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Abstract: This study compared and contrasted perceptions of overland flow flooding (natural hazard) and sewer backup (technological hazard) and attitudes toward cost-sharing recovery mechanisms in Peterborough, Ontario, Canada. A questionnaire was administered to a sample of forty-six natural and fifty-eight technological hazard respondents.  Perceptions of the hazards were generally similar, however, significant differences were identified between the natural and technological hazard regarding attribution of damage responsibility placed on various entities. The study revealed a statistically significant relationship between adoption of adjustments and perception of recurrence of overland flow flooding. A relatively high expectation of hazard recurrence and a relatively high rate of adoption of risk reducing adjustments was identified. Results reveal a mix of satisfaction and dissatisfaction with the government disaster assistance program and general satisfaction with insurance.  
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1. introduction
In June, 2002, the City of Peterborough experienced a severe extreme rainfall event, which resulted in the flooding of several hundred homes and businesses. Two years later, In July of 2004, the City experienced a significantly more severe urban flooding event (UMA, 2005).  This event affected a large area of the City, and resulted in $87 million in insurance claims, and $25 million in government relief payouts (IBC, 2007; Klassen & Seifert, 2006).  Approximately 8,000 government relief and insurance claims were paid following the event.  Thousands of individual buildings were affected, and a large portion of homeowners experienced severe basement flooding, resulting largely from overland flooding and sewer backup (UMA, 2005). 
Urban flooding is a major cause of damages in Canada.  Many municipalities in Canada have sustained significant damages from urban overland flooding and sewer backup events, including an event in August, 2005 in Southern Ontario which resulted in $500 million in insured damages (IBC, 2007).  Risk of severe urban flooding events is likely to remain as urbanization increases, and as infrastructure continues to age.  As well, increasing frequency and severity of extreme rainfall events caused by climate change may increase the occurrence of damages caused by urban flooding (Ashley et al., 2005; Despotovic et al., 2005).  
Private individuals have an important role to play in the mitigation of urban flood damage.  Several municipalities have identified private homeowner connections to sewer systems, such as downspouts and foundation drains, as significant factors in the occurrence of sewer backup damages (e.g. City of Edmonton, 2005; City of Toronto, 2006).  As well, private homeowners can take specific private actions to reduce their risk of sustaining urban flood damages.  Considering the role of private individuals in the mitigation of urban flood damage, it is important to understand how individuals perceive and react to urban flood hazards.  However, research in this area is extremely limited.  This study examines the perceptions and behaviours of a sample of residents who were affected by the 2002 and/or 2004 flood events in Peterborough, Ontario.  
In this study, overland flooding is defined as a natural hazard and sewer backup is defined as a technological hazard. Overland flooding and sewer backup are considered hazards as they have the potential to negatively impact human health, cause damage to property and infrastructure, and negatively impact human systems (Burton et al., 1993; Tobin & Montz, 1997).  Overland flooding is defined as a natural hazard as it results from natural processes.  In the Peterborough case, the natural process was an extreme rainfall event.  Sewer backup, however, directly resulted from the failure of a human-made technology: The sanitary sewer system.  Thus, sewer backup can be considered a technological hazard. 
1.1 Perceptions and Behaviour

This research applies models developed in previous hazard perception and behaviour research.  In has been argued that individual awareness 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 individual mitigative action (Burton et al., 1993).  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 individuals are likely to attribute responsibility for hazard damages and damage mitigation on governments, especially local governments (Arceneaux and Stein, 2006; Yates, 1998).  This research explores various aspects of hazard perception and behaviour, as applied in an urban flooding case study.  While hazard perception research in riverine flooding has a long history, very little perception research has been applied to urban flooding scenarios, especially scenarios that involve the analysis of sewer backup flood perceptions. 
1.2 The July, 2004 Peterborough Flood Event
July, 2004 was a record setting month for rainfall in the City of Peterborough.  A substantial portion of the record rainfall that month fell during the extreme rainfall event of July 14-15, 2004 (Klassen & Seifert, 2006). During this event, almost 240 mm of rain fell in a 24 hour period in the north end of the City (Klassen & Seifert, 2006).  The event attracted national media attention, and resulted in the declaration of a state of emergency for several days within the City of Peterborough.  Rainfall from this event was largely concentrated on the City’s downtown core, seriously affecting infrastructure, and causing severe damages to residences and businesses which were highly concentrated in this area (UMA, 2005).  While damages occurred throughout the City of Peterborough, the nature of the City’s topography, the condition of the infrastructure and the concentration of impervious surfaces in the older parts of the City caused damages in these areas to be most severe (UMA, 2005).
Following the 2004 heavy rainfall event, the City of Peterborough commissioned UMA Engineering Ltd. to analyze the flood event and develop a flood reduction master plan (UMA, 2005).  The consultants identified several factors that lead to the extensive flood damages during the 2004 flood event. Major findings are summarized in Table 1. 
Table 1: Factors that Lead to Flooding and Sewer Backup in Peterborough

	Natural Hazard (Overland Flooding)
	Technological Hazard (Sewer Backup)

	Unprecedented Heavy Rainfall
	Insufficient storm sewer capacity
	Poorly defined overland flow routes
	Unwanted water getting into the sanitary sewer system

	· Rainfall of an intensity of more than twice the current design standards used by most municipalities

· Rainfall centred on the largely impervious downtown core
	· Low numbers and ineffective location of catch basins resulting in ineffective water collection

· Undersized pipes
	· Caused by infilling of natural water ways without accommodating for the water elsewhere
	· Water overload in sanitary sewer system resulted in system overflow

· Majority of unwanted water entering sanitary sewer system a result of foundation drain and illegal roof leader connections, as well as inflow through aging pipes and manhole covers


Source: UMA, 2005

A number of factors played a role in the extensive damages experienced during the 2004 event (Table 1).  The extreme rainfall event was the cause and most significant factor, however, several other factors under the control of humans played a role, including infrastructure design, infilling of natural waterways and inflow and infiltration of water into the sewer system (UMA, 2005).  Homeowner level factors had a role as well, including foundation drain and roof leader connections to the sanitary system, contributing to the occurrence sewer backup.  
The heavy rainfall event of 2002 was estimated to be a 1 in 100 year event, and the 2004 event was significantly more severe (UMA, 2005). Newspaper articles reported public confusion and anger over the closeness of these two events, as well as public distrust in statistics associated with flood prediction (Toronto Star, 2004).  The closeness of these two events was expected to play a role in perception of urban flooding in Peterborough. 
The City of Peterborough has several water courses, including the Trent Canal (shipping canal) and the Otonabee River.  As well, the Otonabee River has several tributaries that run through developed areas within the City.  Although significant development exists within defined and regulated floodplains in Peterborough, much of the flooding that occurred during the 2004 event occurred in areas that were not formally defined as floodplains (UMA, 2005).  Many of the homes and businesses that were affected were located in undefined overland flow routes that resulted directly from heavy rainfall.  As well, much of the sewer backup flooding did not occur in defined floodplains (UMA, 2005).  Thus, many residents who were affected by flooding may have had little or no knowledge about their exposure to flood hazards.  This lack of information of flood risk was expected to have an impact on urban flood perceptions in Peterborough. 
1.3 ODRAP and Insurance Following the July 15, 2004 Rainfall Event

In Canada, insurance companies do not provide coverage to private homes for overland flood damages.  However, insurance is available for commercial damages associated with flooding, as well as for damages caused to private residences from sewer backup (Gambrill, 2008).  Sewer backup coverage is generally available to private homeowners through an additional add-on to comprehensive homeowner insurance policies.  A considerable number of homeowners affected by sewer backup made an insurance claim in Peterborough. Following the 2004 flood event, a total of 5,154 insurance claims were paid for damages, totaling $87,303,341.  Of those claims, 4,573 were paid for sewer backup damages caused to personal property during the July, 2004 event.  

While insurance is not available for overland flood damages to private homes, governments may provide funding assistance to those affected by flood damages through disaster assistance programs.  At the federal level, provinces may apply to the federal government for disaster assistance through the Disaster Financial Assistance Arrangements (DFAA).  Assistance may be provided through these arrangements on an incremental scale if a disaster costs exceed $1 per capita for a province (PSC, 2008).  In Ontario, individual municipalities may seek assistance for uninsurable  damages (both for their own infrastructure and for affected residents and businesses) through the Ontario Disaster Relief Assistance Program (ODRAP). Through this program the provincial government will provide $2 for every $1 raised by the affected community (MMAH, 2008a). Local fundraising is coordinated by a local Disaster Relief Committee (MMAH, 2008b).  Private individuals and business owners may apply for ODRAP funds through the local committee.  ODRAP does not provide full coverage for damages, rather, it provides partial coverage for the assessed current value of essential items, or damages caused to one’s primary residence (MMAH, 2008b). For example, ODRAP may cover up to 90% of the current value of one’s fridge, stove, and one television. 
On July 21st, 2004, the Province of Ontario declared Peterborough a disaster area, qualifying the municipality for disaster assistance through ODRAP (Klassen & Seifert, 2006). A total $25 million was provided through the program (Klassen & Seifert, 2006), with $5,761,956 paid to 2,783 claimants for damages to private property.  The average residential ODRAP payout for damages in 2004 was approximately $2,000.  As well, assistance was provided the province of Ontario through the DFAA.  The only other time DFAA funding was provided to Ontario was during the 1998 Ontario/Quebec ice storm (Klassen & Seifert, 2006). 
2. Methods

2.1 Case Study

The City of Peterborough is located 127 km northeast of Toronto, Ontario and has a population of 71,446 (Statistics Canada, 2004). This case study was selected based on its recent experience with extreme overland flooding and sewer backup events. Urban flooding events have occurred several times in Peterborough’s recent history, including events in 1980, 1996, 2002 and 2004 (Kulkarni, 2000; UMA, 2005).  This study focused on severe flooding and sewer backup events that occurred in June, 2002 and July, 2004. 
2.2 Questionnaire Administration 

A self-administered questionnaire survey was delivered to Peterborough residents using systematic random sampling to 750 potential respondents in October, 2005.  Follow-up letters were mailed to survey recipients to encourage filling out and returning of the surveys in November, 2005, yielding a total response rate of 10.1% (n=76).  Fifty-eight respondents reported damages caused by sewer backup, and 46 respondents reported damages from overland flooding.  
3. Results

3.1 Perception Results
The majority of both overland flood respondents (87%, n=46) and sewer backup respondents (88%, n=58) were unaware that they could be affected by their respective hazards when they moved into their homes.  As well, the majority of overland flood respondents (61%) and sewer backup respondents (59%) believed that their properties could be affected by these hazards again at some time in the future.  
Respondents were provided a fixed-sum scale, and asked to attribute responsibility to various entities for the damages they incurred from overland flooding and sewer backup. The majority of responsibility was attributed to the municipal government, for both overland flooding and sewer backup (Table 2).  Overland flood respondents placed more responsibility on forces beyond human control and property owners than sewer backup respondents (Table 2).
Table 2: Attribution of Responsibility
	Entity
	Overland Flow * (mean % assigned)
	Sewer Backup ** (mean % assigned)
	p***

	Municipality
	40.88
	68.89
	0.0001

	Forces Beyond Human Control
	21.63
	9.26
	0.0031

	Property Owners
	16.52
	8.02
	0.0162

	Federal Government
	8.51
	7.73
	0.063

	Provincial Government
	6.01
	4.54
	0.309

	Conservation Authority
	4.42
	3.43
	0.313

	Other
	2.05
	0.00
	0.180

	1Significant Difference at 0.01 level, 2Significant difference at 0.05 level, *n=44, **n=55, ***Wilcoxan Signed  Ranks Test


The independent variable of hazard experience (whether the respondent had experienced one or two hazard events) was tested against perception of flood recurrence, using Fisher’s Exact probability test.  This statistical test was chosen due to the small sample size.  No statistically significant relationship was found between having experienced one or multiple events, and perceiving that one would sustain damages in the future.  Mean years lived in the community was tested against perceived hazard recurrence, however, no statistical relationship was found using the Mann-Whitney U Test. 
3.2 Adoption of Adjustments

Respondents reported the adoption of a variety of adjustments.  The most common adjustment adopted by both overland flood respondents and sewer backup respondents was claiming for public relief assistance or insurance, with 67% of overland flood respondents and 93% of sewer backup respondents reporting this adjustment (Tables 3 and 4).  
Table 3: Adjustments Adopted by Overland Flood Respondents
	Adjustment Category
	Adjustment
	%

	Risk Reducing
	Adopted one or more risk reducing adjustment
	61

	
	Discontinue use of basement
	17

	
	Safe-guard residence against flood damages
	48

	
	Extend eavestrough downspout
	2

	
	Ensure proper lot grading
	11

	
	Install sump pump
	2

	
	Move from flood prone residence
	7

	Non-risk reducing
	Write letters to City
	20

	
	Write letters to MPP
	7

	
	Writer letters to MP
	7

	
	Contact insurer
	57

	
	Move items to higher floor
	2

	
	Claimed ODRAP or Insurance
	67


n=46

Table 4: Adjustments Adopted by Sewer Backup Respondents
	Adjustment Category
	Adjustment
	%

	Risk Reducing
	Adopted one or more risk reducing adjustment
	43

	
	Moved away from sewer backup prone residence
	5

	
	Discontinued use of basement
	14

	
	Installed backwater valve(s)
	26

	
	Installed sump pump
	3

	Non-risk reducing
	Wrote letters to City
	19

	
	Wrote letters to MPP
	3

	
	Wrote letters to MP
	2

	
	Installed water alarm
	2

	
	Became involved in litigation
	2

	
	Changed insurance policy
	9

	
	Changed insurance company
	5

	
	Claimed insurance or ODRAP
	93


n=58
Sixty-one percent of overland flood respondents had employed at least one risk reducing adjustment, and 43% of sewer backup respondents adopted at least one risk reducing adjustment (Tables 3 and 4). These findings indicate a relatively high frequency of adoption of risk reducing adjustments, and are contrary to previous studies that have shown low levels of risk reducing mitigative behaviour for flood-prone individuals (Kreibich et al., 2005; Laska, 1986). 

The independent variables of experience with one or two hazard events and tenure of residence (rent or own) were revealed to have no statistically significant impact on adoption of risk reducing adjustments for either overland flow flooding or sewer backup, using Fisher’s Exact Probability Tests and Chi Square contingency tests respectively.  Those who perceived that they would be affected by overland flooding again in the future were more likely to adopt risk reducing adjustments (χ2, p=0.033). This relationship was not found in the sewer backup respondent sample.

Adoption of risk reducing adjustments was tested against type of hazard experienced (overland flooding or sewer backup).  The relationship approached, but did not reach statistical significance (χ2=3.240, p=0.072). 
3.3 Perceptions of ODRAP and Insurance

A large portion of respondents applied for assistance through the ODRAP program or claimed insurance for their damages.  A general satisfaction with insurance was reported, as the majority of respondents who claimed insurance were satisfied or very satisfied that they received enough money from their insurance company to cover their damages (79%, n=52), and were satisfied or very satisfied with the customer service from their insurance company (83%, n=52).  However, a considerable portion of those who claimed insurance were concerned that they would not be covered for sewer backup damages in future events (58%, n=52).

Forty percent (n=15) of those who claimed ODRAP agreed or strongly agreed with the phrase “Overall, I am satisfied with ODRAP.”  Sixty percent (n=15) believed that ODRAP should cover all of the damages caused by flooding.  As discussed earlier, ODRAP is not designed to provide full financial coverage for those who have suffered uninsurable damages; it is designed to assist with recovery of essential items (MMAH, 2008a).  A lack of understanding of the nature and purpose of ODRAP may have been a contributing factor to the shortfall in overall satisfaction with the program.  
4. Discussion and conclusion
The study revealed differences and similarities in perception and mitigative behaviour associated with overland flooding and sewer backup. Sewer backup respondents attributed more responsibility to the municipal government for their damages than overland flood respondents.  Overland flood respondents attributed more responsibility to forces beyond human control and property owners for their damages.  These results reflect previous theories which argue that individuals may place more responsibility or blame on specific entities they perceive as being in control of technology when technological hazards occur.  Conversely, individuals are more accepting of natural hazards, as they perceive humans to have limited or no control and blame cannot be placed on a specific entity for damages caused by natural hazards (Baum et al., 1983; Hohenemser et al., 1983). 
Respondents had a relatively high perception of future flood damage, and a relatively high rate of adoption of risk reducing adjustments.  However, adoption of some of the more recommended risk reducing adjustments, including the installation of backwater valves for sewer backup respondents, was relatively low.  The City of Peterborough initiated a sewer backwater valve and sump pump subsidy program shortly after the questionnaire was administered for this study. This program may have increased the adoption of adjustments for sewer backup hazards.  Future research should investigate the effectiveness of such programs for encouraging adoption of mitigative adjustments.

This study revealed a need to increase homeowner awareness of flood hazards, and a need to increase residents’ adoption of risk reducing adjustments, specifically highly recommended adjustments such as sump pumps and backwater valves. Respondents in this study placed the majority of responsibility for damages caused by both overland flooding and sewer backup on the municipality.  However, private residents also had a role in the occurrence of damages.  For example, the UMA (2005) study revealed that private connections of foundation drains and eavestrough downspouts to the sewer system was a major factor in the occurrence of sewer surcharge causing sewer backup.  As well, mitigative adjustments for sewer backup (e.g. backwater valves) require action and cooperation from homeowners.  Informing private residents of their role in flood mitigation may increase private mitigative adjustments.  Communication of the nature of ODRAP, specifically that it is not designed to cover all damages, may serve as an important aspect of communicating the importance of private individuals’ role in mitigating risk from flood damages.  As well, communication of the fact that insurance does not cover damages from overland flooding could also be an important component of education on flood risk.
This study provides insight into perceptions and behaviours associated with urban flooding, however, resulted were limited by the relatively small sample size.  Future research should make use of more robust respondent samples to better understand homeowner perceptions and willingness to take mitigative actions for urban flood damages. 
5. References
Arceneaux, K., and R. Stein. 2006. Who is held responsible when a disaster strikes?  The attribution of responsibility for a natural disaster in an urban election. Journal of Urban Affairs 28: 43-53.

Ashley, R., Balmfort, D., Saul, A., & Blanskby, J. 2005. Flooding in the future:  Predicting climate change, risks and responses in urban areas. Water Science and Technology, 52: 265-273.
Baum, A., R. Flemming and L. Davidson. 1983. Natural disaster and technological catastrophe. Environment and Behavior 15: 333-354.
Burton, I., R. Kates, and G. White. 1993. The Environment as Hazard, Second Ed. New York: The Guilford Press.
City of Edmonton. 2005. The Homeowner’s Guide to Flood Prevention. A publication of the Flood Proof:  Flood Prevention Program.  City of Edmonton, Edmonton, Alberta, Canada.
City of Toronto. 2006. Work Plan for the Engineering Review Addressing Basement Flooding. Toronto: City of Toronto.
Despotovic, J., J. Plavsic, N. Stefanovic, and D. Pavlovic. 2005. Inefficiency of storm water inlets as a source of urban floods. Water Science and Technology 51: 139-145.
Gambrill, D. (2008). Water, water everywhere. Canadian Underwriter, February.
Hohenemser, C., R. Kates and P. Slovic. 1983. The nature of technological hazard. Science 220: 378-384. 
Insurance Bureau of Canada (IBC). 2007. Facts of the General Insurance Industry: 2006. Insurance Bureau of Canada, Toronto, Ontario, Canada.

Klassen, J., and M. Seifert. 2006. Extreme Rainfall in Ontario: The Summer 2004 Storms Study. Environment Canada, Downsview, Ontario, Canada.
Kreibich, H., A. Theiken, Th. Petrow, M. Muller and B. Merz. 2005. Flood loss reduction of private households due to building precautionary measures: Lessons learned form the Elbe River Flood of 2002. Natural Hazards and Earth Systems Science 5: 117-126. 
Kulkarni, T. 2000. Urban infrastructure floods in Southern Ontario: A methodology to determine causality (Part one). Assurances 68: 1-20.
Laska, S. 1986. Involving homeowners in flood mitigation. Journal of the American Planning Association Autumn: 452-466.
Ontario Ministry of Municipal Affairs and Housing (MMAH). 2008a. Ontario Disaster Relief Assistance Program (ODRAP): A Guide for Municipal Public Costs.  Government of Ontario, Toronto, Ontario.
Ontario Ministry of Municipal Affairs and Housing (MMAH). 2008b. Ontario Disaster Relief Assistance Program.  Government of Ontario, Toronto, Ontario.  Accessed March 19, 2008 from: http://www.mah.gov.on.ca/Page237.aspx
Public Safety Canada (PSC). 2008. Guidelines for the Disaster Financial Assistance Arrangements. Government of Canada, Ottawa, Ontario, Canada.
Statistics Canada. 2004. Profile of Census Tracts in Barrie, Belleville, Kingston, Oshawa and Peterborough. Statistics Canada, Ottawa, Ontario, Canada.
Tobin, G., and B. Montz. 1997. Natural Hazards: Explanation and Integration. The Guilford Press, New York, New York, USA.
Toronto Star. 2004. “Insurers to pay most Peterborough claims.” July 24, 2004, pg. D3.
UMA. 2005. Master Plan for the City of Peterborough. UMA Engineering Limited, Mississauga, Ontario, Canada.
Yates, S. 1998. Attributions about the causes and consequences of cataclysmic events. Journal of Personal and Interpersonal Loss 3: 7-24.
1
PAGE  
2

[image: image1.png]