Aust. Met. Mag. 38 (1990) 261-270

A comparison of modelled and observed

daily variability in the southern
extratropics

Ian Simmonds, Padmini Indusekharan and Ross J. Murray
Meteorology Department, University of Melbourne, Australia

(Manuscript received October 1989; revised May 1990)

We have calculated the day-to-day variability at high southern latitudes of four
atmospheric parameters generated by long general circulation model (GCM) simu-
lations run in ‘perpetual month’ mode for January and July. These estimates of daily
standard deviations are compared with those in the atlas of Oort (1983). We find
that the geographical distribution of the variabilities agrees reasonably well with the
Oort data. However, compared with this data set, there is a tendency in the GCM to
overestimate the variability, with the exception of temperature at 850 hPa in
January and the 300 hPa transient kinetic energy in both seasons.

We suggest various reasons for this apparent discrepancy. In particular, we make
some comparisons with the variabilities generated by the Australian and the Euro-
pean Centre for Medium Range Weather Forecasts analysis systems. The apparent
model overestimate of variability of the mean sea level pressure and 500 hPa height
at these high latitudes is seen to reduce or disappear when comparison is made with
data from these two sources. In addition, the underestimate of the transient kinetic
energy in the upper troposphere does not appear nearly as marked when compared
with Australian winter analyses.

Considering the uncertainties, the GCM produces credible estimates of day-to-day
variability at high southern latitudes. Our analysis cautions against regarding any
one set of analyses as the ‘observed’, particularly when considering higher order

quantities in this data-sparse region.

Introduction

The problems associated with performing meteor-
ological analyses in the southern hemisphere (SH)
extratropics are well known. Most of the difficul-
ties arise because much of the hemisphere is
covered by ocean and hence very few data are
available there. In addition, the non-ocean areas
are, for the most part, also poorly serviced with
routine meteorological data. A number of recent
studies have shown that state-of-the-art analysis
schemes used at various weather centres around
the world produce analyses of daily or meaned
data which differ markedly at higher southern
latitudes (e.g. Karoly and Oort 1987; Trenberth
and Olson 1988). A measure of the veracity of a
given analysis scheme and data base may be ob-
tained from the amount by which the analyses
change when new data are inserted or when
analyses are compared with observations not used
in their construction. Australian operational
analyses performed with data from the FGGE
buoys differed significantly from those of pre-
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vious years (Guymer and Le Marshall 1980),
although Trenberth (1984) has suggested that
changes in the Australian analyses during that
year may be due to real differences in the circu-
lation and not just to the inclusion of data from
the buoys. As another example, a recent study
cited by Cattle and Roberts (1988) showed that
the surface pressure measured by a buoy in the
Ross Sea in the second half of 1987 differed from
the interpolated US National Meteorological
Center analyses by a root mean square value of
8.2 hPa. These and many other evidences suggest
that the present analyses at high southern lati-
tudes are far from perfect, particularly near the
coast of Antarctica.

Given this deficiency the difficulties of obtain-
ing reliable estimates of the variability of atmos-
pheric quantities in the SH are correspondingly
greater. There have been a number of studies
which have examined the interannual variability
of various atmospheric parameters in the SH (e.g.,
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Swanson and Trenberth 1981; Trenberth 1984)
but there have been few to address the question of
daily variability. Noteworthy among these have
been the investigations of Oort (1983), Trenberth
(1982) and Le Marshall et al. (1985), the last two
being conducted with 8% and 10 years, respect-
ively, of Australian analyses. Karoly and Oort
(1987) considered the differences in atmospheric
variability in the SH implied by the data used in
these studies.

It should be stressed that the task of obtaining
estimates of atmospheric variability on all time-
scales is important for a number of reasons. One
of these is the need for a reliable set of ‘observed’
behaviour against which the output of general cir-
culation models (GCMs) can be assessed. GCMs
provide a valuable tool to understand the be-
haviour of the atmosphere and its variability.
With the possibility of relatively rapid climate
change occurring in the near future it is important
to estimate how the variability in a given region
may be expected to change. Indeed, changes in the
variability of the atmosphere may have more im-
pact on human pursuits than changes in the
means. Changes in variability could have a signifi-
cant impact on, say, agricultural productivity. As
GCMs are expected to play a central role in our
understanding of, and planning for, changes that
may occur in future decades it is obviously im-
portant to satisfy ourselves that the skill of these
models is in fact adequate for these purposes. A
necessary requirement for this is that GCMs pro-
duce a reasonably accurate simulation of present-
day variability.

Once we are confident a model is producing
adequate simulations of variability, it can be ap-
plied to a number of experiments to increase our
knowledge of the atmosphere. For example, one
may ask how much of the observed atmospheric
variability is due to internal forcing (associated
with the ‘internal dynamics’ of the system) and
how much to varying boundary conditions (e.g.
ocean conditions, changes in stratospheric ozone,
etc.). It is clear that a greater understanding of this
is necessary if we are to make meaningful state-
ments on the changes we might expect in atmos-
pheric variability over the next decades. Carefully
designed controlled experiments with GCMs are
an important tool in this pursuit. Some illuminat-
ing experiments have been performed (e.g. Char-
ney and Shukla 1981; Manabe and Hahn 1981;
Chervin 1986a,b) but there is still much that
needs to be understood about this aspect of atmos-
pheric behaviour.

In this paper we present the day-to-day varia-
bility of four parameters at high southern lati-
tudes, as simulated by a modern GCM. We com-
pare these simulated variabilities with atmos-
pheric estimates obtained from SH analyses. This
comparison enables an assessment of the respects
in which this model is performing satisfactorily

and those in which it may need further attention;
it also allows a judgement on how the various ‘ob-
servational’ sets compare.

Experimental design

The model ‘data’ used in this study were taken
from 600-day GCM simulations of January and
July global climate. The GCM used was a slightly
modified version of that described by Simmonds
(1985), and the simulations were performed at
wavenumber 21 rhomboidal spectral truncation.
(A comprehensive climatology of this model is
presented in Simmonds et al. (1988).) It is rel-
evant to our considerations of model daily varia-
bility that the simulations were performed with
the model in ‘perpetual month’ mode and with
prescribed and fixed sea-surface temperature dis-
tributions. The clouds were also specified (as
functions of height and latitude only) and there
was no diurnal cycle in the solar forcing. The
impact on variability of these last two simplifi-
cations is hard to judge. We shall comment on the
effect of the prescription of sea-surface tempera-
ture later.

Results

The data were obtained every 24 hours from the
simulations and from these the standard devi-
ation of the daily data at each point south of 30°S
was calculated. The ‘observed’ data against which
most of our assessment is performed are the
analyses of Oort (1983). (All the data are pre-
sented directly from Oort’s compilation, except
for mean sea level pressure, which is not presented
by him. To allow an assessment of this variable we
have taken Oort’s estimates of the mean 1000 hPa
height and temperature and the daily variability
of the 1000 hPa height and used them in the
hydrostatic equation to estimate the mean sea
level pressure variability.) As we will stress later,
there are considerable uncertainties associated
with this (or any other) data set at high southern
latitudes due to the paucity of data. This is dem-
onstrated in Fig. 2(a) of Karoly and Oort (1987)
which shows the typical distribution of rawin-
sonde stations used in the Oort analyses.

January

Figure 1(a) displays the daily variability of the
modelled January mean sea level pressure field.
There is a steady increase of variability with lati-
tude, attaining values of about 10 hPa near 60°S
before dropping back to smaller magnitudes at the
Antarctic coast. The observed pattern (Fig. 1(b))
exhibits a similar structure, but careful compari-
son shows the model has a very small tendency to
greater variability. The variability of the 850 hPa
temperature (Tgso) in the model (Fig. 2(a)) attains
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Fig. 1(a) Temporal standard deviation of the daily mean
sea level pressure in the January GCM simu-
lation. The contour interval is 2 hPa.

Fig. 2(a) Temporal standard deviation of the daily
850 hPa temperature in the January GCM
simulation. The contour interval is 1K.

Fig. 1(b) Temporal standard deviation of the daily mean
sea level pressure in January derived from
Oort (1983). The contour interval is 2 hPa.

Fig. 2(b) Temporal standard deviation of the daily
850 hPa témperature in January from QOort
(1983). The contour interval is 1K.

maximum values just in excess of 4K near 45°S in
the southern Indian and Atlantic Oceans while
most of the South Pacific exhibits relatively low
variability. Both these aspects are found in Oort’s
data (Fig. 2(b)), but these show a higher level of
variability than simulated by the model. This is
particularly marked to the south of Australia.
The modelled and observed 500 hPa height

(Zs00) variability (Fig. 3) patterns are similar to
their counterparts at sea level. The modelled
variability displays a fairly zonally-symmetric
structure, with maximum values in excess of
100 m occurring in a belt to the north of 60°S. The
observed pattern shows a little more zonal asym-
metry and somewhat smaller magnitudes than
those modelled.
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Fig. 3(a) Temporal standard deviation of the daily
500 hPa height in the January GCM simu-
lation. The contour interval is 20 m.

Fig. 4(a) Daily 300 hPa trausient kinetic energy per
unit mass in the January GCM simulation.
The contour interval is 25 m2s—2.

Fig. 3(b) Temporal standard deviation of the daily
500 hPa height in January from Oort (1983).
The contour interval is 20 m.

Fig. 4(b) Daily 300 hPa transient Kinetic energy per
unit mass in January from Oort (1983). The
contour interval is 25 m2s~2,

The last variable we show for January is the
transient kinetic energy per unit mass (TKE) at
the 300 hPa level. The modelled TKE (Fig. 4(a))
shows some degree of zonal symmetry and maxi-
mum values are simulated at about 45°S; it
exceeds 200 m2s—2 over an area in the south
Indian Ocean. Reference to the data of Oort (Fig.
4(b)) suggests that this parameter is considerably
underestimated in the GCM. There is a band of
values greater than 200 m2s—2 which covers most

of the area between 40° and 60°S. Further, the
longitudinal location of maxima appears rather
different in the two. For example, the region of
large simulated TKE in the South Pacific is the
location of a minimum in the observed data.

July

We now proceed to a comparison of the four vari-
ables for the month of July. Figure 5(a) shows the
modelled mean sea level pressure variability pat-
tern. It can be seen to be similar to that in the
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Fig.5(a) Temporal standard deviation of the daily mean
sea level pressure in the July GCM simu-
lation. The contour interval is 2 hPa.

Fig. 6(a) Temporal standard deviation of the daily

850 hPa temperature in the July GCM simu-
lation. The contour interval is 1K.

Fig.5(b) Temporal standard deviation of the daily mean
sea level pressure in July derived from Oort
(1983). The contour interval is 2 hPa.

Fig. 6(b) Temporal standard deviation of the daily
850 hPa temperature in July from OQort
(1983). The contour interval is IK.

summer in that there is a trend to greater standard
deviation with latitude, with the suggestion that
the region of highest variability has moved further
south and that the values are greater in winter
than in summer. Both of these points also apply to
the observed pattern (shown in Fig. 5(b) and are
also commented upon by Trenberth (1982)), but
the variability simulated in the model is greater
than in the Oort data, by | or 2 hPa in middle
latitudes and by a maximum in excess of 6 hPa in

the Bellingshausen Sea. (One should note that vir-
tually no data from this area were used in the Qort
analyses.)

In a similar way, the model overestimates the
daily variability of Tgsg at high latitudes, as may
be seen by comparing parts (a) and (b) of Fig. 6.
The mid-latitude values of betwéen 3 and 4K are
similar to those observed but the model values
increase more rapidly toward higher latitudes.
The simulated structure shows maxima in excess
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of 8K at about 65°S in the Weddell and Ross Seas.
There are maxima in similar locations in the Qort
data although the magnitudes are considerably
less.

Figure 7 exhibits the modelled and observed
500 hPa height variability. To the south of 60°S
the model appears to overestimate the variability,
typically by 20 m, and shows an area to the north
of Byrd Land with values in excess of 160 m, while
the Oort data displays a longitudinal minimum of
less than 120 in this region.

Fig. 7(a) Temporal standard deviation of the daily
500 hPa height in the July GCM simulation.
The contour interval is 20 m.

The model simulates high variability in the
mean sea level pressure and Zsgp south of 60°S in
the central and eastern Pacific. By contrast, the
data of Oort and of Le Marshall et al. show a dif-
ferent longitudinal structure, with a minimum in
the region and maxima located in the west Pacific
and just east of the Drake Passage.

‘The final plots we show are those of July TKE at
300 hPa (Fig. 8). Both the modelled and observed
distributions show the maximum values between
30° and 50°S and assume progressively smaller

Fig. 8(a) Daily 300 hPa transient kinetic energy per
unit mass in the July GCM simulation. The
contour interval is 25 m2s—2,

Fig. 7(b) Temporal standard deviation of the daily
500 hPa height in July from Oort (1983). The
contour interval is 20 m.

Fig. 8(b) Daily 300 hPa transient kinetic energy per
unit mass in July from Oort (1983). The con-
tour interval is 25 m2s—2,




Simmonds ct al.: Modelled and observed variability in the extratropics 267

values at higher latitudes. However, it is clear that
the TKE at this level is greatly underestimated as
it was for the January case. The longitudinal loca-
tions of the local maxima in Figs 8(a) and (b)
appear to bear little correspondence to each other
except in the south Atlantic.

Discussion

The above results suggest that, when compared to
the observed analyses of Oort, the GCM tends to
overestimate high southern latitude atmospheric
variability to a greater or lesser extent, except in
the cases of Tgso in January and 300 hPa TKE in
both seasons. We examine these biases below.

Firstly, it is of interest to compare our modelled
standard deviations with those obtained with
other GCMs. There have been few model studies
which present day-to-day variabilities of atmos-
pheric parameters at higher southern latitudes
and also compare these with observed data sets.
One of these is the work of Manabe and Hahn
(1981), although the sets of observations against
which they compared did not extend south of
40°S. The mean sea level pressure variability
simulated in our study is somewhat larger than
implied by their Figs 5.1 and 5.2. However, they
find the height variability at upper levels (e.g., 500
hPa) is underestimated in the northern winter sea-
son. This bias is not apparent in our results at
southern latitudes in either season. Malone et al.
(1984) displayed SH plots of the daily standard
deviation for Zsgp in January and July and of 1000
hPa height in January simulations in their 15-
wave GCM. Our results for these variables are
very similar to theirs, with the present results
exhibiting slightly greater variability, perhaps due
to the higher resolution model. Comparison of the
mean sea level pressure variability simulated in a
15-wave version of our model (Simmonds and
Dix 1989) and Figs 1(a) and 5(a) suggests that
simulated variability at high southern latitudes
does increase with resolution.

We should also stress that to make meaningful
comparisons between the modelled and Oort data
variabilities we must bear in mind the differences
between the ways in which the sets have been
derived. First we should stress that actual atmos-
pheric variability is forced to some extent by the
diurnal cycle, and by changes in cloud cover and
sea-surface temperature. As explained earlier
these parameters are held fixed in the model and
hence cannot contribute to model variability. It is
difficult to determine the amount of bias this
introduces in our experiment but the studies of
Charney and Shukla (1981) and Chervin (1986a)
suggest that it may be small at higher latitudes.
Also, the Oort data set has been obtained from
analyses of station data alone and not from the
variability of daily meteorological analyses.
Another important point is that considerable un-

certainty must be attached to any ‘observed’ set, if
only because of the problems of analysis in the SH
mentioned earlier. In a study to simulate the effect
of the spatial data gaps Oort (1978) sampled the
climate produced by a GCM only at points corre-
sponding to the rawinsonde network existing at
that time. Statistics from the analyses performed
with these pseudo-observations were then com-
pared with those from the original data. He found,
for example, the root mean square difference
between the Tgso temporal variance in the ‘com-
plete’ and ‘rawinsonde’ cases, averaged over the
SH, was 4° and 8°C? in January and July, respect-
ively.

In addition to this, the Qort variability data are
the long-term means of the variabilities calculated
over individual seasons and hence year-to-year
variations are excluded. Oort suggested that ig-
noring interannual variations produces values
which are 10to 20 per cent too small. To obtain an
estimate of this difference in the model results we
have calculated the mean of the daily variability
in each of the twenty 30-day sub-periods of the
model runs considered here. By way of example
we show the means of these for the mean sea level
pressure in the two months simulations in Fig. 9.
Part (a) shows this variability for the January
simulation and it should be compared with that
shown in Fig. 1(a). The geographical structure of
this measure of variability is very similar to that
calculated from the 600 days considered together
but the values are typically smaller by 0.5 hPa.
The average variability between 30° and 90°S is
7.24 hPaforthe 30-day periods and 7.84 for all the
data grouped together. Hence the former under-
estimates the variability over this domain by 8 per
cent. Similar comments hold for the July case
(Figs 9(b) and 5(a)) but the apparent variability is
reduced by in excess of 2 hPa in the area upstream
of the Drake Passage. The average is underesti-
mated by the similar amount of 7 per cent, the
reduction from 11.41 to 10.65 hPa. The magni-
tude of this bias is somewhat le¢ss than that sug-
gested by Oort, which is not surprising because in
the model we prescribe the ocean temperature and
sea-ice cover as fixed and hence these are not able
to supply anomalous forcing on an interannual
time-scale. It is known, for example, that the Ant-
arctic sea-ice undergoes considerable interannual
variability and the atmosphere responds to the
related changes of forcing (e.g. Simmonds and Dix
1986). Nydam (1989) has shown that there have
been large regional trends in the winter mean sea
level pressure south of 30°S in the Australian SH
(ASH) analyses in the Indian and east Pacific
Oceans. These exceed 3 hPa between 1977 and
1986 over quite large regions and would represent
a significant contribution to total variability.
Even with fixed boundary conditions it is known
that GCMs exhibit variabilities on all sorts of
time-scales (including very long ones) as a result of






