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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) succeeded in expanding the impact of green infrastructure 
and community outreach on climate change resiliency during this project’s duration of 2021-2022.  

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. Community involvement 
from the general public, other non-profit organizations, and businesses is imperative to increasing the 
resiliency of the 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 to expand the 
Water Guardian project with the installation of rain gardens and seek to expand this further to better 
manage stormwater and climate change impacts in the watershed particularly in urban areas. 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 another year of adapting to the global pandemic the PWA staff, partners, and volunteers 
successfully and safely planted four new green infrastructures within the Petitcodiac watershed in the 
form of rain gardens. These rain gardens were created in areas that will benefit from stormwater 
management, flood mitigation, and increased habitat for species such as pollinators in urban 
environments, and a biodiverse selection of native water-loving plant species that will remediate urban 
soil through nutrient cycling. Through working carefully with municipal partners and communities 
across the Petitcodiac watershed, the PWA grew climate change resiliency through community-based 
initiatives and awareness campaigns, such as the No-Mow May campaign that seven municipalities 
participated in by suspending by-law enforcement of the length of lawns on private and municipal 
properties. Naturalized lawns across the watershed grew early spring flowers that were an early source 
of food and rest for pollinator species. Through hands-on engagement and educative opportunities, the 
Water Guardian project succeeded in encouraging green infrastructure to lead climate change 
resiliency in Petitcodiac watershed communities. 
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L’Alliance du Bassin Versant Petitcodiac (ABVP) a réussi à étendre l'impact de l'infrastructure verte et 
de la sensibilisation de la communauté sur la résilience au changement climatique pendant la durée de 
ce projet (2021-2022).  

On prévoit que le Nouveau-Brunswick subira les pires effets du changement climatique en raison de 
l'augmentation des inondations, des tempêtes extrêmes et de l'augmentation du ruissellement des pluies 
et de la fonte des neiges. La province est confrontée à la pollution de l'eau par des sources non 
ponctuelles en raison du ruissellement des activités agricoles, forestières, résidentielles et urbaines 
(MEGL, 2019). Le changement climatique déstabilise la qualité et la quantité d'eau dans la région et 
nécessite une approche à multiples facettes pour une adaptation réussie. L'implication communautaire 
du grand public, d'autres organisations à but non lucratif et des entreprises est impérative pour 
augmenter la résilience de la communauté dans son ensemble. 

L'infrastructure verte peut être définie comme une zone naturelle ou basée sur la nature qui fournit des 
services écologiques de gestion de l'eau. En mettant l'accent sur l'infrastructure verte, l’ABVP a 
travaillé à l'expansion du projet Water Guardian avec l'installation de jardins de pluie et cherche à 
étendre ce projet afin de mieux gérer les eaux pluviales et les impacts du changement climatique dans 
le bassin versant, en particulier dans les zones urbaines. Les jardins pluviaux sont une solution 
naturelle aux impacts du changement climatique. Ils permettent d'atténuer les inondations et de gérer 
les eaux pluviales grâce à l'utilisation de plantes indigènes aimant l'eau qui absorbent et purifient le 
ruissellement des eaux de pluie provenant des surfaces imperméables voisines, telles que les trottoirs et 
les toits. 

Au cours d'une autre année d'adaptation à la pandémie mondiale, le personnel, les partenaires et les 
bénévoles de l’ABVP ont planté avec succès et en toute sécurité quatre nouvelles infrastructures vertes 
dans le bassin versant de la Petitcodiac sous la forme de jardins de pluie. Ces jardins pluviaux ont été 
créés dans des zones qui bénéficieront d'une gestion des eaux pluviales, d'une atténuation des 
inondations et d'un habitat accru pour des espèces telles que les pollinisateurs en milieu urbain, ainsi 
que d'une sélection biodiversifiée d'espèces végétales indigènes qui aiment l'eau et qui assainiront les 
sols urbains grâce au cycle des nutriments. Grâce à une collaboration étroite avec les partenaires 
municipaux et les communautés du bassin versant de la Petitcodiac, l’ABVP a renforcé la résilience 
aux changements climatiques par le biais d'initiatives communautaires et de campagnes de 
sensibilisation, comme la campagne Pas de Tondeuse en Mai à laquelle sept municipalités ont participé 
en suspendant l'application des règlements sur la longueur des pelouses sur les propriétés privées et 
municipales. Les pelouses naturalisées dans l'ensemble du bassin versant ont fait pousser des fleurs au 
début du printemps qui ont constitué une source précoce de nourriture et de repos pour les espèces 
pollinisatrices. Par le biais d'un engagement pratique et de possibilités éducatives, le projet Water 
Guardian a réussi à encourager l'infrastructure verte à mener la résilience aux changements climatiques 
dans les communautés du bassin versant de la Petitcodiac. 
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1 INTRODUCTION 
1.1 Context 

The Petitcodiac Watershed Alliance (PWA) has been developing the Water Guardian project since 
2014 to benefit the ecosystems and communities within the Petitcodiac River watershed by taking 
actions to restore and protect our water quality. The project is informed by the long-term water quality 
monitoring program that the PWA have accumulated data within established sites on streams and 
rivers within the watershed since 1997, in which stormwater runoff has been identified as one of the 
worst water quality impacts across the watershed. 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 rain barrels to rain gardens, the Water 
Guardian project has taken action to mitigate climate change impacts on the many communities of the 
Petitcodiac watershed. Since 2014, the PWA has conducted surveys to determine the barriers to 
adopting sustainable behavior, limiting residential runoff, and use the information to remove barriers 
within our communities. From those results and with the funding from multiple donors the PWA has 
provided over 450 free rain barrels to collect and store rainwater at residences, and over 500 in-home 
water conservation tools such as “toilet tank banks” and water saving shower heads. Over time the 
project has expanded to green infrastructure education, installation, and conservation. This project 
seeks to reduce floods & flood damage, reduce surface runoff flowing into the Petitcodiac River, create 
habitat for species with a focus on pollinators and species-at-risk, and increase local knowledge of 
green infrastructures such as rain gardens to address climate change impacts.  

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 Guardian 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 pathways, and flooding. Urban 
areas are 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 increasing air temperatures due to the urban heat island effect. The Water 



 

 

 

 

Guardian project activities in 2021 focused on the most population dense area of the Petitcodiac 
Watershed, which is the tri-community area of the City of Moncton, the City of Dieppe, and the Town 
of Riverview, also referred to as the Greater Moncton Area. 

Climate change-induced weather events and natural disasters are understood to impact mental health 
through sleep disorders, stress, anxiety, depression, and the development of posttraumatic 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 go on to 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.  

The PWA has produced and distributed educational materials about green infrastructure, 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 2021-2022 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’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. 

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 



 

 

 

 

 

 

1.1.2 Green Infrastructure  

Green infrastructure has become the focus of the Water Guardian project efforts. Green infrastructure 
can either be described as natural or nature-based infrastructure. Natural infrastructure is an area that 
provides ecological services, and nature-based infrastructure is an area that 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). Green 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). Green 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. 



 

 

 

 

 

Figure 3: Wild roses growing in a riparian zone along Little River in the Village of Salisbury 

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 4: Pollinator species at the Centennial rain garden (left) and the Redwater Park rain garden (right) 

 



 

 

 

 

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 allows 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 cause damage to 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, clean 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 (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 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 2021 field season can be found in  

 

 

 

 

 

 

 



 

 

 

 

Table 1. 

Figure 5: From left to right: milkweed, black-eyed Susan, and asters. Wildflower species used for rain gardens. 

 

 

 

 

 

 

 



 

 

 

 

 

Table 1: List of plant species used in rain gardens during 2021 listed by common name, French name, Latin name, and 
corresponding rain garden in which they were planted including Riverview Riverfront Trail (RRT), Université de Moncton (UdM), 

Community Hub Garden (CHG), Maplehurst Middle School (MMS), and the John Howard Community Garden (JHCG) 

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. Though intensive green roofs are also found to reduce surface temperature 



 

 

 

 

the most, due to the biodiversity that they have the capacity to produce (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. 

1.1.2.3 No-Mow May 

During the spring of 2021 to aid pollinators and local stormwater management, the PWA encouraged 
watershed communities to participate in a No-Mow May campaign across the Petitcodiac River 
watershed. Many conservation groups across the world have been promoting and encouraging 
communities to adopt a No-Mow or less mowing approach to lawns and ditches to help our pollinator 
populations during May which, is a critical time of year. No-Mow May campaigns are carried out 
through education and awareness, to weave the benefits to society with the benefits to nature. 
Flowering plants in the spring can bloom and provide an early source of nectar for pollinators, such as 
bees, hummingbirds, butterflies, and beetles. Letting lawns and ditches grow for the month of May has 
proven to provide immense benefits to pollinator species, as they face impacts of habitat degradation, 
pesticide use, and climate change-related stressors. Helping these species early gives them a head start 
for the year and improves healthy populations to pollinate local agriculture and native forbs. 

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. 

The PWA has documented the impacts of snow and ice melt runoff in May to water quality of streams 
and rivers in the watershed. Spikes in nutrients such as phosphate and nitrate as well as bacteria 
colonies of E. coli are commonly monitored in May at our established sites in the watershed 
(Petitcodiac Watershed Alliance, 2020). Providing a buffer to the Petitcodiac River system through 
naturalized lawns and ditches for the month of May that will help prevent pollutants and debris from 
travelling directly into freshwater ecosystems. Plants that are allowed to grow unencumbered will 
absorb more rainfall and snowmelt that will be fed back to our groundwater reserves that were in need 
of replenishing last summer during the drought. The plant roots will filter and release the water to 
infiltrate through the soil. Nutrient pollution is a dangerous impact to our watershed, one impact of 
which is creating more algae than the natural balance in our freshwater ecosystems that will die off and 
eat up the dissolved oxygen necessary for aquatic species like fish to breathe underwater. This is also 
true for cyanobacteria (blue-green algae) growth in our watershed. Cyanobacteria growth is 
encouraged by higher water temperatures and abundance of nutrients, both water quality impacts of 
stormwater runoff. The more nutrients that are absorbed by the plants in resident’s yards and ditches 
are less that will travel directly to our river system. 

1.2 Environmental Concerns 

The New Brunswick government is expecting climate change impacts related to temperature and 
precipitation. The climate models of the Fifth Assessment Report by the International Panel on Climate 
Change predict mean global temperatures will rise from 1 to 6°C by the year 2100 (IPCC, 2014). Any 
increase in mean global temperatures risks longer and more intense storm surges. The frequency of 
winter thaws and intensity of precipitation events have increased in New Brunswick, with snowpack in 
southern New Brunswick shown a decrease by 50% due to temperature fluctuations (DELG). There are 
also expected increases in the Bay of Fundy tidal range (R.J. Daigle Enviro, 2017). The climate 
projections for the province following four GHG emission scenarios show a substantial increase in 
mean temperature over all seasons over time horizons studies over the next six decades at least, with an 
increase expected for very hot days (maximum temperature higher than 30 °C) for continental cities 
such as Moncton of +10 to +35 hot days annually by 2080 and expected growing season length 
extended by +29 to +61 days (Roy & Huard, 2016). All of these possible impacts culminate into a 
future of climate uncertainty that needs to be matched with adaptation at the local level to increase 
climate resiliency. 



 

 

 

 

New Brunswick faces serious infrastructural damage each year due to flooding. There is strong 
evidence of observed climate change impacts globally in changing precipitation and snow melt that are 
altering hydrological systems and affecting water resources in terms of quantity and quality (IPCC, 
2014). Communities of Atlantic Canada face coastal and inland flooding risks due to climate change, 
and coastal drivers of risks differ in the relative severity of their impacts throughout Atlantic Canada 
(Dietz & Arnold, 2021). A disruption of the quantity and quality of water can greatly impact terrestrial 
and aquatic ecosystems, and in turn impact the health of urban and rural communities.  

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, fecal matter, sediment, microplastics, and increases in 
temperature. The PWA’s Water Quality Reports since 2012 have all identified stormwater 
management as the largest issue to urban water quality within the Petitcodiac Watershed. Due to 
climate change impacts, we could see an increase in stormwater runoff and pollutants severely 
contaminating the watershed and its aquatic systems. 
 
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). Cold water fish species can only survive and 
thrive within a limited temperature range: 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).  
 

2 METHODS 

2.1 Green Infrastructure 

Green 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 green 
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 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 will have the capacity to absorb the most solar and use this for 
photosynthesis, to synthesize 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 rain garden-specific mixture of soil 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. 

The EPA national stormwater calculator estimates clay-loam soil in areas moderately steep absorb 
4mm of rainfall per hour (Rossman & Bernagros, 2019), which describes the area that most rain 
gardens are installed within the watershed boundaries, with a few exceptions. After rain garden 
installation, the general area would have absorbed approximately 7.62mm of rainfall per hour. The 
Riverfront trail rain garden, the Université de Moncton rain garden, and the Community Hub rain 
gardens received on average 420.1mm over the growing season. Maplehurst was built too late into the 
growing season to truly capture significant rainfall. 



 

 

 

 

Figure 6: Rain garden cross-section designed by PWA project technician Nattayada  
Thongboonmee displaying the recommended soil mixture and depth for a rain garden 

Volunteers were recruited for each site, and a brief presentation of rain garden benefits, purpose, and 
process was given to participants to give them an educative experience. 

Rain gardens were dug at least 4-8 inches 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 a recommended 
soil mixture, then topped with 6cm of mulch. 

 

Figure 7: PWA staff member planting a Black-Eyed Susan from Cornhill Nursery 

Gardens were maintained by partner groups or PWA staff for first few weeks to ensure sufficient 
watering to the water-loving species planted. Periodic monitoring of gardens every few weeks to check 
plant health, moisture levels, and mulch levels done by PWA staff or partner groups. 

3 RESULTS AND DISCUSSION 



 

 

 

 

3.1 Impact of Green Infrastructure 

3.1.1 Rain gardens 

During the 2021 field season the PWA team successfully installed four rain gardens within the 
boundaries of the Petitcodiac Watershed with the help of dedicated partners, volunteers, and staff. 
During the Water Guardian project period of 2021-2022 there were 60 volunteers that participated in 
rain garden planting activities. 

Though we currently do not have an exact equation to measure stormwater absorbed by the rain 
gardens, the EPA provides guidelines to calculating the stormwater to green infrastructures, which the 
PWA is working on adapting to our watershed region. This calculator will need to be adapted to 
regional differences such as soil and geological composition, impermeable surface areas, and 
topography. Between July and October, the first three rain gardens were installed and received on 
average 420.1mm over the growing season, not including stormwater runoff. The Maplehurst School 
rain garden was built too late into the growing season to truly capture significant rainfall. 

The Riverview Riverfront Trail rain garden was designed and completed next to the Garden Cities 
Project food forest just uphill. The area of the garden and the food forest are on the Riverfront trail 
next to the Gunningsville Bridge and along the Petitcodiac River. The site was chosen by the Garden 
Cities Project, the Town of Riverview, and the PWA to ensure stormwater would be captured by the 
garden and be lower than the food forest in case of future flooding as most of the species planted 
would be tolerant to any brackish water brought in by the tidal bore.  

Figure 8: PWA staff digging rain garden (left), completed rain garden on the riverfront trail (right) 

 

3.1.1.1 The Community Hub rain garden 

The rain garden installed at the Community Hub on Joyce Avenue in the City of Moncton was in an 
area ditched for stormwater that was experiencing flooding and sedimentation issues adjacent to a 
newly developed multi-unit building. The PWA, Garden Cities Project, and volunteers worked on this 



 

 

 

 

garden over the summer to incorporate bioretention soil, transplanted native water-loving plant species, 
and additional native water-loving flowering plants from Cornhill Nursery.  

Figure 9: PWA staff and volunteers installing the Community Hub rain garden 

3.1.1.2 The Université de Moncton rain garden 

The PWA staff in partnership with La Fédération des étudiants et des étudiantes du Centre 
universitaire de Moncton (FÉÉCUM) designed and prepared a rain garden site on the Université de 
Moncton (UdM) campus. The rain garden site is beside a food forest which has been designated by the 
students and school as a naturalized area that will not be mowed or maintained. To improve the 
stormwater management and introduce the concept of rain gardens to the students and staff of UdM, 
FÉÉCUM chose the site and installed an educational sign to establish the rain garden on campus. The 
PWA along with FÉÉCUM and student volunteers planted milkweed along the perimeter of the garden 
and dug a raindrop shape detailed with river rocks. FÉÉCUM acquired seeds for the rain garden flower 
species, which have been stratified over the winter and will be sown into the soil during spring.  



 

 

 

 

Figure 10: UdM rain garden prepared by the PWA staff and FÉÉCUM representative 

3.1.1.3 The Maplehurst Middle School rain garden 

The Maplehurst Middle School rain garden was designed and completed next to the school parking lot 
by a stormwater outflow and downhill from the ditch along the perimeter of the lot, in order to catch 
stormwater from the parking lot and the stormwater system.  

Though it was the intention that the students would participate in the planting activities, the work for 
the rain garden was completed by the PWA staff and the science teachers at the school due to the 
provincial lockdown phase implemented that oversaw students temporarily attending classes virtually. 
During the planting activities, an introductory video on rain gardens and an introduction to the rain 
garden site was filmed by the teacher and presented by PWA staff to share with the students. Students 
cared for the plants before the garden area was dug in the science labs of the school before the 
lockdown was announced, and will be involved in mulching activities spring 2022. 



 

 

 

 

 

 

Figure 11: Site for the Maplehurst Middle School rain garden adjacent to the parking lot (top left), the raindrop shape of the garden 
(top right), Maplehurst teachers volunteering with PWA staff to plant the garden (bottom) 

 

 

 

 

 



 

 

 

 

3.1.2 Green Roof 

There has been interest in green roofs within the urban communities of the watershed, particularly in 
the City of Moncton and the City of Dieppe as they continue to expand their cityscapes.  

The PWA established a partnership in 2021 between the Garden Cities Project, La Station Workplace, 
and the building owner of 232 Botsford St. to design and install a green roof atop this historic building 
as an example of functional green infrastructure to inspire other developers and building owners to 
follow suit. Community consultations and additional stakeholders and partners will be coordinated 
with to ensure the project success. This partnership will be secured in a workplan for the green roof 
development when funding to pursue the materials, contractors, and installation is obtained.  

3.1.3 No-Mow May 

In the past few years, the PWA experienced difficulties in sharing a No-Mow Ditch campaign with 
watershed communities. As an example, the City of Moncton By-Law Z-1418 currently has the 
capacity to give fines up to $2100 for citizens who neglect to mow their lawns, which has affected the 
No-Mow Ditch campaign efforts 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). These barriers prevent the open participation of community 
members at least in urban areas of not mowing their ditches.  

The PWA was successful during 2021 in encouraging watershed communities to participate in the No-
Mow May movement by taking a top-down approach to communications and outreach. Early in the 
year, PWA staff began communications with watershed municipalities inquiring about mowing by-
laws and enforcement and sharing research on the environmental benefits of No-Mow May to implore 
municipalities to wave or amend their mowing by-laws at least for the month of May to enable 
community members across the watershed and municipal public works and parks staff to participate in 
the environmental movement. All watershed municipalities that were reached agreed to waive by-law 
regulation of mowing for the month of May, and some participated in the movement by creating their 
own campaigns such as the City of Dieppe’s “Dandelion Madness” (The City of Dieppe, 2022). Many 
municipalities had No-Mow contests running over the month of May, as well as the PWA. The PWA 
photo competition had a great response, with many entries contending to win prizes of gift cards from 
the generous support of the Cornhill Nursery and MacArthur’s Nursery (reference Appendix 2: PWA 
No-Mow May promotions to view the promotional material). 

 



 

 

 

 

Figure 12: A collage made from the entries of the PWA's No-Mow May photo competition 

 

3.2 Impact of Community Involvement 

3.2.1 Outreach 
 
The PWA is committed to environmental outreach to the 
communities of the Petitcodiac Watershed. Outreach is 
carried out to spread information and research to the 
community through virtual and in-person presentations, 
workshops, and meetings at events, festivals, and schools to 
increase climate resiliency within the watershed communities 
through education.  

Figure 13: PWA staff member leading a class of students in wetland activities 

Staff members coordinated with several local schools to offer educational resources to Science and 
Environmental classes such as a general pre-recorded presentation and in-person presentations on 
topics such as: the Petitcodiac watershed, ecological features of the watershed, a summary of PWA 
project activities, recent research by the PWA, plastic pollution, and climate change. Workshops on 



 

 

 

 

environmental subjects such as watershed habitats, best land management practices, and plastic 
pollution were also offered to middle school and high school students and teachers live and recorded in 
partnership with Envirothon NB.  

Figure 14: PWA staff with the Sentinelles Petitcodiac Riverkeeper at the Rising Tides Festival 2021 in Albert County (left), and PWA 
staff at the 2021 EcoFest hosted at the Magnetic Hill Zoo. PWA staff brought outreach materials of all projects to both events. 

The PWA adapted to the global pandemic and provincial restrictions on public gatherings throughout 
outreach activities, by focusing on virtual events and workshops and using social platforms such as 
Facebook, Instagram, and Twitter to share educational resources and achievements of project 
activities, but also attending in-person events by following recommendations from the Chief Medical 
Officer of Health and PWA COVID-19 policies and protocols to keep staff and the community safe. 
Highlights of outreach activities during 2021-2022 included the Magnetic Hill Zoo’s EcoFest two-day 
event hosted at the zoo, the Rising Tides Festival hosted at the Albert County Museum, the wetland 
outing day coordinated with the Village of Salisbury for students, and the Muddy River Love event 
celebrating the Petitcodiac River that was planned and hosted by Resurgo Museum. 



 

 

 

 

 

Figure 15: Project Leader Brittany Cormier presenting at the 2022 Muddy River Love event at Resurgo Museum 

During early spring, the PWA successfully reached 7 communities to reconsider naturalized lawns as a 
climate change adaptation strategy for tackling stormwater management in the spring snowmelt 
through the No-Mow May campaign which included the participation of the City of Moncton, the City 
of Dieppe, the Town of Riverview, the Village of Salisbury, the Village of Petitcodiac, the Village of 
Hillsborough, and the Village of Memramcook. The PWA is currently working with the City of 
Dieppe to establish equitable, abundant, and thriving green infrastructure in city limits as well under 
the Living Cities project in partnership with the Garden Cities Project, Green Communities Canada, 
and other pan-Canadian partners and stakeholders. 
 
Over the project period from 2021-2022 the PWA were fortunate to have the help of 30 rain garden 
volunteers. There were 311 students and teachers reached by the PWA during in-person active learning 
experiences coordinated in wetlands that addressed climate change resiliency and green infrastructure 
(Figure 13). There were 132 participants in virtual outreach events such as a workshop for university 
students on green infrastructure, a community workshop on green infrastructure and water quality, and 
a City of Dieppe council meeting on green infrastructure and climate change adaptation strategies for 
development.  
 
Though no pollinator surveys were conducted with students, there were three pollinator surveys at the 
elementary, middle, and high school level designed and will be shared with students to consult on 
accessibility, ease of use, and appeal (please reference Appendix 7.3 for more information). 
 
The PWA seeks to increase local awareness about stormwater runoff, green infrastructure, and nature-
based solutions to increase climate resiliency within the community. The PWA promotes 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 “The Importance of Groundwater” Workshop 
 
The PWA participated in the planning committee and co-hosting of “The Importance of Groundwater” 
workshop in partnership with local environmental groups the New Brunswick Environmental Network, 
Vision H2O, Shediac Bay Watershed Association, and the Groupe de Développment Durable du Pays 
de Cocagne. Environmental professionals were recruited to speak about their work and experience in 
green infrastructure projects, stormwater management, and groundwater research. The PWA 
presentation showcased existing green infrastructure projects in the watershed such as the most recent 
rain garden installations. Resources on stormwater management, groundwater, green infrastructure 
projects, rain harvesting, and all presentation slides were made available to all participants virtually. 
 

 
 

Figure 16: The promotional material for “The Importance of Groundwater” workshop 

4 CONCLUSION 



 

 

 

 

The PWA succeeded in expanding the impact of green infrastructure and community outreach on 
climate change resiliency. During another year of adapting to the global pandemic the PWA staff, 
partners, and volunteers successfully and safely planted four new green infrastructures within the 
Petitcodiac watershed in the form of rain gardens. These rain gardens were created in areas that will 
benefit from stormwater management, flood mitigation, and increased habitat for species such as 
pollinators in urban environments, and a biodiverse selection of native water-loving plant species that 
will remediate urban soil through nutrient cycling. The four rain gardens are located at the Community 
Hub on Joyce Ave in the City of Moncton, on the Riverfront Trail in the Town of Riverview, at the 
Maplehurst Middle School in the City of Moncton, and on the Université de Moncton campus. Thanks 
to the help of 30 volunteers and many incredible partner organizations, the gardens were planted with 
rain garden-specific soil and native flowering species. 

Through working carefully with municipal partners and communities across the Petitcodiac watershed, 
the PWA grew climate change resiliency through community-based initiatives and awareness 
campaigns, such as the No-Mow May campaign that seven municipalities participated in by 
suspending by-law enforcement of the length of lawns on private and municipal properties. These 
municipalities included the City of Dieppe, the City of Moncton, the Town of Riverview, the Village 
of Memramcook, the Village of Salisbury, the Village of Petitcodiac, and the Village of Hillsborough. 
Naturalized lawns across the watershed grew early spring flowers that were an early source of food and 
rest for pollinator species.  

The PWA completed outreach to the watershed communities through attending community events and 
festivals, school presentations, clean-ups, and virtual workshops. The PWA increased local awareness 
about stormwater runoff, green infrastructure, and nature-based solutions to increase climate resiliency 
within watershed communities. 

In conclusion, the advocates for green infrastructure within the community, partner organizations, and 
the municipal staff in watershed communities were paramount to the success of the Water Guardian 
project for the 2021-2022 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. 

5 RECOMMENDATIONS 
While the success of many green 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 urban 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, 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 Green 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-risks 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. 

 

Figure 17: PWA staff member assessing a wetland in Memramcook 

Urban trees and forests are hugely beneficial to the cities 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, decreasing air temperature 2°C to 8°C in 
an area, water management, and providing 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. 

 

Figure 18: Hemlock stands in an urban forest in the Vision Lands area of the City of Moncton 

5.2 Nature-Based Solutions 

Incentivizing and strategizing green infrastructure projects is a key part of any climate change 
adaptation strategy. The City of Moncton, the City of Dieppe, and the Town of Riverview 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. 
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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). 

 
Table A 1: 2021 Monthly Climate Data from Environment Canada’s Weather Station at the Moncton International Airport 

 

Month/ 
Year 

Mean 
Temperature 

(oC) 

Maximum 
Temperature 

(oC) 

Minimum 
Temperature 

(oC) 

Total 
Precipitation 

(mm) 
# Days >1mm 
Precipitation 

DD 
Below 
18oC 

DD 
Above 
18oC 

May-21 9.7 30.5 -2.5 113.5 13 259.4 3.1 

Jun-21 18.2 33.1 1.8 30.2 6 40.6 47.2 

Jul-21 18 28.9 8.1 159.6 11 34.9 36.2 

Aug-21 19.8 32.1 7.3 68.6 6 15.5 57.9 

Sep-21 15.7 26 4.4 131.1 7 81.5 11.1 

Oct-21 10.4 22.2 -0.5 66.1 8 235.6 0 

 
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. 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 

Figure A 2: Line graph of daily maximum temperature for July 2018 taken at the Moncton International Airport, New Brunswick 

7.2 Appendix 2: PWA No-Mow May promotions 



 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

7.3 Appendix 3: Pollinator Surveys 
Pollinator surveys were not conducted in 2021, but three surveys were designed and intended for the 
elementary, middle, and high school level to engage students in pollinator education, citizen science 
research, and outdoor activities. These survey designs will be shared with students to consult on 
accessibility, ease of use, and appeal. The PWA will continue the development of these citizen science 
surveys to ensure students will be engaged and the data collected will yield results easily organized and 
communicated with the public. These surveys will also be translated in French. 

The high school pollinator survey was created in a questionnaire format on Google Forms and can be 
accessed and completed through this following link here. 

 

Figure 19: The Middle School pollinator survey design 



 

 

 

 

 

Figure 20: The Elementary School Pollinator Survey design 

7.4 Appendix 4: 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 increasing 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. 

 


