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1. INTRODUCTION

Long-term means and interannual variability of a
number of important climatic variables are exam-
ined in a simulation by a recent version of the Bu-
reau of Meteorology Research Centre (BMRC)
atmospheric GCM (hereafter BAM4). Many im-
provements have been introduced in this ver-
sion of the GCM, including those based on re-
cent advances in various physics parameteriza-
tion schemes. BAM4 is expected to constitute
the atmospheric component of the next version
of the BMRC coupled model for climate appli-
cations and for seasonal prediction. In order
to assess the likely impacts of these improve-
ments on the coupled model simulations, we are
analyzing the climatic variability of key surface
variables simulated by BAM4 in a 19-year long
AMIP2-style run. In this presentation, we com-
pare the climatological means and interannual
standard deviations of the monthly mean rainfall
and 10-m zonal winds from BAM4 with those de-
rived, respectively, from Xie-Arkin rainfall dataset
(Xie and Arkin, 1997) and NCEP-DOE Reanal-
ysis 2 (hereafter NCEP). In addition, we com-
pare the EOF patterns representing the leading
modes of variability of the observed and mod-
elled rainfall and the 10-m zonal wind. Finally,
correlations between the Niño 3.4 SST index and
these variables are examined to determine how
well the impacts of the El Niño–Southern Oscil-
lation (ENSO) phenomenon is represented in the
BAM4 simulation.
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2. MODEL DESCRIPTION

BAM4 has been run using observed time-
dependent sea-surface temperature (SST) field
and sea-ice data for 19 years corresponding
to the period (1979-1997). The model is a
global spectral model, with T47 horizontal reso-
lution and 34 levels in the vertical. This version
of the model incorporates the Fels-Schwarzkopf
scheme (Schwarzkopf and Fels, 1991) for long-
wave radiation, the mass flux convection scheme
of Tiedtke (1989) for deep convection, the Rot-
stayn (1997) cloud scheme for stratiform clouds,
and the Lott-Miller scheme (Lott and Miller, 1995)
for orographic and gravity wave drag parameter-
ization. The ECMWF land surface scheme and
its boundary-layer scheme (Viterbo and Beljaars,
1995) are also used.

3. SEASONAL MEAN FIELDS

Long-term (1979-1997) averages of the seasonal
mean 10-m zonal wind and rainfall were calcu-
lated for DJF and JJA seasons (Figures 1 and 2).
The geographical distributions of the 10-m zonal
winds, extracted from the BAM4 simulation and
NCEP reanalyses, are very similar to each other.
However, the model simulated zonal wind tends
to be stronger than that in NCEP reanalyses al-
most everywhere over the globe, except in the
polar and sub-polar regions where the opposite
appears to be the case (Figs. 1c,f). The strongest
differences occur over the northern subtropical
Pacific and the Antarctic continent. The qualita-
tive nature of these discrepancies between the
BAM4 and NCEP zonal winds does not change
with season.

The seasonal means of rainfall from the
BAM4 simulation (Figs. 2a,b,c) and the Xie-Arkin



Figure 1: Long-term averages of seasonal mean
10-m zonal winds from the BAM4 simulation (a,d)
and NCEP reanalyses (b,e). Differences between the
NCEP and BAM4 averages are also presented (c,f).
Results are shown for DJF (a,b,c) and JJA (d,e,f) sea-
sons.

dataset (Figs. 2 d,e,f) also show very similar
spatial distributions. However, significant differ-
ences exist between the modelled and observed
rainfalls, especially over the tropics (Figs. 2c,f).
There, the BAM4 rainfall tends to be more in-
tense than the observed over the western parts of
the oceans; over the continents, however, BAM4
rainfall is clearly less than the Xie-Arkin rainfall.
One notable exception, though, is the clear over-
estimation by the model of the monsoon rainfall
over South India (and the surrounding oceanic
area) during JJA. Overall, the seasonal mean
rainfall and 10-m zonal wind simulated by BAM4
compare well with observations, although there is
room for further improvements.

4. INTERANNUAL VARIABILITY

The interannual standard deviations of the sea-
sonal mean 10-m zonal wind and rainfall are
shown in Figs. 3 and 4, respectively. The spa-
tial distribution of interannual zonal wind variabil-
ity in the model (Figs. 3a, c) is very similar to
that in the NCEP reanalysis (Figs. 3b, d). How-
ever, the modelled interannual variability is a bit
too strong over the North Pacific and equatorial
West Pacific compared with that in NCEP. This
can be clearly seen during DJF. Over the South-
ern Ocean, the model tends to underestimate the

Figure 2: Long-term averages of seasonal mean rain-
fall from BAM4 (a,c) and Xie-Arkin dataset (b,d). Re-
sults are shown for DJF (a,b) and JJA (c,d) seasons.

Figure 3: Interannual standard deviations of seasonal
mean 10-m zonal wind from BAM4 (a,c) and NCEP
reanalysis (b,d). Results are shown for DJF (a,b) and
JJA (c,d) seasons.

zonal-wind variability around the date line. The
model is only moderately successful in capturing
the details of interannual rainfall variability. Al-
though the large-scale spatial patterns are repre-
sented well (Fig. 4). the amplitude of rainfall vari-
ability in the model is a bit too large compared
with observations. This is particularly visible over
the western half of the equatorial Pacific during
both seasons.

To gain further insight into the model simulated
interannual variability, we computed three em-
pirical orthogonal functions (EOFs) of the mod-
elled and observed 10-m zonal wind and rainfall
anomalies. Figures 5 and 6 show the leading
EOF of the two variables for the DJF and JJA
seasons. During DJF (Figs. 5a, b), the dom-
inant interannual variability over the equatorial



Figure 4: Interannual standard deviations of seasonal
mean rainfall from BAM4 (a,c) and Xie-Arkin dataset
(b,d). Results are shown for DJF (a,b) and JJA (c,d)
seasons.

and North Pacific regions has analogous struc-
tures in BAM4 and NCEP, although the amplitude
of variations over the North Pacific is larger in
the model. Over the North Atlantic, however, the
resemblance between BAM4 and NCEP is poor,
primarily because the pattern of variability in the
model is shifted towards higher latitudes with re-
spect to that in NCEP. In addition, the structure
of the BAM4 EOF in the Southern Hemisphere
bears little resemblance with the structure of the
NCEP EOF during DJF. During JJA, however, the
similarity between the leading BAM4 and NCEP
EOFs is good, especially in the Pacific and In-
dian Ocean sectors (Figs. 5c, d). Interestingly,
the EOF structure in the Southern Hemisphere in
JJA is reminiscent of the southern annular mode
(Thomson and Wallace, 2000). The leading EOF

Figure 5: The leading EOF of the seasonal mean 10-
m zonal wind anomalies from BAM4 (a,c) and NCEP
reanalysis (b,d). Results are shown for DJF (a,b) and
JJA (c,d) seasons.

of the simulated and observed rainfall anoma-
lies is dominated by the variability over the trop-

ical Pacific in both seasons (Fig. 6). A compari-
son between the BAM4 and NCEP EOF patterns
shows that the model performs very well in simu-
lating the interannual rainfall variability in this re-
gion.

Figure 6: The leading EOF of the seasonal mean rain-
fall anomalies from BAM4 (a,c) and Xie-Arkin dataset
(b,d). Results are shown for DJF (a,b) and JJA (c,d)
seasons.

5. REPRESENTATION OF ENSO

We now examine the extent to which BAM4 sim-
ulates the ENSO cycle. This is done by preparing
maps of correlation coefficients between the Niño
3.4 SST index and the interannual anomalies of
the 10-m zonal wind and rainfall (Figs. 7 and 8).
Over the tropical Pacific, where the ENSO effect
is most direct, the zonal wind variability associ-

Figure 7: Correlations between Niño3.4 index and 10-
m zonal wind from BAM4 (a,c) and NCEP reanalysis
(b,d). Results are shown for DJF (a,b) and JJA (c,d)
seasons.

ated with ENSO is represented well in the model.
In other regions, however, the model has mixed
success. In particular, among the regions where
the model performance needs to be improved are



tropical Africa and the adjacent north-west Indian
Ocean, West Africa, south-west Australia and the
South Indian Ocean. It may be noted that the rep-
resentation of ENSO in BAM4 tends to be some-
what better during JJA than during DJF.

The results for the correlations between the
Niño 3.4 SST index and the model simulated rain-
fall anomalies (Figs. 8a, c) are mixed, apart from

Figure 8: Correlations between Niño3.4 index and
monthly mean rainfall from BAM4 (a,c) and Xie-Arkin
dataset (b,d). Results are shown for DJF (a,b) and JJA
(c,d) seasons.

in the tropical Pacific where both the magnitudes
and the spatial pattern of the correlation show
good agreement with observations (Figs. 8b, d).
We should mention, however, that for a success-
ful seasonal prediction of the ENSO-related rain-
fall variability over Australia, the models ability to
simulate the ENSO-rainfall relationship needs to
be improved further.

6. CONCLUDING REMARK

The results presented here were derived from
a 19-year long simulation of BAM4. It would
be desirable to have a longer simulation for an
increased reliability of the results, as the time
scales involved are in the interannual range.
However, a brief comparison between these re-
sults and those computed from a 10-yr subset of
the data indicates that the large-scale features
are pretty robust. The results presented here
suggest that the overall performance of BAM4 in
simulating the long-term means and interannual
variability of the 10-m zonal wind and rainfall is
reasonably good. However, it is desirable that as-
pects of the model behavior continue to improve
further in order to have an increased confidence
in applying the model in various climate variability
and change studies.
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