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Surface water (pluvial) flooding is a major source of disaster losses. Flood maps are one tool for 
improving resilience to flood risk, but questions remain about whether and how homeowners use this 
information. For example, real estate agents may worry that the release of flood maps reduces prices 
of flood-prone houses. In this study, we examine whether the release of pluvial flood hazard maps by 
the City of Edmonton in November 2016 affected housing prices. We use house sale data from MLS 
from 2013-2019 and match sold houses to the surcharge depth and surface ponding risk zones in the 
Edmonton flood maps. We estimate a spatial hedonic difference-in-differences model where log 
housing prices are regressed on risk zones interacted before and after the release of flood maps, 
controlling for location-based amenities and house characteristics. We find no evidence that the 
release of the pluvial flood maps reduced housing prices in the high-risk zones. Surprisingly, the sale 
price of houses with basements in the orange and red surcharge depth risk zones were significantly 
higher by roughly 3% following the release of the flood maps.

Abstract
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Pluvial flood, or flooding caused by rainfall that does not involve a body of water, is a large contributor 
to home damage in Canada and worldwide. From 2016-2019, Canada suffered $1.1 billion in insured 
losses from residential sewer discharge flooding (CatIQ 2021).

Flood hazard maps are considered to be an important factor to limit losses to flood. The Sendai 
Framework for Disaster Risk Reduction 2015-2030 emphasizes understanding disaster risk as its first 
priority (United Nations Office for Disaster Risk Reduction 2015). As part of this priority, the 
Framework recommends the development of risk maps. 

The City of Edmonton, Alberta released pluvial flood hazard maps in November 2016. These flood 
maps covered four study areas, as indicated in Figure 1. The maps include two measures of flood risk. 
The capacity of pipes in the area is indicated by the surcharge depth during a significant rain event. 
Basement flooding due to sewer backup can occur when the water level in the pipes is higher than 
the level of the basement. The map also indicates regions of surface ponding where water may pool 
after a large rainstorm.

Despite the importance of pluvial flooding and flood mapping, whether homeowners consider pluvial 
flood risks in their purchasing decisions have rarely been empirically studied. In this paper, we 
investigate the effect of the release of the Edmonton flood maps on housing prices. If housing prices 
fell in high-hazard zones following the release of flood maps, it could indicate that home buyers were 
aware of the flood maps. If housing prices did not fall, it could indicate homeowners were not aware 
of the flood maps, or because the costs of risk mitigation measures, such as installing a backwater 
valve, are relatively low. Even if homeowners are unaware of the flood maps, they could provide city 
planners with information to reduce flood risks.

We use Edmonton house sale data from MLS Systems from 2012-2019. House sales are mapped to 
the flood hazard zones from the Edmonton flood maps. The variable of interest is the interaction 
between being in the flood hazard zones and a sale in 2017 or after.

We begin by estimating a model using neighborhood fixed effects to control for spatial correlation. 
The results show no evidence that the release of the flood maps reduced housing prices in flood 
hazard zones. Surprisingly, the coefficients on some post-2017 flood hazard zones are positive and 
significant. The sale price of homes in red surcharge depth zones, where water in underground pipes 
is expected to be higher than 1.5 metres below ground level in a significant rain event, was 2.2% 
higher after 2017. The coefficients on the other flood hazard zones were insignificant, both before 
and after 2017.

These results are robust to alternative specifications. We begin by examining the subsample of homes 
with basements, since these homes are most vulnerable to rainfall-induced sewer surcharge flooding. 
When excluding the 21% of homes in the sample with no basements, homes in red surcharge depth 
zones sold for 2.8% more after 2017. Additionally, the price of a post-2017 sale in an orange 
surcharge depth zone or green surface ponding zone were also significantly higher by 3.3% and 1.4%, 
respectively, in this subsample. Similar results are found for the subsample that excludes condo sales.

1. Introduction
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Study areas of Edmonton flood maps

Notes: The purple, green, red, and yellow regions represent the areas studied for the Edmonton flood maps. The blue 

region was not covered as part of this study. Source: [INSERT CITE]
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There are concerns that the presence of spatial correlation at scales smaller than the level of 
neighborhoods may bias the results. We repeat the analysis using a spatial errors model and a spatial 
autoregression model. To keep the size of the spatial weights matrix small, we restrict the analysis to 
the 2015-2018 subsample for this analysis. The results are robust to these specifications. Homes sold 
in the red or orange surcharge depth zones after 2017 had prices that were 1.6% higher in the 
spatial error model and 1.3% higher in the spatial autoregression model. Homes sold in the maroon, 
red, or orange surface ponding zones after 2017 had higher prices of 3.7% in the spatial errors 
model and 2.8% higher in the spatial autoregression model.

These results are surprising and unfortunately, it’s unclear what factors caused the increase in the 
price of homes in these high flood hazard zones. Regardless, there is no evidence that the release of 
the flood maps decreased the price of houses in these zones. Little prior research has been conducted 
on pluvial flood risks. To the author’s knowledge, the only example of how housing prices respond to 
pluvial flood risk is a study by Pommeranz and Steininger (2019). They examine the effect of pluvial 
flood risk on housing prices in Cologne using hazard maps provided by the Cologne Drainage Utility. 
The authors estimate a spatial hedonic model and find no evidence the Cologne Drainage Utility 
flood hazard information affect housing prices.

Outside of pluvial flood, there is a broad literature on the effect of riverine or coastal flood hazard on 
housing prices. Some studies are cross-sectional and examine the effects of flood hazard on housing 
prices across a region and time period. Harrison, Smersh and Arthur L. Schwartz (2001) examine 
Florida home prices from 1980-1997 and find homes within 100-year flood plains have lower sale 
prices, and this discount increased following the National Flood Insurance Reform Act of 1994. 	
Bin, Kruse and Landry (2008) examine flood hazards for the coastal region of Cateret County, 	
North Carolina and again find a flood risk discount for being within flood zones by 6-7%.

Other studies use difference-in-difference designs to examine the flood hazard discount following a 
flood event. Overall, these studies tend to find the discount increases following a flood event but 
declines over time.

Atreya, Ferreira and Kriesel (2013) examine housing prices in Dougherty County, Georgia between 
1985 and 2004. They find prices of houses in 100-year floodplains fell following the 1994 flood, but 
the discount declined over time and disappeared 4-9 years afterward.

Bin and Landry (2013) examine how housing prices in Pitt County, North Carolina responded to 
flooding from multiple hurricanes. They find a decrease in prices of houses at risk of flooding of 
5.7% after the 1996 Hurricane Fran and 8.8% after the 1999 Hurricane Floyd. They find further 
evidence the discount disappeared 5-6 years following Hurricane Floyd.

Belanger and Bourdeau-Brien (2018) looks at UK data and find housing prices are discounted for 
flood risk. They show this first appeared in their data following the release of the UK Environment 
Agency flood maps, and is strongest after a major flood event and weakest in hot markets. Zhang 
(2016) examine housing prices from 2000-2013 in the Fargo-Moorhead MSA using spatial quantile 
regression. They find the negative impact of flood hazard is stronger for lower-priced homes than for 
higher-priced homes, and further find the discount was higher after the 2009 flood but diminished 
back to normal after 2010.
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Ortega and Taspinar (2018) examine the housing market of New York City from 2003-2017. They 
find houses damaged by flood during the 2012 Hurricane Sandy saw immediate and large price 
declines that moderated over time, while houses in flood zones that were not damaged suffered a 
gradually-increasing flood risk discount, reaching 8% in 2017.

Dube, AbdelHalim and Devaux (2021) combine the difference-in-differences approach with 
propensity score matching to examine the response of houses in the city of Laval, Quebec to the 
1998 flood using data from 1995-2001. They find the flood event reduced the price of homes in the 
flood zone by CAD 20,000 compared to similar homes outside flood zones.

The paper proceeds as follows. Section 2 describes the data. Section 3 describes and shows the 
results of the fixed effects model. Section 4 describes and shows the results of the spatial regression 
models. Section 5 concludes.
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We combine house sale data from MLS with information about Edmonton amenities and the flood 
hazard maps to create our dataset. Our dataset covers 59,146 house sale observations from 2012-2019.

2.1 Description

The house sale data comes from MLS Systems, which contains real estate listings and details in 
Edmonton, AB. The raw database includes 170,376 records from January 1, 2012 to May 22, 2019.

The raw database was filtered to remove listings without a recorded sale price and those from outside 
the City of Edmonton as indicated by the black outline in Figure 1. High rise apartments, vacant lots, 
parking stalls, and other non-residential listings based on zoning information were removed from the 
database. Records without a geographic longitude and latitude were also removed. The data was 
further filtered to remove outliers with a listing price below $45,000 or above $5,000,000, more 	
than 8 bathrooms, floor area smaller than 250 square feet, lot sizes larger than 500,000 square feet, 
and properties within 100 metres of industrial zones or former and current airports. Observations with 
zero recorded total bedrooms, total bathrooms, and finished levels were also dropped. Following 
these steps, the data contained 59,146 entries.

The MLS Systems dataset was supplemented by calculating each house’s distance to various (dis)
amenities according to Edmonton’s land use classifications with the ArcGIS software. Information 
about the population density and median household income was also added.

Finally, the housing entries were matched to flood hazard zones in the Edmonton flood maps. 
Because the flood hazard zones for surcharge depth were narrow and closely followed streets, homes 
were matched to the nearest flood hazard zone within 0.0008 decimal degrees (roughly 90 metres). 
Because the flood hazard study assessed all pipes in the study region for surcharge depth, homes with 
no flood hazard zones within this threshold were classified to be outside the study region.

2.2 Summary statistics

Table 1 shows the statistics of homes 
falling within the varying study regions. 
A total of 23,417 entries were homes 
outside of the flood hazard map study 
region, representing 40% of the total 
observations. 35,729 observations 	
fell within the study region.

Surcharge depth hazards were 
represented by the water level’s 
distance from the surface in the pipe. 
Pipes with water levels more than 	
2.5 metres below the surface were 
classified as the green zone with 	
no flood hazard. 

2. Data

N %

Study region

Within 35,729 60%

Outside 23,417 40%

Surcharge depth

Green > 2.5m 23,427 40%

Orange 1.5 – 2.5m 3,415 6%

Red < 1.5m 8,887 15%

Surface ponding

Green < 0.35m 12,615 21%

Orange 0.35 – 0.5m 1,133 2%

Red 0.5 – 0.75m 604 1%

Maroon > 0.75m 201 0.3%

Table 1. Flood hazard zone statistics
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Pipes with water levels between 1.5 and 2.5 metres below the surface were classified in the 		
orange zone, and the red zone had pipes with water levels less than 1.5 metres below the surface. 
23,427 entries (40% of total observations) were classified in the green surcharge depth zones 
representing no hazard, while 3,415 observations (6%) were in orange zones and 8,887 observations 
(15%) were in red surcharge depth zones.

For surface ponding, the hazard was represented by the depth of the surface ponding. Green zones 
indicated where surface ponding would be less than 0.35 metres. 21,182 observations (36% of total 
observations) were within the flood hazard map study region but were not within a surface ponding 
hazard zone. 12,615 observations (21%) were in a green surface ponding zone, 1,133 observations 
(2%) were in an orange zone, 604 observations (1%) were in a red zone, and 201 observations 
(0.3%) were in a maroon zone. Table 2 shows the summary statistics for house characteristics in 	
the dataset. The mean house in the sample cost $373,000 (2018 dollars) and had 3 bedrooms, 	
2 bathrooms, and 2 levels. Of special interest are the 79% of homes that have basements, since 
basement flooding is the main risk from surcharged pipes. Roughly 35% of entries represented sales 
of condominium units while the remainder were single-family properties. Finally, roughly 9% of 
observations were for new homes built within one year of the sale, and 53% of observations were 
for older homes built 20 or more years prior to the sale.

Table 2. Summary statistics, house characteristics

mean std min 25th median 75th max

Price (1000 x 2018 $) 373 172 41 264 355 440 3,867

Bedrooms 3.1 1.1 1 2 3 4 8

Bathrooms 2.0 0.7 0.1 1.1 2.0 2.1 22.6

Finished Levels 2.1 0.8 1 2 2 3 8

Lot Size (m2) 304 533 0 0 280 521 41,909

Floor Area (SF) 1,326 499 269 1,012 1,196 1,513 6,071

Pop. Density (/km2) 3,236 2,292 16 1,823 2,858 4,207 31,773

Study Area 60.4%

Basement 79.4%

Condo 34.6%

New 8.8%

Old 53.4%

These statistics are further presented by the flood hazard zones and by condos and single-family 
homes (see Tables 3 and 4)). Of special interest are how the prices and house sizes vary across 	
these categories. On average, house sales within the study region sold for 8% less despite having 
20% larger lot sizes, but they had 13% less square footage compared to houses sold outside the 
study region. Houses falling within the orange and red surcharge zones and the orange, red, and 
maroon ponding zones were also 17% and 13% smaller and had 7% and 9% lower sale prices. 
Finally, condos and single-family homes have extremely different characteristics, with condos selling 
for 42% less on average while having 30% less floor space.
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Table 3. Summary statistics by flood hazard zones

Table 4. Summary statistics by study zone and condos

full sample surcharge O/R surcharge O/R ponding O/R/M ponding NA/G

mean std mean std mean std mean std mean std

Price 373 172 354 162 378 174 342 159 374 172

Bedrooms 3.1 1.1 3.0 1.2 3.1 1.0 2.9 1.2 3.1 1.1

Bathrooms 2.0 0.7 1.8 0.7 2.0 0.7 1.8 0.7 2.0 0.7

Finished Lvls 2.1 0.8 1.9 0.8 2.1 0.8 2.0 0.9 2.1 0.8

Lot Size (m2) 304 533 316 303 301 578 286 295 305 539

Floor Area 1326 499 1139 403 1375 510 1152 405 1331 500

Pop. Density 3236 2292 3619 2917 3135 2086 3942 2700 3212 2274

Basement 79% 70% 82% 66% 80%

Condo 35% 35% 34% 48% 34%

New 9% 3% 10% 2% 9%

Old 53% 76% 48% 73% 53%

full sample study = 1 study = 0 condo single-family

mean std mean std mean std mean std mean std

Price 373 172 361 165 391 180 252 94 437 169

Bedrooms 3.1 1.1 3.2 1.1 3.0 0.9 2.2 0.7 3.6 0.9

Bathrooms 2.0 0.7 1.9 0.7 2.1 0.7 1.6 0.6 2.2 0.7

Finished Lvls 2.1 0.8 2.1 0.8 2.1 0.8 1.8 0.9 2.3 0.7

Lot Size (m2) 304 533 326 380 270 703 101 257 411 605

Floor Area 1326 499 1252 465 1438 526 1037 269 1478 524

Pop. Density 3236 2292 3476 2410 2870 2047 4123 3096 2768 1528

Basement 79% 78% 81% 42% 99%

Condo 35% 34% 36% 100% 0%

New 9% 3% 18% 5% 11%

Old 53% 71% 26% 46% 57%
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Finally, Table 5 presents information on the distances to (dis)amenities for sales in the database, in 
metres. Overall, homes were on average fairly close to bus stops, parks, highways, and elementary 
schools, and were furthest away from historical districts, industrial districts, railways, and hospitals. 
Furthermore, while most homes were over 1 kilometre away from a body of water (e.g., river or 
pond), 2514 entries (4% of the total observations) were within 100 metres of water.

Table 5. Summary statistics: distance to (dis)amenities (in metres)

mean std min 25th median 75th max

Water Polygon 1332 817 0 694 1215 1854 4293

Water Line 1569 1381 0 598 1129 2070 6609

Railway 2929 2137 9 1257 2406 4142 11933

Park 175 120 0 81 154 248 3870

Highway 374 385 0 136 274 471 4219

Industrial 2272 1819 99 904 1712 3191 11668

Hospital 4921 2829 0 2486 4677 7285 20528

Historical 1856 1376 0 652 1710 2746 7705

Elem School 793 732 10 379 600 942 6799

Bus Stop 158 217 0 74 120 188 7343
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We now examine the effect of pluvial flood risk on house prices. We use a diff-in-diff specification to 
capture the effects of the release of the Edmonton pluvial flood hazard maps. We begin by controlling 
for spatial correlation with a neighborhood fixed effects model. Our results show no evidence that 
pluvial flood risk or the release of the flood maps negatively impacted housing prices. Surprisingly, 
housing prices in the high-risk surcharge depth zones were slightly but significantly higher compared 
to other houses following the release of the flood maps in 2017.

3.1 Fixed effects model: Full sample

We estimate the following diff-in-diff hedonic model:

3. Fixed effects model

Here, Pi is the log CPI-adjusted sale price to 2018 dollars, Xi are indicator variables on whether the 
house is matched to the various flood hazard zones, and Xi *  ]_(t ≥ 2017) are the interactions 
between the flood hazard zones and a post-2017 sale. Controls include location characteristics Li, 
house characteristics Hi, and year (Yi) and neighborhood Ni fixed effects.

The coefficients of interest are b 1, which represent the discount or premium for houses within the 
various flood hazard zones, and b 2, which represent the change in the discount or premium for 
houses within the various flood hazard zones after the November 2016 release of the Edmonton 
flood hazard maps.

Column (1) in Table 6 displays the results of the fixed effects model. Homes in the study region had 
roughly 4.6% higher prices, and this grew by roughly 3.4% after 2017. Home prices were higher 
from 2013-2016 and were lower in 2018-2019, likely following trends in oil prices, which is a 
significant industry in the Edmonton region. New houses and the size of the house (bedrooms, 
bathrooms, lot size, square footage) are all correlated with higher house prices. Older homes had 
lower house prices, and the number of finished levels also offset some of the gains from the square 
footage. Homes near water had higher sale prices while homes near highways, railways, bus stops, 
elementary schools, and in high-density areas had lower sale prices.

The analysis finds being in a pluvial flood hazard zone had no significant effect on house sale prices 
prior to 2017. With a few exceptions, this was also true for most flood hazard zones following the 
release of the flood maps. Surprisingly, houses in the red surcharge zone sold for 1.8% higher prices 
after 2017, when the flood hazard maps had been released. While Columns (2)-(6) in Table 6 show 
these results are robust to excluding various components from Equation 3.1. Column (2) shows that 
after excluding the post-2017 hazard zone interaction variables, the coefficients on the hazard zones 
remain insignificant. Columns (3)-(5) show the results are robust to excluding controls for house and/or 
location characteristics. As expected, the R2 values show house characteristics are more important 
than location characteristics for explaining sale prices. Finally, Column (6) shows excluding the flood 
hazard controls does not significantly change the estimated coefficients on the other variables.

Overall, these findings show there is no evidence that the release of the Edmonton flood maps 
decreased prices for houses in the high-risk zones. In fact, the prices of houses in those zones 
increased compared to other houses after 2017.
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Table 6. Neighbourhood fixed effects model: full sample

(1) (2) (3) (4) (5) (6)

Study Region 0.0445*** 0.0537*** 0.0897* 0.0459*** 0.0975** 0.0418***

(0.0125) (0.0126) (0.0456) (0.0143) (0.0378) (0.0125)

S. Region 2017 0.0332*** 0.0327** 0.0272*** 0.0492*** 0.0396***

(0.0063) (0.0126) (0.0063) (0.0127) (0.0056)

Surcharge depth

Orange -0.0056 -0.0046 -0.0499 -0.0044 -0.0496

(0.013) (0.0118) (0.0349) (0.0139) (0.0326)

Orange 2017+ 0.0027 0.028 0.0076 0.0164

(0.0142) (0.021) (0.0147) (0.0198)

Red -0.0109 -0.0064 -0.0281 -0.0103 -0.0294

(0.0126) (0.0124) (0.0326) (0.0144) (0.0283)

Red 2017+ 0.0181** 0.024* 0.0174* 0.0235*

(0.0091) (0.0143) (0.0093) (0.0139)

Surface ponding

Green 0.0021 0.0039 -0.016 0.0003 -0.0099

(0.0069) (0.0067) (0.0141) (0.0079) (0.0127)

Green 2017+ 0.007 0.0328** 0.0095 0.0253*

(0.0088) (0.0152) (0.0092) (0.0141)

Orange 0.0156 0.0121 -0.03 0.013 -0.0176

(0.0199) (0.0188) (0.035) (0.0209) (0.0309)

Orange 2017+ -0.0128 0.0067 -0.012 -0.0007

(0.018) (0.0334) (0.0192) (0.0292)

Red 0.0136 0.0095 -0.0064 0.0134 0.0015

(0.0154) (0.015) (0.0331) (0.0157) (0.0298)

Red 2017+ -0.0148 0.0143 -0.0108 -0.0022

(0.0223) (0.0386) (0.0233) (0.0366)

Maroon -0.0035 -0.0047 0.0053 0.0047 -0.009

(0.0252) (0.0253) (0.0502) (0.0265) (0.0509)

Maroon 2017+ -0.006 -0.0957 -0.0085 -0.0837

(0.0505) (0.0832) (0.0525) (0.079)

Year Dummies YES YES YES YES YES YES

House Controls YES YES YES YES

Location Controls YES YES YES YES

N 59146 59146 59146 59146 59146 59146

R2 0.723 0.722 0.035 0.710 0.120 0.723

AIC -34852 -34717 38923 -32133 33451 -34848

BIC -34358 -34286 39111 -31836 33838 -34461



12

3.2 Fixed effects model: Basements and single-family homes

Since the primary concern of surcharged pipes is basement flooding, the flood hazard zones may 
affect homes with and without basements differently. Further, the summary statistics presented in 
Section 2.2 show large differences in the characteristics of condos and single-family units. We repeat 
the fixed effects analysis and show it is robust to subsamples of homes with basements and of 
single-family units.

To focus on the basement flooding risk, we rerun Equation 3.1 for the subsample of homes without a 
basement type of ”None” in the MLS database. As discussed in Section 2.2, 79% of homes had 
some type of basement, leaving 46,947 observations in the sample. Table 7 shows the results of this 
analysis. The results from Section 3.1 are largely robust to the basement subsample. The estimated 
effect of being in a red surcharge depth zone after 2017 slightly increases to 2.8%, compared to 
2.2% with the full sample.

Interestingly, the effect of being in an orange surcharge depth zone or the green surface ponding 
zone after 2017 also became positive and significant.

We also rerun Equation 3.1 on the subsample which only contains “single-family” homes and 
excludes condos. These single-family homes do include listings for multiplex units. As discussed in 
Section 2.2, 99% of these homes have basements. The results are shown in Table 8. These results are 
qualitatively similar to those of the basements subsample, with the coefficients for the post-2017 red 
and orange surcharge depth and green ponding zones all being positive and significant.

Overall, the results for these subsamples show the previous findings are robust. There continues to be 
no evidence that the release of the flood maps decreased housing prices. Again, housing prices 
increased in orange and red surcharge depth zones and green surface ponding zones after 2017.
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Table 7. Neighbourhood fixed effects model: basement subsample

(1) (2) (3) (4) (5) (6)

Study Region 0.0538*** 0.0597*** 0.0936*** 0.055*** 0.0936*** 0.0498***

(0.0136) (0.0137) (0.0349) (0.0163) (0.0271) (0.0137)

S. Region 2017 0.0199*** 0.0202** 0.0136** 0.0327*** 0.0333***

(0.0056) (0.0084) (0.0057) (0.0083) (0.0051)

Surcharge depth

Orange -0.0083 0.0012 -0.0083 -0.0049 -0.0164

(0.0095) (0.0079) (0.0149) (0.0097) (0.0139)

Orange 2017+ 0.0311** 0.0448** 0.0319** 0.0426**

(0.0133) (0.018) (0.0134) (0.0175)

Red -0.0116 -0.0049 -0.0092 -0.0106 -0.0123

(0.0085) (0.0081) (0.0172) (0.0089) (0.0156)

Red 2017+ 0.026*** 0.0267** 0.0245*** 0.0293***

(0.0078) (0.0105) (0.0076) (0.0104)

Surface ponding

Green 0.0005 0.004 -0.0023 -0.0015 0.0024

(0.0051) (0.005) (0.0104) (0.0056) (0.0093)

Green 2017+ 0.0129* 0.0252** 0.0154** 0.0193**

(0.0068) (0.0097) (0.007) (0.0091)

Orange -0.0015 0.0014 -0.0231 -0.0054 -0.0116

(0.0093) (0.0091) (0.0232) (0.0113) (0.0184)

Orange 2017+ 0.0141 0.0184 0.0168 0.0112

(0.0129) (0.0239) (0.0132) (0.0231)

Red 0.0067 0.0093 0.0317 0.006 0.0338*

(0.0128) (0.0114) (0.0204) (0.0133) (0.0187)

Red 2017+ 0.0123 0.0507 0.0086 0.0567*

(0.0205) (0.0368) (0.0216) (0.0338)

Maroon -0.0139 -0.0065 -0.0037 -0.0183 0.0113

(0.0324) (0.0298) (0.0409) (0.0296) (0.0513)

Maroon 2017+ 0.0399 0.0128 0.0272 0.0441

(0.0379) (0.0515) (0.0394) (0.0479)

Year Dummies YES YES YES YES YES YES

House Controls YES YES YES YES

Location Controls YES YES YES YES

N 46947 46947 46947 46947 46947 46947

R2 0.658 0.656 0.053 0.641 0.139 0.657

AIC -40713 -40576 6951 -38483 2552 -40678

BIC -40232 -40155 7135 -38194 2928 -40301
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It’s possible that spatial correlation in the data acts across smaller distances than neighborhoods. 	
In that case, controlling for neighborhood fixed effects may not sufficiently capture the correlation 
across observations and may then bias the estimates of coefficients and/or standard errors. In this 
section, we control for that and show the results in Section 3 are robust.

4.1 Data

We construct a nearest neighbor spatial weights matrix for this analysis. From previous studies in this 
literature, the type of spatial weights matrix used does not usually have a qualitative effect on the 
results, whether a nearest neighbor matrix or an inverse distance weights matrix.

The spatial weights matrix is computationally intensive. For this analysis, we reduced the size of 	
the sample analyzed to meet computational limitations. Most significantly, the analysis is focused 	
on single-family homes sold between the years of 2015 and 2018 (drops 20,467 and 18,970 
observations for single-family homes and the time frame, respectively). To construct the spatial 
weights matrix, sales at the same geographic location are dropped, with the earliest entry being 
retained (drops 389 observations). Finally, outliers with a price less than $150,000 or greater than 
$1,500,000 are dropped (177 observations). This subsample contains 19,187 observations.

Additionally, to simplify the interpretation of the results, we pool some of the risk variables together 
for this analysis. Homes are said to be in a surcharge depth risk zone if it is in an orange or red zone. 
Similarly, homes are said to be in a surface ponding risk zone if it is in an orange, red, or maroon 	
risk zone.

Table 9 shows the summary statistics for this subsample. Overall, the summary statistics for this 
subsample are extremely similar to those of single-family homes with the full time period. The main 
difference is a slightly higher mean lot size of 411 in this subsample compared to 347 with the full 
time period.

4. Spatial models
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Table 8. Neighbourhood fixed effects model: no condos subsample

(1) (2) (3) (4) (5) (6)

Study Region -0.0148 -0.0099 -0.077*** -0.0232** -0.0499*** -0.018**

(0.0091) (0.009) (0.0195) (0.009) (0.0192) (0.0091)

S. Region 2017 0.0158*** 0.018** 0.0131** 0.0235*** 0.027***

(0.0053) (0.008) (0.0052) (0.0081) (0.0051)

Surcharge depth

Orange -0.0044 0.0005 0.0006 -0.0015 -0.0064

(0.0083) (0.0076) (0.0119) (0.0083) (0.0113)

Orange 2017+ 0.0152 0.0262* 0.0149 0.0265*

(0.011) (0.0146) (0.0109) (0.0145)

Red -0.0065 -0.0021 -0.001 -0.0043 -0.006

(0.0067) (0.0062) (0.0105) (0.0063) (0.0111)

Red 2017+ 0.0171** 0.024*** 0.0169** 0.0245***

(0.0068) (0.0087) (0.0067) (0.0086)

Surface ponding

Green -0.0037 0.0003 -0.009* -0.0043 -0.0066

(0.0033) (0.0031) (0.0052) (0.0035) (0.0048)

Green 2017+ 0.0142** 0.0198** 0.0146** 0.0189**

(0.0058) (0.0077) (0.0059) (0.0075)

Orange -0.0062 -0.0038 -0.0224* -0.0078 -0.0171

(0.007) (0.0066) (0.0117) (0.0075) (0.011)

Orange 2017+ 0.0109 -0.0038 0.0098 -0.0014

(0.0121) (0.0205) (0.0119) (0.0208)

Red 0.0038 0.0065 0.0112 0.0029 0.0149

(0.0114) (0.0107) (0.0189) (0.0122) (0.0169)

Red 2017+ 0.0125 0.0453 0.0089 0.0531*

(0.0201) (0.0323) (0.0213) (0.0293)

Maroon -0.0328 -0.0203 -0.03 -0.0252 -0.0398

(0.0248) (0.021) (0.0299) (0.0245) (0.0286)

Maroon 2017+ 0.0556 0.0141 0.0464 0.037

(0.0437) (0.0583) (0.0459) (0.0528)

Year Dummies YES YES YES YES YES YES

House Controls YES YES YES YES

Location Controls YES YES YES YES

N 38707 38707 38707 38707 38707 38707

R2 0.635 0.634 0.068 0.625 0.123 0.635

AIC -47273 -47175 -11018 -46222 -13327 -47256

BIC -46802 -46764 -10839 -45940 -12959 -46887
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Table 9. Summary statistics, house characteristics, spatial subsample

mean std min 25th median 75th max

Price (1000 x 2018 $) 433 144 150 345 402 484 1500

Bedrooms 3.6 0.9 1 3 3 4 8

Bathrooms 2.2 0.7 0.1 2.0 2.1 2.1 8.0

Finished Levels 2.3 0.6 1 2 2 3 5

Lot Size (m2) 345 495 9 9 370 557 40469

Floor Area (SF) 1473 496 441 1116 1337 1746 4892

Pop. Density (/km2) 2677 1551 16 1523 2610 3810 22671

Study Area 58.4%

Basement 99.1%

New 11.5%

Old 54.9%

Surcharge 19.6%

Ponding 2.4%

4.2 Results

We first estimate the following spatial error model:

In this model, homes near each other are assumed to be affected by the same shocks, represented 	
by the error term u. The spatial weights matrix W takes on a value of 1 for row i and column j if the 
j th house is the nearest neighbor of house i, and 0 otherwise. The other variables in this analysis are 
largely the same as those in Section 3, with the risk zone variables pooled.

We also estimate the following a spatial autoregressive model:

In this model, the prices of homes nearby are jointly determined, where WP is the spatial weights 
matrix multiplied by a vector of house prices.

Table 10 shows the results of these regressions. Overall, the findings from Section 3 are robust to 
controlling for spatial correlation. The coefficients on the interaction variables for the surcharge depth 
and surface ponding risk zones are positive and significant for both models. In a deviation from the 
previous results, the coefficient on the non-interaction surcharge risk zones is also positive and 
significant. This provides further support that there is no evidence house prices in flood risk zones 
decreased following the release of the flood maps.
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This study examines the effect of the November 2016 release of the Edmonton pluvial flood hazard 
maps on house prices. We estimate models with neighborhood fixed effects, spatially-correlated 
errors, and spatial autoregression in prices. None of these analyses find evidence the release of the 
flood maps decreased housing prices. Surprisingly, we estimate housing prices increased in the 
indicated flood risk zones after 2017.

Unfortunately, this study does not provide an explanation for why house prices went up in those 
zones. In informal conversations, we learned the City of Edmonton had not significantly improved its 
sewer system in that time. One major limitation of this study is that mitigating the risk of basement 
flooding, such as installing a backwater valve, can be relatively inexpensive compared to the price of 
a house. We do not have data on whether additional mitigation activities were undertaken following 
the release of the flood maps.

5. Conclusion

Table 10. Neighbourhood fixed effects model: no condos subsample

Fixed effects Spatial error Spatial AR

Study Region -0.0109 0.0397*** 0.0279***

(0.0094) (0.0051) (0.0037)

Surcharge -0.0083 0.0163*** 0.0136***

(0.0073) (0.0053) (0.0043)

Ponding -0.0025 0.0068 0.0137

(0.0090) (0.0094) (0.0095)

Study 2017+ 0.0020 0.0024 0.0024

(0.0049) (0.0045) (0.0048)

Surcharge 2017+ 0.0095** 0.0123** 0.0198***

(0.0064) (0.0055) (0.0060)

Ponding 2017+ -0.0079 0.0359*** 0.0276**

(0.0125) (0.0129) (0.0142)

N 19196 19196 19196

AIC -25375 -17523 -17610
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