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Diagnostic capabilities of objective
analysis schemes: areal mean vertical
motion fields of some weather regimes over
Australia

N. E. Davidson, Australian Numerical Meteorology Research Centre, Melbourne
(Manuscript received October 1981; revised February 1982)

The aims of this report are: (i) to demonstrate that the current data base over
southeastern Australia is sufficient to provide some useful information on the
divergence and vertical motion fields of synoptic scale weather systems, (ii) to show that
this information is reproduced in objective wind analyses, and (iii) to illustrate the
vertical distribution of divergence, vorticity and vertical motion of four weather
systems.

To achieve these ends the analysed windfields from two objective analysis schemes
are used to diagnose the divergence, vorticity and vertical motion fields associated with
a major weather event over southeastern Australia. The two schemes are the Australian
region operational analysis and a univariate optimum interpolation analysis.

Only moderate large-scale consistency over wind data areas is evident between the
two versions of the 700 mb vertical motion fields, and the cloud imagery. Data base
limitations and errors in the derived divergences prevent adequate definition of these
fields on a grid point to grid point basis, contaminate the computed vertical motion
fields and render constant level charts of divergence and vertical motion of very little
practical use because of difficulties in isolating the useful information. To alleviate
some of these problems, and to extract what useful information there is, it is necessary
to look at the vertical distribution of areal mean values of divergence and vertical
motion of large-scale weather regimes. This technique has been used to derive and
validate mean profiles of divergence, vorticity and vertical motion for a number of
regimes. These are, a prefrontal cloud-free area, a frontal cloud region, a cyclonic
vorticity advection (CVA) maximum (comma cloud), and a post-frontal cloud-free area.
The two schemes give qualitatively similar results, with the optimum analysis providing
greater structural detail and larger vertical motions. The consistency of the profiles
derived from the two schemes, together with verification from contemporary satellite
imagery and available temperature and moisture traces, suggests that the profiles are
realistic. The role of geostrophic winds derived from high resolution TIROS-N satellite
temperature retrievals is indicated.

Introduction

Accurate analysis of observational data is of
obvious importance in the weather forecasting
process. Synoptic-scale analyses and prognoses of
the mass and windfields continue to be the
forecaster’s primary tools in local weather
forecasting. However, up to this time there have
been very few studies devoted to investigating what
information about the weather is actually contained
in large-scale numerical analyses. Moreover, with
the advent of moveable fine mesh numerical models
(Anthes et al. 1979; Gauntlett and Leslie 1981),
which show promise at forecasting local weather,
but which are sensitive in the first 6 hours of the
forecast to the initial vertical motion field, there is
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an increasing need to appreciate the capabilities and
limitations of objective analysis schemes used in this
context. Some of the studies that have investigated
or utilised the diagnostic capabilities of analysis
schemes include Seaman 1969; Downey et al. 1973;
Otto-Bliesner et al. 1977 and Sumi 1981. Seaman,
and Downey et al., used the quasi-geostrophic
omega equation to compute vertical velocity
patterns and found some discrepancies between the
patterns and the corresponding satellite cloud
mosaics. Lack of data and the tendency for self-can-
cellation in the forcing terms were significant
problems in these studies. Otto-Bleisner et al.
compared the performance of four analysis schemes
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over a data rich area and found only minor
differences in the position and intensities of
symoptic-scale features. More recently Sumi
compared three analysis schemes and found that
over data-rich regions, the schemes show good
resemblance in both sign and magnitude for energy
exchanges between area-averaged zonal mean wind
and disturbances. However, substantial differences
occurred over data sparse regions.

It seems reasonable to say that local weather is
more intimately linked to the divergence, vorticity
and vertical motion fields than to the more basic
variables of pressure, temperature and wind. Thus
closer examination of these derived fields is clearly
warranted. However, there are many inaccuracies in
the derivation of these fields. Divergence and
vertical motion derived from the continuity equation
are particularly sensitive to observational errors, to
interpolation errors and to truncation errors.
Alternatively, vertical motion fields derived from an
omega equation (Holton 1972; Krishnamurti 1968)
suffer from the deficiencies of approximations used
in the derivation of the equation and numerical
inaccuracies in the solution of the equation. In the
Australian region, an additional drawback in the
past has been the lack of data over the oceans to the
south. However, with the introduction of
temperature retrievals from the TIROS-N/NOAA
A-G series satellites, this has been partially
alleviated.

In this report, divergence, and vertical motion
derived through the continuity equation, together
with the vorticity field, have been obtained from two
analysis systems for 0000 GMT 13 December 1980.
The two analyses are the Australian region
operational analysis (hereafter denoted AR
analysis) and a univariate optimum interpolation
(Ol) analysis.

Because of the different methods of obtaining the
windfield over ocean areas, the discussion of the
divergence field will be limited to those regions
where the wind analyses have been influenced by
wind observations. Indeed we have only considered
a limited domain over southeastern Australia where
the data base is relatively dense. It is shown that the
derived vorticity fields are very similar. Inspection
of constant pressure charts of the divergence and
vertical motion fields reveals only moderate large-
scale consistency between the two schemes, and with
the cloud imagery. Data base limitations and errors
in the derived divergences contaminate the
computed vertical motion fields, prevent adequate
definition of the derived fields on a single grid point
basis and render constant level charts of very little
practical use because of difficulties in isolating the
useful information. However, by area averaging
over the main weather regimes the influence of the
above errors can be reduced and the larger scales
delineated by the data network better represented.
Moreover, by utilising the fact that the vertical

velocity must vanish at the top and bottom of any
column, it seems possible to determine the mean
vertical motion implied by the observations over
large-scale areas, and whether this vertical motion is
representative of the real atmosphere. This
technique has been used to extract the useful
information on the vertical motion field from the
wind analyses, and to derive the large-scale areal
mean profiles of divergence, vorticity and vertical
motion for a number of weather regimes. These are
a prefrontal cloud-free area, two regions of a frontal
cloudband, a CVA comma cloud and a post-frontal
cloud-free area. Evidence is presented which
suggests that the mean profiles of divergence,
vorticity and vertical motion are representative of
the real atmosphere.

This study has not attempted to directly compare
analysis methods, although this would be of
considerable interest. The large differences in data
base, resolution, grid configuration and fine tuning
of analysis parameters make comparison difficult.
We have used the two (essentially independent)
schemes for two reasons. Firstly as a verification
tool to indicate that the divergence fields are not
purely a function of the analysis method — that is, it
will be shown that the fields derived from the two
schemes are qualitatively similar, suggesting that
the divergence in the wind observations is
reproduced in the wind analyses; and secondly to
document the capabilities of each scheme, in its
current configuration, in diagnosing vorticity,
divergence and vertical motion.

Analysis schemes and data bases

The Australian region operational analysis scheme
is described in detail by Seaman et al. 1977. The
most important features for the current discussion
are:

(a) The analyses are dependent upon the
interpretation of cloud imagery over oceanic
areas.

(b) Each analysis is based upon two principal
fields, the mean sea level pressure and 1000 to
500 mb thickness, which incorporate both
conventionally observed and interpretative
data. Guesses for all other fields are derived
dynamically and statistically using these two
principal fields and numerical predictions
from the Australian Region Primitive
Equations (ARPE) model.

(c) The guess fields are modified using a
successive correction method (Cressman
1959).

(d) A variational blending technique is used to
obtain a satisfactory mix of conventional and
manually interpreted data — the latter type
defining gradients more reliably than absolute
values.
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(e) Winds over no data areas are obtained from
the geopotential height analyses using a
weighted combination of the geostrophic and
gradient wind.

(f) The horizontal grid resolution is 250 km.
Analyses are performed on the 8 pressure
levels 1000, 850, 700, 500, 300, 250, 200 and
100 mb.

For ease of comparison, this analysis has been
interpolated to the latitude-longitude grid of the
optimum interpolation analysis.

The details of the univariate optimum
interpolation scheme are described by Davidson and
McAvaney 1981. The most important features for
the current application are:

(a) The scheme analyses MSL pressure, and
temperatures and winds on 7 sigma levels.
(Sigma is pressure divided by surface
pressure.) The sigma levels are 0.99, 0.85,
0.70, 0.50, 0.30, 0.20 and 0.10.

(b) The first guess for the MSL pressure and
temperature interpolation is the Australian
region analysis described above. The first
guess for the wind analysis is the geostrophic
windfield obtained from the Ol analysis of
MSL pressure and temperature. Thus, winds
over ocean areas are geostrophic.

(c) Correlation functions for mean sea level
pressure and temperature are of the form exp
(— ky s?), (Bergman 1979) where s is distance
and ky, is a length scale parameter equal t0 0.9
X 10-6 km~-2 for pressure and 0.8 X 10-6
km-2 for temperature. Correlation functions
for zonal and meridional wind components
are derived from the temperature correlations
using the thermal wind equation (see
Bergman 1979 for details). The length scale k,
isequal to 1.1 X 10-6km~2 for winds.

(d) The standard deviations of the first guess

fields are
gauess = 3 mb for MSL pressure
0 guess = 3°C for temperatures

and g, = 10 knots for winds.

(e) Observational errors for different observing
platforms were specified as below. The
specification of the satellite temperature
errors has been simplified, since the biases in
the data have been mostly removed prior to
input to the analysis system (G. A. Kelly,
personal communication). However, the
specified errors near the ground and near the
tropopause are probably still a little small.

MSL
pressure  Surface Land
station I mb
Ship/Buoy 1.5
Tem-
perature  Radiosonde 0.5°C

Satellite 1.0°C

Winds Rawinsonde 3 knots
Aireps/Codars 4 knots

Surface wind 4 knots
from ships, cor-

rected for friction
Satellite 6 knots

Although satellite temperatures are known to
have horizontally correlatgd errors (Schlatter
1981), lack of knowledge of the precise nature
of this correlation at very close separations
(see Fig. 1) prevented it from being taken into
account.

(f) The analysis resolution is 1.5° on a latitude-
longitude grid. The analysis domain is 55°S
to 25°S, 125°E to 155°E.

The data bases for the two analyses differ in three
respects. Additional mean sea level pressure
observations over the land and TIROS-N
temperature retrievals (Kelly et al. 1981) over the
oceans are used in the Ol analysis. Figure 1 shows
the 500 mb temperature observations available to
the optimum analysis. The observations that have
been circled show the observational density of 1000
to 500 mb thickness data available to the
operational manual analyst. (At this time, no 500
mb satellite temperature data were used in the
operational numerical analysis.) Cloud winds
derived from the Japanese Geostationary
Meteorological satellite are also used in the OI
analysis but these have very little impact, being few
in number and receiving very low weight in any
interpolation.

Fig. 1 500 mb temperature observations in whole
°K (last digit only). Circled observations
show the observational density of thickness *
data available to the operational analyst.
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Fig. 2

Synoptic situation
Figure 2 shows the satellite cloud picture for 2300
GMT 12 December 1980. Important features are
the frontal cloudband extending from western New
South Wales to Tasmania, the comma cloud to the
south of Adelaide and the generally cloud-free areas
over northeastern New South Wales and over
western South Australia. Figures 3 and 4 show the
corresponding mean sea level pressure and 300 mb
wind analyses produced by the two schemes. The

Fig. 3(a) Mean sea level pressure analysis in mb for
2300 GMT 12 December 1980, obtained
from the OI scheme.

Portion of Geostationary Meteorological Satellite cloud picture for 2300 GMT 12 December 1980.
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most important features at mean sea level are the
pressure trough extending from Victoria to New
South Wales, the cut-off low to the southwest of
Adelaide and the ridge over the coast of South
Australia. Comparison of the analyses clearly shows
the impact of the additional observations. At 300
mb, the main features are the weak trough over
Queensland and the trough/cut-off low extending
southwards from South Australia. Comparison of
these analyses indicates that the high resolution

Fig. 3(b) As in Fig. 3(a) but from the operational
scheme.
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Fig. 4(a) 300 mb analysed vector winds and
observations (knots) for 2300 GMT 12
December 1980, obtained from the Ol
scheme.
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Fig. 4(b) As in Fig. 4(a) but vector winds from the
operational scheme.
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Table 1. Observation minus analysis statistics in knots, for the two analyses.

No. of
Analysis wind obs Bias in Absolute mean u, v
scheme (all levels) wind speed r.m.s. vector error error
Ol 141 0.11 6.33 3.62
Operational 141 1.51 7.24 4.14

satellite temperatures are defining a sharper, more
intense system over the ocean, while over the
continent the analyses are very similar,

Table 1 gives statistics on how well the analyses
are fitting the observed winds. These are based on
observed minus analysed values interpolated from
the OI grid for observations within 30 mb of each
analysis level. It can be seen that the observations
are well paid, although both schemes slightly
underestimate wind strengths. Understandably,
because of the better resolution used in the Ol
analysis, and because of interpolation errors
introduced by re-gridding the AR analysis, the Ol
scheme is fitting the observations more accurately.
Further, the AR analysis is deliberately smoothed in
an attempt to depict synoptic features at a scale
consistent with the grid resolution and thus observed
minus analysed values will tend to be larger than
those from the Ol scheme.

Divergence, vorticity and vertical
motion fields

For ease of interpretation, the Ol analysis has been
interpolated to pressure levels. Since the analysis

sigma levels correspond closely with standard
pressure levels, this interpolation does not introduce
any large errors. Derived fields are obtained from
the following equations

Vorticity (vertical component) =
(cyclonic is negative)

1 _(ov 9 _
Roos6 ax a9 (Vs
. _ 1 du 9
Divergence D = R oos 0( a3 (veos )
_ 100
Vertical motion wp =~ f D dp, (up is positive)

where R is the radius of the earth, § and \ are
latitude and longitude, and u and v are zonal and
meridional wind components.

To obtain the vertical motion, the divergence is
integrated downwards from 100 mb. At this level ¢y
is assumed to be zero. It is important to note that
the winds have not been adjusted to forcewto vanish
at the surface. A single pass 5-point filter has been
applied to the divergence and vertical motion fields
derived from the OI analysis to remove some of the
small-scale noise.
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Fig. 5(a) 300 mb vorticity field for 2300 GMT 12
December 1980, obtained from the OI
scheme. Units are 10-6s~1,

Fig. 5(b) As in Fig. 5(a) but from the operational
scheme.
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Fig. 6(a) 300 mb divergence field for 2300 GMT 12 Fig. 6(b) As in Fig. 6(a) but from the operational
December 1980 obtained from the Ol scheme.
scheme. Units are 10-7 s—1, Labels D and
C denote divergence and convergence.
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