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Abstract

Commercial building flood losses significantly affect the Australian economy; however, there
are not many models for commercial flood damage estimation and their results are not reliable.
This study has attempted tonderive. and develop a new model (FLFAc) for estimating the
magnitude of direct damagesen commercial structures. The FLFAs - Flood Loss Function for
Australian commercial structures, was calibrated using empirical data collected from the 2013
flood in Bundaberg,%Australia, and considering the inherent uncertainty in the data sample. In
addition, the newlyrderived model has been validated using a K-fold cross-validation procedure.
Theimodel performance has also been compared with the Flood Loss Estimation MOdel for the
commereial sector (FLEMOcs) and the Federal Emergency Management Agency (FEMA)

damage functions from overseas, as well as the ANUFLOOD damage model from Australia.

The validation procedure shows very good results for FLFAs performance (no bias and only
five per cent mean absolute error). It also shows that ANUFLOOD, as Australia’s most

prevalently used commercial loss estimation model, is still subject to very high uncertainty.
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Hence, there is an immediate need for a project to build new depth-damage functions for

commercial and industrial properties.

Awareness of these issues is important for strategic decision-making in flood risk reduction and
it could amplify the cognition of decision-makers and insurance companies about flood risk

assessment in Australia.

Keywords: Flood damage assessment, commercial structures, risk reduction, flgod loss

function, flood risk assessment.

1 Introduction

Statistical analyses shows the considerable impacts of flood risk,compared to other types of
natural hazards (André et al., 2013; Kourgialas and Karatzas, 2012; Llasat et al., 2014;
UNISDR, 2009). In Australia, floods are the most costly of,all"@isaster types, contributing 29
% of the total cost for the nation’s economy andithe builtiénvironment (Bureau of Transport
Economics, 2001; Khalili et al., 2015). Unfertunatelysunsustainable developments and global
warming are increasing the risk of fload (EImeret al:, 2012; Kundzewicz et al., 2005; McGrath
et al., 2015). Consequently, flood risk‘assessment and flood risk mitigation are gaining more
attention (André et al., 2013; Kreipich etals; 2010; Othman et al., 2014).

Flood risk can be defined asythe probability and magnitude of expected losses (André et al.,
2013; Elmer et al., 2010;\Kaplanvand Garrick, 1981; Kreibich et al., 2010; Mouri et al., 2013;
Neale and Weir, "20153 UNISDR, 2004). Therefore, loss estimation and consequence
assessment ‘iIShan indispensable part of flood risk assessment, and the results will provide
decision-makers “‘with an essential tool for planning better risk reduction strategies
(Emanuelssonet al., 2014; Gissing and Blong, 2004; McGrath et al., 2015; Merz et al., 2010).

In generalyflood losses can be categorised into direct or indirect (Meyer et al., 2013; Molinari
et al., 2014a; Thieken et al., 2005); and marketable (tangible) or non-marketable (intangible)
values (André et al., 2013; Kreibich et al., 2010; Molinari et al., 2014a). Direct damages take
place due to physical contact between the floodwater and inundated structures (Hasanzadeh
Nafari et al., 2016; McGrath et al., 2015; Morrison and Mollino, 2012). This study is limited to
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direct, tangible damages of commercial structures due to a short duration of riverine (low

velocity) inundation.

In Australia, direct tangible damages of commercial buildings could be estimated by the Rapid
Appraisal Method (RAM) or by function approaches (e.g. ANUFLOOD). Function approaches
are the most common and internationally accepted methodology (Hasanzadeh Nafari et al.,
2016). They make a causal relationship between the magnitude of the hazard and resistance of
flooded objects, and can estimate the extent of losses for each stage of water (Dewals et al.,
2008; Grahn and Nyberg, 2014; Jongman et al., 2012; Kreibich and Thieken, 2008; Molinari et
al., 2014b; Smith, 1994; Thieken et al., 2006). Function approaches can’be categorised into
absolute and relative types. Absolute functions express the magnitude of damages in monetary
values; while relative types estimate the dimension of losses asqa ratio“of the total value, i.e.
replacement value or depreciated value (Kreibich et al., 2010). Relative loss functions in
contrast to absolute loss functions have better transferability imyspace and time since they are
independent of changes in market values (Merz étal., 2010). However, both types are restricted
to the area of origin in terms of geographigal conditions, 1.e. building characteristics and flood
specifications (Cammerer et al., 2013; McGrath et.al., 2015; Proverbs and Soetanto, 2004).
Therefore, the results of transferred models contain a high level of uncertainty if they have not
been calibrated with the empirical data sets.collected from the new region of study (Cammerer
et al., 2013; Molinari et al., 2014b)'

Commercial sector flood fosses Significantly contribute to the economy and to societal welfare.
Hence, any disruptiens ingheiractivities due to direct damages might cause indirect and induced
long-term losses™(Haque-and Jahan, 2015; Haraguchi and Lall, 2014). Also, inaccurate loss
estimation foncommercial buildings leads to wasted effort, money and resources for insurance
companies and organisations involved in risk mitigation (McBean et al., 1986; McGrath et al.,
2015).In spite of these facts, available approaches have concentrated on residential building
losses, and they are still subjected to a considerable level of uncertainty for commercial building
flood loss estimation (Gissing and Blong, 2004; Kreibich et al., 2010).

This study has derived a new Flood Loss Function for Australian commercial structures
(FLFAGs). The newly derived model is a general methodology for swiftly describing the extent
of losses for each level of flood, and suggests a simple and flexible curve with regards to the
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variability in characteristics of structures. The FLFA¢ has been calibrated for Australian
geographical conditions by using an empirical data set collected from the 2013 flood in
Bundaberg, Queensland, Australia. Uncertainties pertaining to the newly derived function have
been considered as well. In addition, performance of this function has been compared with an
Australian methodology as well as two well-known overseas methodologies. Accordingly, the
accuracy and validation of each model compared to the empirical data set has been, evaluated

and examined.

On the whole, the results of flood damage models provide the input data for subsequent damage
reduction, vulnerability mitigation and Disaster Risk Reduction (DRR). Therefore, it)is very

important to be aware of associated uncertainties.

2 Background

In Australia, RAM and ANUFLOQOD are the mast common models for the estimation of direct
losses of commercial structures. The RAM, developed by Sturgess and Associates (2000),
considers some mean values of damage for all fleeded buildings, including those inundated
above and below floor level, and estimates the magnitude of potential losses. Potential losses
are the maximum possible value of lesses without considering any mitigation measures (Bureau
of Transport Economics, 2001;sHasanzadeh Nafari et al., 2016; Molinari, 2011; Molinari et al.,
2013). This methodology allocates adamage value of AUD20,500 to inundated businesses less
than 1000 m? in size, /and"some individual damage values (in dollars per square metre) for
businesses larger_than, 1000 m? in size (Gissing and Blong, 2004; Sturgess and Associates,
2000). The value offestimated damages includes losses to building structures and contents
(Kreibich-et,al.,;'2010) and could be converted to actual values by using some ratios, suggested
basedyon the previous flood experiences and early warning time (Gissing and Blong, 2004;
Molinari;2011; Sturgess and Associates, 2000).

Although this methodology for initial rapid assessment is useful and inexpensive, the results
are considerably inaccurate and uncertain (Barton et al., 2003; Gissing and Blong, 2004). In
addition, this averaging method has not precisely considered the variability of commercial
buildings with regard to building characteristics, building materials, and building exposure
values (Handmer et al., 2002). Also, propagation of water depth and different magnitudes of

4
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flood impacts have been neglected in this approach. Consequently, this model only calculates
an accumulated value of the total damages occurred, without considering its distribution over
the inundated area. It is also noted that due to economic inflation, the potential damage values
of the RAM methodology need regular recalibration. Under other circumstances, this method
might underestimate the value of losses considerably (Merz et al., 2010). Furthermore, because
RAM does not separate the magnitude of structural damage from contents losses, the conversion
of potential damage to actual damage, due to the different nature of movable inventories from

non-movable components with lead-time, is problematic (Gissing and Blong, 2004).

In addition to the averaging method, stage damage curves can be used forythe estimation of
flood losses in commercial sectors. These models estimate the magnitude of lpsses for different
stages of flooding, and the magnitude of damage increases by over-fleorwater depth increments
(Gissing and Blong, 2004). Stage damage curves have been greuped into two different main
classifications: empirical and synthetic curves (McBean/etal.,;"1986). Empirical curves build
on surveyed damage data. The estimated results are moresaccurate due to taking into account
the effect of mitigation measures and the variability within one category of building (Kreibich
et al., 2005; Merz et al., 2010, 2004). However, Smith (1994) discussed that by moving in time
and space, mitigation measures, level“ef preparedness, characteristics of floods, and the
attributes of buildings, could alter significantly. Therefore, gathering data from one flood event
and using it as a guide for, futuresevents prediction, even in the area of origin, requires a
complicated process, of extrapolation (Gissing and Blong, 2004; McBean et al., 1986; Smith,
1994). As a solution/synthetic curves based on a valuation survey have been created for
different types of,bunldings. Valuation surveys direct attention to the value and level of all
components thatiare Situated above the basement (Barton et al., 2003). The extent of potential
losseSfor different stages of flood via “what-if” questions is estimated based on the distribution
of components in the height of the building and the degree of fragility of each item (Gissing
and Blong, 2004; Merz et al., 2010). In addition to the advantages related to a high degree of
standardisation and independency from historic data, a valuation survey, even for one type of
building, needs a high level of effort. Also, due to estimating the extent of potential losses, this
approach does not take into account the effects of mitigation measures (Hasanzadeh Nafari et
al., 2016; Merz et al., 2010; Smith, 1994).
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ANUFLOOD commercial damage curves (Smith, 1994) are empirical damage functions that
are used commonly in Australia. This methodology expresses the magnitude of losses as a total
value including damage to the structure and inventories. Furthermore, this model has presented
different depth-damage functions based on the size of the business (i.e. smaller than 186 m?,
between 186 m? and 650 m?, and larger than 650 m?) and value of buildings (i.e. depends on
the vulnerability of contents). The same as RAM, damage for small- and medium-sized classes
have been given in absolute values; while for large-sized classes, it has been presented indollars

per square metre (Gissing and Blong, 2004).

Similar to most Australian approaches, this approach expresses the magnitude ofdamage in
absolute fiscal values. As stated earlier, these types of functions, in contrast’to relative loss
functions, are more rigid for transferring in space or time (Merz_et al%;2010). For instance, the
RAM report demands that the magnitude of damage estimated,by jthe ANUFLOOD method
should be increased by 60 % and its performance is no fengerssufficiently accurate (Sargent,
2013; Sturgess and Associates, 2000). The reasomyfor this is,related to the fact that these curves
are based primarily on a 1986 flood event in,Sydney-and they need updating due to changes in
the value of the dollar compared to teday’s value."Hence, their results are not reliable unless

they have been recalibrated frequently(Merz et al., 2010).

To address these issues, the authors have attempted to develop a new empirical-synthetic model
with a better level of accuragy inwesults and transferability in time and space compared to the
available Australiarmmethodologies. Also, this new model is easy enough to understand and
generalise for other types of-structures and vulnerability classes. Despite the fact that the
itemised estimationysurvey proposed for synthetic damage functions seems a little confusing
and takes a“longytime (Merz et al., 2010), the new model for evaluating the assembly
componentstand tracking the vertical parameters, by considering more general categories, has

tried tossimplify the process as much as possible.

3 The Newly Derived Function (FLFAcs)

For developing an analytical stage damage curve in one area of study, a representative building
category is first needed. Next, for the representative classification, an average distribution of
the building components in the height of the structure should be taken out. Eventually, the

6



A oW N e

© 00 ~N o O

10
11

12
13
14
15
16

17

18

19

20

21
22

23
24
25
26
27
28

percentage of damage for every stage of water could be estimated based on the average value
of fragile items relative to the total value of the structure (Bureau of Transport Economics,
2001). In this study and for developing the newly derived model, these steps have been put well

o use.

Firstly, selection of the representative group and the vulnerability class has been made based
on the characteristics of existing structures (e.g. material, size and age) collectedyfrom the
national exposure information system of Australia (Dunford et al., 2014). This datasset shows
that 70 % of commercial buildings in our areas of study are one-storey buildings with masonry
walls and slab-on-ground. Also, these buildings are used for retail trades, kepairyor personal
services, or professional offices; and their size, on average, is 400 square metres. In addition,

75 % of these buildings have been constructed before 1980.

Next, for resolving the stated issues related to the significantefforts required for data gathering
and details surveying, some more generic sub-assembly,groups have been defined. To be more
specific, components of commercial structures based on the sub-assembly approach proposed
by the HAZUS technical manual (FEMA;20%2) have been grouped into five main categories,

as:
e Foundation and below first floor
e Structure framing
e Roof covering and roof framing
e Exterior walls: includes wall coverings, windows, exterior doors and insulation

e Interiorsyincludes interior walls and floor framing, drywall, paint, interior trims, floor

eoveringsy cabinets, and mechanical and electrical facilities.

The pereentage of damage for every stage of water is a function of fragility and value of flooded
categorieS. Therefore, for pursuing the real behaviour of each category against the impacts of
water, and resolving the issue related to ignoring the effect of mitigation measures in synthetic
methods (Merz et al., 2010), the shape of the newly derived function has been adjusted and
calibrated using a historic data set collected from a recent extreme event. Hence, this approach

could be named as an empirical-synthetic model.
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The FLFAs has been built on a general methodology which attempts to generate a simple and
flexible curve to depict the extent of flood losses for every stage of water quickly. The proposed
formula can create a flexible curve with regards to variability in the number of storeys, height
of storeys, and the distribution of assembly items through the height of the building. Therefore,
users can manipulate and calibrate this model easily based on the characteristics, uses and types

of structures.

This methodology has been developed by considering the variability of structural gemponents,
namely flood vulnerability and exposed value. More specifically, the valnerabilities of
structural components are different from each other, and each assembly category”starts
damaging after a specific level of total damage and subsequent to different watér depths. Also,
the exposed value of each category relative to the total value ofghesstrugture is different, and
the most valuable items (e.g. the interiors and the exterior walls), start’ damaging from the first
few centimetres of water depth (FEMA, 2012). This means,thatithe rate of damage in the first
stages of flooding is greater than the remaining stages/ Therefore, the slopes of the damage
curves might vary based on an exponential.equation (CGammerer et al., 2013; Elmer et al., 2010;
Hasanzadeh Nafari et al., 2016; Kreibich and Thieken, 2008).

The power (r) of Equation (1) controls the rate of alteration in the percentage of damage relative
to the growth of water depth. In gengral, @higher value for "r" means a faster rate of damage at
the first few metres of building height (Hasanzadeh Nafari et al., 2016). The general formula

has been proposed as shown below:

dhi = (lj | % Dmaxi (l)

where hy =the depth of water above the i,, floor, d,; = the percentage of damage corresponding

to the depth of water above the i, floor, H, = the maximum height of i, floor, D, = the

maxi
maximum percentage of damage for the i, floor corresponding to the maximum height of iy,
floor, and r, = the rate control for the i, floor (i.e. for the representative group of buildings in

this study 1 =1).
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4 Study Areas and Official Data

4.1 Study Areas and Flood Events

The selected area of study is the commercial zone of Bundaberg Council in Queensland,
Australia. Bundaberg central city, as illustrated in Figure 1, is part of the Bundaberg region,
north of the state’s capital, Brisbane. Overall, 549 commercial buildings are situated in this
suburb, including wholesale and retail trades; offices; and transport activities. As stated earlier,
75 % of these buildings have been constructed before 1980 (Dunford et al., 2024)."As such, the
majority of these buildings are old structures and vulnerable against flood impactsyAlsery 70 %
of the buildings have been constructed with masonry walls (Dunford et al.,\2014), which are
more vulnerable, compared to concrete and metal walls (Hawkesbury-Nepean Floodplain
Management Steering Committee, 2006). From 2010, this cityshas experienced some extreme
flood events due to the fact that it is situated in the vicinityuof the Burnett River waterway. The
Burnett River catchment and the Bundaberg grodnd elevationiare illustrated in Figures 2 and 3.
Empirical data used for this study has been.collectediafterthe January 2013 flood.

This flood event was a result of Tropigal Cyclone Oswald and the associated rainfall. Flooding
had a catastrophic effect on the Bundgberg economy, with this event being considered as the
worst flood experienced in Bundaberg’stecorded history. The observed peak water level along
the Burnett River reached’9:63'metress(Queensland Government, 2013). The propagation of the
water depth is illustsateddn Figure’4. Lifelines and infrastructure were disrupted, agricultural
sectors and marine, environments were impacted, and usage of coal and insurance claims
dramaticallysincreasedy(Queensland Government, 2013). According to comments from the
communicatignsiteam of the Queensland Reconstruction Authority, Bundaberg Regional
Councilestimated that the public infrastructure damage from the natural disaster events of 2013

was approximately AUD103 million (Hasanzadeh Nafari et al., 2016).
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4.2 Official Flood Data set

Damage surveys after floods are not a common activity for Australian governments, and most
states have not dedicated any organisations to perform post-disaster data collection and surveys.
Therefore, similar to many other countries, there is a high reliance on insurance company
reports (Bureau of Transport Economics, 2001; Merz et al., 2010; Smith, 1994). Insurance
company data sets are not generally accessible to the public, and due to confidentiality policies,
companies do not release detailed records for communal use (Grahn and Nyberg, 2024). Qnithe
other hand, company methods of data gathering and collection are extremely dependent on their
internal standards and policies. Therefore, the data sets may not be appropriate for deriving loss
estimation models (Hasanzadeh Nafari et al., 2016; Thieken et al., 2009).

Between November 2010 and April 2011, Queensland was struck'by a series of natural disasters
such as extensive flooding (e.g. Maranoa and Bundaberggfloods) and destructive storms. In
response to the disaster events, the Queensland Goewvernment” established the Queensland
Reconstruction Authority. This government organisation has provided the confidential data set
used for this study and employed for modelealibration As mentioned before, this data set is
related to the Bundaberg central region flood in 2013 and represents the magnitude of hazard
(i.e. over-floor water depth) and the(extent of damages for 155 masonry wall commercial
buildings.

The extent of structural damages has been collected by two post-disaster surveys and expresses
the condition of floodedwbuildings by some descriptive terms such as: undamaged, minor,
moderate, severe, and total damaged. An attached guideline explains these terms based on the
affected structural cemponents. Specifically, for each condition, the survey indicates which
groups._of ;subsassemblies (e.g. foundation, below first floor, structure, interiors or exterior

walls) start to'eecome damaged, or become partially or entirely damaged.

Consequently, based on the average value of damaged items relative to the total value of the
structure and the sub-assembly approach proposed by the HAZUS technical manual (FEMA,
2012), the description of damages have been exchanged into percentage of damages. In this
regard, the replacement value of each set of building sub-assembly compared with the total
value of the building has been estimated with the help of the Australian construction cost guide
(Rawlinsons, 2014) and cost estimation bills generated by local construction companies (e.g.

13
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Organized Builders’ cost estimation'). Table 1 summarises the average contribution of sub-
assembly replacement values as a percentage of the total building replacement value.
Eventually, for every building, based on the estimated percentage of damage and the recorded

depth of water, the percentage of damage vs. depth of water was extracted.

Table 1: Sub-assembly replacement values for the common types of commercial buildings (one-
storey retail trade buildings and office buildings with masonry walls and slab-on-ground)*as a

percentage of the total building replacement value

Assembly Components Relative Value
Foundation and below first floor 12%
Structure framing 8%

Roof covering and roof framing 7%
Exterior walls 13%
Interiors 60%

Total 100%

5 Derivation and Calibration of the New Model

For the newly derived model in this work, the extent of damage (dn) in each level of water (h)
is a function of'two parameters: maximum percentage of damage Dmax, and the rate control of
function'r. These two parameters, with reference to the empirical data, should be stabilised to
the mostappropriate values. However, because of the inherent uncertainty in the data sample
and great inhomogeneity of the commercial sector (Gissing and Blong, 2004; Seifert et al.,

2010), a range of estimates for the r factor and Dmax have been provided. With this objective,

! http://organizedbuilders.com.au
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this section of the study has illustrated a bootstrapping approach to the empirical data to assist

in describing confidence limits around the parameters of the depth-damage function. The

following steps have been accomplished in this regard:

The range of maximum percentage of damage (Dmax) has been selected. This choice has
been made established upon the scatter of empirical data; structural characteristics (e.g.
age and material); the Australian building guidelines for flood prone areas
(Hawkesbury-Nepean Floodplain Management Steering Committee, 2006);.and, some

comparable relative flood loss models.

Based on the defined range of Dmax, different damage functions by different r'values
have been generated. Afterwards, by visual comparison amongidamage functions and
the empirical data set, 210 different damage functions with the'most appropriate values
of r and Dmax have been picked out. These curves have been ereated by changing the r
value between 1.1 and 2, and Dmax between 40% and 60%:

Subsequently, resampling of empirical less values) by means of bootstrapping was
carried out, and with the help of chizsquare, test.of goodness of fit, the best fitted value
of r and Dmax Were extracted.

Resampling of building loss yalues was continued up to 1000 times and for each
bootstrap, the previous stage andigeodness of fit test was fulfilled. By this iteration, the
average of fitted valueS of r‘and Dmax converged to the final values used for the most-
likely damage curve. Furthermore, the range of Dmax and r parameters, which were
utilised foriereating the’ minimum and maximum damage curves, were taken out from

the population of fitted values.

The range Of\estimates we are depicting with the Dmax and r values express the lack of

confidence imthe damage depth samples in representing the true uncertainty that exists in the

populatien. Variability of these two parameters might be related to variation in characteristics

of companies, change in characteristics of flood, and alteration of mitigation measures
undertaken (Kreibich et al., 2010; McGrath et al., 2015). Results of the model calibration are

summarised in Table 2. Also, the final damage functions have been depicted in Figure 5.

The authors have tried to select a trend with a slight difference relative to the empirical data set.

In that connection and as stated before, the most accurate values of parameters have been

15



1  selected by the chi-square test of goodness of fit. As discussed further below, this matter has

2 minimised the errors of the new model estimates relative to the observed loss records.

4  Table 2: Number of samples and range of "r" and Dmax values, calculated by the bootstrap and
5  chi-square test goodness of fit

Commercial Structures with masonry walls and slab-on-ground

Range of parameters

Number of Samples  Parameters
Minimum Most-likely Maximum
r 11 1.85 2
155
Dmax 48% 50% 60%
6
g% " :
o - R -
& g -
E oa - - -
a -7 e
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& 0s "’ et = = «Maximum
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8  Figure5: Visualisation of minimum, most-likely and maximum damage functions, calculated
9 by bootstrap and chi-square test goodness of fit
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6 Models Comparison

6.1 Applied Damage Models

Besides FLFAs, three more damage models (one local and two from overseas) have been

selected for comparison in this study.

6.1.1 ANUFLOOD

One of the models which have been selected for this study is the ANAFLOOD(commercial
stage damage curves. As discussed previously, ANUFLOOQOD curves are presented as.absolute
losses and should be indexed to the most current dollar value. In this contextthe performance
of ANUFLOOD curves represented by the BMT WBM report (Huxley, 2011) have been
examined and evaluated. The ANUFLOOD methodology is cemsidered as Australia’s most
commonly used commercial loss estimation model (Gissing ‘and |Blong, 2004). Therefore,
awareness about the level of uncertainty compared to the' real-werld damage data will amplify

the cognition of decision-makers for flood risk reduction strategies in Australia.

As stated earlier, this methodology (as” oppesed to"other applied models) expresses the
magnitude of losses as a total absoltte value,\which includes damage to the structure and
contents. Hence, for deriving the ANUFL@OD methodology, the following steps have been
taken. (1) Total value of damagelhas heen estimated by taking water depth as the hydraulic
input, and size of business as,the wulnerability class. It is worth noting that the majority of the
buildings in the area of study,are situated in the medium class of the ANUFLOOD building
value. (2) In order tofactlitateComparison of the ANUFLOOD methodology with other models,
the values of structural damage and content damage should be separated from each other. For
this matter, ‘Onythesbasis of building use and based on the level of water, the ratios of content
losSes relativeto overall building losses proposed by FEMA have been utilised (FEMA, 2011).
(3) For'deriving structural loss ratios, the values of structural losses have been divided by the
average value of assets, extracted from the national exposure information system of Australia
(Dunford et al., 2014).

6.1.2 FLEMOcs Depth-Damage Function

Kreibich et al. (2010) proposed a new model for the estimation of flood losses in commercial

sectors. This country-wide model has been prepared based on data collected for 642 flooded
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companies in Germany, and it is applicable for use in different spatial scales (Kreibich et al.,
2010). This model has considered the hydraulic impacts of flood at five intervals (< 21 cm, 21—
60 cm, 61-100 cm, 101-150 cm, and > 150 cm) of water depth. The characteristics of
companies have been considered by three vulnerability classes related to the size of the
company considering the number of employees (1-10, 11-100, > 100 employees); and the use
of sectors (public and private sectors; production industry; corporate services and trade).
Furthermore, this methodology has proposed some scaling factors to account for theeffects of
water contamination and level of precaution in the loss ratios (Kreibich et al., 2010). This multi-
factorial relative method, which considers more damage influencing factors, has deereased the
level of uncertainty in flood damage estimation. Hence, it would be a good.examplefor adapting

and deriving for this study area.

According to the defined vulnerability classes by FLEMOgs; referring-to/the national exposure
information system of Australia (Dunford et al., 2014); peftaining,to the provided data set by
the Queensland Reconstruction Authority; and_ applying te the Census of Population and
Housing Destination Zones of Australia (Australian Bureau of Statistics, 2012), the majority
and the representative group of commercial'buildings are located in the medium-sized class of
corporate services and trade, or the small-sized class of industry and public services. An average
damage ratio for every interval of watek depth has been considered based on this analysis, which

gives a better comparison among the aforementioned functions.

6.1.3 FEMA Depth-Damage Function

The United StatesyFederal~Emergency Management Agency (FEMA) has proposed some
relative stagedaymage fupctions in the package of Benefit-Cost Analysis (BCA)?. These curves
could be utilisedfor estimating both structural and content losses as a percentage of building
replacementiwalue (FEMA, 2011). It is worth noting that this method has considered depth of
water as,the only influencing factor of flood impacts. Also, based on building use, commercial
sectors have been classified into five different categories, i.e. retail and clothing, schools,
electronics, office, and light industrial. Due to the flexibility of relative functions in transferring

to a new region of study (Cammerer et al., 2013; Merz et al., 2010), this model has been selected

2 https://www.fema.gov/benefit-cost-analysis
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for the comparison part of this study. From the curves provided by the BCA package and on

the basis of the representative group of buildings, the related curve has been utilised.

Visual comparisons of the depth-damage functions provided by the three methods and relative

loss ratios estimated by the ANUFLOOD model are shown in Figure 6.
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Figure 6: Comparison among applied\damage functions from overseas; relative loss ratios
estimated by the ANUFLO@D model; and the most-likely function of the newly derived

method

6.2 _ResultssComparison and Model Validation

For medel validation and error estimation, a three-fold cross-validation procedure was carried
out based”on the data collected from the 2013 Bundaberg flood event. Due to the lack
independent data for model testing, this technique of model validation has been utilized in order
to limit problems like overfitting, and to give an insight on how the model will generalize to an
independent dataset. The cross-validation method will create some independent data sets for
training of the model (model calibration) and testing the performance of the trained model
(model validation). In this regard, the shuffled data was first partitioned into three equally sized

segments (folds). Subsequently, three iterations of model calibration and model validation were
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performed; and in each iteration, a different fold of the data was held-out for model validation
while the remaining two folds were used for model calibration (Refaeilzadeh et al., 2009). In
each iteration, the newly derived model was calibrated on the basis of the general idea explained
in Section 5 of this study. This means that the values of rate control r and Dmax, for the most-
likely function, are calculated by means of bootstrapping of data and the chi-square test of
goodness of fit. Afterwards, the errors of the new model estimates, compared to the validation
fold ratios, were evaluated by the Mean Bias Errors (MBE); the Mean Absolute Error{MAE);
and the Root Mean Square Error (RMSE) tests. The MBE provides the average deviatien af the
estimated ratios from the validation fold ratios, and depict the direction of_ the errerbias. A
positive MBE shows an overestimation in the estimated ratios, while a negative value signifies
an underestimation. The MAE represents the average absolute deviatiomof the estimated ratios
from the validation fold ratios and is a quantity used to measurenow close the estimates are to
the empirical data. The RMSE also expressed the variation ofi\the €stimated ratios from the
validation fold ratios and represents the standard deviatien of-the differences between the
estimated ratios and observed ratios (Chai and Draxler,/2044; Seifert et al., 2010). The MBE,
MAE and RMSE are calculated for the datasset as ‘follews:

MBE =23 e, @)
1 n
MAE :HZM ®3)

RMSE = /%ief (4)

where e, = dewiation’of the estimated ratios from the validation fold ratios.

By these statistical comparisons, the performance of each newly derived function was assessed
with the respective validation fold. In addition to the newly derived model and for each
validation fold, errors of the other aforementioned models’ estimates were calculated.

Eventually, the errors were averaged for every damage model.

Additionally, resampling of observed loss ratios by means of bootstrapping was carried out to
obtain a 95 % confidence interval of the mean loss ratios. This was achieved with 10,000

simulated random samples, which were drawn by replacement from the structural loss records.
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If the mean loss ratio estimated by the derived models fall within the 95 % interval of the
resampled data, their performance is assumed to be accepted, otherwise it can be rejected. By
this approach, the performance of the applied damage models in terms of structural damage
estimation in the area of study will be evaluated (Cammerer et al., 2013; Seifert et al., 2010;
Thieken et al., 2008).

As summarised in Table 3, the K-fold cross-validation procedure shows that the estimates of
FLFAs are good. The MBE values show no bias; the MAE varies between 4 and 5 %5 % on
average); and the RMSE changes between 5 and 8 % (6 % on average). The results'ef other
models show larger average deviations from the validation fold ratios. Alsopthe,other models
have larger average values of absolute deviation and greater values of standard,deviation. This
matter signifies a higher variation in the errors of the FLEMOc/FEMAand ANUFLOOD
model estimates. As summarised in Figure 7, the individual differences letween the estimated
ratios and validation folds ratios (residuals) in FLFAs, in/€entrast4o other models, have less
magnitude and variation. The FLFA(s clearly achievesspetter results than the models that are

not calibrated with the local damage data.

In addition, the performance of all flood loss,madels-used to estimate the mean loss ratios is
summarised in Table 4. It can be observed that the-result of the new model with the most-likely
functional parameters, lie within the ¢onfidence intervals and its performance is acceptable.
However, results of othermodelsido not lie within the confidence intervals of the mean loss
ratios and their performance s, rejected in this area of study. This issue and the K-fold cross-
validation procedure illustrateés the importance of model calibration with the empirical local
data sets, particularlyawhen,the water depth is the only hydraulic factor considered (Cammerer
etal., 2013; Chang etial; 2008; McBean et al., 1986). Although the results of the FLEMOcs and
FEMA madelsido mot lie within the confidence intervals, errors of their estimates are not too

significant andetheir performances are much better than the ANUFLOOD model.

In this study and for investigating cause-and-effect relations between flooding and damage,
water depth is taken into account as the most dominant influencing factor of flood hazard; and
the materials of buildings, absence of basement, use of buildings, number of storeys, age of
building, and height of storeys have been considered as the vulnerability factors of buildings
(Kelman and Spence, 2004; Menoni et al., 2012). Although damage magnitude could be reliant

upon more factors (Grahn and Nyberg, 2014), by calibrating the loss function with the empirical

21



1  data set collected from the real-world and providing an empirically-based curve, the damage

2  model has been validated for use in the conditions of the study area (McBean et al., 1986).
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1  Table 3: Numerical comparison and error estimation for performance of the applied damage
2  functions (MBE: Mean Bias Error; MAE: Mean Absolute Error; RMSE: Root Mean Squared
3 Error)
MBE MAE RMSE
FLFAcs FLEMOcs FEMA  ANUFLOOD FLFACcs FLEMOcs FEMA  ANUFLOOD FLFAcs FLEMOcs FEMA ANUFLOOD
Fold1l 0.00 -0.02  -0.01 -0.15 0.05 0.06 0.06 0.15 0.06 0.08 0.08 0.18
Fold2 0.00 -0.02  -0.01 -0.17 0.04 0.05 0.05 0.17 0.05 0.06 0.07 0.19
Fold3 0.00 -0.02  -0.01 -0.16 0.05 0.06 0.06 0.17 0.08 0:10 0.09 0.20
Average  0.00 -0.02  -0.01 -0.16 0.05 0.06 0.06 0.16 0.06 0.08 0.08 0.19
4
5
6 Table 4. Comparison of mean loss ratios estimated by the)applied damage models with the
7 resampled loss data (95% confidence interval)
FLFAGs FLEMOcs FEMA ANUFLOOD
Mean loss Within 95% Mean loss Within 95%  Mean loss Within 95% Mean loss Within 95%
ratios interval ratios interval ratios interval ratios interval
0.313 Yes 0.292 No 0.296 No 0.157 No
Fold 1
0.306,(2.5!" percentile) 0.313 (97.5" percentile)
0.291 Yes 0.270 No 0.280 No 0.114 No
Fold 2
01284 (2.5 percentile) 0.292 (97.5" percentile)
0.30% Yes 0.281 No 0.296 No 0.149 No
Fold 3
0.302 (2.5" percentile) 0.308 (97.5" percentile)
All 0.304 Yes 0.280 No 0.291 No 0.140 No
records 0.297 (2.5" percentile) 0.304 (97.5" percentile)
8

23



10
11
12
13
14
15
16
17
18
19
20
21
22

0.3
0.2 1 *
=
o 01 e ; :
= § 't§¢¢¢*t 4 o X # FLFAcs
T o Pt e t—a—— —— = FLEMO
n = o2 [ ¢6}3 1 o -5 0.6
& % --. ng 8 : X r 3% 2 FEMA
-0.1 1 ¥_m * z & = ANUFLOOD
X X *
0.2 | - ¥
g & 2 :
- ; %
0.3 4 ¢ %

Empirical Loss Ratios.

Figure 7: Residual plot used for comparing performance of the Selected®damage functions

relative to the empirical loss ratios

7 Conclusions

Statistical analyses emphasise the significanéeyof, commercial building flood losses for the
economics of Australia. However, Australian models for commercial loss estimation are still

limited and their results are subjected to a high level of uncertainty.

The proposed approach presented i thispaper has attempted to quantify the magnitude of direct
damages of commercial structures.§Fhis approach has suggested a damage function for quickly
describing the extent of fleodlosses. The new function (FLFA) can be utilised for different
purposes such as floed management tasks or insurance issues. In this model, water depth is
taken into account as the most dominant influencing factor of flood hazard; and materials of
buildings«use of buildings, number of storeys, age of building, and height of storeys have been
considered as“the vulnerability factors. In this regard, the newly derived model has been
calibratedyfor the geographical conditions of Australia by means of empirical data collected
from the 2013 flood in Bundaberg, Australia. Also, inherent uncertainty of the new model as a
result of insufficient data and the great variation of commercial building structures have been
considered. Although non-residential building losses are less about structural damage and more
about damage to contents, due to limited availability of data, this model has been built only for
structural damages. However, as a result of simplicity and flexibility of the new function, it is

possible for it to be developed by future researches, even for using in another region of study.
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In addition, the performance of the new model in comparison to the empirical data has been
contrasted with two damage functions from overseas and one damage model from Australia.
Furthermore, statistical comparison and numerical analysis with regards to estimating the level
of uncertainty and validating the applied damage models were conducted. These analyses show
that accuracy of results is totally dependent on model calibration. Also, they show that the
results of the Australian model are no longer sufficiently accurate. Hence, there is an urgent

need for a project to develop new functions for commercial flood damage estimation:

Since the vulnerability of commercial buildings to flood is of particular interest taithe insurance
industry, databases of insurance claims can benefit this research considerably. Therefore,
reconciliation with insurance claims data and consideration of more floeod%loss events will
benefit future works. On the other hand, further research will be aimed-at,ncorporating more
influencing factors of hazard, exposure and vulnerability; considering-content damages as well
as structural damages; taking into account more variations/@f,commercial sectors; and last but

not least, enhancing the level of precision in damage deeumentation procedures.
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