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DISCLAIMER  

The Petitcodiac Watershed Alliance (PWA) is a non-profit environmental charity that works to 
improve and maintain the ecological systems within the Petitcodiac River Watershed. We use 
local science to educate community members within the watershed about the ecology within the 
Petitcodiac River’s watershed boundary, and the importance of protecting this unique river 
system.  

Photographic Credits  

Unless otherwise indicated, photographs, charts, and maps in this publication are courtesy of the 
Petitcodiac Watershed Alliance. All other photograph or map credits appear following the image 
caption.  

General Disclaimer  

While every effort has been made to present accurate maps and data, the Petitcodiac Watershed 
Alliance does not guarantee that the maps and data are correct. Users of facts presented in this 
report, as well as any data herein must take care to ensure that applications envisaged for these 
data are appropriate uses. The opinions expressed in this document are solely those of the author, 
and do not necessarily represent the opinion of the other employees and board members of the 
organisation, or of the Petitcodiac Watershed Alliance.  

The Petitcodiac Watershed Alliance  

236 St. George St., Suite 405  
Moncton, N.B., E1C 1W1  
(506) 384-3369  
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EXECUTIVE SUMMARY 
 
The Petitcodiac Watershed Alliance (PWA) has been working to monitor and ameliorate water 
quality in the Petitcodiac River watershed since 1997. The PWA developed this project to 
complement our long-term monitoring program, to benefit the ecosystems and communities 
within the Petitcodiac River watershed by taking actions to protect and enhance our natural 
infrastructure to improve water quality and habitat connectivity. The aim of the project is to limit 
and significantly reduce the pollutants entering the Petitcodiac watershed freshwater system, 
along with implementing solutions that offset the harmful impacts of urbanization. From proper 
waste disposal to rain gardens, the Water Quality Defenders project has taken action to mitigate 
climate change impacts on the many communities of the Petitcodiac watershed. This project 
reduces flood damage; surface runoff flowing into the Petitcodiac River; creates habitat for 
species with a focus on pollinators and species at risk; increases climate change resiliency of 
communities; and increase local knowledge of cost-efficient, minimal maintenance landscape 
features, such as rain gardens, to address climate change. 
New Brunswick is projected to experience the worst impacts of climate change through 
increased flooding, extreme storm events, and increase in rainfall runoff and spring melt runoff. 
The province encounters water pollution from non-point sources due to runoff from agricultural, 
forestry, and residential, and urban activities (DELG, 2019). Climate change destabilizes water 
quality and quantity in the area and requires a multifaceted approach to successful adaptation 
strategies. Community involvement from the general public, other non-profit organizations, and 
businesses is imperative to increasing the resiliency of the watershed community as a whole. 
 
Green infrastructure can be defined as a natural or nature-based area that provides ecological 
services of water management. With a focus on green infrastructure, the PWA have worked 
under the guidance of EOS Eco-Energy in the Tantramar watershed region to expand this project 
with the installation of rain gardens. Rain gardens are a nature-based solution to climate change 
impacts by providing flood mitigation and stormwater management through the use of native 
water-loving plants that absorb and purify rainfall runoff from nearby impermeable surfaces like 
pavement and rooftops. 
 
During the project duration between 2018 and 2021, the PWA successfully installed eight rain 
gardens within the Petitcodiac River watershed communities of the City of Moncton, the City of 
Dieppe, the Town of Riverview, the Village of Memramcook, and the Village of Salisbury, and 
advocated for incorporating nature-based systems to adapt to climate change within watershed 
communities and city planning. The tri-community area of Moncton, Dieppe, and Riverview is 
the largest urban area of the Petitcodiac watershed. Two of the eight rain gardens were 
completed in partnership with the City of Moncton Department of Engineering and Environment; 
one rain garden planted on municipal land used for an Acadian forest nursery called Forest 2020, 
the second rain garden planted in Centennial Park beside the newly constructed Centennial 
Beach. The New Brunswick Community College partnered with the PWA to design and install a 
rain garden at their Moncton campus. In partnership with the farmer’s cooperative organization 
Really Local Harvest, a rain garden and three miniature bioswales and berms were installed at 
the Dieppe Market location. The PWA partnered with the Riverview Boys and Girls Club to 
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design and install a rain garden in an area prone to flooding at their location on the grounds of 
Coverdale Center. In partnership with the Town of Riverview Parks and Recreation Department, 
a rain garden was installed at the newly developed Redwater Park. At a site of a small rain 
garden installation by the environmental non-profit organization EOS Eco-Energy, the PWA 
expanded the rain garden through the recommendation and partnership with the Village of 
Memramcook. One residential rain garden was installed at the downspout at a Village of 
Salisbury residence near the upper Petitcodiac River.  
 
Riparian zone enhancement activities were carried out along the buffer zones of Jonathan Creek 
and Hall’s Creek. These areas were identified by the water quality monitoring activities of the 
PWA as watercourses with poor buffer zones and stormwater impacts to water quality 
parameters measured since 1997. Approximately 2000 young willows were planted in these two 
riparian zones. During the stream bank re-vegetation activities there were approximately 2000 
indigenous tree species planted and in rain garden construction there was a total of 2681 
indigenous plants and shrubs planted over the full project duration. 
 
Over the project duration, the PWA gave presentations to 17 classes at various elementary, 
middle and high schools in the Petitcodiac watershed communities including Evergreen Park 
School, Abbey-Landry School, Dorchester Consolidated School, Kingswood Academy, 
Champlain School, Riverview High School, Maplehurst Middle School, Caledonia Regional 
High School, J.M.A. Armstrong High School, Salisbury Middle School, Petitcodiac Elementary 
School, Birchmount School, Queen Elizabeth School, and Bessborough School. The PWA 
hosted 5 workshops and community presentations on project activities and related information in 
the watershed during the project period including two green infrastructure workshops, two water 
conservation workshops, and a workshop on climate resilience. Surveys using Community-Based 
Social Marketing (CBSM) strategies were distributed to participants of PWA workshops and 
student presentations. Water mitigation strategies were shared with students and community 
members at a variety of presentations and applied workshops throughout the project duration. 
Water conservation and rain harvesting was shared through at least 3 applied workshops.  
 
Environmental management plans were discussed and suggested to municipalities and partner 
organizations. The implementation of natural infrastructure such as rain gardens, adopting No-
Mow or less-mow policies were suggested to the City of Moncton, the City of Dieppe, the Town 
of Riverview, the Village of Memramcook, the Village of Salisbury, and the Village of 
Petitcodiac. The City of Moncton and the City of Dieppe continue to protect and enhance natural 
infrastructure and use nature-based solutions to tackle stormwater management and flood 
mitigation, the Town of Riverview is integrating natural infrastructure projects into its 
environmental management plans, and the Village of Memramcook is facilitating areas that 
natural infrastructure projects will be built. The City of Dieppe is discussing a No-Mow/ less 
mow policy, the Town of Riverview has committed to reducing mowing on municipal land, and 
the Village of Petitcodiac has demonstrated value of natural infrastructure through restoring 
municipal riverbank areas, the Village of Memramcook will be participating in No-Mow May, 
and the Village of Salisbury is in discussions to reduce municipal mowing and adjust a mow by-
law.  
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There were 6415 participants in activities overall, including the number of engaged users on our 
social media posts (such as likes, shares, and comments) about project activities or related topics, 
and in-person outreach about project activities or related topics. 
 
During 2018, the PWA organized 90 volunteers at clean-up events hosted to remove debris from 
illegal dumping sites. During 2019, the PWA organized 54 clean-up volunteers and over 60 
volunteers to construct rain gardens. During 2020, the PWA organized 18 volunteers to construct 
rain gardens with the PWA COVID-19 protocols and procedures that followed guidelines and 
recommendations by the New Brunswick Chief Medical Officer of Health. Over the project 
period, the PWA hosted and participated in 11 clean-up events, and removed approximately 9.5 
tonnes of litter from areas near freshwater streams and rivers with the help of community 
volunteers. 
 
All 8 rain garden structures are growing in nicely and have all been observed to drain standing 
water from storm events within 48 hours. The young willows have been growing in the riparian 
zones of Jonathan Creek and Hall’s Creek unperturbed since 2018. Sites which had been restored 
after the removal of litter have been kept mostly clean. 
 
The PWA will continue activities such as protecting and constructing natural infrastructure, 
sustained through the partnerships that have been established throughout this project duration 
and beyond. 
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1 INTRODUCTION 
1.1 Context 
 
The PWA has successfully monitored water quality within the Petitcodiac watershed since 1997 
to gauge the health of our freshwater systems. Impacts to water quality vary per tributary or area 
of the watershed under consideration, but the entirety of the watershed is vulnerable to climate 
change impacts. The Water Quality Defenders project seeks to help communities of the 
Petitcodiac watershed adapt to climate change vulnerabilities of New Brunswick, and the 
growing impacts of stormwater runoff pollution and flooding. Urban areas are particularly 
sensitive to climate change impacts by the lack of natural buffers to protect communities with 
higher population density than rural areas. The climate change impacts specific to the Petitcodiac 
watershed communities are not limited to but can be observed in the increase of stormwater 
runoff, flooding, and a trend of rising air temperatures.  The Water Quality Defenders project 
activities in 2018-2021 targeted the most population dense area of the Petitcodiac River 
watershed, which is the tri-community area of Moncton, Dieppe, and Riverview, sometimes 
referred to as the Greater Moncton Area. By the third year of the project activates, rural 
municipalities of the Village of Salisbury and the Village of Memramcook were targeted to 
expand project reach. 
 
The Water Quality Defenders project uses green infrastructure to help reduce carbon and other 
air pollution, address stormwater management issues, and reduce polluted urban runoff from 
entering nearby streams. The PWA collaborates with local planners and developers to 
incorporate nature-based solutions to water management. Building the infrastructures in area 
with a high percentage of impervious surfaces helps collect polluted runoff before it reaches 
freshwater systems percolated into groundwater reserves or directly into watershed tributaries. 
Green infrastructure installation also creates more green spaces in urban areas that aid in 
offsetting carbon emissions by capturing particulate matter. Green infrastructure can also provide 
habitat for wildlife in the form of rain gardens, bioswales, green roofs, and naturalized ditches. 
These activities weave benefits to society with benefits to our local wildlife. 
 
Climate change-induced weather events and natural disasters are understood to impact mental 
health through sleep disorders, stress, anxiety, depression, and the development of post-traumatic 
stress disorder and suicidal ideation. Research on specific mental and emotional consequences 
caused by the slow and gradual impacts of climate change is a relatively new field (Usher, 
Durkin, & Bhullar, 2019). Eco-anxiety affects people aware of the impacts of climate change 
who develop anxiety about their future and the future of the planet (Pihkala, 2018). Eco-anxiety 
can be addressed effectively by raising public awareness of climate mitigation strategies such as 
water resiliency and clean energy, and through environmentally friendly behaviours such as 
reducing waste, increasing reuse and recycling (Usher, Durkin, & Bhullar, 2019). Eco-anxiety in 
watershed communities can be effectively eased through the involvement and education of 
climate change mitigation strategies with the opportunity of community stewardship.  
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The PWA has produced and distributed educational materials about climate change adaptation 
and resilience, and the use of natural infrastructure as a sustainable environmental management 
practice. Through outreach, the PWA continues to promote water protection behaviors that will 
contribute to the improvement of water quality within the watershed by reducing stormwater and 
wastewater levels through education to community members.  

1.1.1 Project Area: The Petitcodiac watershed 

The efforts of this project during the period of 2018-2021 was to limit and significantly reduce 
the pollutants and urbanization impacts entering the Petitcodiac watershed freshwater system and 
were conducted in the Petitcodiac River watershed limits shown in  

Figure 1. 

The Petitcodiac Watershed Alliance’s boundaries are comprised of the Petitcodiac, 
Memramcook, and Shepody River watersheds. This watershed is located in southeastern New 
Brunswick and has a drainage area of approximately 3,000 km2, making it the third largest 
watershed in the province. The Petitcodiac River, along with its 10 major tributaries, runs 
through both rural and urban environments and drains into the Shepody Bay, at the northernmost 
top of the inner Bay of Fundy. Within these bounds is land spanning multiple municipal 
jurisdictions, while supporting the most densely populated and fastest-region region of the 
province (approximately 160,000 people). Some of the communities along this river include: The 
Village of Petitcodiac, the Village of Salisbury, the Greater Moncton Area, and the Village of 
Hillsborough. The Memramcook River has four major tributaries that flow through rural 
communities Memramcook and Dorchester and joins with the Petitcodiac River. South of 
the Petitcodiac watershed, the Shepody River watershed drains into the Shepody Bay with 
its river flowing through Riverside Albert. A variety of land-uses occur throughout the river’s 
watershed ranging from agricultural, forestry and quarrying activities to residential and 
commercial developments, leading to a variety of different impacts and potential associated 
pollution pathways. As anthropogenic expansion increases, instances of waste infiltrating aquatic 
habitats increase. 
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Figure 1: A map of the Petitcodiac watershed boundaries 

The watershed is part of the Fundy Biosphere Reserve (UNESCO World 
Heritage site), which includes an area of 442,250 hectares in the upper Bay 
of Fundy coast, stretching from St. Martins to the Tantramar Marsh near 
Sackville, and inland to the City of Moncton ( 
 
Figure 2). This designation from the United Nations recognizes the 
uniqueness of the upper Bay of Fundy in its geography, culture and 
history, in addition, emphasizing the importance of 
conservation and sustainability within this region (Fundy 
Biosphere Reserve, 2012). The Bay of Fundy tides 
reach upwards of 9 m in height on the Petitcodiac 
River, and some 14 m in the Shepody Bay area 
(Hopewell Rocks), uncovering kilometers of 
mudflats at low tide, and nourishing some of the 
world’s greatest estuaries. Estuaries rank with 
tropical rainforests and coral reefs as the world’s 
most productive ecosystems, more productive than 
both the rivers and the ocean that influence them from 
either side (McLeod, 2005, pg. 102). 
 

 

 

Figure 2: A map of the Fundy Biosphere Reserve 
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1.1.2 Natural Infrastructure  
 
Natural infrastructure is the main focus of the efforts of the Water Quality Defenders project. 
Protecting and improving natural infrastructure is key to a healthy watershed. Natural 
infrastructure is an area that provides ecological services or is built through human efforts that 
mimic a naturally found area. They can be planned and managed semi-natural systems that 
employ elements of natural services lacking in traditional gray infrastructure (Hawkins & 
Prickett, 2014). Natural infrastructure can already be found in cityscapes including public parks, 
recreation areas, gardens, and street trees, as well as emerging urban greening technologies like 
rain gardens, green roofs, and green walls (Norton, et al., 2013). These green technologies also 
include large impact projects such as planting trees that can remediate contaminated soil 
(phytoremediation) or constructing wetlands that treat industrial wastewater (Hawkins & 
Prickett, 2014). Natural infrastructure reinforces the climate resiliency of any area, but urban 
areas are in the greatest need. These infrastructures can provide to urban areas the ecological 
services necessary to mitigate climate change-fueled impacts of stormwater runoff, flooding, and 
the urban heat island effect. 
 
The urban heat island effect describes urban areas with higher temperatures during the day and 
night than nearby rural landscapes (Norton, et al., 2013). Though research is not available on the 
urban heat island effect within urban and rural New Brunswick, there is evidence of higher 
temperatures recorded in the recent past within City of Moncton compared to the Village of 
Alma within Petitcodiac watershed boundaries (see Appendix 7.1 for more details). Cities can 
exhibit their own microclimate and are typically warmer than surrounding rural areas, because 
they tend to contain less vegetation and bodies of water than rural areas. Existing green spaces 
including forests and wetlands are under threat by increasing population densities. The need to 
protect and re-introduce green and blue spaces arises to adapt cityscapes to enhance climate 
resiliency (Gunawardena, M.J.Wells, & T.Kershaw, 2017). 
 

 
Figure 3: Wildlife interacting with Moncton’s urban green spaces; pictured left is a ladybug eating aphids on wild mint  
planted in the Centennial Rain Garden, pictured right is a bumblebee pollinating a shrub species near Champlain Mall. 
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Bad land management practices can accelerate climate change impacts. Deforestation by urban 
development and cities expanding into natural wetlands can decrease the capacity of a region to 
absorb carbon emissions, deflect solar radiation, and prevent major flooding. Nature-based 
infrastructure can be integrated into an urban area to regain these lost benefits that help protect 
communities from the urban heat island effect, Green House Gas (GHG) emissions like carbon 
dioxide, and extreme rainfall/ snowmelt events. Urban expansion is also understood to impact 
food security through the loss of cropland; however, these impacts can be reduced by green 
infrastructure. Through providing unique locations for growing food (e.g green roofs, rain 
gardens, green wall), urban green infrastructure can be beneficial to food security as well as 
increase climate resiliency (IPCC, 2019). 
 
1.1.2.1 Rain Gardens 
 
Rain gardens are a landscaped, shallow depression (usually 4-8 inches deep) made up of water-
loving native plants, grasses and soils. Rain gardens are an inexpensive method to reduce 
stormwater runoff in an area lower in elevation to nearby impervious surfaces. They are designed 
to capture, store, and release filtered rainwater back into streams and lakes at a slower rate. 
Rainwater runoff flows from surfaces that prevent the water reaching the soil, such as the 
impermeable surfaces of roofs, driveways, and other hard surface areas. Rain gardens allow 
rainwater runoff to absorb naturally into the ground. The gardens are planted with native grasses, 
plants, and flowers that absorb 30-40% more rainwater than the average grass-covered lawn and 
will grow deep roots that break up the soil and improve its permeability (EOS Eco-Energy, 
2018). Rain gardens collect rainwater from roofs, driveways and other hard surface areas and let 
it absorb naturally into the ground.  
 
Traditional gray infrastructures (e.g. piped drainage, water treatment systems) are built to draw 
stormwater runoff away from urban structures, while green infrastructure is built to have the 
capacity to reduce and treat stormwater at the source: rainfall (EPA, 2019). Rainfall runs off 
roofs, streets, and parking lots to gutters, drains, and storm sewers carrying plastic, bacteria, 
heavy metals, and other pollutants all discharged into our freshwater river system. Heavy rainfall 
or extreme rainfall events can also cause erosion and flooding that damages habitats and 
properties. Rain gardens are made of native vegetation and sandy soil that restores natural 
processes of water management. The green spaces provide habitat, flood protection, cleaner air, 
and cleaner water to urban areas. Rain gardens are an asset in stormwater management as they 
mimic the natural systems found in wetland habitats and soak up a considerable amount of 
rainfall and stormwater runoff. Particulates and pollutants in runoff water are filtered by rain 
garden plant species and will infiltrate the soil to replenish groundwater reserves. 
Native species are used in the rain gardens to prevent the spread of invasive or alien species that 
may impact surrounding ecosystems and/or species at risk. Using native species is paramount to 
building and encouraging sustainable gardens and can also protect the existing green 
infrastructure of the region. Glossy Buckthorn is a water-loving plant species and would fare 
well in rain gardens, but this European shrub has impacted biodiversity in New Brunswick 
wetlands by out-competing other species (Mazerolle, 2018 ). Decisions of which plant species to 
use can make a greater impact than that of a few years. Native species will also tend to need less 
maintenance and care, as they are well adapted to the climate experienced in this region. Most of 
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the rain garden native species that are used can be found in wetland habitats across eastern 
Canada. Flower species were carefully selected with different bloom times to attract pollinator 
species. The native plant species including flowers, ferns, and grasses that were planted in the 
rain gardens during the 2018-2021 field seasons can be found in  
Table 1 with their respective bloom times and Latin names. 

 
Table 1: List of plant species used in rain gardens listed by common name, French name, 

Latin name, and corresponding bloom time for flower species. 

1.1.2.2 Green Roof 
 
Green roofs are an extension of an existing roof, or part of a newly constructed roof that contains 
drainage systems, filter cloth, water proofing, lightweight growing medium, and plants. Green 
roofs are defined as rooftops that have exposed vegetation covering part of the area. Vegetation 
on the roof may be used for aesthetic purposes, agricultural, or environmental performance 
depending on the intentions of the owner. There are generally two types of green roofs: extensive 
and intensive. Extensive green roofs have a thin growing medium no larger than 20cm that grows 
small plants, while intensive green roofs have a thicker growing medium that can support large 
plants such as trees and shrubs (Norton, et al., 2013). Extensive roofs are built more often than 
intensive usually due to the cheaper price of installation. Intensive green roofs are found to 
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reduce surface temperature the most, due to the biodiversity that they are built to grow (Norton, 
et al., 2013). They are a relatively new concept to developers, but simple to understand. 
 
Rooftops in urban areas are usually the first surfaces to receive solar radiation during the day, 
causing them to be some of the hottest surfaces within an urban area. Vegetation on rooftops can 
absorb the solar radiation and in turn mitigate warming temperatures caused by climate change, 
while insulating buildings to be cooler in the warm summer months. This in turn can reduce 
carbon emissions created by the influx in air conditioning during the summer months. 
 
The Government of Canada acknowledges green roofs and urban vegetation as a key measure to 
reduce the urban heat island and improve the health of urban communities (Health Canada, 
2015). The opportunities of growing food on rooftops can be a means of food security for people 
living in urban areas where big yards are scarce. Concern for climate change and dwindling 
natural resources have made green roofs very popular in cities worldwide (DiNardo, 2019). 
Green roofs can increase climate resiliency through many benefits. 

1.1.3 Best Land Management Practices 

Best land management practices can greatly improve the water quality of a watershed and make 
a huge impact in environmental efforts to protect and enhance ecological services. The PWA 
encouraged watershed communities to adopt best land management practices throughout the 
project timeline to ensure that project efforts would be continued after the project end. These best 
land management practices include the management of: stormwater, indigenous tree and forb 
species, riparian zone, plastic, and debris on individual, business, and municipal properties. 
Project priorities concerning best land management practices are as follows. 

1.1.3.1 No-Mow Ditches 
 
Roadside ditches are created as drainage systems for roads and highways made from asphalt that 
cannot drain water themselves. During large precipitation events or extreme weather events, any 
quantity of water near roadsides can be a potential flooding hazard that can cause hazards to 
drivers and damage to the road. Rainfall or snow melt drains over the asphalt or will pool, 
causing safety hazards and further structural deterioration. By installing roadside ditches, the 
water will instead be channeled into the ditch where it will infiltrate the soil and replenish 
groundwater reserves.  
The road networks within the province are extensive and interrupt many habitat corridors. 
Pollinator species such as butterflies have been researched to increase in populations when no-
mow habits are adopted from late summer to early fall; reducing mowing during peak seasonal 
butterfly activity can increase populations (Halbritter, Daniels, Whitaker, & Huang, 2015). An 
increase of native grasses and wildflower species in roadside ditches with a reduced mowing 
regime has been proven in research to benefit erosion control and soil stabilization (Entsminger, 
Jones, Guyton, Strickland, & Leopold, 2017). Roadside ditches usually need erosion control 
products if they experience heavy rainfall often. Vegetation and shrubs help ditches have the 
capacity to protect the structure from erosion through root systems. There are many benefits of 
allowing ditch vegetation to grow that does not impact the primary purpose of ditches. 
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1.1.3.2 Rain Harvesting 
 
Rain harvesting is encouraged as a method for individuals and community gardens to reduce 
stormwater runoff draining into the Petitcodiac and Memramcook River systems. Rain 
harvesting is a technique used to store water during rainfall that can be used for watering gardens 
in dry weather and numerous household activities. The benefits of rain harvesting can vary 
depending on the water availability, seasonal changes in precipitation, and sources of water in a 
region.  
 
Within the tri-community Greater Moncton Area water for household use is taken from the 
Turtle Creek watershed that spans an area of 160km2, south of the Turtle Creek Reservoir that 
extends to the top of Caledonia Mountain, which is pumped from Turtle Creek to the TransAqua 
water treatment facility then delivered to over 124,000 people (The City of Moncton, 2018). One 
rain barrel can hold 50 liters of water and an individual with a roof surface area of 93m2 has the 
opportunity of harvesting more than a rain barrel’s worth of water per 1mm of rain. During April 
2019 there was 183.6mm of rainfall in the City of Moncton. Every liter of rainfall harvested 
diverts it from potential pollutants and overflowing the storm sewers and wastewater treatment 
capacity. 

1.1.4 Waste Removal 
 
The need for waste diversion and best land management practices near freshwater streams and 
rivers is an issue on the peripheries of many groups and individuals. In the Greater Moncton 
Area, we have made great accomplishments in changing from a one-bag system to a three-bag 
system in our household garbage disposal to divert recyclables and compostable waste from our 
landfill on a large scale. The problem we face today is that plastics and other harmful debris end 
up in the natural environment despite our best efforts. 
 
Waste diversion may also be possible with more trees and shrubs to catch plastic and other debris 
before it reaches freshwater watercourses. Trees and shrubs provide riparian zones with 
countless natural benefits. Planting activities in riparian zones help capture waste products and 
other debris before it enters watercourses. Plastic and other debris blown by wind or throw away 
by individuals can get caught in tree branches and woody shrubs. The debris caught this way can 
be easier to find by community clean ups and can be properly disposed of before it breaks down 
and washes into aquatic habitat. Microplastics found in water can be harmful to water quality and 
aquatic life, as plastics can last up to 200 years or longer.  

1.2 Environmental Concerns 
 
The New Brunswick government is anticipating climate change impacts related to temperature 
and water to proliferate in the province. The climate models of the Fifth Assessment Report by 
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the International Panel on Climate Change (IPCC) predict mean global temperatures will rise 
from 1 to 6°C by the year 2100 (IPCC, 2014). Any increase in global temperatures will likely 
result in longer and more intense storm surges. The frequency of winter thaws and intense 
precipitation events have increased in New Brunswick, resulting in 50% less snowpack and shifts 
in seasonal conditions due to temperature fluctuations (DELG, N/A). The province also faces 
serious infrastructural damage each year due to flooding. There is strong evidence of observed 
climate change impacts in precipitation and snow melt that are altering hydrological systems 
globally and affecting water resources in terms of quantity and quality (IPCC, 2014). A 
disruption of the quantity and quality of water can have a major influence on terrestrial and 
aquatic ecosystems, that can lead to negative health consequences of urban and rural 
communities.  
 
Geographical ranges of activities for many terrestrial, freshwater, and marine species have 
shifted including migratory patterns, abundances, and species interactions due to climate change 
impacts. In New Brunswick, warming temperatures threaten cold-water species such as the 
Brook Trout (Salvelinus fontinalis) and Atlantic Salmon (Salmo salar). Their survival and 
development are restricted by a specific temperature range that varies by species and life stages: 
Brook Trout require cooler temperatures (ideally 13–18 °C), but are able to survive in water 
temperatures of up to 22 °C. However, at this temperature, these cold-water fish must be able to 
find thermal refuges or regions within a river where water temperatures are cooler, or they will 
die (Bain & Stevenson, 1999). Prolonged exposure to temperatures greater than 24°C is lethal for 
trout and salmon species (MacMillan, Cassie, LeBlanc, & Crandlemere, 2005), and can put fish 
at a competitive disadvantage in the wild due to physiological stress (DFO, 2012).  
 
An increase in precipitation increases the amount of stormwater runoff. Stormwater runoff is 
generally contaminated with many substances that can adversely affect the water quality in 
freshwater streams including hydrocarbons, vehicle fluids, faecal matter, sediment and increases 
in temperature. The PWA’s Water Quality Reports over the last 7 years (PWA 2012-2019) have 
all identified stormwater management as the largest issue to urban water quality within the 
Petitcodiac watershed. An increase in stormwater runoff and pollutants was also observed 
severely contaminating the watershed and its aquatic systems. 
 

2 METHODS 
2.1 Natural Infrastructure 
 
Natural infrastructure uses plant and soil systems, permeable materials, and rain harvesting to 
reduce water draining to sewer systems and surface waters (EPA, 2019). Infiltration of water 
through a soil system and evapotranspiration of stormwater runoff through vegetation effectively 
reduces flow to the wastewater treatment facility and directly to the Petitcodiac River surface 
waters. All of natural infrastructure has the potential to convert stormwater runoff and solar 
energy into physical growth. Plants that are water-loving used in rain gardens will have the 
capacity to absorb the most water, therefore benefitting areas prone to impacts of flooding and 
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stormwater runoff. Nature-based solutions can be designed for a specific need, such as water 
purification or carbon sequestration, while providing enhanced habitat for wildlife and pollinator 
species (Hawkins & Prickett, 2014). Plants that thrive in direct sunlight are used for green roofs 
because they have the capacity to absorb a great amount of solar rays and use this for 
photosynthesis; to synthesize processing solar energy, water, carbon dioxide, and minerals into 
organic resources that the plant uses and generate oxygen as a by-product.  

2.1.1 Rain Gardens 
 
Each rain garden location was scouted and assessed for permeability of rain, amount of shade, 
and presence of any near-by invasive plant species. Rain gardens should be planted at least 3m 
(10ft) from building foundations and other structures like sidewalks and driveways. The size and 
location of the rain garden was determined with the partner group/organization and confirmed by 
the landowner, with proximity to existing structures and expected root growth taken in 
consideration. A survey of each proposed area was completed by NB Power and Enbridge to 
identify potential hazards of underground electrical wires or natural gas lines. A locate was 
obtained by Enbridge upon completion of surveys, that are required by the province of New 
Brunswick before digging in any area. 
 
Materials were organized by PWA staff and discussed with partners. Native plant species were 
selected, catering to each individual location, including flowering species of various seasons for 
pollinators and at least one edible plant species. Cornhill Nursery supplied the native species for 
all rain gardens. A recommended bioretention soil mixture of 70% sand, 15% topsoil, and 15% 
compost (EOS Eco-Energy, 2018) was purchased from local landscaping company Yard 
Outfitters. Mulch was purchased from local companies Yard Outfitters and Audubon Organics, 
with any re-mulching materials obtained from the TransAqua Compost Facility. 

Figure 4: Rain garden cross-section designed by PWA project technician  
Nattayada Thongboonmee displaying the recommended soil mixture and depth for a rain garden 
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Volunteers were recruited for each site, and a brief presentation of rain garden benefits, purpose, 
and process was given to participants to facilitate an educative experience. 
Rain gardens were dug at least 10-20 cm deep, with the deepest point at the center of the garden 
to encourage water to infiltrate into the sandy soil. Native plant species were planted in the 
recommended soil mixture, and then topped with 6cm of mulch. 
 
Gardens were maintained by partner groups or PWA staff for the first few weeks to ensure 
sufficient watering to the water-loving species planted. A periodic monitoring of the gardens was 
conducted every few weeks by the PWA staff or partner groups to check on the plant health, 
moisture levels, and mulch levels. 

2.1.2 Rain Harvesting 
 
Testing stormwater runoff from rooftops is an activity that was introduced to the PWA by the 
Shediac Bay Watershed Association who helped develop a stormwater analysis study in 
partnership with the New Brunswick Department of Environment and Local Government. The 
PWA tested the stormwater runoff of three residences downtown the City of Moncton to inquire 
into the amount of E. Coli being carried from rooftops to stormwater drains. The testing would 
provide more information as to the presence of E. Coli to consider while designing rain 
harvesting systems in an urban area. The PWA Microbiology Lab is where all three samples 
were tested, using methods the PWA has established in the water quality monitoring procedures 
that are used for the water quality monitoring project.  
Total coliforms and E. coli samples were measured using the Quanti-tray® procedure (IDEXX 
Laboratories Inc., 2011) as well as the PWA’s Standard Operating Procedures Manual for 
Bacterial Analyses. A 100-mL stream sample is mixed with Colilert® bacterial growth agent and 
is then poured into the Quanti-tray. The tray is then placed onto the rubber tray carrier and sealed 
by passing through the Quanti-tray sealer. The sample trays are then placed in the incubator at 
the same time and incubated at a temperature of 35°C ± 0.5°C for a 24-hour period.  

After the incubation period, the large and small wells located on the tray (Error! Reference 
source not found.) have turned yellow in colour are marked and counted, indicating the number 
of wells corresponding to the value of Total Coliforms. A long wave ultra-violet light of 366 nm 
is then shone on the trays, being held 5 inches above the trays. The wells containing E. Coli 
bacteria turn fluoresce blue; a reaction are reacting with an enzyme secreted by only E. coli 
bacteria. These wells, which are marked and counted, correspond to the value of E. coli in the 
sample. The IDEXX Quanti-Tray MPN table is then used to determine the most probable 
number (MPN) for total coliform and E. coli, ranging from 0 to >2419.6 MPN. A full description 
of the standard operating procedures is included in the Program’s Quality Management System.  
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Figure 5: The IDEXX Quanti-Trays after the incubation period,  
cells with Total Coliforms are counted in yellow (left), and cells with E. Coli are counted under UV light (right) 

2.1.3 Riparian Zone Planting 
 
During the first year of the project, freshwater riparian zones were identified as vulnerable to 
anthropogenic impacts such as urban development, erosion, improper waste disposal, and 
stormwater runoff. Riparian zones are the corridor between land and water where there should be 
at least 30m of vegetation, on either side of a watercourse. The freshwater streams of Jonathan 
Creek and Hall’s Creek were chosen in partnership with the City of Moncton and by referencing 
the PWA water quality monitoring program to prioritize areas that would benefit from riparian 
remediation. These two urban streams have been measured to experience water temperatures 
higher than the CCME guidelines for cold-water fish species, higher turbidity levels during the 
summer months, and periodically high E. Coli levels (Cormier & Thongboonmee, 2020) 
(Elward, 2019).  
 

 
Figure 6: The area of Hall’s Creek where PWA staff planted willows to remediate the riparian zone 
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The area of Hall’s Creek that the PWA staff planted in is adjacent to impermeable surfaces such 
as Mapleton Rd., Wyse Rd., and the parking lots and building roofs of various restaurants and 
other stores such as Moxie’s Grill & Bar, Sleep Country Canada, Mexi’s Fresh Express, and 
Cannabis NB. 
 

 
Figure 7: The area of Jonathan Creek chosen for riparian zone remediation 

The area of Jonathan Creek that the PWA staff planted in is parallel to Ryan Rd. and downslope 
from École Le Sommet. There is a trail along the stream that the trees were also planted nearby. 
All young trees were spaced apart and planted in wideset rows. 
 

3 RESULTS AND DISCUSSION 
3.1 Natural Infrastructure 

3.1.1 Rain Gardens 
 
During this project the PWA team successfully installed eight rain gardens within the boundaries 
of the Petitcodiac watershed with the help of dedicated partners, volunteers and staff. During the 
installations that took place during 2019-2021 there were 78 volunteers that participated in rain 
garden planting activities. 
 
Any rainfall is absorbed by the indigenous plant species in the rain gardens during the growing 
season of May to October. The EPA national stormwater calculator estimates the rain gardens 
would absorb 0.4 inches of rainfall per hour. The rain gardens would receive any amount of 
rainfall directly to the surface area after their installation, as well as the stormwater runoff from 
impermeable surfaces. 



 

 

 

 

23 

3.1.1.1 The Dieppe Market Rain Garden 
 
The Dieppe Market rain garden (Figure 9) was designed and completed in partnership with 
Really Local Harvest, as well as three small swales and berms. The Dieppe Market has been 
expanding their green spaces around the building to take stewardship of the land and showcase a 
series of green projects to promote the coop of farmers and artisans that make up the vendors of 
the market. The Really Local Harvest food forest project in partnership with the Fundy 
Biosphere Reserve was also completed during the same timeframe as the PWA rain garden, 
swales and berms (Figure 8). 
 

Figure 8: Volunteers helping dig the swales and berms (left), PWA staff and volunteers from FedEx, Tree Canada,  
and the Really Local Harvest who attended the planting event for the Dieppe Market food forest and rain garden (right) 

Really Local Harvest also addressed a drainage issue on the right side of the building where 
rainfall would drain from the roof into PVC pipes during winter thaws and freeze into ice over 
foot-traffic areas. Due to this reoccurring issue, the location of the rain garden was chosen to be 
adjacent to the area that received the roof runoff. The swales and berm sites were chosen to be 
adjacent to the parking lot to catch stormwater runoff before it entered the storm sewers 
downhill. 
 
The rain garden covers a surface area of approx. 16m2 and a width of 5m. The rain garden, 
swales and berms were dug with the help of a mass of volunteers who came to help plant the 
various projects around the market. Tree Canada, FedEx, and the Fundy Biosphere Reserve staff 
attended alongside staff from the PWA and Really Local Harvest. 
 
The Dieppe Market rain garden received heavy precipitation and extreme heat during the 
summer of 2019, which damaged some smaller plants and expediated the growth of older plants. 
It is a testament to the care necessary for the first few months that rain garden plants need to get 
established, and the resiliency of well-rooted rain garden plants.  
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Bilingual interpretative signage will be designed by local visual artist Brian Branch for the 
Dieppe Market green spaces, including the PWA rain garden, swales and berms. The PWA made 
a contribution for the design, printing, and installation of the sign. 

Figure 9: PWA staff and volunteers from the Fundy Biosphere Reserve digging the rain garden (left), the completed rain garden (right) 

3.1.1.2 The Coverdale Center Rain Garden 
 

The rain garden installed at the Coverdale Center in Riverview (Figure 10) was designed and 
planted in partnership with the Riverview Boys & Girls Club. The rain garden is located adjacent 
to the Splash Park on the grounds of the Coverdale Center. The rain garden covers a surface area 
of approx. 25m2 and a width of 6m.  
 
The location for the rain garden in on the grounds of the Coverdale Center on Runnymeade Rd., 
where the site was chosen in an area prone to pooling and experiences drainage issues. The rain 
garden site is uphill of the Splash Park and receives a large amount of roof runoff from the 
Coverdale Center building as well as stormwater runoff from the parking lot uphill, channeled 
towards the garden through drainage stone. 
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Figure 10: PWA staff and volunteers from the Riverview Boys and Girls Club installing the Coverdale Center rain garden 

3.1.1.3 The Forest 2020 Rain Garden 
 

The Forest 2020 Rain Garden (Figure 12) was designed and completed in partnership with the 
Natural Resource Program Coordinator, Heather Fraser, with the Engineering and Environmental 
Department of the City of Moncton. The rain garden is located to the left of the Forest 2020 tree 
nursery, in an area prone to pooling. The rain garden covers a surface area of approx. 20m2 and 
5m of width.  
 
The location for the rain garden is off of McLaughlin Rd. on a plot of land owned by the city. 
The Forest 2020 site has been an expanding project for the past few years. On the plot of land is 
a tree nursery growing various tree and shrub species found in the Acadian forest. The trees and 
shrubs were purchased and planted through events organized in an ongoing partnership between 
the City of Moncton, the PWA and the local TD branch; for the past two years volunteers and 
partners planted almost 400 tree and shrub species on TD Tree Day in September 2018 and 2019.  
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Figure 11: Volunteers digging and planting the Forest 2020 rain garden 

The Forest 2020 Rain Garden was installed by PWA staff and volunteers in 2019. Heavy rainfall 
and pooling caused access to the site to be blocked off for the majority of the spring and summer 
of 2019, but the rain garden was completed in the fall of 2019.  
 
The Forest 2020 Rain Garden hosts an abundance of native grass, flower, and shrub species that 
will bloom at inter-changing periods during spring, summer, and fall (see  
Table 1 for a list of species planted). 

Figure 12: The Forest 2020 rain garden before and after plants and mulch 
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3.1.1.4 The Centennial Rain Garden 
 

The Centennial Rain Garden (Figure 15) is located in Moncton’s municipal Centennial Park. The 
rain garden was designed and installed in partnership with the City of Moncton Director of 
Environmental Planning and Management Elaine Aucoin. It’s currently the largest rain garden 
project build by the PWA. The rain garden is approximately 142m2 of surface area, 13.75m in 
width, and filled with 136yd3 of rain garden-specific soil made to maximize drainage ability. The 
City of Moncton designed and installed the base of the garden, and the PWA was responsible for 
the soil, plants, and mulch. The garden is almost a meter and a half deep, lined on the bottom 
with drainage stone wrapped in geotextile fabric. 

Figure 13: The Centennial Rain Garden site after 112yd3 of rain garden soil mixture (left),  
Centennial Rain Garden after large rainfall in September that drained through the soil within 24hrs (right) 

 
The area chosen for the rain garden will receive runoff from St. George Bvld. and from the 
adjacent parking lots. The location is uphill of Centennial Pond, a constructed retention pond that 
Petitcodiac River tributary Jonathan Creek drains into. The rain garden is to the right of the 
newly installed Centennial Beach pool contracted to the Marco Group by the City of Moncton 
(Marco Group, 2020). Work during the summer was difficult and hazardous due to the 
combination of heavy rainfall and extreme heat, causing both projects of the Centennial Beach 
and the Centennial Rain Garden to experience delays in completion (Gill, 2019). Both the 
Centennial Beach and the Centennial Rain Garden were completed in fall of 2019.  
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Figure 14: PWA staff placing river stones and planting rain garden species at Centennial Rain Garden in 2019 

 
The rain garden soil was levelled out by PWA staff to have higher elevations around the outer 
perimeter and the lowest elevation in the middle around the PVC drainage pipe. The PVC 
drainage pipe constructed in the middle of the rain garden will collect excess water during a 
flood and will drain into the Centennial Pond.  

Figure 15: The completed Centennial Rain Garden 
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3.1.1.5 The NBCC Rain Garden 
 

The NBCC rain garden (Figure 17) was installed behind Building E, the Environmental Tech 
building which has installed sustainable features such as geothermal energy. The garden site was 
chosen due to the runoff the area receives from the adjacent parking lot during stormwater 
events, and the continual issue the college faces with flooding in the low-lying area. The garden 
was built in partnership with NBCC staff.  

Figure 16: Excavating the rain garden site (left), staff and volunteers moving materials (right) 

The intention was to involve students during an outdoor volunteer day, but due to the spread of 
COVID-19 the volunteering day was cancelled. When the City of Moncton moved from the 
orange phase to the yellow phase, the PWA involved community volunteers and NBCC staff 
volunteers to finish the garden.  

Figure 17: NBCC staff member and PWA staff member in-front of the NBCC rain garden 

When the rain garden was completed, the Regional Operations Manager sent a newsletter to all 
staff and students that included a brief explanation of the rain garden, with the news of its 
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completion. The PWA and NBCC staff and students plan to expand the garden in the coming 
years depending on funding obtained. 

3.1.1.6 The College Bridge Ballpark Rain Garden 
 

The rain garden installed in the Village of Memramcook (Figure 19) by the PWA is an extension 
of a rain garden previously installed by EOS Eco-Energy in 2014. The rain garden site had been 
identified by the Village of Memramcook as a site they would like to extend the protected natural 
infrastructure at. It is near to the Memramcook River and the College Bridge causeway which is 
a partial barrier to aquatic species such as fish and the natural flow of the river and the tidal 
influence from the Bay of Fundy. As potential remediation strategies move forward for the 
Memramcook River causeway, it will be increasingly important to protect and enhance the 
natural infrastructure around it, such as this rain garden site.  
 

Figure 18: The College Bridge Ballpark rain garden site before installation, 

The rain garden planted in 2014 seemed to be losing a bit of its biodiversity due to a nearby grass 
species that was outcompeting the rain garden plant species planted. This would not make the 
rain garden less effective, as many tidal grass species are resilient to drought and absorb a lot of 
water during stormwater events. The goal for this rain garden was to extend the protected area 
and also increase the biodiversity with native species chosen as water-loving plants with flowers 
that would bloom in interchanging seasons in the spring, summer, and fall. 
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Figure 19: The completed College Bridge Ballpark rain garden beside the Memramcook River 

3.1.1.7 The Redwater Park Rain Gardens 
 
The Redwater Park rain gardens (Figure 20) were created in partnership with the Town of 
Riverview, in a clearing that the Town recently installed a new children’s park in. The area was 
observed to pool in a few places and be vulnerable to stormwater events when stormwater runoff 
would be carried from residences nearby.  
 

Figure 20: The Redwater Park rain garden 

The site is on a sloped area of the Town that drains into the Petitcodiac River. Soil was amended 
with a bioretention soil mixture, and berms were made to hold the water in the gardens. The 
design for the garden is two rain drops of different sizes to cover the area that was identified as a 
site that could benefit from a rain garden that would encourage stormwater to infiltrate into the 
ground. 
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3.1.1.8 Salisbury Residential Rain Garden 
 
The rain garden installed in Salisbury (Figure 21) was the first residential rain garden. The 
residence for this rain garden was chosen as an area near to the upper Petitcodiac River, and a 
freshwater tributary of the Petitcodiac River in behind. The site for the rain garden was 
determined after measuring the slope of the yard and identifying where the stormwater input 
would be received from the downspout from the household roof. 
 

 
Figure 21: The completed Salisbury residential rain garden 

The kidney shape design was chosen to create a wide landing to capture stormwater runoff from 
the downspout. The landowner helped PWA staff install the rain garden and looks forward to 
seeing it in bloom in the spring.  

3.1.2 Rain Harvesting 
 
During the project duration, the PWA worked with various community gardens and watershed 
communities to prepare rain harvesting plans for their water consumption needs. The PWA is 
committed to helping watershed communities practice water conservation habits and reduce 
stormwater runoff by harvesting rainfall at their properties, business, and/or community gardens. 
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The PWA was able to distribute over 40 rain harvesting products to community members of the 
Petitcodiac watershed supplied by Eco-Container Co. during the field season of 2019, but due to 
the global pandemic, focused on rain garden activities for the field season of 2020 instead of 
coordinating deliveries and materials to individual households.  
 
Stormwater runoff testing can prove to be useful in identifying areas with pollutant sources that 
would not be ideal for rain harvesting. The PWA tested stormwater runoff for E. Coli and Total 
Coliforms during rain events at three civic addresses. 

3.1.2.1 Roof Runoff Testing 
 
The runoff from roofs in the City of Moncton of three civic addresses were tested in the PWA 
Microbiology Lab. The results from the runoff samples are shown in Figure 22. 
 

 
Figure 22: Results of Total Coliforms and E. Coli (MPN) from roof runoff samples collected  

by PWA staff from three civic residences in the City of Moncton.  

It was observed that gutters that were maintained and received runoff from a newer roof with no 
nesting birds around performed better in the bacteria analysis of samples. The roof runoff sample 
taken from the site with the highest bacteria count had nesting pigeons all year-round and was an 
older residence.  
 
The results from these tests are important in spreading awareness on safe rain harvesting 
practices within watershed communities. The PWA will recommend bacteria tests to individuals 
in urban areas before they begin rain harvesting practices at their residence. 



 

 

 

 

34 

3.1.3 Riparian Zone Planting 
 
The PWA successfully planted approximately 2000 young willow trees along the riparian zones 
of freshwater streams Jonathan Creek and Hall’s Creek (Figure 23) to protect and enhance the 
natural buffer system that protects these aquatic habitats.  
 

 
Figure 23: The PWA staff in 2018 preparing to plant young willows on the riparian zone of Jonathan Creek in the  

City of Moncton, with gasoline for the whipper snipper used to prepare the area for planting activities. 

The tree planting that was performed in these riparian zones will help manage stormwater runoff, 
mitigate flooding impacts, and prevent sedimentation into aquatic environments. 

3.1.4 Green Roof 
 
The Dieppe Market expressed interest in a green roof for the building’s new extension, though 
the development has been postponed due to the delay of the Market extension that is to be built. 
The roof currently cannot safely support the materials for a green roof. A possible design for a 
green roof atop the extension has been discussed with Really Local Harvest.  
 
There has been interest in the community in the concept of green roofs, and the PWA will 
discuss the possibility of partnering with other organizations and/or municipalities to incorporate 
this nature-based solution in development and possibly existing structures. 
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3.1.5 No-Mow Ditches 
 
The City of Moncton currently has the capacity to give fines up to $2100 for citizens who 
neglect to mow their lawns, making the No-Mow Ditch Campaign difficult to persuade 
community members and municipalities to adopt, without a clear idea of how the by-law would 
be enforced on ditches adjacent to someone’s property (Magee, 2018). The Government of New 
Brunswick also has a fine for anything disturbing the free flow of a ditch line, as ditch 
maintenance is carried out to ensure the flow of ditches is uninterrupted by any debris that may 
cause the area to flood and transportation infrastructure to be degraded (DNR, 2004). The PWA 
has worked with watershed municipalities to find ways to promote naturalizing lawns and 
ditches within the scope of the by-laws. Appeals have been made to watershed councils and by-
law departments to encourage the healthy growth of ditch vegetation without hampering the flow 
of ditches during heavy rainfall and spring melt runoff. Rural areas within the watershed have 
less barriers of adopting no-mow habits, and these communities will be targeted again after the 
campaign is re-evaluated.  

3.1.6 Waste Removal 
 
The PWA properly disposed of waste at numerous illegal dumping sites identified to be 
impacting water quality (Figure 24). In 2018 a large cleanup event was coordinated with the 
partnership of NBCC teachers and students, in which volunteers brought trucks to pick up and 
clean a long stretch of illegal dumping in Pacific Junction. An illegal dumping site in Riverview 
was also cleaned by the PWA staff and volunteers that covered a large area off an ATV trail.  

 

Figure 24: NBCC students and teachers at a cleanup with the PWA (left) Great Fundy Coastal Cleanup at Stony Creek with volunteers 
(right) 

In 2019 the sites near Moxie’s restaurant off of Hall’s Creek, the Rabbit Brook trail near 
Mapleton St., an area of Jonathan Creek by RBC, the Petitcodiac Riverfront, an area of 
downstream Hall’s Creek near the Petitcodiac River, an area near the Caledonia Industrial Park 
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upstream Humphrey’s Brook, and a popular angling site off Stony Creek off the Memramcook 
River.  
 
The PWA cancelled community cleanups at the beginning of the 2020 field season to adjust our 
working plan with recommendations from the Chief Medical Officer of Health due to the global 
pandemic, but instead hosted staff and family member cleanups at Rabbit Brook and Stony 
Creek (Figure 25) and helped coordinate another cleanup near the Petitcodiac River, removing an 
approximate total of 1021 kg of litter from watershed landscapes. The sites were all rid of the 
illegal dumping found.  
 

Figure 25: PWA staff at Rabbit Brook cleanup during 2020 (left), fishing line properly disposed of by PWA staff (right) 

Often during the field seasons plastic debris was found such as takeaway cups, containers, and 
other snack packaging. Fishing lines were found discarded or broken in or around watercourses 
visited by anglers. PWA staff made sure to leave each site cleaner than when arrived for all 
project activities, which included the collection and proper disposal of fishing lines and other 
plastic debris throughout fieldwork every year. 
 

3.2 Impact of Community Involvement 

3.2.1 Outreach 
 
The PWA is committed to environmental outreach to the communities of the Petitcodiac 
watershed (Figure 26). Outreach is carried out to spread information and research to the 
community through events, festivals, and schools to increase climate resiliency within the 
watershed communities through education.  
 
Staff members coordinated with watershed schools to present and teach students about 
environmental topics and project activities. Presentations and workshops were given to 
Riverview High School, Maplehurst Middle School, Caledonia Regional High School, the 
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J.M.A. Armstrong High School and Salisbury Middle School, and Bernice MacNaughton High 
School to host educational sessions to add to a new and innovative aspects to the Science or 
Environmental classes at the schools. An in-class presentation on environmental subjects 
including watershed habitats, the ecological services of natural infrastructure such as wetlands, 
water mitigation, and the anthropogenic impacts of stormwater runoff were taught to the classes. 
The high school and middle school sessions in the fall during the first two years of the project 
included an outdoor segment to introduce students to monitoring techniques and equipment, but 
those in the winter received indoor exposure to equipment and samples. Students and youth are 
increasingly concerned about climate change and environmental issues, with eco-anxiety 
inflicting many as climate change becomes part of their lives (Fraser, 2019). The classes were 
engaged with the material, and many students shared personal experiences and observations they 
had with the natural environment around them. 
 

 
Figure 26: Bass Pro Shop family summer camp day outreach (left), PWA staff with youth from CAFi summer camp program (right) 

 
During Festival Inspire of 2019, the PWA staff hosted a plastics seminar for the festival’s 
University of Inspire series of knowledge and skill-sharing workshops. The seminar also drew 
attention to the damages of stormwater runoff, water quality, water mitigation, and benefits of 
natural infrastructure.  
 
Nature interpretation tours were given to students and youth groups during 2018-2019 to the 
Petitcodiac Elementary School, Birchmount School, Queen Elizabeth School, Bessborough 
School, and youth from the CAFi summer camp program, to engage youth with our municipal 
urban forests and guide them through the many benefits these green spaces provide us. These 
tours allow PWA staff to encourage community awareness of the ecology of urban forests, and 
the ecological services they provide that are beneficial to city residents, but also provide habitat 
and sources of food for wildlife and species at risk as well as places to rest for migratory species 
weary from cross-country journeys.  
 
A video challenge was created during 2019 for an online platform focused on engaging youth 
with real-life problems from working professionals reaching a cross-community, cross-cultural 
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classroom audience. The video challenge discussed land management practices, water 
mitigation, stormwater runoff impacts, and green infrastructure.  
 
The PWA adapted to the global pandemic by shifting focus on outreach activities to virtual 
events (Figure 27) and workshops, and using social platforms such as Facebook, Instagram, and 
Twitter to share educational resources and achievements of project activities. Workshops on 
environmental subjects such as watershed habitats and best land management practices were also 
offered to middle school and high school students and teachers live and recorded in partnership 
with Envirothon NB.  
 

Figure 27: PWA staff members Brittany Cormier and Shane Boyd presenting an educational workshop on anthropogenic impacts and 
watershed monitoring in French (left) and English (right) to students, teachers, and environmental professionals coordinated by 

Envirothon NB 

The PWA increased local awareness about stormwater runoff, green infrastructure, and nature-
based solutions to increase climate resiliency within the community. The PWA shared water 
protection behaviours that contribute to the improvement of water quality within the watershed 
by reducing stormwater and wastewater levels through education.  

3.2.2 “Grey to Green” Workshop 
 
The PWA successfully hosted its first green infrastructure workshop open to the public and 
environmental professionals during this project year ( 
Figure 28).  The 'Grey to Green! Green Infrastructure Workshop' was hosted at the Centennial 
Lodge off St. George Blvd. in Moncton on March 11th, 2020. The focus of the workshop was to 
guide participants through the concept of green infrastructure, understand the dualism of nature-
based & natural infrastructure, and the many benefits green infrastructure provides to urban 
planning, family households, and the health of our local ecosystems.  
 
Environmental professionals were recruited to speak about their work and experience in green 
infrastructure projects and showcased existing green infrastructure projects in the region, and 
there was a demonstration on rain harvesting equipment available to purchase. Resources on 
stormwater management, green infrastructure projects, rain harvesting, and all presentations 
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were made available to all participants electronically. The workshop was supported by Natural 
Resources Canada’s Building Regional Adaptation Capacity and Expertise (BRACE) Program, 
and the New Brunswick Department of Environment and Local Government. 
 

 
Figure 28: Group photo of workshop participants and PWA staff holding Centennial Rain Garden sign (left),  
workshop welcome table with native seed packets and various PWA outreach materials and resources (right) 

3.2.3 Green Infrastructure Workshop 
 
In 2020, the PWA worked to develop a bilingual green infrastructure workshop in a committee 
with other environmental non-profit organizations such as the New Brunswick Environmental 
Network, Vision H20, Shediac Bay Watershed Association, and the Groupe de développment 
durable du Pays de Cocagne as most all outreach activities were veered towards virtual platforms 
and events. The workshop was called “Green Infrastructure Approaches for Stormwater 
Management – Case Studies from Municipalities and Homeowners” and took place December 
3rd, 2020 with 100 participants (Figure 29).  
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Figure 29: The introduction slides to the break-out room sessions hosted by the PWA within the workshop in English and French 

 
The PWA presented an introduction to rain gardens to all participants, then presented to a 
smaller group of participants in break-out room sessions about green infrastructure approaches 
for stormwater management. The workshop was supported by Natural Resources Canada’s 
Building Regional Adaptation Capacity and Expertise (BRACE) Program, and the New 
Brunswick Department of Environment and Local Government. 
 

4 CONCLUSION 
 
In conclusion, the partner organizations, the municipal staff of the Petitcodiac River watershed 
communities (Moncton, Dieppe, Riverview, Memramcook, Petitcodiac, and Salisbury), and 
other advocates for green infrastructure within the community were paramount in the success of 
the Water Quality Defenders project for the 2018-2021 period. Through consolidated efforts 
within this project, nature-based solutions to stormwater runoff and flooding were implemented, 
rain harvesting techniques were adopted, and community awareness of best water management 
practices was increased through educative experiences. During this period the project 
successfully facilitated activities that will directly improve the water quality of the watershed 
through targeting vulnerabilities of stormwater runoff and flooding, and climate change 
mitigation strategies were followed. 
 
The PWA staff completed the installation of eight rain gardens at the Dieppe Market in the City 
of Dieppe, Coverdale Center in the Town of Riverview, Forest 2020 site in the City of Moncton, 
the Centennial Park in the City of Moncton, at the NBCC Moncton campus, Redwater Park in 
the Town of Riverview, at the College Bridge Ballpark in Memramcook, and a residence in 
Salisbury. The eight rain gardens cover a total surface area of 0.3 hectares and feature various 
combinations of 20 native grass, fern, and flower species. Thanks to the help of 78 volunteers 
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and partners the gardens were planted with rain garden-specific soil, 681 indigenous plants, and 
covered with 6cm of mulch. Bilingual interpretative signage was designed by PWA staff and 
installed at the Centennial Rain Garden. A bilingual interpretative sign for the Dieppe Market 
green spaces including the PWA rain garden, swales and berms will be designed by local visual 
artist Brian Branch, and a contribution has been made by the PWA for the design, printing, and 
installation costs.  
 
The PWA completed stream bank re-vegetation along the Jonathan Creek off Ryan St. and along 
Halls Creek off Wyse St. in Moncton, NB. Close to 2000 willow seedlings were planted during 
the first year of project activities. The aftercare of plants was provided by the PWA and partner 
organizations for the following year after planting activities.  
 
Over the product duration the rain gardens have been built over 0.3 hectares of land which are 
now protected areas maintained as natural infrastructure. During the willow planting in the City 
of Moncton, the PWA completed stream bank re-vegetation along the Jonathan Creek off Ryan 
street covered an area of approximately 1.7 hectares, and along Halls Creek off Wyse street 0.23 
hectares. Approximate habitat protected over the project duration is 2.23 hectares. Alongside 
this, during the project in collaboration with the City of Moncton for Forest 2020, there was over 
0.65 hectares of municipal land set aside to be protected near the rain garden installed on site to 
be used as a nursery for Acadian forest species. Approximate habitat protected over the project 
duration is 2.23 hectares.  
 
Waste removal activities were coordinated and completed with community volunteers and 
partners. Over the project period, the PWA hosted and participated in 11 clean-up events, and 
removed approximately 9.5 tonnes of litter from areas near freshwater streams and rivers. During 
2018, three clean-ups were hosted by the PWA over an overall approximate area of 16 ha. 
During 2019, 5 clean-ups were hosted and participated in by PWA staff over an approximate 
area of 8.2 ha. During 2020, three clean-ups were hosted and participated in by PWA over an 
approximate area of 2.5 ha. Waste removal activities over the three years covered an 
approximate area of 26.7 hectares. 
 
Naturalized ditches were researched and encouraged by PWA to community members, 
municipalities, and partner organizations. Barriers to adopting naturalized ditches within the tri-
community area were identified, and the PWA engaged community members with the practice 
during outreach opportunities rather than through a social media campaign. 
 
The PWA completed outreach to the watershed communities in 2018-2019 through attending 
community events and festivals, school presentations, clean-ups, and nature interpretation tours. 
The PWA also hosted its first green infrastructure workshop free to the community. During 2020 
the PWA adapted to the global pandemic by shifting focus on outreach activities to virtual events 
and workshops, and using social platforms such as Facebook, Instagram, and Twitter to share 
educational resources and achievements of project activities. Workshops on environmental 
subjects such as watershed habitats and best land management practices were also offered to 
middle school and high school students and teachers live and recorded in partnership with 
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Envirothon NB. There were an approximate 146 students and teachers at least who participated 
in these virtual workshops. 
 
The PWA successfully increased local awareness about stormwater runoff, green infrastructure, 
water mitigation, waste diversion and proper removal, and nature-based solutions to increase 
climate resiliency within watershed communities. 

5 RECOMMENDATIONS 
 
Our advice to other organizations looking to undertake a similar initiative is to be safe and have 
fun! Becoming advocates for natural infrastructure and constructing projects such as rain gardens 
can be enjoyable and therapeutic. With large global events, such as the pandemic becoming a 
source of increased anxiety and stress for many of us, finding solace in natural areas is becoming 
more common, especially in urban centers. Over the duration of this project, we have learned to 
be ready to adapt, be kind, and be patient. This applies to outreach and fieldwork activities. 
While taking on a project such as a rain garden, keep in mind that, like any construction project, 
it is vulnerable to weather events such as heavy rain and droughts. Young plants will not 
establish in a drought, and the water loving plants necessary for rain gardens will need access to 
water to grow. Installing rain gardens in a season of heavy rainfall is challenging, since young 
plants need time to establish their roots before they become much more resilient. Though natural 
infrastructure grows stronger and more effective over time, the first year is important for plants 
to grow and root into the garden location. Account for weather conditions in your planning and 
adapt. Ensure minimal maintenance is assigned to a group or individual for the first year at least. 
 
While the success of many natural infrastructure installations expands every year, with the 
growth of the plants and roots stabilizing the environment they were planted to hold together, it 
is easy to disregard the need for further green expansion. As urbanization expands cities further 
into the natural surroundings, there will be a greater need to integrate natural environments into 
the future of our cities. Integrating natural environments can be done by the individual, the 
community, landowners, municipal planners, businesses, and non-profit organizations. By 
weaving natural systems into the structures that we create, we grow the climate resiliency of the 
places we live in. If we can achieve symmetry between natural and development, we secure a 
healthier environment for ourselves, wildlife, and the freshwater systems we rely heavily upon.  

5.1 Natural Infrastructure 
 
Wetlands provide ecological services such as carbon sequestration, water purification, 
groundwater replenishment, shoreline stabilization, storm protection, and flood control. They are 
also critical habitat for many species at risk and are reservoirs of biodiversity. In New Brunswick 
we are fortunate to have a diversity of different wetlands, all providing valuable ecological 
services to society and wildlife. Protections for wetlands should increase to conserve these 
ecological services. Wetland restoration is another way to provide support to existing wetlands 
that may be drained or damaged. 
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Urban trees and forests are hugely beneficial to the cities in which we live, in and provide 
sanctuaries for wildlife in an expanding urban area. The benefits of urban trees include 
purification of air quality by having the capacity to filter air pollutants and air particulates, 
decrease of air temperature 2°C to 8°C in an area, management of water, and provision of 
psychological benefits to communities (UN, 2016). Municipal parks and trees help mitigate the 
impacts of climate change for communities of the Petitcodiac watershed. The importance of 
investing in stormwater management is synonymous with investing in parks and urban forests 
(Kazmierczak & Carter, 2010). They also act as habitat corridors for wildlife, providing 
connectivity in urban areas that can fragment sources of food and shelter for wildlife. 
Acknowledging the importance of urban forests and integrating habitat corridors within urban 
areas are important in achieving climate change resiliency. Riparian zones are also crucial to the 
water quality of any watercourse, and natural areas that provide protection. It is recommended 
that 30 m from streams and rivers be protected as important natural infrastructure that protects 
and enhances water quality without being cut seasonally. 

5.2 Nature-Based Infrastructure 
 
Incentivizing and strategizing green infrastructure projects is a key part of any climate change 
adaptation strategy. The City of Moncton and the City of Dieppe have implemented many 
nature-based infrastructure projects into their urban planning and development strategies 
including the naturalized retention ponds, bioswales, and rain gardens. The continuation of these 
activities as well as sharing knowledge and experience with nature-based infrastructure is key to 
expanding efforts to other municipalities and communities.  
 
Implementing nature-based solutions can also be most effective at varying levels of production. 
While municipalities have the capacity and resources to create naturalized retention ponds while 
homeowners may not, different scales of projects can be adopted. Encouraging homeowners to 
naturalize ditches, install rain gardens, build green roofs, and consider smaller scale nature-based 
solutions to pooling and stormwater runoff on any property can also make a large impact on 
water management in the watershed. Organizations and businesses can also get involved and 
adopt nature-based infrastructure. 
While research will be conducted annually on existing PWA rain garden projects, the need for 
nature-based solutions grows each year as flooding and stormwater runoff increases. Nature-
based solutions are proven to be an effective and inexpensive option to achieving climate 
resiliency and can be adopted at any scale of operation. The Petitcodiac watershed would benefit 
greatly from further expansion of nature-based solutions to impacts of urbanization, stormwater 
pollution, and flooding. 
 

5.3 Waste Reduction 
 
Plastics and other debris pose a serious risk to the water quality of the Petitcodiac River 
watershed and beyond. The improper disposal of waste products from individuals to industries 
causes an influx in anthropogenic impacts to natural streams and rivers. The impacts can range 
from dangers to wildlife through ingesting or getting trapped in plastic and other debris, to 
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microplastics and chemicals leaching into watercourses. Awareness of proper disposal and waste 
diversion can make a big impact in reducing the waste polluting the environment. Diverting 
waste from the landfill to be used again by recycling and composting is also beneficial. 
Enforcing the proper practices to secure industrial waste bins and dumpsters would also reduce 
the waste travelling to natural areas. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

 

45 

6 REFERENCES 
Bain, M. B., & Stevenson, N. J. (1999). Aquatic habitat assessment: common methods. Bethesda, 

Maryland: American Fisheries Society. 
DELG. (2019, November). Water Quality Monitoring Results 2003-2016. Retrieved from New 

Brunswick Department of Environment and Local Government: 
https://www2.gnb.ca/content/dam/gnb/Departments/env/pdf/Water-
Eau/TheStateOfWaterQualityInNBLakesRivers.pdf 

DELG. (N/A). How is Climate Change Affecting New Brunswick. Retrieved March 28, 2020, 
from Government of New Brunswick Department of Environment and Local 
Government: 
https://www2.gnb.ca/content/gnb/en/departments/elg/environment/content/climate_chang
e/content/climate_change_affectingnb.html 

DFO. (2012). Temperature Threshold to Define Management Strategies for Atlantic salmon 
(Salmo salar) Fisheries Under Environmentally Stressful Conditions. DFO Canada. 
Science Advisory Secretariat - Department of Fisheries and Oceans Canada. 

DiNardo, K. (2019, October 9). NY Times. Retrieved from The Green Revolution Spreading 
Across Our Rooftops: https://www.nytimes.com/2019/10/09/realestate/the-green-roof-
revolution.html 

DNR. (2004, April 20). Guidelines for Roads and Watercourse Crossings. Retrieved from New 
Brunswick Department of Natural Resources: 
https://www2.gnb.ca/content/dam/gnb/Departments/nr-rn/pdf/en/Publications/Roads-
WatercourseCrossings.pdf 

Entsminger, E. D., Jones, J. C., Guyton, J. W., Strickland, B. K., & Leopold, B. D. (2017, June). 
Evaluation of Mowing Frequency on Right-of-Way Plant Communities in Mississippi. 
Journal of Fish and Wildlife Management, 8(1), 125-139. 

EOS Eco-Energy. (2018). Rain Gardens - How to Handout for Tantramar. Retrieved February 
20, 2020, from EOS Eco-Energy Inc.: https://eosecoenergy.com/en/wp-
content/uploads/2018/03/sm-Rain-Gardens-How-to-Handout-for-Tantramar.pdf 

EPA. (2019, December 4). What is green infrastructure? Retrieved from United States 
Environmental Protection Agency: https://www.epa.gov/green-infrastructure/what-green-
infrastructure 

Fraser, E. (2019, September 24). Fredericton youth do something with their eco-anxiety. 
Retrieved from CBC News NB: https://www.cbc.ca/news/canada/new-brunswick/un-
climate-summit-eco-anxiety-1.5294998 

Gill, J. (2019, August 16). Moncton's new Centennial pool won't open until 2020. Retrieved 
March 3, 2020, from CBC News NB: https://www.cbc.ca/news/canada/new-
brunswick/moncton-pool-delay-2020-1.5250153 



 

 

 

 

46 

Gunawardena, K., M.J.Wells, & T.Kershaw. (2017, April 15). Utilising green and bluespace to 
mitigate urban heat island intensity. (D. Barcelo, Ed.) Science of The Total Environment, 
584-585, 1040-1055. 

Halbritter, D. A., Daniels, J. C., Whitaker, D. C., & Huang, L. (2015). Reducing mowing 
frequency increases floral resource and butterfly (Lepidoptera: Hesperioidea and 
Papilionoidea) abundance in managed roadside margins. Florida Entomologist, 98(4), 
1081-1092. 

Hawkins, N. C., & Prickett, G. (2014). The Case for Green Infrastructure. In R. Kupers (Ed.), 
Turbulence. Amsterdam University Press. 

Health Canada. (2015, February). Reducing the Urban Heat Island Effect in Canadian 
Communities - Adaptation Bulletin. Retrieved from Government of Canada Department 
of Health: https://www.canada.ca/content/dam/hc-sc/migration/hc-sc/ewh-
semt/alt_formats/pdf/pubs/climat/adapt_bulletin-adapt6/adapt_bulletin-adapt6-eng.pdf 

IPCC. (2014). Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II 
and III to the Fifth Assessment Report of the Intergovernmental Panel on Climate 
Change. Geneva, Switzerland: IPCC. 

IPCC. (2019). Climate Change and Land: an IPCC special report on climate change, 
desertification, land degradation, sustainable land management, food security, and 
greenhouse gas fluxes in terrestrial ecosystems. IPCC. 

Kazmierczak, A., & Carter, J. (2010). Adaptation to climate change using green and blue 
infrastructure: a database of case studies. Retrieved from University of Manchester: 
https://orca.cf.ac.uk/64906/1/Database_Final_no_hyperlinks.pdf 

MacMillan, J. L., Cassie, D., LeBlanc, J. E., & Crandlemere, T. J. (2005). Characterization of 
Summer Water Temperatures for 312 Selected Sites in Nova Scotia. Fisheries and 
Aquatic Sciences. 

Magee, S. (2018, July 17). Get your mowers ready or face fines: Moncton passes bylaw 
requiring short lawns. Retrieved from CBC New Brunswick News: 
https://www.cbc.ca/news/canada/new-brunswick/moncton-lawn-bylaw-1.4749749 

Marco Group. (2020). Centennial Beach. Retrieved from Marco Group : 
http://www.marcogroup.ca/projects/centennial-beach-pool/ 

Mazerolle, D. (2018 , July 13). Invasive Species and Climate Change. Retrieved from Nature 
NB: http://www.naturenb.ca/2018/07/13/invasive-species-climate-change/ 

NB Ecosystem Classification Working Group. (2007). Our landscape heritage: the story of 
ecological land classification in New Brunswick. (V. F. Zelazny, Ed.) Retrieved March 
14, 2016, from The New Brunswick Department of Natural Resources : 
http://www2.gnb.ca/content/dam/gnb/Departments/nr- 
rn/pdf/en/ForestsCrownLands/ProtectedNaturalAreas/OurLandscapeHeritage/Chapter06-
e.pdf 

Norton, B., Bosomworth, K., Coutts, A., Williams, N., Livesley, S., Trundle, A., . . . Mcevoy, D. 
(2013, October). Planning for a Cooler Future: Green Infrastructure to Reduce Urban 



 

 

 

 

47 

Heat. Retrieved from ResearchGate: 
https://www.researchgate.net/publication/260146703_Planning_for_a_Cooler_Future_Gr
een_Infrastructure_to_Reduce_Urban_Heat 

Petitcodiac Watershed Alliance. (2012). Petitcodiac Watershed Alliance 2012 Water Quality 
Report. Moncton, NB: Susan Linkletter. 

Petitcodiac Watershed Alliance. (2013). Petitcodiac Watershed Alliance 2013 Water Quality 
Report. Moncton, NB: Courtney Smith. 

Petitcodiac Watershed Alliance. (2020). Petitcodiac Watershed Alliance Water Quality 
Monitoring Program (dataset). Retrieved from Atlantic DataStream. 

Petitcodiac watershed Monitoring Group. (2001). Water Classification Report. Retrieved March 
14, 2016, from http://www.petitcodiacwatershed.org/wp-
content/uploads/2018/04/Petitcodiac_water_classification_report_1997-2001.pdf 

Petitcodiac watershed Monitoring Group. (2002). The Petitcodiac River Watershed Preliminary.  
Pihkala, P. (2018). Eco-anxiety, tragedy, and hope: Psychological and spiritual dimensions of 

climate change. Zygon, 53(2), 545-569. 
SNB. (1989). Clean Water Act, CHAPTER C-6.1. Retrieved from CanLii: http://canlii.ca/t/533rs 
The City of Moncton. (2018). Water Quality & Services. Retrieved from City of Moncton: 

https://www.moncton.ca/my-services-water-sewer/water-quality-services 
UN. (2016, April 22). Benefits of urban trees. Retrieved April 1, 2020, from Food and 

Agriculture Organizations of the United Nations: 
http://www.fao.org/resources/infographics/infographics-details/en/c/411348/ 

Usher, K., Durkin, J., & Bhullar, N. (2019). Eco-anxiety: How thinking about climate change-
related environmental decline is affecting our mental health. International Journal of 
Mental Health Nursing, 28, 1233-1234. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

 

48 

7 APPENDICES 
 
7.1 Appendix 1: Climate Within the Watershed  
 
New Brunswick falls within the temperate broad-leaved forest category but is situated far enough 
north to have several boreal elements, including the prominence of balsam fir, jack pine, 
tamarack, and spruce species. Since the immediately post-glacial period, the Appalachian 
Mountains have remained above sea level and thus have served as an effective north–south 
migration corridor. This has resulted in a blending of northern and southern floral and faunal 
elements in the Atlantic region. The unique mixture of forested and non-forested ecosystems in 
the Maritimes has been recognized by Canadian and North American classification frameworks 
as a definable forest region called the Acadian Forest or, more recently, the Atlantic Maritime 
Ecozone. In New Brunswick, the climatic gradients characteristically are determined by a 
combination of elevation above sea level and proximity to the ocean (NB Ecosystem 
Classification Working Group, 2007). 
 
The Petitcodiac River Watershed is typically a temperate continental climate, where the ocean 
modifies continental air masses. The extent of the continental effect depends to a large degree on 
wind direction, with the onshore winds causing the most moderation. By temperate we 
understand that the annual thermal average is not very characteristic (between - 10º and +20 ºC), 
but where the temperature and not the precipitation impose the seasonal rate. Winters are cool to 
cold, where the lowest monthly average can be near - 40ºC; summers are warm to hot. As a 
result, trees lose their leaves during winter (NB Ecosystem Classification Working Group, 2007). 
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Table A 1: 2020 Monthly Climate Data from Environment Canada’s Weather Station  

at the Moncton International Airport (May-October). 
 

Month/ 
Year 

Mean  
Temperature  

(oC) 

Maximum  
Temperature  

(oC) 

Minimum  
Temperature  

(oC) 

Total  
Precipitation  

(mm) 
# Days >1mm  
Precipitation 

DD 
Below 
18oC 

DD 
Above 
18oC 

May-18 10.3 27.8 -2 82.5 13 238.6 0 
Jun-18 13.5 29.7 -3.2 154 13 147.7 11.5 
Jul-18 21.4 34.2 8.7 44.2 5 7.3 109.7 

Aug-18 20.4 31.6 9.7 100.4 8 11 85.7 
Sep-18 14.4 28.9 -1.9 100.5 11 123.4 15.8 
Oct-18 6.4 19.6 -6.6 164.2 17 360.6 0 
May-19 7.6 22.1 -2.7 106.6 12 322.8 0 
Jun-19 14.7 24.9 2.8 128.9 13 90.4 0 
Jul-19 20 34 8.1 42.4 9 16.1 76.8 

Aug-19 18.8 30 5.2 106.7 8 20.7 43.9 
Sep-19 13.1 26 -0.4 187.5 11 150.1 2.9 
Oct-19 8.3 19.3 -2.7 102.7 10 301.3 0 
May-20 9.8 31.5 -1.3 45.5 7 241.2 10.8 
Jun-20 16.9 35.6 -0.6 34.3 5 80.6 48.7 
Jul-20 20.3 32 8.4 67.6 11 20.1 88.4 

Aug-20 20.2 32.6 6.5 42.9 6 22.9 90.6 
Sep-20 14.6 28.2 -1.3 67.1 9 123.8 21.2 
Oct-20 8.3 21.9 -4.6 58.9 6 290.6 0 
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Temperature variances are experienced between rural and urban regions within the Petitcodiac 
watershed. Though research on the urban heat island effect in New Brunswick is not currently 
available, there are examples in the recent past where the City of Moncton has experienced 
temperatures higher than rural areas in the Petitcodiac watershed. For example, historical climate 
data from Environment and Climate Change Canada shows the variance in maximum 
temperature of July 2018 >2°C higher in the City of Moncton than the Village of Alma during 
the day and night. 

 

Figure A 1: Line graph of daily maximum temperature for July 2018 taken in Alma, New Brunswick (left 

Figure A 2: Line graph of daily maximum temperature for July 2018 taken at the Moncton International Airport, New Brunswick 
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7.2 Appendix 2: Rain Garden Signage Design 
 

 
Figure A 3: PWA design printed for the Centennial Rain Garden. Plants along the borders were painted with watercolours by PWA 

staff. Content and translations were revised by the City of Moncton Communications Officer and Translator Mélanie Cécyre. 
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7.3 Appendix 3: Glossary Terms  
 
Aboiteau. A dyke constructed to stop high tides from inundating marshland; A wooden sluice is 
then built into the dyke, with a hinged door (clapper valve) that swings open at low tide to allow 
fresh water to drain from the farmland but swings shut at high tide to prevent salt water from 
inundating the fields. Aboiteau farming is intimately linked with the story of French Acadian 
colonization of the shores of the Bay of Fundy in the 17th and 18th centuries.  
 
Eco-anxiety. Feelings of worry, helplessness, and unease caused by living through slow, gradual 
impacts of climate change. A chronic fear of environmental catastrophe. It cannot be diagnosed 
as a medical condition but can exacerbate pre-existing mental health problems.  
 
Green infrastructure. Natural or nature-based plant systems/ green technologies that provide 
economic, environmental, and social benefits. These natural systems that provides valuable 
ecological services can be protected, such as a wetland, riparian zone, waterway, or urban forest. 
Nature-based systems include that of a rain garden, bioswale, green roof, or green walls. 
 
Impermeable surfaces. Any solid surface (or surface of a structure) that does not allow water to 
drain through and permeate through the soil into groundwater reserves, forcing the water to run 
off the surface. Impermeable surfaces are created by asphalt, brick, stone, and concrete. 
Examples of structures with impermeable surfaces include pavement, parking lots, and rooftops. 
In urban development, natural soil can also be compacted in a construction area that impacts its 
impermeability. 
 
Stormwater runoff. Water from precipitation events and snow melt that does not infiltrate into 
soil but drains freely off surfaces of land and infrastructure. Stormwater runoff will flow into 
anthropogenic pollutants (e.g. fertilizer, pesticides, hazardous materials, plastic) and carry them 
to near-by rivers, tributaries, or other water bodies. 
 
Urbanization. The process of making an area increasingly urban. The expansion and 
development of cities and urban territory that impedes on natural systems, whether expanding 
outwards or upwards. Can also be defined as the movement of populations from rural areas to 
urban areas. 
 
 

 
 
 


