551.507.321:
551.509.3

A DATA IMPACT STUDY USING CONSTANT LEVEL BALLOON DATA
IN SOUTHERN HEMISPHERE ANALYSES AND PROGNOSES

G. A. Mills

Australian Numerical Meteorology Research Centre, Melbourne
(Manuscript received May 1977; revised November 1977)

ABSTRACT

The impact on southern hemisphere analyses of constant level balloon
(CLB) data from the Tropical Wind, Energy Conversion and Reference
Level Experiment (TWERLE) is described. The CLB data were incorporated
using manual 150 mb analyses to generate implied corrections to the
objective analyses, these corrections then being spread to the other
levels numerically. Twenty-four hour prognoses were then computed,
using a hemispheric spectral prognosis model.

Five situations from the latter half of 1975 were studied in detail.
In four of these situations the CLB data produced changes at 200 mb of
more than 30 gpdam over parts of the Indian Ocean, with marked changes
in the amplitude, orientation, and positions of troughs. In the fifth
situation the gradients of geopotential were changed to indroduce a
100 kn jet maximum where speeds of about 60 kn had been analysed.

Subjective assessments of 24-hour prognoses suggest an improvement in
prognosis skill in and immediately downstream of the area in which the
CLB data modified the base analyses, when compared with prognoses from
analyses using only conventional data. However, objective verification
statistics computed over a larger area show no such improvements in
forecasting skill. The lack of positive impact shown by ‘the objective
verification is discussed.

INTRODUCTION

During the latter half of 1975 the Tropical Wind, Energy Conversion and Reference
Level Experiment (TWERLE) made available in near real-time CLB data over the
southern hemisphere (SH). This provided an opportunity to investigate the impact
of these data on SH analyses and prognoses. For reasons both of availability and
relevance to operational use during the First GARP Global Experiment (FGGE) (at

the time it was thought that CLB data would be available during FGGE) it was
decided to conduct the investigation within the general framework of the oper-
ational objective analysis and prognosis models used in the National Meteorological
Analysis Centre (NMAC) in Melbourne.

Previous CLB experiments, such as the GHOST experiment (Lally and Lichfield
1969) and the EOLE experiment (Morel and Bandeen 1973), have produced considerable
information describing the climatological characteristics of the upper tropospheric
and lower stratospheric flow over the SH (e.g., Solot and Angell 1969a and b,

Angell 1972a and b, Morel and Necco 1973, Webster and Curtin 1974 and 1975), but
to the author's knowledge no day-to-day synoptic impact studies resulting from
these experiments have appeared in the literature.
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THE CLB DATA

The TWERLE balloons, the sensors and balloon characteristics of which have been
described by Levanon et al. (1974) and Julian (1976), were designed to operate at
a density level of 150 mb and carried sensors of pressure, temperature, and geo-
metric height. A 400 MHz signal was transmitted once each minute and this enabled,
for each pair of successive passes of the Nimbus 6 satellite, the solution of the
full Doppler equation to provide two balloon positions and two velocity components,
provided that it was assumed that the balloon motion between successive satellite
contacts was unaccelerated great-circle motion.

Comparisons with radar measurements of balloon motion during the interrogating
period indicate a root-mean-square (r.m.s.) wind vector error of 1.5 m/s given
optimum satellite/balloon geometry. Thus in general use an r.m.s. vector error of
greater than 1.5 m/s would be expected. Balloon position is determined with an
r.m,s. error of less than 5 km, the accuracy of the pressure sensor is approximately
0.25 mb, and the radio-altimeter determinations of geometric height have an r.m.s.
error of about 25 m. Comparisons of the CLB observed temperatures with nearby
radiosonde observations indicate that the CLB temperatures are, on average, about
1°C colder than the radiosonde temperatures (these accuracies are those quoted by
Julian 1976).

No detailed studies were carried out comparing CLB and conventional observations
to confirm these quoted accuracies. However, during the preparation of the manual
analyses a relatively large number of 'visual match-ups' of CLB observations and
nearby upper wind observations were made. In most cases the correspondence was
very good, as shown in Fig 1, chosen from the cases under investigation for having
the largest number of CLBs over the data dense areas of Australia and New Zealand.
It is apparent that the two forms of data complement each other well, and this and
other examples gave the author confidence in the CLB data, except in those cases
where low reliability CLB observations were in marked conflict with the analgsed
contours, and lacked supporting evidence (e.g., the 165 kn wind near 31% 78 in
Fig 2(b)). ~

INCORPORATION OF CLB DATA INTO SOUTHERN HEMISPHERE ANALYSES

As received in Australia, the CLB data (which refer to a nominal pressure level

of 150 mb) consisted of a coded message containing time of observation, latitude
and longitude of the observation point, ambient air pressure (since the balloons
could, and did, deviate substantially from 150 mb), temperature, a wind speed and
direction, a geometric height, and an indicator of the reliability of the observ-
ation. On receipt, these CLB data were manually plotted on SH charts and retained,
along with the original messages.

The following criteria were then used to select situations to be studied in
depth. First, it was decided to select cases in which the CLB data indicated a
markedly different flow pattern over the ocean areas to that shown on the south-
ern hemisphere analyses routinely prepared and archived by the National Meteoro-
logical Analysis Centre (NMAC) in Melbourne. This operational system, described
by Gauntlett et al. (1972), has, as a major input, a manual analysis of 1000-500 mb
thickness which, in areas devoid of radiosonde data, is based on satellite picture
interpretation using techniques described by Guymer (1969). It should be noted
that while VTPR data were available over the southern hemisphere during the period
covering the situations under study, these data were only used as an aid to the
preparation of the manual 1000-500 mb thickness analysis, and not otherwise as
input to the automatic numerical analysis system. Thus, at levels above 500 mb,
the analyses over the ocean areas were based on radiosonde data from isolated island
stations, and on statistical extrapolation of the 500 mb fields, using techniques
described by Seaman (1972).
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Figl

The manual 150 mb geopotential and isotach analysis for 0000 GMT 15 October 1975, with
CLB (brown) and conventiona! (black) observations superimposed. Units of geopotential

contours (solid lines) are gpdam, the units of isotachs (dotted lines) and observations are
knots. :
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Since the operational system does not have 150 mb as one of its standard levels,
situations satisfying the above criterion were selected by visually comparing the
plotted CLB wind vectors with the operationally prepared 200 mb geopotential and
isotach analyses. Second, attention was concentrated on the Indian Ocean, since
it was felt that in this area the CLB data could have a large impact on this 'data
void', while having the relatively dense radiosonde and pilot balloon network over
the Australian continent available for prognosis verification in the region immedi-
ately downstream from the area where changes were made to the base analyses.

After a visual comparison of all available manually plotted CLB data with
the corresponding operationally prepared 200 mb analyses, five situations within
the period mid-September to mid-October 1975 were selected. Not only did these
situations satisfy the above criteria, but they also contained a reasonably
extensive network of CLB data. This latter requirement was not trivial, since
the amount of CLB data available was somewhat variable from day to day, and several
cases in which isolated CLB observations indicated marked changes in the orient-
ation of the subtropical jet stream had to be rejected for test purposes due to
lack of supporting observations. The CLB networks over the Indian Ocean for two
situations, 0000 GMT 12 October 1975 and 0000 GMT 5 QOctober 1975 are shown in
Figs 2(b) and 3(b).

Several methods of incorporating these CLB data into the operational analyses
were considered. However, since 150 mb, the nominal level of the TWERLE balloons,
is not a standard analysis level in the NMAC automatic numerical analysis system,
it was felt that to develop a system such as optimum interpolation, three-dimens-
ional variational blending, or four-dimensional assimilation for these data would
have involved a disproportionate effort in order to obtain the desired simple
estimate of the impact that the CLB data were likely to have on-the operational
objective analyses and numerical prognoses. Accordingly, a manually interactive
approach was used, in which the CLB data were incorporated using a manual 150 mb
analysis to determine implied changes to the operational analyses These implied
changes were then spread numerically to other levels.

Single level manual 150 mb geopotential and temperature analyses were prepared,
with the archived 200 and 100 mb analyses prepared by NMAC as initial guidance,
and using all CLB data within 6 hours of chart time, as well as using all available
radiosonde and upper wind data, Within these time 11m1ts, the CLB data ranged in
location from approximately 90°W through 180°E to 50°E longitude for a nominal
chart time of 0000 GMT.

In preparation of the manual geopotential height analyses, any available
radiosonde data were given greatest weight. The geostrophic assumption was made
in the use of both pilot balloon and CLB wind data to provide information on the
spacing of the geopotential contours, with subjective corrections being made in
areas of marked curvature of the contours. A decreased weight was given to observ-
ations from those CLBs that had deviated markedly from 150 mb, with, in these cases,
greater weight being given to the direction than to the speed of the wind observ-
ations. Some attempt was made to use differences of geometric height between adjacent
balloons to provide further imformation on the spacing of the geopotential contours,
however in order to use this technique successfully, not only does the line joining
the two balloons need to make as large an angle as possSible to the contours, but
also the balloons need to be at the same pressure level. These requirements were
met so rarely that the technique provided virtually no useful information.

These manual analyses were converted to grid point values on a grid used in
the automatic numerical analyses (a 47 X 47 grid on a polar stereographic pro-
jection, with a grid length of 500 km at standard latitude 60°). At each grid
point, differences were taken between these 150 mb geopotential heights and those
generated by log-linear interpolation between the archived 200 mb “and 100 mb geo-
potential analyses. These differences were defined, for the purposes of this
project, to be the corrections to be made to the conventional numerical analyses
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at 150 mb. In order to spread these corrections to the standard analysis levels,

it was assumed that, since geopotential height increases, to a first approximation,
linearly with the decreasing logarithm of pressure, these corrections were similarly
distributed. Thus the archived geopotential heights at each grid point at 850,

700, 500, 300 and 200 mb were corrected with a proportion of the 150 mb geopotential
correction, which decreased linearly with increasing logarithm of pressure, from
unity at 150 mb to zero at 1000 mb.

Next the temperatures at each analysis level were adjusted hydrostatically
according to the thickness correction applied to the layer below. The upper level
temperatures (and heights) were then adjusted to be consistent with the manually
analysed 150 mb temperature fields, assuming that the temperature lapse rate above
the tropopause was that of the archived analysis, while the lapse rate below the
tropopause was that given by the modified analysis.

Finally, the wind field at each level was modified to be consistent with the
mass fields, by means of a version of the operational southern hemisphere analysis
system with the adjusted geopotential fields as first guesses and no data input.
This had the effect of modifying the wind components to consistency with the
changed geopotential fields.

Tests were conducted with actual radiosonde data to estimate the errors likely
in the log-linear interpolation of 150 mb geopotential height from 200 and 100 mb
geopotential heights, It was found that the mean errors of interpolation were less
than 2 dam south of 3505, where the tropopause was consistently below 200 mb, but
increased northwards from 35°S to approximately 7 dam at the equator. Thus a pro-
portion of these errors would have been spread to the lower levels during the cor-
rection process. The possible effects of these errors will be discussed in the
following sections,

EFFECT ON ANALYSES

Five situations were selected for detailed study of the impact of the CLB data,
the selection process being described in the previous section. In four of these
situations, the CLB-data produced quite large changes in the geopotential height
of the 200 mb surface over the Indian Ocean, with changes of over 30 gpdam in
parts, and marked changes in the amplitude, orientation, and position of the
troughs, and consequent changes in the associated isotach patterns. In the fifth
situation the changes made to the geopotential height of the 200 mb surface were
less, but the grgdients of geopotential were changed to ingroduce a 100 kn isotach
maximum along 30°S latitude between longitudes S50 E and 70 E, where in the oper-
ational analysis the wind speeds had been of the order of 60 kn. Changes of the
magnitude shown are not unexpected when one considers the errors, as quoted by
Seaman (1972) in computing layer thicknesses above 500 mb by statistical extra-
polation, which is, during the operational analysis, the sole input to these
upper levels in areas lacking conventional data.

While for reasons of space all five situations will not be discussed in
detail, the operational,200 mb analyses and the corresponding modified analyses
for two of the situations are shown in Figs 2(a) and 3(a) and 2(b) and 3(b),
respectively, with the 150 mb CLB wind speed and direction observations for each
situation superimposed on the modified analyses. It should be remembered when
comparing the isotach patterns with these CLB observations that the two are
separated by approximately 200 dam in height and thus an exact correspondence
should not be expected.

In the case shown in Fig 2 (that of 0000 GMT 12 October 1975) the CLB data
indicate a northwesterly jet with speeds in excess of 100 kn over the western
Indian Ocean. When these data were spread into the operational analyses, using
the technique described in the previous section, the amplitude of the 200 mb
trough near 40°E was increased, and a 100 kn isotach maximum was introduced over
the Indian Ocean. ]
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