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Abstract

This study proposes a modeling approach to disentangle the discount due to flooding in residential properties
that are located in coastal areas. The study makes three contributions. The first is to incorporate a continuous
measure of flood risk in a study of coastal areas, as earlier studies modeled flood risk using a binary variable.
The second is to estimate a discount over a three dimensional amenities’ set (degrees of view of the ocean,
proximity to the ocean and proximity to other waterways), in order to provide a valuation of the trade off
between ’views/proximity’ and flooding. And, finally it is the first study of its kind for Australia. Data for
two coastal sites in the state of Queensland, Australia are used in the study. The results indicate that the
identification of a significant discount due to inundation risk is highly dependent on views and proximity to ocean
and waterways, but the study demonstrates the methodology proposed here is able to disentangle statistically

significant discounts due to inundation risk.
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1 Introduction

Access to environmental amenity can add value to residential property, but residential property exposed to envi-

ronmental risks can experience reduced value (Rambaldi et al., 2013). These positive and negative contributions to
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land values can be estimated using a variety of techniques, and the literature on the valuation of both amenities
and risks is vast (see Freeman (2003, Ch 11) and Palmquist (2005) for comprehensive reviews of property value
models). Many studies have sought to analyze historical data sets to understand the factors that have contributed
to property values in the past, and how changing access to environmental amenity with urbanization may change
property values (Sander and Polasky, 2009; Jim and Chen, 2006). Recently, however, some studies have begun to
focus on the implication of environmental risk pricing, especially in the context of future changes to environmental
risk, such as climate change (Butsic et al., 2011).

One key area where land values are likely to be affected by changing risk profiles are coastal urban areas at
increased risk of storm surge inundation as sea levels rise (Landry and Hindsley, 2011). Beginning to build an
understanding of how increased risk may affect property values is vital because in developed countries the family
home is the single largest asset of most individuals (Forrest and Murie, 1995; Schwartz and Seabrooke, 2009), and
in urban areas it is increasingly the land that the home sits on in which most of the value resides (Cheshire and
Sheppard, 1995). The potential effect of changing environmental risk on individual wealth is likely to drive the
engagement of coastal communities in the decisions of how to adapt and protect themselves against inundation, as
well as how much to spend doing so.

Even though inundation risk is known to affect property values, it has proven very difficult to calculate in
coastal regions (Bin et al., 2008; Morgan, 2007). This problem arises because although the risk of coastal inundation
increases for property near the coast, this location also brings with it a range of positive amenity values, such as
proximity to beaches, waterways, and coastal views. The correlation between the relatively smaller negative pricing
signal of increased inundation risk and the relatively larger positive pricing signal of coastal proximity confounds
simple attempts to measure inundation pricing in the coastal zone (Bin et al., 2008; Daniel et al., 2009). In most
studies of coastal land values, inundation risk is not explicitly considered or effects are captured through the inclusion
of dummy variables to measure perturbations to the positive pricing signals against distance to coast (Daniel et al.,
2009). However, although inundation risk and coastal proximity are correlated, they are not absolutely causally
related - for instance, even in coastal areas it is possible to find properties with significant inundation risk but with
few views and relatively far from the coast. Moreover, even if inundation risk is correlated with distance to coast,
it is important to attempt to disentangle the two pricing signals if it is expected that some future change might
differently affect inundation risk and distance to ocean. This is the case with rising sea levels and changing storm
surge events, which can create very finely structured changes to risk profiles, affecting some coastal properties more
than others.

Recent studies have started trying to disentangle these two effects by incorporating measures of inundation risk
(Daniel et al. (2009)) and coastal view (Bin et al. (2008)) into their hedonic analysis. In this study we begin to
extend these approaches in three directions, using a revealed preference approach to estimate the discount in the

sale price due to flooding for properties located in coastal areas. The first is that we measure ”inundation risk”



through a continuous measure recently proposed by Rambaldi et al. (2013). Earlier studies modeled flood risk using
a binary variable. The second is that we estimate the discount over a three dimensional amenities’ set (degrees
of view of the ocean, proximity to the ocean and proximity to other waterways), in order to provide a valuation
of the trade off between ’views/proximity’ and inundation. The third is that ours is the first study of its kind for

Australia.

2 Property Value Models, Environmental Amenities and Dummy Vari-
ables

There are two broad approaches to the valuation of environmental amenities: a stated preference approach, in which
people are directly or indirectly asked what they would pay for something; and a revealed preference approach; in
which the valuation of the environmental amenity is found by analysing the purchasing behavior of the consumer.
In the case of residential property markets, the three common models used in a revealed preference approach are:
the repeat sales model, which compares sales of the same property over time to reveal the change in implicit price;
the discrete choice model, in which an econometric model describes two or more discrete alternatives; and the
hedonic model, in which the market valuation of the property is explained by a number of environmental and
non-environmental characteristics. In this study, we used a hedonic approach, and thus we regress the property
value on a number of property characteristics, including inundation security, coastal views and proximity to coasts
and waterways.

Inundation security can be considered a localized externality (Palmquist, 2005), in that it represents a spatially
localized change to environmental amenity of limited scope. Property buyers have the opportunity to choose
alternative nearby properties with a similar mix of characteristics, and pay a price premium for properties secure
from inundation (MacDonald et al., 1990; Kousky, 2010). Property owners will experience capital gains or losses in
proportion to the amenity gained or lost as inundation risk changes, and this can be interpreted as the amount the
owners would be willing to accept for the change. The effect of flooding in urban areas has been studied in this way
by a number of researchers (for a review see Rambaldi et al. (2013)) making use of a variety of available data on
flooding events. Of particular interest to our study, Daniel et al. (2009) use a hedonic approach to study flooding in
residential properties in close proximity to the Meuse River (Netherlands), and Bin et al. (2008) estimate a spatial
hedonic model for four beach communities in North Carolina (USA). In the study by Daniel et al. (2009), their
data are divided in three periods, before a first flooding event (1993), between the first and second flooding event
(1995) and after the second flooding event. Their measure of flooding is a binary variable indicating whether the
property was in the flood plain (that is, the 100 year average recurrence interval (ARI) flood level for that parcel of
land, which provides an indication of the depth of flooding that will occur on average every 100 years). The study

controls for distance to the river and finds that properties in the floodplain carry a discount of 7%, while proximity



to water has a premium of 3% on sale prices. Bin et al. (2008) use data from 1995-2002 and their model has a
3D based measure of "ocean view” (similar to the measure we use, as described in Section 3) as well as a number
of measures of distance to amenities including distance to ocean. The measure of floodplain used is the same as
that in Daniel et al. (2009), i.e., the 100 year ARI Level. The spatial weights used in the model are constructed by
defining as a "neighbor” all properties that are within 0.5 km distance to each property in the sample. This study
computes a dollar value of willingness to pay (WTP) at the mean of the sample and a 95% confidence interval based
on a bootstrap approach. They find the mean WTP to avoid location in the floodplain is $36,082, and the interval
estimate is [-66,665.42, -1898.48].

The measure of flood risk used in these two studies, a dummy variable that takes the value of one if the property
is in the 100 year ARI level, is the standard for the literature (Rambaldi et al. (2013)), even though inundation
risk might be expected to increase gradually with property height above sea level and the expected frequency of
extreme events. This is partly because inundation risk policy is often discussed in terms of a discrete ARI 100 year
inundation region, but also because it is often difficult to define and measure a continuous variable of inundation risk
with the data available in these studies. Designing an appropriate measure that is a continuous variable is difficult
for several reasons. In many cases the definition is broad and the estimated effect will tend to be an “average” over
what is in reality a step-response phenomenon, thus reducing the apparent size and statistical significance. This
problem is exacerbated if only a small proportion of the properties exist on one side of the step, such as the urban
coastal “strips”.

An alternative is to constrain the fit of a linear variable to the region in which a signal would be expected by
combining it with a dummy variable. In a recent paper Rambaldi et al. (2013) proposed the use of such a continuous
measure of flood plain effect which is a function of the distance that the lowest point on the parcel is below the
100 year ARI level. Their results, based on a spatial error hedonic model and data for 3944 sales of residential
properties (detached housing) from 1970 to 2010 for a suburb in the city of Brisbane (Australia), indicate that
properties in the 100 year ARI level floodplain experienced a 1.28% discount with an additional discount of 5.45%
per meter below the 100 year ARI level.

In a similar manner, a dummy variable can also be used to filter the fit to properties in which confounding influ-
ences are expected to be minimized. Managing the impact of competing effects is likely to be especially important
in the case of coastal inundation where the large positive effect of coastal view and proximity confounds the smaller
negative effect of increased inundation risk in a significant proportion of the limited sample of properties facing
inundation risk. Importantly, although inundation risk and coastal view and proximity are spatially correlated, in
large and diverse datasets there are likely to exist properties facing significant inundation risk despite having few
views, and vice versa. If the data sets were sufficiently large, enough of these cases might exist such that separate
statistically significant signals could be discerned for both positive amenity related to coastal proximity and negative

amenity related to increased inundation risk. Although research datasets of this size and quality are not available



in Australia, we can start to disentangle the effect of this correlation by examining how the observed discount due
to inundation changes as the filtered with a dummy variable to gradually reduce the impact of the confounding
influences of coastal proximity and views.

This is what we do here, by recalculating the discount due to inundation in two case study regions, when
the definition for properties facing inundation risk is conditional on it being at a certain distance from the coast,
distance from a waterway, or with only a limited coastal view. The current study covers sales of single dwelling
residential properties in two coastal urban localities. In each case there is a subset of properties that are close to
the ocean (and/or other waterways) and in the floodplain. When the inundation price regression is unfiltered and
all properties in the ARI 100 year basin contribute equally to the estimate, we might expect to discern a positive
price effect with increased inundation risk because of its correlation with coastal proximity. As the filter modifies
the definition of the inundation plane effect to separate properties close to the water or with extensive views, we
would expect the number of properties with significant positive valuations to decrease, revealing a more appropriate
representation of the negative effect of inundation risk pricing. Eventually, we would expect the filter to remove
so many properties close to the water or with extensive views that the result on the remaining sample would lose
statistical significance. A key question is: in what sorts of datasets, and which coastal communities, are we likely
to be able to disentangle the positive premiums of coastal views and proximity from the negative premiums of

increased inundation risk in a statistically significant manner?

3 Methodology and Data

The method adopted in this study is an extension of the works of Bin et al. (2008) and Rambaldi et al. (2013). The
econometric model used is a spatial error hedonic model. Bin et al. (2008) use a spatial autoregressive model (SAR),
while Rambaldi et al. (2013) estimated both a spatial error model (SEM) and a Spatial Durbin model (SDM)! (the
reader is referred to LeSage and Pace (2009) for a comprehensive treatment of spatial econometric models). This
paper models inundation, views and proximity to ocean/water by using a three dimensional amenities’ set to extend
the modeling of Bin et al. (2008). It also uses the continuous measure of inundation risk proposed by Rambaldi
et al. (2013). The next two subsections present the spatial hedonic model used in the study, define the measure of
inundation risk and show how the trade off between views, proximity and inundation are modeled, followed by a

description of the data.

3.1 Modeling

The model is a log-linear hedonic model with spatial errors where the 'floodplain effect’ is defined using a continuous

measure which is a function of the vertical distance below the 100 ARI level of each property. We capture the

1We estimated an Spatial Durbin Model for both sites and found the marginal effects to be almost identical to those obtained with
the spatial error model. The results are not presented here.



view/distance effect by introducing a filtering indicator as an extension to Rambaldi et al. (2013)’s definition of
when a property is in the floodplain. The measure used in this study provides a combined indicator that includes
the degree of view of the ocean as well as distance to the coast and waterways (details shortly) of properties in the

floodplain. The model is specified in equations (1),

T K
yi = Bo+ > 6:Di+ [01FfP +6,FFPFF+) BiXpi + e (1)
t=1 k=1
N
€ = )\Zwijej —+ u;
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where,

y; = In(Sale Price;) ,i=1,..,Nand t=1,....,T

D;; time dummy =1 if property ¢ was sold in year ¢

[0, FF'P + 0, FFP FE] filtered floodplain effect explained in Section 3.1.1

X} value of the kth hedonic characteristic for property ¢. The full list of hedonic characteristics is discussed in
Section 3.2.

€; is a spatially correlated error

0<w; <1 (Zjvzl w;; = 1) is the weight of property j on property ¢ based on their distance computed using a
Delauney triangulation.

0 < X\ < 1is a spatial correlation parameter

u; ~ N(0,02) is random noise.

The Rambaldi et al. (2013)’s floodplain effect is based on the term [0y FF'P + 0, FF'P FE]. However, the definition
of F¥'P used here is modified from that in the original study to allow for the study of the sensitivity of the floodplain

effect estimates to proximity to ocean/water and views through a number of scenarios discussed in the next sub-

section.

3.1.1 Construction of Variables to Capture Flooding, Views and Proximity to Ocean/Water

As indicated above we define the floodplain effect (see equation (1)) as follows

(01 + 0, FE)x100 if FFP =1
Flood Plain Ef fect = 2)

0 if FFP =0

The effect is a function of two unknown parameters, 6; and 6o, and two variables, F¥P and FL.

The variable F© measures flood depth in meters and it is defined as



F% = (100 year ARI) — (minimum parcel height) (3)

The variable F¥P is the "filtered floodplain dummy” which is defined as follows,

FFP = Flood_Dummy x View_Dummy x Coast_Dummy x Water_Dummy (4)

where,

Flood_Dummy is = 1 if property is identified to be in the 100 Year ARI floodplain. This is the definition of
FFP used Rambaldi et al. (2013)

View_Dummy is = 1 if property has a View Factor < vy, where 0 < v; <1

Coast_Dummy is = 1 if property distance to coast > vs, where 0 < vo < 400 meters

Water_Dummy is = 1 if property distance to waterway > v3, where 0 < v3 < 100 meters

Our extension in the definition of F¥P

allows the floodplain effect to be estimated by imposing a filter on the
properties that define the effect. The filtering is based on views of the ocean and both the distance to waterway and
the distance to coast as separate measures. Separating the ocean and other waterways (lakes, creeks, rivers, etc.)
is of practical importance in this study as the areas under study include estuaries opening to bays. As found by

studies such as that of Bin et al. (2008) some of these type of features of the terrain might carry a market premium

as well as be a source of flooding.

3.1.2 Computing the Discount Due to Flooding

By varying the values of vy, va, v3, the number of properties in the sample that define the floodplain effect varies
in three dimensions, by the degrees of view, the distance to ocean and the distance to waterway. As a result, the
estimates of the parameters 6, and 6, vary leading to different estimates of the floodplain effect. The estimate of
interest is the percent discount (per meter below the 100 year ARI Level) in the sale price due to inundation of
properties within the "floodplain” as defined by vy, ve, and v3. As the model (1) is log-linear, the value of interest
is given by the semi-elasticity (percent change in the dependent variable per unit of the independent variable). The
semi-elasticity computed here provides the percent price discount per meter below the 100 year ARI level defined

by the floodplain effect in (3), and it is of the form (see Hill et al. (2008), pp. 184-186 )

%A Price per metre = 100 X (eé2 — 14— 1) (5)

The computed semi-elasticities are tabulated and plotted as functions of distance to ocean and waterways and
by degree of views to study how the valuation of flooding changes at different values of these amenities. The range

of values of v1, vo, and vz that can be used depends on the available information for each site.



3.2 Data

The data used in this study are from two sites. The sites are coastal localities in the state of Queensland (Australia)
in the Moreton Bay and Cairns local government areas. The two localities are 1700 kms apart. Cairns is in the
north of the state, while Moreton Bay is an area at the north of the city of Brisbane (approximately 40 kms from the
Brisbane Central Business District). It is part of the greater Brisbane as a substantial proportion of its population
commutes into Brisbane for work in weekdays (Figure 1 shows a map of the state of Queensland where Cairns and
Brisbane can be identified). The data are transaction records on residential vacant land or residential property
(land and structure). The data do not include units, terraces or townhouses. To the extent possible a set of similar
hedonic, environmental and location characteristics has been collected for each site. Table 1 provides a list with a

description of each measure. Tables 2 and 3 provide descriptive statistics corresponding to each site.

The data are collected from a number of sources (Table 1) and extensive cleaning and checking is required to
insure consistency. Transaction records with inconsistent data are checked against other sources when possible
(e.g. Google Satellite View might be used to check the proximity to a waterway). The process of cleaning data
is somewhat incremental, and the extent to which it is necessary depends on the original source data, the size of
the data set, and the strength of pricing signal necessary to yield a statistically significant relationship between

property price and the variable of interest, in this case inundation security.

The descriptive statistics for the two sites (Tables 2-3) show that the data available for Cairns are considerably
smaller and spread over a much longer time period than those available for Moreton Bay Regional Council. The
data for Moreton are 13,090 transactions of sales between 1991 and 2010 while there are 2704 transactions for
the Cairns and Clifton Beach area covering the period 1961-2011. The Moreton data has the largest number of
transactions spread over a range of distances and views (details will be presented in the next section) and it is the
most suitable for the objective of disentangling the discount due to flooding from the premium due to views and

proximity to ocean and waterways.

Inundation depth for each site is estimated as the difference between the basin-fill ARI 100 year inundation level
and the lowest height of each property. This yields two pieces of information: a binary variable for the properties
which receive some inundation during an ARI 100 year event; and the depth of inundation on the property during

an ARI 100 year event. The first of these is the binary variable traditionally used in these analyses (e.g. Bin
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Table 1: Description of Variables

Variable H Type/Units \ Source
Sale Price H dollars \ RP Data Ltd
LAND
large plot Dummy = 1 if Lot Size > 2500 Authors’ construction
mm?
Vacant land Dummy Authors’ construction
Lot Size sq. meters RP Data Ltd
Min Parcel Height meters LiDAR Ground Point DEM
(with reference to Australian
Height Datum)
Flood Depth meters 100 year ARI Level are: 2.4
meters for Moreton Bay ; Varies
by property and it is based on
hydrological modelling by Local
Council for Cairns/Clifton
Beach
Distance to Coast meters ArcMap, Council, PSMA
Distance to Waterway meters ArcMap, Council, PSMA
Distance to Offensive Industry meters ArcMap, Council, PSMA
Distance to (Urban) Park meters ArcMap, Council, PSMA
Distance to Bus Stop meters ArcMap, Council, PSMA
Distance to Schools meters ArcMap, Council, PSMA
Distance to Shops meters ArcMap, Council, PSMA
Distance to Rail Station meters ArcMap, Council, PSMA
Distance to Boat Ramp meters ArcMap, Council, PSMA
Distance to Pubs and Clubs meters ArcMap, Council, PSMA
Distance to Hospital meters ArcMap, Council, PSMA
Views Proportion of nearby ocean ArcMap, raw LiDAR, Council
visible (range [0,1]) aerial photography
STRUCTURE
House footprint sq. meters Local Council
Age years Authors’ construction from
council data on sewerage line
connection (Moreton Bay) and
survey dates (Cairns)
Bathrooms number RP Data Ltd
Bedrooms number RP Data Ltd
Car spaces number RP Data Ltd

10




0T0C-1661 potsg
060°€T SUOT}ORSURI} JO IOUITLN]

T T T G 0 seoeds 1e0)

(4 € € 8 0 SUI00IpPag

1 ! 1 i 0 swooIyjeg

T 4! 01 98 0 a3y
61T 4 €LT 126 0 juLIdjooy asnoy

HYINLONYLS

v€C0 9¢1°0 ¢00°0 G86°0 0000 SMOTA

60L2 00z€ £9¢¢ 43! 01 [etdsoy 0y soue)si(y
Gc6 9EVT LETT 9€€9 4! SAND pue sqndg 03 90ueIsiq
254! V.61 ¢091 7629 9¢ durey] jeog 03 9oueRISI(]

9.1 0469 0799 78G¢ET 174 Uorye)S [rey 03 9ouessiq
L8¥ 0€S 66€ L6LY 0T sdoyg 0 ouessi(q
€601 679 12¢ 769 0T S[OOT[DG 0} 9OURISI(]
€08 oLy (44 67EV 91 dojg sng 03 soueysI(]
01T €el OTT 786 L IR 09 90URISI(]

1281 898¢ 6L¢t 8LES QLT A1ysNpU] SAISUSJI() 0 URISI(]
€91 1.2 16¢ 798 G AemIsjyep) 093 90URISI(]
1€6 V6ET 6LET L1128 91 880 07 POURISI(J

L99°¥ G18°g- T6T°G- 00¥'¢ 19€7¢- 1deq poordg

L99'¥ g1e'8 1642 199'9¢ 0000 TYSIOH 9918 U
20 096 g€e9 01901 192 9ZIS 407

vET'0 4540 0 1 0 pue[ juedeA

680°0 0 I 0 jord o8re]

AdNV'1
96621 £E8T61 [ 092191 [ 000052 T I 009GT [ 0011 9eg
A9 P3S ueaN I ueIpPOIN I WNWIXBA I WINWIUTA I o[qerIeA

Aeg UOILION - SO19s1e)S DATYdIIISO(T g O[qR],

11



1102-1961 potog
Y0L2 SUOTIORSTIRI) JO ToqUINN
G6°0 G'T 4 9 0 soords 16))
a1 S ¢ 6 0 SUI00IPag
820 V' ! 9 0 SmooIyyeg
56°0F 9E 6¥ Ly 921 0 OBy
87901 289981 080°CLT 089°099 000°0 juridjooy asnoy
HdYNLONYLS
¢6T°0 980°0 000°0 G660 000°0 SMITA
¢0°0L06 ¢88°9976 L9G°TIRT 1,80°9.¥0¢ ¥796°L€ Tejidsof] 03 eoueIsI(I
28 12¥6 90°€066 FRE 667C PEZ'R9CIE 989°0TT SqUID PUe squ{ 0} ooURISI
durey] 1eoq 07 90URISI(]
2866LT 008'98.% 2GT €65 9121989 L6271 HORe)g [RY 0F 0oUBISI(]
92E'8LE6 L¥T' 0¢80T LLG°8708T ¢ 0vETT 6691 sdoyg o0y eoueysi(q
G2¢0°6¢Se 2L8L°V8¢C¢E 280791 S¢90°00T4 ¢66°80¢ S[O0YDS 0} 99urISI(J
89741 £47°69¢ LVE VYT 206°TCET QG Le doyg sng 0y aduressIq
¢ 02l 296°1L1 026°€€ 1 199°68¢ $G2 01 e 03 0ouRySI(T
96°¢066 GT'0G€TT 89°G0.LE S9¥7°99¢¢C ¥91°GG. Anpsnpuy 03 2oue)sI(]
ceT19 L6G VL GTTELY 01S'GEVT PS0°TT KeMIoyeA 0F 00URISI
¢8'0T¥ 1¢C L8L ¢S¢'L89 708°€L61 8G9'6S 1sBOD) 03 20URISI(J
€91 8GT°0 600°0 809°T GGg ay- yide( poorq
709 8€L'S 106°¢C qav'8¥ 000°0 WSO [92Ted U\
Q9971 LG€T 019 00£669 £9¢ 9ZIS 107
¢Ieo 60T°0 0 1 0 pue[ juedeA
§vc 0 790°0 0 I 0 jord o8rey
ANV'T
GG696T LEGETT [ 00061 [ 000000G 7819 [ 0011 9eg
A9 P3IS ueaA I URIPOIA I WNWIXBA WNWIUIA I o[qerIep

suire)) - so1ysIye)g oApdIIOSa(T ¢ O[qe],

12



et al. (2008)), and the second provides a continuous measure of inundation risk as used in the more advanced
model of Rambaldi et al. (2013). In the current analysis, detailed hydrodynamic inundation levels were available
for the Cairns case study, but only broad scale ARI 100 year inundation levels were available for the Moreton
Bay study. The outcome of the model should not be overly sensitive to the specific threshold level of inundation
chosen (because the inundation depth provides a continuous measure of inundation risk), although it will affect the
statistical significance of the results generated.

The measure of view used in this study is similar to that used in Bin et al. (2008). A physical model of the
environment was derived combining a Geosciences Australia smartline to define the coastal boundary to the ocean, a
DEM (digital elevation model) overlaid with building footprints and heights (derived from high resolution LiDAR)
and multiple view points from each property. The ArcGIS Skyline/Skyline Barrier tool was used to determine
visible objects in the physical model and a Manifold GIS system was used to extract visible ocean areas. The ocean
view score is the amount of ocean area visible as a proportion of the total area of ocean in the case study area. The
Moreton Bay data have the widest spread of properties across the view factor. The Cairns dataset has the majority
of properties (80%) in a location with a view factor of ten percent or less. For sites with a small distribution of
view factors it is not possible to disentangle the affect of ocean view on property values, but, conversely, ocean view

is only likely to affect the value of a very small proportion of properties in the sample.

4 Results

The first set of results showed the estimates of model (equation 1) for each site when the data was not filtered for
views or proximity (Table 4). When no filtering for views or proximity were applied, equation (4)’s definition became
FFDP = P = Flood_Dummy and the definition of Flood Plain Effect was the same as that used in Rambaldi
et al. (2013). The results were as expected for the coastal case studies analyzed, in that the aggregate flood plain
effect for Moreton was positive and significant, indicating the proximity and views of the ocean and waterways offset
any discount due to flooding (computing the percent change in price using equation (5) gave a 16.56% premium).
Similarly, the aggregate effect for Cairns was also positive, 5.41%. However, although the coefficient of F'P was
positive, the coefficient attached to the flood level was negative, which showed there was a significant discount if

the parcel was below the 100 Year ARI level.

The filtered specification (equation 4) in equation (1) was estimated by varying v, vy and vs, which resulted
in a change in the definition of which properties were used in the model to define the floodplain effect (equation
(2)) through equation (4). In the Moreton dataset, filters were implemented in combination across v1, ve and vs,
whereas in Cairns the threshold level of viewfactor was held constant at v; = 0.20, given the small variance in ocean

view factor across the data set and the fact that 80% of properties had a view factor less than or equal to 0.10.
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Table 4: Parameter Estimates of Model (1) for the Two Sites Without Filtering for Views or Proximity to Waterways

or Ocean (F¥'P = Flood_Dummy)

Moreton Cairns
VARIABLE COEFFICIENT H SERR COEFFICIENT H SERR
intercept 9.586" 0.110 6.591" 0.367
FL 0.045" 0.013 -0.063" 0.027
FED 0.113" 0.010 0.1097 0.027
view 0.084" 0.009 0.378" 0.032
Large Lot -0.136" 0.017 -0.078" 0.051
Vacant -0.2717 0.016 -0.307" 0.034
Lot Size 0.2217 0.009 0.260" 0.019
Age -0.005" 2.88E-04 -4.23E-04 2.61E-04
HouseFootprint 0.001" 4.05E-05 4.88E-04" 8.49E-05
Bath 0.067" 0.005 0.087" 0.011
Beds 0.042" 0.004 0.028" 0.006
Cars 0.0117 0.003 0.018" 0.007
dist_coast -5.68E-05" 5.65E-06 -3.72E-04" 2.78E-05
dist_waterway -4.91E-06 1.46E-05 1.21E-04" 2.18E-05
dist_OffenIndus 3.31E-05" 3.22E-06
dis_industries -5.28E-05" 1.59E-05
dist_parks -1.43E-04" 2.01E-05 -2.02E-04" 5.90E-05
dist_busStop 1.36E-05 8.66E-06 3.51E-04 4.37E-05
dist_Schools 1.83E-05" 7.29E-06 -1.07E-04 2.06E-05
dist_Shops -1.02E-05 6.36E-06 3.28E-05 1.10E-05
dist_BoatRamp 1.19E-05" 4.75E-06
dist_PubsClubs 8.65E-06" 3.25E-06
dist_Hospitals -1.04E-05" 1.26E-06 1.01E-04 1.64E-05
A 0.689" 0.013 0.396" 5.32E-03
InL 6178.653 829.18
H,:0, =0,0, =0 || F-stat 72.617 F-stat 8.384
p-value 0.000 0.001

* Significant at the 5% level. Estimates of year dummies not shown
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In Moreton, a total of 259 combinations were tested: v;= 0.9, 0.85, 0.8, 0.7, 0.6, 0.5, 0.4, 0.2, v = 50, 100, 200,
250, 300, 350, 400 meters, vg = 25, 50, 75, 100 meters. The detailed results are presented in the Appendix, and
were summarized in meshed 3D plots (Figure 2), in four panels corresponding to one of four values of View (v; =
0.2, 0.4, 0.6, 0.9). Each 3D plot showed the variations in the distance to the coast and waterways over the X and
Y axis, respectively. The vertical (Z) axis showed the percent discount in price per meter below the 100 year ARI
level, which was defined as the negative of the computed semi-elasticity in (5). A row in each of the appendix tables
provided the estimates of one model. The estimates of 61, f2, the number of properties that met the F¥P =1 and

corresponding average value of F¥, as well as the computed semi-elasticity were presented.

The first clear pattern that could be observed from Figure 2 is that across the range of values of the view factor
the lowest discount was found at distances close to the coast and waterways, as expected. The second is that as the
view of the ocean increased the discount was uniformly smaller at all distances. In all cases the percent discount
per meter below the 100 year ARI level was highest at distances greater than 450m from the coast and 60 m from
other waterways with a discount of 22% for properties with reduced views and around 17% for properties with views
of 0.8 or higher. The percent discount when properties were in close proximity to the ocean and other waterways
(distances from 50 Mts from the coast and 25 Mts from other waterways) was 6% when the view factor was less
than 0.20, 1.3% at views of 0.6 and there was no significant discount for properties with views 0.8 or higher.

The results for Cairns (Table 5) were obtained using v; = 0.20 and variations of vy = 50, 150, 250, 300, 400
and vz = 10,15,20. These combinations resulted in approximately 45% of the transactions in the sample to be
associated with properties that fell within the floodplain. The average flood depth (F'*) was around half a meter
in all cases. While the estimate of 6, was positive, the estimate of 05 was negative and around -0.09 for all models.
The pattern of discount seemed to be related to the distance to waterways. There was no significant discount at 50
or less meters from the ocean, but the discount was similar once the property was at a distance of more than 50
meters to the ocean. A discount of 3% per meter below 100 year ARI level was found when the property was at 10
or less meters from a waterway and the discount decreased to 1/2% once the distance to waterway was more than

20 meters.

5 Discussion

The results obtained from the conventional approach to modeling the risk associated with coastal inundation are as
expected, positive. That is, when the risk is estimated via a binary variable and the distance to the coast/waterways

are views are added to the model as stand along control variables. This is because the effect calculated is confounded
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with coastal proximity and views . However, when the floodplain effect is defined through a composite variable
which is the sum of a continuous measure and series of interacted binary variables to better identify the properties
with closest proximity to the ocean and/or waterways, and/or with the highest coastal view, the valuation of the risk
is negative, as expected for a significant environmental risk. This insight is vitally important, because even though
inundation risk and coastal views are correlated, future changes to climate and sea levels may differentially affect
properties along the coastal strip, changing the correlation for groups of properties and affecting the distribution
of risks in the community. Understanding these changes will be vital to properly engaging coastal communities
in sensible discussions about how adaptation can best protect communities’ and individuals’ major assets against
future coastal inundation events under changing inundation regimes (Yohe et al., 1996; Bin et al., 2011).

The measure developed here (equation 4) shows clearly that property value modelling needs techniques that can
disentangle the positive and negative effects that interact in this contested coastal zone. Despite the fact that the
interaction between the positive amenity of coastal proximity and negative amenity of increased inundation risk
is well known in this relatively new area of research, very few studies have attempted to begin to disentangle this
effect (Daniel et al., 2009)). This may be because it is difficult to compile a sufficiently large, high quality data set
capable of distinguishing the effect in a statistically significant manner, or until recently it has been computationally
difficult to estimate certain important quantities, such as coastal view factors (Bin et al., 2008).

When sufficiently detailed or diverse data are not available, the composite measure implemented here (equation
4) provides a first step towards estimating inundation risk pricing for coastal properties. It allowed us to explore
how inundation risk pricing varied across specific parts of the data set, such as properties at risk of inundation
but with little or no coastal view, with fewer data requirements than a full hedonic analysis. To our knowledge,
no other study has implemented such a technique. The findings were very clear. When the model is a standard
hedonic specification (that is, it contains a floodplain dummy variable and regressors that measure the distance
to amenities), to estimate the premium associated with inundation risk, statistically significant positive values
were measured (16.56% in the Moreton study, and 5.41% in the Cairns study). However, when the discount was
calculated by incorporating into the model our composite measure which allows for variation over three dimensions,
as well as controlling for the standard hedonic characteristics, it was found to be negative. It became progressively
more negative as the threshold for distance to the ocean or waterways was increased, or maximum view factor was
decreased, up to as much as “22% per meter of inundation for properties that were located more than 0.5km from
the ocean and 60m from a waterway in the Moreton case study. As the definition of the measure converges towards
a standard binary definition of flood risk, the inundation risk pricing becomes statistically not significant.

In addition to providing estimates of inundation pricing, this approach highlights the type of community structure
in which it likely to be possible to disentangle inundation risk pricing from coastal premiums. The Moreton case
study allowed good delineation of inundation pricing effects, primarily because it contained a range of properties

that spanned all characteristics of interest: inundation risk, distance to ocean, distance to waterways, and, most
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importantly, coastal view factor. In contrast, the Cairns case study has a relatively smaller sample size which
makes the quantifying of the effects weaker as the there is a more limited range of properties with enough variation
over all characteristics of interest. This sample contained many properties with very similar inundation risks and
coastal viewfactors, making delineation of pricing effects relative to this quantity difficult to estimate. At one
level, these characteristics reflected the nature of the community itself — prices in Cairns did not react strongly
to coastal views because the topography in the case study area was very flat and almost all properties, except
those with absolute coastal frontage, had little to no coastal view. Similarly, inundation risk was very even across
the community. However, even though these characteristics did reflect the reality of the case study community
that they described, this limitation was important because the case studies that we used were only subsets of the
broader urban communities in the area. This means that within the broader case study region, homeowners could
choose to live in similar areas with different levels of inundation risk by choosing a location nearby but outside
the study area. This highlighted the fact that if the goal of a study were to measure inundation risk pricing, a
good representative sample of the area in question must be realized in the datasets used to successfully resolve the
structure in inundation pricing. In the current study, it was clear that this was more successfully achieved for the
Moreton case than the Cairns case.

These insights are likely to provide important pointers to the development of the relatively new field of inundation
risk pricing, especially under sea level rise and climate change scenarios. As digitized housing data improves and
becomes more accessible, the size of data sets available for hedonic analysis are likely to increase dramatically.
Eventually, these improved datasets will likely provide, at least in some locations, sufficient resolving power to
perform full hedonic analysis of inundation risk pricing, by simply covering a large enough sample with diverse
enough characteristics that the positive effects of coastal proximity can be separated from the negative effects of
increased inundation risk in the coastal zone. In addition, as the risks are described more completely and discussed
more broadly in the community, the housing market may well incorporate stronger responses to inundation risk into
property values. However, in the meantime, the ability to discern some effect due to inundation risk in the coastal
zone, as we do here, is likely to be very important to the discussions currently underway in coastal communities
around the world about how best to adapt our coastal communities to protect against inundation as sea levels rise

and climates change .

6 Conclusions

This study proposes a modeling approach to disentangle the discount due to inundation in residential property that
are located in coastal areas. In order to estimate the discount the modeling uses a combined measure of inundation
risk and a three dimensional measure for ocean views, distance to ocean and distance to waterways. The study makes

three contributions, it is the first to incorporate a continuous measure of flood risk, recently proposed by Rambaldi

19



et al. (2013), compared to earlier studies which have modeled flood risk using only an inundated/not-inundated
binary variable. It is the first study to estimate a discount over a three dimensional amenities’ set (degrees of view
of the ocean, proximity to the ocean and proximity to other waterways), in order to provide a valuation of the trade
off between ’views/proximity’ and inundation. And, finally it is the first study of its kind for Australia.

Data for two coastal sites are used in the study: Moreton Bay and Cairns local government areas in the state
of Queensland (Australia). The Moreton Bay site provides the largest diversity of information with properties
located in and outside the floodplain area and at a range of distances from the ocean and other waterways. The
sample also contains observations spread over a range of ocean view factors (from no view to full view of the ocean).
These characteristics make this dataset the richest in terms of information that allow statistical identification of
the inundation risk discount taking into account ocean views.

The results indicate that the identification of a significant discount due to inundation risk can be isolated
although even in markets when it is highly correlated with views and proximity to ocean and waterways. This is a
vital new insight for the growing field of future-focused coastal inundation research under sea level rise scenarios,
as opposed to the more common historical assessment of riverine floods. For Moreton Bay, proximity to ocean and
waterways seems to fetch a premium, while the results from Cairns indicate only the ocean has a positive effect.
Although the size of the discount due to flooding varies across sites, distances and views, the study demonstrates
that by applying the methodology proposed here it is possible to disentangle statistically significant discounts due
to inundation risk. Improving our understanding of these issues will be vital to beginning to adapt our coastal

communities effectively to changing inundation regimes as sea levels rise and climates change.
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