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Abstract
Purpose – Canterbury, New Zealand, experienced two significant earthquakes in 2010 and 2011 with a
devastating impact on both houses and land. Negative media attention to the potential financial risks of living
near or on the new Technical Category 3 (TC3) land or on land in a flood zone has fuelled the perception of
uncertainty over the negative property price impacts. This research aims to determine if residents’
perceptions of the risks associated with various types of land zones (e.g. TC1, TC2 and TC3) are reflected in
property prices.
Design/methodology/approach – This research analyses sale price patterns and the relationship
between sale prices and house characteristics before and after both earthquakes. A three-step approach was
taken by applying: an average trend analysis, Geographic Information Systems’ (GIS) hotspot analysis to
identify possible spatial differentiations between the before and after-effects of the earthquakes and hedonic
modelling to quantify the effect of house characteristics on sale price while controlling for and comparing
three land zones (TC1 to TC3).
Findings – The data suggest that average sale prices increased after both quakes in TC1 and TC2 in
contrast to TC3 zones, while close to 8,000 structures were demolished in red zones from 2010-2013 (supply
was reduced). The econometric modelling suggests that higher sale prices are achieved by: newer houses
across all land zones and more recent sale agreements only in TC1 and TC2 zones. Other observations include
the effect of certain exterior façade materials on sale prices on the overall data set and in the individual TC1
and TC3 zones. In conclusion, the results suggest that although caution might exist for the TC3 zone, the
quality of the house can override the stigma attached to the TC3 zones.
Research limitations/implications – A confounding factor in the research was that approximately
7,800 homes were rezoned red and/or demolished between 2010 and 2013 changing the supply and demand
balance. Further, banks and other lenders updated their requirements for new lending on properties in the
Canterbury region, requiring a number of reports from professionals such as structural engineers,
geotechnical engineers and valuers before any new lending would be approved. Additionally, immediately
after the September and February earthquakes, there was a 21-day stand-down period for earthquake-cover in
Canterbury and without adequate insurance cover banks would not advance mortgage money, causing a
short-term slowdown in the residential propertymarket.
Practical/implications – The outcomes of this research will be of interest to government agencies tasked
with assessing compensation for affected property owners. For example, the Earthquake Commission (EQC)
developed a Diminution of Value Methodology for Increased Flooding Vulnerability that formed the basis of a
High Court declaratory judgment decision in December 2014 that cleared the way for the EQC to start settling
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properties with increased flooding vulnerability. The EQC methodology was informed by the results of
similar studies to this one, from around the world. Homeowners and rating valuers will also be interested in
the results to understand how house prices have been affected by market perceptions towards earthquake
damage, particularly in the worst-affected areas.
Originality/value – This study fills a research void regarding the price impacts of residents’ perceptions
of the risks associated with various types of land zones that reflect the expected future liquefaction
performance of the land.

Keywords Building performance, Risk analysis, Built environment, Compensation, Flooding,
Earthquakes

Paper type Research paper

Introduction
Canterbury, New Zealand (NZ), experienced four significant earthquakes in 2010 and 2011. It was
the 22 February 2011 6.3 MW earthquake that caused the most significant damage in
Christchurch (NZ’s third largest city), killing 185 people, as it was centred only 10 km south-east
of the centre of Christchurch. Significant liquefaction affected the eastern suburbs, but it was the
lateral spread that causedmuch of the building damage (Tonkin andTaylor, 2013).

The city was not well prepared for these events, as they occurred along previously
unknown fault lines. Bond (2015) provides an overview of the events and the legislation
established to aid recovery. Under the Canterbury Earthquake Recovery Act 2011, the
Canterbury Earthquake Recovery Authority (CERA) was established to lead the recovery
effort. CERA has progressively mapped all of greater Christchurch land into land zones
according to assessments of land and building damage and risk of liquefaction. The zones are:
green (Go Zone) and include technical categories 1, 2 and 3 (TC1, TC2, TC3) (as shown on the
map in Figure A1 – Appendix 1) where the repair/rebuild process is able to begin; red (No Go
Zone) where land repair would be prolonged and uneconomic; and white (Unzoned) that
included the central business district (CBD) or hillside land where geotechnical mapping and
further assessments are underway. Because of increased flood risk, mostly in the red zone, and
changed land levels, new flood zonemapswere required.

The green zoned land on the flat has been assigned to three foundation technical categories
based on the expected future liquefaction performance. The aim of these categories is to
ensure appropriately engineered foundations. The categories indicate which properties will
require site investigations to assess the foundation type needed to suit the specific ground
conditions. The technical categories are as follows:

� TC1 (grey) is where future land damage from liquefaction is unlikely and a soil
test should suffice.

� TC2 (yellow) is where minor to moderate land damage from liquefaction is
possible in future significant earthquakes.

� TC3 (blue) iswheremoderate to significant landdamage from liquefaction is possible
in future significant quakes.TC3 land tends to have a thin crust and liquefiable (loose
sand) layer below. There are around 28,000 properties in the TC3 areas, and around
12,500 homes in the TC3 areas have major foundation and pile damage that will
requiremore investigation of thegroundaround them (CERA, 2012).

This paper builds on Bond’s (2015) previous literature review and survey of residents’
perceptions towards owning and living in residential property subsequent to the Canterbury
earthquakes. The current research investigates how the stigma that may arise from these
perceptions affects actual sale prices. In addition, the price impact of resident’s attitudes
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towards the new technical categories is explored. The paper starts with a brief review of the
literature on risk perceptions towards earthquakes and how stigma can negatively impact
on a property’s price. As the previous study by Bond (2015) outlines the literature on risk
perceptions to natural hazards, this paper will focus primarily on the stigma that may arise
from these perceptions by investigating risk from both social and economic perspectives.
Next, the research is introduced and the results are presented. The paper concludes with a
discussion of the results and implications of the research.

Literature review
There is a body of literature of how at-risk populations prepare for, respond to and adjust to
natural hazards such as floods, tsunamis and earthquakes. Understanding how individuals
perceive risks is important not only to effective disaster planning and communication, but in
terms of this research, also to understanding how such perceptions are reflected in property
market behaviour.

Risk perception towards earthquakes
Solberg et al. (2010) provide a review of the international literature on the social – psychological
factors that shape human adjustments to seismic risk. Relevant to this research is the
finding in relation to material risk (a scientifically derived probability estimate of future
risk) of failure of buildings and soils during seismic activity, that type, height, age and
perceived structural vulnerability of respondent’s residences, as well as their knowledge of
proximity to soft soils and faults, heighten risk perception.

McClure et al. (2011) conducted a study to help understand what motivates residents to take
preparedness activities. They interviewed 380 residents in Christchurch (200), Wellington (100)
and Palmerston North (80) to assess changes in their perceptions of the risk of earthquakes
before and after the 2010 Darfield, Canterbury, earthquake. Before the Darfield earthquake,
while Christchurch citizens reported being aware of civil defencemessages about preparedness,
they thought that these messages applied to others, not themselves, as Christchurch was not
known to be vulnerable to earthquakes and so theywere less prepared for them.

Property related stigma
According to Bell (1999), stigma is a “market-imposed penalty”. As noted in Bond (2015),
anything that might change the public’s perceptions towards risk, including the influence of
media attention, will alter the degree and duration of stigma. Sanders (1996) notes that stigma
does reduce with time and will be greatest immediately after the damage or loss occurs,
especially when the publicity about the hazards has been intense and ongoing (Kinnard and
Dickey, 1995). Market conditions have also been shown to affect risk perceptions. For example,
Jackson (2001) and Sanders (1996) have found that strongmarket demand reduces, or mitigates,
lender and investor risk andweak demand increases or exacerbates their risk.

Specific to the Christchurch experience, there were a number of reports in the
Christchurch news about the risks of buying TC3 property and reduced value of this
category of property (Bond, 2015). For example, The Press (2012) reported that
“Christchurch buyers are paying a premium for less-damaged areas while shunning trouble
and uncertainty in the most damage-prone neighbourhoods”. Bond (2015) surveyed
Christchurch residents and confirmed the existence of stigma related to earthquake-affected
property. Christchurch residents reported having strong reservations about buying TC 3
property, and would discount it by 20 per cent if they were to buy such land.

Christchurch property valuer, Edwards (2012), predicts that this stigma will reduce, as
there is now more information regarding Earthquake Commission’s (EQC) new acceptable
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foundation solutions and the time frames for assessing properties. In an attempt to allay
uncertainty around the Canterbury residential rebuild and TC3 land, CERA produced a
booklet “The TC3 Residential Rebuild” (Canterbury Earthquake Recovery Authority, 2012).

The estimation of the duration of stigma is as important as the measurement of its
magnitude from a valuation perspective. However, to confirm any change to stigma, similar
studies of similar design to allow comparison between them need to be conducted over time,
and their results made public. The research reported below is a starting point for this
process of ongoing research.

Methodologies advocated to study property price effects
Avariety of methods to assess post-disaster changes in house prices is reported in the literature
(Levy, 1984, 1986; Sanders, 1996). Hedonic pricing models, as introduced by Court (1939) and
further developed by Freeman (1979) and Rosen (1974), appear to be the most popular. Briefly,
this method assumes that the price of a property is determined by a number of key
characteristics or attributes. Breaking down a property into its main characteristics allows the
influence of each attribute on the total price to be determined.Wilhelmsson (2000) identifies four
broad types of property factors that households normally take into account in the purchasing
decision:

� house characteristics (number of bedrooms, square feet, attached garage, etc.);
� its location relative to urban services (such as school districts, jobs, etc.);
� environmental attributes (such as the view or slope of the yard); and
� the impact of macroeconomic attributes (such as the prevailing interest rate for

mortgages).

The hedonic pricingmodel was the approach taken for the current study with the addition of
Geographic Information Systems (GIS) to measure the distance to various technical
categories of land and flood zones. The advent of GIS with its ability to spatially link
property addresses with geographic coordinates has revolutionised hedonic modelling. In a
review of hedonic modelling, Malpezzi (2003) observes:

Perhaps one of the most exciting areas for extending hedonic models is making use of the spatial
structure of the data, using the emerging technology of geographic information systems and
spatial autocorrelation.

The need for exploring an issue from both qualitative and quantitative perspectives, as
described by Bryman (1988), was the stimulus for undertaking the two separate studies:
Bond’s (2015) study that surveyed Canterbury residents’ to determine their perceptions of
risk towards owning and living in residential property subsequent to the earthquakes and
the current study which uses a hedonic and GIS approach to analyse sale price trends.

Research
Methodology
The broad aim of this research is to identify residents’ perceptions of the risks associated
with various types of land zones[1] (or technical categories,) such as possible future
liquefaction and/or flooding. These attitudes are quantitatively assessed through the
analysis of the house characteristics/profiles (e.g. sales price, construction year, number of
bedrooms, exterior and roof façade material and sell days) before and after the two area
earthquakes (9/4/10 and the 2/22/11) while controlling for the three land zones.

Specifically, three distinctive approaches are used in this study:
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(1) Descriptive statistics: Average and standard deviation trends and t-tests were
applied among certain house characteristics for the overall Christchurch data
set regardless of the land zones and then separately for each of the three
designations (TC1, TC2 and TC3) both before and after the two quakes. This
initial approach provided a first overview of the differentiations among the
three designations regarding house characteristics and attitudes when
accounting for the two quakes (Figure A2 – Appendix 2). Identifying the
number of observations for each of the exterior and roof façade materials
allowed the determination of the most common materials which were then
considered for further analysis.

(2) Spatial data analysis: The application of GIS in this case allows: the visual
representation of both the housing sales and the land zones throughout the
study area before and after the two quakes (as seen in the data section – Figures
1 and 2) and the identification of spatial distribution patterns by using an
optimized hotspot analysis, which applies the Getis-Ord Gi statistic (Figure A3
– Appendix 3) and shows the statistically significant clustering (hot-spot and
cold spot). The resulting maps are based exclusively on house sale prices while
accounting for the neighbouring houses. The benefit from this approach is the
visual determination of areas with similar prices, while the three land zones are
shown in the background.

(3) Hedonic modelling: This study applies an ordinary least square (OLS) regression
model which explores the effect of certain house characteristics on sale prices
before and after the two earthquakes in the following ways: the overall data set
regardless of land zone and within each of the most popular land zones (TC1
through TC3) (Tables AI and AII – Appendix 4). All models were tested for
possible multicollinearity and appropriate adjustments were made to avoid it.
The model parameters are (equation 1) as follows:

ln salepriceð Þ ¼ aþ b 1Const:yeari þ b 2Bedroomsi þ b 3Agr:Yeari þ b 4Sell daysi

þb 5Land areai þ b 6ExteriorFacadei þ b 7RoofFacadei þ « (1)

where: sale price is the price a property was sold for, const. year is the construction year of
the structure, bedrooms is the number of bedrooms, agr. year is the agreement year from
2008 through 2012, sell_days is the number of days it took for a property to be sold, land
area is the lot size in square metres, exterior façade refers to a variety of dummy variables
which is recorded as 1 if the structure exterior façade is built with the material specified or
otherwise zero, roof façade is similar to the exterior dummies with a value of 1 given to
houses with the specified material. The determination of which façade material to include in
the model was made based on the information derived from the descriptive statistics which
highlighted thematerial most predominately used.

Data and transformations
The initial ArcGIS data set included residential transaction activity using data from
the Real Estate Institute of NZ and an online sales system ValBiz by Headways
Systems Ltd. A number of data fields were provided per house which can be grouped
into two categories:
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Figure 1.
Study area with
house allocation
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(1) House characteristics such as latitude, longitude, address, land and floor area, exterior
and roof façade, type (residence, land, unit, townhouses and apartments), sale price,
valuation, year constructed, listing and agreement dates, number of bedrooms, listing
and sale prices (NZ$), time on themarket (sell days), area/municipal district.

(2) Land zones, based on CERA’s assessment of land and building damage and risk of
liquefaction [TC1 through TC3, N/A – port hills and banks peninsula, N/A – rural
and unmapped, N/A – urban non-residential, orange and red zones, etc.].

The original data set went through a series of transformations:
(1) determination of a narrower and more homogeneous urban fabric area of

Christchurch (Figure 1);
(2) matching and confirming the house’s geocoding and the districts used in the

study to avoid mislabelling; and
(3) determination of a homogenous housing type for the analysis which included

residences and excluded units, townhouses and apartments. Vacant land and red
zones were also excluded from the final data set.

Figure 2.
Location of

Christchurch houses
sold before and after
the 9/4/10 and the 2/
22/11 earthquakes
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The use of the ValBiz sales data was instrumental in the updating of the missing
information of the original data set including the year of construction and the exterior and
roof façade materials. The updated data set was then integrated into a single file with all the
districts which allowed the statistical analysis. The identification of the sales timing
agreements as before or after the two earthquakes (4 September 2010 and 22 February 2011,
respectively) and their overlay above the land zones (Figures 2 through 4).

Because of the house densities shown in Figure 2, the visual identification of the land
zones underneath the houses cannot be easily made. The final data set included 9,946 house
sales located in Christchurch. The sales agreements spanned from September of 2008
through June 2012.

Results
A first step in assessing the perception of risk associated with house sales after the two
earthquakes (9/4/10 and the 2/22/11) was the determination of the average trends
among selected house characteristics before and after the quakes for Christchurch
(Figure A2 –Appendix 2).

On average, sale prices increased and sales of newer construction increased after both
quakes. This result holds for the TC1 and TC2 areas after the second quake and for TC2
after the first quake. The comparison among the three land zones shows less consistency
between TC1 and TC2 areas, with TC3 areas not showing any statistically significant
difference when comparing the average sale prices before and after both quakes. When
analysing the TC3 area average sale prices, those prices seem to be the highest compared to
either TC1 or TC2; this lowers the possibility of a significant increase, especially after a
quake in an area designated with a moderate to significant damage possibility after another
quake. The absence of any statistical difference among average sale prices in TC3 areas is
therefore an indication of less negative property price effect in these areas regardless of the
negative media attention. The review of the average prices of the other structure
characteristics’ before and after a quake shows less consistency.

Figure A3 – Appendix 3 show the hotspot analysis of sale prices experienced in
Christchurch before and after the earthquakes. Figure 3 results suggest the existence of clusters
(hotspots) with similar sale prices northwest of the downtown area (shown in red dots with a 99
per cent confidence level) and in the south. The red dots suggest homogeneity of sale prices in
certain areas in contrast to other areas where there seems to be lack of significant variability.
The comparison of before and after the first quake (9/4/2010) trends does not show significant
difference in the allocation of hotspots except for a small cluster southwest of the downtown
which suggest some very similar sale prices in close proximity to the TC2 zone. The sale price
trends before and after the second quake (2/22/2011) do not suggest major differences except for
three small clusters, southwest, southeast and northeast, of the downtown.

This next section presents the results from the multiple regression models used to
quantify the relationship between house sales price and their characteristics (Tables AI and
AII – Appendix 4). Tables AI and AII provide the regression results of the Christchurch
district overall and each of the three land zones within the district limits. Three of the
variables have a consistently positive effect on sales prices across all models in both tables
and regardless of the quakes: newer houses, houses with a larger number of bedrooms and
houses with a larger land area. For example, in Columns 1 through 4, the results suggest
that for every more-recent decade a structure is built, sale prices increase by 5.24 and 5.12
per cent (Columns 1 and 2) before the first and second quake, respectively, and 5.65 and 5.88
per cent (Columns 2 and 4) after the quakes, respectively. Looking at the construction year
row in both Tables AI and AII, it is evident that the newer houses seem to be achieving the
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highest sales price effect in TC3 zones after both quakes, with an increase of 7.07 per cent
(Column 6) and 7.38 per cent (Column 8) suggesting that people feel confident that newer
houses in these areas are more resilient in the face of future quakes versus older ones.

The effect of both additional number of bedrooms and land area on sale price is as would be
expected and therefore additional discussion is not provided. The effect of agreement year on
sale prices is worthy of discussion, however. Columns 5 and 7 (TC1 zone) suggest that houses
with fairly recent agreement years, but before either of the two quakes, transacted with lower
prices by 4.81 and 3.49 per cent, respectively. In contrast, more recent sale agreements which
took place after the quakes in TC1 experienced a sale price appreciation (by 4.77 and 5.86 per
cent, Columns 6 and 8, respectively). This result may be caused by two possibilities which
cannot be investigated further based on the available data:

� the need for housing after a quake has destroyed thousands of homes is
significant and therefore the supply and demand balance leads to more
agreements after a quake with higher prices and/or; and

� buyers are showing resilience and are willing to pay a premium for quality and
surviving housing stock regardless of location in a TC1 and TC2 zones.

The exterior façade[2] material with a more constant positive effect on sales prices before
and after both quakes is a mixture (of materials), and roughcast in the majority of zones. In
contrast, the effect of concrete and wood façades in the TC1 zone (Columns 5 through 8) had
a statistically significant negative effect before both earthquakes on sales prices, which was
not sustained after the quakes even though the effect of this type of façade continued to be
mainly negative in this area. In TC3 zones, however, the concrete façades continued to have
a statistically significant negative effect on sales prices after the quakes.

The effect of roof façade material on sale prices is less consistent, with the only exception
being tile, which has a negative effect in the overall data set and theTC2 zone. In the overall data
set, a tile roof is associatedwitha 5.95per cent decrease in the sale price before thefirst quake and
a 4.56 per cent decrease after thefirst quake.This trend remains almost constant before and after
the secondquake (Columns1 through4).This effect is expected because tile roofs are heavier,
causing more extensive damage than other material. In contrast, malthoid roofs which are
lighter have a strong positive effect on sale prices on both the overall data and the TC2
zone, with the effect significantlymagnifying after the second quake (23.9 per cent after the
first quake and 33.3 per cent after the second quake, respectively, for the overall data, and
36.5 and 52.8 per cent, respectively, for theTC2 zone after thefirst and second quakes).

Conclusions
The overall data comparison regardless of land zone (TC1 through TC3) suggests that sale
prices increased on average after both Canterbury earthquakes (9/4/2010 and the 2/22/2011).
This trend is also experienced within TC1 and TC2 zones but not in TC3 zone, which did not
show any statistically significant price differentiation when comparing the periods before
and after both quakes. The lack of any significant difference in the average sale prices of
houses before or after both quakes in the TC3 areas suggests that regardless of the negative
media coverage of these zones, the sale prices did not experience major shifts; this is
indicative of risk aversion among individuals purchasing houses in these zones. The hotspot
analysis of sale prices provides evidence of concentrations across all three districts with
limited differentiation between the two quakes.

The regression models provided a plethora of evidence regarding the perception of risk
through the lens of sale price impact, while accounting for property characteristics. The models
applied indicated significant similarities across all models. Newer houses achieved higher sale
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prices, both before and after both quakes, but the effect was even higher for the TC3 zones. This
result shows buyer confidence in newer houses, which are built to conform with updated
building codes and therefore decrease the perception of risk, especially inTC3 zones.

An interesting finding is that sale agreements after either of the two quakes are
associated with a price appreciation for the overall data set and TC1 and TC2 zones;
however, the TC3 zone experienced a sale price decrease after the second quake. This result
suggests supply–demand pressures, the possibility of resiliency (sale price increase) or an
increased presumption of risk if certain house characteristics (e.g. newer construction etc.)
are not met (TC3 zones). Shifting the focus to façade material, mixture and roughcast have a
positive effect on sale prices in the overall data set and in the TC1 and TC2 zones after both
quakes but in some cases before the quakes too. Other material such as wood have a positive
effect on sale prices, although the effect does not remain significant across all zones. Among
the studied roof materials, only tile has a more consistent negative effect on sale prices for
the overall data set and TC2[3]. The other type of material with a constant effect after the
both quakes in the overall data and TC2 is malthoid; however, because of the lightness of the
material in contrast to that of the tile, the effect is positive and expected.

In conclusion, the results indicate that with the recent earthquake experience, residents
are demonstrating risk mitigation behaviours through an aversion to (paying lower prices
for) TC3 zoned property that are regarded to be a higher risk for future liquefaction and
flooding. However, the quality of the house can overcome the media stigma attached to the
TC3 zones. This confirms the findings in the Bond (2015) study that there was a perception
of risk towards damaged property and TC3 land in particular.

This research will be of interest to government agencies tasked with assessing
compensation for affected property owners. For example, the EQC developed a Diminution of
Value Methodology for Increased Flooding Vulnerability that formed the basis of a High Court
declaratory judgement decision in December 2014 that cleared the way for EQC to start settling
properties with increased flooding vulnerability. The EQC methodology was informed by the
results of similar studies to this one, from around the world. Homeowners and rating valuers
will also be interested in the results to understand how house prices have been affected by
market perceptions towards earthquake damage, particularly in theworst-affected areas.

Notes

1. The statistical analysis focused on three land zones (TC1, TC2 and TC3).

2. Exterior and roof façade material are dummy variables and therefore their coefficient results are
adjusted to reflect this in the text.

3. Note that for TC2 zoned land, pile foundations are suitable for houses that are built of
lightweight materials (not masonry or brick veneer) and have timber floors instead of concrete
floors, or enhanced (rib raft) slabs, indicating a preference for lighter materials to reduce the
weight of the house/load on foundations.
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Appendix 1

FigureA1.
Technical category
map and red zone
map
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Appendix 2. Descriptive statistics

FigureA2.
Christchurch

descriptive statistics

Canterbury
earthquakes
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Appendix 3. Cluster, hotspot analysis

FigureA3.
Christchurch sale
price hotspots before
and after the 9/4/10
and the 2/22/11
earthquakes
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Appendix 4. Hedonic modelling
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Assessment of the
effect of the two
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