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sewer backup flooding: Homeowner Perception and mitigative behaviour
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Abstract: Sewer backup is a major source of damages for private homeowners, municipal governments and the insurance industry in Canada. This paper presents a study of homeowner perceptions and mitigative behaviour related to sewer backup in Edmonton and Toronto, Canada. Results revealed a low perception of risk and a low adoption of recommended risk reducing adjustments.  Homeowners attributed responsibility to their municipal governments for damages, and were largely unaware of municipal programs designed to reduce sewer backup risk.  Informal social networks, including family, friends, neighbours and acquaintances were homeowners’ preferred source of mitigation information.  Experience with previous sewer backup damages were statistically related to adoption of risk reducing adjustments.  Significant differences in perception and behavioural adjustments related to sewer backup hazards between Edmonton and Toronto were revealed.  The study also revealed that those who experience damages from sewer backup may not report these damages to insurance companies or municipal governments.  
Key Words: sewer backup; hazard perception; mitigative behaviour; basement flooding.
1. Introduction
In August, 2005, a severe rainfall event struck southern Ontario, causing extensive overland flood and sewer backup damages resulting in over $500 million in insurance claims; the most costly storm event in Ontario’s history (City of Toronto, 2005; IBC, 2007).  $247 million of the claims were for damages caused by sewer backup (E. Patterson, Insurance Bureau of Canada, Personal Comm.).  Edmonton experienced severe flooding in 2004 caused by heavy rainfall, resulting in $143 million in sewer backup insurance claims. During the same year, an extreme rain event in Peterborough, Ontario resulted in $87 million in insured damages, and $25 million in government assistance payouts (Sandink, 2007).  In 2004, 2005 and 2006, the City of Hamilton experienced heavy rainfall events that resulted in significant sewer backup damages (ICP, 2006).  The Canadian cities of Ottawa, Sarnia, Thunder Bay, Port Alberni, Kenora, St. Johns, Winnipeg and Stratford have all experienced significant damages caused by sewer backup in the past 20 years (Campbell et al., 2007; Kulkarni, 2000a,b; Shrubsole, 2007).  As well as millions of dollars in property and infrastructure damage, urban flood events can lead to health issues associated with dampness and mould (Kesik & Seymour, 2003; Schwab et al., 2007) and municipal governments may face litigation due to infrastructure issues that lead to flooding (Campbell et al., 2007).
Several factors, including increasing urbanization and associated impervious surfaces (Kulkarni 2000a,b) and aging of infrastructure may increase urban flood risk in the future.  As well, more frequent and intense heavy rainfall events caused by climate change will increase the burden placed urban infrastructure, and may increase the occurrence of damages caused by sewer backup and other types of urban flooding (Ashley et al., 2005; Despotovic et al., 2005; White & Etkin, 1997).  

Homeowners play an important role in the mitigation of the impacts of sewer backup.  Homeowners can take initiative to install sewer backwater valves, sump-pumps, and can adopt other precautions to reduce their risk of urban flood damages (Kesik & Seymour, 2003; Wisner & Hawdur, 1984).  Considering the immense cost and long-term nature of upgrading and replacing storm and sanitary sewer systems, individual homeowners may play the most important role in mitigating sewer backup risks over the short- and medium-terms.  They must be adequately aware of the risks associated with sewer backup to take advantage of sewer backup mitigation subsidy programs, and must accept a certain level of responsibility in order to adopt mitigative actions.  However, very little research has been conducted on how individual homeowners perceive and react to sewer backup risks. 

The purpose of this study was to examine risk perceptions and mitigative behaviours associated with sewer backup hazards in the cities of Toronto, Ontario and Edmonton, Alberta.  The study examined perceptions and behaviours of a sample of respondents that included homeowners who had never sustained sewer backup damages (hereafter referred to as sewer backup negative) and a sample of respondents who had, at some time in the past, sustained sewer backup damages (hereafter referred to as sewer backup positive).  The study identified differences and similarities in perceptions and behaviours between the two case municipalities.  The study serves to increase knowledge on sewer backup perceptions and behaviours, and serves to provide practical information to municipalities and the insurance industry for sewer backup risk reduction at the homeowner level.
1.1 Sewer Backup
Sewer backup is a component of urban flooding, which is also typically comprised of overland flooding (runoff and riverine flooding) and infiltration flooding.  Sewer backup results from surcharging in the sanitary or combined sewer systems, caused by excess water loads in the system (City of Ottawa, 2006; UMA, 2005).  During extreme rainfall events, excess water may enter sanitary sewers due to infiltration and inflow (e.g. cracked pipes and eavestrough connections) (City of Toronto, 2006; UMA, 2005). Combined sewers, which convey both sanitary and storm sewage, increase the risk of sewer backup, especially during heavy rainfall events. Surcharging sanitary and combined sewers can push water into private homes’ sewer laterals, and into basements or lower levels of homes through plumbing fixtures.  Surcharging of storm sewer systems has also been linked to storm sewer surcharging, and overland flows entering the sanitary sewer through basement floor drains in flooded basements (City of Toronto, 2006).  Sewer backup can be considered a technological hazard, as it originates from the sanitary or combined sewer system.  Previous research has shown that this hazard may be viewed distinctly from overland flooding, and this type of flooding is much less desirable, as it introduces raw sewage into homes (Sandink, 2006; UMA, 2005).  
In Canada, insurance companies do not cover damages to homes caused by overland flooding, including flooding caused by heavy rainfall, riverine flooding, and all other sources of overland flooding (IBC, 2006).  Insurance coverage, however, is available to private homeowners for damages caused by sewer backup. This type of coverage can typically be added to a comprehensive homeowner’s policy as a separate add-on, usually for a modest premium.  
The sewer backup component of urban flooding was investigated in this research primarily due to insurance industry interest in the peril as an insurable risk.  The insurance industry has become increasingly concerned with water related damages (Bardswick, 2008).  It is not uncommon for homeowners who are at a high risk or who have experienced sewer backup damages in the past to have their insurance coverage cancelled, or have limits placed on the amount that they can claim for damages.  As well, an increasing occurrence of successful litigation against cities for damages associated with basement flooding, including those associated with sewer backup, have been reported (Campbell et al., 2007).  For these reasons, sewer backup is considered a particularly concerning component of urban flood events.
1.2 Hazard Perceptions

Hazard perceptions are an important part of non-structural hazard mitigation.  In has been argued that proper understanding is a necessary component of effective hazard mitigation at the individual level, as appropriate risk perceptions, hazard awareness and awareness of mitigation measures may lead to increased mitigation at the individual level (Bollens et al., 1988; McCaffrey, 2004).  Hazard perception research has consistently revealed that individuals deny or denigrate the occurrence, recurrence and severity of hazards, and generally do not take appropriate actions to reduce their damage risk (Burton et al., 1993; Tobin & Montz, 1997).  Research has also revealed that private individuals are likely to attribute responsibility for hazard damages and damage mitigation on governments, especially local governments (Arceneaux and Stein 2006; Yates 1998).
1.3 Mitigative Adjustments
The range of adjustments for sewer backup hazards may be categorized into actions that affect the sewer system (typically carried out by municipal governments) and actions that affect the private individual. Examples of adjustments that affect the sewer system include separating combined sewer systems, and reducing sources of infiltration and inflow into the sanitary sewer system (e.g., maintaining and fixing cracked pipes, sealing man-hole covers, use of smoke-testing to identify inflow, etc.), as well as other stormwater management practices carried out directly by governments.  Adjustments that affect the behaviour of, or are carried out by private individuals include bylaws (e.g. mandatory disconnection of downspouts from sanitary/combined sewer systems), education programs, financial assistance for the installation of risk mitigating plumbing devices (e.g. backwater valves, sump pumps), and the purchase of insurance to cover sewer backup damages. Actions that reduce infiltration and inflow, such as educating homeowners about, subsidizing, and/or requiring the disconnection of down spouts and foundation drains, may also be considered individual mitigative adjustments.  
Mitigative adjustments adopted by homeowners can be further reduced into less intensive  and risk reducing adjustments. Less intensive adjustments include those that do not reduce the risk of damages, such as writing letters to politicians, attending public meetings, purchasing insurance coverage, and so on.  Risk reducing adjustments decrease the risk of sustaining damages, and may include the installation of backwater valves, sump pumps, or removal of important/expensive property from flood-prone basements.  Previous research has revealed that individuals are more likely to take less intensive actions, as they often require fewer resources than adjustments that reduce risk (Burton et al., 1993; Laska, 1990).
2. Methods

A telephone administered questionnaire survey was conducted between the dates of January 11 and January 21, 2007. A brief description of overland flooding and sewer backup flooding was provided at the beginning of the survey, to ensure sewer backup positive respondents were identified.  The questionnaire was designed to gain insight into homeowner perceptions and behaviours associated with sewer backup damages, and included sections on respondents’ experience with sewer backup, including frequency of experience; risk perception; attribution of responsibility; adjustment knowledge and adoption; knowledge of government actions, and; satisfaction with insurance as a cost sharing tool.  Systematic random sampling generated total sample of 805, 400 of which were from the municipality of Edmonton, Alberta, and 405 of which were from the municipality of Toronto, Ontario. Survey quotas were set to ensure that 200 respondents from each municipality were sewer backup positive. 
The case cities were chosen due to their recent and historical severe urban flooding events. Both municipalities had taken extensive measures to reduce urban flooding at the municipal and homeowner levels.  The City of Edmonton has had a homeowner preventative plumbing subsidy program in place since 1991, and the city of Toronto has had a similar program, beginning in  2001. Both programs were originally designed to subsidize only those who had previous basement flood damages.  In 2005, the City of Edmonton extended their subsidy program to include those who were at risk, but had not necessarily experienced damages.  In May 2007, the City of Toronto expanded their preventative plumbing subsidy program to all ground-related homes, regardless of basement flooding history.  Subsidy programs in both cities provide assistance for the installation of backwater valves and sump-pumps, and Toronto’s program provided assistance for downspout disconnections and disconnection of foundation drains, where appropriate (City of Edmonton, 2005;City of Toronto, 2005). The case cities both employ education programs to inform residents of the risks and mitigative procedures for basement flooding, making use of tools such as mass media advertising campaigns, brochures, web pages, home inspections and public meetings.  Edmonton’s education program has historically been more progressive than Toronto’s in terms of longevity, use of professionally made materials (brochures, handbooks, etc.), and frequent public workshops and meeting on basement flooding and flood mitigation.  
3. Results

Nineteen percent of Edmonton, and 24% of Toronto sewer backup positive respondents reported only one sewer backup event, thus, the majority of sewer backup positive respondents had sustained more than one event.  The majority of sewer backup positive respondents from each case city believed that their damages were either minor or very minor, however a considerable proportion perceived their most recent damages as severe (Table 1).  The majority of sewer backup positive respondents did not perceive a risk of sustaining future damages (Table 1). The majority of sewer backup positive homeowners from both case cities reported that they “knew what to do” to reduce their risk of sustaining sewer backup damages (Table 1), and a statistically significant difference in awareness of adjustments was revealed between the Edmonton and Toronto sewer backup positive samples (χ2, p=0.000).  Only a minority of sewer backup positive respondents were aware that their municipal governments were taking actions to reduce sewer backup (Table 1).
Table 1: Summary of Perception and Awareness Results

	Variable
	Toronto (Sewer Backup Positive)
	Edmonton (Sewer Backup Positive)

	1. Damages were minor/very minor
	61%
n=200
	55%
n=200

	2. Damages were severe/very severe
	37%
n=200
	43%

n=200

	3. Perceived risk of future sewer backup
	33%
n=200
	35%
n=200

	4. Future sewer backup will be minor/very minor
	53%
n=66
	43%
n=70

	5. Future sewer backup will be severe/very severe
	38%
n=66
	51%
n=70

	6. Knew what to do to reduce damage risk
	67%
n=200
	85%
n=200

	7. Aware that the municipal government was taking actions to reduce damages
	36%
n=200
	42%
n=200


Attribution of responsibility for damages caused by sewer backup were placed largely on the municipal government, rather than homeowners (Figure 1, a and b).

[image: image1.jpg]1
a) Attribution of Responsibility: Toronto

36%
30%

mMunicipality

sjuapuodsal Jo %
2

1 2 3 4 6 6

Level of Responsibility*
*1=not responsible at all, 6=entirely responsible

1. Pearson Correlation: p=0.003
2 n=386:3. n=387

Homeowners?

X
b) Attribution of Responsibility: Edmonton

36%
30%
26%

Siuspuodsa1 jo 5
s
a2
2 2

2 3 4 5

Level of Responsibility*

6

THomeowners
Municipality®

*1=not responsible at all, 6=entirely responsible

4. Pearson Correlation: p=0.004

5 n=371:6.

=372





Figure 1: Attribution of Responsibility in Toronto and Edmonton
Respondents in both Edmonton and Toronto reported adopting a wide variety of mitigative adjustments for sewer backup, from the installation of backwater valves to moving away from a home that had been prone to sewer backup damages (Table 2). Respondents who had previously sustained sewer backup damages were more likely to have adopted risk reducing adjustments than those who had not (χ2, p=0.000 for both Edmonton and Toronto samples) (Table 2).  The majority of respondents in both Edmonton and Toronto indicated that they learned of what to do to protect their homes from family, friends, neighbours or acquaintances, rather than from the municipal government or mass media information campaigns.
Table 2: Adoption of Adjustments
	Adjustments
	Edmonton
	Toronto

	
	SB+

(n=200)
	SB-

(n=200)
	SB+

(n=200)
	SB-

(n=205)

	Risk Reducing
	Left basement unfinished
	20%
	10%
	20%
	10%

	
	Detached foundation drain
	20%
	12%
	16%
	12%

	
	Moved away from flood-prone home
	9%
	7%
	3%
	5%

	
	Installed backwater valve
	35%
	19%
	18%
	8%

	
	Installed sump pump
	20%
	18%
	8%
	5%

	
	Disconnected eaves-trough downspout
	41%
	37%
	36%
	20%

	
	Do not put important/expensive items in basement
	38%
	20%
	32%
	16%

	Less Intensive
	Install water alarm
	6%
	4%
	4%
	1%

	
	Insurance policy covers sewer backup
	61%
	49%
	45%
	39%

	
	Made insurance claim
	37%
	-
	32%
	-

	
	Became involved in litigation
	2%
	1%
	1%
	-

	
	Communicated with city
	10%
	1%
	15%
	2%

	
	Attended public meetings
	14%
	5%
	5%
	4%

	
	Became involved in community organizations
	5%
	4%
	3%
	2%

	
	Communicated with MPP
	3%
	1%
	3%
	1%

	
	Wrote letters to editor/local media
	3%
	-
	1%
	2%

	SB+ = Sewer Backup Positive, SB- = Sewer Backup Negative


The purchase of insurance was the most common mitigative action taken (Tables 2 and 3). However, there was a high proportion of respondents who were unaware of whether or not their insurance covered damages caused by sewer backup (Table 3).  Approximately one third of sewer backup positive respondents from each case city reported claiming insurance for their most recent damages (Table 3).  Those who perceived their most recent damages as either “severe” or “very severe” were statistically more likely to claim insurance for those damages (χ2, p=0.000, for both Edmonton and Toronto).  As well, estimates from municipal governments of the number of people affected by basement flooding differed substantially from estimates from the Insurance Bureau of Canada (IBC) regarding the number of claims for damages.  For example, IBC reported 9,500 sewer backup insurance claims as a result of flooding in Edmonton in 2004, however the city estimated 4,000 homes affected by basement flooding (City of Edmonton, 2005).  
Table 3: Summary of Insurance Perception Results

	Variable
	Toronto (Sewer Backup Positive)
	Edmonton (Sewer Backup Positive)

	1. Had insurance coverage for       sewer backup
	45%
n=200
	61%
n=200

	2. Did not know if insurance covered sewer backup
	38%
n=200
	33%
n=200

	3. Claimed insurance for most recent Damages
	32%
n=200
	37%
n=200

	4. Satisfied or very satisfied with claims process
	73%
n=64
	82%
n=74


4. Discussion and conclusion

Similar to the findings of many previous hazard perception studies, risk perception, hazard awareness and mitigative behaviour in the Toronto and Edmonton samples were relatively low.  Few respondents who had been exposed to sewer backup hazards had taken recommended measures to reduce their risks.  The majority of respondents, including those who had sustained sewer backup damages, believed that they would not have sewer backup damages in the future.   A lack of awareness of government programs designed to reduce sewer backup was also revealed.  
The study revealed that homeowners who have been subject to sewer backup damages may not report these damages to insurance companies or municipal governments.  This finding was surprising, as previous research revealed a very high rate of insurance claims following flooding in Peterborough, Ontario in 2004 (Sandink, 2006). A lack of reporting damages to municipal governments was also identified in the City of Hamilton, Ontario following recent flooding (ICP, 2006).  Homeowners may fear that reporting damages to their insurance company will result in cancellation or capping of coverage for this peril, and thus may choose to recover from damages using their own funds.  Identification of homeowners who have been subject to basement flooding should be improved.  Better identification of homeowners will allow municipal government to target information and preventative plumbing subsidy programs to those who are at risk of future damages. 
Education programs, including frequent public information meetings, print materials and mass media may have played a role in the adoption of adjustments in Edmonton and Toronto.  Specifically, Edmonton’s more progressive education and subsidy programs may have resulted in a higher level of mitigative adjustment adoption.  In order to increase adjustments beyond what has been accomplished in Edmonton, municipalities will have to be even more progressive, and should take advantage of informal networks and insurance as a means of increasing adoption of adjustments for sewer backup.  Exploration of informal networks as a method for dissemination of hazard mitigation information should be further explored in future studies.  
Municipalities should also work to identify those at risk of future flooding events.  Increasing frequency and severity of heavy rainfall events caused by climate change, increasing urbanization and associated impervious surfaces, and deterioration of infrastructure may cause further urban flood damages, including areas that may not have had historical basement flood occurrences.  Identification of these areas would assist in the development of education and mitigation programs, aimed at those who may be at risk of damages.  Addressing basement flooding risk before it occurs may reduce the overall damages, health impacts associated with basement flooding, and may reduce insurance payouts and costs to homeowners for repair of basement flood damages.
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