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1. INTRODUCTION

A picture of the mid-Holocene (6,000 years before
present) climate has been built using many well dated
proxy records. These reconstructions of the so-called
‘Climatic Optimum’ indicate a climate that differs
from that of today, both regionally and seasonally.
Understanding of the causes of the observed changes
can be furthered through the comparison of General
Circulation Model (GCM) simulations with the afore-
mentioned palaeo reconstructions. This study em-
ploys the Melbourne University GCM (MUGCM) to
elucidate the global atmospheric dynamics during this
period of Earth’s history. We examine any differences
in the Australian climate, both in its mean signatures
and the transient systems it experiences, within the
context of a global simulation. We also attempt, for
the first time, to elucidate the development and inten-
sification of tropical and extratropical cyclones dur-
ing this epoch, using a state-of-the-art vortex track-
ing scheme (Simmonds and Murray, 1999, Simmonds
et al. 1999).

2. MODELLING METHODOLOGY

The MUGCM is a spectral model, using a rhomboidal
truncation at wavenumber 21. This gives a grid res-
olution of 3.25o lat and 5.625o lon for the physical
parameterizations. In the vertical, the σ-coordinate is
used with 9 discrete levels. A semi-Lagrangian advec-
tion scheme of water vapour is used which yields an
improved hydrological cycle. For complete description
of the model set-up see Noone and Simmonds, 2002.

Two MUGCM simulation data sets have been used
in the present study, both covering 100 years. The
first data set is a present day (PD) numerical simula-
tion which successfully replicates the distribution and
variability of extratropical cyclone activity as well as
the main features of winds, temperatures, and precip-
itation of the mean circulation. The climatology of
an earlier version of the model is more completely de-
scribed in Simmonds et al. 1988, among others. The
second data set is the model simulated climate of the
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mid-Holocene (MH). The palaeo simulation is com-
pared to the PD run and statistical significance of the
responses to the prescribed changes are estimated, en-
abling separation of the signal from the noise that is
inherent in the model.

The prescribed surface boundary conditions of orog-
raphy, coastlines and sea surface temperatures are
consistent with the Paleoclimate Modelling Intercom-
parison Project (PMIP) with only the solar radiation
and atmospheric CO2 concentrations differing in the
MH run from that of the PD simulation. Hence, this
work determines the sensitivity to a change in radia-
tive forcing of the atmosphere. The reduced MH at-
mospheric CO2 levels are 280 ppmv compared with
330 ppmv for the PD. The incoming solar radiation for
each simulation is computed according to the method
of Berger, 1978 and the insolation anomaly between
the two epochs, which results from changes in the
Earth’s orbital parameters, is shown in Figure 1.

Figure 1: The annual cycle of the difference in the
insolation at the top of the atmosphere between the
mid-Holocene (MH) and present day (PD) simula-
tions. Solid (dashed) lines indicate positive (negative)
anomalies during MH. The contour interval is 5 W
m−2.

The solar radiation anomaly pattern displays en-
hanced seasonality in the northern hemisphere with
positive (negative) radiation anomalies in the north-
ern summer (winter). This is contrast to the insolation
anomaly south of the equator, where the positive inso-
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(a) DJF Surface air temperature anomaly (oC)

(b) JJA Surface air temperature anomaly (oC)

Figure 2: The difference in the surface temperature
between the MH and PD simulations in (a) DJF
and (b) JJA. The contour interval is 0.1 oC. Solid
(dashed) lines indicate positive (negative) anomalies
during MH. Regions of statistical significance at the
95 % confidence level are shaded.

lation anomaly occurs in austral spring (SON) with a
rapid transition to a negative anomaly in the southern
summer (DJF).

3. RESULTS

Figure 2 shows that the mid-Holocene simulation pro-
duces a weaker surface temperature seasonal cycle in
the Southern Hemisphere, in contrast to the modelled
enhanced seasonality in the Northern Hemisphere.
Relative to PD, Australian surface air temperatures
are lower during the southern hemisphere summer
(DJF) and are higher during its winter (JJA), con-
sistent with the radiation anomaly pattern shown in
Figure 1.

As a result, there is a reduction in the strength
of the summer monsoon and its associated precipi-
tation for northern Australia. However, the reduction

(a) DJF cyclone system density anomaly ((deg lat)−2)

(b) DJF Laplacian of pressure anomaly (hPa (deg lat)−2)

Figure 3: The DJF difference between the MH and
PD (a) cyclone system density ((deg lat)−2) and (b)
the mean Laplacian of pressure calculated at the cen-
ter of each cyclone (hPa (deg lat)−2). The contour
intervals are (a) 0.1 × 10−3 (deg lat)−2 and (b) 0.01
hPa (deg lat)−2. Solid (dashed) lines indicate positive
(negative) anomalies during MH. Regions of statistical
significance at the 95 % confidence level are shaded.

in rainfall directly associated with the monsoon in the
north is more than offset by enhanced summer precip-
itation associated with a greater number of tropical
cyclones in the simulation (Figure 3a). The enhanced
numbers of tropical cyclones are also more intense, as
measured through the use of the mean Laplacian of
the pressure field calculated at the center of a system
(Figure 3b). In the southern region of the continent
the number of extratropical cyclones is unchanged ex-
cept in spring, during which relatively more systems
result in higher precipitation rates over the interior of
Australia. However, we have found that the winter
cyclones on the southern Australian coast are less in-
tense and, as a result, lower rainfall amounts are seen
compared to PD.

In general, Australia experiences less precipitation
during each season with the exception of spring. A



(a) Annual precipitation anomaly (mm day−1)

(b) Annual soil moisture anomaly (cm)

Figure 4: The difference in the annual mean (a) pre-
cipitation and (b) soil moisture content between the
MH and PD simulations. Positive (negative) MH
anomalies are solid (dashed). The contour interval
are (a) ± [0.1 .2 .3 .4 .5 1. 2. 3. 4 5 6 7 8 9 10 12 14
16] mm day−1 and (b) 0.25 cm. Regions of statistical
significance at the 95 % confidence level are shaded.

consequence of the precipitation response, integrated
over a year (Figure 4a), is that the modelled Aus-
tralian surface moisture content is drier than today
(Figure 4b). In contrast, NE Queensland, a location of
many palaeo records [for example, Moss and Kershaw,

2000], is wetter, due to the enhanced precipitation of
the region averaged over an annual cycle.

Palynological proxy studies [e.g. Kershaw et al.,
2000] suggest that during the mid-Holocene the Aus-
tralian continent was generally warmer during winter
and the summer was cooler than today. The model
is able to reproduce a response to the radiative forc-
ing that is consistent with the palaeo data. However,
the model is at variance with all proxy records with a
drier MH continent, suggesting that the consequences
of potentially important feedbacks, such as ocean tem-
perature, need to be investigated further or that the
palaeo record needs to be revisited.
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