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Introduction
The climate is always changing. Until recently, mankind has accommodated the subtle changes
without thought. However, our activities have supercharged the rate of change. As it has
quickened, and as it continues to accelerate, we must devote a portion of our resources to
adapting to climate change.
Adapting to climate change is an ongoing process. The anthropogenic changes in the make-up
of our atmosphere have ensured that the adaptation process will be a continuous feedback
loop, not a linear exercise. In 2013-2014 the St. Croix Estuary Project and Eastern Charlotte
Waterways collaborated to begin this process in Charlotte County, New Brunswick. Together
the organizations conducted vulnerability assessments in five Charlotte County municipalities.
These assessments brought together members of the community to discuss those climate
impacts that are most likely to affect them and the aspects of their community that may be
most susceptible to the changes.
This data was collected and released with excitement by the organizations, but it was
immediately clear that the data was much too raw to inform an actual adaptation plan for the
municipalities. Certainly the precision of the collected data from the community working
groups was worth celebrating. However, work would have to continue to ensure that data
could be refined into a working plan that could be implemented by municipal councils.
With that in mind, in 2014-2015 the two organizations reapplied to the Environmental Trust
Fund to work with the collected data and continue collection from other stakeholders in the
community. With the support of the New Brunswick Department of Environment and Local
Government’s Climate Change Secretariat, the groups set out to process the data that had been
collected, assessing the vulnerabilities for risk, and then identifying and adjudicating the
potential adaptive actions that would best serve the municipalities in their efforts to address
those risks.

Methodology
There are options when choosing a methodology for climate change adaptation planning.
However, while the specifics of how the methodology is implemented may differ, the general
goals are always similar. Climate change adaptation is a five step process. You must initiate,
research, plan, implement, and monitor. When choosing a specific methodology to guide this
project, it was agreed between the proponents and the New Brunswick Climate Change
Secretariat that the ICLEI Canada methodology, found in their ‘Changing Climate, Changing
Communities: Guide and Workbook for Municipal Climate Adaptation’, would be the most
effective methodology.
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ICLEI – Local Governments for Sustainability was founded as the International Council for Local
Environmental Initiatives in 1990 at the United Nations in New York. Today more than 1200
local governments in 84 countries make up the organization’s membership. ICLEI Canada began
in 1993, and was expanded in 2003 to a fully staffed country office. In September, 2011 the
organization released Changing Climate, Changing Communities which is “a compendium of
resources that provides a five-milestone framework to assist local governments with the
creation of an adaptation plan to address the relevant climate change impacts in their
community.” The guide was developed, with support from Natural Resources Canada, to
provide guidance for municipal governments looking to create and integrate local climate
change adaptation plans. It has been used from St. John’s. Newfoundland to Victoria, British
Columbia and has been proven effective in municipalities of all sizes. An overview of the ICLEI
process is provided in Figure 1.

Figure 1: ICLEI Canada methodology

Within this framework specific methodologies were required for each step. This second phase
of the project began with a mapping exercise. Data collected in the first phase, a vulnerability
assessment in 2013-2014, was captured on paper maps, with numbered, color coded stickers.
To begin the second phase, those maps were inputted to a Global Information System (GIS)
created with ArcGIS 10.3. The latitude, longitude, description and class (infrastructure,
socioeconomic, environmental) of all vulnerabilities were digitized in the GIS.
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The specific vulnerabilities identified in the first phase were then grouped into categories to
assess risk to the municipalities. In practical terms, the working groups identified where their
communities were vulnerable with remarkable precision. The specificity of the data precluded it
from informing an effective risk assessment. The data had to be grouped into generic
vulnerabilities to allow for risk assessment. For example, in the Town of Saint Andrews the
working group identified each business that would be susceptible to anticipated sea-level rise
around the Market Square, as seen in Figure 2. This is valuable local data however the
municipality cannot create an effective adaptation plan based on this level of specificity. The
data must be grouped into a generic vulnerability, in this case: “Sea-level rise and storm surge
impact the shoreline and shoreline infrastructure”. That vulnerability can then be assessed for
risk. The grouping of vulnerabilities was completed using the local knowledge of the project
proponents.

Figure 2: Anticipated sea-level rise in Market Square district in the Town of Saint Andrews

Once the vulnerability data was grouped into general vulnerabilities they were then assessed
for risk using the ICLEI Canada methodology. While the vulnerability assessment is the study of
sensitivity and adaptive capacity, the risk assessment gauges the consequence and likelihood of
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impacts, which provides a numerical score to assist with prioritization. The vulnerability was
assigned appropriate service areas that it would affect in the municipality. The vulnerability
category is assessed separately for each service area that it may impact; those become the
individual vulnerabilities that are ultimately assessed.
The vulnerability was first assessed for the municipality’s sensitivity to it (see scale used in
Figure 3). The municipality’s adaptive capacity to the vulnerability was then assigned (see scale
used in Figure 4). These two values were then cross referenced using the table seen in Figure 5
to give a vulnerability value. Those vulnerabilities scoring 3 or higher were then assessed for
risk.

Figure 3: Sensitivity scale

Figure 4: Adaptive capacity scale

Figure 5: Vulnerability matrix
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The risk assessment began with a likelihood rating, using the scale seen in Figure 6. The
vulnerability was then assessed against five consequence criteria: public safety, local economy
and growth, community and lifestyle, environment and sustainability, and public
administration. Each of those categories featured a scale from 1-5 (Figure 7). By assigning each
vulnerability a rating for each criteria, and then multiplying that score by the likelihood, each
vulnerability was given a risk score on a scale of 1-100. Those scores fell in general categories
and were ranked accordingly.

Figure 6: Likelihood scale

Figure 7: Consequence scale
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Following the assessment of risk, potential actions were identified from the working groups, as
well as from interviews with government and industry stakeholders. Jurisdictional reviews of
other climate change adaptation plans in New Brunswick and surrounding areas were also
conducted in search of suggested actions that could be adopted in Charlotte County
municipalities. For each municipality, recommendations were organized according to how many
risks they could be considered to address. For each risk addressed, the action was assigned a
lower order of magnitude.
The project then concluded with the identification of possible drivers and constraints for these
actions, and the determination of appropriate baseline and indicator data. Drivers and
constraints were identified using property values for those properties with an anticipated
impact as a result of anthropogenic climate change. The GIS created in the first part of the
project was used to combine projected sea level rise, and wet areas mapping for the
municipalities. A layer of property information was then added and each property that would
be impacted by the predicted storm surge with a one year return period in 2055 was
categorized according to its current assessed value and the percentage of the property that
would be impacted. So a $100,000 property, that is predicted to experience impact on 30% of
the lot, would have an impact value of $30,000. A property that is subject to flooding, according
to the wet areas mapping, was given an impact of the value of the property. So a $100,000
property that was anticipated to experience regular flooding was assigned an impact value of
$100,000. These values were grouped into geographical areas to ensure that the economic
drivers could be appropriately applied.
For appropriate baseline data, project proponents contacted the New Brunswick Emergency
Measures Organization to request the values of Disaster Financial Assistance claims for the five
Charlotte County municipalities. These values, adjusted for inflation can provide baseline data
for the effectiveness of future adaptation efforts.
Once this data was collected, the project proponents scheduled a public meeting in the Town of
St. Stephen. This was used as a test case for a communication strategy. In the effort to help
municipalities to adapt to climate change, the creation of political will is crucial. As a result, the
effective dissemination of results is equally as important as the accurate collection of data.
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Results
St. Stephen
Vulnerability assessment
The following figure is a snapshot of the GIS for St. Stephen, featuring the vulnerabilities
identified during the first phase of this project, the predicted sea level rise, and the wet areas
mapping.

Figure 8: Snapshot of St. Stephen GIS

Risk Assessment
The following table features the risk assessment results for St. Stephen.
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Impact

Increased damage along the
coast and to coastline
structures from storm surge,
flooding and salt water
intrusion

Service Areas Vulnerability Likelihood
Sea Level Rise
Economic
Development

5

5

Risk

Score

Medium
High

80

General Changes
New and existing buildings may
Economic
3
5
Medium
be maladapted as the climate
Development
changes in terms of water
ingress, wind, durability, rain or
Corporate
4
5
Medium
snow loads, increasing heat
Services
waves etc.
Increase in Frequency and Intensity of Heavy Rain Events
Increased surface water
flooding from ponding of
Transportation
5
5
Medium
rainfall in low areas
Increased Frequency and Intensity of Storms and Weather Extremes
Natural disaster and related
emergency management and
response capacity may need to
Emergency
3
3.5
Medium
cater to more frequent,
Management
simultaneous and extreme
disasters as well as the
associated cascading effects.
Increase in Frequency and Intensity of Heavy Rain Events
Increased surface water
Economic
4
5
flooding from ponding of
Development
rainfall in low areas
General Changes
Decrease in durability and
lifecycle of infrastructure
Corporate
Medium
leading to increased
4
5
Services
Low
maintenance and replacement
requirements
Increased Frequency and Intensity of Storms and Weather Extremes
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65
55

55

52.5

50

50

Natural disaster and related
emergency management and
response capacity may need to
cater to more frequent,
simultaneous and extreme
disasters as well as the
associated cascading effects.

Emergency
Response

4

4

Medium
Low

48

Medium
Low

45

Sea Level Rise
Increase in shoreline erosion
affecting natural environments
Culture and
4
5
and public amenities such as
Tourism
parks, trails & access to water
Increase in Frequency and Intensity of Heavy Rain Events
Increased surface water
flooding from ponding of
Housing
5
5
rainfall in low areas
Increases in sewer back-ups in
combined sewer areas due to
high rainfall volume in sewer
Storm Water
5
4
system. Increase in number of
Management
combined sewer overflows.
heavy rainfall overcoming the
capacity of the drainage system

45

Medium
Low

Increased Frequency and Intensity of Storms and Weather Extremes
Increased public safety risk on
Corporate
Medium
streets due to damage to
3
4
Services
Low
infrastructure & trees
Increase in Frequency and Intensity of Heavy Rain Events
Increased surface water
Parks and
4
5
Low
flooding from ponding of
Recreation
rainfall in low areas
Increased health & safety risks
including water seepage,
Public Health
3
4
Low
mould
Hotter, drier summers with more heat waves
Water Service
3
1
Very Low
Water supply shortages
Culture and
3
1
Tourism
Very Low
Increasing vectors for disease
and respiratory illness are
Public Health
3
1
Very Low
expected health impacts from
increasing temperatures
9|Page

44

44

30
24

10
7
7

Potential actions
The following is a list of recommended actions for adaptation in St. Stephen, organized by the
number of risks they address.
1st ORDER RECs
Enhance the resiliency of the Town’s waterfront to better adapt to impacts from hazard events and
climate change*********
Encourage the development of integrated flood protection systems that use structural (engineering) and
non-structural measures*********
Strengthen zoning, floodplain and construction codes to integrate anticipated changes in
climate*********
Utilize open space category in zoning code to protect sensitive areas (e.g. storm water sites, steep slopes,
floodways, etc.)*********
Increase the tree canopy (root systems)*********
Utilize green corridors and parks to help protect surrounding communities from the impacts of hazard
events*********
Evaluate green corridors and parks for possible improvements for floodplain management*********
Create a strategic plan that identifies areas of focus for tree planting, storm water management, and
forest preservation*********
Continually adjust and modify planting details and specifications to assure the health and longevity of
trees & bushes*********
2nd ORDER RECs
Develop policy which requires new local government capital improvement projects to incorporate hazard
mitigation principles********
Review and amend existing building and floodplain regulations to require more flood resistant new and
existing structures when located in the floodplain********
Use comprehensive infrastructure assessments to identify infrastructure in need of replacement and
prioritize funding for those projects********
Preserve and protect natural drainage corridors********
3rd ORDER RECs
Modify landscaping requirements and increase permeable surfaces to reduce storm water runoff*******
Encourage landscaping requirements and permeable surfaces into community managed open
spaces*******
Utilize water conservation elements such as green roofs, rain gardens, cisterns, and bios wales on
residential, commercial, industrial, and Town owned properties to capture storm water*******
Evaluate and update storm water management regulations to avoid increases in downstream
flooding*******
4th ORDER RECs
Discourage new public projects in hazard-prone areas such as floodplains or the coastal high hazard
areas******
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Utilize hazard mitigation design requirements that exceed minimum standards for critical facilities******
Enhance and expand storm water infrastructure and systems******
Add pumps or other mitigation alternatives to streets as they are redeveloped - Streets in flood-prone
areas can become inundated in heavy rain events. Pumps and alternative measures can ensure that
water can be quickly removed from the roadway, allowing for maintained accessibility. ******
5th ORDER RECs
Develop a reconstruction and repair strategy that reduces damage to concrete and incorporates better
maintenance and operations*****
Install backflow-prevention devices or other appropriate technology to reduce flood risk*****
Expand and reinforce existing storm water education programs - Educate property owners about various
ways to capture rainwater, as well as about the importance of doing so*****
Review zoning code and strengthen language (where necessary) in order to better protect citizens and
increase resiliency in buildings*****
Retrofit existing buildings in the designated Flood Area to increase resiliency*****
Preserve and create new coastal buffer efforts and support creating more wetlands and soft shoreline
along coastal areas*****
6th ORDER RECs
Develop de-icing strategies and materials that are effective in extreme cold temperatures and prolonged
events to stabilize roadway and bridge surfaces****
Educate building owners within the floodplain to ensure that all electrical, mechanical, and key building
systems are above the base flood elevation and meet existing codes****
Integrate natural buffer requirements, such as wetlands and soft shorelines, into new development or
redevelopment****
Require a flood disclosure form, and educational information as part of lease agreements for commercial
and residential properties****
Develop floodplain awareness information for rental tenants and ensure distribution as tenants
change****
Economic drivers
The value of properties impacted by the projected storm surge with a one year return period in
2055 is $2,937,635.00. The value of properties impacted by persistent flooding according to the
wet areas mapping in the municipality is $37,520,560.00.
Baseline data
The following data was received from the New Brunswick Emergency Measures Organization.
The effectiveness of adaptive actions can be measured against future costs during similar
events.
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St Stephen
1998 - 01 - Ice Storm
Municipal
Personal
Small Business
1998 - 02 - Southern NB Flood
Municipal
Personal
Small Business
2010 - 02 - Heavy Rainfall Charlotte/York
(December)
Municipal
Personal
Small Business
2013 - 01 - Heavy Rainfall South Western NB (July
26-27)
Municipal
Personal
Small Business

Total of all Events
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$61,274.97
0
$68,219.83
$129,494.80
$0.00
$1,500.00
$0.00
$1,500.00

$5,195.01
$127,558.67
$284,766.40
$417,520.08

$0.00
$8,000.00
$0.00
$8,000.00
$556,514.88

Saint Andrews
Vulnerability assessment
The following figure is a snapshot of the GIS for Saint Stephen, featuring the vulnerabilities
identified during the first phase of this project, the predicted sea level rise, and the wet areas
mapping.

Figure 9: Snapshot of Saint Andrews GIS

Risk Assessment
The following table features the risk assessment results for Saint Andrews.
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Impact
Increased damage along the
coast and to coastline structures
from storm surge, flooding and
salt water intrusion

ST ANDREWS
Service Areas
Vulnerability Likelihood
Sea Level Rise

Score

Economic
Development

5

5

Medium
High

75

Housing

5

5

Medium

65

Medium

65

Medium

54

Medium

50

Medium

45

Medium
Low

44

Medium
Low

44

Increase in shoreline erosion
affecting natural environments
Culture and
and public amenities such as
5
5
Tourism
parks, trails & access to the
water
Hotter Drier Summers with More Heat Waves
Corporate
Water Supply Shortages
5
3
Services
Sea Level Rise
Reduced gravity drainage of
existing drainage system as sea
levels rise, resulting in more
frequent flooding of low areas
near storm sewer outfalls.

Risk

Storm Water
Management

5

5

General Changes
New and existing buildings may
be maladapted as the climate
Corporate
changes in terms of water
5
5
Services
ingress, wind, durability, rain or
snow loads, increasing heat
waves etc.
Increase in intensity and frequency of heavy rain events
Increases in sewer back-ups in
combined sewer areas due to
high rainfall volume in sewer
Storm Water
system. Increase in number of
5
4
Management
combined sewer overflows.
Heavy rainfall overcoming the
capacity of the drainage system
Increased surface water flooding
Parks and
from ponding of rainfall in low
4
4
Recreation
areas
General Changes
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Decrease in durability and
lifecycle of infrastructure leading
Corporate
5
5
to increased maintenance and
Services
replacement requirements
Increase in impacts to green
spaces and trees from
temperature extremes and wind
Culture and
3
5
storms resulting in increased
Tourism
maintenance and replacement
costs.
Increase in intensity and frequency of heavy rain events
Increased surface water flooding
from ponding of rainfall in low
Housing
3
4
areas
Corporate
4
4
Increased resources required to
Services
respond & clean up during &
Emergency
following storm events
3
4
Services
Increased surface water flooding
Emergency
from ponding of rainfall in low
5
4
Services
areas
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Medium
Low

40

Medium
Low

40

Medium
Low

36

Low

32

Low

32

Low

24

Potential actions
The following is a list of recommended actions for adaptation in Saint Andrews, organized by
the number of risks they address.
1st ORDER RECs
Enhance the resiliency of the Town’s waterfront to better adapt to impacts from hazard events
and climate change****
Encourage the development of integrated flood protection systems that use structural
(engineering) and non-structural measures****
Develop policy which requires new local government capital improvement projects to incorporate
hazard mitigation principles****
Discourage new public projects in hazard-prone areas such as floodplains or the coastal high
hazard areas****
Strengthen zoning, floodplain and construction codes to integrate anticipated changes in
climate****
Review zoning code and strengthen language (where necessary) in order to better protect citizens
and increase resiliency in buildings****
Utilize open space category in zoning code to protect sensitive areas (e.g. storm water sites, steep
slopes, floodways, etc.)****
Educate building owners within the floodplain to ensure that all electrical, mechanical, and key
building systems are above the base flood elevation and meet existing codes****
Use comprehensive infrastructure assessments to identify infrastructure in need of replacement
and prioritize funding for those projects****
Integrate natural buffer requirements, such as wetlands and soft shorelines, into new
development or redevelopment****
Preserve and protect natural drainage corridors****
Encourage landscaping requirements and permeable surfaces into community managed open
spaces****
Increase the tree canopy (root systems)****
Utilize green corridors and parks to help protect surrounding communities from the impacts of
hazard events****
Evaluate green corridors and parks for possible improvements for floodplain management****
Create a strategic plan that identifies areas of focus for tree planting, storm water management,
and forest preservation****
Require a flood disclosure form, and educational information as part of lease agreements for
commercial and residential properties****
Develop floodplain awareness information for rental tenants and ensure distribution as tenants
change****
Continually adjust and modify planting details and specifications to assure the health and
longevity of trees & bushes****
2nd ORDER RECs
Utilize hazard mitigation design requirements that exceed minimum standards for critical
facilities***
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Review and amend existing building and floodplain regulations to require more flood resistant
new and existing structures when located in the floodplain***
Update a list of flood prone and repetitive loss buildings to consider for acquisition***
Retrofit existing buildings in the designated Flood Area to increase resiliency***
Preserve and create new coastal buffer efforts and support creating more wetlands and soft
shoreline along coastal areas***
Modify landscaping requirements and increase permeable surfaces to reduce storm water
runoff***
Develop a reconstruction and repair strategy that reduces damage to concrete and incorporates
better maintenance and operations***
Enhance and expand storm water infrastructure and systems***
Utilize water conservation elements such as green roofs, rain gardens, cisterns, and bioswales on
residential, commercial, industrial, and Town owned properties to capture stormwater***
Install backflow-prevention devices or other appropriate technology along waterfront to reduce
flood risk***
3rd ORDER RECs
Develop de-icing strategies and materials that are effective in extreme cold temperatures and
prolonged events to stabilize roadway and bridge surfaces**
Evaluate and update stormwater management regulations to avoid increases in downstream
flooding**
4th ORDER RECs
Establish and routinely update a comprehensive tree inventory to anticipate insect and forest
structural impacts of climate change*
Anticipate the impacts of future changes in temperature and weather on the forest by developing
a comprehensive list of plant and tree species known to have a broad range of environmental
tolerances*
5th ORDER RECs
Increase the resiliency of park facilities and buildings
Implement a repaving strategy that reduces heat-related damage to asphalt and incorporates
maintenance and operations that extend the life of the road surface
Add pumps or other mitigation alternatives to streets as they are redeveloped - Streets in floodprone areas can become inundated in heavy rain events. Pumps and alternative measures can
ensure that water can be quickly removed from the roadway, allowing for maintained
accessibility.
Expand and reinforce existing stormwater education programs - Educate property owners about
various ways to capture rainwater, as well as about the importance of doing so
Economic drivers
The value of properties impacted by the projected storm surge with a one year return period in
2055 is $5,371,075.00. The value of properties impacted by persistent flooding according to the
wet areas mapping in the municipality is $13,862,300.00.
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Baseline data
The following data was received from the New Brunswick Emergency Measures Organization.
The effectiveness of adaptive actions can be measured against future costs during similar
events.
Saint Andrews
1998 - 01 - Ice Storm
Municipal
Personal
Small Business
1998 - 02 - Southern NB Flood
Municipal
Personal
Small Business

2010 - 02 - Heavy Rainfall Charlotte/York (December)
Municipal
Personal
Small Business

2013 - 01 - Heavy Rainfall South Western NB (July 26-27)
Municipal
Personal
Small Business

Total of all Events
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$33,091.44
0
$4,500.00
$37,591.44
$0.00
$0.00
$0.00
$0.00

$52,058.84
$0.00
$0.00
$52,058.84

$0.00
$0.00
$0.00
$0.00
$89,650.28

St. George
Vulnerability assessment
The following figure is a snapshot of the GIS for St. George, featuring the vulnerabilities
identified during the first phase of this project and the wet areas mapping.

Figure 10: Snapshot of St. George GIS

Risk Assessment
The following table features the risk assessment results for St. George.
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Impact

Service Areas Vulnerability Likelihood
Increase in Frequency and Intensity of Heavy Rain Events
Increased surface water
flooding from ponding of
Transportation
4
5
rainfall in low areas
Sea Level Rise
Increased damage along the
coast and to coastline
Economic
structures from storm surge,
4
4
Development
flooding and salt water
intrusion
Changing Ocean
Ecosystem shifts, hypoxia,
Economic
5
3
productivity shifts and
Development
species migration
Changing ocean acidity Economic
5
3
calcium carbonate shells
Development
Increase in Frequency and Intensity of Heavy Rain Events
Increased surface water
flooding from ponding of
Housing
4
5
rainfall in low areas
Hotter, Drier Summers with more heat waves
Water supply shortages

Agriculture

3

5

Risk

Score

Medium

60

Medium

52

Medium

51

Medium

51

Medium
Low

50

Medium
Low

45

Changing Oceans
Aquatic Invasive Species Economic
Medium
3
3
tunicates, green crab
Development
Low
Increase in Frequency and Intensity of Heavy Rain Events
Increased surface water
Parks and
flooding from ponding of
3
3
Low
Recreation
rainfall in low areas
Hotter, Drier Summers with more heat waves
Corporate
Water supply shortages
4
3
Low
Services
Increase in Frequency and Intensity of Heavy Rain Events
Corporate
4
4
Services
Increased resources required
to respond & clean up during
Emergency
4
4
& following storm events
Services

35

33

Low

32

Low

32

Increased Frequency and Intensity of Storms and Weather Extremes
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39

Increased resources required
to respond & clean up during
& following storm events
Natural disaster and related
emergency management and
response capacity may need
to cater to more frequent,
simultaneous and extreme
disasters as well as the
associated cascading effects.

Corporate
Services

4

4

Low

32

Emergency
Response

4

4

Low

32

Emergency
Services

4

4

Low

32

3

Low

27

General Changes
Decrease in durability and
lifecycle of infrastructure
leading to increased
maintenance and
replacement requirements
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Corporate
Services

3

Potential actions
The following is a list of recommended actions for adaptation in St. George, organized by the
number of risks they address.
ST GEORGE 1st ORDER RECs
Encourage the development of integrated flood protection systems that use structural (engineering)
and non-structural measures*****
Develop policy which requires new local government capital improvement projects to incorporate
hazard mitigation principles*****
Use comprehensive infrastructure assessments to identify infrastructure in need of replacement and
prioritize funding for those projects*****
Modify landscaping requirements and increase permeable surfaces to reduce stormwater
runoff*****
Increase the tree canopy (root systems)*****
Utilize green corridors and parks to help protect surrounding communities from the impacts of
hazard events*****
Evaluate green corridors and parks for possible improvements for floodplain management*****
Create a strategic plan that identifies areas of focus for tree planting, stormwater management, and
forest preservation*****
Enhance and expand stormwater infrastructure and systems*****
Continually adjust and modify planting details and specifications to assure the health and longevity
of trees & bushes*****
Utilize water conservation elements such as green roofs, rain gardens, cisterns, and bioswales on
residential, commercial, industrial, and Town owned properties to capture stormwater*****
Preserve and protect natural drainage corridors*****
Evaluate and update stormwater management regulations to avoid increases in downstream
flooding*****
ST GEORGE 2nd ORDER RECs
Enhance the resiliency of the Town’s waterfront to better adapt to impacts from hazard events and
climate change****
Discourage new public projects in hazard-prone areas such as floodplains or the coastal high hazard
areas****
Strengthen zoning, floodplain and construction codes to integrate anticipated changes in
climate****
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Utilize open space category in zoning code to protect sensitive areas (e.g. stormwater sites, steep
slopes, floodways, etc.)*****
Retrofit existing buildings in the designated Flood Area to increase resiliency****
Encourage landscaping requirements and permeable surfaces into community managed open
spaces****
Add pumps or other mitigation alternatives to streets as they are redeveloped - Streets in floodprone areas can become inundated in heavy rain events. Pumps and alternative measures can
ensure that water can be quickly removed from the roadway, allowing for maintained accessibility.
****
Expand and reinforce existing stormwater education programs - Educate property owners about
various ways to capture rainwater, as well as about the importance of doing so****
ST GEORGE 3rd ORDER RECs
Develop de-icing strategies and materials that are effective in extreme cold temperatures and
prolonged events to stabilize roadway and bridge surfaces***
Review zoning code and strengthen language (where necessary) in order to better protect citizens
and increase resiliency in buildings***
Review and amend existing building and floodplain regulations to require more flood resistant new
and existing structures when located in the floodplain***
Install backflow-prevention devices or other appropriate technology to reduce flood risk***
Educate communities on how agencies respond to hazard events, their role in an event, and how
agencies work together***
Develop and communicate a simplified process for residents to follow after a hazard event***
Improve awareness and education about the importance of flood preparation for citizens***
Create an educational program centered on flood hazards, coastal construction practices and
evacuation procedures***
Increase and enhance the resilience and health of Town’s trees/ forested areas - Establish a
comprehensive maintenance program that includes pruning for sound structure and the removal of
hazardous limbs and trees. First focus on areas where vulnerable infrastructure is nearby such as
energy supply and roads***
ST GEORGE 4th ORDER RECs
Utilize hazard mitigation design requirements that exceed minimum standards for critical facilities**
Educate building owners within the floodplain to ensure that all electrical, mechanical, and key
building systems are above the base flood elevation and meet existing codes**
Prior to a hazard event, identify lead contacts serving vulnerable populations and coordinate actions
to maximize safety and information sharing**
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Identify and evaluate plans already in place and work to improve utilization of community based
leaders to assist in preparedness and response**
Conduct climate, resiliency, and emergency planning education and outreach**
Educate and train community groups to participate in responding to hazards**
Identify programs and grants that assist citizens in making flood proofing changes**
Develop an annual newsletter to inform and remind owners of property in the floodplain about
flood proofing activities they should undertake**
Better equip emergency workers for natural hazards - Research and identify personal protective
equipment (PPE) needs based on specific hazards and necessary tools**
Implement a repaving strategy that reduces heat-related damage to asphalt and incorporates
maintenance and operations that extend the life of the road surface**
ST GEORGE 5th ORDER RECs
Update a list of flood prone and repetitive loss buildings to consider for acquisition*
Develop a reconstruction and repair strategy that reduces damage to concrete and incorporates
better maintenance and operations*
Develop a community group coordination plan and implementation guide*
Ensure that residents and visitors have access and transportation to warming & cooling centers
during extreme events*
Establish and routinely update a comprehensive tree inventory to anticipate insect and forest
structural impacts of climate change*
ST GEORGE 6th ORDER RECs
Require a flood disclosure form, and educational information as part of lease agreements for
commercial and residential properties
Develop floodplain awareness information for rental tenants and ensure distribution as tenants
change
Anticipate the impacts of future changes in temperature and weather on the forest by developing a
comprehensive list of plant and tree species known to have a broad range of environmental
tolerances
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Economic drivers
The value of properties impacted by persistent flooding according to the wet areas mapping in
the municipality is $2,415,100.00.
Baseline data
The following data was received from the New Brunswick Emergency Measures Organization.
The effectiveness of adaptive actions can be measured against future costs during similar
events.
St. George
1998 - 01 - Ice Storm
Municipal
Personal
Small Business
1998 - 02 - Southern NB Flood
Municipal
Personal
Small Business

2010 - 02 - Heavy Rainfall Charlotte/York (December)
Municipal
Personal
Small Business

2013 - 01 - Heavy Rainfall South Western NB (July 26-27)
Municipal
Personal
Small Business

Total of all Events
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$50,972.52
0
$7,668.59
$58,641.11
$0.00
$3,097.90
$0.00
$3,097.90

$7,750.00
$316,621.85
$0.00
$324,371.85

$0.00
$0.00
$0.00
$0.00
$386,110.86

Blacks Harbour
Vulnerability assessment
The following figure is a snapshot of the GIS for Blacks Harbour, featuring the vulnerabilities
identified during the first phase of this project, the predicted sea level rise, and the wet areas
mapping.

Figure 11: Snapshot of Blacks Harbour GIS

Risk Assessment
The following table features the risk assessment results for Blacks Harbour.
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Impact
Increased damage along the
coast and to coastline structures
from storm surge, flooding and
salt water intrusion

Service Areas
Vulnerability Likelihood
Sea Level Rise
Port and
Harbour
Management

5

5

Risk

Score

Medium
High

75

Medium

57

Medium

57

Medium

54

Changing Ocean
Ecosystem shifts, hypoxia,
productivity shifts and species
Fisheries
5
3
migration
Changing ocean acidity - calcium
Fisheries
5
3
carbonate shells
Hotter, drier summers with more heat waves
Increasing vectors for disease
Agriculture/
and respiratory illness are
3
3
Aquaculture
expected health impacts from
increasing temperatures
Water supply shortages

Agriculture

3

5

Medium
Low

45

3

3

Medium
Low

39

3

3

Low

27

Changing Ocean
Aquatic Invasive Species tunicates, green crab

Fisheries
General Changes

Decrease in durability and
lifecycle of infrastructure
leading to increased
maintenance and replacement
requirements

Storm water
management

Potential actions
The following is a list of recommended actions for adaptation in Blacks Harbour, organized by
the number of risks they address.
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BLACKS HARBOUR 1st ORDER RECs
Enhance the resiliency of the Town’s waterfront to better adapt to impacts from hazard
events and climate change*
Encourage the development of integrated flood protection systems that use structural
(engineering) and non-structural measures*
Develop policy which requires new local government capital improvement projects to
incorporate hazard mitigation principles*
Discourage new public projects in hazard-prone areas such as floodplains or the coastal high
hazard areas*
Utilize hazard mitigation design requirements that exceed minimum standards for critical
facilities*
Develop de-icing strategies and materials that are effective in extreme cold temperatures
and prolonged events to stabilize roadway and bridge surfaces*
Use comprehensive infrastructure assessments to identify infrastructure in need of
replacement and prioritize funding for those projects*
Preserve and create new coastal buffer efforts and support creating more wetlands and soft
shoreline along coastal areas*
Integrate natural buffer requirements, such as wetlands and soft shorelines, into new
development or redevelopment*
Utilize green corridors and parks to help protect surrounding communities from the impacts
of hazard events*
Develop a reconstruction and repair strategy that reduces damage to concrete and
incorporates better maintenance and operations*
Prior to a hazard event, identify lead contacts serving vulnerable populations and coordinate
actions to maximize safety and information sharing*
Identify and evaluate plans already in place and work to improve utilization of community
based leaders to assist in preparedness and response*
Protect residents from the effects of hazard events and plan for more frequent hazard
instances*
Conduct climate, resiliency, and emergency planning education and outreach*
Educate communities on how agencies respond to hazard events, their role in an event, and
how agencies work together*
Educate and train community groups to participate in responding to hazards*
Develop and communicate a simplified process for residents to follow after a hazard event*
Improve awareness and education about the importance of flood preparation for citizens*
Identify programs and grants that assist citizens in making flood proofing changes*
Develop an annual newsletter to inform and remind owners of property in the floodplain
about flood proofing activities they should undertake*
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Increase and enhance the resilience and health of Town’s trees/ forested areas - Establish a
comprehensive maintenance program that includes pruning for sound structure and the
removal of hazardous limbs and trees. First focus on areas where vulnerable infrastructure is
nearby such as energy supply and roads*
Establish and routinely update a comprehensive tree inventory to anticipate insect and forest
structural impacts of climate change*
BLACKS HARBOUR 2nd ORDER RECs
Strengthen zoning, floodplain and construction codes to integrate anticipated changes in
climate
Review zoning code and strengthen language (where necessary) in order to better protect
citizens and increase resiliency in buildings
Review and amend existing building and floodplain regulations to require more flood
resistant new and existing structures when located in the floodplain
Utilize open space category in zoning code to protect sensitive areas (e.g. stormwater sites,
steep slopes, floodways, etc.)
Update a list of flood prone and repetitive loss buildings to consider for acquisition
Retrofit existing buildings in the designated Flood Area to increase resiliency
Modify landscaping requirements and increase permeable surfaces to reduce stormwater
runoff
Encourage landscaping requirements and permeable surfaces into community managed open
spaces
Increase the tree canopy (root systems)
Evaluate green corridors and parks for possible improvements for floodplain management
Create a strategic plan that identifies areas of focus for tree planting, stormwater
management, and forest preservation
Enhance and expand stormwater infrastructure and systems
Continually adjust and modify planting details and specifications to assure the health and
longevity of trees & bushes
Utilize water conservation elements such as green roofs, rain gardens, cisterns, and
bioswales on residential, commercial, industrial, and Town owned properties to capture
stormwater
Preserve and protect natural drainage corridors
Evaluate and update stormwater management regulations to avoid increases in downstream
flooding
Add pumps or other mitigation alternatives to streets as they are redeveloped - Streets in
flood-prone areas can become inundated in heavy rain events. Pumps and alternative
measures can ensure that water can be quickly removed from the roadway, allowing for
maintained accessibility.
Expand and reinforce existing stormwater education programs - Educate property owners
about various ways to capture rainwater, as well as about the importance of doing so
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Economic drivers
The value of properties impacted by the projected storm surge with a one year return period in
2055 is $186,751.00. The value of properties impacted by persistent flooding according to the
wet areas mapping in the municipality is $576,200.00.
Baseline data
The following data was received from the New Brunswick Emergency Measures Organization.
To date Blacks Harbour has not experienced a substantial impact during storm events.
Blacks Harbour
1998 - 01 - Ice Storm
Municipal
Personal
Small Business
1998 - 02 - Southern NB Flood
Municipal
Personal
Small Business

2010 - 02 - Heavy Rainfall Charlotte/York (December)
Municipal
Personal
Small Business

2013 - 01 - Heavy Rainfall South Western NB (July 26-27)
Municipal
Personal
Small Business

Total of all Events

30 | P a g e

$5,357.84
$0.00
$0.00
$5,357.84
$0.00
$0.00
$0.00
$0.00

$0.00
$0.00
$0.00
$0.00

$0.00
$0.00
$0.00
$0.00
$5,357.84

Grand Manan
Vulnerability assessment
The following figure is a snapshot of the GIS for Grand Manan, featuring the vulnerabilities
identified during the first phase of this project, the predicted sea level rise, and the wet areas
mapping.

Figure 12: Snapshot of Grand Manan GIS

Risk Assessment
The following table features the risk assessment results for Grand Manan.
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Impact
Increased damage along
the coast and to coastline
structures from storm
surge, flooding and salt
water intrusion
Increase in shoreline
erosion affecting natural
environments and public
amenities such as parks,
trails & access to the water

Service Areas
Vulnerability Likelihood
Sea Level rise

Risk

Score

Port and Harbour
Management

5

5

High

95

Culture and
Tourism

4

4

Medium

65

Changing Ocean
Ecosystem shifts, hypoxia,
productivity shifts and
species migration
Changing ocean acidity calcium carbonate shells
Aquatic Invasive Species tunicates, green crab

Fisheries

5

3

Medium

60

Fisheries

5

3

Medium

60

Fisheries

3

3

Medium
Low

45

3

3

Low

24

Sea Level Rise
Increased damage along
the coast and to coastline
structures from storm
surge, flooding and salt
water intrusion

Housing

Potential actions
The following is a list of recommended actions for adaptation in Grand Manan, organized by the
number of risks they address.
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GRAND MANAN 1st ORDER RECs
Enhance the resiliency of the Town’s waterfront to better adapt to impacts from hazard events
and climate change*
Encourage the development of integrated flood protection systems that use structural (engineering)
and non-structural measures*
Develop policy which requires new local government capital improvement projects to incorporate
hazard mitigation principles*
Discourage new public projects in hazard-prone areas such as floodplains or the coastal high hazard
areas*
Strengthen zoning, floodplain and construction codes to integrate anticipated changes in climate*
Review zoning code and strengthen language (where necessary) in order to better protect citizens
and increase resiliency in buildings*
Utilize open space category in zoning code to protect sensitive areas (e.g. stormwater sites, steep
slopes, floodways, etc.)*
Update a list of flood prone and repetitive loss buildings to consider for acquisition*
Retrofit existing buildings in the designated Flood Area to increase resiliency*
Educate building owners within the floodplain to ensure that all electrical, mechanical, and key
building systems are above the base flood elevation and meet existing codes*
Use comprehensive infrastructure assessments to identify infrastructure in need of replacement and
prioritize funding for those projects*
Preserve and create new coastal buffer efforts and support creating more wetlands and soft
shoreline along coastal areas*
Integrate natural buffer requirements, such as wetlands and soft shorelines, into new development
or redevelopment*
Modify landscaping requirements and increase permeable surfaces to reduce stormwater runoff*
Increase the tree canopy (root systems)*
Utilize green corridors and parks to help protect surrounding communities from the impacts of
hazard events*
Evaluate green corridors and parks for possible improvements for floodplain management*
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Create a strategic plan that identifies areas of focus for tree planting, stormwater management, and
forest preservation*
Require a flood disclosure form, and educational information as part of lease agreements for
commercial and residential properties*
Develop floodplain awareness information for rental tenants and ensure distribution as tenants
change*
Develop a reconstruction and repair strategy that reduces damage to concrete and incorporates
better maintenance and operations*
Continually adjust and modify planting details and specifications to assure the health and longevity
of trees & bushes*
Preserve and protect natural drainage corridors*
Identify and evaluate plans already in place and work to improve utilization of community based
leaders to assist in preparedness and response*
Conduct climate, resiliency, and emergency planning education and outreach*
Educate and train community groups to participate in responding to hazards*
Develop and communicate a simplified process for residents to follow after a hazard event*
Create an educational program centered on flood hazards, coastal construction practices and
evacuation procedures*
GRAND MANAN 2nd ORDER RECs
Utilize hazard mitigation design requirements that exceed minimum standards for critical facilities
Develop de-icing strategies and materials that are effective in extreme cold temperatures and
prolonged events to stabilize roadway and bridge surfaces
Install backflow-prevention devices or other appropriate technology to reduce flood risk
Prior to a hazard event, identify lead contacts serving vulnerable populations and coordinate actions
to maximize safety and information sharing
Educate communities on how agencies respond to hazard events, their role in an event, and how
agencies work together
Implement a repaving strategy that reduces heat-related damage to asphalt and incorporates
maintenance and operations that extend the life of the road surface
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Economic drivers
The value of properties impacted by the projected storm surge with a one year return period in
2055 is $186,751.00. The value of properties impacted by persistent flooding according to the
wet areas mapping in the municipality is $576,200.00.
Baseline data
The following data was received from the New Brunswick Emergency Measures Organization.
To date Grand Manan has not experienced any financial impact as a result of storm events.

Grand Manan

1998 - 01 - Ice Storm
Municipal
Personal
Small Business
1998 - 02 - Southern NB Flood
Municipal
Personal
Small Business

2010 - 02 - Heavy Rainfall Charlotte/York (December)
Municipal
Personal
Small Business

2013 - 01 - Heavy Rainfall South Western NB (July 26-27)
Municipal
Personal
Small Business

Total of all Events

35 | P a g e

$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00

$0.00
$0.00
$0.00
$0.00

$0.00
$0.00
$0.00
$0.00
$0.00

Discussion
Upon the completion of the second phase of this climate change adaptation planning project,
the finish line has come into view. According to the chosen methodology, all that remains is an
examination of financing and budgets, the selection of those adaptation actions that are most
appropriate and effective, and then the establishment of an implementation schedule.
A great deal of additional data was generated during the second phase of the project, most
notable the extensive list of recommendations for adaptation. In much the same way that
phase one of the project ended with good data that required some refinement, phase two has
set the table for the completion of the planning process.
Throughout the project, those communities that have experienced the most financial impacts
from storm events have correspondingly been the most engaged. However, communities that
have not experienced direct impact from storm events, still stand vulnerable to changes in the
marine environment. It is these changes that are most difficult to predict and prepare for.
Throughout Charlotte County municipalities are taking different steps towards ensuring the
resilience of their communities in the face of a changing climate. Following the completion of
phase two of this adaptation planning effort, the proponents remain committed to the process,
and believe the successful completion of it will greatly benefit the Charlotte County community
in to the future.
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