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EXECUTIVE SUMMARY 
 

ADAPTATION PLAN OBJECTIVES 
 

This plan presents the impacts and vulnerabilities that the Village of Charlo could encounter as a result of 
climate change and addresses challenges that have been identified as a priority for the municipality. 
Specifically, the plan focuses on the risks associated with sea level rise and storm surges, increasingly 
intense precipitation and extreme weather events, and changes in average temperatures. The plan also 
outlines a number of adaptation measures and strategies to guide future action, which will include further 
studies to identify all potential risks. 

 

CLIMATE CHANGE INDICATORS IN NEW BRUNSWICK 
 

Climate is already having discernable impacts on New Brunswick’s 
environment and residents. Increases in average temperatures are being 
recorded worldwide due to rising greenhouse gas (GHG) levels in the 
atmosphere combined with other factors. This increase in GHG emissions is 
the result of human activity and has led to a global spike in the Earth’s 
temperature, which in turn triggers more severe weather events. Trends have 
already been noticed and studied in the transformation of New Brunswick's 
climate: 

 

 The province's average annual temperature has increased by 1.5 ° C 
over the last century. 

 The sea level on New Brunswick’s coastline has risen an estimated 0.3 
m over the past 100 years. 

  An average coastal erosion rate of 0.5 m/year has been estimated 
under current conditions. 

 

 

SEA LEVEL RISE AND STORM SURGES 
 

Charlo is bound by a long stretch of coastal shoreline, so sea level rise and storm surges have a significant 
impact on the community. The flood hazard maps in Appendix B show the areas of Charlo at risk of flooding 
from these events, as well as the location of points of interests in the community. The water levels identified 
are based on projections of sea level rise in combination with storm surges from a study prepared for the 
province of New Brunswick by R.J Daigle Enviro in 2017. [25] 

Figure 1 – Increase in New 

Brunswick’s annual average 

temperature [18] 
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The main impacts of sea level rise and storm surges are as follows:  

 Damage to or loss of property; 

 Contamination of drinking water sources; 

 Impact on septic systems; 

 Coastal erosion and land loss; 

 Water pollution; 

 Isolation of non-flooded areas; and 

 Flooding of major roads, bridges and culverts. 

 

The historical coastal erosion rates map in Appendix C shows the coastal 
areas in the community that are most at risk. This data comes from the 
Province of New Brunswick and was based on trends observed to date. 

 

INCREASINGLY INTENSE PRECIPITATION AND EXTREME WEATHER EVENTS 
 

Closely linked to greenhouse gas emissions, global warming causes the atmosphere to hold more moisture, 
which is eventually released as rain. Forecasts show that this will result in less frequent yet more intense 
precipitation of a higher total annual volume. Temperature changes are expected to cause variations in 
ocean currents, air pressure, and directional wind patterns, causing storms that could lash the coastal 
regions. High winds could damage infrastructure as they whip through these communities. These changing 
weather patterns may also lead to more intense and more frequent thunder, ice, and hail storms than the 
region currently sees.  The main impacts of increased precipitation intensity and extreme weather events 
are: 

 

 Localized flooding which could cause the 
isolation of certain areas of the community, the 
contamination of watercourses as well as 
damages to property and infrastructure; 

 Surcharging of stormwater management 
systems leading to the failure of infrastructure 
such as culverts and roads; 

 Less frequent rain events can lead to periods of 
drought (water shortages and impact 
agricultural land production); 

 Strong winds not only contribute to coastal 
flooding and erosion, they can also uproot trees 
and cause serious damage to infrastructure and 
property, including homes and power lines. 

 

Figure 3 – Culvert/Road Washout [37] 

Figure 2 – Example of a Storm Surge [26] 
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TEMPERATURE CHANGES 
 

According to data compiled by Ouranos, by 2080 the mean annual temperature could be 9.5°C higher than 
the baseline period (1980–2010). [19] This factor can be linked to other climate indicators that may present 
a risk, such as: 

 

 Increase in the number of days of 
extreme heat in summer (> 30 ° C): in 
2080, there will be up to 58.9 more days 
above 30°C per year compared to the 
reference period (1980–2010). 

 Increase in the number of freeze-thaw 
days: it is expected that in 2080, there 
will be up to 29 more freeze-thaw days 
in winter each year. 

 Fewer annual snow days: In 2080, each 
year could count up to 48 fewer snow 
days. 

 

 

The main impacts of temperature changes are: 

 

 Changes in biodiversity and local resources;  

 Risk of bacterial growth affecting 
recreational use of lakes and drinking 
water sources, etc;  

 Increased risk of forest fires; 

 Increased thermal stress and health 
impacts, particularly among the elderly; 

 Increase in energy demand to meet 
cooling needs; 

 Shorter lifespan for municipal 
infrastructure and higher maintenance 
costs ($); 

 Risk of ice jams and flooding; 

 Increased risk of extreme ice storms; 

 Reduction in the feeding of rivers and water sources by snow melt. 

 Impact on the drinking water supply, recreational activities, and industry. 

 Lower albedo effect from lack of snow and accelerated global warming (heat islands). 

 

Figure 4 – Road damage caused by freeze-thaw cycles [49]  

Figure 5 – Ice storm in 2017, Kouchibouguac, New Brunswick [50] 
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IMPACT ON POPULATION 
 

The projected climate changes are expected to bring a range of challenges to the 
health and well-being of New Brunswickers. The impacts on the population caused 
by various effects of climate change such as physical health, mental health and 
socioeconomic impacts are also taken into consideration in this report. 

 

VULNERABILITY ASSESSMENT 
 

A vulnerability assessment of the assets owned by the Village of Charlo was carried out, taking into account 
the risks associated with rising sea levels and storm surges. Risk is the combination of the probability of a 
climate event multiplied by the severity of that event. 

 

 

 

Multiplying the probability rating by the severity rating determines the risk level, as shown on the following 
scale: 

 

 

The table in Appendix D presents the risk assessment for each affected asset under a certain sea level rise 
and storm surge scenario. The table is divided into asset types (e.g., sanitary system, storm sewer, road 
system) and describes the risks for each. The Village of Charlo can use this tool to identify their most 
vulnerable assets, so efforts can be focused on mitigating risks to those assets through adaptation 
measures.  

 

ADAPTATION MEASURES 
 

Adaptation measures were developed to help the Village of Charlo cope with climate change. They have 
been grouped into categories and a description of each measure is provided below.   

 

 

Figure 6 - Psychological 

Stress [63]  

Risk = Probability x Severity 
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EMERGENCY MEASURES 
 

 Update the Emergency Response Plan 

In order to effectively address the risks identified in this plan. 

 

 Simulate a catastrophic event to practice the response to the event established in 
the emergency response plan 

Real simulations of catastrophic events and practical exercises will allow first 
responders to familiarize themselves with their tasks and ensure better 
application of the plan during a real emergency. 

 

 Inform residents of emergency measures 

By distributing a brochure that summarizes the emergency measures 
implemented and address communication strategies (Sentinel System Ltd, 
social media, etc.) in the event of an emergency.  

 

LAND USE PLANNING 
 

 Identify undevelopable areas 

Based on the flood hazard maps. 

 

 Set a minimum elevation for new developments 

Updated the Zoning By-law and Development 
Plan by introducing a minimum development 
elevation equivalent to the worst projected sea 
level (4.7m in the Charlo region). [25] 

 

 Update the zoning maps 

Identify areas at risk of flooding on the zoning 
map so that developers can be aware of the risks 
when viewing the map. 

 

 Prevent costal erosion 

Conduct an in-depth study of coastal erosion 
projections for the Village of Charlo. 

 

 Promote the protection of natural areas 

Installation of informative signs at key locations in natural areas and encourage the formation of a 
Green Committee that could tackle small projects that benefit the environment. 

 

Figure 8 – Minimum Development Elevation in Beaubassin-est, 

New Brunswick [66]   

Figure 7 – Example of 

Emergency Measures Brochure 

and Emergency Alert System  
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 Erect a monument identifying the high-water mark for a historic flood event 

As the City of Moncton did for the historic flood of 1869 known as the Saxby Gale. 

 

 Promote forest fire prevention 

Inform residents of the risks of wildfire and what they can do to mitigate them. 

 

 

INFRASTRUCTURE – MUNICIPAL SYSTEMS 
 

 Identify inland flood hazard areas 

Using government data that will be available at the 
end of 2020.  

 

 Inquire about the condition of infrastructure owned 
by the Department of Transportation and 
Infrastructure 

In order to have a better understanding of the actual 
risk posed by heavy rainfall events. 

 

 Conduct an in-depth study of the storm sewer 
system 

Developing a hydraulic/hydrologic model of the storm 
sewer system to identify sections to be replaced.  

 

 Develop a design criteria manual for storm and sanitary 
sewers  

To set minimum standards for system installation and 
replacement. 

 

 Develop a stormwater management by-law 

To eliminate variability in stormwater runoff from new 
developments by implementing a net zero increase approach. 

Figure 11 – Illustration Depicting the Objective of 

Stormwater Management [72] 

Figure 10 – Sewer System Capacity Analysis  

Figure 9 – Priority Zones for Preventing the Spread of Wildfire [70] 
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 Offer an incentive for installing a backwater valve 

To reduce the risk of sewer backup and the 
damages that result from backups.  

  

 Equip pumping stations with generators 

To ensure they can function duing power outages. 

 

INFRASTRUCTURE – BUILDINGS/HOMES 
 

 Develop a best practice guide for new constructions 

To encourage developers to follow best practices for new constructions. 

 

 Install generators and air conditioning in critical 
sites 

To ensure that these sites such as the Charlo 
Airport and the Golden Age Club are properly 
equipped so they can accommodate residents 
during a catastrophic event and provide shelter, 
food, heat or air conditioning, and other basic 
services. 

 

 Develop a flood protection measures guide 

Provide information for residents who would like to 
make changes to their property to mitigate the risk 
of damage caused by flooding. 

 

 Assess the impacts of relocating infrastructure in at risk areas vs. protecting them 

A cost / benefit assessment may be required in order to compare the option of relocating residences 
in at risk areas versus protecting them by building dikes, flood walls, etc. 

  

Figure 12 – How a Backwater Valve Works [73] 

Figure 13 – A Home Being Relocated [76] 
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PUBLIC AWARENESS 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14 – Examples of Informative Documents 

EDUCATE RESIDENTS 

ON THESE SUBJECTS 

 

Safe use of 
generators 

What to do if a drinking 
water well becomes 

contaminated 

Water conservation strategies 

Local services 
available to alleviate 
and treat symptoms 

of PTSD after an 
emergency or the 

stress of an impending 
event 

What to do in a heatwave 

Septic system troubleshooting 

Flood protection measures 

Using more resilient construction 
materials 

Climate changes 
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RECOMMENDATIONS 
 

The following are recommendations to achieve the objectives set out in this plan: 
 

 Form and maintain a committee in charge of the adaptation plan; 

 Monitor the methods used to implement the plan; 

 Conduct the recommended studies; 

 Clearly define individual roles and responsibilities in implementing and monitoring the plan; 

 Follow up annually to verify that the measures are still appropriate for the context and progress is 

being made, and to determine if any measures should be removed, improved, or added; 

 Provide opportunities for input from all stakeholders; 

 Continue educating residents on the impacts of climate change and on adaptation measures. 

 

 

 

 

  

[79] 
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1 INTRODUCTION 
 

1.1 WHAT IS CLIMATE CHANGE? 
 

Earth’s climate is a complex system influenced by the sun, the moon, winds, currents, rain, snow, and ice. 
The word “climate” is generally used to describe a region’s “normal” conditions—whether a place is 
considered hot or cold, wet or dry—but climate also refers to the frequency of extreme weather events 
such as hurricanes and ice storms.  

 

While some climate changes may be the result of natural processes such as seismic activity and variations 
in Earth’s orbit, it is generally accepted in the scientific community that climate change is being greatly 
accelerated by human activity. The effects of the industrial era and human-caused environmental changes 
in particular have contributed to global warming. 

 

Global warming is the gradual 
increase in the average 
temperature of the Earth’s climate 
due to a shift in the balance 
between the energy received from 
the sun’s rays and the energy 
radiated back into space. [1]   

 

 

 

 

Humans have thrown off this natural balance by producing and emitting huge quantities of greenhouse 
gases (GHGs) into the atmosphere. Produced predominantly by the industrial and transportation sectors, 
these gases act like a blanket that traps heat being radiated from Earth. This makes global temperatures 
rise, which has the compound effect of causing the polar ice caps to melt. Sea ice reflects much of the sun’s 
radiation back into space. Accelerated melting makes the ice caps less reflective, driving global warming as 
a result. [2] 

 

Global warming has far-reaching implications for Earth’s climate system that go beyond the direct effects 
of an increase in global average temperature. Projected climate change impacts on North America include: 

 Increased risk of drought; 

 

Figure 1-1 – Main Cause of Global Warming [1]   
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 More hot days (30°C or over); 

 Fewer cold days (-10°C or under); 

 Accelerated sea level rise; 

 Increased risk of wildfires; 

 Increase in the amount and intensity of precipitation; and 

 Increased risk of extreme weather events. 

 

As scientists study the trends and impacts of 
climate change, we are seeing record-
breaking global temperatures and feeling the 
effects. Samples taken from ice cores in 
Antarctica that have provided data on 
carbon dioxide (CO2) concentrations as far 
back as 400,000 years ago indicate an 
alarming upward trend. [3] 

 

Scientific communities around the world 
have created computer models to simulate 
and predict the effects of climate change.  
While its projected magnitude may vary, 
scientists generally agree that these trends 
will not only continue but intensify in the 
future. 

 

1.2 ADAPTATION PLAN OBJECTIVES 
 

By all accounts, climate change is escalating faster than ever and the effects are becoming increasingly 
evident in New Brunswick. Trends show that coastal areas will be particularly hard hit by global warming, 
sea level rise, larger storm surges, and extreme precipitation events. It is critical that New Brunswick’s 
coastal communities—which include the Village of Charlo—build resilience and act proactively to mitigate 
the risks associated with climate change.  

 

To that end, available data on historical climate change trends and future projections was analyzed for the 
Village of Charlo as a basis for the first phase of the Climate Change Adaptation Plan. The plan’s objectives 
are to develop a broad understanding of climate change and manage potential risks by drawing up a 
preliminary list of adaptation measures and strategies. The Climate Change Adaptation Plan will serve as a 
starting point for the initiatives the community will have to undertake over the years to mitigate the 
growing impacts of climate change on people, existing and future infrastructure, and natural environments.  

 

May 7,2013 : 400 ppm  

 

 

Figure 1-2 – Trend in CO2 Concentrations [3] 

CO2 concentration over the last 300 years 

350 ppm : Security Level  

Industrial Revolution  
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This plan presents the impacts and vulnerabilities that the Village of Charlo could encounter as a result of 
climate change and addresses challenges that have been identified as a priority for the municipality. 
Specifically, the plan focuses on the risks associated with sea level rise and storm surges, increasingly 
intense precipitation and extreme weather events, and changes in average temperatures. The plan also 
outlines a number of adaptation measures and strategies to guide future action, which will include further 
studies to identify all potential risks. The map below shows the limits of the Village of Charlo, which also 
defines the scope of the Climate Change Adaptation Plan.   

Figure 1-3 – Village of Charlo Limits 
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2 BACKGROUND 
 

2.1 GEOGRAPHIC SCOPE 
 

THE VILLAGE OF CHARLO is located on the shores of Chaleur Bay along New Brunswick’s northern coastline. 
The Village covers an area of approximately 41 km2, with about 12 km of shoreline, green spaces, wetlands, 
and a large stream, and is served by an airport and a railway. Incorporated in 1966, the Village of Charlo is 
one of the oldest settlements in Restigouche County.  

 

Charlo’s 1,310 residents include English and French speakers. Neighbouring communities include Balmoral, 
Eel River Dundee, Eel River Bar First Nation, and Dalhousie. Charlo and its neighbouring communities are 
part of the Restigouche Regional Service Commission, which was created in 2013 and represents 30,955 
local residents. The Village is close to the urban centres of Campbellton and Bathurst. [4] 

 

 

  

Figure 2-1 – Map of the Village of Charlo from Municipal Website [5] 
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2.2 POPULATION 
 

In 2016 the Village had a population of 1,310 and a density of 41.9 people/km2. The tables and graphs 
below show the Village’s population statistics from Statistics Canada. [4] 

 Village of Charlo New Brunswick 

Population, 2016 1,310 747,101 

Population, 2011 1,324 751,171 

Population percentage change, 2011 to 
2016 

-1.1% -0.5% 

Average age 48.7 43.6 

 

Characteristics Village of Charlo New Brunswick 

Participation rate* 53.3% 61.5% 

Employment rate 45.3% 54.7% 

Unemployment rate 13.3% 11.2% 

*Participation rate indicates the ratio between the working-age population and the population currently in the labour market, employed, or 
unemployed.  
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2.3 DEVELOPMENT 
 

The Restigouche Regional Service Commission provides the following services to its member municipalities, 
including the Village of Charlo: 

 Local planning;  

 Regional planning; 

 Waste management; 

 Regional policy collaboration; 

 Regional emergency measures planning; 

 Regional sports, recreational, and cultural infrastructure planning and cost sharing; and 

 Collaboration on regional issues. 

 

The Commission governs all new development in the region and drafts municipal plans and by-laws. [6] 

 

2.3.1 PLANS AND BY-LAWS 
 
The documents below provide guidelines for new development in the Village of Charlo and are available 
to the public on the Regional Service Commission’s website. 
 

 Building By-Law, 2004 [7] 

This by-law provides key guidelines for people planning to build, relocate, demolish, or alter a 
building. It includes the construction requirements (codes), the building permit application process, 
the responsibilities of the permit holder, and the associated fees.   

 

 Municipal Plan, 2013 [8] 

The Municipal Plan presents the different areas of the Village as shown on the Municipal Plan Map, 
the land use strategy, and the development strategy. The plan provides background information, a 
policy statement, objectives, and specific measures (where applicable) on each topic (e.g., residential 
development, water and sewer development).   

 

 Subdivision By-Law, 1999 [9] 

The Subdivision By-Law sets out minimum requirements for the development of new subdivisions. 

 

 Zoning By-Law, 2011 [10] 

The Zoning By-Law sets out the development restrictions for each zone (e.g., residential, commercial, 
industrial).  For example, restrictions include the minimum distance at which a new building can be 
built from a property line, the maximum height for new buildings, and the minimum lot sizes for 
development.  
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The Village’s Zoning By-Law does not currently stipulate minimum development elevations, so there 
is nothing to prevent a resident from building a house in a flood-prone area. It does, however, contain 
a statement indicating that no permit will be issued if the site in question is subject to flooding where 
no amount of corrective work could eliminate or sufficiently reduce the hazard.  

 

 Zoning Map, 1997 [11] 

The Zoning Map shows the different zones within the Village limits (e.g., residential, commercial, 
rural). 

 

2.4 ECONOMY 
 

Tourism is the main driver of the Village of Charlo’s 
economy. The Village is a popular destination for 
beachgoers, water sports fans, and outdoor 
enthusiasts, especially in summer. There are 
cottages along the Bay, several good restaurants, 
and a campground.  

Local businesses include among others a 
recognized center in cross country skiing and 
biathlon, metallurgical design, plumbers and 
electricians, civil works contractors, dairy farming, 
beekeeping and fish farming. 

Fishing is also a local activity that contributes to the economy. The airport and the Via Rail train station also 
make it easier for visitors to get to and from Charlo.  

 

2.5 FUNDING 
 

Municipal revenue comes mainly from property taxes, equalization payments, water and sewer usage 
charges, and other sources.   

The Village of Charlo also receives annual contributions from the Federal Gas Tax Fund to complete 
infrastructure projects in the community, and qualifies for funding under special programs administered 
by the Regional Development Corporation (RDC), the Federation of Canadian Municipalities (FCM), and 
other organizations. 

Historically, major infrastructure projects have been funded through programs to cost-share such as 
projects between the three levels of government, or with support from the Atlantic Canada Opportunities 
Agency (ACOA). The Village usually has to turn to the Municipal Capital Borrowing Board for funds to cover 
its share of a major project. 

 

Figure 2-2 – Village of Charlo Public Beach [5] 
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2.6 EMERGENCY SERVICES 
 
Emergency services—including police services, ambulance services, and hospitals—are provided by 
neighbouring communities. The Village has a local volunteer fire department.  
 

 Police stations 

The closest police stations to the Village of Charlo are in Campbellton and Nigadoo, a 20- and 35-
minute drive, respectively.  

 

 Fire department 

The Village of Charlo has a volunteer fire department. The fire station is in the municipal building at 
614 Chaleur Street. Because of its central location, the fire department is within nine minutes of the 
village limits from any direction.  

 

 Health centres 

The St. Joseph Community Health Centre in Dalhousie provides ambulance services 15 
minutes from the Village. There are also hospitals in Campbellton and Bathurst.  

 

The Village of Charlo has an Emergency Response Plan that was revised in 2018. The plan specifies who 
is responsible for key tasks in an emergency, such as communicating with the public, alerting emergency 
services, etc. The plan also assesses the main risks associated with the impacts listed below, in addition 
to detailing the actions, resources, and equipment required to survive an incident.    

 

 Transportation – rail  

 Transportation – road 

 Transportation – air 

 Hazardous gases 

 Blizzard or massive snowstorm 

 Power outage 

 Hurricane/windstorm 

 Explosion 

 Major fire 

 Earthquake 

 

Two sites in Charlo were designated as disaster shelters in the Emergency Response Plan: the Golden 
Age Club at 364 Chaleur Street and the Charlo Airport at 291 Morris Street. Both sites are air-
conditioned. The airport has a generator, but the Golden Age Club does not. In the event residents have 
to gather at one of the sites, the officials identified in the Emergency Response Plan will provide food, 
shelter, and clothing as needed, as well as maintain a log of people using the shelter and keep everyone 
informed.  

 

Figure 2-3 – Blizzard or Massive Snowstorm [12] 
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The Village website provides residents with information on emergency preparedness, including a link to 
the Canadian government website where they can make a household emergency plan of their own. The 
site also offers guidelines on preparing an emergency kit so residents can be self-sufficient for a 
minimum of 72 hours.  

 

Finally, in 2013 the Village of Charlo sent residents an emergency planning questionnaire via Sentinel 
Systems Ltd. The goal was to develop an emergency alert system to be able to quickly warn residents in 
an emergency. The questionnaire is still available on the website for people who need to update their 
residential information.    

 

2.7 INFRASTRUCTURE 
 
The most developed area in the Village of Charlo—along Chaleur Street and a few adjacent streets—has 
water and sewer services and a stormwater management system. Homes in developments outside this 
service area use wells and septic systems. A map in Appendix A shows the location of Charlo’s municipal 
services. The Village manages a total of: 
 

 12.7 kilometres of watermain; 

 16.5 kilometres of sanitary sewer; 

 4 pumping stations; 

 9.2 kilometres of storm sewer; and 

 71.0 kilometres of roads. 

 

2.8 ENVIRONMENTAL PROTECTION 
 
The Village of Charlo contributes to environmental protection in the following ways: 
 

 Waste management 

Restigouche County has a transfer station in 
Campbellton that handles all garbage, construction 
and demolition debris, and burned building waste. 
There is also a construction and demolition debris 
disposal site at LCL Excavation in Charlo. 

 

The Commission also provides recycling collection 
services every two weeks in the Village of Charlo.  

 

 Association du Littoral de Charlo 

This grassroots association was formed in 2016 with 
the goal of protecting the Village’s shorelines by cleaning up and maintaining the existing riprap. 
Membership is $100 a year, and in return the association works to protect Charlo’s shorelines and 
mitigate erosion.  [13] 

Figure 2-4 –Association du Littoral de Charlo Cleaning 

the Village Shorelines [13] 
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2.9 HISTORICAL EVENTS 
 

2.9.1 2010 EVENT 
 

In early December 2010, Charlo and Eel River Bar First Nation were struck by an extreme weather event 
that caused $1.7 million in damages. A high tide (1.44 m) combined with 90 km/h winds created storm 
waves that caused major flooding. About 12 homes in the Charlo area and ten in Eel River Bar First Nation 
were evacuated as a result. The areas hit hardest by the storm were Goulette Point Road and Hamilton 
Street. A number of cottages and homes were damaged, and hundreds of residents were left without 
power. A stretch of Chaleur Street was flooded and remained closed for a time until debris left on the road 
by the high water could be cleared.  [14] 

  

Chaleur Street 

 

Figure 2-5 – Damage in the Village of Charlo from the 2010 Storm 
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3 CLIMATE IMPACTS AND CHALLENGES 
 

3.1 CLIMATE CHANGE INDICATORS IN NEW BRUNSWICK 
 

CLIMATE CHANGE is already having discernable impacts on New Brunswick’s environment and residents. 
Increases in average temperatures are being recorded worldwide due to rising greenhouse gas (GHG) levels 
in the atmosphere combined with other factors. This increase in GHG emissions is the result of human 
activity and has led to a global spike in the Earth’s temperature, which in turn triggers more severe weather 
events. According to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC) 
published in 2014, rising sea levels, caused in part by accelerating polar ice melting, could reach 0.98 m by 
2100. New Brunswick is being and will continue to be affected by global climate change. The main hazards 
facing the province are sea level rise and storm surges, increasingly intense precipitation and extreme 
weather events, and changes in average temperatures. These climate change indicators all pose their own 
individual risks. [15] 

 

Climate change trends in New Brunswick have been identified and 
studied. Over the past century (1900–2000), the province’s mean 
annual temperature has risen 1.5°C.[16] In a province with 5,000 
km of coastline, sea level rise and land erosion are important 
indicators of the effects of climate change. The sea level on New 
Brunswick’s coastline has risen an estimated 0.3 m over the past 
100 years and is projected to reach 0.98 m over the coming 
century. Coastal erosion varies depending on the development of 
the shoreline and its natural environments (e.g., cliffs, beaches). 
An average coastal erosion rate of 0.5 m/year has been estimated 
under current conditions. [17] 

 

 

There are a multitude of factors to be analyzed in assessing the 
effects of climate change on the community. At the request of the 
Government of New Brunswick, Ouranos produced a study in 
2016—the Consortium on Regional Climatology and Adaptation to 
Climate Change—that identified and analyzed 29 such factors 
across the province based on various potential climate scenarios. 
[19] The data from that study formed the basis for identifying the 
hazards associated with climate change facing the Village of Charlo. 

 

 

Figure 3-1 – Increase in New Brunswick’s 

Annual Average Temperature [18] 
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3.2 IMPACTS OF CLIMATE CHANGE ON THE VILLAGE OF CHARLO 
 

Based on our analyses, Charlo will primarily be impacted by the three climate change indicators previously 
mentioned, namely:  

 Sea level rise and storm surges; 

 Increasingly intense precipitation and extreme weather events; and 

 Changes in average temperatures. 

 

Each of these potential threats facing residents and the environment will have different impacts ranging in 
severity. These have been analyzed in greater detail in the sections that follow.  

 

3.2.1 SEA LEVEL RISE AND STORM SURGES 
 

3.2.1.1 TRENDS AND PROJECTIONS 

 

There are three main phenomena underlying sea level rise in New Brunswick: 

1. Glacial melt in Greenland and Antarctica is accelerating, adding massive amounts of water to the 
Earth’s oceans. [20] 
 

2. Water expands when heated, so the warmer the oceans get, the greater the volume of water. [21] 
 

3. The natural phenomenon of vertical land motion causes some areas of land to subside and others 
to uplift. Projections indicate that New Brunswick will experience subsidence of approximately 1 
mm/year, amplifying the effects of sea level rise over time. [20] 
 

 
Figure 3-2 – Predictions of Vertical Land Motion in Canada [20] 
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Multiple representative concentration pathway (RCP) scenarios were evaluated to predict the effects of 
climate change, as shown in Table 3-1. The RCP 8.5 scenario gives the most conservative results. It assumes 
that greenhouse gas emissions will continue to increase as we make few lifestyle changes in response to 
climate change. [22] 

 

Table 3-1 – Description of Representative Concentration Pathways (RCPs) 

 

 

The Intergovernmental Panel on Climate 
Change (IPCC) makes global mean sea level rise 
projections for the year 2100 for the four 
scenarios. The RCP 8.5 scenario predicts a 
global mean sea level rise of up to one metre by 
2100. 

 

Sea level rise has been recorded in Saint John 
Harbour since the 1920s. Since then, the 
average sea level has increased by 24 cm, with 
40% in the last 20 years of the recording period. 
Figure 3-4 shows that sea level rise has 
accelerated since the industrial era.  

 

  

Representative 
concentration 
pathway (RCP) 

Description 

RCP 2.6 Scenario that results in very low greenhouse gas emissions 

RCP 4.5 
Stabilization scenario in which the radiative forcing level stabilizes at 4.5 
W/m2 after the year 2100 without ever exceeding the target long-term 
radiative forcing level 

RCP 6.0 
Stabilization scenario in which the radiative forcing level stabilizes at 6.0 
W/m2 after the year 2100 through the application of a range of technologies 
and strategies to reduce greenhouse gas emissions 

RCP 8.5 
Scenario leading to a gradual increase and high concentrations of greenhouse 
gases 

Figure 3-3 – Global Mean Sea Level Rise Projections [23] 
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Charlo is bound by a long stretch of coastal shoreline, 
so sea level rise and storm surges have a significant 
impact on the community. The flood hazard maps in 
Appendix B show the areas of Charlo at risk of flooding 
from these events as well as the location of points of 
interests in the Community. The areas to the north 
will be the most affected by this particular impact of 
climate change, given their proximity to the ocean.  

 

A report on sea level rise and storm surges, prepared 
for the province by R.J. Daigle Enviro in 2017, 
estimated the sea level rise (in combination with 
storm surges) for various return periods of 2010, 2030, 
2050, 2100, and 2100 + 0.65 m. The 2100 + 0.65 m 
scenario takes into account glacier melting in 
Antarctica. [25]  

 

 

 

 

While it is possible to assess the impacts associated 
with sea level rise independently of storm surges and 
vice versa, combining them simulates the most 
extreme conditions, which was the approach 
selected when creating the flood hazard maps. Table 
3-2 shows the data for Restigouche County.  

  

Figure 3-4 – Sea Level Rise in Saint John Harbour, New 

Brunswick (in centimetres) [24] 

 

Figure 3-5 – Example of a Storm Surge [26] 
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Table 3-2 – Sea Level Rise and Storm Surge Scenarios for the Region of Charlo, New Brunswick[25] 

Return 
period 

Storm 
surge 

Level 2010 Level 2030 Level 2050 Level 2100 
Level 2100 + 

0.65 m 

1-Year 
0.59 ± 
0.02 

2.3 ± 0.1 2.4 ± 0.2 2.5 ± 0.2 2.9 ± 0.5 3.6 ± 0.5 

2-Year 
0.70 ± 
0.05 

2.5 ± 0.1 2.6 ± 0.2 2.7 ± 0.2 3.0 ± 0.5 3.7 ± 0.5 

5-Year 
0.85 ± 
0.09 

2.6 ± 0.1 2.8 ± 0.2 2.9 ± 0.2 3.2 ± 0.5 3.9 ± 0.5 

10-Year 
0.97 ± 
0.12 

2.8 ± 0.1 2.9 ± 0.2 3.0 ± 0.2 3.4 ± 0.5 4.0 ± 0.5 

25-Year 
1.11 ± 
0.16 

3.0 ± 0.1 3.1 ± 0.2 3.2 ± 0.2 3.6 ± 0.5 4.2 ± 0.5 

50-Year 
1.23 ± 
0.19 

3.1 ± 0.1 3.2 ± 0.2 3.3 ± 0.2 3.7 ± 0.5 4.4 ± 0.5 

100-Year 
1.34 ± 
0.22 

3.5 ± 0.1 3.6 ± 0.2 3.7 ± 0.2 4.1 ± 0.5 4.7 ± 0.5 

*Elevations are in metres above reference CGVD28 and for the representative concentration pathway RCP 8.5. 

 

By way of example, an event in which the sea level were to rise to an elevation of 2.7 m would have a 
probability of occurring once every 5 to 10 years under 2010 conditions. Projected to 2050, such an event 
would be likely to occur once every 1 to 5 years. An event leading to a sea level rise of 3.4 m would likely 
occur once every century under 2010 climate conditions, but projected to 2050 conditions, it could occur 
once every 25 years. Extrapolating to 2100, the sea level is expected to reach 3.4 m once a year.   

 

This study analyzed four sea level (and storm surge) scenarios: 0.1–2.4 m, 2.4–2.9 m, 2.9–3.6 m, and 3.6–
4.7 m. The water level limits for each elevation are shown on the flood hazard maps in Appendix B. 

 

Table 3-3 presents projections for sea level rise independent of storm surges under the RCP 8.5 scenario. 
For example, the sea level is expected to rise 0.59 m (2 ft.) by 2100.  

 

Table 3-3 – Change in Sea Level Rise (excluding storm surges) for the Region of Charlo, New Brunswick [25] 

Total Change 2010–
2030 (m) 

Total Change 2010–
2050 (m) 

Total Change 2010–
2100 (m) 

Total Change 2010–
2100 (m) + 0.65 m 

0.11 ± 0.07 0.21 ± 0.14 0.59 ± 0.38 1.24 ± 0.38 
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3.2.1.2 RISK AND IMPACT ANALYSIS 

 

The sections below summarize the potential impacts of sea level rise and storm surges.   

 

DAMAGE TO OR LOSS OF PROPERTY, CONTAMINATION OF DRINKING WATER SOURCES, AND IMPACT ON 
SEPTIC SYSTEMS 
 

Sea level rise is expected to have 
significant implications for certain 
developed areas in Charlo, at all sea 
levels studied. As shown on the 
maps in Appendix B, many homes on 
Goulette Point Road, Riverview 
Street, Hamilton Street, #89 Lane 
and the Heron’s Nest cottages are 
projected to be flooded in extreme 
events. This could cause serious 
damage and potential total loss of 
property. The same is true for some 
residential developments along the 
Charlo and South Charlo rivers, 
which can be expected to overflow 
more frequently. 

 

 

 

Note that the most critical municipal and public service infrastructure (e.g., fire department, municipal 
building, airport, community centres) are not considered to be at risk because they are all located outside 
the projected flood limits. However, the risk of flooding of these infrastructures should still be considered, 
specifically when looking at how to manage stormwater runoff and accumulation on these properties (see 
Section 3.2.2 – Increasingly intense precipitation and extreme weather events). 

 

Coastal flooding could also pose a public health risk since drinking water wells could become contaminated. 
Rising sea levels could also cause the water table along the coast to rise, which can prevent wastewater 
from infiltrating the ground and cause septic systems to fail.  

 

 

Figure 3-6 – Flooding in Perth-Andover, New Brunswick, in 2012 [27] 
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COASTAL EROSION AND LAND LOSS 
 

Rising sea levels and storm surges also contribute to coastal erosion, which could result in a loss of habitable 
or usable land (for tourism, industry, etc.). Coastal erosion varies depending on the development of the 
shoreline and its natural environments (e.g., cliffs, beaches). New Brunswick tracks erosion rates in 
different parts of the province. Chaleur Bay had an average coastal erosion rate of approximately 0.35 
m/year for the beach and dune areas versus an average of approximately 0.18 m/year for the region’s salt 
marshes and cliffs.  

 

The historical coastal 
erosion rates map in 
Appendix C shows the 
coastal areas in the 
community that are 
most at risk (areas in 
red). This data comes 
from the Province of 
New Brunswick and was 
based on trends 
observed to date by 
examining aerial 
photographs of the 
region from 1944 to 
2005. The map also 
shows the rate of 
erosion in m/year for 
high-risk areas. [28] 

 

WATER POLLUTION 
 

During a flood, water can accumulate in existing 
development areas and capture sediment, oil, sewage, and 
other toxic surface contaminants. As the water retreats 
after the event, it can carry these contaminants into 
streams, lakes, and rivers, posing a pollution hazard.  

 

 

 

  

Figure 3-7 – Coastal Erosion Rate Trends for Different Parts of the Province [28] 

 

Figure 3-8 – Damage from the 2010 Flood in the 

Village of Charlo 
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ISOLATION OF NON-FLOODED AREAS 
 

Sea level rise can cause certain non-flooded areas to become completely cut off during an event. Figures 
3-9, 3-10, and 3-11 below show three areas that could potentially be cut off in a flood.  

Emergency services (e.g., ambulances, fire department) may not be able to access these areas because the 
roads are blocked by water or damage, threatening the health and safety of residents unable to get care.  

For instance, at sea levels between 3.6 and 4.7m, access to the Blue Heron campground is completely 
blocked by water. Similarly, the Heron’s Nest cottages are cut off when the sea level reaches 2.9m to 3.6m.  

 

Some homes on Goulette Point Road become inaccessible during floods of 2.4 m to 2.9 m, including #294, 
#300, #304, #450, #465, #471, #477, and #483, as do a few homes on #177 Lane. 

Blue Heron 

Campground 

Heron’s Nest 

Cottages 

Figure 3-9 – Areas Cut Off in Certain Severe Flood Events  
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Residents at #800, #810, #817, #924, and #942 Chaleur Street find themselves stranded in floods of 3.6 m 
to 4.7 m. Their homes stay dry, but they would be unable to access the road.  

Some residences and potential developments on Riverview Street are isolated at sea levels of 2.9 m to 4.7m, 
while the two developments on #70 Lane are blocked at flood elevations of 2.4 m.  

# 177 Lane 

Figure 3-10 – Areas Cut Off in Certain Severe Flood Events  
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FLOODING OF DEVELOPED AREAS 

 
As can be seen on the flood hazard maps, certain developed areas in the Village of Charlo would be 
completely inundated during certain flood scenarios, including: 

 A section of Chaleur Street near Cove Road affecting: 

 The public beach; 

 The summer restaurant; 

 The Heron’s Nest cottages; 

 The boat launch ramp; 

 Civic numbers 16 to 50 on Chaleur Street; and 

 A few undeveloped lots. 

 

 The Goulette Point Road, # 175 Lane, and # 177 Lane area, affecting: 

 Civic numbers 4 to 18 on # 175 Lane; 

 Civic numbers 249 to 483 on Goulette Point Road; 

 Civic numbers 3 to 13 on # 177 Lane; and 

Figure 3-11 – Areas Cut Off in Certain Severe Flood Events  
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 A few undeveloped lots. 

 

 The Chaleur Street area near McPherson Street, affecting: 

 Civic numbers 790 to 825 on Chaleur Street; 

 Civic numbers 924 to 942 on Chaleur Street; and 

 A few undeveloped lots. 

 

 The Riverview Street and # 70 Lane area, affecting: 

 Civic numbers 41, 42, and 190 on Riverview Street; 

 The two developed lots on # 70 Lane; and 

 Several undeveloped lots. 

 

 The Hamilton Street area, affecting: 

 Approximately five homes (unidentified civic numbers); and 

 A few undeveloped lots. 

 

 The Mink Ranch Road and # 89 Lane area, affecting: 

 Civic numbers 1 to 81 on #89 Lane; 

 Civic numbers 95 and 96 on Mink Ranch Road; and  

 A few undeveloped lots.  

# 89 Lane 

Figure 3-12 – A Developed Area Completely Inundated in Flood Scenarios  
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FLOODING OF MAJOR ROADS, BRIDGES, AND CULVERTS 
 

Other than private homes, low-lying roads are the infrastructure most at risk of flooding due to sea level 
rise. Highway 11 and Chaleur Street are the main roads running East to West through Charlo. These two 
arteries connect different parts of the Village. According to sea level rise predictions, a few sections of 
Chaleur Street are at risk of being inundated, as shown on the map in Appendix B and in Figure 3-13 below. 
Fortunately, Route 11 is predicted to be unaffected by flooding caused by sea level rise and storm surges. 
There will also likely be a few access points on some residential streets, including Goulette Point Road, # 
177 Lane, Riverview Street, # 70 Lane, Hamilton Street, # 89 Lane, and Mink Ranch Road.  

Again, access to these sites could be hindered in an emergency by flooding or damage on major roads, 
putting the health and safety of residents at risk. 

FLOODING OF THE RAILWAY 
 

Figure 3-13 – Flooding on Chaleur Street at Sea Levels of 3.6 m to 4.7 m 
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The railway that runs through the Village of Charlo is expected to flood in some sea level rise scenarios, 
specifically at the following location:  

 

 Section of the railway between Hamilton Street and the Village limits, as shown in Figure 3-14. This 
section will be flooded in water level scenarios of 3.6 m to 4.7 m.   

  

Railway 

Figure 3-14 – Flooding of the Railway That Runs Through the Village of Charlo 
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3.2.2 INCREASINGLY INTENSE PRECIPITATION AND EXTREME WEATHER EVENTS 
 

3.2.2.1 TRENDS AND PROJECTIONS 

 

Closely linked to greenhouse gas emissions, global warming causes 
the atmosphere to hold more moisture, which is eventually released 
as rain. Forecasts show that this will result in less frequent yet more 
intense precipitation of a higher total annual volume. 

 

Temperature changes are expected to cause variations in ocean currents, air pressure, and directional wind 
patterns, causing storms that could lash the coastal regions. High winds could damage infrastructure as 
they whip through these communities. These changing weather patterns may also lead to more intense 
and more frequent thunder, ice, and hail storms than the region currently sees.   

 

New Brunswick is already feeling the 
effects of these threats due to climate 
change. In December 2010 some regions 
were hit by a low-pressure system that 
brought nearly 200 mm of rain in 24 
hours.  

 

 

 

 

According to estimates, by 2080 there could be up to a 40% increase in the total annual volume of 
precipitation over the 1981–2010 baseline. All of the different climate scenarios agree on at least one thing: 
there will be an increase in average precipitation in winter and spring. 

 

Although forecasts show a marked increase in total annual precipitation, heavy rainfall events will be less 
frequent and more unpredictable.   

 

 

 

Extreme precipitation: 

Weather event producing  
50 mm or more of rain in a 

24-hour period. [16] 

Figure 3-15 – Culvert/Road Washout [29] 
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Data from the IDF_CC Tool 4.0 website (Western University Canada, 2018) shows that a heavy rainfall event 
lasting 24 hours (long duration) with a return period of two years will result in a volume of precipitation 
equivalent to a two-hour flood (short duration) within 100 years. [30] 

Figure 3-16 – Annual and Future Precipitation [19] 
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Figure 3-17 – Extreme Precipitation Estimate Based on Data Calculated by Western University Canada for the Charlo Region, 

Taking Into Account Climate Change  
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Flooding from heavy rainfall could cause catastrophic damage to infrastructure, putting public health and 
safety at risk. The trends mentioned above show that this climate change indicator will result in tropical 
storm–like precipitation, but could also lead to long periods without rainfall, resulting in water shortages 
and extreme events such as high winds, hail, and ice.   

 

According to the New Brunswick wind speed map, the Charlo region has average wind speeds of 6.01 m/s 
to 7.5 m/s (21.6 km/h and 27.0 km/h) under normal conditions. By comparison, winds of 90 km/h played a 
major role in the 2010 floods, and forecasts show that high winds will increase in frequency over time.  [31]   

 

 
Figure 3-18 – Average wind speeds in the Charlo, New Brunswick, region [31] 

 

Village of Charlo 

Average Wind Speed (m/s) at 80 meters 
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In fact, according to a study of projected changes to mean wind speeds for North America published in 
2019, there will be an increase in wind speeds in several parts of Canada by the 2071–2100 period under 
most scenarios, particularly in winter (areas in red and orange).  While some scenarios (GEM-CanRCP4.5 
and GEM-CanRCP8.5) predict a decrease in wind speeds in New Brunswick, others predict an increase in 
average winter wind speeds of about 0.2 m/s. There is still limited data on wind speed forecasts for New 
Brunswick, but studies suggest that intense wind events will become more frequent. [32] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
Figure 3-19 – Projected Changes to Mean Wind Speeds in Canada for the 2071–2100 Period Under Different Scenarios [32] 
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For reference, Table 3-4 shows the wind speed scale associated with the five hurricane categories according 
to the U.S. National Hurricane Center.  

 

Table 3-4 – Hurricane Category Wind Scale [33] 

Category Wind speed Types of damage  

1 119–153 km/h Very dangerous. Damage to roofs, siding, and gutters. Fallen 
trees. Damage to power lines resulting in power outages.  

2 154–177 km/h Extremely dangerous. Major damage to roofs, siding, and 
gutters. Many fallen trees. Near-total power loss lasting several 
days.  

3  

(major) 

178–208 km/h Devastating. Major damage to homes, with loss of roofs. Many 
fallen trees. Total power loss lasting several weeks.  

4 

(major) 

209–251 km/h Catastrophic. Severe damage to homes, with loss of roofs 
and/or exterior walls. Most trees would fall, isolating residential 
areas. Total power loss lasting several weeks to months. Most 
of the affected area would be uninhabitable for weeks or 
months.  

5 

(major) 

252 km/h or higher Catastrophic. A high percentage of homes would be destroyed. 
Most trees would fall, isolating residential areas. Total power 
loss lasting several weeks to months. Most of the affected area 
would be uninhabitable for weeks or months.  
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3.2.2.2 RISK AND IMPACT ANALYSIS 

 
Figure 3-20 presents the main impacts and repercussions of an increase in the intensity of precipitation 
and extreme weather events.   

 

 

 

 

 
 

 

 

LOCALIZED FLOODING 

 
As with sea level rise and, flooding is also a huge 
risk of extreme precipitation—the major 
difference being that the implications of sea level 
rise are considered in the long term. With 
extreme precipitation, a single event of rainfall 
that exceeds the capacity of stormwater 
collection systems and rivers can cause local 
overflows and flooding in a very short period of 
time.  

  

Impacts Increasingly intense precipitation and weather extreme events 

 

Localized 

flooding 

• Stormwater management systems reaching maximum capacity more quickly 

• Road flooding may cut off certain areas in the community 

• Risk of contamination of drinking water sources and leaching into streams 

• Streams and rivers may overflow, causing bank erosion 

• Significant damage to or failure of infrastructure (e.g., culverts, roads) 

 

Less frequent 
rainfall events 

• Periods of drought 

• Impact on agricultural land production 

• Reduction in the feeding of water sources. 

 
Damage to 

infrastructure • Power outages 

• Isolation of certain areas of the community 

• Severe property damage 

 

Damage to 
infrastructure 

from high winds 
and ice 

Figure 3-21 – Localized Flooding [34] 

Figure 3-20 –Main Impacts and Repercussions of an Increase in the Intensity of Precipitation and Extreme Weather Events 
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Homes adjacent to major watercourses could feel the effects of an increase in the amount and intensity of 
rainfall. In the absence of an adequate stormwater management system, some properties may be flooded 
during heavy rainfall events when the soil reaches its maximum water retention capacity. Note that some 
of Charlo’s stormwater management infrastructure is managed by the provincial government, so in order 
to accurately assess the risks posed by heavy rainfall, it would be beneficial to get more information 
regarding the condition and known risks of the province’s stormwater collection system. 

 

 

The accumulation of surface runoff can 
also cause health problems. Residents in 
some parts of Charlo get their drinking 
water from private wells, which can 
become contaminated in a flood. 
Waterways can also be polluted by 
surface runoff from contaminated land 
in their watershed. 

 

 

 

 

Some infrastructure systems were not 
designed to handle heavy runoff and a single 
precipitation event can cause major damage 
and infrastructure failure. For instance, 
surface flooding can lead to soil saturation 
and road erosion, which can cause landslides 
and slope failures. Damage to infrastructure 
caused by intense flooding can have 
significant repercussions and disrupt critical 
services. 

 

 

 

  

Figure 3-22 – Localized Flooding [35]   

Figure 3-23 – Infrastructure Failure Caused by Flooding [37] 
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LESS FREQUENT RAINFALL EVENTS 
 

Predictions may show an increase in 
the annual volume of precipitation, 
but precipitation events will likely be 
less frequent. Fluctuations in 
precipitation can even lead to periods 
of drought. 

 

Periods of drought combined with an 
increase in average ambient 
temperatures in the summer will have 
a particular impact on agricultural 
production. Long periods with no rain 
could pose a risk to farming and 
forestry. The development of New 

Brunswick’s forest and agricultural resources has considerable economic spinoffs and is integral to 
sustainable rural development. [39] A decrease in rain events is a threat to the regional economy, which 
depends heavily on its natural resources. Extended dry periods will also have a major effect on the drinking 
water supply. This poses a risk to public health and safety in communities that get their drinking water from 
private wells, as in certain parts of the Village of Charlo.  

 

DAMAGE TO INFRASTRUCTURE 
 

High winds contribute to coastal flooding and 
erosion, but they can also uproot trees and 
cause serious damage to infrastructure and 
property, including homes and power lines. 
This can leave some residents stranded or 
without power and pose a grave threat to 
public safety.  

 

  

 

  

Figure 3-24 – Impact of Drought on Agricultural Production [38] 

Figure 3-25 – Damage to Infrastructure from High Winds [40]  
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3.2.3 TEMPERATURE CHANGES 
 

3.2.3.1 TRENDS AND PROJECTIONS 

 

Significant temperature change is the third factor of concern for the Village 
of Charlo. All of the climate models studied predict that mean annual 
temperatures will increase in the coming years. The mean annual 
temperature in New Brunswick has already risen 0.8°C over the past 20 
years and 1.5°C in the past century. According to data compiled by 
Ouranos, by 2080 the mean annual temperature could be 9.5°C higher 
than the baseline period (1980–2010). Other climate indicators could be 
at work here, including an increase in the number of freeze-thaw days, a 
decrease in the number of snow days in winter, and an increase in the 
number of days of extreme heat in summer. Ouranos prepared maps 
showing the forecasts for each of these risks, as presented on the following 
pages. [19] 

 

 

 

 

Figure 3-27 – Annual Mean Temperature and Projections [41]   

 

Figure 3-26 – Increase in New Brunswick’s Annual 

Average Temperature [18] 

Average Annual Temperature 

. 

1981 to 2010 

 

Average Annual Tempertature 
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Figure 3-28 – Average Annual Freeze-Thaw Days in Winter and Projections [41]   

 

 

Figure 3-29 – Annual Number of Days With Maximum Temperature > 30°C and Projections [41]   

Average annual freeze-thaw days in winder 

 

1981 to 2010 

Average 

Average 

1981 to 2010 

 

Annual number of days with maximum temperature > 30°C 
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Figure 3-30 – Annual Total Snow Days and Projections [41]   

 

 

Figure 3-31 – Length of Growing Season and Projections [41]   

Growing season length (days) 

Average 

1981 to 2010 

 

Annual total snow days in winter 
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Length of Growing Season (days) 
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3.2.3.2 RISK AND IMPACT ANALYSIS 

 

Figure 3-32 presents the main impacts and implications of temperature changes. A more detailed 
explanation of each impact follows.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-32 – Main Impacts and Implications of Temperature Changes 

Temperature Changes

Impacts:

Increase in the 
number of freeze-

thaw days in winter

Implications:

- Shorter lifespan for 
municipal 
infrastructure and 
higher maintenance 
costs ($).

-Risk of ice jams and 
flooding.

- Increased risk of 
extreme ice storms.

Increase in the 
number of days     

> 30°C

Implications:

- Increased thermal 
stress and health 
impacts, particularly 
among the elderly.

- Increase in energy 
demand to meet air 
conditioning needs.

Increase in the 
annual mean 
temperature

Implications:

- Changes in 
biodiversity and local 
resources (marine and 
land systems). 

- Risk of bacterial 
growth affecting 
recreational use of 
lakes and drinking 
water sources, etc. 

- Increased risk of 
forest fires.

Fewer annual snow 
days

Implications:

- Reduction in the 
feeding of rivers and 
water sources by snow 
melt.

- Impact on the 
drinking water supply, 
recreational activities, 
and industry.

- Lower albedo effect 
from lack of snow and 
accelerated global 
warming (heat islands).
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INCREASE IN THE ANNUAL MEAN TEMPERATURE 
 

An increase in the average temperature is expected to trigger changes in New Brunswick’s marine and 
terrestrial biodiversity. Species at risk of extinction will be at greater risk, while other species will be added 
to the list. Many plant and animal species will seek out colder temperatures and eventually move 
northward. This change is likely to bring new species to the region while others will disappear. [42] 

 

For instance, the climate is expected to become increasingly propitious to ticks as temperatures increase 
and the active season gets longer. Their area of activity is expected to grow, as are the tick population and 
the number of tick-borne diseases. Figure 3-33 below shows the current and future probability of the tick 
presence in New Brunswick, with blue being less than 10% and red more than 90%.  

 

 

Some species of bacteria can also thrive in aquatic 
environments at higher temperatures.  That means an 
increase in average temperature could affect lakes and 
other bodies of water, whether used for recreation or 
as a source of drinking water. Since wells are the only 
source of drinking water in the Village of Charlo, this risk 
is considered minimal.  

 

Probability of Current Presence Probability of Presence Expected in 2080 (RCP 8.5) 

Figure 3-33 – Current and Future Probability of Tick Presence in New Brunswick [43] 

Figure 3-34 – Health Advisory at a Lake in New 

Brunswick [44] 
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Rising temperatures may also lead to longer periods 
of drought, making the threat of forest fires all the 
more real. As mentioned in Section 3.2.2, rainfall is 
likely to be less frequent but more intense, resulting 
in longer periods with no rain—ideal conditions for 
wildfires. Not only are these catastrophic events a 
threat to public health and safety, they can also 
cause extensive damage to property, infrastructure, 
and natural resources.  

 

 

 

In addition, air quality is significantly reduced during a forest fire, which can emit carbon monoxide, 
mercury, ozone-forming chemicals, and volatile organic compounds. [46] Poor air quality can affect public 
health, especially in children, the elderly, and people with heart- and lung-related illnesses.   

 

Historical data shows an upward trend in the annual area burned and the number of large fires in Canada 
between 1959 and 2010. Figure 3-36 shows data from Natural Resources Canada. On average, the number 
of large fires (> 200 ha) went up by roughly 40 per year between 1959 and 2010. [47] 

 

As mentioned above, the risk of forest fires will increase over time as a result of climate change. The graphs 
in Figures 3-37 and 3-38 show the projections to 2100 from the 1980–2010 reference period.  

Figure 3-35 – Forest Fire [45] 

Figure 3-36 – Trends in Annual Area Burned and the Number of Large Fires Across Canada Between 1959 and 2010 [47] 
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Under the RCP 8.5 scenario (continued increases in greenhouse gas emissions), the annual area burned by 
large fires in northern New Brunswick could increase by up to 1.8% per year. Note that large fires are those 
that burn a surface area greater than 200 hectares.  

 

At the same time, the number of large fires is expected to increase over the same timeframe, as shown in 
Figure 3-38.  Under the RCP 8.5 scenario, the number of large fires (> 200 ha) in northern New Brunswick 
is projected to increase by 0.15 per 100,000 ha per year by 2100. The outlook for Canada as a whole is even 
bleaker. A number of areas will be seriously affected by forest fires in the coming years, which will have a 
huge impact on neighbouring regions like New Brunswick, and on the planet as a whole.  

 

 

 

Figure 3-37 – Projected Annual Area Burned in Canada for Different Climate Scenarios and Time Periods [47] 
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INCREASE IN NUMBER OF HOT DAYS (30°C OR OVER) 
 

Rising temperatures can pose an even greater threat to 
people in the community who are most at risk, such as the 
elderly. According to 2016 census data, 27% of the 
population of the Village of Charlo is age 65 or older. [4] 

Estimates show that, in 2080, there will be up to 58.9 more 
days above 30°C per year compared to the reference period 
(1980–2010). [19] This increase in intense heat could require 
adaptation measures—upgrading facilities by installing air 
conditioning systems, for instance. This would lead to an 
increase in energy demand at the Village level since more 
power will be required to regulate indoor temperatures in 
critical locations.  

 

Figure 3-39 – Elderly Residents of Milan, Italy, 

Feeling the Effects of a Heatwave [48]   

Figure 3-38 – Projected Number of Large Fires in Canada for Different Climate Scenarios and Time Periods [47] 
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INCREASE IN THE NUMBER OF FREEZE-THAW DAYS IN WINTER 
 

Freeze-thaw cycles occur when temperatures hover 
around 0° Celsius. When water freezes, it increases in 
volume by about 10%. When it gets under the road 
surface and a freeze-thaw cycle occurs, the pavement 
expands, causing deterioration and cracking in the road 
structure. Cracks allow more water to seep in, which 
hastens deterioration in the next freeze-thaw cycle. 
This subsurface activity can also cause damage to other 
infrastructure such as culverts and the water and sewer 
systems.  

 

Extreme ice events also pose a serious threat to public 
health and safety. New Brunswick was hit by an ice 
storm in 2017 that had severe impacts, including 
widespread power outages that lasted for a number 
of days and left nearly 300,000 NB Power customers 
without electricity. [50] 

 

More freeze-thaw days could also contribute to 
flooding by causing ice jams and overflows in local 
waterways. 

 

FEWER ANNUAL SNOW DAYS 
 

Spring runoff feeds a lot of water into rivers, lakes, 
streams, and groundwater. Warmer conditions 
resulting in fewer annual snow days could mean 
there will be less water flowing through rivers and 
streams or even water shortages during periods of 
drought. Many local activities rely on having an 
abundant water supply. If less water is available, it 
could have a negative impact on agriculture, 
industry, recreation, and the drinking water supply. 
A lower water level in rivers and streams also 
threatens freshwater biodiversity.  

 

 

 

Figure 3-40 – Road Damage Caused by Freeze-Thaw Cycles [49]  

Figure 3-41 – Ice Storm in 2017, Kouchibouguac, 

New Brunswick [50] 

Figure 3-42 – Snowmelt Feeding of Lakes and Rivers [51] 
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Fewer snow days will affect recreational activities in 
the Charlo area such as cross-country skiing. Charlo 
is known as the cross-country ski capital, offering a 
local club and a range of skiing runs for novices, 
competitive skiers, and everyone in between. 
Climate change projections could cause a major 
decline in winter recreation.   

 

 

 

 

 

The albedo effect refers to the percentage of solar 
radiation that is reflected by the Earth. The more 
reflective a surface, the higher its albedo, and the 
less sunlight it will absorb. Snow and ice have the 
strongest influence on the planet’s albedo. Less snow 
cover will lower the Earth’s albedo and accelerate 
global warming. [53] Large cities trap huge amounts 
of solar radiation (and contribute to global warming) 
because they have more heat-absorbing surfaces 
(low albedo value) such as asphalt, roofing and 
building materials. This is one reason reflective 
materials are being used more and more for new 
construction. Note that the risk of heat islands 
forming in Charlo is negligible, as it is considered a 
rural area. 

 

 

 

 

 

 

 

 

Figure 3-43 – A Lack of Snow Impacts Winter Recreation [52] 

Figure 3-44 – The Albedo Effect [53]    
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3.2.4 IMPACT ON THE POPULATION 
 

HEALTH AND WELL-BEING 
 

We are increasingly familiar with extreme weather events, devastating fires, floods and damage to 
infrastructure due to climate change. It is also more common to hear about the close link between the 
impacts of climate change on physical and mental health. Figure 3-45 below demonstrates how climate 
change poses a threat to public health. 
 

 

 

 

Rising sea levels, intense precipitation and the frequency of 
extreme weather events will put direct and indirect pressures 
on the physical and mental health of Canadians. An example 
of the direct impacts of climate change is the damage to 
infrastructure from flooding as a result of heavy precipitation 
or coastal flooding. Consequently, if the necessary measures 
are not taken quickly following the flooding of a property, 
there will most likely be the apparition of mold. [55] An 
example of an indirect implication of climate change on 
health is the increase in health problems attributable to the 
presence of mold due to floods. According to the "Health 

Impacts of Floods" study published by Cambridge University Press, people whose homes have been 
affected by floods are up to four times more likely to develop health problems. [56] 

Figure 3-45 – Impacts of Climate Change on Health [54] 

Figure 3-46 – Damage to Property by Flooding [55] 
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There is an increased risk of indirect health impacts from 
increased precipitation intensity and extreme weather 
events such as the following [57]:  

 
 Gastrointestinal illnesses related to sewer back-

ups. 

 Infections by contact with contaminated bathing 
water entrained by toxins runoff and backflow 
from sewer. 

 

 

The projected average temperature 
changes are expected to bring a range 
of challenges to the health and well-
being of New Brunswickers. The 
repercussions on human health and 
well-being will be particularly felt 
during summertime. An earlier onset 
of spring and later fall will lead to 
longer pollen periods, flowering 
periods and ragweed periods. [59] This 
will impact air quality troughout that 
period and people with allergies and 
asthma may experience an increase in 
symptoms.  

 

 
 
In addition, a longer summer will also increase exposure 
to the ultraviolet rays (UV). Prolonged exposure to UV 
rays can have minor or major harmful effects such as 
sunburns or in more severe cases skin cancers or 
cataracts. [57] 

 
 

Figure 3-49 – Protection Against UV Rays [60]  

Figure 3-47 – Warning that Water is Unsuitable for 

Swimming [58] 

Figure 3-48 – Cloud of Pollen [59] 
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As previously mentioned, it is expected the increase in temperature could cause the migration of certain 
species (mosquitoes, ticks and flies) towards the New Brunswick (coming from the United States and South 
America) and accelerated pathogen development. These conditions will be conducive to the prevalence of 
endemic transmission, and of infectious vector-borne or zoonotic diseases (transmitted by insects and 
animals). [61] 

 

 

MENTAL HEALTH  
 

Societal changes driven by the risks of climate change can undermine 
mental health and should be studied with as much importance as the 
impacts on infrastructure and physical health. For example, in extreme 
cases, the rise in sea level could make certain regions uninhabitable and 
thus provoke the forced relocation of certain infrastructures and 
inhabitants. The relocation of these affected residents can give rise to post-
traumatic mental stress, feelings of loss and other psychological distress 
linked to extreme events. [62]  

 

Events such as forest fires, droughts and heat waves can increase the risk of mental health problems. 
Restricting the mobility of those at higher risk can increase the presence of psychological stress and lead to 
panic attacks or anxiety. In addition, it is known that people with certain chronic vector diseases, such as 
Lyme disease, frequently seem to suffer from psychiatric disorders such as depression due to the decrease 
in their quality of life. [64] 

 

 

 

Figure 3-50 – Climate Change Effects on Infectious Disease Risks for Canada [61] 

Figure 3-51 Psychological Stress 

[63]  
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SOCIOECONOMIC 
 

Rising sea levels, increasing temperatures and extreme precipitation are 
a major threat to Canadian communities in low-lying coastal areas like 
Charlo. Climate change is not only felt on the ecosystem but is also 
emerging as a problem for economic and social development. For 
instance, the loss of sandy beaches caused by shoreline erosion is likely 
to have a direct impact on New Brunswick’s economy that depends on 
tourism. The decline of the regional economy and its instability can often 
convert into stress for people in affected communities. The impacts of 
climate change can also cause loss of jobs, force people to move, or cause 
loss of social support and community resources, all of which have socio-
economic consequences. 

 

 

Furthermore, significant economic losses can occur as a result of damage caused by climatic events. 
Currently, we are seeing an increase in personal expenditures related to climate change. The diagram below 
describes the socio-economic impacts linked to the consequences of climate change 

 

 
 

Reduction of Insurance Coverages

•The growing number of claims to insurance companies could, in the long run, 
lead to a reduction in coverage related to damage caused by floods and 
catastrophic events.

Increase in Cost of Municipal Services

• Extreme rain events may require upgradess to the storm sewer system in order 
to manage an increasing volume of stormwater

•Infiltration of storm water into the sanitary sewer system can greatly affect the 
volume of water to be treated.

Decrease in Property Values and the Real Estate Market

•The imminent risks of climate change will greatly affect the value of the real 
estate market in areas at risk of flooding and erosion.

•Low elevation lands will have to be modified in order to accommodate new 
construction. This can generate major additional costs and or make the sell of 
land more  difficult.

Figure 3-52 – Societal Impacts [65] 

Figure 3-53 – Impacts of Climate Change on Personal Expenditures [66] 
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As mentioned above, excessive heat can also 
have a significant impact on the economy. 
Extreme heat events can limit efficiency and 
threaten the safety of outdoor workers. For 
example, construction work and major 
timelines scheduled for summertime could be 
greatly affected during the season due to 
work stoppages from heat deemed 
dangerous. [57] 
 

  

Figure 3-54 – Outdoor Workers During Heat Waves [66] 
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4 VULNERABILITY ASSESSMENT 
 

GIVEN THE SCOPE OF THE RISKS related to sea level rise and storm surges, it was decided that the 
assessment of the community’s vulnerability to climate change would focus on this impact in particular. 
The following section explains the methodology used to assess flood-related hazards and includes a list of 
all at-risk assets prioritized by the probability and severity of their failure in a flood incident.   

 

4.1 METHODOLOGY 
 

RISK is the combination of the probability of a climate hazard multiplied by the severity of that event. ICLEI 
Canada produced a municipal climate adaptation guide that includes a methodology for conducting a risk 
assessment of climate change impacts. [65] According to the guide, risk equals probability multiplied by 
severity.  

 

 

This was the approach used to conduct the risk assessment for the flood scenarios identified in the study. 
The probability that each impact will have the estimated consequences is given a score as defined in  
Table 4-1. Event probability can be assessed at several levels (2010, 2030, 2050, 2100, and 2100 + 0.65m), 
as shown in Table 3-2. Since the probability in the year 2030 is what can be expected within the next 10 
years, the risk assessment takes into account the probability of water levels in the year 2030.  

 

Table 4-1 – Probability Rating [65] 

Probabilty (in the year 2030) Event  
(5) 

Almost certain 
May occur once every 5 years 

(4)  

Very likely 
May occur once every 10 years 

(3)  

Likely 
May occur once in 25 years 

(2) 

Possible 
May occur once in 50 years 

(1)  

Unlikely or rare 
May occur once in 100 years 

 

The severity of the impacts under each scenario was analyzed in relation to their consequences on resident 
health and safety, disruption of services, and damage to infrastructure. Each impact was rated according 
to the methodology shown in Table 4-2.  

Risk = Probability x Severity 
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Table 4-2 – Severity Rating [65] 

Severity Description 

(5)   
Catastrophic 

Risk of loss of life. An impact to or failure of this critical asset would disrupt emergency 
services and affect most of the population. Many parts of the community would be cut off, 

making it difficult or impossible to meet most residents’ basic needs (e.g., food, shelter, sleep, 
heat). Irreparable damage to affected property.   

(4)  
Major 

Isolated instances of serious injury or loss of life. An impact to or failure of this critical asset 
would disrupt emergency services in an area of the community. The area would be cut off, 
making it difficult or impossible to meet affected residents’ basic needs (e.g., food, shelter, 

sleep, heat). Irreparable damage to affected property.  

(3) 
Moderate 

Risk of injury. An impact to or failure of this important asset could cause a significate decline 
in non-essential services in an area of the community. Reparable damage to affected 

property.   

(2) 
Minor 

Serious near misses or minor injuries. An impact to or failure of this important asset could 
cause a significant decline in non-essential services in a small area of the community. Minor 

damage to affected property. 

(1) 
Negligible 

No threat or actual harm to the population. An impact to or failure of this less important asset 
would be tolerable.  

 

Multiplying the probability rating by the severity rating determines the risk level, as shown on the following 
scale: 

 

 

The risk scale is also shown in Table 4-3 on the following page.  

 

  

Risk scale 

0–4

Very low

5–9

Low

10–14

Moderate

15–19

High 

20–25

Very high
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Table 4-3 – Risk Assessment Matrix 

  Severity of the impact 

  
Negligible 

(1) 

Minor 

(2) 

Moderate 

(3) 

Major 

(4) 

Catastrophic 

(5) 

Probability 
of the 
impact 

Unlikely or 
rare (1) 

1 2 3 4 5 

Possible (2) 2 4 6 8 10 

Likely (3) 3 6 9 12 15 

Very likely 
(4) 

4 8 12 16 20 

Almost 
certain (5) 

5 10 15 20 25 

 

 

4.2 ASSET RISK ASSESSMENT 
 

The table in Appendix D presents the risk assessment for each affected asset under a certain sea level rise 
and storm surge scenario. The table is divided into asset types (e.g., sanitary system, storm sewer system, 
road system) and describes the risks for each.  The Village of Charlo can use this tool to identify their most 
vulnerable assets so efforts can be focused on mitigating risks to those assets through adaptation 
measures.  

 

Maps are provided in Appendix E along with a summary of all assets affected by certain flood scenarios. 
The maps provide an overview of the infrastructure at risk and can be used to compare the extent of 
damage under different return period scenarios.  

 

Finally, the map in Appendix F identifies the culverts in the village’s main drainage basins, which may be at 
risk of failure in the event of inland flooding. It is recommended that the risk of such an impact be assessed 
for these culverts when the Province's inland flooding analysis is published. 
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5 PRIORITIES, OPTIONS, AND ADAPTATION MEASURES 
 

ADAPTATION MEASURES were developed to help the Village of Charlo cope with climate change. They 
have been grouped into categories and a description of each measure is provided below.   

 

5.1 EMERGENCY MEASURES 

5.1.1 UPDATE THE EMERGENCY RESPONSE PLAN 

The Village of Charlo will need to revise its existing Emergency Response Plan to effectively address 
the risks identified herein. Some of these risks are already covered in the Emergency Response Plan, 
but their intensity and frequency under climate change scenarios could require changes in 
procedure. Certain action items need to be completed as part of this adaptation measure: 

 Establish the responsibilities of all stakeholders. 

 Identify emergency evacuation routes and the measures to take to secure access to 
them in the event of an incident. 

 Draw up a map of the routes and possible alternate routes. 

 Identify the residents most at risk of being affected by the impacts in question. 

 Draw up a map identifying the homes in the community occupied by people living alone, 
children under the age of 12, and people with special needs. Data from the 
questionnaire distributed to residents in 2013 could be used to produce this map.  

 Determine the material and human resources needed in an emergency.  

 Review the hours of operation of services in an emergency.  

 

5.1.2 SIMULATE A CATASTROPHIC EVENT TO PRACTICE THE EVENT RESPONSE STRATEGY 
PROPOSED IN THE EMERGENCY RESPONSE PLAN 

An Emergency Response Plan will be easier to implement if it is first tested by the people who will 
be carrying it out. In a real-life emergency, no one will have time to read through the Emergency 
Response Plan to figure out what to do. Simulations of catastrophic events and practical exercises 
will allow first responders to learn what is expected so they can carry out the plan in a real 
emergency.  

 

5.1.3 INFORM RESIDENTS OF EMERGENCY MEASURES 
Residents should be informed of the types of emergency measures they should expect in 
an emergency. The Village could summarize the emergency measures implemented 
(Emergency Response Plan) and address communication strategies (Sentinel Systems 
Limited) in a brochure that could be given out door-to-door. The information could also be 
posted on the community website.  
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5.2 LAND USE PLANNING 
 

5.2.1 IDENTIFY UNDEVELOPABLE AREAS 
The flood hazard maps can be used to identify undeveloped flood-prone properties. The 
Restigouche Regional Service Commission could use this information to flag the properties as 
undevelopable. The label would restrict multiple developments, so the Commission could, at a 
minimum, require the owner of a new development in a flood hazard area to sign a consent form 
acknowledging that the land is at risk of flooding and that the Commission is not liable for any 
damages that may result.  

 

5.2.2 SET A MINIMUM ELEVATION FOR NEW DEVELOPMENTS 
It is strongly recommended that the Zoning 
By-law and Development Plan be updated in 
partnership with the Restigouche Regional 
Services Commission to introduce a minimum 
elevation for all new developments. The 
minimum elevation should be based on the 
sea level rise and storm surge projections 
prepared by R.J. Daigle Enviro in 2017 and 
included in this plan (flood hazard maps). The 
current trend, according to other 
communities, is to introduce a minimum 
development elevation equivalent to the 
worst projected sea level rise (i.e., 4.7 m in 
the Charlo area). This ensures that any new 
development will not be flooded as a result of 
sea level rise between now and the year 2100. 
[25] 

 

5.2.3 UPDATE THE ZONING MAP 
In an effort to discourage development in flood-prone areas, it is recommended that Charlo’s 
zoning map be updated to identify the sea level rise flood line. That way, when developers consult 
the zoning map, they will be aware of the risks.  

 

5.2.4 PREVENT COASTAL EROSION 
A number of steps can be taken to prevent or reduce the effects of coastal erosion, including silting, 
breakwaters, and riprap. The erosion prevention strategy should include: 

1. An in-depth study of coastal erosion projections; 

2. An evaluation of the best measures to prevent erosion; and 

Figure 5-1 – Minimum Development Elevation in Beaubassin 

Est, New Brunswick [66]   
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3. Making information on points 1 and 2 available to residents looking to adapt their 

property to mitigate coastal erosion. 

 

 

 

 

 

 

 

 

5.2.5 PROMOTE THE PROTECTION OF NATURAL AREAS 
Protecting the environment and natural areas is a key element of countering the impacts of climate 
change.  

Installing informative signs in natural areas is a good way to educate the public on the benefits 
these areas provide, how fragile they are, and how important it is to maintain them.  

The Village of Charlo should also consider forming a green committee to coordinate smaller 
environmental efforts such as: 

 A tree planting program; 

 Constructing a rain garden on public land; 

 Coordinating a public beach cleanup day; 

 Identifying and counting local birds; 

 Creating a community garden; 

 And more. 

 

Figure 5-2 – An in-Depth Study of Coastal Erosion Projections [67] 

Figure 5-3 – A Natural Area in New Brunswick [68] 
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5.2.6 ERECT A MONUMENT IDENTIFYING THE HIGH WATER MARK FOR A HISTORIC FLOOD 
EVENT 

As the City of Moncton did for the historic flood of 1869 known as 
the Saxby Gale, the Village of Charlo could erect a monument in a 
central location identifying the high water mark for a historic event 
(like the flood of 2010). This simple step would serve to remind 
residents of the magnitude of the event and the damage that a 
similar event could cause.  

 

 

 

5.2.7 PROMOTE FOREST FIRE PREVENTION 

There are a number of things homeowners can do to mitigate the risk of a wildfire spreading on 
their property.  Priority Zone 1 is within 10 metres of a home. It is recommended that only shorter 
plants such as grasses and non-woody flowers be planted in this area. Any highly flammable fuels 
should be removed, and firewood should not be stored against the house. Hardscaping (e.g., 
asphalt, concrete, rocks, brick), swimming pools, ponds, and streams also make effective firewalls 
in Priority Zone 1.  

In Priority Zone 2 (10 to 30 metres from a home), trees should be well spaced (horizontally and 
vertically). If trees are planted in this area, more fire-resistant species should be chosen 
(hardwoods such as poplar, birch, and aspen). The wooded area should be cleared frequently to 
keep the ground clear of dead branches and fallen trees.  

In Zone 3 (30 to 100 metres from a home), the forest should be cleaned 
out and maintained as much as possible to slow the spread of fire. [70] 

It is recommended that the Village of Charlo produce a pamphlet that 
could be distributed to residents to make them aware of the risks of 
wildfire and what they can do to mitigate them. The pamphlet could 
also set out fire safety guidelines for residents.   

  

Figure 5-4 – Historical Monument 

Showing the High Water Mark When 

the Saxby Gale Event Hit Moncton, 

New Brunswick [69] 

Figure 5-5 – Priority Zones for Preventing the Spread of Wildfire [70] 

Figure 5-6 – Fire Safety Guidelines 

[71]   
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5.3 INFRASTRUCTURE 
 

MUNICIPAL SYSTEMS 
 

5.3.1 IDENTIFY INLAND FLOOD HAZARD AREAS 
The risk of flooding is not limited to sea level rise; the Village of Charlo is also at risk of isolated 
inland flooding from intense rainfall. The provincial government is currently working on preparing 
flood hazard maps identifying major watershed flood risks for the province as a whole. This data is 
expected to be available in 2020. Once available, the data should be analyzed, and the adaptation 
plan updated to take into account the risk of inland flooding. 

 

5.3.2 INQUIRE ABOUT THE CONDITION OF INFRASTRUCTURE OWNED BY THE DEPARTMENT OF 
TRANSPORTATION AND INFRASTRUCTURE 

Since the Department of Transportation and Infrastructure (DTI) owns and manages some 
stormwater infrastructure within the Village limits (culverts and bridges), the Village should contact 
DTI to inquire about the condition and known risks of the Province’s stormwater management 
system. This would give the Village a better understanding of the actual risk posed by heavy rainfall 
events.  

 

5.3.3 CONDUCT AN IN-DEPTH STUDY OF THE STORM SEWER 
SYSTEM 

Developing a hydraulic/hydrologic model of the storm sewer 
system would reveal weak points that could lead to localized 
flooding. The Village should conduct an in-depth study of this 
system and create a model to identify sections to be replaced 
to boost system capacity and it’s level of service.  

 

 

5.3.4 DEVELOP A DESIGN CRITERIA MANUAL FOR STORM AND 
SANITARY SEWERS  

Developing a design criteria manual for storm and sanitary sewers would allow the Village of Charlo 
to set minimum standards for system installation and replacement, such as minimum pipe sizes, 
maximum flow velocities, and maximum slopes. The design manual could also state service level 
expectations, taking climate change and increasing demand for capacity into account.  

  

Figure 5-7 – Sewer System Capacity 

Analysis  
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5.3.5 DEVELOP A STORMWATER MANAGEMENT BY-LAW 
A number of municipalities are working on drafting by-laws to better manage stormwater. With 
new developments, stormwater runoff is accelerated by the addition of new impervious surfaces 
(roofs and asphalt vs. trees and natural areas). Stormwater management by-laws attempt to 

eliminate variability in stormwater runoff in new 
developments by implementing a net zero increase 
strategy. This approach aims to make pre- and post-
development flows equal so that new development does 
not impact the system downstream. These requirements 
force developers to manage their stormwater using surface 
or underground retention ponds, rain gardens, and other 
measures. In addition to controlling water flows, these 
infrastructure elements have the added benefit of 
improving water quality at the outlet and contributing to 
environmental protection in the process.  

 

5.3.6 OFFER AN INCENTIVE FOR INSTALLING A BACKWATER VALVE 
Some municipalities see a benefit in offering an incentive for residents to install a backwater valve 
on their home sewer line. The City of Moncton, for example, will pay to have a backwater valve 
installed for all homes at risk of flooding that do not qualify for sewer backup insurance. Backwater 
valves significantly reduce the risk of sewer backup and the damage that results.   

 

 

 

 

 

 

 

5.3.7 EQUIP PUMPING STATIONS WITH GENERATORS 
Installing generators at the existing pumping stations can prevent sewer backups during power 
outages. The Village should take an inventory of their pumping stations to determine which ones 
are not equipped with a generator. In the long term, generator installation will ensure that the 
pumping stations continue to operate during power outages caused by ice storms, high winds, and 
other significant weather events. If generators cannot be installed at every station, the Village could 
purchase portable generators to be shared among stations.  

 

 

Figure 5-8 – Illustration Depicting the 

Objective of Stormwater Management [72] 

Figure 5-9 – How a Backwater Valve Works [73] 
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BUILDINGS/HOMES 
 

5.3.8 DEVELOP A BEST PRACTICES GUIDE FOR NEW CONSTRUCTIONS 
To encourage developers to follow best practices for new 
constructions, some municipalities have developed guides 
that explain certain concepts that can help counter the 
effects of climate change. A best practices guide may include 
information on:  

 Revegetating impervious infrastructure; 

 Installing stormwater retention ponds or rain gardens; 

 Using more resilient materials for infrastructure in new 
developments; 

 Incorporating natural energy sources; 

 And more. 

 

5.3.9 INSTALL GENERATORS AND AIR CONDITIONING IN CRITICAL SITES 
The Village of Charlo’s Emergency Response Plan identifies two critical sites that can shelter 
vulnerable residents in an emergency: the Charlo Airport and the Golden Age Club. The airport 
already has air conditioning and a generator, while the Golden Age Club has air conditioning but 
no generator. The Village of Charlo should ensure that these sites are properly equipped so they 
can accommodate residents during a catastrophic event and provide shelter, food, heat or air 
conditioning, and other basic services.  

  

5.3.10 DEVELOP A FLOOD PROTECTION MEASURES GUIDE 
A flood protection measures guide can provide 
information for residents who would like to make 
changes to their property to mitigate the risk of damage 
caused by flooding. Such measures could include: 

 Elevating structures by raising the foundation; 

 Using waterproof sealants and coatings to prevent 
water from getting in; 

 Blocking/closing off building entrances (where water 
gets in first); 

 Buying sandbags that can be placed around their 
home to prepare for an impending flood event; 

 And more. 

 

 

 

Figure 5-10 – Vision for New Developments 

[74]  

Figure 5-11 – Sandbags Being Used to Prevent 

Flood Damage [75]  
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5.3.11 ASSESS THE IMPACTS OF RELOCATING INFRASTRUCTURE IN AT RISK AREAS VS PROTECTING 
THEM 

Although this is a difficult subject to tackle, some 
municipalities are assessing the impacts of relocating 
infrastructure in flood-prone areas. With current sea level 
rise projections, we know that certain parts of the 
community are in danger of disappearing by the year 2100. 
A cost / benefit assessment may be required in order to 
compare the option of relocating the residences in these 
sectors versus protecting them by building dikes, flood 
mounds, etc. Such an assessment would require several 
public consultations and the advice of experts in the field. 

 

5.4 PUBLIC AWARENESS 
 

5.4.1 EDUCATE RESIDENTS 
Educating residents about climate change and its impacts helps them be better prepared for 
emergencies, thereby reducing the negative impact. Awareness efforts should focus on certain key 
topics identified in the adaptation planning process. The following topics should be addressed: 

 Climate change;  

 Safe use of generators;  

 What to do if a drinking water well becomes 
contaminated;  

 Septic system troubleshooting; 

 Flood protection measures (also see Measure 5.3.10); 

 Water conservation strategies; 

 Using more resilient construction materials (also see  
Measure 5.3.8); 

 What to do in a heatwave; 

 Local services available to alleviate and treat 
symptoms of post-traumatic stress after an 
emergency or the stress of an impending event; 

 And more. 

 

 

As part of this measure, certain action items need to be 
completed:  

 

1. Collect data on the topics to be covered. 

2. Produce different brochures to make information kits. 

Figure 5-12 – A Home Being Relocated [76] 

[77] 

[78] 
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3. Prepare and facilitate information sessions (PowerPoint presentations). 

4. Provide information on the Emergency Response Plan. 

5. Update the Village of Charlo website with videos, maps, articles, information, and other 

important content. 

6. Make the Climate Change Adaptation Plan and flood hazard maps available to the public.  
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6 COMMUNITY ENGAGEMENT 
 

GETTING COMMUNITY MEMBERS AND INTEREST GROUPS INVOLVED was a critical step in preparing the 
Climate Change Adaptation Plan. A number of meetings were held in the Village of Charlo to encourage 
participation. A summary of each meeting is included below.  

 

6.1 STAKEHOLDER MEETING 
 

A meeting with Village of Charlo stakeholders was held on December 17, 2019. Over 50 stakeholder 
representatives were invited from the following groups:  

 Municipal staff and public works 

 Department of Transportation and 
Infrastructure 

 Department of Natural Resources 

 Department of Environment 

 Emergency personnel 

 Police Force 

 Fire department 

 Charlo Airport 

 CN 

 Via Rail 

 Eel River Bar First Nation 

 Health and social services 

 NB Power 

 Bell Aliant 

 Rogers 

 Local business owners 

 Neighbouring communities 

 And more 

 

The objective of the meeting with these interest groups was to discuss the issue of climate change, 
particularly the impacts it will have on infrastructure, the health and safety of residents, available services, 
local businesses, and other factors. In addition, one of the objectives of the meeting was to discuss potential 
adaptation measures to mitigate these impacts.   

 

Figure 6-1 – Presentation Given at the Stakeholder 

Meeting  



 

 60 1901246 Village of Charlo 

Climate Change Adaptation Plan 

Turnout for the meeting was very good. Participants included representatives from CN, the Charlo Airport, 
the Gespe’gewaq Mi’gmaq Resource Council, the Most Beautiful Bays in the World Club, Village of Charlo 
officials, and members of the Climate Change Adaptation Plan committee.   

 

6.2 PUBLIC OPEN HOUSE 
 
On February 4, 2020, an open house was held in Charlo to 
encourage community members to become better 
informed about the issues they will face due to climate 
change. 
 
Over 40 residents attended the session. The main questions 
that emerged during this session by those who live in areas 
at risk of flooding included: 
 

 What impact will this information have on the value 
of my property? 

 Will my property taxes go down? 

 Will it still be possible to develop on my property? 

 What is the probability that such a flood event will 
occur? 

 What are the solutions to prevent my house from flooding? 

 

Unfortunately, the answers to most of these questions are still unclear. Hopefully, this adaptation plan will 
help guide the Village of Charlo in addressing some of these questions in the future. 
 
 
 

6.3 PUBLIC PRESENTATION 
 

A public presentation of the climate change adaptation 
plan took place on February 18, 2020. Approximately 
thirty residents attended the final presentation. The 
feedback was very positive, and most were very grateful 
that such climate change information was being shared 
with the public. 

  

Figure 6-2 – Photo of the Public Open House Session  

Figure 6-3 – Photo Taken During the Public 

Presentation  
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7 IMPLEMENTING THE ADAPTATION PLAN 
 

IMPLEMENTING THE ADAPTATION MEASURES identified in Section 5 will require effort on the part of the 
Village of Charlo, its Council, and members of the community. This section outlines the action items to be 
completed in implementing the Climate Change Adaptation Plan. It also provides performance and 
monitoring indicators the Village can use to concretely evaluate progress made in implementing proposed 
adaptation measures and this plan as a whole. To adopt a proactive approach to dealing with the climate 
change impacts the community could potentially face, certain studies should be carried out or expanded 
on. A non-exhaustive list is provided in Section 7.3. 

 

7.1 IMPLEMENTATION MECHANISMS 
 

The first step in implementing this Climate Change Adaptation Plan will be for the Council to adopt the 
conclusions and recommendations herein, demonstrating the Village of Charlo’s commitment to putting in 
place the means to achieve realistic objectives and allow the Village to boost its resilience to the impacts 
of climate change. This will also be a way for the Council to convey to residents how important this issue is. 
The Council must allocate clear responsibilities to the stakeholders involved in carrying out the action items 
in the plan.  

Another important factor in implementing this plan is to review and update (as needed) community policies 
and regulations. The following is a non-exhaustive list of existing Village documents that should be reviewed 
to ensure they take into account the risks and measures identified in this plan: 

 Emergency Response Plan, 2018 – see Measure 5.1.1; 

 Building By-Law, 2004 – see measures 5.2.1 and 5.2.2; 

 Zoning By-Law, 2011 – see measures 5.2.1 and 5.2.2; and 

 Zoning Map, 1997 – see Measure 5.2.3. 

 

 

7.2 PERFORMANCE AND MONITORING INDICATORS 
 

This section proposes performance indicators to ensure effective monitoring of the adaptation measures 
above.  

The table in Appendix G includes a non-exhaustive list of the adaptation measures identified and can be 
used to track measures to be completed and their proposed timelines. The table also includes a column 
that can be checked off when an action item is in progress or completed. Note that the impacts of climate 
change are identified by the following symbols:  
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SEA LEVEL RISE AND STORM SURGES 
 

 

 

INCREASINGLY INTENSE PRECIPITATION AND EXTREME WEATHER EVENTS 
 

 

 

TEMPERATURE CHANGES 
 

 

After the table, there is a form that can be used to record the dates of action plan updates and the names 
of those present during its review (members of the Climate Change Adaptation Plan committee).  The form 
also includes questions to encourage reflection on the next steps in the climate change adaptation process. 
It is highly recommended that the action plan be reviewed at least once a year.  

 

7.3 STUDIES TO BE CARRIED OUT 
 

The purpose of the Climate Change Adaptation Plan is to ensure that the Village of Charlo can withstand 
the impacts it is likely to experience over time, but that is only the beginning. To ensure the plan’s 
sustainability, the Village of Charlo should work with consultants to conduct various in-depth studies to 
more accurately determine the scope of the measures to be taken in some parts of the community. The 
studies will be used to establish additional adaptation measures to counter certain risks the population will 
face, which could also be incorporated into future updates of the plan. Table 7-1 provides a list of studies 
that could be of interest to the Village of Charlo, and their purpose. 

Table 7-1 – Studies to be Conducted by the Village of Charlo 

Study Objectives 

In-depth study of coastal erosion 
projections for the region 

 Identify critical areas  

 Assess the scope of measures to be taken to counter land loss due to 

erosion 

In-depth study of inland flood risk 
areas1 

 Identify at-risk areas and the measures to be taken accordingly 

In-depth study of the storm sewer 
system 

 Identify weak points in the system that could lead to localized flooding 

 Identify sections to be replaced to boost system capacity and level of 

service 
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Study Objectives 

Assess the impacts of relocating 
infrastructure in high risk flood zones 
vs protecting them 

 Perform a cost-benefit analysis  

 Identify the steps that would be required to carry out such a project 

 Hold public consultation sessions to get input from residents 

Note: 1 Provincial study in progress. The Village should closely analyze the results of this study once they have been 

released.  

 

Once these studies have been conducted, the Village of Charlo should review the measures in this Climate 
Change Adaptation Plan and revise the table of actions in Appendix G so they more accurately reflect the 
steps to be taken to counter the known risks. 
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8 RECOMMENDATIONS 
 

IN CLOSING, this plan was developed to help manage or prevent climate change risks through specific 
adaptation measures and strategies. To ensure proper implementation and continuous improvement of 
the practices in the plan, progress should be monitored using performance indicators.  
 
To achieve the objectives set out in this plan, the Village of Charlo should: 
 

 Form and maintain a committee in charge of the adaptation plan; 

 Monitor the methods used to implement the plan; 

 Conduct the recommended studies; 

 Clearly define individual roles and responsibilities in implementing and monitoring the plan; 

 Follow up annually to verify that the measures are still appropriate for the context and progress is 

being made, and to determine if any measures should be removed, improved, or added; 

 Provide opportunities for input from all stakeholders; 

 Continue educating residents on the impacts of climate change and on adaptation measures. 

 

 

  

[79] 
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Appendix D:   Risk Analysis of 
Affected Assets 



No. Asset Description Location Impact

Probability

(in the year 

2030) 

Severity Risk

1,1
Pumping Station #1, near 

civic #40 on  Chaleur Street

Risk of flooding from a sea level of 3.9m, 

causing damage to the infrastructure and 

potentially disrupting the operation of the 

pumping station which could lead to 

sewer back-up in properties upstream of 

the station.

(1) Improbable 

or Rare
(2) Minor (2) Very Low

2,1

Sanitary distribution system 

on rue Chaleur between civic 

# 54 and The Heron's Nest 

cottages

Risk of flooding of the sanitary system 

from a sea level of  2.8m, which could 

cause backflow of sanitary sewers in the 

residences connected to this sector of the 

system.

(5) Almost 

Certain
(2) Minor (10) Moderate

3,1

Storm sewer system serving 

the Chaleur Street area 

between civic # 54 and civic 

# 16

Risk of flooding of the storm sewer system 

from a sea level of 3.0m, which could 

result in the system's inability to manage 

stormwater runoff during a rain event. 

The impact to this system could cause 

flooding upstream of the management 

system and thus additional damage to the 

infrastructure.

(5) Almost 

Certain
(2) Minor (10) Moderate

3,2

Culvert of a main stream 

near the entrance to the Blue 

Heron Campground, crossing 

Cove Road

Risk of surcharging of this asset from a sea 

level of  3.7m, which could result in the 

failure of the culvert and the road. In the 

event of a failure, the road could remain 

blocked until the culvert is replaced.

(1) Improbable 

or Rare
(3) Moderate (2) Very Low

3,3

Culvert of a main 

watercourse crossing 

Riverview Street

Risk of surcharging of this asset from a sea 

level of 1.8m, which could result in the 

failure of the culvert and the road. In the 

event of a failure, the road could remain 

blocked until the culvert is replaced, 

which would prevent entry or exit to the 

few residences on Riverview Street and 

Lane # 70.

(5) Almost 

Certain
(4) Major (20)Very High

Sanitary Sewer - Pumping Stations

Sanitary Sewer - Distribution System

Storm Sewer



No. Asset Description Location Impact

Probability

(in the year 

2030) 

Severity Risk

3,4

Culverts along the railway 

and crossing Mink Ranch 

Road, as well as a culvert 

crossing the railway.

Risk of surcharging of these asset a sea 

level of  3.3m, which could result in the 

failure of the culvert and the road. In the 

event of a failure, the road could remain 

blocked until the culvert is replaced, 

which would prevent entry or exit to the 

residences on Lane # 89. In addition, a 

culvert failure could disconnect / take 

away the railway, endangering trains by 

derailment.

(3) Probable (5) Catastrophic (15) High

4,1

Two NB Power padmounts 

on the property of The 

Heron's Nest  Cottages

Risk of flooding of padmounts from a sea 

level of 3.5m, which could lead to a power 

loss and damage to infrastructure.

(1) Improbable 

or Rare
(2) Minor (2) Very Low

5,1 Cove Road

Risk of flooding of Cove Road from a sea 

level of 2.7m, which could prevent access 

and require a detour from Highway 11 

and Craig Road.

(5) Almost 

Certain
(3) Moderate (15) High

5,2
Chaleur Street between civic 

#54 and Cove Road

Risk of flooding of Chaleur Street  from a 

sea level of  3.0m, which could prevent 

access and require a detour from Highway 

11  and Craig Road. Properties would also 

be damaged by the flood.

(5) Almost 

Certain
(3) Moderate (15) High

5,3
Goulette Point Road, Lane 

#175 and Lane #177

Risk of flooding of Goulette Point Road 

and adjacent lanes (Lane # 175 and lane # 

177) from a sea level of 1.9m which may 

prevent entry or exit from these 

residential developments. In such a case, 

some residents may find themselves 

isolated and deprived of emergency 

services. Properties would also be 

damaged by the flood.

(5) Almost 

Certain
(4) Major (20)Very High

Roads

NB Power Infrastructure



No. Asset Description Location Impact

Probability

(in the year 

2030) 

Severity Risk

5,4

Chaleur Street between 

McPherson Street and Fraser 

Street

Risk of flooding of Chaleur Street  from a 

sea level of 4.0m, which could prevent 

access and require a detour from  

McPherson  Street to Hayes  Road in Nash 

Creek. 

(1) Improbable 

or Rare
(3) Moderate (2) Very Low

5,5
Riverview Street from CN 

Railway to Lane # 70

Risk of flooding of Riverview Street  from a 

sea level of 1.8m, which can prevent 

access and require a detour from Camp 

Chaleur Street and Chaleur Street. In 

some scenarios, some residents may find 

themselves isolated, unable to leave their 

residence and thus becoming deprived of 

emergency services. Properties would also 

be damaged by the flood.

(5) Almost 

Certain
(4) Major (20)Very High

5,6 Lane #70

Risk of flooding of Lane #70 from a sea 

level of  2.9m, which may prevent entry or 

exit  to the few residences. Residents 

could be deprived of emergency services 

during such an event. Properties would 

also be damaged by the flood.

(5) Almost 

Certain
(4) Major (20)Very High

5,7 Hamilton Street

Risk of flooding of Hamilton Street from a 

sea level of  2.5m, which may prevent 

entry or exit  to the few residences. 

Residents could be deprived of emergency 

services during such an event. Properties 

would also be damaged by the flood.

(5) Almost 

Certain
(4) Major (20)Very High

5,8
Lane #89 and Mink Ranch 

Road

Risk of flooding of Lane #89 and of Mink 

Ranch Road from a sea level of  2.1m, 

which may prevent entry or exit  to the 

few residences. Residents could be 

deprived of emergency services during 

such an event. Properties would also be 

damaged by the flood.

(5) Almost 

Certain
(4) Major (20)Very High



No. Asset Description Location Impact

Probability

(in the year 

2030) 

Severity Risk

6,1
Section of CN Railway 

crossing Mink Ranch Road

Risk of railway flooding from a sea level of 

4.0m, which risks disconnecting / taking 

away the railway, endangering trains by 

derailment.

(1) Improbable 

or Rare
(5) Catastrophic (6) Low

7,1 Heron's Nest  Cottages

Risk of flooding Heron's Nest cottages 

from a sea level of 3.3m, causing damage 

to the infrastructure. Damage to the site 

could lead to a prolonged closure of the 

business and thus disrupt its profitability.

(3) Probable (2) Minor (6) Low

7,2 Boat/SeaDoo Launching Pad

Risk of flooding of the launching pad from 

a sea level of 1.0m, which could limit the 

use of the ramp during the event.

(5) Almost 

Certain
(1) Negligible (6) Low

7,3
Summer restaurant on 

Chaleur Street

Risk of flooding of the summer restaurant 

from a sea level of 2.9m, which could 

cause damage to the infrastructure

(2) Possible (2) Minor (2) Very Low

7,4 Public Beach

Risk of flooding of the Public Beach from a 

sea level of 2.0m, which could limit the 

use of the beach during the event.

(5) Almost 

Certain
(1) Negligible (6) Low

7,5 Blue Heron Campground

Risk of flooding of the access path to the 

Blue Heron campsite from a sea level of 

3.8m, which could prevent the entry or 

exit of the campsite by vehicle.

(1) Improbable 

or Rare
(4) Major (2) Very Low

Points of Interest

Railway



 

  

Appendix E:   Summary of 
Assets Impacted 
Under Certain 
Flood Scenarios 



PROPERTIES

ROADS

POINTS OF INTEREST

MEAN WATER LEVEL = 0.08m

LEGEND

Number of properties affected by flooding: 278

Area of properties affected by flooding: 89.2 hectares

Length of roadway network affected by flooding: 1.48 kilometers

SCENARIO 1: Recurring period of 1:2 years in the year 2030 (Flood Elev. 2.4m)

Number of points of interest affected by flooding: 2

No. Name of point of interest

2 Chaleur Public Beach

5 Boat/SeaDoo Launching Pad



Length of sanitary sewer network affected by flooding: 0.25 kilometers

Number of pumping stations affected by flooding: 0

PUMPING STATIONS

AFFECTED SANITARY NETWORK

MEAN WATER LEVEL = 0.08m

LEGEND

SCENARIO 1: Recurring period of 1:2 years in the year 2030 (Flood Elev. 2.4m)

Note:
The affected sanitary network considers that the
system is installed at a depth of 2.0m below existing
ground and a section of the system is subject to
surcharge beyond the flood zone.



Length of storm sewer network affected by flooding: 232 m

AFFECTED STORM NETWORK

MEAN WATER LEVEL = 0.08m

LEGEND

SCENARIO 1: Recurring period of 1:2 years in the year 2030 (Flood Elev. 2.4m)



PROPERTIES

ROADS

POINTS OF INTEREST

MEAN WATER LEVEL = 0.08m

LEGEND

Number of properties affected by flooding: 335

Area of properties affected by flooding: 190.4 hectares

Length of roadway network affected by flooding: 5.36 kilometers

SCENARIO 2: Recurring period of 1:100 years in the year 2030 (Flood Elev. 3.6m)

Number of points of interest affected by flooding: 4

No. Name of point of interest

2 Chaleur Public Beach

3 Summer Restaurant

4 Heron's Nest Cottages

5 Boat/SeaDoo Launching Pad



Length of sanitary sewer network affected by flooding: 1.34 kilometers

Number of pumping stations affected by flooding: 0

PUMPING STATIONS

AFFECTED SANITARY NETWORK

MEAN WATER LEVEL = 0.08m

LEGEND

SCENARIO 2: Recurring period of 1:100 years in the year 2030 (Flood Elev. 3.6m)

Note:
The affected sanitary network considers that the
system is installed at a depth of 2.0m below existing
ground and a section of the system is subject to
surcharge beyond the flood zone.



Length of storm sewer network affected by flooding: 864 m

AFFECTED STORM NETWORK

MEAN WATER LEVEL = 0.08m

LEGEND

SCENARIO 2: Recurring period of 1:100 years in the year 2030 (Flood Elev. 3.6m)



PROPERTIES

ROADS

POINTS OF INTEREST

MEAN WATER LEVEL = 0.08m

LEGEND

Number of properties affected by flooding: 358

Area of properties affected by flooding: 261.5 hectares

Length of roadway network affected by flooding: 7.53 kilometers

SCENARIO 3: Recurring period of 1:100 years in the year 2100 + 0.65m (Flood Elev. 4.7m)

Number of points of interest affected by flooding: 4

No. Name of point of interest

2 Chaleur Public Beach

3 Summer Restaurant

4 Heron's Nest Cottages

5 Boat/SeaDoo Launching Pad



Length of sanitary sewer network affected by flooding: 1.41 kilometers

Number of pumping stations affected by flooding: 1

PUMPING STATIONS

AFFECTED SANITARY NETWORK

MEAN WATER LEVEL = 0.08m

LEGEND

SCENARIO 3: Recurring period of 1:100 years in the year 2100 + 0.65m (Flood Elev. 4.7m)

Note:
The affected sanitary network considers that the
system is installed at a depth of 2.0m below existing
ground and a section of the system is subject to
surcharge beyond the flood zone.



Length of storm sewer network affected by flooding: 901 m

AFFECTED STORM NETWORK

MEAN WATER LEVEL = 0.08m

LEGEND

SCENARIO 3: Recurring period of 1:100 years in the year 2100 + 0.65m (Flood Elev. 4.7m)



 

  

Appendix F:   Location of 
Culverts of Major 
Drainage Basins 
in the Village 

  





 

  

Appendix G:   Action Plan for 
Adaptation to 
Climate Changes 



Climate Change Adaptation Plan - Village of Charlo

Action Plan

Short Term

1 to 2 years

Medium Term

2 to 5 years

Long Term  

5 to 10 years

5.1.1 Update the Emergency Response Plan
Community, Emergency Services, Public Places 

and Critical Sites
X $$

Village of Charlo and responsible 

members

5.1.2
Simulate a catastrophic event to practice the event response strategy in the 

Emergency Response Plan

Community, Emergency Services, Public Places 

and Critical Sites
X $$

Village of Charlo and responsible 

members

5.1.3 Inform residents of emergency measures
Community, Emergency Services, Public Places 

and Critical Sites
X $ Village of Charlo

5.2.1 Identify undevelopable areas Community and Developers X $
Village of Charlo and the Restigouche 

Regional Service Commision

5.2.2 Set a minimum elevation for new developments Community and Developers X $$
Village of Charlo and the Restigouche 

Regional Service Commision

5.2.3 Update the zoning map Community and Developers X $
Village of Charlo and the Restigouche 

Regional Service Commision

5.2.4 Prevent coastal erosion Community X $$ Village of Chalo

5.2.5 Promote the protection of natural areas Community X $ Village of Charlo and the Citizens

5.2.6 Erect a monument identifying the high water mark for a historic flood event Community X $ Village of Charlo

5.2.7 Promote forest fire prevention Community X $ Village of Charlo

Adaptation Meaures Targeted Climate Changes Impacts Targeted Sector Estimated Value Completed

Schedule

Responsible

Category 5.1 : Emergency Measures

Category 5.2: Land Use Planning

Ongoing
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Climate Change Adaptation Plan - Village of Charlo

Action Plan

Short Term

1 to 2 years

Medium Term

2 to 5 years

Long Term  

5 to 10 years

Adaptation Meaures Targeted Climate Changes Impacts Targeted Sector Estimated Value Completed

Schedule

Responsible Ongoing

5.3.1 Identify inland flood hazard areas Community and Public Works X $$ Village of Charlo

5.3.2
Inquire about the condition of infrastructure owned by the Department of 

Transportation and Infrastructure
Community and Public Works X $ Village of Charlo

5.3.3 Conduct an in-depth study of the storm sewer system Community and Public Works X $$$ Village of Charlo

5.3.4 Develop a design criteria manual for storm and sanitary sewers Community and Public Works X $$ Village of Charlo

5.3.5 Develop a stormwater management by-law Community and Public Works X $$
Village of Charlo and the Restigouche 

Regional Service Commision

5.3.6 Offer an incentive for installing a backwater valve Community and Public Works X $ Village of Charlo

5.3.7 Equip pumping stations with generators Community and Public Works X $$$ Village of Charlo

5.3.8 Develop a best practices guide for new construction Community and Developers X $ Village of Charlo

5.3.9 Install generators and air conditioning in critical sites
Community, Emergency Services, Public Places 

and Critical Sites
X $$$ Village of Charlo

5.3.10 Develop a flood protection measures guide Community and Developers X $ Village of Charlo

5.3.11
Assess the impacts of relocating infrastructure in high risk zones vs 

protecting them
Community X $$ Village of Charlo

Category 5.3 - Infrastructure - Buildings/Homes

Category 5.3: Infrastructure - Municipal Systems
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Climate Change Adaptation Plan - Village of Charlo

Action Plan

Short Term

1 to 2 years

Medium Term

2 to 5 years

Long Term  

5 to 10 years

Adaptation Meaures Targeted Climate Changes Impacts Targeted Sector Estimated Value Completed

Schedule

Responsible Ongoing

5.4.1 Educate Residents of the following subjects : 

5.4.1.1 Climate change Community X $ Village of Charlo

5.4.1.2 Safe use of generators Community X $ Village of Charlo

5.4.1.3 What to do if a drinking water well becomes contaminated Community X $ Village of Charlo

5.4.1.4 Septic system troubleshooting Community X $ Village of Charlo

5.4.1.5 Flood protection measures (also see Measure 5.3.10) Community X $ Village of Charlo

5.4.1.6 Water conservation strategies Community X $ Village of Charlo

5.4.1.7   What to do in a heatwave Community X $ Village of Charlo

5.4.1.8
Local services available to alleviate and treat symptoms of post-

traumatic stress after an emergency or the stress of an impending event
Community X $ Village of Charlo

Category 5.4 - Public Awareness
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Name Title

What are the next adaptation measures to be completed in the following year?

Climate Change Adaptation Plan - Village of Charlo

What are the target dates for completion of the measures to be undertaken?

Action Plan - Annual Update

Next update of the action plan:

Date of update:

Questionnaire - Next Steps

Who will be responsible for the measures to be taken?

By what means will these measures be undertaken?

People present during the update




