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Abstract. Hailstorms occur frequently in metropolitan Syd- the most densely populated areas and corridors (Schuster et
ney, in the eastern Australian State of New South Walesal., 2005).

which is especially vulnerable due to its building exposure 5 r the last 38 years, hailstorms have contributed over

and geographical location. Hailstorms challenge disaster '®ne third of the total insured costs caused by all natural

sponse agencies and pose a great risk for insurance compga; arqs in Australia, with 75% of these losses occurring in
nies. This study focuses on the Sydney hailstorm of 14 Apriliye south eastern State of New South Wales (NSW) (Insert,
1999 — Australia’'s most expensive insured natural d|sasterFig_ 1) (Insurance Disaster Response Organisation, 2005).

With supporting information from two othgr storms.. Com- \with an insured loss of approximately AUD 1700 million
parisons are drawn between observed hailstone sizes, rada(rEUR 1000 million; USD 1100 million) and total estimated

der.ived reflectivity and damage data in the form of insuranceg .gnomic costs of approximately AUD 2300 million, the
claims and emergency calls.

: , o Sydney hailstorm of 14 April 1999 ranks as the costliest
The “emergency response mtenSlty (defined by the nUM-5¢,rg] disaster in Australian insurance history. Blong et
ber of emergency calls as a proportion of the total numbery " (5001) considered this event to have an estimated return
of dwellings in a Census Collection District) is a useful new period of only 25 to 30 years based on the hail footprint and

measure. of the storm intensity pr. severity experienced. Th‘?naximum reliable hailstone size (9cm). Loss return peri-
area defined by a radar reflectivity55dBZ appears to be 44 for houses (vehicles) can be expected on average more
a good approximation of the damage swath on ground. Ayegg) frequent than once in one hundred years (Blong et al.,
preferred area for hail damage is located to the left side 0H001). The Sydney hailstorms of 18 March 1990 and 3 Octo-
storm paths and corresponds well with larger hailstone sizes, o, 1986 and the Brisbane hailstorm of 6 January 1985 also
Merging hail cells appear to cause a substantially higheran, amongst the top ten insured losses in Australia in the

emergency response intensity, which also corresponds wWel\erinq of record, 1967 to 2005 (Insurance Disaster Response
to maximum hailstone sizes. A damage threshold could bebrganisation 2005).

identified for hailstone sizes around 2.5 cm (1 cm), based on ] . , )

the emergency response intensity (insurance claims). Emer- Thg Apr||'1999 hallstorm was outstandmg from a.cllma}-
gency response intensity and claims costs both correlate pod0logical point of view because of large hailstone sizes, its
itively with hailstone sizes. Higher claim costs also occurred €V€Ning occurrence, outside the hail season and during a time

in areas that experienced higher emergency response intengieriod of (statistically significant) lower hailstorm frequency.
ties. Moreover, the damage cost of this particular supercell storm

is comparable to the costliest hailstorms worldwide, e.g. the
April 2001 tri-state hailstorm that affected Kansas, Missouri
and lllinois, USA and resulted in the most costly losses on
record with USD 1900 million (Changnon and Burroughs,
2003); severe storms in 1998 in the Minneapolis — St. Paul

Climatologically, the Sydney metropolitan area experlencesarea, Minnesota, USA that caused insured losses of USD

an average of 10 hailstorms per year with the hail seasor1350 million; the May 1995 Dallas — Ft. Worth hailstorm

Ias'qng from August to February. Halls.torms generall)./ occurin Texas, USA with insured costs of USD 1135 million
during the late afternoon between 02:00 p.m. and 06:00 p.m. . ) .
In Sydney the most hail-prone suburbs are concentrated iﬁind the July 1984 Munich hailstorm in Germany that pro-

duced insured losses of USD 480 million (Munich Re, 1984;

Correspondence tdS. S. Schuster Heimann and Kunz, 1985). All monetary values refer to the
(sschuste@els.mq.edu.au) year of storm occurrence.

1 Introduction
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9600 km of rope were used to make buildings weatherproof
in the aftermath of the storm (Emergency Management Aus-
tralia, 2003). About 31.8% of the insurance payout was for
residential property, 28.6% for motor vehicle damage, 27.5%
for commercial and industrial property, 5.9% for aviation,

5.8% for business interruption and the remainder for marine

L \\\ﬁ South GRY and other damage claims (Blong et al., 2001; Insurance Dis-
- EN Iy aster Response Organisation, 2005).

Vj o @g( S 50km Observations of hailstone sizes are available from a survey

Tasmania, 3/ Q—QGBQL fy;kf conducted in the aftermath of the storm by Risk Frontiers,
f”/ the Natural Hazards Research Centre located at Macquarie

R University in Sydney (Yeo et al., 1999).
" 25km 2.1.2 Sydney thunderstorm December 2001
Letterbox // . .
R . © A line of severe thunderstorms in the afternoon of 3 Decem-

kilometres

ber 2001 caused widespread damage with insured losses of

approximately AUD 30 million (total estimated costs approx-

Fig. 1. Map of metropolitan Sydney with locations of mentioned imately AUD 130 million) in the Sydney metropolitan area

suburbs and the Letterbox Radar (including circular distances witi@1d on the NSW Coast (Emergency Management Australia,
radii of 25 km, 50 km and 75 km). Insert: Map of Australia includ- 2003). The storms originated in the Blue Mountains, about

ing States and Territories. 90 km to the west of Sydney and moved east-southeast with
an average speed of 80 km/h. The storms produced moder-
ate hail fall with only a few records of 3 cm hailstone sizes
Weather radar allows consistent measurements of potentiah and around Pymble (Fig. 1). Rather than a hailstorm, this
hail intensity across large areas with high spatial and tempostorm was more a destructive downburst as described by Tay-
ral resolution. Hailstone size observations for the April 1999or and Webb (2002) with maximum measured wind gusts of
hailstorm are available (see next section). Combining thesd 74 km/h.
data on the hazard with damage data held by emergency ser-
vices and the insurance industry results in the most detaile@.1.3 Sydney hailstorm February 2002
and comprehensive description of the impacts of this storm
to date. This study draws comparisons and links betweerA damaging supercell passed through the western suburbs of
observed hailstone sizes, radar-derived reflectivity and damSydney late in the afternoon of 16 February 2002. It moved
age data in the form of insurance claims and emergency callgn a north north-easterly direction at a speed of about 30 km/h
Supporting evidence from two other storms is also describedaccompanied by violent rainfall and severe wind gusts. Only
one report of 5 cm hail, which fell in Merrylands, is available
(Fig. 1). This storm caused insured losses of approximately
AUD 10 million (Insurance Disaster Response Organisation,
2005).
For the latter two storms, much more limited informa-

2 Data and methods

Three storms are investigated in this study, with the main fo-
cus being the 14 April 1999 Sydney hailstorm due to its sig-t_ int ; ber of s of a few hailst .
nificance as well as the availability of relevant data. The fol- '03 Itnh ?”TS Ot. number o r?ptc:lr sfo a t?\w Aa' S{ o?e S'ées
lowing paragraphs describe the meteorological settings and" fe',\r/l ct)ca |o|ns arg a|\>l/a| able r?hm de tus re:jla}[nb u-
available observational data including property damage in- €au ot Meteoro ogy.( oM) severe thunderstorm database,

: which also provides information on related severe weather,
formation. . .

e.g. wind gusts and flash flooding.

2.1 Investigated storms
2.2 Radar

2.1.1 Sydney hailstorm April 1999

As indicated above, ground measurements of hailstone oc-
This supercell thunderstorm struck the eastern suburbs ofurrence and size are incomplete with usually only a few
Sydney in the evening of 14 April 1999 (Zillman, 1999). hailstone sizes and locations recorded. Additionally, hail-
Wind gusts of 85 km/h were measured and the thunderstornstones size estimates are prone to exaggeration and com-
travelled at a speed of about 38 km/h in a north north-easterlynonly based on comparisons with spherical objects such
direction. The majority of the damage was located betweeras golf balls, cricket balls, grapes or oranges. By con-
Botany Bay and the CBD (Central Business District) (Fig. 1). trast, remote sensing tools, such as radar, provide consis-
Approximately 24 000 homes, 70000 vehicles and 23 air-tent measurements across large areas with high spatial and
craft were damaged. AUD 10 million worth of tarpaulins and temporal resolution and allow accurate comparisons of hail
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characteristics with property damage, though radar proVidesrable 1. Number of State Emergency Service (SES) requests for

no information aboqt ha_”Stone size. . assistance and Census dwelling information for investigated storms
Radar data used in this study were obtained from the BoMand their affected Census Collection Districts (CCDs).

(Bureau of Meteorology, 2005), which operates the weather

watch radar “Letterbox” for storms affecting the Sydney siorm SES Metropolitan Number of
area. This radar is located 60 km southwest of Sydney on requests CCDs household
Letterbox Mountain (350 m above sea level) (Fig. 1). The for affected dwellings in
Enterprise Electronics Corporation WSR74 S Band radar op- assistance CCDs affected
erates with.an incoherent magngtron transmitter qnd usesApril 1999 15007 645 127947
10.4 cm radio waves with a I $orizontal and 1.8vertical December 2001 346 100 21470
half-power beamwidth. The typical availability of the non-  repryary 2002 5274 776 173227

Doppler radars is 24 h per day with a 1km range resolution
and 10 min time steps. Further details can be found in Potts
et al. (2000).

Constant Altitude Plan Position Indicator (CAPPI) reflec- 1999 hailstorm, the NSW Rural Fire Service and the NSW
tivities are two dimensional areal representations that are deg;,e Brigade were also involved in the disaster response and
rived from three dimensional sector-volume scans. This horovided additional information. Requests for assistance
izontal slice is taken_ through the data at a constant heigh{yere screened as far as possible before geo referencing ad-
of 1.5km, representing a low storm level, close to the sur-gresses. Nonetheless, deficiencies in data quality may still
face where hailstones occur. The “cutting method” proposedsyist hecause of incorrect registration of the caller’s details
by Waldvogel et al. (1978) is used to distinguish between g g spelling mistakes of addresses) or multiple entries (with
hail and rain: radar reflectivities equal to or greater thangpe|ling mistakes) from the three different data sources. Im-
55dBZ are assumed to contain significant hail and lower re,tantly, these data also provide valuable information about
flectivities are assumed to be caused mainly by rain. Studieg, properties not just insured properties. Additionally, this

in Switzerland have shown that this threshold correspondsyformation is independent of the variations in market pene-
to light damage to crops (Schiesser, 1990) and it has beefation of any one insurance company.

used as a threshold for estimating damage to automobiles and Tp e 1 also lists the number of metropolitan Census Col-

buildings (Hohl et al., 2002a, b). lection Districts (CCDs) affected by the storms. The 2001
In this study, storm paths are derived from successive cencensus of Population and Housing from the Australian Bu-
troids of the 55dBZ regions recorded at each 10 min timesteReay of Statistics provides, among many other things, infor-
of the 1.5km CAPPI reflectivities. This methodology ne- mation on the number of household dwellings, which is listed
glects areas of higher reflectivity within the 55 dBZ region i, Taple 1 for CCDs that contain the emergency calls. CCDs
but is sufficient for the purpose of defining storm paths. Theygyide a finer than postcode resolution in the metropoli-
local time shown on the figures in this paper is Australiantan area and urban centres, where an average 212 dwellings

Eastern Standard Time (AEST) or Australian Eastern Day-per cCD occupy an average area of 0.3%Kor the storms
light Time (AEDT), which is 10, respectively 11h, ahead |isted in Table 1.

of the Universal Time Coordinated (UTC), also known as
Greenwich Mean Time (GMT).
3 Results and discussion
2.3 Hail damage data
3.1 Spatial distributions of reflectivity, hailstones and
2.3.1 Insurance claims emergency calls

Hail damage to insured property was measured in terms ofFigure 2 shows the most affected area between Botany Bay
insurance claims costs, which were provided by a primaryin the South and Sydney Harbour, including the CBD, for
insurer for the April 1999 hailstorm. Claims cover residen- the April 1999 hailstorm. Successive 55 dBZ isolines are de-
tial buildings (single or multi storey dwellings) with damage rived from the 10 min radar sequence of the 1.5km CAPPI
caused to the interior (e.g. ceiling, insulation, floor or carpet)reflectivities and are shown as solid contours for the first cell

and exterior structure (e.g. roof, walls, windows). path (19:23 to 20:13 AEST) and dotted for the second cell
path (20:53 to 21:53 AEST). Paths are based on the cen-
2.3.2 Emergency calls and Census data troids of these 55dBZ regions. The 55dBZ regions or hail

cells merge and split and eventually dissipate or move out
The NSW State Emergency Service (SES) provides emerto sea as described in the Bureau of Meteorology Technical
gency response and rescue services to NSW communitieReport (2005).
The numbers of “requests for assistance” or emergency calls There is good agreement between the areasdBZ and
to the SES from individuals for the three storms investigatedreported hail cover on the ground (as represented by the
are listed in Table 1. Due to the magnitude of the April largest hailstone sizes) (Fig. 2a) as well as locations of
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emergency calls (Fig. 2b). Both figures show areas with
no data to the north of Botany Bay; these correspond to
the location of Sydney’s major airport and surrounding ar-
eas mainly occupied by commercial buildings and hangars.
At the time of the storm most of these businesses would have
been closed; it is also likely that these businesses were self-
sufficient and did not require SES support. A few empty
patches are also noticeable during the next two successive
55 dBZ time steps located directly over the densely populated
area between the CBD and Botany Bay. These correspond to
aracecourse, a sporting arena as well as several large parks.

The largest hailstones were reported to the left of the first
storm cell path (Fig. 2a). This is consistent with the posi-
tion of the strongest updraft particularly evident in supercell
thunderstorms (Browning, 1985; Moller, 2001). Smaller hail
observed closer to the coast is likely to have fallen from halil
cells belonging to the second storm path. A previous study
of the April 1999 hailstorm used the percentage of damaged
roof from individual buildings as an indicator for the damage,
with 100% indicating total roof damage to a single property.
Similarly, results identified the location of individual build-
ings with major roof damage>(70%) to the left of the path
and in good agreement with areas experiencing larger hail-
stones (Schuster and Blong, 2004).

It seems fair to assume that the damage would have been
higher if the hailstorm had occurred further west. This can
be explained due to less open spaces (e.g. no major airports,
parks) in the more western suburbs and hence higher hous-
ing density. Part of the hail cells moved over the ocean (es-
pecially the second cell); if the hailstorm had been located
only slightly further west, the damage could have drastically
increased. Another dramatic scenario would be if the sec-
ond hail cell had passed closer to the damage path of the first
hail cell, subjecting already damaged property to even more
water damage and possibly collapsing ceilings. Implications
for emergency management institutions could have been far
worse in both scenarios.

Hailstorm loss modelling indicates that higher losses could
indeed have been generated by storms with the same maxi-
mum hailstone size and damage footprint as the April 1999
storm, but with different locations and orientations. Of
50000 such simulated storms, the largest modelled loss was
50% larger than the actual loss (Kuhnel and Leigh, 2000).
The situation is complicated due to part of the actual storm
being over the ocean. The assumption about footprint size
used in the modelling is likely to be conservative.

Fig. 2. Affected areas and storm paths derived from successive
centroids of the 55dBZ areas with) hailstone sizes categorised 3.2 Storm path and spatial distributions of the emergency

according to their diameters in cm afio) SES “requests for as-

sistance” for the April 1999 hailstorm. Successive 55dBZ isolines
are derived from the 10 min radar sequence of the 1.5km CAPP
reflectivities and are shown as solid contours for the first cell path .

response intensity

I'I'o analyse the spatial distribution of the “requests for as-

(19:23 to 20:13 AEST) and dotted for the second cell path (20:53 t05|stance” (Fig. 2b) in a more quantitative way, the number

21:53 AEST).

of emergency calls as a proportion of the total number of
dwellings in a CCD was examined. This variable, referred to
as the “emergency response intensity”, can be considered as
a measure of storm intensity or hail severity.
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Emergency response intensity in % per CCD Fig. 4. Emergency response intensity (percentage of homes per

("“:b:;:’f :3;0/5 a"e:‘ed) CCD requesting assistance) for the December 2001 storm. Location
50 o 75 (1(7; of reported hailfall (Pymble) is indicated and local time (AEDT) of
W25t0 50% (50) the radar defined storm path is given.

i 5to 25% (220)

kilometres i 1to 5% (352)

hailstorm (2.8 km). Additionally the surface air temperature
Fig. 3. Emergency response intensity (percentage of homes pevas very high '=40°C). Moderate-sized hail is probably the
CCD requesting assistance) along with the storm path for the Aprilmain reason for small values of the emergency response in-
1999 hailstorm. tensity up to 7%, compared to the other storms.
The CCDs with the most intense emergency response are

i i . again clearly located to the left relative to the storm path.
Results for 645 CCDs impacted by the April 1999 hail- t1iq is in agreement with previously analysed insurance

storm are shown in Fig. 3. Areas of highest emergency re¢,ims for this storm, which indicated that most of the dam-

sponse with 50 to 1,00% of households calling for emerggncyage was caused by destructive wind gusts. Although only
help are located directly under the storm path with a slight_ ..\, claims mention hail as the primary cause of damage,

tendency towards the left of the path. This spatial featureOther damage may also have been caused by hail. Although

of the emergency response intensity corresponds well withy i 0rm was more a windstorm than a hailstorm, hail dam-

larger hailstone sizes and the percentage of roof damage 16446 s still concentrated to the left of the storm path (Schus-

cateq to tcTe Ielft side in rﬁlalfcior; trc]) th?f stor;n movement 9%er and Blong, 2004). It is unlikely, however, that the cell in
mentioned earlier. Over half of the affected CCDs EXperi- o estion was a supercell as stated earlier.

) . o
enc_ed_ emergency response 'nFenS't'eS between 1 and 5%; theSubstantially higher emergency response intensity consis-
majority of these are located within the envelope of the stormh

. . ent with more and costlier damage data in the insurance
especially in the eastern suburbs between the two storm ce laims can be seen where the paths of the two storm cells

paths. merge. This may be explained due to increased available en-
Figure 4 shows an equivalent plot to Fig. 3 for the north- ergy as a result of the intensification of the updraft region
ern damage path of the multicell storm of December 2001.causing hailstone dimensions to increase (Nelson, 1987). It
Again, there is good qualitative agreement between thenas also been suggested that a seabreeze boundary played a
55dBZ area and the location of the emergency calls for thisrgle in intensifying the cells in question (Webb, R., personal
storm (not shown). communication, 2005). The CCD 10 km north of the merg-
Compared to the April 1999 hailstorm, wind gusts in the ing point with moderate emergency response intensity of up
December 2001 storm were more severe and the thundete 5% can be attributed to a small convective cell develop-
storm speed much faster. Moreover, this storm producednent.
only moderate sized hail on the ground with a few reports of The path of the supercell storm of February 2002 along
3 cm hailstone sizes in and around Pymble (location shown irwith the corresponding emergency response intensity is
Fig. 4). Hailstone size is influenced by a number of factors,shown in Fig. 5. For this storm, the are&5dBZ covers
e.g. instability and wind shear, as well as the topography andhe majority of the southern damage area. However, to the
the height of the ©C isotherm. This distance influences the north, damage is spread much more widely to the left of the
time for melting during hail fall. The @C isotherm was much storm track and in some parts was not entirely captured by
higher during this storm (4.2 km) compared to the April 1999 the area>55 dBZ (not shown). Doppler radar imagery of this
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bution as is common with many other natural hazards.

_ ) ) Figure 6 suggests a damage threshold of hail impacting
Fig. 5. Emergency response intensity (percentage of homes P€huildings for hailstone sizes around 2.5cm. Beyond 6 cm,
cCh requeSting assistance) for.the February 2002 storm. I‘oc‘a‘timﬂhe data exhibits a fairly dramatic increase in the variance
of reported hailfall (Merrylands) is indicated and local time (AEDT) . L
of the radar defined storm path is given. of the emergency calI;. Thls.may indicate another damage

threshold, likely associated with much more severe damage,

warranting the assistance of the emergency services. Those
event suggested a wide area of damaging winds away fronfindings are consistent with occupants’ description of roof
the high reflectivity core. This is not uncommon for wind damage associated with various maximum hailstone sizes as
producing supercells. The damage from this event was als@ollected in the original survey (Yeo et al., 1999). Analysis
exacerbated by antecedent rainfall (Webb, R., personal comof these data indicated that hail smaller than 3 cm rarely dam-
munication, 2005). Nonetheless, the location of the damageged roofs or windows whereas hail greater than 5 cm caused
is again clearly to the left of the storm path. The emergencysubstantial damage (as defined by “many broken tiles” in
response intensity with maximum values of up to 25% lies inover 50% of responses).
between values of the December 2001 and April 1999 storm. A linear regression analysis from this comparison results

This is presumably due to the intermediate hail size observain a correlation coefficient of=0.77 when all hailstone sizes

tion (maximum of 5 cm was reported in Merrylands). are considered. If we assume that the maximum hailstone
. _ _ _ size recorded by a professional observer (9 cm) was correct
3.3 Emergency response intensity and hailstone size and that reports of larger stones are exaggerations and should

) ] o be ignored, the correlation increases+®.93. However, ac-
The maximum hailstone size is the most commonly mea-ceptance of this assumption presumably means that all hail-
sured variable and is more closely correlated with damage t@tone values and the threshold values identified above require
structures than is either the modal hailstone size or number ofgjustment.
hailstones per unit area (Changnon, 1977; Smith and Wald- A ramp or logistic function might provide more insight
vogel, 1989; Bardsley, 1990). This is reasonable given thatg jikely damage thresholds than a linear relationship. The

the kinetic energy of a hailstone is proportional to the fourth emergency response intensity may be insensitive to increases
power of its diameter, using Newton's second law of mo- i, hajlstone diameters beyond 8 cm.

tion with the vertical velocity of spherical hailstones near the

surface after Matson and Huggins (1980). Horizontal wind3.4 Insurance claims and hailstone sizes

gusts will also increase the terminal velocity and ultimately

the impact kinetic energy. The average cost of individual building claims per CCD was
A promising correspondence between the spatial distribu-calculated and plotted against the largest hailstone size. This

tions of the emergency response intensity and hailstone sizds shown in Fig. 7 together with the standard deviations,

was implied in Figs. 2 and 3. For a more quantitative assesswhich were also truncated at zero for some values. Lin-

ment, the largest hailstone per CCD was extracted along withkear regression analysis results in a correlation coefficient of

requests for assistance. Figure 6 shows the average emer=0.68.

gency response intensity together with standard deviations Figure 7 indicates that the threshold of hail causing dam-

against hailstone size. Large standard deviations were trurage to insured buildings starts at hailstone sizes of around
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100 1

1cm. This is smaller than the hailstone size of 2.5 cm indi- ]

cated on Fig. 6. Such damage is likely to be minor and causec
by hail-susceptible building parts, e.g. skylights, windows,

awnings or fences or may be caused due to water ingres:
from blocked drains or the weight of small hail on weak

structures. Blong (1997) and Blong et al. (2001) claim that
hail smaller than 2cm can cause damage, especially whel
wind driven; Fig. 7 indicates that this might be the case.
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Fig. 9. Emergency Response Intensity versus average claim cost
3.5 Emergency response intensity and average insurandger CCD for the April 1999 hailstorm. Only averages with two or
claims more claims are considered.

. . . 4 Conclusions
Based on a claims survey for all insurance companies by

the Insurance Disaster Response Organisation (2005), an avhe 14 April 1999 Sydney hailstorm and its impacts is anal-
erage insurance claim paid of AUD 12300 for residential ysed in detail in this study. Results are based on hazard infor-
building and content policies was calculated for the April mation (hailstone size observations and weather radar) and
1999 hailstorm. For further analysis, insurance claims (pro-damage data (emergency calls and insurance claims).
vided for this study by one primary insurer) were averaged Proxy information for hail damage to buildings in the form
for affected CCDs. Only averages based on two or morepf “requests for assistance” indicates a good spatial corre-
claims per CCD were considered with one average claimspondence with the radar-derived reflectivity aresb dBZ.
above AUD 60000 being omitted. The majority of claims The area of high reflectivity covers most of the hailfall that
produced costs below AUD 15000, with the most frequentwas reported in a survey of the Sydney April 1999 hailstorm.
claim category between AUD 5000 and AUD 7500 (Fig. 8). Two storm cases investigated in this study support the view
The skewness in the frequency towards smaller claim costéhat the area=55dBZ is a good approximation of the hail
is also noticed in the relation between the emergency reswath. In all cases the preferred area for severe hail dam-
sponse intensity and the derived average claim cost, as showgg€ is clearly located to the left side of the storm path. The
in Fig. 9. A linear regression analysis from this compari- area of the emergency response intensity corresponds well
son results in a correlation coefficient 5£0.69, indicating ~ With larger hailstone sizes and more severe roof damage for
that higher claim costs occurred in CCDs that experienced 4he April 1999 hailstorm. In another storm, CCDs contain-
higher emergency response intensity and vice versa. Area#ld the highest emergency response intensity are located at
with a high percentage of damaged houses produced averadee point of merger of two convective cells. Values of the
higher claims costs. This result accords with the positive coremergency response intensity correspond well to maximum
relations between both higher emergency response intensitjailstone sizes for the three storms.
and claims costs with larger hailstone sizes.
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Based on a comparison between the emergency responghangnon, S. A.. The Scales of Hail, J. Appl. Meteorl., 16, 626—
intensity and hailstone sizes, a damage threshold of hail im- 648, 1977.
pact on buildings can be identified for hailstone sizes around=hangnon, S. A. and Burroughs, J.: The Tristate Hailstorm: The
2.5cm. Another damage threshold for hailstone sizésm Most Costly on Record, Month. Wea. Rev., 131, 1734-1739,
is associated with more severe damage. In comparison, the 2003.

threshold of hail causing insured claims starts at hailstond=T"9ency Management Australia: EMA Disaster Events Data

. . . . . Tracking System (EMATrack), http://www.ema.gov.au/ema/
sizes of 1cm. A high variance of the average claim cost is emaDisasters.ns2003.

IikeI_y tobe a rgflt_action of high variability in the vuInerabiIity_ Heimann, D. and Kunz, M.: The Munich hailstorm of 12 July 1984:
of different building materials. The emergency response in- 5 giscussion of the synoptic situation, Beitr. Phys. Atmos, 58,
tensity and the claims cost correlate positively with hailstone 528544, 1985,
sizes. Higher claim costs occurred in CCDs that experiencediohl, R., Schiesser, H.-H., and Aller, D.: Hailfall: the relation-
higher emergency response intensities. ship between radar-derived hail kinetic energy and hail damage
Relationships that might lead to the operational use of to buildings, Atmos. Res., 63, 177-207, 2002a.
radar as an early indicatafter the evenbf expected dam- Hohl, R., Schiesser, H.-H., and Knepper, I.: The use of weather
age, which would be of value to insurance companies and radars to estimate hail damage to automobiles: an exploratory
assist in the despatch of emergency services, remain to be in- Study in Switzerland, Atmos. Res., 61, 215-238, 2002b.
vestigated in Australia. The high variance of the data is not"'SUrance Disaster Response Organisation: Major Disaster Event
> . - List Since June 1967 (revised to February 200%)p://www.
surprising as the impact on buildings of other natural haz- idro.com.au/disastfst/default.asp2005
ard_s’ such as earthquakes, floods and bushfires are S_'m'larlyuhnel, I. and Leigh, R.: Pricing hail losses: extrapolation of past
variable. Further work, better and more data are required t0 |osses versus stochastic modelling, Natural Hazards Quarterly,
improve these results. Nevertheless, our preliminary results /1, 1-4, 2000.
are promising and will hopefully encourage further researchmatson, R. J. and Huggins, A. W.: The Direct Measurement of
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