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Abstract  
 
 The Niagara Region is experiencing the impacts of climate change. While all residents of 

Niagara will be affected by the impacts of climate change, some social groups will experience 

greater impacts than others. This Major Research Paper (MRP) uses large-scale secondary 

survey data (n=1087) to examine differential vulnerabilities to climactic events in Niagara. 

Specifically, Kruskal-Wallis and Chi-square statistical analyses were used to determine whether 

the frequency and severity of extreme heat and household flooding varied across age groups and 

household income levels. Results show that breaking down the differential vulnerability across 

age and income groups generated insight into those most vulnerable to flooding and extreme 

heat. The findings from this research study highlight the impacts that climactic events are having 

on a local scale within the Niagara Region and which specific social groups are experiencing 

these extremes.  
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1. Introduction 
 

Climate change is on the rise in Canada, with national temperatures rising at twice the 

global rate (Bush & Flato, 2019). This increase in temperature is impacting the vulnerability of 

populations across the country (Bush & Flato, 2019). For example, the increase in warming 

temperatures has accounted for rising cases of heat stress and it is projected that rare and extreme 

weather events are to become much more frequent in the coming decades (Margolis, 2013). 

According to Canada’s Top Climate Change Risks (2019), rare hot extremes or prolonged 

heatwaves are expected to become more frequent, advancing from a 1-in-20-year extreme to a 1-

in-5-year extreme by mid-century. The same is being projected in the extreme cases of 

precipitation, occurring twice as frequently and increasing the severity of flooding events. 

Flooding in Canada has been on the rise due to earlier snowmelt and frequent rainfall during 

spring months (Canada’s Top Climate Change Risks, 2019).  

 The impacts of climate change are being felt in the Niagara Region.  As climate impacts 

increase, so does the vulnerability of communities and individuals (Bush & Flato, 2019).  The 

increase of extremely hot days (defined as days over 30 degrees Celsius) and increased flooding 

within the region have caused an influx of health effects within the Niagara Region and are 

greatly impacting vulnerable populations (Niagara Region Public Health, n.d.).  The 

Intergovernmental Panel on Climate Change (IPCC) defines vulnerability to climate change as 

the degree to which a system is susceptible, or unable to cope with, the adverse effects of climate 

change including climate variability and extremes (IPCC, 2018). Vulnerability to climate change 

can be classified into biophysical, social, or integrated vulnerability (IPCC, 2018). Social 

vulnerability analysis focuses on the ability of people to adapt to climate change given their age, 

gender, and socioeconomic status (Flanagan, Hallisey, Adams & Lavery, 2018).  
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While knowledge about climate vulnerability in Canada is growing, there is limited 

empirical evidence on how climate change differentially affects social groups within the Niagara 

Region. In order to address this gap, my research draws on household surveys (n=1087) to 

understand how the exposure to climate impacts and the severity of those impacts varies within 

and between vulnerable social groups within the Niagara Region of Ontario. Specifically, my 

research will answer the following two research questions: 

1. How does the frequency of exposure to extremely hot days, and severity of impacts, 

vary across age and income? 

2. How does the frequency of exposure to household flooding, and severity of impacts, 

vary across age and income? 

 

 

 

 

 

 

 

 

 

 

 

 



 
   

8 

2. Literature Review  
 
2.1 Niagara Region 
 

Located in central Canada, the Niagara Region is part of a UNESCO Biosphere Reserve, 

which aims to promote conservation and sustainable use of biodiversity (UNESCO, 2017). 

Having this distinction encourages sustainable practices throughout systems and encourages 

social and ecological management.   

The Niagara Region is home to nearly half a million people.  The region is comprised of 12 

municipalities, with a wide range of social demographics. Across all household types, the median 

income within the Niagara Region was $68,410 as of 2012 which is lower than the provincial 

median on average (Living in Niagara, 2012). This income variability can pose unique 

challenges to differentiated and vulnerable populations as the severity to exposure and ability to 

adapt to climate change may be harder for them to achieve. More specifically within the region, 

climate change is affecting the overall health of individuals by the increase in frequency, severity 

and exposure to environmental stressors. While each municipality has its own unique set of 

stressors and characteristics, there is an increasing pressure put on policy makers and health 

officials across scales to protect public health in the face of climate change (Araos et al., 2015).   

2.2 Climate Change in the Niagara Region  
 

The Niagara Region is experiencing the impacts of climate change.  Evaluating climate 

projections for this region gives an insight into future extreme events to help with the 

adaptability of the population. Climate projections range, given uncertainty about future rates of 

greenhouse gases emissions.  Yet, all future scenarios predict increasing temperature within the 

region, which will result in longer and more intense heat waves (Climatedata.ca, 2019).  These 

climactic changes will translate into increased heat related illnesses, morbidity and mortality, 
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specifically within vulnerable populations who may not be able to keep up with the demand of 

cooling needs (New Niagara Official Plan, 2019).  

Between 1948 and 2008, the average annual temperature in Ontario has increased 

approximately by 1.5 degrees and is expected to rise by as much as 3 to 8 degrees within the next 

century (Ontario Climate Change and Health Modelling Study, 2016). The projection of 

heatwaves increasing in their frequency and severity will be a major concern for elderly 

populations, infants and people that are suffering from pre-existing health conditions. Based on 

projections from the Ontario Climate Change and Health Modelling Study (2016), the Niagara 

Region is expected to have an increase in heat waves over the course of the next 60 years. They 

define a heatwave as at least three consecutive days exceeding 32 degrees Celsius. By 2080, the 

Niagara Region can see on average, 4 heatwaves annually (Ontario Climate Change and Health 

Modelling Study, 2016).  The health effects from exposure to the prolonged increase in 

temperatures ranges in severity from minor illnesses such as heat stress to increased 

hospitalization rates and potentially a rise in mortality rates (Mitchell et al., 2016). See Figure 1 

below for hottest day projections for the Niagara Region over the next 80 years.  

Figure 1. Hottest day projections for the Niagara Region over the course of this century under 
highest emission scenario (Climatedata.ca, 2020). 
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On top of increasing temperatures, an increase in precipitation is projected during all 

seasons (Climatedata.ca, 2019). While varying degrees of increase will differ between each 

region based on the unique geographic location, the amount of precipitation expected over a 

short-term period (a day or less) is projected to increase. Water levels within the great lakes, 

specifically Lake Erie and Ontario that border around the Niagara Region have been highly 

variable with both increasing and decreasing periods (Gronewald & Rood, 2018). The variability 

of these lakes is increasingly becoming a cause for concern due to the uncertainty that climate 

change is posing. See figure 2 below for precipitation projections over the next 80 years in the 

Niagara Region. 

 
Figure 2. Total precipitation projections for the Niagara Region over the course of this century 
under the highest emission scenario (Climatedata.ca) 
 

In May of 2017, water levels in Lake Ontario rose to record high levels. Rapidly 

increasing and leading to unusually high flows through the Niagara River leading out into the 

Great Lakes (Gronewold & Rood, 2018). This was a major cause for concern for residents within 

the Niagara Region as flooding within their homes as well as their communities has been 

becoming a large problem and, in some cases, displacing people from their homes.  



 
   

11 

Severity and frequency of these extreme weather events, regardless of geographic 

location is expected to increase annually. The effects of climate change within the Niagara 

Region are being felt across all sectors with many different climactic events being experienced 

(Penney, 2012). For example, the agricultural sector is seeing shorter seasons for signature 

harvests of ice wine as well as reduced productivity and quality of grape varietals (Penney, 

2012). Ecosystems throughout the region are also experiencing the negative impacts of climate 

change through increased insect and disease outbreaks within trees and a decline in wetlands due 

to lower water levels (Penney, 2012). Initiating adaptation strategies that target human health, 

specifically within differentiated populations will allow for the severity of impacts to be lessened 

within these groups.  

2.3 Differential Vulnerability to Climate Change 
 
 According to Thomas et al. (2018), no one can escape the impacts of the changing 

climate.  However, some social groups are experiencing greater effects of these changes based on 

their differential characteristics. Access to, and availability of, resources that help in the ability to 

adapt to climate change and its stressors on human health is varied based on social and economic 

contexts (Thomas et al., 2018). Thomas et al (2018), go further into addressing that inequalities 

in the accessibility and capacity to adapt and handle these environmental hazards is increasing 

the stress of climate change on vulnerable groups. The increase in frequency and severity of 

these extreme climactic events will worsen existing health inequalities of individuals that are 

already vulnerable (Thomas et al., 2018).  

While flooding is becoming a major concern within the Niagara region, extreme rainfall 

particularly during the summer months is expected to decline (Penney, 2012). Causing further 

concerns of summer droughts impacting human health as water quality and quantity will become 

compromised.  
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 In order to develop policies that build resilience to climate change, researchers, 

governments and NGOs have invested in better understanding of social vulnerability to climate 

change (IPCC, 2014). Social vulnerability is conventionally measured through aggregate data on 

exposure, sensitivity and adaptive capacity (Thomas et al., 2018). Yet, to inform public health 

policies that address the intersection of poverty, marginalization and inequality with climate 

change, disaggregated a data is needed (Thomas et al., 2018).  

Austin et al. (2016) report on incorporating adaptation strategies across scales to ensure 

that issues related to climate change, specifically human health, are being addressed. Researchers 

argued that public health adaptation at a national level within developed countries has been 

something that is very underreported. They emphasised how trends have been analyzed in regard 

to health issues that have been happening across various countries opposed to analyzing how 

actual health adaptation is being implemented and what is working (Austin et al, 2016). Focusing 

on the vulnerability lens of human health and climate change specifically within the Niagara 

Region will allow for further adaptive capacity to unfold and a greater sense of combatting 

unique climate change challenges within this region.  
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3. Methods  
 
3.1 Data Collection  
 

Niagara Adapts is a two-year partnership between Brock University and seven 

municipalities of the Niagara Region. The partnership aims to provide innovative climate 

solutions that are unique to this area. Through collaboration with the participating municipalities, 

climate change vulnerability surveys were conducted at the household level by Dr. Jessica Blythe 

and the Niagara Adapts partners to engage with residents about the direct impacts they are facing 

in terms of climate change.  The surveys were designed to collect data on 50 indicators of 

climate vulnerability, spread across the three dimensions of vulnerability: exposure, sensitivity, 

and adaptive capacity.  Data was collected between October and December 2019 through both 

online and face-to-face surveys for residents living within the participating municipalities.  The 

municipal partners in Niagara Adapts include: Niagara Falls, St. Catharines, Lincoln, Welland, 

Grimsby, Pelham and Niagara-on-the-Lake. An overview of the geographic locations 

participating in the Niagara Adapts partnership can be seen below in Figure 3. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Overview of geographic locations of the 7 municipalities participating in Niagara 
Adapts (arcgis.com). 
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 This MRP, therefore, analyses secondary data that was generated through the Niagara 

Adapts partnership.  Of the 50 indicators included in the Niagara Adapts vulnerability survey, 

this MRP utilizes six questions that address variables of age and household income, plus 

exposure and severity of household flooding and extreme heat.  All other questions were not 

relevant to this research. Table 1 shows the questions utilized throughout this study.  The 

complete survey can be seen in Appendix 1.  

Table 1. Niagara Adapts survey questions used for this present research study. 

Survey Question Number Survey Question Respondents Answer Options 
Question 2 What is your age?  18-34 

35-54 
55-64 
65+ 

Question 6 What is your total annual 
household income? 

$0 to $29,000 
$30,000 to $59,000 
$60,000 to $99,000 
$100,000 to $199,999 
$200,000+ 

Question 15 In the last 2 years, have you 
experienced flooding inside 
your home? 

Yes. (please indicate how 
many floods you have 
experienced in your home) 
 
No  

Question 16 Please rank how severe the 
consequences of the flood(s) 
were for your household. 

Negligible 
Minor 
Moderate 
Major 
Catastrophic 

Question 27 Think back on days with 
extremely hot temperatures 
(e.g. days over 30°C) over the 
past 2 years. Please rank the 
frequency of these events. 

Very frequent 
Frequent 
Moderate 
Not very frequent 
Rarely 
 

Question 28 Please rank how severe the 
consequences of these 
extremely hot temperatures 
were for your household (e.g. 

Negligible 
Minor 
Moderate 
Major 
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Demographics were broken down by age and income in order to get a full understanding 

of individual experiences throughout municipalities. The age groups (or brackets) remained the 

same throughout the statistical analysis (18-34; 35-54; 55-64; 65+).  However, two of the 

household income levels ($100,000 to $199,000 and $200,000) were merged into one grouping 

due to low number of respondents in those two levels. This allowed the researchers to determine 

the greater effects climate change poses on these socially differentiated groups. In total, 1087 

household surveys were completed.  This secondary data has been collected in order to identify 

the socially differentiated impacts based on demographics within the community in regard to the 

two exposure events due to climate change.  

 

 

 

 

 

 

 

 

 

 

Figure 4. Niagara Adapts coordinators conducting household survey on climate vulnerability in 
St. Catharines, Ontario (photo credit: Olivia Groff). 
 

heat-related illness such as 
heat exhaustion and heat 
stroke, unable to work due to 
heat, unable to go outside, 
sunburns, etc.). 

Catastrophic 
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This research received clearance by Brock University’s Research Ethics Board (19-053-

Blythe). Participation was voluntary and all data was anonymous and saved in a secured system. 

 
 
3.2 Data Analysis 
 

To assess the frequency and severity of their personal experiences pertaining to flooding 

and extreme heat, participants were asked to answer based on a five-point Likert scale with 1 

being negligible and 5 being catastrophic. Normality tests were conducted by social groups of 

age and income as well as the frequency and severity of extreme heat and flooding within one’s 

home. Data was determined to not be normally distributed. Quantitative analysis for the 

frequency and severity of extreme heat events will be conducted through the use of a non-

parametric Kruskal-Wallis test in order to identify differences based on the means of socially 

differentiated groups. A Chi-square test was conducted to determine the mean differences 

between the frequency and severity of flooding events based on age and income within the 

Niagara Region.   

My research focuses on how extreme heat events and household vary across age and 

income. While these climate change impacts are also causing extensive health concerns for these 

communities, the further health effects of climate change go beyond the scope of my research as 

there are many other pressing health impacts due to the changing climate and extreme climactic 

events.  
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4. Results 
 
4.1 Demographics 
  

Of the 1087 respondents to the survey, 36.7% of people fell within the 35-54 age 

grouping (n=400). In terms of income levels, 29.7% of respondents fell within the $60,000-

$99,000 (n=323) bracket and 33.9% fell within the $100,000-$199,000 (n=369) income bracket. 

These income categories and number of respondents within each bracket are representative of the 

average total annual income for the Niagara Region as a whole. A breakdown of age groupings 

and household income levels can be seen in Table 2 below based on each participating 

municipality. 

 
 
 
 
 
 

Box 1. Social vulnerabilities and climate change amidst COVID-19 
 
In March of 2020, Coronavirus (COVID-19) was declared a pandemic by the World 
Health Organization (WHO, 2020). It has played a large factor in the adaptive 
capacity of vulnerable populations who are suffering from the progressing impacts 
of a changing climate, with factors such as extreme heat and flooding. 
 
The COVID-19 pandemic is also having disparate impacts across already vulnerable 
groups such as the elderly and those with pre-existing health conditions (Thomas, 
Jang & Scandlyn, 2020). Similarly to climate change, the pandemic also does not 
equally affect social groups (Manzanedo & Manning, 2020). Several researchers 
have suggested a strong spread in the virus may be due to temperature and humidity 
– with rising temperatures and heat waves becoming more frequent in the Niagara 
Region, it is putting a greater emphasis on public health systems as well as governing 
bodies to work together. 
 
*The data used within this paper was collected before the COVID-19 pandemic was 
declared, moving forward, it is important to note that such instances similar to the 
global pandemic will play a key role in the adaptive capacity of vulnerable groups. 



 
   

18 

Table 2. Demographics for all participants in survey and breakdown of participants from each 
municipality including proportions for all participants (n=1087). 

Note. Missing values were found when breaking down each municipality by age and income 
levels. The number of cases of missing values was extremely small (<6%), so these values were 
omitted from the analysis. Proportions of respondents based on total number of participants 
(n=1087).  
 
4.2 Vulnerability to Extreme Heat in the Niagara Region 
 

With rising temperatures and prolonged heatwaves, residents in the Niagara Region are 

experiencing increases in the frequency and severity of extreme heat. To explore social 

differential exposure to heat across income and age groups, a Kruskal-Wallis analysis with 

Bonferroni correction using SPSS software was conducted to examine whether the impact of 

extreme heat events differs as a function of age. Respondents were asked to rate the frequency 

and severity of extreme heat events within the last 2 years on a five-point Likert scale (1-

negligible, 2- minor, 3-moderate, 4-major, 5-catastrophic).  

4.1.1 Differential Vulnerability to Extreme Heat Across Age Groups in the Niagara Region  
 

Analysis was conducted in the four age groupings as defined in the survey. Each age 

group was then compared to another to determine statistical differences in regard to the 

 All 
(n=1087) 

Niagara 
Falls  

(n=153) 
(14%) 

St. 
Catharines 

(n=340)  
(31.2%) 

Lincoln 
(n=150) 
(13.7%) 

 

Welland 
(n=111) 
(10.2%) 

Grimsby 
(n=82) 
(7.5%) 

Pelham 
(n=147) 
(13.5%) 

Niagara-
on-the-
Lake 

(n=104) 
(9.5%) 

Age Group         
18-34 279 (25%) 42 (27%) 99 (29%) 36 (24%) 47 (42%) 20 (24%) 21 (14%) 14 (13%) 
35-54 400 (36%) 49 (32%) 130 (38%) 79 (53%) 24 (21%) 30 (36%) 63 (43%) 25 (24%) 
55-64 208 (19%) 31 (20%) 66 (19%) 20 (13%) 17 (15%) 22 (27%) 26 (18%) 26 (25%) 

65+ 197 (18%) 31 (20%) 45 (13%) 14 (9%) 23 (20%) 9 (11%) 37 (25%) 38 (36%) 
Income         

$0-$29,000 93 (8%) 11 (7%) 42 (12%) 6 (4%) 25 (22%) 1 (1%) 7 (5%) 1 (1%) 
$30,000-
$59,000 

198 (18%) 44 (29%) 65 (19%) 21 (14%) 26 (23%) 13 (16%) 16 (11%) 13 (12%) 

$60,000-
$99,000 

323 (30%) 43 (28%) 116 (34%) 43 (29%) 29 (26%) 22 (27%) 31 (21%) 39 (37%) 

$100,000-
$199,000 

359 (33%) 42 (27%) 96 (28%) 69 (46%) 26 (23%) 25 (30%) 66 (45%) 35 (34%) 

$200,000+ 57 (5%) 8 (5%) 10 (3%) 5 (3%) 2 (2%) 7 (8%) 16 (11%) 9 (9%) 
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frequency that a specific age group is experiencing extreme heat events. A series of Kruskal-

Wallis analyses with Bonferroni-adjusted Dunn post-hocs showed that age significantly differed 

as a function of frequency of extreme heat events, H(2) = 14.28, p = .003, such that those 

experiencing less frequent events of extreme heat were significantly younger than those in the 

older age groupings. Of the 1032 respondents who answered this question, 42% of people stated 

that they experience a mild frequency to extreme heat. See Table 3 below for the pairwise 

comparisons of age and frequency of extreme heat. The adjusted significance value shows the 

statistical difference between age groups and frequency.  

Table 3. Pairwise comparisons with Bonferroni post-hoc correction of age groups and frequency 
of exposure to extreme heat in Niagara, Ontario. 
 

Sample 1 – Sample 2 Adjusted 
Significance 

18-34 – 35-54 .034 

18-34 – 55-64 .013 

18-34 – 65+  .008 

 

When comparing the same age groupings and the severity that these extreme heat events 

are posing to the groups, there was a statistical difference between two of the groups. A 

Kruskall-Wallis analysis with Bonferroni-adjusted Dunn post-hocs was used again and showed 

that age significantly differed as a function of severity to extreme heat, H(2) = 17.09 p = .001, 

such that those experiencing the severity of extreme heat were significantly older than those in 

the younger age groupings. Of the 1034 people respondents who answered this question, 39.2% 

of people stated that they experience mild forms of extreme heat. See Table 4 below for pairwise 

comparisons of age and heat severity. The adjusted significance value shows the statistical 

difference between age groups and severity.  
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Table 4. Pairwise comparisons with Bonferroni post-hoc correction of age and heat severity in 
Niagara, Ontario. 

 
Sample 1 – Sample 2 Adjusted 

Significance 
35-54 – 18-34  .001 

65+  –  18-34  .015 

 
 
 
4.1.2 Differential Vulnerability to Extreme Heat Across Household Income Levels in the Niagara 
Region 
 
 A Kruskal-Wallis analysis with Bonferroni-adjusted Dunn post-hocs was used when 

comparing the different household income levels to the frequency of extreme heat events. It was 

found that there was no statistical difference, H(3) = 3.07, p = .546. 

When comparing the same age groupings and household income levels for severity of 

extreme heat with the Kruskal-Wallis and Bonferroni-adjusted Dunn post-hocs analysis, there 

was a statistical difference between two levels, H(3) = 14.13 p = .007.The largest household 

income level compared to the smallest household income level saw a statistical difference in 

terms of income and the severity of extreme heat events. Those who make a smaller household 

income rated the severity of extreme heat higher on the five-point Likert scale compared to those 

who make a larger household income. See Table 5 below for pairwise comparisons of household 

income level and severity of extreme heat. The adjusted significance value shows the statistical 

difference between income level and severity.  

Table 5. Pairwise comparisons with Bonferroni post-hoc correction of household income and 
severity of extreme heat in Niagara, Ontario. 
 

 

 

 

Sample 1 – Sample 2 Adjusted  
Significance 

200,000+  –  60,000-99,000 .022 

100,000-199,000 – 0-29,000 .006 
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4.2 Vulnerability to Household Flooding in the Niagara Region 
 

Household flooding has increased in frequency and consequences to many residents in 

the Niagara Region. To explore social differential exposure to household flooding across income 

and age groups, a Chi-square test of independence was performed using SPSS software to 

examine the relationship between household flooding based on age groupings and income levels.  

4.2.1 Differential Vulnerability to Household Flooding Across Age Groups in the Niagara 
Region 
 

Respondents were first asked to answer a yes or no question within the survey to 

determine who had experienced household flooding in the Niagara Region within the last 12 

months. As a function of age and out of 1077 respondents, 15.4% of people stated that they had 

experienced household flooding within the last 12 months. A chi-square test of independence 

was performed here to examine the relationship between household flooding and age. The 

relationship between these variables was significant, X2 (2, N = 1077) chi-squared value = 11.5, 

p = .001, such that there was a relationship between age and those who responded yes to having 

experienced a household flood within the last 12 months. See Table 6 below for the breakdown 

of age groups and their responses to household flooding.  

Table 6. Age and household flooding responses in Niagara, Ontario, (n=166). 

Reports of Household Flooding by Age Groups  
Age   Yes No Total 
 18-34 54 222 276 
 35-54 67 332 399 
 55-64 28 179 207 
 65+ 17 178 195 
Total  166 911 1077 

Note. Missing values were found and the number of cases of missing values was 
extremely small (<5%), these values were omitted from the analysis.   

 

Of the people who responded yes to household flooding, the responses were then broken down 

into the different age groupings. A chi-square test of independence was performed to examine 
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the relationship between the consequences of household flooding and age. The relationship 

between these variables was not significant, X2 (2, N = 161) chi-squared value = 6.7, p = .253, 

such that, there was no relationship between the consequences of household flooding based upon 

age groupings. 50.9% of respondents who experienced household flooding within the last 12 

months stated that they had experienced mild damage to their homes. See Table 7 below for a 

breakdown of age and the severity of household flooding.  

 
Table 7. Age groups and consequences of household flooding in Niagara, Ontario, (n=166, 5 
missing reports). 

 
Consequences of Household Flooding by Age Groups 

 1 2 3 4 5 Total 
Age 18-34 11 30 10 3 0 54 
 35-54 12 32 14 5 1 64 
 55-64 3 14 8 1 1 27 
 65+ 4 6 4 2 0 16 
Total  30 82 36 11 2 161 

Note. Missing values were found and number of cases was extremely small (>5%), these 
values were omitted from statistical analysis. 5-point Likert scale utilized (1- Negligible, 2- 
Minor, 3- Moderate, 4- Major, 5- Catastrophic). 
 
4.2.2 Differential Vulnerability to Household Flooding Across Household Income Levels in the 
Niagara Region 

 
A chi-square test of independence was performed to examine the relationship between 

household flooding and household income levels. Respondents were asked the same yes or no 

question to experiencing household flooding within the last 12 months. Of the 1034 people who 

responded to the question, 14.9% of people stated that they had experienced household flooding. 

The relationship between these variables was not significant, X2 (2, N = 1034) chi-squared value 

= 13.6 p = .292, such that there is no relationship between household flooding and household 

income levels. See Table 8 below for a breakdown of household income level and their responses 

to household flooding.  
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Table 8. Income groups and household flooding responses in Niagara, Ontario, (n=160). 

 

Note. Last two household income levels grouped together due to low response rate.  

The 160 people who stated that they had experienced household flooding within the last 12 

months were then broken down into the different household income levels. As shown in Table 8, 

after adjusting for missing values, a total of 155 respondents rated their consequences to 

household flooding on the five-point Likert scale. 51.6% of respondents rated their consequences 

to household flooding as mild. The relationship between these variables was not significant, X2 

(2, N = 155) chi-squared value = 19.3, p = .404, such that there was no relationship between 

household flooding and household income levels. See Table 9 below for household income level 

and the severity of household flooding.  

Table 9. Household income groups and consequences to household flooding in Niagara, Ontario, 
(n=160, 5 missing reports). 

 
Consequences of Household Flooding by Income Levels 

 1 2 3 4 5 Total 
Income $0-

$29,000 
3 4 1 0 1 9 

 $30,000-
$59,000 

3 8 7 2 0 20 

 $60,000-
$99,000 

10 37 14 3 1 65 

 $100,000-
$200,000+ 

12 31 13 5 0 61 

Total  28 80 35 10 2 155 
  Note. Missing values were found and number of cases was extremely small (>5%), these 
values were omitted from statistical analysis. 5-point Likert scale utilized (1- Negligible, 2- 
Minor, 3- Moderate, 4- Major, 5- Catastrophic). 
 

Reports of Household Flooding by Age Groups  
Income  Yes No Total 
 $0-$29,000 10 81 91 
 $30,000-

$59,000 
20 176 196 

 $60,000-
$99,000 

67 255 322 

 $100,000-
$200,000+ 

63 362 425 

Total  160 874 1034 
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5. Discussion 

Climate vulnerability is a multidimensional process that varies between individuals and 

social groups. To understand differential vulnerability to climate change in the Niagara Region, 

this MRP explored how the frequency and severity of extreme heat and household flooding 

varied across age groups and household income levels. In alignment with the two main research 

questions, the analysis revealed four key findings: 

Research Question 1. How does the frequency of exposure to extremely hot days, and severity of 

impacts, vary across: a) age and b) income? 

1. As age increased, the events of extreme heat are experienced more frequently in the 

Niagara Region. 

2. Severity to extreme heat did differ between household income levels. 

Research Question 2. How does the frequency of exposure to household flooding, and severity of 

impacts, vary across: a) age and b) income? 

3. Vulnerability to household flooding varied based upon age groups, where  

4. Vulnerability to household flooding did not differ based on household income levels 

in the Niagara Region. 

5.1 Differential Vulnerability to Extreme Heat Across Age Groups (Research Question 1a) 
 
 Extreme heat events can impact all Canadians at different levels.  This research shows 

that the frequency of exposure to extreme heat across the Niagara Region is lower for those who 

are under the age of 34 in comparison to other age groupings of 35+. It also shows that the 

severity to extreme heat differs based on age groups. The 35-54 age group as well as the 65+ age 

group reported a significantly higher rating of severity to extreme heat across the Niagara 

Region. These findings are consistent with other researchers results when comparing the two 

variables, stating that within an overall population, older adults are at a higher risk to the effects 
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of extreme heat, both in regard to frequency and severity (Guilbault & Kovacs, 2016, p. 31). 

Older populations, even without pre-existing health conditions are the most vulnerable during 

prolonged extreme heat exposure (Kenney, Craighead & Alexander, 2014). The findings from 

this research are consistent to previous researchers work when discussing age and the frequency 

and severity of extreme heat events. It is important to note that all age groups during this 

research reported being exposed to extreme heat, however, it was the youngest age group that 

reported frequency and severity that was less than all other age groupings.  

5.2 Differential Vulnerability to Extreme Heat Across Household Income (Research Question 1b) 
 
 Previous researchers have reported that the impacts of climate change differ based upon 

household income levels (IPCC, 2014). According to the Intergovernmental Panel on Climate 

Change (IPCC), climate change is exacerbating existing income inequalities (IPCC, 2014, p. 

796). In contrast to other researchers, the findings from this MRP show that there was no 

statistical difference between exposure to extreme heat and annual household income. However, 

there was a statistical difference between the severity of extreme heat and annual household 

income. Those who are making a low income ($0-$29,000 annually) differ in comparison to 

those making a higher income ($100,000+ annually) when it comes to the severity of 

experiencing extreme heat. Those individuals who are making a lower household income 

annually reported that they are experiencing the effects of climactic events such as extreme heat 

on a larger scale than those who are making a larger household income. Gronlund reports that 

socioeconomic characteristics and income have been found to be associated with increased 

susceptibility to heat-associated health effects (Gronlund, 2014). Other researchers have 

expressed that low-income households are at higher risk, likely due to poorer quality housing and 

limited access to air conditioning (Gower, Mee, & Campbell, 2011). It has also been noted that 

social factors such as age or low income can affect a person’s ability to cope with high 
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temperatures (Gower, Mee, & Campbell, 2011). Within the Niagara Region, the findings from 

other researchers coincide with what is happening on a local level. While the exposure to 

extreme heat may not be a direct implication based on annual household income, the severity to 

which people are experiencing extreme heat is affected based on annual household income.  

5.3 Differential Vulnerability to Household Flooding Across Age (Research Question 2a) 
 
Household flooding has become a pressing issue in many Canadian communities. In the 

Niagara Region, many individuals are reporting household flooding events within the last 12 

months, some having devastating impacts. The results of the analysis conducted here showed 

that household flooding differed across age groups while the severity consequences due to 

household flooding did not. Similarly, research based on Michigan has shown that the impacts of 

flooding vary based upon neighbourhood as well as individual vulnerabilities such as age 

(Sampson et al, 2018). This is important to note as individual’s age can impact where they are 

living and what kind of support or insurance they have to protect against climactic events such as 

household flooding. Rufat (2015) reports that linking demographics and social vulnerability to 

flooding events involving age and income are a main driver of individual’s ability to prepare, 

respond and recover from flooding events (Rufat et al, 2015). The researchers go on to further 

explain that the linear relationship between the vulnerability to household flooding and age have 

‘very old’ and ‘very young’ being the most vulnerable due to their physical conditions and 

dependency (Rufat et al, 2015). Within the context of the Niagara Region, household flooding 

has been seen to differ based on age while the consequences of the household flooding events 

had no significant difference.  
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5.4 Differential Vulnerability to Household Flooding Across Household Income (Research 
Question 2b) 
 

The results of the analysis showed that the frequency and severity of household flooding did 

not differ between household income groups in the Niagara Region.  Urban flooding and damage 

is increasing across Canada (Henstra & Thistlethwaite, 2017). This increase is being caused by 

changes in snowmelt due to rising temperatures and increases in rainfall associated with severe 

storms heightening the risk of flooding across many Canadian communities (Henstra & 

Thistlethwaite, 2017). It has also been projected by new climate modelling commissioned by the 

Insurance Bureau of Canada (IBC) that incorporates averages of rainfall, snowmelt and 

riverways alongside historical flood records that a potential “1.8 million Canadian households 

(almost 10% of Canadian households) are at a ‘very high risk’ of flood damage” (Henstra & 

Thistlethwaite, 2017). The findings from this research coincide with the outcomes of this MRP 

stating that regardless of household income levels, large proportions of people will be 

experiencing the frequency to extreme heat and household flooding in the coming years.  

5.5 Limitations to Research  
 
 While this MRP focused on differential climate vulnerability across age and income 

groups, it is important to acknowledge that there are other demographic variables that could alter 

an individual’s vulnerability to climate change, such as neighbourhood, gender, and livelihood to 

name a few.  Future research could productively explore differential climate vulnerability in 

Niagara across these variables, which was beyond the scope of this MRP.  

Second, this MRP explored climate vulnerability across the Niagara Region by grouping 

all 7 of the participating Niagara Adapts municipalities. Yet, the Niagara Region is a diverse 

geographic area. Certain municipalities are adjacent to large bodies of water such as Lake 

Ontario and the Niagara River, while other areas within the Niagara Region are more inland 
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geographically.  It would be interesting for future researchers to look at each municipality 

individually opposed to collectively to determine if there are differential vulnerabilities to certain 

climactic events between each area. Focusing on different social demographics and 

vulnerabilities would give researchers a greater emphasis on how populations within the Niagara 

Region or elsewhere are faring based on extreme climactic events.  

Third, since statistical differences found in this MRP are relatively low, it would be 

useful for researchers to collect a larger dataset to see if the low differences hold true across a 

larger sample size. Collecting individuals exact ages opposed to an age range or grouping would 

allow for a more in-depth analysis of demographic differences as well as being able to see a 

stronger statistical difference.  

Lastly, the use of secondary data for climate vulnerability analysis is a limitation of this 

research study. Limitations of using secondary data include the potential misalignment between 

the research questions, framework and the existing data (Preston et al. 2011). However, when 

discussing socioeconomic indicators, particularly within climate vulnerability, the use of 

secondary data is a common practice (Preston et al. 2011). Furthermore, the Niagara Adapts’ 

data is timely, relevant and robust in terms of relevancy to the main research questions 

throughout this MRP.  

5.6 Relevance of Study  
 
 Developing more nuanced understandings of differential vulnerability to extreme heat 

and household flooding is important for Niagara and for Canada more broadly.  For example, 

during the development of the website, www.ClimateData.ca, the Environment and Climate 

Change sector of the Government of Canada supported a survey to better understand priority 

issues for the health sector in the context of climate change in Canada.  A survey was conducted 

with both French and English-speaking managers of health units, physicians, public health 
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professionals, emergency management personnel as well as environmental health and climate 

researchers to get their expertise on climate change and health. In total, 132 responses were 

collected. The common issue highlighted by survey respondents was the impact of extreme heat 

on individuals’ health, as well as within regional health units. The findings from this survey align 

with the outcomes of this MRP by emphasizing that extreme heat is a large concern, specifically 

impacting individuals within the Niagara Region and further across Canada (ClimateData.ca).  

In terms of household flooding within Canada, the Government of Canada has reported 

that floods are the most frequent natural disaster affecting Canadians and is projected to continue 

in frequency and intensity in the coming years (Government of Canada: Floods, 2019). 

Researchers from the University of Waterloo have also reported that residential basement 

flooding has quickly become the costliest issue when dealing with extreme climactic weather 

events in Canada (Decent, 2018). As these events of household flooding are continuing to 

increase in frequency and severity, the impacts that it will be having on financial costs as well as 

personal health is expected to continue to increase (Decent, 2018).  

The findings from this MRP highlight the importance of addressing climate change 

planning, adaptation strategies and resiliency to climactic extremes throughout municipalites and 

health units within the Niagara Region, and across Canada. By targeting pro-active responses to 

increasing climactic events such as extreme heat and household flooding, it will ultimately lead 

to households, municipalities, and health units creating a strong basis for combatting climate 

change.  

6. Conclusion 
 

 The impacts of climate change are increasingly felt by Canadians, and the same climactic 

event can be experienced differently by different people.  Understanding differential 

vulnerabilities to climate change will allow for more effective adaptation planning and a 
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reduction in the severity and frequency of adverse events e by climate change. This research 

emphasizes age and household income levels as factors that shape peoples’ vulnerability to 

climactic events within the Niagara Region. Going forward, developing tailored strategies to 

minimize the negative impacts of extreme heat and household flooding should be a priority for 

the Niagara Region.  
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Appendix 1 – Niagara Adapts Household Survey 
 
Q1. Please select the municipality of which you are a full-time resident:  

o Niagara Falls 
o St. Catharines 
o Lincoln 
o Welland 
o Grimsby 
o Pelham 
o Niagara-on-the-Lake 
o I am not a resident of any of the above 

 
Q2. What is your age?  

o 18-34 
o 35-54 
o 55-64 
o 65+ 

 
Q3. Which gender do you identify with? 

o Male 
o Female 
o Other 

 
Q4. How many children under 5 live at your household?  

o 0 
o 1 
o 2 
o 3 
o 4+ 

 
Q5. How many people over 65 live at your household?  

o 0 
o 1 
o 2 
o 3 
o 4+ 

 
Q6. What is your total annual household income?  

o $0 to $29,000 
o $30,000 to $59,000 
o $60,000 to $99,000 
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o $100,000 to $199,999 
o $200,000+ 

 
Q7. What is the highest level of education you completed?  

o None 
o Elementary School 
o High School 
o College 
o University 

 
Q8. Do you own your home or rent?  

o Own 
o Rent 
o Not Applicable 

 
Q9. Does your home have working air conditioning?  

o Yes 
o No 
o Not Applicable 

 
Q10. Is your downspout disconnected from the municipal sewer system (i.e. redirecting the flow 
of water from the eavestroughs onto the ground/lawn rather than directly to the municipal sewer 
system)? 
 

 
o Yes 
o No 
o Not Applicable 
o I don’t know  

 
Q11. To what extend do you feel that you have a strong support network of family and/or friends 
in the immediate area?  
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o Very High; e.g. I have an extensive network of close friends and/or family members in 
the Niagara region 

o High; e.g. I have several close friends and/or family members in the Niagara region 
o Moderate; e.g. I have a few close friends and/or family members in the Niagara region 
o Low; e.g. I do not have many close friends and/or family members in the Niagara region 
o Very low; e.g. I do not have close friends and/or family members in the Niagara region 

(e.g. if you recently moved) 
Q12. Have you immigrated to Canada within the last 5 years? (This includes temporary or 
migrant workers).  

o Yes 
o No 

 
Q13. Are you currently employed?  

o Employed full time 
o Employed part time 
o Unemployed looking for work 
o Unemployed not looking for work 
o Retired 
o Student 
o Unable to work  

 
Q14. Which sector best describes your employment?  

o Educational services/higher education 
o Business, management and public administration 
o Information technology/computer science 
o Health and related fields 
o Agriculture/natural sciences 
o Tourism 
o Other (please specify): 

 
 
 
 
 
 
 
 
 
Q15. In the last 2 years, have you experienced flooding inside your home?  

o Yes. (please indicate how many floods you have experienced in your home in the space 
below) 
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o No  
 
Q16. Please rank how severe the consequences of the flood(s) were for your household: 

o Negligible 
o Minor 
o Moderate 
o Major 
o Catastrophic 

 
Q17. Please briefly explain the consequences of the household flood (e.g. damage to basement, 
had to evacuate house, injury, other): 
 
 
 
 
Q18. Please briefly explain how you coped/responded (e.g. insurance, stayed with a friend, 
installed sump pump, other): 
 
 
 
 
Q19. Do you have household flood insurance?  

o Yes 
o No 
o Not Applicable 
o I don’t know 

 
Q20. Do you have a sump pump?  

o Yes 
o No  
o Not applicable 

 
Q21. Do you use rain barrels?  

o Yes 
o No 
o Not Applicable 

 
Q22. In the last 2 years, has your community (i.e. your town or city) experienced flooding? 
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o Yes 
o No 
o Not Applicable (e.g. new resident) 

 
Q23. If your community has experienced flooding, estimate how many floods in the past 2 years: 

o I can recall _______ floods 
 
 
o I don’t recall 

 
Q24. Please rank how severe the consequences were:  

o Negligible 
o Minor 
o Moderate 
o Major 
o Catastrophic 

 
Q25. Please briefly explain the consequences of the flood in your community (e.g. had to 
evacuate house, roads were inaccessible, services closed, injury, damage to shoreline, other): 
 
 
 
 
Q26. Please briefly explain how you coped/responded (e.g. stayed inside, used other methods of 
transportation, stayed with a friend, other): 
 
 
 
 
Q27. Extremely hot temperatures (days over 30°C). Think back on days with extremely hot 
temperatures (e.g. days over 30°C) over the past 2 years. Please rank the frequency of these 
events:  

o Very frequent 
o Frequent 
o Moderate 
o Not very frequent 
o Rarely 

 
Q28. Please rank how severe the consequences of these extremely hot temperatures were for 
your household (e.g. heat-related illness such as heat exhaustion and heat stroke, unable to work 
due to heat, unable to go outside, sunburns, etc.). 
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o Negligible 
o Minor 
o Moderate 
o Major 
o Catastrophic 

 
Q29. Please briefly explain the consequences of these extremely hot days (e.g. heat-related 
illness such as heat exhaustion and heat stroke, unable to work due to heat, unable to go outside, 
sunburns, etc.). 
 
  
 
 
Q30. Please briefly explain how you coped/responded (e.g. stayed inside, cooling centers, public 
pools, other): 
 
 
 
 
Q31. Extremely cold temperatures (e.g. days below -15°C). Think back on days with extremely 
cold temperatures (e.g. days below -15°C) over the past 2 years. Please rank the frequency of 
these events.  

o Very frequent 
o Frequent 
o Moderate 
o Not very frequent 
o Rarely  

 
Q32. Please rank how severe the consequences were for your household (e.g. cold-related 
injuries such as frost-bite, unable to work due to cold, unable to go outside, etc.).  
 

o Negligible 
o Minor 
o Moderate 
o Major 
o Catastrophic 

 
Q33. Please briefly explain the consequences of the extreme cold days (e.g. cold-related injuries 
such as frost-bite, unable to work due to cold, unable to go outside, etc.). 
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Q34. Please briefly explain how you coped/responded (e.g. stayed inside, warming centers, 
other): 
 
 
 
 
Q35. Severe storms and extreme weather. Think back to any extreme weather or severe storms 
(e.g. severe thunderstorms, windstorms, tornadoes, hail, ice storms, freezing rain, blizzards, etc.) 
over the past 2 years. Please rank the frequency of these events:  

o Very frequent 
o Frequent 
o Moderate 
o Not very frequent 
o Rarely 

 
Q36. Please rank how severe the consequences were for your household (e.g. household 
damages, services closed, road closures, injuries, power outages, frozen pipes, etc.): 

o Negligible 
o Minor 
o Moderate 
o Major 
o Catastrophic 

 
Q37. Please briefly explain the consequences of the severe storms or extreme weather (e.g. 
household damages, services closed, road closures, injuries, power outages, frozen pipes, etc.): 
 
 
 
 
Q38. Please briefly explain how you coped/responded to the severe storms or extreme weather 
(e.g. stayed inside/home from work, followed emergency plan, emergency kit, backup generator, 
other): 
 
 
 
 
Q39. How much do you feel that these extreme events have prepared you for future extreme 
weather events?  

o A great deal 
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o A lot 
o A moderate amount 
o A little 
o None at all 

 
Q40. In addition to the weather events described above (e.g. flooding, extremely hot days, 
extremely cold days, severe thunderstorms, windstorms, tornadoes, hail, ice storms, freezing 
rain, blizzards), are there any other weather events that you have experienced that are associated 
with climate change?  

o Yes (please list these other weather events or impacts you have experienced that are 
associated with climate change in the space below): 

 
 
 
 
 
 
 

o No  
 
Q41. Please rank how severe the consequences were of these other weather events or climate 
impacts for your household:  

o Negligible 
o Minor 
o Moderate 
o Major 
o Catastrophic 

 
Q42. Please briefly explain the consequences of these other weather events or climate impacts 
that you experienced:  
 
 
 
 
Q43. Please briefly explain how you coped/responded to these other weather events or impacts 
you experiences:  
 
 
 
 
Q44. Where do you receive information about climate change? Select all that apply: 
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o Environment Canada website 
o Television (Primarily which program): 

 
 

o Newspapers (primarily which newspaper): 
 
 

o Family and friends 
o Books (Primarily which books): 

 
 
 

o Internet (Primarily which website): 
 
 
 

o Social media (Primarily which site): 
 
 
 

o I do not receive any information 
 
 
Q45. How many times have you changed jobs in the last 5 years?  
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Q46. Please indicate your level of agreement/disagreement with the following statements. Note: 
municipality refers to local municipality, i.e. your town or city (rather than the regional 
municipality).  

 



 
   

47 

 
 
Q47. Are you aware of an early warning system within your municipality to alert you of climate-
related hazards?  

o Yes 
o  No 

 
Q48. That concludes the formal questions. Before we finish, is there anything else you would 
like to add that was not covered by our questions? (Optional)
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