Aust. Met. Mag. 39 (1991) 223-235

The impact of increased TOVS data on

numerical forecasts of a case of
cyclogenesis

G.A. Mills
Bureau of Meteorology Research Centre, Melbourne, Australia

(Manuscript received March 1991; revised March 1991)

In December 1987 an intense extratropical cyclone passed through southern Aus-
tralia causing considerable damage, economic loss and forecast difficulty. This case
was examined by Velden and Mills (1990), who showed that a limited area data
assimilation system captured many of the features of the intensification and move-
ment of the low. Their analyses used TOVS data at 500 km resolution, as received on
the Global Telecommunication System in Australia. In this paper, their forecasts
are repeated, but using TOVS data with a horizontal resolution of 250 km in the
assimilation. It is shown that during the intensification phase of the low’s evolution
the additional TOVS data produced better forecasts of the low’s shape, and also had
the low moving slightly faster — an improvement in forecast accuracy. It is
also shown that during the low’s precipitation phase, the distribution of precipi-
tation was more faithfully reproduced, with a double rainfall centre forecast, as was

observed.

Introduction

In spite of what is probably a universally held
belief that the temperature and moisture profiles
from the TIROS Operational Vertical Sounder
(TOVS data) have a significant impact on oper-
ational global medium-range weather forecasts,
relatively little appears in the literature docu-
menting their impact. This has been partly due to
the difficulty of measuring this impact over the
already (at least at the synoptic scale) well-ob-
served northern hemisphere. Vergin et al. (1984)
and Thomasell et al. (1986) showed a small posi-
tive impact of TOVS data on hemispheric fore-
casts, and found that most of the impact was in the
less well-observed areas. Baker et al. (1984) found
that positive or negative impact of these data de-
pended on the choice of retrieval algorithm, while
Tractonet al. (1981)argued that TOVS data could
only positively impact an inferior analysis system.
In spite of these mixed results in early data
systems tests (note that all these references are
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at least five years old), all global operational nu-
merical weather prediction systems now routinely
input TOVS data to their data assimilation
systems.

In the southern hemisphere, where conven-
tional observations are more sparse, positive im-
pact on hemispheric forecasts was demonstrated
by Bourke et al. (1982). Of the few limited area
studies, possibly the most definite positive impact
of TOVS data on numerical forecast accuracy was
that described by Kelly et al. (1978), although
other more recent studies have been reported (e.g.
Mills and LeMarshall 1987; LeMarshall et al.
1990). One of the possible reasons why the posi-
tive impact of these data has not been widely
reported in the northern hemisphere is that the
full horizontal resolution capabilities (see Smith
et al. 1979) of these data have not been exploited.
In at least one case over the United States the use
of high resolution TOVS data improved the short-
term numerical forecast of a severe weather event
(Mills and Hayden 1983), and Gustafsson and
Svensson (1988) also show small positive impact
of these data over an already well-observed area of
northern Europe.
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In Australia the TOVS retrievals received on
the Global Telecommunications System (GTS)
from the National Oceanic and Atmospheric Ad-
ministration (NOAA) in Washington DC are used
in the operational global (Bourke et al. 1982) and
regional (Mills and Seaman 1990) data assimi-
lation systems. Because of technological limi-
tations, only the 500 km resolution retrievals are
passed to Australia via Tokyo, rather than the 250
km resolution which is transmitted from
Washington to other parts of the world. Velden
and Mills (1990) (hereafter VM90) reported a case
of unusually intense extratropical cyclogenesis
over southeastern Australia which occurred in
December 1987, and demonstrated that forecasts
from the BMRC regional data assimilation system
(RASP) showed a useful level of skill. These as-
similation experiments used the 500 km resol-
ution TOVS data from the GTS. Since then, tapes
containing the 250 km resolution data for this per-
iod were obtained from the European Centre for
Medium Range Weather Forecasts (ECMWEF),
and it is the purpose of this paper to report on the
impact of adding these higher-resolution TOVS
data to the Australian observation files, repeating
the data assimilation and comparing the two sets
of forecasts. This will be termed the HITOV as-
similation in this paper.

The event under study was described in detail
by VM90. A Southern Ocean low moved north-
east towards the Western Australian coastline on
28 November 1987, and as it approached the
coastline another low developed to its northeast,
over the Nullarbor Plain. This new low moved
eastward, then southeastwards through South
Australia. The low intensified rapidly as it moved
through South Australia and on 1 December
brought heavy rain and strong cold winds to much
of Victoria.

The design and performance of the RASP
system has been described in detail by Mills
and Seaman (1990). It has a 150 kilometre grid
spacing, 11 analysis pressure levels (1000, 850,
700, 500, 400, 300, 250, 200, 150, 100, and 50
hPa), and 15 forecast model sigma levels (0.05,
0.10,0.15,0.20,0.25, 0.30, 0.40, 0.50, 0.60, 0.70,
0.78, 0.85, 0.90, 0.95, and 0.98). In the exper-
iments reported here data were inserted each six
hours. After each data insertion the analysis
changes on pressure surfaces were interpolated to
the forecast model sigma surfaces before the
model was initialised for the subsequent fore-
cast.

The assimilation reported by VM90 (termed
the LOTOV assimilation hereafter) commenced
at 0000 UTC 29 November 1987, and two 24-
hour forecasts were described in detail. The first
was based at 0000 UTC 30 November, after 24
hours (four cycles) of assimilation, and was in-
tended to examine the skill of the forecast system
in predicting the track and intensification of the
developing cyclone. The second, based at 0000

UTC | December, was intended to examine the
forecasts of precipitation during the low’s passage
across Victoria. In this study four forecasts from
the HITOV and the LOTOV analyses were pre-
pared, based at 12-hour intervals from 1200 UTC
29 November to 0000 UTC 1 December. The next
section of this paper will show the comparative
data coverage and compare the analyses for the
LOTOYV and HITOV data sets and the following
section will compare the forecasts from the two
systems.

Data and analysis comparisons

The number of TOVS profiles available to each
six-hourly analysis from 0600 UTC 29 November
for the LOTOV and HITOV assimilations is
shown in Table 1, and Fig. 1 shows examples of
the TOVS data distributions for these two data
sets. Table 1 shows a vast increase in number of
the TOVS data on the European Centre (EC)
tapes, and Fig. 1 shows that this is not only a
greater density of data, but also that more orbits

" were received. The additional orbits were mostly

at the 0600 and 1800 UTC analysis times, with
extra orbits (usually east of Australia) occasion-
ally available at the 0000 and 1200 UTC analysis
times. (At the time of writing this paper, this be-
haviour is no longer noticed in operational prac-
tice and so must be ascribed to changes in data
handling practice since that time.)

Table 1. Number of TOVS data profiles available for
the LOTOV and HITOV analyses for each
analysis time.

Analysis time LOTOV No. HITOV No.
29/0600 18 252
29/1200 72 544
29/1800 25 496
30/0000 79 436
30/0600 10 421
30/1200 50 511
30/1800 23 ) 400
01/0000 86 386

Because the EC data contain more orbits than
do the Australian archive tapes as well as having a
higher density of data in those orbits, any impact
of the EC TOVS data will have components due to
both increased resolution of the data and in-
creased coverage. After the first cycle of assimi-
lation the guess field will differ if a different data
base is used, so a subsequent analysis will differ.
Thus the differences between the LOTOV and
HITOV analyses are partly the direct effects of
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Fig. 1 LOTOY (right) and HITOV (left) TOVS data distributions for the analyses at 1800 29 November and 0000 UTC

30 November 1987.
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differing data bases (in this case TOVS data den-
sity) at the analysis time, and partly the effects of
the resulting differences in the guess fields result-
ing from differing data coverage and density at
earlier analysis times. At the major forecast base
times the same orbits are received so some reas-
onable conclusions can be reached, and some
assessment of the effects of the differing guess
field will be made by using the HITOV data with
the LOTOV guess fields to generate what will be
termed HONLY analyses.

In comparing the analyses, two fields will be
assessed: the first is the 1000-500 hPa thickness
field, and the second the 250 hPa wind speed.
These will be compared for the analyses at the four
forecast base times, and Figs 2 to 5 show these
fields and their differences for analyses at 12-hour
intervals from 1200 UTC 29 November to 0000
UTC 1 December 1987. Concentrating on the
trough system approaching Western Australia,
Figs 2 and 3 show that at 1200 UTC 29 November
the LOTOV thickness analysis had a lower centre
than the HITOV system, but its centre was slightly
further south. The difference field shows the
higher thickness values of the HITOV analysis on
and west of the axis of the thermal trough,
however values are lower to the southeast of the
cold pool. The 250 hPa wind analyses reflect these

differences with the main isotach maximum near
the head of the Bight similar in each analysis, but
with a much stronger southerly jet on the western
flank of the trough in the HITOV analysis.

At 0000 UTC 30 November, the two analyses
show identical positions for the cold pools, but
those of the HITOV analysis have slightly higher
thickness values on the axis of the trough over
Western Australia, and lower values to the east
and west of the trough. Wind speeds at 250 hPa
are again up to:10 m s—! stronger over southwest
Western Australia in the southwesterly flow just
west of the trough apex. At 1200 UTC 30 Nov-
ember (Figs 4 and 5) the differences in the trough
structure are subtle, but with the HITOV analysis
having the thermal trough slightly narrower and
slightly further east and with a more pronounced
thermal ridge over New South Wales than the
LOTOYV analysis. At 0000 UTC 1 December the
HITOV analysis shows lower thickness values in
the thermal trough over central South Australia
and slightly higher thickness values in the thermal
ridge over southern New South Wales. In spite of
this implied stronger thermal wind on the eastern
flank of the trough, the HITOV 250 hPa wind
analysis shows slightly lower speeds in the
northwesterly jet over New South Wales than are
seen in the LOTOV analysis.
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Fig. 2 Analyses of 1000-500 thickness (dam) at 1200 UTC 29 November and 0000 UTC 30 November 1987. HITOV
analyses top, LOTOV analyses middle, and the difference fields (HITOV minus LOTOYV) bottom. Contour
interval 60 dam for analyses, 10 dam for difference fields.
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Fig.3 Analyses of 250 hPa wind speed (m s—1) at 1200 UTC 29 November and 0000 UTC 30 November 1987. HITOV
analyses top, LOTOV analyses middle, and the difference fields (HITOV minus LOTOV) bottom. Contour
interval 10 m s—1 for analyses, 5 m s—! for difference fields.
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Fig. 4 Analyses of 1000-500 thickness (dam) at 1200 UTC 30 November and 0000 UTC 1 December 1987. HITOV
analyses top, LOTOV analyses middle, and the difference fields (HITOV minus LOTOV) bottom. Contour
interval 60 dam for analyses, 10 dam for difference fields.
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Fig.5 Analyses of 250 hPa wind speed (m s—!) at 1200 UTC 30 November and 0000 UTC 1 December 1987. HITOV
analyses top, LOTOV analyses middle, and the difference fields (HITOV minus LOTOV) bottom. Contour
interval 10 m s—! for analyses, 5 m s—1 for difference fields.

30/1200 HITOV 1/0000 HITOV

30/1200 LOTOV 1/0000 LOTOV




230

Australian Meteorological Magazine 39:4 December 1991

Fig. 6 Analyses of 1000-500 hPa thickness (dam) and 250 hPa wind speed (m s —!) at 1200 UTC 29 November and 0000
UTC 1 December using the HITOV data base and the LOTOV guess fields.
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In order to make some assessment of the rela-
tive effects of different guess fields and different
data coverages, new analyses at 1200 UTC 29
November and 0000 UTC 1 December were pre-
pared using the HITOV data base, but the guess
fields from the LOTOV assimilation. These
1000-500 thickness and 250 hPa wind analyses
are shown in Fig. 6, and will be termed the
HONLY (‘high only’) analyses. Interestingly, at
1200 UTC 29 November the HONLY analyses
are closer to the HITOV analyses than the
LOTOV analyses, however the opposite is the
case at 0000 UTC | December. This suggests that
in the second case the data coverage at the earlier
time changed the guess field, thus having an im-
pact on the analysis, while in the first case the

increased data density at the analysis time was the
chief cause of the changed analysis.

The subtle interactions of different guess fields
and the detail of the different data distributions
are obviously critical, but this shows that the dif-
ferences in the analyses are not simply due to the
different data bases at the analysis time, but also
due to differences in the guess fields caused by
differing data bases at earlier times.

Comparison of prognoses

Four 36-hour forecasts were prepared from both
the HITOV and the LOTOV analyses based at 12-
hour intervals from 1200 UTC 29 November.
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Fig. 7 LOTOV and HITOV 12-hour MSLP forecasts based at 1200 UTC 29 November 1987 and their error fields

(HITOV analysis minus forecast, lower panels).
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Lateral boundary conditions were obtained from
the archived operational hemispheric forecast
(Bourke et al. 1982) and duplicated operational
practice. The first three forecasts show the low’s
development and movement through southern
Australia, and only the first will be shown in detail
as the general character of the differences between
these three pairs of forecasts are quite similar. The
last forecast, based at 0000 UTC 1 December, is
intended to assess the impact of the HITOV data
on the rainfall forecasts over Victoria on that
day.

Forecast based 1200 UTC 29 November
Figures 7, 8 and 9 show the 12, 24 and 36-hour
MSLP forecasts from this time, with the error

fields below each forecast. The error fields are
relative tothe HITOV analyses, however, with the
same data base for each of the MSLP analyses,
and the use of operationally produced bogus data
over the ocean at 0000 and 1200 UTC, the surface
field is well specified and the error patterns are
relatively insensitive to choice of verifying MSLP
analyses. There are two main points to be made.
First, the low-pressure system in the HITOV fore-
cast is centred slightly west of the LOTOV low at
12 hours, but is centred to the east (a better fore-
cast) by 36 hours. Thus the HITOV forecast
moves the low more quickly. Second, it was
pointed out in VM90 that there was a tendency for
the forecasts to elongate the low northwest-
southeast, rather than to have the more circular







