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1. INTRODUCTION

The occurrence of heat waves is a prominent
feature within the climate of the southern Australian
region. Considering the negative influences they have
on human health and productivity a synoptic
climatology was developed with emphasis on large
scale processes. Strong heat wave events in the cities
of Melbourne, Adelaide and Perth were analysed for
the period January 1979 i March 2008.

2. DATA AND METHODOLOGY
2.1 Data

The stations selected to represent these
regions were Melbourne Airport, Adelaide Airport and
Perth Airport. Daily maximum temperature after 9am
local time and minimum temperature before 9am local
time for these three stations were provided by the
Bureau of Meteorology.

Reanalysis data products were used for
general circulation analysis. For general circulation
composites, the reanalysis jointly produced by the
National Centers for Environmental Prediction (NCEP)
and the National Center for Atmospheric Research
(NCAR) was used. In producing tracks of surface
cyclones and anticyclones and 500hPa geopotential
height maxima, the NCEP/Department of Energy
(DOE) Reanalysis Il was used (NCEP Reanalysis 1
and 2 data provided by the NOAA/OAR/ESRL PSD,
Boulder, Colorado, USA, from their Web site at
http://www.cdc.noaa.gov/).

2.2 Methodology

An emphasis on the physical mechanisms
driving heat waves was intended; therefore a
restrictive heat wave definition was developed for use
in this study. Using monthly climatologies the 90th
percentile of temperature was found for each city. A
heat wave event occurred if it satisfied these criteria:
A Maxi mum t eOndoth perdentile ef the
maximum temperature for the month in which the
heatwave begins for a minimum of 3 consecutive
days.
AAnd mini mum temperature
minimum temperature for that month on the second
and third days of the heat wave.
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Composites were produced by averaging the
gridded data from NCEP Reanalysis 1 of all first days
of summer heat waves. This is to highlight processes
of heat wave formation. Cyclone, anticyclone and
500hPa geopotential height maxima track data was
produced using the Melbourne University Tracking
Scheme.

3. RESULTS
3.1 Lower Level Analysis

In all sea level pressure composites (Figure
1) a well defined anticyclone associated with the
observed advection into the region is evident.
Additionally, three strong anticyclonic systems, one in
each major oceanic basin, are evident at roughly 30-
40°S. The insignificant readings in the anomaly plots
over these locations suggest that they are merely the
semi-permanent anticyclones of the Southern
Hemisphere. However, a large positive pressure
anomaly is observed corresponding with the
anticyclonic systems close to Australia, with a
corresponding large negative anomaly associated with
a trough in the mean sea level pressure composites.
Outside this anomalous dipole another weaker
anomaly is typically observed creating an anomalous
wave-like structure. This anomalous pattern suggests
a wavelike structure associated with the advective
conditions necessary for these extreme heat wave
events.

Cyclone and anticyclone tracks provide an
indication of the life of these systems and are shown
in Figure 3(a, c, €). The times in which the heat wave
was active is highlighted in darker colours. The
surface level anticyclones and cyclone tracks during a
heat wave show the distinct dipole-like structure seen
in the mean sea level composites. Tracks show the
long life of anticyclonic systems in comparison to
cyclonic systems, with some systems traversing half
the globe.

Similar results are evident for the cities
Melbourne and Adelaide with a distinct band of typical
anticyclone location. This is mainly due to their
proximity. There has been 20 occasions during the

Oandly8ed llurapioa in avkichtaisihgke amtidyclohehves
responsible for a heat wave in both Melbourne and
Adelaide. This highlights the large distances which
can be infected by a single anticyclonic system, or
heat wave.

Typically corresponding with the large
negative anomaly seen in the composites, a smaller
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Figure 1: (a, c, €) Mean sea level pressure composites of the first day of all heat waves occurring in summer for
Melbourne, Adelaide and Perth respectively. (b, d, f) same as (a, c, e) except showing anomalous results with the

1968 to 1996 climatology subtracted.

negative anomaly can be observed to the north-east.
This is observed to be just off the coast in all regions
and may be due to cyclonic activity caused via heating
of the land surface during the heat wave event. The
origin of these systems can be observed in the track
data which shows a high incidence occurring over
inland Australia. However it must be known these
cyclones are typically very weak, but some have been
shown to intensity once over ocean. The latitude of
typical cyclone activity associated with heat waves in

Perth suggests a tropical influence. However a great
deal of the cyclone tracks seen in Figure 3(e) is due to
oscillations within an extended trough which is
observed in Figure 1(e).

3.2 Upper Level Analysis
The 500hPa geopotential composites (Figure

2) show a distinct pattern throughout all regions and
seasons. A distinctive ridge is observed typically



Figure 2: (a, c, €) 500hPa geopotential height composites of the first day of all heat waves occurring in summer
for Melbourne, Adelaide and Perth respectively. (b, d, f) same as (a, ¢, e) except showing anomalous results with

the 1968 to 1996 climatology subtracted.

directly over the region of interest, highlighting a
distinct westerly skew with height of the high pressure
column when comparing with sea level composites.
Analysis of the upper level winds shows a split jet
which matches a blocking pattern (figure not shown).
The only discernable variability between seasons is a
weakening of the ridge during the cooler seasons
(figure not shown), which is to be expected due the
lower temperatures increasing the density of the
troposphere and thus lowering the levels of constant

pressure. When considering this phenomenon, it
could be suggested that the increased temperatures
associated with heat waves further amplify this ridge
and hence strengthen the lower level anticyclone,
causing a positive feedback effect. It has been
observed, typically in Melbourne and Adelaide cases,
the average depth is greater during a heat wave when
compared to the average depth prior and following the
event. The depth of a system is the height of system
relative to the surrounding environment.



