Water Street to be increased to 4.9 m, 600mm above the anticipated HHWLT of
4.3 in 2100. The length of Water Street that will be subject to flooding and will need to be raised is 280m
long.
Description

Quantity

Unit

Unit Cost

Cost

2

ea

$5,000

$10,000

Full depth Asphalt Removal/Pulverization

2100

m2

$5.00

$10,500

Common fill

6160

m2

$15.00

$92,400

Asphalt Road c/w Granular A and B

280

m

$453

$126,945

280

m

$15.00

$4,200

1035

m2

$10.00

$10,350

Armour Stone

4312

tonne

$60.00

$258,720

Topsoil and Sod

1120

m2

$20.00

$22,400

4

ea

$10,000

$40,000

Sanitary Sewer
Raise existing manhole rim elevation
Transportation

115

M

$165

$18,975

Asphalt Sidewalk

115

M

$60

$6,900

Concrete Curb and Gutter

230

M

$150

$34,500

Gravel walkway

Gravel Walkway

965

M

$15

$14,475

Gravel Parking Area

2,205

M2

$10

$22,050

Miscellaneous

15,120

Tonne

$60

$907,200

1

Ea.

$2,500

$2,500

Miscellaneous
Armour Stone
Furniture (Park Bench, Wooden Staircase)
Total

SOUTHWESTERN NEW BRUNSWICK
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$3,050,000

$300,000

The following is a Class D cost estimate based off a proposed adaptive measure. The proposed adaptive measure
is to increase the road elevation to levels above anticipated in 2100.

Concrete Sidewalk

Gravel Parking Lot

60

C L A S S D E S T I M AT E :
R E PA I R C O S T A S S O C I AT E D W I T H C L I M AT E S C E N A R I O

Electrical Pole Relocation
Total

$580,000
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M U N I C I PA L W AT E R
INFRASTRUCTURE

Water treatment facilities: direct or indirect
impacts:50

Reports indicate that water infrastructure and
supply services are vulnerable to the fluctuating
responses of climate change. Many municipalities
and local service districts in southwestern New
Brunswick rely on multiple water sources for
proper drinking water supply. Major concerns
relating to water supply in southwestern New
Brunswick relate to reduced surface water flow,
temperature rise and fluctuating groundwater
levels. Oftentimes, community members who
live in rural regions do not have direct access
to water infrastructure or underlying pipes
and as such, must depend upon drilled wells,
wellfields and groundwater. Groundwater may
be stored within thick layers of sand and gravel
or within bedrock fractures.48 Drilled wells are
vulnerable to climate change due to fluctuations
in rain events and the rise in temperatures
which results in greater probability for droughts.
Groundwater is vulnerable to contaminations
in areas where harmful bacteria or chemical
substances contaminate the aquifer.49 Public
engagement events indicated that, during warmer
and drier summer seasons, many rural households
combatted the issues of low to running
completely dry, especially in the McAdam area.
There are several protected wellfields in our
region that are appropriately zoned.

▸ Increasingly higher temperatures (those
greater than 30 degrees), low soil moisture and
dry days (10 consecutive days without rain)
makes forest fires in watersheds increase in
likelihood and could impact available water
quantity and quality

Other water sources in the area include
Chamcook Lake for the Town of Saint Andrews
and Dennis Stream for the Town of St. Stephen.
The Chamcook watershed has historically been
vulnerable to changing water levels, invasive
plants and species and cyanobacteria, all of which
negatively impact the water quality and the health
of the drinking water. As temperature levels rise
and the risk to drilled wells increases, there are a
number of important and worthwhile adaptative
measures that must be implemented by residents
and by municipalities in the region.

▸ Treatment costs and level of treatment
are increased during droughts as the
concentration of water quality parameters are
increased, making it more difficult to meet the
Drinking Water Standards and Guidelines
▸ Pumps, distribution systems and service lines
are stressed to meet increased demand for
water when the temperatures are high and the
water levels are low
▸ Water distribution systems are at risk from
seasonal shifts in freeze/thaw cycles
A D A P TAT I O N S O L U T I O N S :
▸ Work with Saint Andrews Council and
Chamcook Watershed Landowners
Association to maintain the water quality and
vitality of Chamcook Lake.
▸ Work with the Canadian Rivers Institute and/
or other external research partners to devise a
cyanobacteria monitoring system.
▸ Public awareness and education campaign to
conserve water.

48

Department of Environment and Local Government. 2005. “An overview of New
Brunswick Wellfield Protection Program, Government of New Brunswick”

49

DELG, “Wellfield Protection Program”
Nova Scotia Federation of Municipalities, “Integrating Asset Management into Climate Change”

50
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▸ Higher temperatures can strain the
groundwater supply, making it more difficult
to replenish the supply
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RESIDENTIAL PROPERTIES
Residential property owners are beginning to see
and feel the impact of climate change to their
homes and to their properties. Sea level rise and
inland flooding can negatively impact the home
values and cause undue stress on the financial
and mental wellbeing of property owners.
Climate hazards can have wide-ranging
ramifications for exterior and interior surface
buildings. Some of these climate impacts include:
increased snowfall that can create circumstances
to led to incidences of structural collapse or
detrimental structural impacts that can wear over
time. Other impacts include severe wind damages
to roofs and building cladding and increased
precipitation that results in property damages
and basement flooding which can reduce the
functionality and service life of buildings. Underdesigned HVAC capacity builds are stressed
under warming temperatures which can result in
potential health issues.51 In 2018, the Southwest
New Brunswick Service Commission created a
guidebook entitled Building for Climate Change:
A Quick Guide for Homeowners and Builders. This
guidebook was distributed to municipal town
offices and other areas around the region in an
effort to promote best practices for residential
property owners to mitigate against climate risks.

51

FIGURE 3.3
Building for Climate Change: A Quick Guide for
Homeowners and Builders (2018). Southwest New
Brunswick Service Commission.

Nova Scotia Federation of Municipalities, “Integrating Asset Management into Climate Change,” p.4
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The following is a summary of proposals from that
document, in addition to other research for adaptation
solutions.
A D A P TAT I O N S O L U T I O N S F O R N E W
B U I L D S D E S I G N E D F O R C L I M AT E
CHANGE:
▸ No basements – slab, above grade, etc.
▸ No degradable construction materials at flood
level (the ideal is 30-60 cms above the flood level)
▸ Mandated foundation and footing to have
flood vents
▸ Ensure a new build has no vinyl siding (to
minimize the risk of fires)
▸ Managed snow load
▸ Specify non-combustible roofing
▸ Avoid gable-end vents that are particularly
susceptible to wind-borne embers or screen
gable-end vents with 3mm wire mesh screen
▸ Create a “wildfire plan” that includes
temporarily blocking these vents with a fireresistant material such as Fiberglas insulation
▸ One-hour fire separation at the soffits
▸ Don’t have vinyl gutters and clean out your
gutter materials
▸ Use brick, fascia, stucco, metal and fiberconcrete siding products

64
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▸ Update single-pane windows
▸ When building a deck, consider:
Ҭ Building a patio instead of a deck where
geography and landscaping allows
Ҭ Covering the deck with solid, noncombustible product such as tile
Ҭ Using non-combustible deck boards such
as a number of fiber-cement products no
available
Ҭ Removing combustible materials from
near the deck, and incorporating noncombustible ground cover like stone
Ҭ Using a mesh to cover the space under the
deck to minimize ember intrusion
A D A P TAT I O N S O L U T I O N S F O R F L O O D
R E S I L I E N C E R E N O VAT I O N S A N D
BUILDING:
▸ Prepare for the Basic Flood Elevation (BFE)
Level for a 2100 climate event
Ҭ All wood-frame construction and electrical
services above BFE (Ideal 90 cms above)
Ҭ Build flood vents into the walls
▸ Best Practices:
Ҭ No living space below BFE
Ҭ All load bearing timber above
Ҭ All key electrical services (service panels,
electrical meters) above BFE
Ҭ Use building materials below BFE that are
not susceptible to water damage i.e.: brick,
concrete, steel
Ҭ Build on either piers, concrete block wall,
or concrete wall such that any living space
is at least 30 cm if not 90 cm above BFE

SECTION 3
CLIMATE VULNERABILITIES AND ADAPTATION SOLUTIONS

65

P U B L I C H E A LT H , C L I M AT E I M PA C T S
A N D A D A P T I V E C A PA C I T Y I N
SOUTHWESTERN NEW BRUNSWICK

Public Services and
Social Responsibilities

Reports from the Canadian Federation
of Nurses Union indicate that there
are merging physical and psychosocial
health impacts related to climate change.
Some of these health impacts relate
to a higher rates of heat stroke and
stress, increased allergens from more
intense and prolonged pollen seasons
that exacerbates asthmas suffers’ health
conditions, increased mental distress
resulting from displacement related to
fires and flooding, an accelerated spread
of Lyme disease and West Nile disease
and increased respiratory ailments.52
Other health impacts relate to mental
health and psychosocial impacts that are
exacerbated by external pressures. These
psychosocial impacts manifest in the
form of anxiety, depression, complicated
grief, survivors’ guilt and recovery
fatigue either before, during or in the
aftermath of a climate induced event.53
Ecological determinants of health
(EDoH) refers to factors directly linked
to climate change and atmospheric
changes, ecotoxicity, pollution and
resource depletion that can influence
the capacity of health systems and
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individuals, ultimately influencing the
health outcomes.54 Some ecological
determinants relate to possible
increases of Lyme disease cases,
increased likelihood of airborne
allergens impacting respiratory
allergies, increased high humidity rates
exacerbating symptoms of heatstroke
and the increased likelihood of
spreading waterborne pathogens in flood
conditions.55 These are a direct result of
temperature rise and increased potential
for flooding. Social determinants of
health (SDofH) reference employment,
education, income, housing and
working conditions, physical
environments and social supports,
access to healthcare, culture, gender
and childhood experiences. In order to
understand the unique placement of
climate change impacts in the dialogue
related to health and well-being, it is
important to understand the social
and ecological determinants to health
in New Brunswick, in particular in
Southwestern New Brunswick. It must
be noted that there are unequal risks and
impacts to people based on social and
environmental factors.

52

Martin, W., and Vold., L. (2019). “Climate Change and Health: It’s Time to Act,
A Discussion Paper.” The Canadian Federation of Nurses Union, p. 6

53

Hayes, Katie., Berry, P., Ebi, K. (2019). “Factors Influencing the Mental Health Consequences of
Climate Change in Canada” International Journal of Environmental Research and Public Health, p.4

54

Hayes, K., Blashki, G., Wiseman, J., Burke., Reifels., L. (2018). “Climate Change and Mental
Health: risks, impacts, and priority actions.” International Journal of Mental Health Systems

55

Martin, W. and Vold, L., “Climate Change and Health,” p. 11
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The Conservation Council of New
Brunswick report, Healthy Climate,
Healthy New Brunswickers interprets
the New Brunswick Health Council
“Communities at a Glance” profiles
and demonstrates that climate change
induced changes can contribute
to existing health challenges that
communities face and can undermine
health policy, intervention and
strategies.56 The Healthy Climate,
Healthy New Brunswickers report also
indicates several important points
relating to health and climate change in
Southwestern New Brunswick. They are
as follows:
01 Increase in black-legged tick
populations which can result in
increased probability of Lyme
disease
02 Increased temperatures and
increased humidity impacting
populations that are most
vulnerable to temperature
regulation challenges during a
heatwave
03 Increased airborne allergens such
as tree, grass and weed pollen, to
interfere with respiratory allergens
Using the New Brunswick Health
Council Data, it is important to
determine the unique vulnerabilities
and challenges facing public health and
social cohesion in our region. In order to
determine the adaptive capacity of the
region, we must also look at the societal
level of adaptation and the current status
of the social determinants of health. The
New Brunswick Health Council report
examines present demographics and
health indicators which help to provide a
backdrop to understanding how climate
56

57
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FIGURE 3.5
Population Demographics:
Using the New Brunswick Health Council Report, Communities at a Glance, this report provides an overview to help
understand how climate change might interact with present social and health challenges found within communities in
Southwestern New Brunswick. This table highlights population demographics.59

Health Zone 2: St.
George, Blacks
Harbour and Grand
Manan

Health Zone 2: St.
Stephen, Saint
Andrews, Campobello
Island Area

Health Zone 3:
Nackawic, McAdam,
Canterbury Area

Population Size

11, 289

15, 260

11, 266

Land Size (Km2)

1, 786

1, 638

3,331

% Of Population Immigrants

4.1%

9.7%

3.7%

% Of Population Indigenous Peoples

1.7%

1%

1.7%

% Of Population Single Person Families

16%

17%

12%

% Of Population Persons Living Alone

14%

14%

11%

% Of Persons With A Disability (2014)

29%

23%

23%

% Of Youth, <20 Years

22%

22%

21%

Seniors, 65+ Years

18%

18%

17%

Seniors Living Alone (2017)

28%

28%

23%

Demographics

FIGURE 3.4
The Conservation Council of New Brunswick (2019):
Full report can be found here:
https://www.conservationcouncil.ca/en/climate-change/

impacts must be factored into first response and health
interventions. Using the My Community at a Glance reports,
we examined three geographical areas, two in Zone 2
and one in Zone 1, that encompasses the communities
in southwestern New Brunswick. The following tables
characterize these health profiles, compiled from a
variety of different data sources, and help illustrate a
comprehensive picture of regional health and therefore,
a portion of the potential adaptive capacity of the region.
This information is separated into a demographic analysis,
the social determinants of health and finally, data around
health-related services.
It is imperative that future climate change planning in
the region incorporates current health indicators so that
individuals who are deemed to be ‘vulnerable’ for reasons
related to socioeconomic status, accessibility and mobility,
aging demographics and mental and physical health status,
are not overlooked. When considering the demographics
of Southwestern New Brunswick, there are a few focal
points. A large part of the population, approximately 18%
are noted as seniors (65+ years) and of that proportion,
23%-28%, have self-identified to be ‘living alone.’ Research

Comeau, L., and Nunes, D. (2019). “Healthy Climate, Healthy New Brunswickers: A Proposal for New
Brunswick that cuts pollution and protects health.” The Conservation Council of New Brunswick, p.3

suggests that individuals who are living alone, on
a low-income, with one or more chronic health
concerns and show symptoms of social isolation
are particularly vulnerable to the mental and
physical health effects of extreme weather events
that are made worse by climate change.57 Other
vulnerable groups include: newcomers (3.7%-9.7%
of the population), indigenous peoples (<1.7% of
the population) and single person families (12%16% of the population).58 Low income households
can be at risk for a variety of reasons including,
food insecurity and financial constraints, that can
impede the ability to recover quickly after a major
weather event. Socioeconomic disparities become
more apparent in the aftermath of a weather
event where infrastructure damages to homes
and properties can negatively impact the mental
wellbeing and purchasing power for repairs and
58
59

expenses upfront in households that previously
struggle with financial viability. This can
intensify possible psychological impacts such as
anxiety, depression and complicated grief in the
immediate days following exposure to a climate
change related hazard as well as months or years
later. Understanding regional demographic
statistical patterns and trends as they relate to
health and socioeconomic wellbeing reinforces
the regional adaptive capacity to understand
the unique gaps in the population that may be
unintentionally disregarded in the adaptation
planning process.

CENSUS 2016 Canada Report
New Brunswick Health Council. (2017). “My Community at a Glance”

Comeau, L., “Healthy Climate, Healthy New Brunswickers,” p. 4
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Other constructive analysis of social
determinants of health relate to understanding
how social capital, social cohesion and
community-led health response interventions
can enhance and strengthen regional adaptive
capacity. Overall, the Communities at a Glance
report indicate that a “sense of community
belonging” varies in each of the aforementioned
health zones, with areas noting between 63%
and 84% of the community feels “some level
of belonging.” Research from the University
of New Brunswick,60 shows that areas with
exceptional levels of social cohesion and a sense
of community belonging have stronger adaptive
capacity outcomes in comparison to communities
that experience higher levels of social isolation.
Factors that influence the capacity to adapt

from a public health standpoint directly relate to
social capital, sense of community, government
assistance, access to resources, community
preparedness, transdisciplinary collaboration,
communication and outreach, mental health
literacy and culturally relevant resources.
Enhancing community social service areas such
as recreation, arts and culture, community social
groups and organizations and other factors
relating to amplified social capital, can, overall,
strengthen regional adaptive capacity to climate
change induced events. In the days and weeks
following the major Saint John River Floods in
2018 and 2019, individuals who suffered property
or personal loss cited the major importance of
community in response and recovery processes.61

FIGURE 3.6

Health Zone 2: St.
George, Blacks
Harbour and Grand
Manan

Health Zone 2: St.
Stephen, Saint
Andrews, Campobello
Island Area

Health Zone 3:
Nackawic, McAdam,
Canterbury Area

63%

67%

84%

Families receiving social assistance or
welfare benefits

7%

7%

4%

Persons receiving Employment
Insurance (EI)

8%

6%

5%

Low-income households (all)

18%

23%

17%

Low income in households with
children under 6 years

16%

28%

25%

Low income households with youth
under the age of 20 years

22%

30%

17%

Adults 18-64 years

14%

22%

15%

Seniors 65+

26%

19%

26%

8%

6%

8%

Community Belonging

Unemployment rate/seasonal workers

70
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Woodhall-Melnik, J. and Grogan, C. (2019). “Investigating Mental Health and Social Capital in Communities that Experience
Residential Displacement as a Result of the Saint John River flood of 2018.” Institute for Catastrophic Loss Reduction

61

Woodhall-Melnik, J., “Investigating Mental Health and Social Capital,” p. 2
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FIGURE 3.7
Health Related Services:
Health related services allow us to have a better idea of the current status and potential strain on our healthcare services
so that we can understand how this might be impacted by climate change.
Health Zone 2: St.
George, Blacks
Harbour and Grand
Manan

Health Zone 2: St.
Stephen, Saint
Andrews, Campobello
Island Area

Health Zone 3:
Nackawic, McAdam,
Canterbury Area

35%

30%

28%

Symptoms of depression in youth
Grades 6 to 12 (2015-2016)

36%

33%

34%

Symptoms of anxiety in youth Grades 6
to 12 (2015-2016)

35%

33%

32%

Population with depression

16%

15%

19%

4%

4%

3%

Use of sunscreen on their body in the
summer months, always or often (2012)

45%

45%

Not reported

Has no health insurance coverage

21%

23%

19%

Health Related Services
Access to primary health team in the
last 12 months (2014)
Visited a personal, family doctor in the
last 12 months (2014)

A Number of Social Determinants of Health in Southwestern New Brunswick:
Demonstrates some of the important social determinants to health depictured from the New Brunswick Health Council
Report, Communities at a Glance, to provide an overview of current socioeconomic disparities, unemployment rates, and a
reliance on social assistance programs. Frail financial situations can be aggravated in the aftermath of a climate induced
event.

Social Determinants of Health

Finally, understanding the current structure and strength of health-related services in Southwestern
New Brunswick assists with providing a comprehensive picture around climate impacts to public
health. Research shows that a moderate portion of the population, 19%–23%, do not have access to
health insurance coverage.

Emphysema or COPD

SECTION 3
CLIMATE VULNERABILITIES AND ADAPTATION SOLUTIONS

71

SOUTHWESTERN NEW
BRUNSWICK REGIONAL
A N A LY S I S : C L I M AT E
PRESSURES ON PUBLIC
H E A LT H
In the aftermath of the intense flood
event of 2010, flood reports were released
by the Department of Environment and
Local Government that noted damage
details. These damage details related
directly to infrastructure costs including
roads, homes, barns, sheds and personal
belongings that amounted to a total
monetary value of $13, 830,00.62 The
Flood Details report note that a total
of 880 claimants registered with the
province for compensation from floods
and storm surges and a total of 50 to 60
homes in southwestern New Brunswick
were lost with 665 property owners
reporting damages in Charlotte County.
Oftentimes when the calculation cost
for damage is automatically attributed
to tangible, infrastructure or property
loss but very rarely emotional or mental
health costs factored into the equation.
A D A P TAT I O N S O L U T I O N S :
▸ Consider how social capital can
play a supportive role in the central
response strategy for governments
responding to communities in distress
(i.e.: EMO leaning on communitybased response interventions to
enhance recovery efforts post crisis)
▸ Work alongside government
emergency response services to
ensure integration of mental health
care into disaster risk management
plans (i.e.: having mental health
worker on emergency response teams)

A D A P TAT I O N S O L U T I O N S :
▸ Advertise for the Extramural patient care
list for individuals to self-register https://
extramuralnb.ca/en/.
▸ Coordinate with New Brunswick Department
of Social Development to create a list of
Special Care Homes and create a map
depicting locations to continue to grow
inventories of potentially vulnerable
populations.

▸ Reach out to healthcare programs in the region,
such as inpatient or outpatient mental health care
or counselling, to raise awareness of mental health
implications of climate change.
▸ Work with the Charlotte County Multicultural
Association to provide climate resiliency training for
newcomers.
▸ Work with Vibrant Communities Charlotte County
to provide climate resiliency training for low-income
families.
▸ Promote a voluntary Vulnerable Persons Registry for
individuals who want to self-register (based off the
Town of Hampton “Red Cross Model”: https://www.
townofhampton.ca/residents/emo/).
▸ Early intervention programs assisting schools with
tools, practices and training related to mental health
and wellbeing and climate change.
▸ Foster opportunities for health practitioners to
integrate climate change resilience building into mental
health training and community-based intervention.

▸ Consider cultural relevancy of
response interventions that relate
directly to newcomers and indigenous
communities in the region.
62
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The Department of Environment and Local Government. (2010). Flood Details; 2010-12-13.
https://www.elgegl.gnb.ca/0001/en/Flood/Details/296
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EMERGENCY RESPONSE
A N D P R E PA R E D N E S S
The report, “Emergency Management Strategy
for Canada: Toward a Resilient 2030” prepared
by Public Safety Canada outlines the provincial
and territorial government responsibility for
emergency management within their respective
jurisdictions. In an emergency, the first
response typically comes from local authorities
or provincial level emergency response as the
impacts are felt locally.63
Using a report and location list provided by
the New Brunswick Emergency Measures
Organization (EMO), Eastern Charlotte
Waterways has created maps to depict where
the emergency shelters are in southwestern
New Brunswick. This is included in the climate
data package. Although immediate emergency
response is under the command of the Emergency
Measures Organization, Fire Services, Police
Service and other relevant government agencies,
a level of awareness in regards to the structure
of the emergency response system in Southwest
New Brunswick helps to familiarize other
government agencies and the public with the
supervised, structured procedures put in place in
the aftermath of a variety of required emergency
response scenarios.
63

▸ Follow the Red Cross “Emergency Shelter
Readiness List” to determine which emergency
centers in Southwestern New Brunswick are
‘well-equipped’ and which ones require further
attention.
▸ Continue to work alongside the EMO to help
Local Service Districts and unincorporated
areas improve level of preparedness.
▸ Coordinate with Municipal staff to ensure
Emergency Action Plans include climate
considerations.
▸ Send out Local Service District emergency
response templates to all local service district
areas (organization, levels of preparedness,
etc.).
▸ Encourage a Neighborhood ‘Buddy’ System in
LSD and unincorporated areas
▸ Funding for residential owners to do bulk
purchases of: 72-hour emergency kits and
backup generators.
▸ Education workshops: planning and preparing
for extreme weather events
▸ Identify flow of communication in emergency
situations.
▸ Work with Local Service Districts to equip
warming and cooling centres.

Public Safety Canada. (2019). “Emergency Management Strategy for Canada: Toward a Resilient 2030”
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I N D I G E N O U S C U LT U R E A N D S I G N I F I C A N T
H E R I TA G E S I T E S
Our tangible cultural heritage is being threatened by gradual shifting
weather patterns and extreme events resulting from climate change.64
These shifts can compromise materials, built structures, natural
ecosystems and many other important attributes directly associated
to indigenous cultural heritage preservation in southwestern New
Brunswick. The continual relationship between the Peskotomuhkati
Nation (Passamaquoddy) and their traditional territory along the
Schoodic (St. Croix) watershed is paramount to understanding how
contemplative, sustainable environmental management practices occur
and maintain the true sanctity of the land.
There are many cultural heritage sites, both built and naturally
occurring, that rest along these traditional territories that must be
preserved in the face of a changing climate.
01 Define cultural heritage sites
02 Identification of risks of climate change to cultural heritage sites
03 Integrate climate change considerations into cultural heritage site
management with the Peskotomuhkati Nation
A D A P TAT I O N S O L U T I O N S :
▸ Identify which climate change risks directly or indirectly impact
cultural heritage sites.
▸ Work alongside the Peskotomuhkati Nation to determine which
cultural heritage sites are at risk.
▸ Work alongside Peskotomuhkati Nation to create a cultural heritage
map with climate risk overlay zones.
▸ Integrate climate considerations into cultural management and
preservation strategies.
▸ Strengthen the monitoring and maintenance of cultural heritage
sites to cope with climate change impacts.
▸ Identify champions within the Peskotomuhkati Nation to build
cultural resiliency to climate change impacts including, but
not limited to, mental health, traditional values and indigenous
knowledge.
64
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Sesana, E. et al., (2018). “Adapting Cultural Heritage to Climate Change
Risks: Perspectives of Cultural Heritage experts in Europe.” Geosciences
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INSTITUTIONAL AND
S TA F F R E S O U R C E S

Institutional
Vulnerabilities

Reports from Climate Analytics and Nature
Sustainability indicate that weak governance
structures and a lack of climate considerations
in vertical integration and decision making
at all levels of government remains one of
the key obstacles to sustainable development
and certifying adaptive capacity. Presently, in
southwestern New Brunswick there remains few
organizations and individuals participating in
climate work and subsequently, few work areas
are being directly exposed to the benefits of
effective climate policy and planning.
Other regions in New Brunswick, most notably
the Chignecto region, have formed regionally
based climate change collaboratives that hold
annual workshops uniquely geared toward
adaptation issues in their region (eosecoenergy.
com). A portion of the regional collaborative
have created a working group that contains
representatives from the area that are skilled in
climate change adaptation planning.
A D A P TAT I O N S O L U T I O N S :
▸ A full-time staff position housed at
the Southwest New Brunswick Service
Commission that is tasked with climate change
implementation duties. These duties could
include:
Ҭ Implementation of the Regional Climate
Adaptation Plan
Ҭ Spearhead the Regional Climate Change
Collaborative to increase regional
institutional resilience to climate
change planning. The main role of this
Collaborative would be to (a) provide
networking opportunities, (b) education
opportunities for members and the public
and (c) advance the Regional Climate
Adaptation Plan. Potential members to
include in Regional Climate Change
Collaborative: NB Climate Secretariat
representative, Charlotte County municipal
council and/or staff members, Southwest
New Brunswick Service Commission,
NB EMO Regional representative, Local
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Ҭ

Ҭ
Ҭ

Ҭ
Ҭ

Service District representatives, Ducks
Unlimited Canada, Eastern Charlotte
Waterways Inc., DTI representative.
Work alongside relevant government
departments including the Emergency
Measures Organization, the Department
of Transportation and Infrastructure,
the Department of Environment and
Local Government, the Department of
Energy and Resource Development, the
Department of Public Health, etc. to
ensure that climate considerations are
being integrated into policy planning and
governance models
Work alongside the Peskotomutaki to
increase cultural resilience to climate
change
Work alongside municipal staff officials,
especially Chief Administrative Officers
and Public Works Officials, to ensure
that climate risk data is being properly
interpreted and considered
Ensures regular and relevant updates to the
Regional Climate Adaptation Plan
Conducts public workshops for residential
property owners to increase resiliency to
climate change

▸ Integrate climate considerations into the
Planning Division at the Southwest New
Brunswick Service Commission including
the Planning Management Committee (PMC)
and the Planning Review and Adjustment
Committee (PRAC) so that recommended
variances for partner municipalities and rural
areas that are subjected to planning guidelines
are made aware of potential and relevant
climate change impacts.
▸ Integrate climate considerations into all levels
of municipal governance including, but not
limited to, asset management, cultural and
historical planning, recreational activities,
municipal plans, etc.
▸ Annual assessments of the adaptive capacity
of the region and local forms of governance on
integrating climate change considerations into
all levels of decision making
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PUBLIC POLICY
R E C O M M E N D AT I O N S
The following are list of public policy and
planning guideline recommendations for the
Southwest New Brunswick Service Commission
Planning Office. These are intended to be the
backdrop of two areas of importance: coastal
flooding development guidelines and inland
flooding development guidelines. Instituting
cohesive and inclusive planning statements and
policy guidelines into future land-use planning
and development projects will require a climate
lens.
POLICIES:
▸ The zoning by-law for development in coastal
regions, shall delineate a sea level rise overlay
zone based on the HHWLT 2100 projection
depicted by the sea level rise risk data
▸ The zoning by-law should prohibit
development in coastal regions that are
deemed to be “high risk” due to HHWLT 2100
projection depicted by the sea level rise risk
data
▸ The zoning by-law shall limit and set
conditions for development to account for a
HHWLT 2100 projection depicted by the sea
level rise risk data
▸ The zoning by-law for development in flood
prone areas should ensure building principles
that limit and set conditions for development
in land areas that are projected to be at “high
risk.” High risk refers to 30% of the land cover
parcels prone wet conditions after a 200mm
rainfall event (attached in ArcGIS package)
PROPOSALS
It is proposed that the Southwest New Brunswick
Service Commission develop Regional Coastal
Development Guidelines.
Within these guidelines, the following
recommendations are proposed:
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▸ Prohibit the development of residential,
industrial or commercial properties in the
HHWLT 2100 sea level rise overlay zone
▸ In the event of variances being granted
for development in HHWLT 2100 sea level
rise overlay zone, ensure that development
complies with good planning principles,
including adaptive measures for sea level rise,
where appropriate.
It is proposed that the Southwest New Brunswick
Service Commission develop Regional Inland Flood
Guidelines.
Within these guidelines, the following
recommendations are proposed:
▸ Using the Wet Area Maps to determine
floodplain building principles including, but
not limited to, examining the % of land cover
parcels prone to 30% wet land after a 200mm
rainfall event.
▸ Using available Zoning and Land-Use Data to
overlay onto Wet Area Maps to note any future
development in potential zones account for
WAM values associated to high risk of 4-5. (in
attached ArcGIS kit)
▸ Designated adaptation action area to include:
Ҭ Areas below, at, or near mean higher high
water
Ҭ Areas with a hydrological connection to
coastal waters
Ҭ Areas designated as evacuation zones for
storm surge
Ҭ Other areas impacted by climate related
drainage and/or flood control issues
▸ In the event of development occurring
on deemed ‘high risk’ wet areas, ensure
precautionary measures and potential
adaptation solutions (i.e.: high built structures)
are properly considered.
It is proposed that the Southwest New Brunswick
Service Commission support climate conscious
government action that includes policy, legislation
and funding to reduce greenhouse gas emissions

in all sectors, use less energy and water and deploy
renewable energy and low-carbon transportation and
development.
It is proposed that the Southwest New Brunswick
Service Commission prioritize climate change impacts
in all building, land-use and development decisions.
It is proposed that the Southwest New Brunswick
Service Commission prioritize climate change impacts
in all areas of policy and decision-making forums.
It is proposed that the Southwest New Brunswick
Service Commission work ardently to promote the
maintenance and preservation of municipally owned
green space.
It is proposed that the Southwest New Brunswick
Service Commission explore ways in which to
increase the amount of available green space within
municipalities.
It is proposed that the Southwest New Brunswick
Service Commission prioritize natural infrastructure
solutions to climate change impacts
To ensure that development, both commercial and
residential, complies with good planning principles,
including adaptive measures for climate change
impacts where appropriate.

MOVING FORWARD
Although efforts were made to ensure that this
plan encompassed a number of climate risks,
service area impacts and possible adaptation
solutions moving forward, it is important to note
that as new research and data emerges, as will
new policy, planning and project-based proposals
that relate directly to climate change. As such, the
Southwest New Brunswick Service Commission,
municipalities and other officials, must be
committed to viewing this document as a ‘living’
document with the possibility for modifications
and changes to account for climate variability and
the resource and socioeconomic realities of the
region. The Southwest New Brunswick Service
Commission will be responsible for implementing
the Regional Climate Adaptation Plan and
meeting their goals according to the timeline of
the plan. Progress will be monitored frequently
and communicated periodically to the public
by way of social media, community meetings
and town halls. We recommend that the SNBSC
encourage public engagement and consultation
throughout the implementation of the plan. We
recommend that SNBSC supports the activation
of the Regional Climate Collaborative to oversee,
advise and help guide regional collaborators on
accounting and adjusting for climate change.

To incorporate climate change considerations into
all future strategies and proposals related to housing
development in the region. This refers to proper
preparation for major climate events including
sea-level rise, increased frequency of storm events,
temperature change and in-land flooding.
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SECTION 4:

Implementation

The final section deals with
implementation. It is important to
recognize that there are barriers and
constraints to implementation and that
must be factored in throughout the short
and long term implementation process.

Implementation is not linear but rather
iterative over time and it presents an
opportunity to be proactive and measured
in responding to climate change impacts in
the region.
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INSTITUTIONAL
A D A P TAT I O N A C T I O N
ITEMS
ACTION:

Adaptation
Action Items:
Implementation

DESIGN REGIONAL
C O A S TA L G U I D E L I N E S

ACTION:

DESIGN REGIONAL INL A N D F LO O D G U I D E L I N E S

Leads/Partners:

The Southwest Service
Commission

Leads/Partners:

The Southwest Service
Commission

Timeline:

2020–2022

Timeline:

2020–2022

Potential Cost
Associations:

no direct cost associated;
cost absorbed by staff
time

Potential Cost
Associations:

no direct cost associated;
cost absorbed by staff
time

Project Funding:

N/A

Project Funding:

N/A

▸ Develop zoning bylaws that reflect
flooding risk predictions for
coastal areas to establish minimal
elevations and required setbacks
(recommendation for setbacks to
assume 2100 HHWLT).
▸ Propose a by-law that ensures no
building or structure shall be located
within 20 m (65.6 ft) of the 2100
HHWLT.
▸ Propose a by-law that accounts for
minimal floor elevation to ensure no
habitable space, parking structure,
electrical, mechanical or other key
building systems are permitted below
the base flood elevation of the 2100
HHWLT

▸ Develop designated ‘adaptation action
areas’ that are subjected to specific
building stipulations due to ‘high risk’
likelihood of flooding.
▸ Determine baseline for floodplain
building principles that incorporate
the wet-area map predictions for
inland flooding. Recommendations
include ensuring that any form of
development that occurs in land
parcels that are prone to 30% wet land
after a 200mm rainfall event institute
building codes and specifications that
incorporate high flood risks.

▸ Adjust design criteria to account
for 2100 HHWLT for new road
construction, new trails, and new
assets relating to transportation
infrastructure in coastal zones
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PHYSICAL
INFRASTRUCTURE
A D A P TAT I O N A C T I O N I T E M S
ACTION:

C U LV E RT A N D S T O R M W AT E R
INFRASTRUCTURE

ACTION:

E S TA B L I S H A R E G I O N A L
C L I M AT E C H A N G E
C O L L A B O R AT I V E
Leads/Partners:

The Southwest Service Commission,
and regional representatives

Timeline:

2020 to indeterminate

Potential Cost
Associations:

no direct cost associated; cost
absorbed by staff time

Project Funding:

N/A

The main role of the Regional Climate Change
Collaborative will be to: (a) provide networking
opportunities, (b) education opportunities
for members and the public, (c) advance the
Regional Climate Change Action Plan. Potential
participants include: New Brunswick Climate
Secretariat, Municipal members from St. Stephen,
Saint Andrews, St. George, Blacks Harbour,
Grand Manan, McAdam and Harvey, the New
Brunswick EMO Regional representative, Local
Service District representatives, Department of
Transportation and Infrastructure representative.
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ACTION:

H I R E A C L I M AT E C H A N G E
I M P L E M E N TAT I O N
C O O R D I N AT O R
Leads/Partners:

The Southwest Service Commission

Timeline:

Indeterminate

Potential Cost
Associations:

$55,000

Project Funding:

Environmental Trust Fund (ETF)

Tasked with the implementation of the Regional
Climate Change Action Plan, the implementation
coordinator will: spearhead the Regional Climate
Change Collaborative, work alongside relevant
government departments to ensure that climate
considerations are being incorporated into policy
making and governance models ,work alongside
the Peskotomuhkati to increase cultural resilience
to climate change, work alongside municipal
staff officials, to ensure that climate risk data
is being properly interpreted and considered,
and conducts public workshops for residential
property owners to increase resiliency to climate
change. This role should provide an assessment
of adaptive capacity of the region and the local
forms of government to assess how climate
change considerations are being integrated into
all levels of decision making.

Leads/Partners:

Department of Transportation
and Infrastructure, the Climate
Secretariat and the Southwest New
Brunswick Service Commission

Timeline:

Indefinite

Potential Cost
Associations:

Undetermined based on projects

Project Funding:

Disaster Mitigation and Adaptation
Fund

Using the GIS climate package, liaise with the
Department of Transportation and Infrastructure
(DTI) to ensure that culvert data remains updated.
Promote strong recommendations to DTI that
any future culvert updates, replacements or new
installations are mandated to consider rainfall
events of 200mm to prepare for worst-case
scenarios. Conduct PIEVC Life-Cycle Analysis on
new culvert placements.

ACTION:

ON-GROUND ENERGY
INFRASTRUCTURE
Leads/Partners:

NB Power

Timeline:

2019–2020 (concluded)

Potential Cost
Associations:

Cost absorbed

Eastern Charlotte Waterways met with
representatives from NB Power to obtain data for
on-ground energy infrastructure, most notably
switchyards, transmission substations, power
transmission lines and distribution powerline
data to understand which areas are vulnerable to
flooding. We joined this GIS data with the wetarea map GIS data to determine which on-ground
energy infrastructure was deemed to be ‘high
risk.’ This information has since been shared with
NB Power.
ACTION:

WHARVES AND FERRY
TERMINALS

Leads/Partners:

Transport Canada, Department of
Fisheries and Oceans, Southwest
Service Commission

Timeline:

2025–2050

Potential Cost
Associations:

Undetermined based on projects

Project Funding:

The Transportation Assets Risk
Assessment Program

Work to ensure that projects are happening to
assess the impacts of the changing climate on
federally owned transportation assets such as
bridges, ferry terminals and wharves that are
subjected to climate change impacts.
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SECTION 5:

Municipalities
The following are a series of abridged
Charlotte County municipal adaptation
plans for the Town of St. Stephen, St.
George, the Village of Blacks Harbour and
the Village of Grand Manan. Since 2014,
Eastern Charlotte Waterways has been
conducting a series of risk and vulnerability
assessments in the southwest New
Brunswick region which has accumulated
to a series of five local climate adaptation
plans for Charlotte County (including the
Town of Saint Andrews) and a regional
climate adaptation plan for the local service
district and unincorporated areas that
fall within the geographical boundaries
of the Southwest New Brunswick Service
Commission (SNBSC) RSC district 10.
These plans were created in partnership
with the Southwest New Brunswick Service
Commission, regional stakeholders, town
staff and municipal council members in
addition to the public. These efforts have
been largely guided by the Federation
of Canadian Municipalities ICLEI
methodology, Changing Climate, Changing
Communities, which provides municipalities,
service providers, community members and
adaptation planners with a comprehensive
guidebook to delve into issues relating to
the overall concept of adaptation planning,
how to identify climate risks and how those
climate risks interact with the greater
community as a whole, most notably the day
to day lives of community members and the
levels of service municipalities are capable
of providing in the face of a changing
climate.

Adaptation planning is a multi-step
process that requires ample stakeholder
engagement, identification of climate
risks and prioritization of adaptation
action items. As such, the Southwest New
Brunswick Regional Climate Adaptation Plan
incorporates a great deal of adaptation
measures that can occur at a regional
level, under the guidance of regional
service providers such as the Regional
Service Commission, Emergency Measures
Organization, Department of Environment
and Local Government and the Department
of Transportation and Infrastructure. From
this regionally based governance model, the
following abridged adaptation plans provide
a series of essential planning and policy
recommendations for the municipalities to
adopt into planning and policy documents
moving forward.
The Municipal Climate Adaptation Plans
offer a tailored narrative to climate
change impacts in the region by intently
examining how each municipality will
uniquely experience a changing climate
and how these municipalities can equip
themselves with best practices, tools and
procedures that will encourage long-term
future planning that applies a climate lens
to municipal governance models. As such,
the following adaptation plans provides
municipalities with a Climate Risk Data
Package that is to be used as a guiding tool
for any future development, by-laws and
planning initiatives undertaken by the
municipalities. This package was provided
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RESEARCH, TOOLS AND
D ATA C O L L E C T I O N F O R
A D A P TAT I O N P L A N N I N G
The following are a list of research resources, tools and
data collection efforts that are unique to the municipal
planning process. Any information or explanation
pertaining to the climate risk data (most notably the sea
level rise maps and the wet area maps) can be found in the
Adaptation Tools Section of the Southwest New Brunswick
Climate Adaptation Plan.

P R O P E RT Y A S S E S S M E N T S A N D
F LO O D R I S K S
C O L L E C T E D D ATA :

to each municipality as well as the Department of
Environment and Local Government. The main
objective of these adaptation plans is to provide
planning and policy recommendations, as well as
extensive climate risk data, so that municipalities can
apply a climate lens to any future planning procedure
they may undertake especially as it pertains to larger
planning initiatives such as the Municipal Planning
Process, Asset Management Planning and any other
secondary municipal documents.
The abridged copies of these adaptation plans do
not provide an in-depth overview of the climate risks
and impact areas, but rather an immediate series of
adaptation action items and policy recommendations.
This was done in an effort to not be redundant to
many presentations, community engagement events
and other stakeholder consultation efforts in which
the public and the municipalities were increasingly
made aware of the climate risks between 2014 and
2020 and as such, we find it to be more productive to
shift the dialogue toward a solution based approach.
A full description of all climate risks as they relate
to southwest New Brunswick can be found in the
Southwest Regional Climate Adaptation Plan and a
community-based website that will be made available
to the region in Spring 2020.

DISCLAIMER
The following documents are climate adaptation plans
for the Town of Saint Andrews, the Town of St. Stephen,
the Town of St. George, the Village of Blacks Harbour
and the Village of Grand Manan. It is important to note
the contents of this document are for informational
purposes only. This plan was prepared for the use of the
municipalities to adapt against climate change. The
municipalities are not to be held liable for any loss, direct
or indirect, that may arise or occur as a result of the use of
this plan in any other ways.
The following document is a series of abridged
municipal adaptation plans that present policy and
planning recommendations for future municipal
planning initiatives. These plans are nested within
the larger document The Southwest New Brunswick
Climate Adaptation Plan which was prepared
alongside the Southwest New Brunswick Service
Commission (SNBSC). More information and detail
can be found within that document and will be made
readily available upon request. The complete climate
change data hub and adaptation plan information
will be made available to the region in the form of a
website in the Spring of 2020.

▸ Sea level rise maps provided by Real Daigle, from
R.J. Daigle Enviro for the climate projections of
2050, 2100 and 2100 plus storm surge.
▸ Asset mapping using property identification/type
codes from Service New Brunswick and property
assessment costs.
In order to determine the asset financial cost
associated to sea level rise, we computed property
assessment data with flood risk data to determine
the total property value exposed to sea level rise.
This was conducted to determine the categories
of properties, cross reference the properties by
property code and georeferenced the database to
do an intersection analysis in GIS to identify where
the flood scenarios (2050, 2100 and 2100 plus storm
surge) intersect or make contact with the roads65
determining that it was, therefore, impacted by a
flood scenario. From here two interpretations were
used to identify flood impacts: direct and indirect
impacts. Direct impacts refer to flood scenarios
making immediate contact with assets or residential
building points whereas indirect impacts result in the
loss of accessible transportation routes thus creating
a potential loss of local services.

65
66
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SOCIAL VULNERABILITY INDEX
C O L L E C T E D D ATA :
▸ CENSUS Canada 2016 Statistics on population
numbers, household dynamics, income levels,
employment, etc.
▸ Social Determinants of Health provided by the
New Brunswick Health Council (2017) reports
with particular focus on primary care services, the
status of health services, seniors and seniors living
alone, low-income and/or single parent households
and social cohesion in the communities to
determine a general level of possible social and
economic vulnerability.
▸ Canadian Mortgage and Housing Corporation
(2016-2019) datasets that look at the percentage
(%) of tenants in households that are subsidized,
the % of tenants in households spending 30% or
greater of income on shelter costs, the overall age
of houses in the community, etc.
Climate change planning is increasingly
incorporating socioeconomic and cultural elements
into consideration. Combining population models,
market labor review reports and other important
social indicators for wellbeing, including but not
limited to, transportation, housing and essential
living needs, is vital to understanding the larger
picture of how climate change will impact the
social fabric and welfare of communities. Social
vulnerability is an important aspect to factor into this
future planning. Social vulnerability is largely defined
by “the inability of individuals or groups to withstand
negative impacts from stressors that include both
biophysical risk as well as social response, within a
specific area of a geographic domain.” 66
Literature on social vulnerability speaks broadly
to population demographics that historically have
and will continue to have difficulty in responding
to emergency situations due to limitations of either
of a financial, physical or psychological nature.
Vulnerable populations flagged in this category are

Manual, Rapaport, Keefe and Krawc, 2016
Manuel, Rapaport, Keefe and Krawchenko. 2016. “Coastal climate change and aging communities in Atlantic
Canada: a methodological overview of community asset and social vulnerability mapping”: 434
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often noted to be members of the aging demographic,
youth (age 16 years or younger), individuals requiring
medical or mental health assistance, newcomers and/
or low-income households. As such, the confluence
of climate change impacts and vulnerable population
demographics presents unique planning challenges.
Understanding the potential impacts of coastal
climate change on housing, community assets and
facilities, roads and transportation (especially as it
pertains to connectivity) is crucial to understanding
the degree to which climate change will disrupt and/
or impact the daily needs and levels of service of a
community functionality.
This report contains preliminary results from a
qualitative Social Vulnerability Index (SOVI) analysis
to evaluate the social vulnerability to climate
change impacts within the four Charlotte County
municipalities. Following the Social Vulnerability
Index report released by the Atlantic Climate
Adaptation Solutions Association (ACASA) and the
Dalhousie Planning School, this report assesses the
prevalence of characteristics that contribute to the
social vulnerability of individuals and households
using data from Statistics Canada aggregated to the
municipal level. An SOVI helps to understand the
nuances of social vulnerability to climate change
in the area and subsequently provides decision
makers and service providers within the municipality
with the necessary knowledge to incorporate these
distinct considerations into land use and emergency
management planning. SOVIs are meant to be
used to assist planners and service provides with
appropriate types of assistance in order to reduce
overall vulnerability.
The following SOVI is a mixed-methods approach
that measures data from statistical sources and local
knowledge relevant to issues of social vulnerability.
Indicators that were chosen for the index of social
vulnerability are based on the Canada Social
Determinants of Health. Indicators chosen to include:
low income (based on LIM-AT), unemployment,
children, seniors, seniors living alone, lone parent
families, no secondary education, no knowledge
of French or English, recent immigrants, visible
minorities and Aboriginal identity.
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POLICY AND PLANNING
DOCUMENT SCAN (READING
SOFTWARE)
C O L L E C T E D D ATA :
▸ Municipal planning documents including
Asset Management Plans, Municipal Plans and
secondary planning documents that were either
provided by municipal town staff or acquired on
the town websites.
▸ Council agendas and meeting minutes that were
directly acquired from town websites.
Planning and policy documents from the last 10
years (2010-2020) were reviewed to cross reference
mention of climate change and recognize the
extent to which it was incorporated, overlooked
and/or misused in planning documents using the
Nvivo reading software. Documents were obtained
directly from Chief Administrative Officers (CAOs)
and municipal websites. Terms such as climate
change, climate adaptation, green space, risk assessment,
impact assessment, mitigation, sea-level rise, flooding,
and environment were placed in the Nvivo reading
software to demonstrate the number of times in
which this terminology was mentioned.

considered climate change into municipal affairs.
Understanding the general level of knowledge
amongst municipal guiding documents as well as
within the staff expertise is vital to ensuring that
adaptation planning recommendations, as outlined
in these plans, are capable of overcoming adaptation
constraints and carrying out effective tools to
implementation.
OT H E R D ATA I N C L U D E D A S A N A P P E N D I X
T O T H E M U N I C I PA L A D A P TAT I O N P L A N S :
( I N T H E F O R M O F A “ C L I M AT E D ATA R I S K
PA C K A G E ” )
Included as an appendix to this plan is an ArcGIS
package that contains a number of important climate
risk and asset datasets to be used as a policy and
planning tool for regional collaborators. Within this
package there are:
01 Sea level rise contour lines that depict sea level
projections for 2030, 2050, and 2100 in addition
to 1-in-10 storm surge events for each of those
years. This data was computed by R.J. Daigle
Enviro using the IPCC AR5 climate projections
and the 2019 New Brunswick GeoNB LiDAR
data. This can be used as a method to develop
coastal flooding building guidelines.

02 Wet area mapping (WAM) for major
precipitation events of 100 mm and 200 mm,
based on Intensity Duration Frequency (IDF
curves) resulting from a high emission (RCP 8.5)
scenario. These layers demonstrate where water
is likely to pool after rainfall events and their
calculation has taken soil drainage, land cover,
and elevation into account. The modelling was
done by Dr. Paul Arp and Jae Ogilvie at the UNB
Forest Watershed Research Centre. WAMs can
be used as a method to develop inland flooding
building guidelines.
03 ArcMap documents showing current and
predicted required culvert placement and size.
These maps use a combination of WAMs,
predicted flow channels, and data acquired
from the Department of Transportation and
Infrastructure (DTI), all of which can be found
within the package. These maps can be used as a
development tool for future DTI road projects.
04 An infrastructure layer that includes: a listing
of critical infrastructure, and the placement of
emergency stations in the region (data provided
by the Emergency Measures Organization), and
the placements of dams (data acquired from the
Nature Conservancy of Canada and Geo NB).

This entailed a high-level content scan and analysis
of municipal policies, plans, strategies and legislation
pertaining to the physical and social planning in
each municipality. This documentation was scanned
for statements that suggested municipal awareness
of climate change and its impacts and subsequently
examined the content to identify policy statements,
strategies and/or action directives relating directly
to climate change. Documents that were searched
include: municipal plans, by-laws, secondary plans,
asset management plans, recreation plans, council
minutes and agenda meetings.
Local land use and related physical and social policies
and plans were examined in order to determine the
awareness of and responsiveness to the changing
climate and how it was being incorporated in a
government and institutional setting. The intent of
this process was to delve into the extent to which
municipalities, in policy and in staff resources, have
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The Town of Saint Andrews, New
Brunswick is considered one of the most
vulnerable areas to climate change impacts
due to its location as a coastal community
positioned on the Passamoquoddy Bay
and at the tip of the St. Croix River. The
area and community are exposed to rising
sea-levels, the increase in intensity and
frequency of severe storm surge events and
flooding. Recognizing these vulnerabilities
and risks, the Town of Saint Andrews has
proactively taken a series of actions to
begin to prepare and adapt against these
climate risks. Using strategic planning,
internal and external knowledge sources
and experts as well as active community
engagement, the Town of Saint Andrews
works hard to build a resilient community
to climate change.
Previous work includes a vulnerability
and risk assessment to identify vulnerable
infrastructure and assets, an emergency
response plan and presently, an asset
management plan in addition to ongoing
updates to the municipal plan that accounts
for climate change and climate adaptation
actions. The Town continues to integrate
climate scenario considerations into all
policy, planning and project guidelines and
decision-making processes.

The Town of
Saint Andrews
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The next phase of this integration requires
a comprehensive, informed climate
adaptation plan that understands climate
risks, climate change impacts, drivers
and constraints and necessary steps to
adapt against climate change. Navigating
the realities of climate change impacts
requires municipalities to understand the
unique interconnected nature of both their
community and the changing climate. As

such, the following plan works to include
social, economic, environmental and
institutional considerations into climate
change adaptation planning and guidelines.
In addition to proposing specific adaptation
projects, policy recommendations
are used to help inform municipal
government decision making processes.
Understanding that municipal governemnts
are oftentimes constrained in resources,
financial and otherwise, this plan also
aims to provide possible implementation
tools and mechanisms to overcome
adaptation barriers and constraints and
to encourage positive political decision
making and rigorous public engagment and
consultation.
This plan was informed by a multitude of
different actors, stakeholders and members
of the community. In addition to a Climate
Change Technical Advisory Committee,
comprised of town staff members, regional
service commission planners and wellinformed community members, other
expertise was sought to inform the project
proposals. For instance, we networked
with other municipalities and regional
service commissions to understand what
approaches are currently working, which
need modifications and which ones are
applauded by both municipal government
and community members. At times, this
required collaboration with other municipal
governments and experts in the field
outside of New Brunswick.
The essence of this plan depends upon
the active community engagement to
ensure that the concerns and desires of the
residents of Saint Andrews are properly
represented to the municipality.
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C L I M AT E R I S K S A N D I M PA C T S
Sea level rise will present increased damage
along the coast and to coastline structures
from storm surge, flooding and salt water
intrusion in the town. Increased shoreline
erosion will affect natural environments
and public amenities such as parks, trails
and access to water moving forward. This
will result is disruption to service areas
such as economic development, culture and
tourism, housing and built infrastructure
used to service transportation.
Increased frequency and intensity of
storm and weather extremes where natural
disaster and emergency management will
be placed under greater strain to cater
more frequent, simultaneous and extreme
disasters. This will result in an increased
public safety risk on roadways and within
the community due to the damages to
infrastructure and natural assets (trees, etc.)
within the community.
Increase in intensity and frequency of heavy
rainfall events will increase the amount
of sewage backups in combined sewer
areas within the town limits which results
in an increase in numbers of combined
sewer overflows which will overcome the
capacity of the drainage system to function
optimally. This will have impacts and
disruptions to the municipal stormwater
management functionality, transportation
services, housing, parks and recreation
and other important service areas to the
community.
Changes to temperature, winds, rain or
snow loads, etc. will decrease durability and
lifecycle of infrastructure overtime thus
leading to increased maintenance, repair
and replacement time and costs. This will
influence municipal government ability to
perform adequate corporate services for the
community under budgetary constraints.
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C L I M AT E A D A P TAT I O N A C T I O N S

E N V I R O N M E N TA L A D A P TAT I O N

01 LAND-USE PLANNING
OBJECTIVES
▸ To ensure that development, both commercial
and residential, complies with good planning
principles, including adaptive measures for
climate change impacts where appropriate. This
refers to preparation for major climate risks
including sea-level rise, increase in intensity and
frequency of storm events and in-land flooding.
▸ To maintain and preserve municipally owned
green space and natural infrastructure as potential
barriers to climate change impacts.
▸ To understand that effective land-use planning
that accounts for strategic foresight and severe
climate impacts will equip the municipality with
adequate natural land and space to explore natural
infrastructure solutions to climate change impacts.
POLICIES
▸ The zoning by-law shall delineate a sea-level rise
overly zone based on the HHWLT 5.8 m projection
depicted in the attached appendices (impact maps).
▸ The zoning by-law shall limit and set conditions
for development to account for a HHWLT sealevel rise overlay zone as depicted by the 5.8 m
projections in the attached appendices (impact
maps).
▸ As new areas of the Town are developed, Town
Staff and Council shall require that the design of
parks, trails and open spaces incorporate linkages
with other neighbourhoods to bolster the use of
trails.
PROPOSALS
▸ It is proposed that the Town develop a long-term
plan for municipally owned undeveloped land
areas, including green space, with the goals of
providing the option to have natural infrastructure
solutions to climate change impacts (attached
appendices).

▸ It is proposed that Council works with landowners
and new developers to minimize their impact to
the land.
▸ It is proposed that Council continue to develop a
system of multi-use trails and sidewalks to further
promote and accommodate the use of active
transportation travel modes throughout the Town.
▸ Council shall explore options to increase the
total amount of green space under municipal
ownership.

0 2 W AT E R I N F R A S T R U C T U R E
A N D D R I N K I N G W AT E R
OBJECTIVES
▸ To ensure that the municipality continues
to supply good quality water that adheres to
regulatory standards to the town members.
POLICIES
▸ It shall be a policy of Council to partner with
external stakeholders and members to work
collaboratively in order to protect the town’s water
supply.
▸ It shall be a policy of Council to partner with
external stakeholders and partners to preserve the
water quality at Chamcook Lake to ensure that the
town water supply remains uncompromised.
▸ It shall be a policy of Council to ensure new
developments are approved only in so much as
it does not compromise or exceed the current
capacity of the water supply.
▸ It shall be the policy of Council to require new
developers to contribute to the cost of upgrading
water systems that serve their developments at the
expense of the town water supply.
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▸ It shall be the policy of Council to ensure there are
contingency plans in place for an emergency water
supply and to identify alternate drinking water
sources.
PROPOSALS

▸ It is proposed that Council work in conjunction
with the Chamcook and Bayside Local Service
Districts to jointly collaborate with these residents
and organizations in a manner that emphasizes
the importance of maintaining the water quality of
Chamcook for all involved parties.

▸ It is proposed that Council pursue efforts to
secure long-term protection of the Town water
supply (the Chamcook Lake watershed) and
work conjointly with the Province, involved
property owners, other identified stakeholders
and communities within the local service district
boundaries to implement water quality assurance
measures.

▸ It is proposed that the town seek an alternate
water supply for fire protection services to
minimize the use of good quality drinking water
for other purposes.

▸ It is proposed that Council explore the potential of
adopting “green” technologies for water assurance
purposes in the Chamcook watershed.

▸ It is proposed that Council works collaboratively
to implement water metering in corporate
buildings to encourage water conservation within
municipalities.

▸ It is proposed that Council takes action to
safeguard the Town’s safe drinking water supply
including steps that provide equitable allocation
of water from Chamcook Lake, actions that reduce
the risk associated to contamination and toxins
in the water and actions which consolidate the
governance of the water supply.
▸ It is proposed that the town investigate alternate
water sources for the Town drinking water supply.
▸ It is proposed that the Town investigate new water
treatment technologies.
▸ It is proposed that Council create an emergency
water supply plan.
▸ It is proposed that the Town explore the option
of creating a watershed committee devoted to
maintaining the water quality of Chamcook
watershed.
▸ It is proposed that Council work in conjunction
with the Department of Environment and
Local Government and the affiliated provincial
departments to ensure that the water quality at
Chamcook is maintained.
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▸ It is proposed that Council works to encourage
residential property owners to explore alternate
water sources for non-drinking water uses.

▸ It is proposed that Council work with the
Department of Environment and Local
Government to conduct a risk assessment of
Chamcook Lake and watershed.

0 3 F LO O D I N G
OBJECTIVES
▸ Equip the municipality with the realities of inland
flooding by educating and promoting good flood
proof management practices.
▸ Equip residential property owners with the
realities of inland flooding by educating and
promoting good flood proof management
practices.
POLICIES
▸ Set minimum elevation level, development
guidelines, zoning regulations and building bylaws
to ensure flood proofing occurs at measurable
heights in areas delineated by the attached maps
showing sea-level rise overlay zones based on the
5.8 m projections

0 4 W I L D L I F E A N D H A B I TAT
D E G R A D AT I O N

▸ Encourage current residential property owners
in flood prone areas to install back-up valves and
sump pumps in order to mitigate against property
flooding.

OBJECTIVES

▸ Council shall favour the planting of native plants
in municipally owned green space in recognition
of environmental benefits such as water retention.

▸ To protect and preserve the natural environment,
biodiversity and wildlife habitat in the municipal
boundaries of Saint Andrews.

▸ The Town shall investigate the possibility of
natural, green infrastructure such as retention
ponds in flood prone areas that are municipally
owned undeveloped land.

▸ To promote good environmental practices to
community members, visitors and local businesses.

▸ In areas of possible contamination of water or
soil quality due to flooding events, the proponent
and/or owner(s) of the infrastructure at risk of
contamination are responsible for relocating the
assets.

▸ Council shall work closely with local bee keepers
to ensure that the bee population is protected
despite the risk of climate change impacts.

▸ Council shall consider the importance of flood
prone areas in the by-law planning for future
municipal plans and future development.
PROPOSALS
▸ It shall be proposed by Council that a Flood
Management Plan be created to demonstrate to
the municipality the realities of in-land flooding
and flood zones.

POLICIES

▸ Council shall support and encourage the
continuation of the Marine Debris program
partnership with local businesses.
▸ Council shall work to preserve municipally owned
wooded areas.
▸ Council shall only plant locally, native plants in
municipally owned green space and gardens.

▸ It is proposed that Council work collaboratively
with the Chamber of Commerce to help equip
private and commercial business owners with
proper flood proofing techniques.
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C L I M AT E A D A P TAT I O N A C T I O N S

I N F R A S T R U C T U R E A D A P TAT I O N

05 MARKET SQUARE AND THE
WHARF
OBJECTIVES
▸ To ensure the economic, social and environmental
vibrancy of the wharf and Market Square as it
contributes to the Town of Saint Andrews.
▸ To investigate smart, strategic and sound solutions
to maintaining the infrastructure as it becomes
increasingly vulnerable to climate risks.
▸ To seek public feedback on adaptive measures and
large projects pertaining to the maintenance of the
wharf and Market Square.
▸ To continue to recognize the community and
municipal value of the wharf and Market Square.

▸ It is proposed that Council continues to engage
the public on matters relating to Market Square
and the Wharf.

▸ Council is to investigate the possibility of
installing more soft-shoreline protection through
dunes and native plants to help divert water.

PROPOSALS

▸ Council is to confer with the public to determine
the response around managed retreat of
infrastructure and assets found within a 20m
proximity to the coastline.

▸ It is proposed that Council begin to investigate
federal and provincial funding that will help
to support an adaptive engineered solution to
concerns relating to sea-level rise and increase in
severity and frequency of storm events.
▸ It is proposed that Council shall enter into
discussions with local businesses, residents and
other properties in and around Market Square and
the wharf to encourage the installation of proper
flood proofing of buildings at a minimum of a 1 m
height elevation.

POLICIES

06 INDIAN POINT

▸ Council shall consult with the community
thoroughly before advancing on any large projects
pertaining to the maintenance of the wharf and
Market Square.

OBJECTIVES

▸ Council shall prepare Market Square and the
Wharf for sea-level rise at the 5.8 m projection as
delineated by the impact maps (appendix 5 and 6).
▸ Council shall work closely with the provincial and
federal government to emphasize the importance
of Market Square and the wharf as the social and
economic centre of the Town.
▸ Council shall go forth in investigating the
potential of a seawall as supported by the majority
opinion on public engagement in so long as they
continue to properly inform and consult the public
and relevant stakeholders.
▸ It is proposed that Council work with relevant
stakeholders to determine the feasibility and costs
of such projects.
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▸ To understand the community and social value of
Indian Point.
▸ To understand the economic value and realities
attributed to Indian Point.
▸ To respect and understand the cultural
significance of Indian Point.
POLICIES
▸ Council is to investigate the possibility of
relocating the main sewer line located at Indian
Point away from the climate projections at a 5.8 m
projection delineated by the impact map (appendix
3 and 4).
▸ Council is to investigate the possibility of
relocating major pieces of infrastructure located
at Indian Point to areas located outside the 5.8 m
projection delineated by the impact map (appendix
3 and 4).

▸ It is proposed that Council investigate the
economic and social value of Indian Point to the
community prior to advancing adaptive measures.

0 7 PAT R I C K S T R E E T
OBJECTIVES
▸ To assist in protecting residential and municipal
properties impacted by potential sea-level rise and
storm surge events.
▸ To educate residential homeowners on the climate
risks in this area.
▸ To encourage residential homeowners to be
proactive in flood proofing their properties.
POLICIES
▸ The Town shall assist residential property
owners in flood prone areas to perform necessary
preparations in the event of a flood.
▸ The Town shall encourage the flood proofing of
residential homes for a 2m water elevation.
PROPOSALS
▸ The Town shall encourage property owners to
move all mechanical and electrical system fittings,
sentimental items and at-risk item above the flood
mark in so that minimal damages are incurred.
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C L I M AT E A D A P TAT I O N A C T I O N S

C L I M AT E A D A P TAT I O N A C T I O N S

S O C I A L A D A P TAT I O N

0 8 P U B L I C H E A LT H A N D
SAFETY
OBJECTIVES
▸ The Town of Saint Andrews shall be committed
to ensuring the health, wellbeing and safety of its
residents relating to climate risks and impacts.
▸ The Town shall be conscientious in its preparation
to help the community to adjust to changes
related to increase in temperature, rainfall events,
intensity and frequency of storm events and
flooding as predicted in climate scenario data.
POLICIES
▸ The Town shall be aware of residents who are
deemed a ‘vulnerable’ population to climate
change impacts due to issues relating to mobility,
accessibility and financial means to prepare
against climate events.
▸ The Town shall work in conjunction with health
services in Saint Andrews and the surrounding
area to ensure that in the event of an emergency
there is adequate level of preparedness at a
community and residential level.
PROPOSALS
▸ It is proposed that the Town liaise with
community members deemed to be ‘at-risk’ or
‘vulnerable’ in the event of an emergency.

I N S T I T U T I O N A L A D A P TAT I O N
▸ It is proposed that the Town work closely with
the Emergency Measures Organization and the
Red Cross to address health and safety needs of
residents and community members in the event of
a natural weather emergency.

09 COMMUNITY PLANNING
AND ENGAGEMENT
OBJECTIVES
▸ The Town will work to include the community
into the climate adaptation planning process.
▸ The Town will establish an effective
communication strategy to engage the community.
POLICIES
▸ The Town shall communicate climate change
adaptation planning projects to the community
through social media and, if the project is deemed
of substantial economic cost (above $100,000), with
a town hall meeting.
PROPOSALS
▸ It is proposed that the Town investigate the
possibility of a ‘Climate Change Week’ inviting
experts on climate change risks to have a public
panel discussion on what individuals can do to
mitigate and adapt against climate change.

10 EMERGENCY RESPONSE
PLANNING
OBJECTIVES

▸ It is proposed that the Town liaise with atrisk or vulnerable population members to
ensure adequate preparation for the event of an
emergency.

▸ Build a resilient, well-informed community in
preparation of climate change impacts.

1 1 S TA F F D E V E L O P M E N T

POLICIES

OBJECTIVES

▸ The Town shall work with the Emergency
Measures Organization (EMO) to create a robust
emergency response plan.

▸ The Town Council will ensure appropriate
municipal staff officials are properly trained
and equipped to the realities of climate change
adaptation in coastal communities.

▸ The Town shall ensure municipal staff and deemed
trusted agents are properly trained (annually) in
the protocols set forth by the Emergency Measures
Organization (EMO).
▸ The Town shall work with community members to
communicate effective emergency response measures.
▸ The Town shall communicate to community
members where key emergency centres exist in the
event of an emergency.
▸ The Town shall identify trees deemed to be at
risk to energy infrastructure and take proper
precautionary measures to eliminating these risks.
PROPOSALS
▸ It is proposed that the Town municipal trusted
agent attend regional emergency response
planning meetings presented by the EMO.
▸ It is proposed that the Town encourage
community members to purchase 72-hour
emergency response kits.
▸ It is proposed that the Town investigate alternate
emergency stations in the event that the primary
location(s) becomes unavailable.
▸ It is proposed that the Town investigate options
to communicate via the Sentinel program and/or
direct text message sent to community members in
the event of an emergency.
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POLICIES
▸ It is proposed that Town Council will ensure
that the municipal staff and council members are
knowledgeable around potential climate change
impacts, risks, vulnerabilities and adaptation
projects in Saint Andrews.
▸ Council shall form a Climate Change
Technical Advisory Committee to assist
with the implementation and monitoring of
recommendations relating to climate adaptation
planning in the town.
PROPOSALS
▸ It is proposed that Town Council investigates
the possibility of hiring a part-time (or full-time)
Climate Change Coordinator position to oversee
the implementation and monitoring of adaptive
action projects and the Climate Change Technical
Advisory Committee.
▸ The Town Council will register to become a member
of the Municipal Natural Infrastructure Collaborative.
▸ The Town Council will register to receive
Federation of Canadian Municipalities training on
climate change adaptation planning.
▸ The Town will register with the Climate Change
Adaptation Community of Practice, a federal
program.
SECTION 5
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MOVING FORWARD:

I M P L E M E N TAT I O N S C H E D U L E
Implementation:
Adaptive Action

Lead

Activate the Climate Adaptation
Technical Advisory Committee to advise
and oversee the implementation of the
adaptation plan

Actinvg CAO, Council Member,
Technical Advisory Committee

Conduct a risk assessment on the
resilience of the Chamcook watershed to
climate change

Department of Environment and
Local Government, Hydrologists,
Asset Manager, Chamcook
Landowners Association
Council

Implement an Education and Awareness
campaign

Eastern Charlotte Waterways Inc.

Conduct emergency response planning
with the EMO and the Red Cross

Fire Chief, EMO Regional Director,
Red Cross Regional Director, Town
Staff

Staff Development on Climate Adaptation

Acting CAO, Town Staff

Short-term
(2019–2020)

Medium-term
(2020–2022)

Long-term
(2022+)

•

•

•

•

•

•

•
Market Square and the Wharf: find an
engineered solution

Town Engineer, Asset Manager,
Acting CAO, Council, Relevant
stakeholders

Flood proofing: residential property home
owners and local commercial businesses

Asset Manager; Eastern Charlotte
Waterways Inc.; Chamber of
Commerce, Saint Andrews
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•

•

•
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St. Stephen is located at the estuary of the St. Croix
River and the coast of Passamaquoddy Bay. It covers
an area of approximately 13.45km². In 1973 the
municipalities of Milltown and St. Stephen were
amalgamated and designated as the Town of St.
Stephen. The St. Croix River acts as the international
and natural boundary, separating the towns of St.
Stephen, New Brunswick and Calais, Maine. The two
communities are connected at three international
border crossings, Ferry Point International
Bridge, the Milltown International Bridge, and the
International Avenue Bridge.
The population of St. Stephen was approximately
4415 in 2016,67down from 4817 in 2011. The Town of
St. Stephen has experienced several intense rainfall
events in recent years that resulted in basement
flooding, and overland flooding of varying degrees.
The two most notable recent events occurred on
December 13th, 2010, and on July 26th, 2013. It is
estimated that the December 2010 flooding event
was primarily rainfall driven with little or no runoff
contributions generated from snowmelt; this is due to
the estimated absence of any appreciable snow pack
in the watershed prior to the storm. Approximately
166 mm and 163 mm of rain fell over a 24-hour period
for the 2010 and 2013 events, respectively. During

The Town of
St. Stephen

FIGURE 5.1

68
69
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Over the last decade, the Town of St.
Stephen has made some steps towards
adapting to the changing climate. Examples
include stormwater infrastructure
upgrades in the Bell Subdivision area,
backflow prevention system bylaw for all
new construction, and incorporating a
zero-net increase in stormwater in some
development agreements (i.e., new Visitor
Information Centre/Irving Oil Gas Station).
Note: to ensure that these plans are actionable
and succinct, the adaptation measures will be
presented through a four-pillar sustainability
approach that involves considerations
related to environmental, socioeconomic,
infrastructure and institutional. When working
alongside municipal staff and Council,
it is important to provide summarized,
compendiary recommendations so that the
proper incremental steps required of municipal
governance models can be operational.

St. Stephen population from 1996-2016. (CENSUS Canada)

67

104

both events, overland flooding occurred
in several areas within Town, including
along Billy Weston Brook in the King Street
area impeding road access. During these
events, businesses and homes were flooded
and the railway line over the Billy Weston
Brook, which serves as a drainage point for
over 1500 hectares was almost completely
washed away.68 What often makes flood
issues worse in the Town of St. Stephen is
if the rain is accompanied by a high tide. A
high tide prevents stormwater from making
its way into the St. Croix River, causing
surcharging. Many buildings on Milltown
Boulevard already suffer flooding damage
during extreme high tide events.69 This
is concerning knowing that sea-level will
continue to rise and heavy rainfall events
will become more frequent.

CENSUS Canada 2016
Signer et al., 2014
Signer et al., 2014
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C L I M AT E R I S K S A N D I M PA C T S
Sea level rise will present increased damage
along the coast and to coastline structures
from storm surge, flooding and salt water
intrusion in the town. Increased shoreline
erosion will affect natural environments
and public amenities such as parks, trails
and access to water moving forward. This
will result is disruption to service areas
such as economic development, culture and
tourism, housing and built infrastructure
used to service transportation.
Increased frequency and intensity of
storm and weather extremes where natural
disaster and emergency management will
be placed under greater strain to cater
more frequent, simultaneous and extreme
disasters. This will result in an increased
public safety risk on roadways and within
the community due to the damages to
infrastructure and natural assets (trees, etc.)
within the community.
Increase in intensity and frequency of heavy
rainfall events will increase the amount
of sewage backups in combined sewer
areas within the town limits which results
in an increase in numbers of combined
sewer overflows which will overcome the
capacity of the drainage system to function
optimally. This will have impacts and
disruptions to the municipal stormwater
management functionality, transportation
services, housing, parks and recreation
and other important service areas to the
community.
Changes to temperature, winds, rain or
snow loads, etc. will decrease durability and
lifecycle of infrastructure overtime thus
leading to increased maintenance, repair
and replacement time and costs. This will
influence municipal government ability to
perform adequate corporate services for the
community under budgetary constraints.
70
71

ENVIRONMENT

L A N D - U S E P L A N N I N G , W AT E R
I N F R A S T R U C T U R E , G R E E N S PA C E
A N D N AT U R A L I N F R A S T R U C T U R E
SOLUTIONS
Land use planning is increasingly incorporating
greenway community design networks, natural
infrastructure solutions and conservation planning
into policies, procedures and project proposals.
Research continues to demonstrate the inherent
need and value of natural infrastructure solutions
and smart conservation planning to adapt against
climate change impacts. Other studies have shown
that ‘investments in green space pay handsome
dividends to the developers and municipalities
having the vision and confidence to embrace
them.”70 Charlotte County municipalities, like the
Town of St. Stephen are uniquely positioned to be
a leader in incorporating greenway community
design networks, natural infrastructure solutions
and conservation planning into future municipally
owned land developments. Lands that fall within
the aforementioned floodplains cannot be used for
housing or industry and as such, increasing the
natural buffer around the St. Croix River watershed
will help to ensure that the future generations of the
Town of St. Stephen will continue to enjoy the St.
Croix River as we do today.

C O N S E R VAT I O N S U B D I V I S I O N S
Conservation design is defined as a ‘flexible approach
to laying out rural subdivisions which maximizes
the amount of open space preservation without
sacrificing the total number of lots created.”71
The conservation design approach rearranges the
development of land parcels to provide a fair and
equitable manner in which to balance conservation
and development objectives. The Future Land Use
Map (2019) proposed in the Town of St. Stephen
Municipal Plan highlights a number of areas within
municipal boundaries that have been flagged for
‘future development’ have potential to incorporate
conservation planning that protects open space,

Arendt, R. Rural by Design: Planning for Town and Country., 2015, p. 85
Managing Change in Rural Manitoba: A Manual for Conservation Subdivision Design. Province of Manitoba
https://www.gov.mb.ca/mr/land_use_dev/pubs/conservationsubdivisiondesignmanual.pdf#page=9
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woodland, natural areas, wildlife habitat
and wetlands. In a standard subdivision
design, every acre of land is converted
to suburban house lots. Conservation
design helps to protect rural character
and permanently preserves 50% (half) the
upland acreage which can also incorporate
natural asset and infrastructure designs
such as bioretention ponds, rain gardens
and bioswales, to recharge local aquifers,
preserve open green spaces and views,
offer opportunities for multi-use trails
for active transportation and provide
a cost efficient, sustainable method to
mitigate against potential inland and
pluvial flooding.72 Conservation design
offers a variety of benefits to a number
of different stakeholders including
residential property owners, developers
and municipalities. The ability to attract
developers to towns in Southwestern New
Brunswick continues to be a challenge
that exacerbates other social and economic
issues such as housing, economic growth
and job development. Research shows that
conservation subdivisions are profitable
design alternatives for developers as special
features and green designs tend to enhance
the economic value of projects to potential
buyers.
When examining price premiums,
investment costs and absorption rates for
lots in conversation subdivisions versus
those in conventional subdivisions, results
indicate that conservation subdivisions
command a larger premium, are less
expensive to build and sell quicker than
lots of a conventional standard.73 Other
cost benefits to conservation subdivisions
include: reduced infrastructure cost
due to less surface area maintenance
requirements, high resale value and
potential reduced costs in damages in the
event of pluvial flooding due to reliance on
permeable surface paving. Conservation
subdivisions also have a number of social,
72
73
74

FIGURE 5.2
The conservation design helps to protect the community’s rural
character and permanently preserves half the upland acreage, which
is also able to incorporate rain gardens to recharge local aquifers,
preserve open views from every house, and offer opportunities for a
trail network. (Province of Manitoba)

health, environmental and recreational benefits. Open spaces
promoted through conservation subdivisions create informal
spaces for recreation and outdoor activities that can ultimately
link and promote multi-use trail systems that encourage
opportunities for community engagement, physical activity
and social connections. It is widely recognized that social
isolation, physical inactivity and lack of immediate access
to nature drastically impacts the psychological and physical
wellbeing of individuals. Conservation subdivisions indirectly
reduce pressures and strains on overworked service sector
areas that relate to public health and community wellbeing.
Conservation designs also enhance the water quality by
retaining natural riparian buffer zones alongside streams,
rivers and lakes thus reducing soil erosion and filtering
pollution from road runoff.74 Conservation designs similarly
create a lesser demand on municipal green space, parks
and trails as these neighborhoods are provided recreational
elements by the conservation principles.

Ibid., p.6
Ibid., p.2
Ibid., p. 5
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PHOTO BY PAULO O.

https://www.flickr.com/photos/brownpau/32585231168

C L I M AT E A D A P TAT I O N A C T I O N S

E N V I R O N M E N TA L A D A P TAT I O N

01 LAND-USE PLANNING
OBJECTIVES
▸ To ensure that development, both commercial
and residential, compiles with good planning
principles, including adaptive measures for
climate change impacts where appropriate. This
refers to preparation for major climate change
impacts including sea level rise, increase in
intensity and frequency of storm events and inland flooding.

Presently, the municipality is undergoing and in the
final phases of completion for an updated 2020-2030
Municipal Plan.75 Although not formally ratified at the
time of this report, the plan provided a preliminary
Future Land Use Map (Figure 1). The Future Land
Use Map outlines a large portion (noted below) of
town land to have future development potential. As
outlined above, the town has a unique opportunity

to incorporate Sustainable Land Use Planning and
Conservation Subdivision Design in the event of this
land being administered for residential property
development. As such, we provide the following
series of recommendations, that incorporate a
climate lens, to land use planning for the Town of
St. Stephen.

FIGURE 5.3
Generalized Future Land Use Map as
proposed in the current draft form of
the 2020 St. Stephen Municipal Plan
provided by Dillon Consulting.
*It is important to note that at the time of
creating this adaptation plan, the Town
of St. Stephen was undergoing the final
phases of the municipal planning process.
As such, this ‘Generalized Future Land Use
Map’ may have undergone several changes
that are not reflected in this plan. It is the
responsibility of the municipality to ensure
that the data as presented is updated
accordingly.

75

St. Stephen Municipal Plan (Draft Copy), Dillon Consulting, 2020
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▸ To ensure that future development zones, as
outlined in the Future Land Use Map, adequately
considers the benefits of incorporating sustainable
land development principles, most notably
conservation planning designs that enhance
water quality, retain natural riparian buffer zones,
recognize the importance of green space and
urban tree cover and promote net zero runoff.
▸ To maintain and preserve municipally owned
green space and natural infrastructure as potential
barriers to climate change impacts.
▸ To understand that effective land-use planning
that accounts for strategic foresight and severe
climate impacts will equip the municipality with
adequate natural land and space to explore natural
infrastructure solutions to climate change impacts.
POLICIES
▸ The zoning by-law shall delineate a sea level rise
overlay zone based on the HHWLT 4.3 m
(Zone 1) projection depicted in Appendix A.
▸ The zoning by-law shall limit and set conditions
for development to account for a HHWLT 4.3 m
(Zone 1) projection sea level rise overlay zone as
depicted in Appendix A.
▸ In the Sea Level Rise overlay Zones 1 and 2 no
habitable space, parking structure, electrical,
mechanical, or other key building systems are
permitted below base flood elevation for the year
2100 as delineated on Appendix A.

▸ Council shall conserve existing municipally owned
green space within municipal boundaries and
work to increase the total amount of municipally
owned green space to 5% of land in municipal
boundaries.
▸ As new areas of the town are developed, town staff
and Council shall require that the design of parks,
trails and open spaces incorporate linkages with
other neighborhoods to bolster use of trails.
PROPOSALS
▸ It is proposed that the Town develop a long-term
plan for municipally owned undeveloped land
areas, including green space, with the goals of
providing an option to have natural infrastructure
solutions to climate change impacts.
▸ It is proposed that any future long-term planning
for municipally owned, undeveloped land areas,
incorporates all future climate projection
considerations especially as it pertains to inland
flooding and sea-level rise.
▸ At present, the total percentage of municipally
owned greenspace in the Town of St. Stephen
accounts for 1.42% of municipally owned land.
The Town shall work to ensure all future acquired
land through negotiation or other processes works
to ensure a minimum of 5% of green space is
conserved and undeveloped.
▸ When the Town acquires land through negotiation
or other processes, it shall be the intention of
Council to give priority to the following:
Ҭ Acquiring land adjacent to any watercourses;
Ҭ Acquiring land adjacent to any floodplain or
natural wetland;
Ҭ Acquiring land that contains any
environmentally sensitive features.
▸ It is proposed that the town staff and Council
work with landowners and new developers to
encourage low-impact development procedures.
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▸ It is proposed that the town staff and Council
convert decommissioned areas into uses that are
more adaptable to extreme weather events such as
naturalized wetlands or open spaces (Old Milltown
Sewage Lagoon).
▸ It is proposed that areas where there are longvacant and deteriorating (unsightly premises)
be considered as options to be returned to a
naturalized state.

0 2 F LO O D P L A I N
D E V E LO P M E NT
OBJECTIVES
▸ Equip the municipality, municipal staff and
community members, with the realities of flooding
by educating and promoting good flood proof
management practices.
POLICIES
▸ Council and town staff shall explore the possibility
of natural, green infrastructure such as retention
ponds in flood prone areas that are municipally
owned, undeveloped land.
▸ In areas of possible contamination of water or soil
quality due to flooding events, the proponent and/
or owner(s) of the asset or infrastructure at risk of
contamination are responsible for relocating the
assets away from the floodplain or flood zone.
▸ No development shall be permitted within
the designated sea level rise overlay zone
as demonstrated in Appendix A unless the
structure meetings the following floodproofing
requirements:
Ҭ The minimum lower elevation of all openings
shall be the established base flood elevation
level (BFE).
Ҭ No fill will be permitted within the floodplain
area except where the placement of soil is for
the purpose of flood plain management or for
flood proofing purposes.

110

SOUTHWESTERN NEW BRUNSWICK
REGIONAL CLIMATE ADAPTATION PLAN 2019

Ҭ A building permit shall be required for
the placement of soil in areas susceptible
to flooding except within the designed
Agriculture and/or Conservation Zone and for
the purposes permitted within that zone.
Ҭ Prior to the issuance of a building permit, the
Planning Commission or Planning Affiliate
directly associated with the municipality may
require proof of adequate flood proofing from
a professional engineer licensed to practice in
New Brunswick.
▸ The degree of flood protection required by this
section is considered to be of minimum necessity
and reasonable for regulatory purposes. The
understanding that larger floods may occur at
any time, either due to man-made and/or natural
causes.
PROPOSALS
▸ It is proposed by Council that a Flood
Management Plan be created to demonstrate to
the municipality and community members the
realities of flooding.
▸ It is proposed that Council work collaboratively
with the Chamber of Commerce to help equip
private and commercial business owners with
proper flood proofing techniques.

03 LANDSCAPING AND
DRAINAGE
POLICIES
▸ All grading shall be done to divert surface water
from the building and from adjacent proprieties,
insofar as possible, to contour the yard to the
surrounding terrain.

0 4 W I L D L I F E A N D H A B I TAT
D E G R A D AT I O N
OBJECTIVES
▸ To protect and preserve the natural environment,
biodiversity and wildlife habitat in the municipal
boundaries of St. Stephen.
▸ To promote good environmental practices to
community members, visitors and local businesses.

POLICIES
▸ Council shall work to preserve municipally owned
green space and wooded areas.
▸ Council shall favour planting locally, native plants
in municipally owned green space and gardens.
▸ Council shall work to encourage residential
property owners who express interest in
maintaining beehives to pursue those options.

▸ To recognize that climate change increasingly
impacts natural ecosystems and wildlife habitats
in so far as municipalities must increasingly
become aware of ecosystem sensitivity.

SOCIOECONOMIC

SOCIAL VULNERABILITY INDEX,
P U B L I C H E A LT H A N D S A F E T Y
AND COMMUNITY PLANNING AND
C O M M U N I C AT I O N
The ways in which a changing climate is impacting
social and economic systems is increasingly
becoming more researched, understood and solution
based. Understanding the social and economic
wellbeing of a community can help determine
the adaptive capacity and overall resiliency of
the community to respond to increasing climatic
pressures. The following is a high-level overview of a
Social Vulnerability Index (SOVI), first presented by a
researcher, Dr. Patricia Manuel, from the Dalhousie
Planning School in 2016.
The intent of a social vulnerability index is to
evaluate the overall social vulnerability to climate
change impacts within the municipality. This
is accomplished by assessing the prevalence
of characteristics that contribute to the social
vulnerability of individuals and households using
the social determinants of health (SDoH) data
aggregated to the municipal level. This generates an
index of potential social vulnerability, as identified
by social and health researchers, that can have an
application for the Town of St. Stephen and Charlotte
County more generally. The end goal of a SOVI is to
proceed to map the index visually to represent the
distribution of residential areas and populations with
high levels of social vulnerability. The assessment

of social vulnerability provides decision makers
and service providers in the municipality with the
knowledge necessary to incorporate considerations
of social vulnerability into land use and emergency
management planning. Also, it helps to assist
planners, of all levels, to target each area with the
most appropriate type of assistance in order to
reduce overall vulnerability. At the time of writing
this report, representatives at Eastern Charlotte
Waterways have been invited to participate in the
Horizon Health Community Health Needs Assessment
planning process so that the efforts put forth by the
health sector embodies a climate lens.

FIGURE 5.4
Median Household Income in St. Stephen
(2016 CENSUS data)
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SOCIAL VULNERABILITY INDEX
The preliminary SOVI, presented below, is a product of data collection efforts sought through CENSUS
Canada datasets, New Brunswick Health Council datasets and Canadian Mortgage and Housing Corporation
datasets.
The following data is acquired from several different data sources including, Statistics Canada, CHMC and CHNAs.

Population (2016)
Median Age
Economic

St. Stephen

Charlotte County

4,415

25,428

45.8

47.9

Municipality : Region
LOWER

Median Household Income

$47,488

$55,701

LOWER

Unemployment Level

16.80%

14.10%

HIGHER

Low Income Household (LIM-AT)

25.70%

19.60%

HIGHER

3%

1.70%

HIGHER

0-17 years old

7.10%

4.90%

HIGHER

18-64 years old

14.20%

10.40%

HIGHER

4.60%

4.30%

HIGHER

0-5 years old

65+ years
Social Determinants of Health
Youth Population

36.30%

35%

HIGHER

Senior Population

20.50%

21.30%

LOWER

Lone Parent Households

23.60%

16.60%

HIGHER

Seniors Living Alone

28%

-

-

Persons Living Alone

20%

-

-

Education Level (Secondary school diploma or equiv)

32.80%

47.70%

LOWER

No certificate, diploma or degree

16.90%

21.10%

LOWER

Post-Secondary certificate, diploma or degree

50.50%

47.80%

HIGHER

32%

-

-

Newcomers

0.90%

1.40%

LOWER

Visible Minorities

1.26%

2.10%

LOWER

23%

-

-

29.70%

15.30%

HIGHER

$733

$590

HIGHER

$125,268

$129,577

LOWER

36.90%

18.40%

HIGHER

Approved Childcare per 100 children

Person with a Disability
Housing
% of tenants spending 30%+ of income on shelter costs
Median monthly shelter costs for owned dwellings ($)
Median value of dwellings ($)
% of population that are renters
% of population that are owners

63.10%

81.60%

LOWER

% of owner households with a mortgage

50.50%

48.10%

HIGHER

Seniors living in private household (65 years or older)

29.60%

31%

LOWER

1.66%

2.60%

LOWER

10.80%

13.20%

LOWER

Housing that is not suitable to reside
% of tenant households in subsidized housing
% of housing constructed 1960 or before

57%

35.60%

HIGHER

8.30%

10.60%

LOWER

Private households with 1 household maintainer
Transportation

68.10%

63.30%

HIGHER

Use a car as a main mode of transportation

84.30%

87.20%

LOWER

Commuting distance of less than 15 minutes

70.60%

52%

HIGHER

Houses that require major repairs
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Studies are increasingly demonstrating that
communities that experience higher unemployment
levels, higher % of of low-income families,
inadequate housing or expensive shelter costs, lack
of transportation, higher % of seniors, newcomers
and youth, are often deemed more socially and
economically vulnerable. As such, a changing
climate can exacerbate preexisting social and
economic vulnerabilities. Individuals, households
and vulnerable groups who struggle with consistent
income, access or isolation, housing and food security
are particularly vulnerable to climatic pressures
that may occur in the event of a natural hazard or
disaster. It is important for municipalities to consider
the interconnected nature of challenges faced by
individuals with the aforementioned vulnerabilities
and how climatic pressures can further exacerbate
these vulnerabilities.
The question remains, how do we reduce
vulnerability, especially in the face of a changing
climate? Research indicates that increasing social
capital through community assets, recreation, civic
participation and promoting social and community
support can have dramatically positive effects on
those populations.

C L I M AT E A D A P TAT I O N
ACTIONS

S O C I A L A D A P TAT I O N

0 5 P U B L I C H E A LT H A N D
SAFETY
Healthcare and public health will need to prepare for
new risks and increased demand including adverse
impacts on physical and mental health due to hazards
accompanying extreme weather events, heatwaves,
lower ambient air quality and increasing ranges to
airborne diseases.
OBJECTIVES
▸ The Town will work alongside public health
service providers to ensure that they are made
aware of the individuals outlined to be of higher
vulnerability to climatic pressures and risks.

POLICIES
▸ The Town shall work with the Emergency
Measures Organization to create a voluntary
‘Vulnerable Persons Registry’ to present to
the public so that there remains a record of
individuals, who self-identify, themselves to be at a
higher risk to climate change.
▸ The Town shall work closely with senior care
providers, senior service centers and senior
residences, to ensure that the senior population
are a priority for effective public health adaptation
planning.
▸ The Town shall work closely with local non-profit
organizations, public schools and St. Stephen
University, to help adapt the youth population to
concerns relating to eco-anxiety and climate change.

06 COMMUNITY PLANNING
A N D C O M M U N I C AT I O N
OBJECTIVES
▸ The Town will work to establish an effective
communication strategy to engage the community
on matters relating to climate change impacts,
risks and adaptation planning.
POLICIES
▸ The Town shall communicate climate change
adaptation planning projects and policy changes
to the community through social media, and if the
project is deemed to be of substantial economic
costs (above $100,000), with a public town hall
meeting.
PROPOSALS
▸ It is proposed that the Town host a public information
session, or workshop, annually that leads to
increased public awareness and personal resiliency
to climate change and/or climate change impacts.
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INFRASTRUCTURE

C L I M AT E A D A P TAT I O N
ACTIONS

P R O P E RT I E S , R O A D W AY S A N D A S S E T
MANAGEMENT
Research increasingly indicates that climatic change will
greatly impact existing infrastructure throughout Canada,
including but not limited to, primary and secondary road
systems, building structures such as municipal and residential
properties and coastal physical infrastructure pieces such
wharves and ferry terminals. Climate change has had, and will
continue to have, an immediate and dramatic effect on local
municipal infrastructure and as such incorporating climate
factors and variables into engineering infrastructure design,
retrofits, maintenance and asset management is essential
moving forward. Climate change does not simply pose a threat
to existing infrastructure but also can cause disruption to
levels of service provided. The following section relates the
direct and indirect climate impacts to residential, commercial
and municipal built infrastructure in the Town of St. Stephen.
Property assessment data, land parcels and sea level rise
predictions, were combined in ArcGIS to calculate the area
of each land parcel that was covered by water in each climate
scenario (2050 HHWLT, 2100 HHWLT and 2100 HHWLT
with storm surge). Parcels where the intersection of sea level
rise was 10% or greater were extracted and their property
values summed. The results were subsequently subdivided
into Property Type Codes through Service Number and
summarized in Table A below.
2050
HHWLT

2100
HHWLT

2100 HHWLT +
Storm Surge

0

6

34

Value of affected properties

$0

$448,900.00

$3, 685,000.00

Value of greatest overlap

0%

61%

100%

Code 1 (Residential)

0

1

8

Code 2 (Commercial)

0

5

22

Code 3 (Industrial)

0

0

2

Code 4 (Institutional)

0

0

2

Code 5 (Recreational)

0

0

0

Code 6 (Farms)

0

0

0

Code 7 (Woodland)

0

0

0

St. Stephen
Number of affected properties

INFRASTRUCTURE
A D A P TAT I O N

07 RESIDENTIAL
PROPERTIES
Of the total properties surveyed within
the St. Stephen municipal boundaries,
1 home was affected by future climate
projections relating to sea level rise (2100
HHWLT) and 8 homes were affected by sea
level rise and storm surge in 2100. There
remains opportunity to directly address
these property owners through a series of
residential workshops.
OBJECTIVES
▸ The Town will liaise directly with
community members in known
floodplains or flood zones to ensure that
they are properly informed regarding the
risks.
▸ The Town will liaise directly with
community members in known
floodplains or flood zones to ensure that
they have access to educational programs
regarding increasing residential
resiliency to flooding.
POLICIES
▸ It shall be a policy of Council to share
Building for Climate Change guidebook
provided by the Southwest New
Brunswick Service Commission.
▸ It shall be a policy of Council to work
with local non-profit organizations to
promote and encourage educational
workshops to help equip residential
property owners with tools to increase
resiliency to flooding.

INSTITUTIONAL

M U N I C I PA L A S S E T S ,
COMMUNITY ASSETS AND ASSET
MANAGEMENT
It is important to ensure that municipal staff and
Council understand the levels of service provided
by the municipality and how it affects the quality of
life for the community. Integrating climate risks into
municipal levels of service and asset management
is a vital next step for municipal level adaptation
planning. In 2019, the Town of St. Stephen underwent
its Asset Management Planning process with Dillon
Consulting. Within this final plan there was a section
directly associated to climate change and climate
change threats to core and high value assets that are
at risk or vulnerable to climate change impacts. As
such, municipal staff and town council members were
provided with a list of vulnerable assets.
Along with this list, the town must ensure that they
follow the main principles of Asset Management
Planning as it pertains to: the delivery of services,
long term sustainability and risk management,
systematic and transparent decision making and
fiscal responsibility and asset management decision
making.76 The delivery of service systems refers
to the multiple services that the town provides
to its residents, including protective services,
transportation services, water and sewerage services,
environmental health services, recreation and
cultural services and finally, general government
services. Within these service delivery systems,
Dillon Consulting supplied the town with an
inventory of assets and a summary of tangible capital
costs associated to those assets. Eastern Charlotte
Waterways provides the following recommendations
regarding integrating climate change considerations
into the current Asset Management Plan for the
Town of St. Stephen:
▸ Overlay PSA-3150 asset inventory provided by
Dillon Consulting with ECW Climate Risk Data
including wet area maps and sea level rise maps to
determine which assets are at risk to flooding.

76
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▸ Public Works officials within the Town to work
directly with ECW Climate Team to update
the culverts provided by the Department of
Transportation and Infrastructure to ensure that
data remains up-to-date.
▸ Integrate the ECW Climate Risk Data into all
infrastructure project considerations moving
forward.

FIGURE 5.5
Median Household Income in St. Stephen
(2016 CENSUS data)

INSTITUTIONAL AND
GOVERNANCE

PLANNING AND POLICY
I N T E G R AT I O N , C O O R D I N AT I O N
A N D D E V E LO P M E NT
Planning and policy documents from the last ten
years (2010–2020) in the Town of St. Stephen were
reviewed to cross reference mention of climate
change and recognize the extent to which it was
incorporated/overlooked/misused in planning
documents using the Nvivo reading software.
Documents were obtained directly from Chief
Administrative Officers and/or municipal websites.
Terms such as climate change, adaptation, green

Capital Asset Management Plan for the Town of St. Stephen. Dillon Consulting. 2019, p. 8
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MOVING FORWARD:

I M P L E M E N TAT I O N S C H E D U L E
Implementation:
Adaptive Action

space, risk assessment, mitigation, flooding, and
environment were placed in the Nvivo software, used
for qualitative analysis, to demonstrate the number
of times in which this terminology was mentioned.
This entailed a high-level content scan and analysis
of municipal policies, plans, strategies and legislation
pertaining to the physical and social planning in
the town. This documentation was scanned for
statements that suggested municipal awareness
of climate change, its impacts and subsequently
examined the content to identify policy statements,
strategies and/or action directives relating directly
to climate change. Documents that were searched
include: municipal plans, by-laws, secondary plans,
asset management plans, recreation plans, council
minutes and agenda meetings.
Local land use and related physical and social policies
and plans were examined in order to determine the
awareness of and responsiveness to the changing
climate and how it was being incorporated in a
government and institutional setting. The number of
municipal documents surveyed were 205, of which
139 mention one of seven nodes with a combined
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total of 329 references. The term climate change was
directly referred to in three of 205 files, a total of 23
times with two of those files being the Municipal
Plans where climate change was referenced
seven times. The lack of policy development and
coordination regarding climate change at a municipal
level is currently deemed insufficient. Municipal
council must work to expand the scope, scale and
pace of climate policies. Decisions that are being
made today be proactive and comprehensive in
order to lay the necessary groundwork for long-term
success.
Terminology

Number of References

Environment

255

Flooding

22

Green space

19

Climate change

23

Mitigation

7

Risk assessment

3

Adaptation

1

Lead

Short-term
(2020–2022)

Medium-term
(2022–2025)

Integration of floodplain by-laws and
policy recommendations into future bylaw development.
*The Town of St. Stephen is expected to
go through a revision of by-laws in 2020
with the Southwest New Brunswick Service
Commission Planning Office

Chief Administrative Officer,
Planners from SNBSC

Workshop with Public Works and Staff
to demonstrate usage of Climate Risk Data
Package (Staff Development)

Public Works Officials
Town Staff, Eastern Charlotte
Waterways Inc.

Implement an Education and Awareness
campaign for the community

Town Staff

Work alongside the Emergency Measures
Organization to create a Voluntary
Vulnerable Persons Registry

Fire Chief, EMO Regional Director,
Town Staff, Local service providers

•

Flood proofing: residential property home
owners and local commercial businesses

Public Works Officials, Eastern
Charlotte Waterways Inc.

•

Integrate climate risks into asset
management plans and projects

Public Works Officials, Consulting
Firms

Long-term
(2025+)

•

•
•

•

•

•

APPENDIX A:

S E A L E V E L R I S E O V E R L AY Z O N E S F O R S T. S T E P H E N

FIGURE 5.6
Sea level rise zones for
Milltown Blvd., St. Stephen,
NB
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The Town of
St. George

The Town of St. George is located in the centre of
Charlotte County along the Magaguadavic River
which runs north to south through the core of the
parish and, following a series of rapids and waterfalls,
reaches sea level at the Town of St. George. The town
was established in 1784, incorporated in 1904, and
served as a port of entry for the Shore Line Railway.
The town was also made famous by the red granite
quarries which operated from 1872 to 1953. Today,
the Town of St. George is the commercial, business
and service centre of the eastern Charlotte Coastal
Region, and processing of a large portion of the
aquaculture salmon grown in the Bay of Fundy occurs
in St. George Statistics Canada reported a population
of approximately 1,517 residents in 2016, down from
1, 543 residents in 2011. St. George was significantly
impacted by the December 2010 heavy precipitation
event and by the 1998 ice storm. In 2010, the

FIGURE 5.7
St. George population
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Magaguadavic River, which runs through
the town, swelled from heavy precipitation,
and caused extensive flooding in the both
the downtown area and upstream beyond
Lake Utopia. Many homes, cottages and
businesses were damaged. Some roads were
impassable, schools were closed for four
days, and businesses had to be shut-down.
Many homes and cottages, and the business
centre located in known flood zones remain
vacant, and are difficult to sell as they are
uninsurable.
With climate change, heavy precipitation
events are expected to become more
common. This increase in frequency of
heavy precipitation events will likely
increase the chances of reoccurring
flooding within the community. Over the
last five years, the Town of St. George has
made some steps towards adapting to the
changing climate. For instance, in 2011 the
Town incorporated a Flood Risk Area into
the zoning by-law where no development
is permitted unless the applicant provides
a waiver which indemnifies the Town of
St. George, Council, any of the Town’s
staff, employees, agents and consultants
from any possible damage that may result
from development within the Flood Risk
Area. The Town also has created an up-todate emergency response plan, held public
meetings, and has repaired 8 of the 14 lift
stations within Town. J.D. Irving Inc. have
also commissioned several hydrological
studies on the Magaguadavic River.
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C L I M AT E R I S K S A N D I M PA C T S
Increased in intensity and frequency of heavy rain
fall events that results in the increased surface water
flooding from pluvial rainfall in low areas. This
can in turn impact several service areas including:
transportation, housing and parks and recreation.
Increased frequency and intensity of storm and
weather events can lead to increased responsive,
both before, during and after a storm event. Other
areas which may be impacted include the level of
emergency responsiveness and ability of emergency
services to manage major storm events.
Changes in ocean biodiversity which can result
in productivity shifts and species migration that
negatively impacts the fishing industry, food
service industry and economic development within
the area. Another major climate impact area is
the intensification and spread of aquatic invasive
species and plants which can negatively impact
economic development, property values and habitats/
ecosystems.
A rise in temperature can increase pressures on new
and existing buildings which may be maladapted as
climate changes. This can dramatically impact the
level of water supplies and place strain on personal
wells. Other possible general changes relate to
water ingress, wind, durability, rain or snow loads,
increased heatwaves and so forth. These have direct
and indirect consequences to municipal services,
corporate services and levels of service within the
municipality and the community.
Important to Note:
The Town of St. George will undergo a municipal plan renewal
process in the Spring/Summer of 2020 with the Southwest New
Brunswick Service Commission. It is recommended that the following
policy recommendations, adaptation solutions and climate risk data
be considered in that planning process.
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ENVIRONMENT

L A N D - U S E P L A N N I N G , W AT E R I N F R A S T R U C T U R E , G R E E N S PA C E A N D
N AT U R A L I N F R A S T R U C T U R E S O L U T I O N S
Presently, the Town of St. George has a zoning
by-law that accounts for setbacks as distance from
watercourses stating:
BY-LAW NO. 25-B

3 . 9 D I S TA N C E F R O M W AT E R C O U R S E S :

No development, building or structure shall be permitted
within 30 m (98.4 ft) of a watercourse or water body unless
a Watercourse and Wetland Alteration Permit (WAWA)
has been issued by the Department of Environment and
no building or structure except as otherwise permitted
in this by-law shall be located within 10 m (32.8 ft) of a
watercourse or water body.
The Town of St. George Zoning By-law also accounts
for development within a flood risk area as well as a
disclaimer of liability regarding flooding:
BY-LAW NO. 25-B

3.3 6 D E V E LO P M E NT W IT H I N T H E F LO O D
RISK AREA:

01 Notwithstanding Section 3.37 and any other
provision of this By-law, no development shall
be permitted within the Flood Risk Area (need
definition based on date of Province’s Map) as shown
in Schedule B, “The Town of St. George Flood Risk
Area Map”, unless:
(a) the applicant provides a waiver which will
indemnify the Town of St. George, Council, any of
the Town’s staff, employees, agents and consultants
from any possible damage that may result from
development within the Flood Risk Area as shown in
Schedule B; and
(b) the applicant provides proof to the Development
Officer that the waiver outlined in section 3.36(a)
has been registered to the subject property prior to
receiving a building permit; and

02 Where a conflict occurs between the limits of the
Flood Risk Area as provided in Schedule “B” and the
Flood Risk Area mapping prepared by the Province
of New Brunswick, the mapping prepared by the
Province of New Brunswick shall be considered the
official map.
3.37 DISCLAIMER OF LIABILITY
R E G A R D I N G F LO O D I N G:
The degree of flood protection required by this Zoning Bylaw is considered the minimum necessary and reasonable
for regulatory purposes. Larger floods may occur at any
time and excessive floodwater heights may be experienced
due to man-made or natural causes, such as ice jams, dyke
failures and accumulated debris in bridge openings. This
Zoning By-law shall not imply that uses permitted within
the Flood Risk Area shall remain free from flooding even
if all the requirements of this section are met. The Zoning
By-law and “Town of St. George Flood Risk Area” map
does not imply that areas outside of the Flood Risk Area
shall remain free from flooding or flood damages. This
Zoning By-law shall not create a liability on the part of
the Town of St. George, Council or any officer, consultant
or employee thereof for any flood damage that results
from compliance with or reliance on this Zoning By-law,
“The Town of St. George Flood Risk Area Map” or any
administrative decision lawfully made hereunder.
On the next page is a list of possible
recommendations to continue to factor a climate
lens into by-law development and policy making
in the municipality. It is important to ensure that
flooding and flood risk zones do not simply account
for riverine flooding but also use pluvial models to
see where potential water accumulation from major
rainfall events affect properties.
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0 2 F LO O D P L A I N
D E V E LO P M E NT

C L I M AT E A D A P TAT I O N A C T I O N S

E N V I R O N M E N TA L A D A P TAT I O N

01 LAND-USE PLANNING

PROPOSALS

OBJECTIVES

OBJECTIVES

▸ It is proposed that the Town develop a long-term
plan for municipally owned undeveloped land
areas, including green space, with the goals of
providing an option to have natural infrastructure
solutions to climate change impacts.

▸ Equip the municipality, municipal staff and
community members, with the realities of flooding
by educating and promoting good flood proof
management practices.

▸ To ensure that development, both commercial
and residential, compiles with good planning
principles, including adaptive measures for
climate change impacts where appropriate. This
refers to preparation for major climate change
impacts including in-land flooding.
▸ To ensure that future development zones
adequately considers the benefits of incorporating
sustainable land development principles, most
notably conservation planning designs that enhance
water quality, retain natural riparian buffer zones,
recognize the importance of green space and
urban tree cover and promote net zero runoff.
▸ To maintain and preserve municipally owned
green space and natural infrastructure as potential
barriers to climate change impacts.
▸ To understand that effective land-use planning
that accounts for strategic foresight and severe
climate impacts will equip the municipality with
adequate natural land and space to explore natural
infrastructure solutions to climate change impacts.
POLICIES
▸ Council shall conserve existing municipally owned
green space within municipal boundaries and work
to increase the total amount of municipally owned
green space to 3% of land in municipal boundaries.
▸ As new areas of the town are developed, town staff
and Council shall require that the design of parks,
trails and open spaces incorporate linkages with
other neighborhoods to bolster use of trails.
▸ No development, building or structure shall be
permitted within 30 m (98.4 ft) of a watercourse
or water body unless a Watercourse and Wetland
Alteration Permit (WAWA) has been issued by the
Department of Environment and no building or
structure except as otherwise permitted in this
by-law shall be located within 20 m (32.8 ft) of a
watercourse or water body.
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▸ It is proposed that any future long-term planning
for municipally owned, undeveloped land areas,
incorporates all future climate projection
considerations especially as it pertains to inland
flooding and sea-level rise.
▸ At present, the total percentage of municipally
owned greenspace in the Town of St. George
accounts for 0.9% of municipally owned land. The
Town shall work to ensure all future acquired land
through negotiation or other processes works
to ensure a minimum of 3% of green space is
conserved and undeveloped.
▸ When the Town acquires land through negotiation
or other processes, it shall be the intention of
Council to give priority to the following:
Ҭ Acquiring land adjacent to any watercourses;
Ҭ Acquiring land adjacent to any floodplain or
natural wetland;
Ҭ Acquiring land that contains any
environmentally sensitive features.
▸ It is proposed that the town staff and Council
work with landowners and new developers to
encourage low-impact development procedures.
▸ It is proposed that the town staff and Council
convert decommissioned areas into uses that are
more adaptable to extreme weather events such as
naturalized wetlands or open spaces.
▸ It is proposed that areas where there are longvacant and deteriorating (unsightly premises)
be considered as options to be returned to a
naturalized state.
*In 2019, the Town of St. George proposed a By-law
relating to Dangerous or Unsightly premises.

POLICIES

PROPOSALS
▸ It is proposed by Council that a Flood
Management Plan be created to demonstrate to
the municipality and community members the
realities of flooding.
▸ It is proposed that Council work collaboratively
with the Chamber of Commerce to help equip
private and commercial business owners with
proper flood proofing techniques.

▸ Council and town staff shall explore the possibility
of natural, green infrastructure such as retention
ponds in flood prone areas that are municipally
owned, undeveloped land.

▸ It is proposed that Council work collaboratively
with the local residents who have been or will be
impacted by flooding.

▸ In areas of possible contamination of water or soil
quality due to flooding events, the proponent and/
or owner(s) of the asset or infrastructure at risk of
contamination are responsible for relocating the
assets away from the floodplain or flood zone.

0 3 W I L D L I F E A N D H A B I TAT
D E G R A D AT I O N

▸ No development shall be permitted within the
designated floodplain zone as demonstrated in
Appendix A unless the structure meetings the
following floodproofing requirements:
Ҭ The minimum lower elevation of all openings
shall be the established base flood elevation
level (BFE).
Ҭ No fill will be permitted within the floodplain
area except where the placement of soil is for
the purpose of flood plain management or for
flood proofing purposes.
Ҭ A building permit shall be required for
the placement of soil in areas susceptible
to flooding except within the designed
Agriculture and/or Conservation Zone and for
the purposes permitted within that zone.
Ҭ Prior to the issuance of a building permit, the
Planning Commission or Planning Affiliate
directly associated with the municipality may
require proof of adequate flood proofing from
a professional engineer licensed to practice in
New Brunswick;
Ҭ The degree of flood protection required by
this section is considered to be of minimum
necessity and reasonable for regulatory
purposes. The understanding that larger floods
may occur at any time, either due to man-made
and/or natural causes.

OBJECTIVES
▸ To protect and preserve the natural environment,
biodiversity and wildlife habitat in the municipal
boundaries of St. George.
▸ To promote good environmental practices to
community members, visitors and local businesses.
▸ To recognize that climate change increasingly
impacts natural ecosystems and wildlife habitats
in so far as municipalities must increasingly
become aware of ecosystem sensitivity.
POLICIES
▸ Council shall work to preserve municipally owned
green space and wooded areas.
▸ Council shall favour planting locally, native plants
in municipally owned green space and gardens.
▸ Council shall work to encourage residential
property owners who express interest in
maintaining beehives to pursue those options.

SECTION 5
MUNICIPALITIES

123

SOCIOECONOMIC

SOCIAL VULNERABILITY INDEX,
P U B L I C H E A LT H A N D S A F E T Y
AND COMMUNITY PLANNING AND
C O M M U N I C AT I O N
In the past the Town of St. George has been
significantly impacted by heavy precipitation events,
most notably in 2010 where the Magaguadavic
River, which runs through town, swelled from heavy
precipitation, flooded roadways and washed away
debris. During this event the Town of St. George
declared a “state of emergency” which eventually
resulted in a municipal push toward a coordinated
emergency plan and communication process for the
municipality.
In order to understand how municipalities can
build adaptive capacity to climate change within
their community, it is important to have an
understanding of the general community profile
and demographics. It is important to examine the
relative socioeconomic systems at play in the town
and the overall community profile by examining 2016
CENSUS Data. The community has a diverse range of
employment sectors including manufacturing, public
administration, construction and natural resources.
Many of the individuals who reside in St. George
work at Cookes Aquaculture or at the Department of
Fisheries and Oceans (DFO) within town limits.
Generally speaking, the median household income
of the Town of St. George rests around $61, 472
which is approximately 11% higher than the rest
of the Charlotte County region. St. George is
historically known to be a community driven town
with a number of community groups active and
engaged with the public. The town has a fair amount
of younger people, with approximately 42% of the
population under 45 years of age. With reasonable
housing prices and easy access to main roads, the
town has increasingly become an attractive prospect
for young people who wish to settle down and
have a family. Since 2011, the low-income person
numbers have dropped from 20.7 % to 19.6 % and
the population is increasingly becoming younger,
employed and with higher incomes. CENSUS
reflects that median household income in St. George
has risen from $45, 112 (2006) to $61, 472 in 2016.
St. George is continuously working to develop an
inviting, dependable and secure environment for
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its’ community members. St. George is unique in
relation to the region due to the fact it has a relative
higher number of newcomers with 10.86% of the
population identified as newcomers between 1981
and 2016. Approximately, 70 newcomers came to the
municipality between 2011 and 2016 which accounts
for 4.5% of the overall population. It is important to
note that the majority of this population are classified
as either economic immigrants, principal applicants
and secondary applicants or those individuals
sponsored by their families. This is an important
distinction as a large number of the newcomer
population would be deemed to have a level of social
and self-resiliency as highly skilled labour workers
likely to come to the area for employment to ensure
economic security in the long run. This lends to a
higher level of social resiliency and adaptive capacity
as a community member.
St. George is well placed to receive a number of
newcomers as it is home to the Charlotte County
Multicultural Association (CCMA), a group working
to provide help and services to individuals who
are immigrate to the area. In communication with
CCMA there are concerns relating to helping
newcomers to adjust to climate change. However, the
point was made that newcomers, often experiencing
the Charlotte County climate for the first time, are
not familiar with the climate therefore would not
be able to conceptualize what a changing climate
looks like in the way that families who have lived in
the area for multiple generations would notice. That

FIGURE 5.9
Occupation by percentage of working popultion.

being said, newcomers are a recognized ‘vulnerable’
population to climate change, in particular climatic
events and special care needs to be taken to ensure
that individuals are made aware of possible climate
risks such as flooding.

Lone-parent families and single-income households
are often cited to be a vulnerable population due
to the heavy reliance on one source of income and
possibly a single dependent for the household. In
St. George, approximately 17.24% of total number
of private households are lone-parent families. Of
that, 11.5% are single woman households. Single
female family households are often more vulnerable
to acquiring the necessary employment and financial
help required to raise a family thus leaving them
more exposed to financial vulnerabilities in the event
of a natural disaster damaging property or disrupting
ability to work and provide. Economically, the
Town of St. George has a relatively diverse working
population with a number of individuals working in
the sales and service occupations as well as in trades.
Climatic changes to these industries are yet to be
fully known but the adaptive capacity of a population
will be contingent on the strength of socioeconomic
factors like education, employment opportunities and
median income.

FIGURE 5.8
Median Household Income in St. George
(2016 CENSUS data)
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SOCIAL VULNERABILITY INDEX

C L I M AT E A D A P TAT I O N A C T I O N S

S O C I A L A D A P TAT I O N
St. George

Charlotte County

Municipality: Region

Population (2016)

1517

25,428

Median Age

45.3

47.9

LOWER

$61,472

$55,701

HIGHER

11%

14.10%

LOWER

16.40%

19.60%

LOWER

0-5 years old

3.80%

1.70%

HIGHER

0-17 years old

1.40%

4.90%

LOWER

18-64 years old

8.90%

10.40%

LOWER

65+ years

3.80%

4.30%

LOWER

Youth Population

36.30%

35%

HIGHER

Senior Population

20.50%

21.30%

LOWER

Lone Parent Households

17.24%

16.60%

HIGHER

Seniors Living Alone

28%

-

-

Persons Living Alone

19%

-

-

Education Level (Secondary school diploma or equiv)

53%

47.70%

HIGHER

No certificate, diploma or degree

23.80%

21.10%

HIGHER

Post-Secondary certificate, diploma or degree

47.60%

47.80%

LOWER

29%

-

-

Newcomers

4.80%

1.40%

HIGHER

Visible Minorities

5.80%

2.10%

HIGHER

29%

-

-

18.80%

15.30%

HIGHER

$720

$590

HIGHER

$139,451

$129. 577

HIGHER

% of population that are renters

26%

18.40%

HIGHER

% of population that are owners

74%

81.60%

LOWER

% of owner households with a mortgage

55.30%

48.10%

HIGHER

Seniors living in private household (65 years or older)

32.30%

31%

HIGHER

3.90%

2.60%

HIGHER

% of tenant households in subsidized housing

27.30%

13.20%

HIGHER

% of housing constructed 1960 or before

32.30%

35.60%

LOWER

Houses that require major repairs

12.50%

10.60%

HIGHER

Private households with 1 household maintainer

67.70%

63.30%

HIGHER

Use a car as a main mode of transportation

83.60%

87.20%

LOWER

Commuting distance of less than 15 minutes

61.80%

52%

HIGHER

Economic
Median Household Income
Unemployment Level
Low Income Household (LIM-AT)

Social Determinants of Health

Approved Childcare per 100 children

Person with a Disability
Housing
% of tenants spending 30%+ of income on shelter costs
Median monthly shelter costs for owned dwellings ($)
Median value of dwellings ($)

Housing that is not suitable to reside

Transportation
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0 4 P U B L I C H E A LT H A N D
SAFETY

05 COMMUNITY PLANNING
A N D C O M M U N I C AT I O N

Healthcare and public health will need to prepare for
new risks and increasing demand including adverse
impacts on physical and mental health due to hazards
accompanying extreme weather events, heatwaves,
lower ambient air quality and increasing ranges to
airborne diseases.

OBJECTIVES
▸ The Town will work to establish an effective
communication strategy to engage the community
on matters relating to climate change impacts,
risks and adaptation planning.

OBJECTIVES

POLICIES

▸ The Town will work alongside public health
service providers to ensure that they are made
aware of the individuals outlined to be of higher
vulnerability to climatic pressures and risks.

▸ The Town shall communicate climate change
adaptation planning projects and policy changes
to the community through social media, and if the
project is deemed to be of substantial economic
costs (above $100,000), with a public town hall
meeting.

▸ The Town will work alongside community
partners like the Charlotte County Multicultural
Association and the St. George Food Bank to
ensure that individuals who are deemed more
socially and economically vulnerable to climate
change have access to community services to assist
their needs.
POLICIES

PROPOSALS
▸ It is proposed that the Town host a public
information session, or workshop, annually that
leads to increased public awareness and personal
resiliency to climate change and/or climate change
impacts.

▸ The Town shall work with the Emergency
Measures Organization to create a voluntary
‘Vulnerable Persons Registry’ to present to
the public so that there remains a record of
individuals, who self-identify, themselves to be at a
higher risk to climate change.
▸ The Town shall work closely with senior care
providers, senior service centers and senior
residences, to ensure that the senior population
are a priority for effective public health adaptation
planning.
▸ The Town shall work closely with local non-profit
organizations, and public schools to help adapt
the youth population to concerns relating to ecoanxiety and climate change.
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INFRASTRUCTURE

P R O P E RT I E S , R O A D W AY S A N D A S S E T
MANAGEMENT
Climate change has had, and will continue to have,
an immediate and dramatic effect on local municipal
infrastructure and as such incorporating climate factors and
variables into engineering infrastructure design, retrofits,
maintenance and asset management is essential moving
forward. Climate change does not simply pose a threat to built
infrastructure but also can cause disruption to levels of service
provided. The following section relates the direct and indirect
climate impacts to residential, commercial and municipal
existing infrastructure in the Town of St. George. Property
assessment data, land parcels and sea level rise predictions,
were combined in ArcGIS to calculate the area of each land
parcel that was covered by water in each climate scenario
(2050 HHWLT, 2100 HHWLT and 2100 HHWLT with storm
surge). Parcels where the intersection of sea level rise was 10%
or greater were extracted and their property values summed.
The results were subsequently subdivided into Property Type
Codes through Service Number and summarized in Table A.
2050
HHWLT

2100
HHWLT

2100 HHWLT +
Storm Surge

0

1

3

Value of affected properties

$0

$10,300

$266,900

Value of greatest overlap

0%

25%

23%

Code 1 (Residential)

0

0

1

Code 2 (Commercial)

0

0

1

Code 3 (Industrial)

0

3

1

Code 4 (Institutional)

0

0

0

Code 5 (Recreational)

0

0

0

Code 6 (Farms)

0

0

0

Code 7 (Woodland)

0

0

0

St. George
Number of affected properties

C L I M AT E A D A P TAT I O N A C T I O N S

I N F R A S T R U C T U R E A D A P TAT I O N

06 RESIDENTIAL PROPERTIES
OBJECTIVES
▸ The Town will liaise directly with community members in
known floodplains or flood zones to ensure that they are
properly informed regarding the risks.
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▸ The Town will liaise directly with
community members in known
floodplains or flood zones to ensure that
they have access to educational programs
regarding increasing residential
resiliency to flooding.
POLICIES
▸ It shall be a policy of Council to
share Building for Climate Change
guidebook provided by the Southwest
New Brunswick Service Commission
to affected residential or commercial
property owners.
▸ It shall be a policy of Council to work
with local non-profit organizations to
promote and encourage educational
workshops to help equip residential
property owners with tools to increase
resiliency to flooding.

INSTITUTIONAL

M U N I C I PA L A S S E T S ,
COMMUNITY ASSETS AND
ASSET MANAGEMENT
In 2017, the Town of St. George received
Municipal Asset Management Plan
(MAMP) funding to develop an asset
management policy and asset inventory.
Working with CBCL Limited, the
municipality was provided an asset
inventory, available in ArcGIS files.
Along with this list, the town must ensure
that they follow the main principles
of Asset Management Planning as it
pertains to: delivery of services, long
term sustainability and risk management,
systematic and transparent decision
making and fiscal responsibility and asset
management decision making. The delivery
of service systems refers to the multiple
services that the town provides to its
residents, including protective services,
transportation services, water and sewerage
services, environmental health services,
recreation and cultural services and finally,

general government services. Eastern Charlotte
Waterways provides the following recommendations
regarding integrating climate change considerations
into the current Asset Management Plan for the
Town of St. George.

▸ Public Works officials within the Town to work
directly with ECW Climate Team to update
the culverts provided by the Department of
Transportation and Infrastructure to ensure that
data remains up-to-date.

▸ Overlay asset inventory provided by CBCL Ltd.
with ECW Climate Risk Data including wet area
maps and sea level rise maps to determine which
assets are at risk to flooding.

▸ Integrate the ECW Climate Risk Data into all
infrastructure project considerations moving
forward.

MOVING FORWARD:

I M P L E M E N TAT I O N S C H E D U L E
Implementation:
Adaptive Action

Lead

Integration of floodplain by-laws and
policy recommendations into future by-law
development.
*The Town of St. George is expected to go through
a revision of by-laws and the municipal planning
process in 2020 with the Southwest New Brunswick
Service Commission Planning Office

Chief Administrative Officer,
Planners from SNBSC

Adopt new minimum floor elevation
requirements for habitable space, electrical,
mechanical systems and structured parking
associated with new buildings

Chief Administrative Officer,
Planners from SNBSC

Adopt an increased development setback
(horizontal, vertical or both) from watercourses
based on flooding scenarios and wet area maps
provided by ECW

Chief Administrative Officer,
Planners from SNBSC

Workshop with Public Works and Staff to
demonstrate usage of Climate Risk Data Package
(Staff Development)

Public Works Officials, Town
Staff, Eastern Charlotte
Waterways Inc.

Implement an Education and Awareness
campaign for the community

Town Staff

Work alongside the Emergency Measures
Organization to create a Voluntary Vulnerable
Persons Registry

Fire Chief, EMO Regional
Director, Town Staff, Local
service providers

Short-term
(2020–2022)

Medium-term
(2022–2025)

Long-term
(2025+)

•

Collaborate with Charlotte County Multicultural
Association (CCMA) and St. George Food
Bank to understand intricate vulnerabilities of
community and prepare accordingly

•

•

•

•

•

•

Flood proofing: residential property home
owners and local commercial businesses

Public Works Officials,
Eastern Charlotte Waterways
Inc.

Integrate climate risks into asset management
plans and projects

Public Works Officials,
Consulting Firms

•

•

•

•

•
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The Village of
Blacks Harbour

Blacks Harbour is located on the shores of the Bay
of Fundy and boasts a strong fishing industry based,
almost exclusively, on herring in addition to multiple
aquaculture sites for the production of Atlantic
salmon. Two companies play a major role in the
community, Connors Bros. and Cooke Aquaculture.
Each has a longstanding relationship in the village.
Blacks Harbour is a small, rural community of about
982 residents and serves as the only ferry point to
the island of Grand Manan. Blacks Harbour was
incorporated in 1972. The Village of Blacks Harbour
and surrounding area experienced very little impact
from past heavy precipitation events compared to
other Charlotte County communities. However, the
area is vulnerable to other climate change impacts
that may affect their local aquifer which supplies
water to Blacks Harbour, Beaver Harbour and
Pennfield and fishing, aquaculture and agriculture
(i.e., blueberry) industries.

Note: Blacks Harbour underwent a Rural
Planning Process in 2011 and as such, will
be required to update the rural plan in the
next year or two. The Rural Plan from 2011
does not incorporate potential climate change
impacts. It is our recommendation that the
next plan capitalize on planning and policy
recommendations listed below to ensure that
a climate lens is adequately applied to future
development and zoning provisions. At the
time of the Rural Plan, the vision for the town
noted that ‘the Blacks Harbour community will
continue to be centered around the working,
industrial harbor’ (p.10).77 Climate change
impacts will play a pivotal role in ensuring that
future development, industry and otherwise,
is intentionally planned to mitigate against
potential climate risks, especially sea level rise
and climate impacts to ocean biodiversity and
by result, the fishing industry.
Presently Eastern Charlotte Waterways Inc. is
working in partnership with the Gulf of Maine
Institute to develop future scenario models for
three keystone species in the fishing industry:
scallop, herring and lobster. These distribution
models will be cross compared against the social
and economic vulnerabilities of communities
like Blacks Harbour to determine the overall
adaptive capacity of the economic sector to
absorb and mitigate these impacts.

FIGURE 5.10
Blacks Harbour population

77
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Blacks Harbour. Rural Plan. 2011
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C L I M AT E A D A P TAT I O N A C T I O N S

PROPOSALS

E N V I R O N M E N TA L A D A P TAT I O N

▸ It is proposed that the Town develop a long-term
plan for municipally owned undeveloped land
areas, including green space, with the goals of
providing an option to have natural infrastructure
solutions to climate change impacts.
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▸ It is proposed that any future long-term planning
for municipally owned, undeveloped land areas,
incorporates all future climate projection
considerations especially as it pertains to inland
flooding and sea-level rise.
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▸ To ensure that future development
zones adequately considers the benefits
of incorporating sustainable land
development principles, most notably
conservation planning designs that
enhance water quality, retain natural
riparian buffer zones, recognize the
importance of green space and urban
tree cover and promote net zero runoff.
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▸ To ensure that development, both
commercial and residential, compiles
with good planning principles, including
adaptive measures for climate change
impacts where appropriate. This refers
to preparation for major climate change
impacts including sea level rise, increase
in intensity and frequency of storm
events and in-land flooding.
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FIGURE 5.11
Blacks Harbour Zoning Map as presented in Rural Plan (2011). The
grey zone references the proposed establishment of the “Rural Zone”
by Dillon Consulting in 2011.

▸ To maintain and preserve municipally
owned green space and natural
infrastructure as potential barriers to
climate change impacts.

▸ In the Sea Level Rise overlay Zones 1 and 2 no habitable
space, parking structure, electrical, mechanical, or other key
building systems are permitted below base flood elevation
for the year 2100 as delineated on Appendix A.

▸ To understand that effective land-use
planning that accounts for strategic
foresight and severe climate impacts will
equip the municipality with adequate
natural land and space to explore natural
infrastructure solutions to climate
change impacts.

▸ Council shall conserve existing municipally owned green
space within municipal boundaries and work to increase the
total amount of municipal owned green space to 5% of land
in municipal boundaries.

POLICIES
▸ The zoning by-law shall delineate a
sea level rise overlay zone based on
the HHWLT 4.3 m (Zone 1) projection
depicted in Appendix A.
▸ The zoning by-law shall limit and set
conditions for development to account
for a HHWLT 4.3 m (Zone 1) projection
sea level rise overlay zone as depicted in
Appendix A.
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▸ As new areas of the town are developed, town staff and
Council shall require that the design of parks, trails and
open spaces incorporate linkages with other neighborhoods
to bolster use of trails.
▸ To protect undeveloped land within the Village which is
currently used, or has potential to be used, for rural uses
such as agriculture, forestry, and fishing.
▸ To ensure that all areas defined as housing development
(R-1, R-2 and MH) incorporate wet area maps and sea level
rise maps into design, planning and development of these
projects. That these projects abide by established Floodplain
Development parameters.

▸ At present, the total percentage of municipally
owned greenspace in the Village of Blacks
Harbour accounts for 2.87% of municipally owned
land. The Town shall work to ensure all future
acquired land through negotiation or other
processes works to ensure a minimum of 5% of
green space is conserved and undeveloped.
▸ When the Town acquires land through negotiation
or other processes, it shall be the intention of
Council to give priority to the following:
Ҭ Acquiring land adjacent to any watercourses;
Ҭ Acquiring land adjacent to any floodplain or
natural wetland;
Ҭ Acquiring land that contains any
environmentally sensitive features.
▸ It is proposed that the town staff and Council
work with landowners and new developers to
encourage low-impact development procedures.
▸ It is proposed that the town staff and Council
work to increase protection of local aquifers that
supplies water to Blacks Harbour, Beaver Harbour
and Pennfield.
▸ It is proposed that the town staff and Council
convert decommissioned areas into uses that are
more adaptable to extreme weather events such as
naturalized wetlands or open spaces.
▸ It is proposed that areas where there are longvacant and deteriorating (unsightly premises)
be considered as options to be returned to a
naturalized state.

▸ It is proposed that the Village establish a Rural
Zone (RR) that would protect undeveloped land
within the Village that is currently used, or had
the potential to be used, for rural uses such as
agriculture, forestry, and fishing.
▸ It is proposed that the Village redefine the
terminology for ‘aggregate uses’ as established
in the Rural Plan to provide a policy that would
determine ‘sufficient distance’ as a minimum
of 20 foot setbacks from floodplains, wetlands,
watercourses, sensitive wildlife and fish habitat,
environmentally significant areas so to minimize
disturbances to fragile resources.

0 2 F LO O D P L A I N
D E V E LO P M E NT
OBJECTIVES
▸ Equip the municipality, municipal staff and
community members, with the realities of flooding
by educating and promoting good flood proof
management practices.
POLICIES
▸ Council and town staff shall explore the possibility
of natural, green infrastructure such as retention
ponds in flood prone areas that are municipally
owned, undeveloped land.
▸ In areas of possible contamination of water or soil
quality due to flooding events, the proponent and/
or owner(s) of the asset or infrastructure at risk of
contamination are responsible for relocating the
assets away from the floodplain or flood zone.
▸ No development shall be permitted within
the designated sea level rise overlay zone
as demonstrated in Appendix A unless the
structure meetings the following floodproofing
requirements:
Ҭ The minimum lower elevation of all openings
shall be the established base flood elevation
level (BFE).
Ҭ No fill will be permitted within the floodplain
area except where the placement of soil is for
the purpose of flood plain management or for
flood proofing purposes.
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Ҭ A building permit shall be required for
the placement of soil in areas susceptible
to flooding except within the designed
Agriculture and/or Conservation Zone and for
the purposes permitted within that zone.
Ҭ Prior to the issuance of a building permit, the
Planning Commission or Planning Affiliate
directly associated with the municipality may
require proof of adequate flood proofing from
a professional engineer licensed to practice in
New Brunswick.
PROPOSALS
▸ It is proposed by Council that a Flood
Management Plan be created to demonstrate to
the municipality and community members the
realities of flooding.

03 LANDSCAPING AND
DRAINAGE
POLICIES
▸ All grading shall be done to divert surface water
from the building and from adjacent proprieties,
insofar as possible, to contour the yard to the
surrounding terrain.

0 4 W I L D L I F E A N D H A B I TAT
D E G R A D AT I O N
OBJECTIVES
▸ To protect and preserve the natural environment,
biodiversity and wildlife habitat in the municipal
boundaries of Blacks Harbour.
▸ To promote good environmental practices to
community members, visitors and local businesses.
▸ To recognize that climate change increasingly
impacts natural ecosystems and wildlife habitats
in so far as municipalities must increasingly
become aware of ecosystem sensitivity.
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POLICIES
▸ Council shall work to preserve municipally owned
green space and wooded areas.
▸ Council shall favour planting locally, native plants
in municipally owned green space and gardens.
▸ Council shall work to encourage residential
property owners who express interest in
maintaining beehives to pursue those options.
▸ Council shall explore options to allow the keeping
chickens and livestock with the understanding
that chickens shall be kept as pets or for personal
use only.

SOCIOECONOMIC

SOCIAL VULNERABILITY INDEX,
P U B L I C H E A LT H A N D S A F E T Y
AND COMMUNITY PLANNING AND
C O M M U N I C AT I O N
The Village of Blacks Harbour is the smallest
municipality in Charlotte County by population
and as such, it presents several unique traits
and challenges. In order to understand how
municipalities can build adaptive capacity to climate
change within their community, it is important to
have an understanding of the general community
profile and demographic. It is important to examine
the relative socioeconomic systems at play in the
town and the overall community profile. Blacks
Harbour has a population of approximately 894
residents (2016 CENSUS), with a median age of
45.5 and an approximate median household income
of $50, 624. Other socioeconomic factors at play
include: the unemployment rate (33.3%), the lowincome household (LIM-AT) rate (18.8%) and the
high percentage of lone parent households (25.5%).
When compared against the rest of Charlotte
County, Blacks Harbour faces major socioeconomic
challenges and vulnerabilities which could potentially
be exacerbated by climatic pressures.

SOCIAL VULNERABILITY INDEX
Blacks Harbour

Charlotte County

Municipality: Region

Population (2016)

894

25428

Median Age

45.5

47.9

LOWER

$50, 624

$55,701

LOWER

Unemployment Level

33.30%

14.10%

HIGHER

Low Income Household (LIM-AT)

18.80%

19.60%

LOWER

0-5 years old

2.60%

1.70%

HIGHER

0-17 years old

6.50%

4.90%

HIGHER

18-64 years old

9.40%

10.40%

LOWER

65+ years

3.50%

4.30%

LOWER

Youth Population

20.10%

35%

LOWER

Senior Population

19%

21.30%

LOWER

25.50%

16.60%

HIGHER

Seniors Living Alone

28%

-

-

Persons Living Alone

19%

-

-

Education Level (Secondary school diploma or equiv)

29%

47.70%

LOWER

No certificate, diploma or degree

29%

21.10%

HIGHER

35.10%

47.80%

LOWER

29%

-

-

Newcomers

2.20%

1.40%

HIGHER

Visible Minorities

6.70%

2.10%

HIGHER

29%

-

-

26.30%

15.30%

HIGHER

$599

$590

HIGHER

Median value of dwellings ($)

$89,662

$129. 577

LOWER

% of population that are renters

26.30%

18.40%

HIGHER

% of population that are owners

73.70%

81.60%

LOWER

% of owner households with a mortgage

46.40%

48.10%

LOWER

Seniors living in private household (65 years or older)

27.60%

31%

LOWER

3.90%

2.60%

HIGHER

% of tenant households in subsidized housing

15%

13.20%

HIGHER

% of housing constructed 1960 or before

54%

35.60%

HIGHER

11.80%

10.60%

HIGHER

71%

63.30%

HIGHER

Use a car as a main mode of transportation

79.30%

87.20%

LOWER

Commuting distance of less than 15 minutes

52.50%

52%

HIGHER

Economic
Median Household Income

Social Determinants of Health

Lone Parent Households

Post-Secondary certificate, diploma or degree
Approved Childcare per 100 children

Person with a Disability
Housing
% of tenants spending 30%+ of income on shelter costs
Median monthly shelter costs for owned dwellings ($)

Housing that is not suitable to reside

Houses that require major repairs
Private households with 1 household maintainer
Transportation
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Perhaps some of the sensitive factors relate
directly to housing and transportation
needs within the community. Blacks
Harbour has a high level of lone parent
households, approximately 10% above
the rest of the region, in conjunction
with a higher % of tenants who spend
30% or greater of their income on shelter
costs (26.3%). With a high number of the
population having a mortgage (46.4%), a
high number of seniors living in private
households (27.6%) and a higher number of
tenants in subsidized housing (15%), some
Blacks Harbour community members who
can potentially be classified as ‘vulnerable’
face a suite of different challenges.
Concerns that relate to the socioeconomic
vulnerabilities of Blacks Harbour
FIGURE 5.12
community members would revolve
Median household income
around the fishing industry and the job
availability within the municipality. Many
community members have to travel outside
When looking at the occupation by
the municipality in order to find work and many community
the percentage of working population,
members struggle to afford adequate transportation with little
it is evident to see that the number
alternative options made available to them.
of natural resources, agriculture and
related production occupations have
slightly declined since 1996. It is likely
that occupations relating to the natural
resource sector, most notably fishing,
will experience downturn in the face of a
changing climate.

FIGURE 5.13
Occupation by percentage of working population
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The municipality has an opportunity to
start incorporating increased climatic
pressures into future planning, especially
as it pertains to the socioeconomic
welfare of the community. Some of
these important initiatives moving
forward would be to provide a diversified
employment sector, partner with
local and small businesses to diversify
skillset and employment and to work
with provincial leaders to increase
accessibility to skills training and
education programs to increase the
adaptive capacity of the workforce.

C L I M AT E A D A P TAT I O N A C T I O N S

S O C I A L A D A P TAT I O N

0 5 P U B L I C H E A LT H A N D
SAFETY
Healthcare and public health will need to prepare for
new risks and increasing demand including adverse
impacts on physical and mental health due to hazards
accompanying extreme weather events, heatwaves,
lower ambient air quality and increasing ranges to
airborne diseases.
OBJECTIVES
▸ The Town will work alongside public health
service providers to ensure that they are made
aware of the individuals outlined to be of higher
vulnerability to climatic pressures and risks.
POLICIES
▸ The Town shall work with the Emergency
Measures Organization to create a voluntary
‘Vulnerable Persons Registry’ to present to
the public so that there remains a record of
individuals, who self-identify, themselves to be at a
higher risk to climate change.
▸ The Town shall work closely with senior care
providers, senior service centers and senior
residences, to ensure that the senior population
are a priority for effective public health adaptation
planning.

▸ The Town shall work closely with local non-profit
organizations, and public schools to help adapt
the youth population to concerns relating to ecoanxiety and climate change.

06 COMMUNITY PLANNING
A N D C O M M U N I C AT I O N
OBJECTIVES
▸ The Town will work to establish an effective
communication strategy to engage the community
on matters relating to climate change impacts,
risks and adaptation planning.
POLICIES
▸ The Town shall communicate climate change
adaptation planning projects and policy changes
to the community through social media, and if the
project is deemed to be of substantial economic
costs (above $100,000), with a public town hall
meeting.
PROPOSALS
▸ It is proposed that the Town host a public
information session, or workshop, annually that
leads to increased public awareness and personal
resiliency to climate change and/or climate change
impacts.
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INFRASTRUCTURE

C L I M AT E A D A P TAT I O N
ACTIONS

P R O P E RT I E S , R O A D W AY S A N D
ASSET MANAGEMENT

I N F R A S T R U C T U R E A D A P TAT I O N

Research increasingly indicates that climatic change
will greatly impact built infrastructure throughout
Canada, including but not limited to, primary and
secondary road systems, building structures such
as municipal and residential properties and coastal
physical infrastructure pieces such wharves and ferry
terminals. Climate change has had, and will continue
to have, an immediate and dramatic effect on local
municipal infrastructure and as such incorporating
climate factors and variables into engineering
infrastructure design, retrofits, maintenance and
asset management is essential moving forward.
Climate change does not simply pose a threat to built
infrastructure but also can cause disruption to levels
of service provided. The following section relates the
direct and indirect climate impacts to residential,
commercial and municipal built infrastructure in
the Village of Blacks Harbour. Property assessment
data, land parcels and sea level rise predictions,
were combined in ArcGIS to calculate the area of
each land parcel that was covered by water in each
climate scenario (2050 HHWLT, 2100 HHWLT and
2100 HHWLT with storm surge). Parcels where the
intersection of sea level rise was 10% or greater
were extracted and their property values summed.
The results were subsequently subdivided into
Property Type Codes through Service Number and
summarized in Table A.

07 RESIDENTIAL PROPERTIES
OBJECTIVES
▸ The Town will liaise directly with community
members in known floodplains or flood zones to
ensure that they are properly informed regarding
the risks.
▸ The Town will liaise directly with community
members in known floodplains or flood zones
to ensure that they have access to educational
programs regarding increasing residential
resiliency to flooding.
POLICIES
▸ It shall be a policy of Council to share Building
for Climate Change guidebook provided by the
Southwest New Brunswick Service Commission
to affected residential or commercial property
owners.
▸ It shall be a policy of Council to work with
local non-profit organizations to promote and
encourage educational workshops to help equip
residential property owners with tools to increase
resiliency to flooding.

2050
HHWLT

2100
HHWLT

2100 HHWLT +
Storm Surge

0

1

8

Value of affected properties

$0

$0

$382,300

Value of greatest overlap

0%

0%

74%

Code 1 (Residential)

0

0

5

Code 2 (Commercial)

0

0

2

Code 3 (Industrial)

0

0

1

Code 4 (Institutional)

0

0

0

Code 5 (Recreational)

0

0

0

Code 6 (Farms)

0

0

0

Code 7 (Woodland)

0

0

0

Blacks Harbour
Number of affected properties
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INSTITUTIONAL

M U N I C I PA L A S S E T S ,
COMMUNITY ASSETS AND
ASSET MANAGEMENT
In 2017, the Village of Blacks Harbour
received Municipal Asset Management
Plan (MAMP) funding to develop an
asset management policy and asset
inventory. Working with CBCL Limited,
the municipality was provided an asset
inventory and an asset management plan,
available in ArcGIS files.

Along with this list, the town must ensure that they
follow the main principles of Asset Management
Planning as it pertains to: delivery of services,
long term sustainability and risk management,
systematic and transparent decision making and
fiscal responsibility and asset management decision
making. The delivery of service systems refers
to the multiple services that the town provides
to its residents, including protective services,
transportation services, water and sewerage services,
environmental health services, recreation and
cultural services and finally, general government
services. Eastern Charlotte Waterways provides the
following recommendations regarding integrating
climate change considerations into the current Asset
Management Plan for the Village of Blacks Harbour.

▸ Overlay asset inventory provided by CBCL Ltd.
with ECW Climate Risk Data including wet area
maps and sea level rise maps to determine which
assets are at risk to flooding.
▸ Public Works officials within the Town to work
directly with ECW Climate Team to update
the culverts provided by the Department of
Transportation and Infrastructure to ensure that
data remains up-to-date.
▸ Integrate the ECW Climate Risk Data into all
infrastructure project considerations moving
forward.

MOVING FORWARD:

I M P L E M E N TAT I O N S C H E D U L E
Implementation:
Adaptive Action

Lead

Short-term
(2020–2022)

Medium-term
(2022–2025)

Integration of floodplain by-laws and
policy recommendations into future by-law
development.

Chief Administrative Officer,
Planners from SNBSC

Adopt new minimum floor elevation
requirements for habitable space, electrical,
mechanical systems and structured parking
associated with new buildings

Chief Administrative Officer,
Planners from SNBSC

Adopt an increased development setback
(horizontal, vertical or both) from watercourses
based on flooding scenarios and wet area maps
provided by ECW

Chief Administrative Officer,
Planners from SNBSC

Workshop with Public Works and Staff to
demonstrate usage of Climate Risk Data Package
(Staff Development)

Public Works Officials
Town Staff, Eastern Charlotte
Waterways Inc.

Implement an Education and Awareness
campaign for the community

Town Staff

Work alongside the Emergency Measures
Organization to create a Voluntary Vulnerable
Persons Registry

Fire Chief, EMO Regional
Director, Town Staff, Local
service providers

•

Flood proofing: residential property home
owners and local commercial businesses

Public Works Officials,
Eastern Charlotte Waterways
Inc.

•

Integrate climate risks into asset management
plans and projects

Public Works Officials,
Consulting Firms

Long-term
(2025+)

•
•

•
•
•

•

•
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The Village of
Grand Manan
The island of Grand Manan is the largest of the
islands in the Bay of Fundy, located 32 kilometers
south of Blacks Harbour (Province of New
Brunswick, 2015). The main industry of the village
has always been fisheries, and more recently, the
lobster industry has flourished. The tourism industry

also continues to grow on Grand Manan
as whale watching, sea kayaking, and bird
watching have made this area favourable to
domestic and international tourists alike.
Additionally, Seal Cove has been designated
as a National Historic Site of Canada, as
it remains comparatively unchanged since
the 19th century. In 1995, the village was
incorporated when five small settlements
on the island were amalgamated into what
is now known as the Village of Grand
Manan, a single municipality. Statistics
Canada reported that the population of
Grand Manan was 2,360 in 2016 down from
2377 in 2011. Climate change has not had
a significant impact on the island to date,
however, there is critical infrastructure
such as wharves and physical structures
on the island that are threatened by rising
sea-levels and storm surge; and the fishing
industry is threatened by a changing ocean.

FIGURE 5.14
Population of Grand Manan
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< PHOTO BY JORDAN CROWE

https://www.flickr.com/photos/38791487@N03/5581361098/
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C L I M AT E A D A P TAT I O N A C T I O N S

0 2 F LO O D P L A I N
D E V E LO P M E NT

E N V I R O N M E N TA L A D A P TAT I O N

01 LAND-USE PLANNING
OBJECTIVES
▸ To ensure that development, both commercial
and residential, compiles with good planning
principles, including adaptive measures for
climate change impacts where appropriate. This
refers to preparation for major climate change
impacts including sea level rise, increase in
intensity and frequency of storm events and inland flooding.
▸ To ensure that future development zones
adequately considers the benefits of incorporating
sustainable land development principles, most
notably conservation planning designs that
enhance water quality, retain natural riparian
buffer zones, recognize the importance of green
space and urban tree cover and promote net zero
runoff.
▸ To maintain and preserve municipally owned
green space and natural infrastructure as potential
barriers to climate change impacts.
POLICIES
▸ The zoning by-law shall delineate a sea level rise
overlay zone based on the HHWLT 4.3 m
Ҭ (Zone 1) projection depicted in Appendix A.
▸ The zoning by-law shall limit and set conditions
for development to account for a HHWLT 4.3 m
(Zone 1) projection sea level rise overlay zone as
depicted in Appendix A.
▸ In the Sea Level Rise overlay Zones 1 and 2 no
habitable space, parking structure, electrical,
mechanical, or other key building systems are
permitted below base flood elevation for the year
2100 as delineated on Appendix A.
▸ Council shall conserve existing municipally owned
green space within municipal boundaries and
work to increase the total amount of municipal
owned green space to 3% of land in municipal
boundaries.
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▸ As new areas of the town are developed, town staff
and Council shall require that the design of parks,
trails and open spaces incorporate linkages with
other neighborhoods to bolster use of trails.
PROPOSALS
▸ It is proposed that the Town develop a long-term
plan for municipally owned undeveloped land
areas, including green space, with the goals of
providing an option to have natural infrastructure
solutions to climate change impacts.
▸ It is proposed that any future long-term planning
for municipally owned, undeveloped land areas,
incorporates all future climate projection
considerations especially as it pertains to inland
flooding and sea-level rise.
▸ At present, the total percentage of municipally
owned greenspace in the Village of Grand Manan
accounts for 0.5% of municipally owned land. The
Town shall work to ensure all future acquired land
through negotiation or other processes works
to ensure a minimum of 3% of green space is
conserved and undeveloped.
▸ When the Town acquires land through negotiation
or other processes, it shall be the intention of
Council to give priority to the following:
Ҭ Acquiring land adjacent to any watercourses;
Ҭ Acquiring land adjacent to any floodplain or
natural wetland;
Ҭ Acquiring land that contains any
environmentally sensitive features.
▸ It is proposed that the town staff and Council
work with landowners and new developers to
encourage low-impact development procedures.
▸ It is proposed that the town staff and Council
convert decommissioned areas into uses that are
more adaptable to extreme weather events such as
naturalized wetlands or open spaces.

OBJECTIVES
▸ Equip the municipality, municipal staff and
community members, with the realities of flooding
by educating and promoting good flood proof
management practices.
POLICIES
▸ Council and town staff shall explore the possibility
of natural, green infrastructure such as retention
ponds in flood prone areas that are municipally
owned, undeveloped land.
▸ In areas of possible contamination of water or soil
quality due to flooding events, the proponent and/
or owner(s) of the asset or infrastructure at risk of
contamination are responsible for relocating the
assets away from the floodplain or flood zone.
▸ No development shall be permitted within
the designated sea level rise overlay zone
as demonstrated in Appendix A unless the
structure meetings the following floodproofing
requirements:
Ҭ The minimum lower elevation of all openings
shall be the established base flood elevation
level (BFE).
Ҭ No fill will be permitted within the floodplain
area except where the placement of soil is for
the purpose of flood plain management or for
flood proofing purposes.
Ҭ A building permit shall be required for
the placement of soil in areas susceptible
to flooding except within the designed
Agriculture and/or Conservation Zone and for
the purposes permitted within that zone.
Ҭ Prior to the issuance of a building permit, the
Planning Commission or Planning Affiliate
directly associated with the municipality may
require proof of adequate flood proofing from
a professional engineer licensed to practice in
New Brunswick.

PROPOSALS
▸ It is proposed by Council that a Flood
Management Plan be created to demonstrate to
the municipality and community members the
realities of flooding.

0 3 W I L D L I F E A N D H A B I TAT
D E G R A D AT I O N
OBJECTIVES
▸ To protect and preserve the natural environment,
biodiversity and wildlife habitat in the municipal
boundaries of Grand Manan.
▸ To promote good environmental practices to
community members, visitors and local businesses.
▸ To recognize that climate change increasingly
impacts natural ecosystems and wildlife habitats
in so far as municipalities must increasingly
become aware of ecosystem sensitivity.
POLICIES
▸ Council shall work to preserve municipally owned
green space and wooded areas.
▸ Council shall favour planting locally, native plants
in municipally owned green space and gardens.
▸ Council shall work to encourage residential
property owners who express interest in
maintaining beehives to pursue those options.
▸ Council shall explore options to allow the keeping
chickens and livestock with the understanding
that chickens shall be kept as pets or for personal
use only.

▸ It is proposed that areas where there are longvacant and deteriorating (unsightly premises)
be considered as options to be returned to a
naturalized state.
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SOCIAL VULNERABILITY INDEX
Grand Manan

Charlotte County

2,360

25,428

44.9

47.9

LOWER

Median Household Income

$61,952

$55,701

HIGHER

Unemployment Level

10.20%

14.10%

LOWER

Low Income Household (LIM-AT)

15.90%

19.60%

LOWER

0-5 years old

1.50%

1.70%

LOWER

0-17 years old

3.90%

4.90%

LOWER

18-64 years old

8.20%

10.40%

LOWER

65+ years

3.90%

4.30%

LOWER

Youth Population

21%

35%

LOWER

Senior Population

20%

21.30%

LOWER

19.70%

16.60%

HIGHER

Seniors Living Alone

28%

-

-

Persons Living Alone

19%

-

-

Education Level (Secondary school diploma or equiv)

31.60%

47.70%

LOWER

No certificate, diploma or degree

26.70%

21.10%

HIGHER

Post-Secondary certificate, diploma or degree

41.70%

47.80%

LOWER

29%

-

-

Newcomers

0.40%

1.40%

LOWER

Visible Minorities

0.90%

2.10%

LOWER

29%

-

-

15.80%

15.30%

HIGHER

$524

$590

LOWER

$138, 958

$129. 577

HIGHER

% of population that are renters

16.70%

18.40%

LOWER

% of population that are owners

83.30%

81.60%

HIGHER

% of owner households with a mortgage

44.10%

48.10%

LOWER

Seniors living in private household (65 years or older)

31.20%

31%

HIGHER

2.70%

2.60%

HIGHER

0%

13.20%

LOWER

41.90%

35.60%

HIGHER

Houses that require major repairs

14%

10.60%

HIGHER

Private households with 1 household maintainer

73%

63.30%

HIGHER

Use a car as a main mode of transportation

87%

87.20%

LOWER

Commuting distance of less than 15 minutes

66%

52%

HIGHER

Population (2016)
Median Age

Municipality: Region

Economic

Social Determinants of Health

Lone Parent Households

Approved Childcare per 100 children

Person with a Disability
Housing
% of tenants spending 30%+ of income on shelter costs
Median monthly shelter costs for owned dwellings ($)
Median value of dwellings ($)

SOCIOECONOMIC

S O C I A L V U L N E R A B I L I T Y I N D E X , P U B L I C H E A LT H A N D S A F E T Y A N D
C O M M U N I T Y P L A N N I N G A N D C O M M U N I C AT I O N
The Village of Grand Manan has several unique challenges to increasing climate impacts in relation to the
other communities in the region. First off, Grand Manan is serviced by a ferry run by Coastal Transport Ltd.,
that runs twice daily and remains the only public transportation option for residents and visitors. Being an
island presents a unique set of circumstances that includes food security and transportation of goods and
services. In the event of a major storm or the ferry being unable to travel, the primary point of transportation
of goods and services is non-functioning. This limits the capacity for stores and service providers on the island
to be able to provide food and other essential items, such as medicines, to the general public. The Village has a
high level of social cohesion and a community sense of belonging due to the special circumstances of being a
small community that is otherwise isolated.
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Housing that is not suitable to reside
% of tenant households in subsidized housing
% of housing constructed 1960 or before

Transportation
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C L I M AT E A D A P TAT I O N A C T I O N S

S O C I A L A D A P TAT I O N

0 4 P U B L I C H E A LT H A N D
SAFETY
Healthcare and public health will need to prepare for
new risks and increasing demand including adverse
impacts on physical and mental health due to hazards
accompanying extreme weather events, heatwaves,
lower ambient air quality and increasing ranges to
airborne diseases.
OBJECTIVES
▸ The Town will work alongside public health
service providers to ensure that they are made
aware of the individuals outlined to be of higher
vulnerability to climatic pressures and risks.
POLICIES
▸ The Town shall work with the Emergency
Measures Organization to create a voluntary
‘Vulnerable Persons Registry’ to present to
the public so that there remains a record of
individuals, who self-identify, themselves to be at a
higher risk to climate change.
▸ The Town shall work closely with senior care
providers, senior service centers and senior
residences, to ensure that the senior population
are a priority for effective public health adaptation
planning.

▸ The Town shall work closely with local non-profit
organizations, and public schools to help adapt
the youth population to concerns relating to ecoanxiety and climate change.

06 COMMUNITY PLANNING
A N D C O M M U N I C AT I O N
OBJECTIVES
▸ The Town will work to establish an effective
communication strategy to engage the community
on matters relating to climate change impacts,
risks and adaptation planning.
POLICIES
▸ The Town shall communicate climate change
adaptation planning projects and policy changes
to the community through social media, and if the
project is deemed to be of substantial economic
costs (above $100,000), with a public town hall
meeting.
PROPOSALS
▸ It is proposed that the Town host a public
information session, or workshop, annually that
leads to increased public awareness and personal
resiliency to climate change and/or climate change
impacts.

INFRASTRUCTURE

Research increasingly indicates that climatic change will
greatly impact built infrastructure throughout Canada,
including but not limited to, primary and secondary road
systems, building structures such as municipal and residential
properties and coastal physical infrastructure pieces such
wharves and ferry terminals. Climate change has had, and will
continue to have, an immediate and dramatic effect on local
municipal infrastructure and as such incorporating climate
factors and variables into engineering infrastructure design,
retrofits, maintenance and asset management is essential
moving forward. Climate change does not simply pose a threat
to built infrastructure but also can cause disruption to levels
of service provided. The following section relates the direct
and indirect climate impacts to residential, commercial and
municipal built infrastructure in the Town of St. George.
Property assessment data, land parcels and sea level rise
predictions, were combined in ArcGIS to calculate the area
of each land parcel that was covered by water in each climate
scenario (2050 HHWLT, 2100 HHWLT and 2100 HHWLT
with storm surge). Parcels where the intersection of sea level
rise was 10% or greater were extracted and their property
values summed. The results were subsequently subdivided
into Property Type Codes through Service Number and
summarized in Table A.
2050
HHWLT

2100
HHWLT

2100 HHWLT +
Storm Surge

0

131

8

Value of affected properties

$0

$7,443,000

$24,235,800

Value of greatest overlap

0%

100%

100%

Code 1 (Residential)

0

73

196

Code 2 (Commercial)

0

4

8

Code 3 (Industrial)

0

9

14

Code 4 (Institutional)

0

4

11

Code 5 (Recreational)

0

10

12

Code 6 (Farms)

0

31

34

Code 7 (Woodland)

0

0

1

Grand Manan
Number of affected properties
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C L I M AT E A D A P TAT I O N
ACTIONS

P R O P E RT I E S , R O A D W AY S A N D A S S E T
MANAGEMENT

INFRASTRUCTURE
A D A P TAT I O N

07 RESIDENTIAL
PROPERTIES
OBJECTIVES
▸ The Town will liaise directly with
community members in known
floodplains or flood zones to ensure that
they are properly informed regarding the
risks.
▸ The Town will liaise directly with
community members in known
floodplains or flood zones to ensure that
they have access to educational programs
regarding increasing residential
resiliency to flooding.
POLICIES
▸ It shall be a policy of Council to
share Building for Climate Change
guidebook provided by the Southwest
New Brunswick Service Commission
to affected residential or commercial
property owners.
▸ It shall be a policy of Council to work
with local non-profit organizations to
promote and encourage educational
workshops to help equip residential
property owners with tools to increase
resiliency to flooding.
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INSTITUTIONAL

M U N I C I PA L A S S E T S , C O M M U N I T Y A S S E T S A N D A S S E T M A N A G E M E N T
In 2018, the Village of Grand Manan was awarded
$20,000 by the Federation of Canadian Municipalities
to create capital asset management. The Village
subcontracted Crandall Engineering to conduct the
asset management planning process starting in 2019.
At the time of writing the plan, ECW had touched
base with Crandall in an effort to share our climate
risk data to incorporate into the asset management
plan. Eastern Charlotte Waterways provides the
following recommendations regarding integrating
climate change considerations into the current Asset
Management Plan for the Village of Grand Manan.

Overlay asset inventory provided by Crandall
Engineering Inc. with ECW Climate Risk Data
including wet area maps and sea level rise maps to
determine which assets are at risk to flooding.
Public Works officials within the Town to work
directly with ECW Climate Team to update
the culverts provided by the Department of
Transportation and Infrastructure to ensure that data
remains up-to-date.
Integrate the ECW Climate Risk Data into all
infrastructure project considerations moving
forward.

MOVING FORWARD:

I M P L E M E N TAT I O N S C H E D U L E
Implementation:
Adaptive Action

Lead

Short-term
(2020–2022)

Medium-term
(2022–2025)

Integration of floodplain by-laws and
policy recommendations into future by-law
development.

Chief Administrative Officer,
Planners from SNBSC

Adopt new minimum floor elevation
requirements for habitable space, electrical,
mechanical systems and structured parking
associated with new buildings

Chief Administrative Officer,
Planners from SNBSC

Adopt an increased development setback
(horizontal, vertical or both) from watercourses
based on flooding scenarios and wet area maps
provided by ECW

Chief Administrative Officer,
Planners from SNBSC

Workshop with Public Works and Staff to
demonstrate usage of Climate Risk Data Package
(Staff Development)

Public Works Officials
Town Staff, Eastern Charlotte
Waterways Inc.

Implement an Education and Awareness
campaign for the community

Town Staff

Work alongside the Emergency Measures
Organization to create a Voluntary Vulnerable
Persons Registry

Fire Chief, EMO Regional
Director, Town Staff, Local
service providers

•

Flood proofing: residential property home
owners and local commercial businesses

Public Works Officials,
Eastern Charlotte Waterways
Inc.

•

Integrate climate risks into asset management
plans and projects

Public Works Officials,
Consulting Firms
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Long-term
(2025+)

•
•

•
•
•

•

•

•

SECTION 5
MUNICIPALITIES

149

Climate change planning is an iterative and
changing process. It is essential that this
adaptation plan is updated every five years
to reflect best practices, recent research and
changes in adaptation planning procedures.
We appreciate the time and commitment of all
involved parties in making this plan. All other
information not formally included in this plan
can be found at: www.swnbclimate.ca.

