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Much of the Antarctic continent and surrounding oceans are
devoid of observing platforms, making the southern hemi-
sphere, south of 50°S, the most data-sparse area on the plan-
et. To adequately define initial conditions for global atmos-
pheric modelling, scientists are having to rely primarily on
remotely sensed data from satellite-based systems. In' this
study, data from the TIROS Operational Vertical Sounders
(TOVS) on the NOAA11 and NOAAI12 polar-orbiting satel-
lites are compared with balloon-based soundings from
Antarctic stations using data from the three special observ-
ing periods of the FROST project. Results from the study
suggest that, in general, TOVS-derived thickness values over
continental Antarctica are highly suspect and likely to devi-
ate significantly from the ‘truth’. However, retrievals taken
over oceanic regions, between 50°S and the Antarctic coast,
are highly correlated with radiosonde measurements and
should prove useful in deriving upper-air analyses for the
FROST analysis project. In the second part of the study,
where TOVS retrievals were compared with analyses from
the Australian Bureau of Meteorology’s Global Assimilation
and Prediction (GASP) system, large discrepancies were
found between GASP and TOVS analyses over continental
Antarctica. Whether the major source of the discrepancies
was in the TOVS retrievals or the model analyses is not clear.

Introduction

In preparing analyses of 500 hPa and 250 hPa geopo-
tential height fields, FROST analysts have been con-
fronted with an acute data shortage. Very few upper-
air sounding stations are to be found in the Antarctic
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region upon which to base these analyses. Figure 1
shows those stations south of 50°S that provide
upper-air soundings and that were available for this
study. The only inland upper-air measurements taken
over the entire Antarctic continent were those made at
the American South Pole base. Oceanic based obser-
vations were limited to Macquarie Island (54.5°S
159°E) and Campbell Island in the eastern hemi-
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Fig. 1 Upper-air radiosonde sounding stations used
in the comparison with TOVS data.
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sphere, Mt Pleasant in the Atlantic Ocean and Punta
Arenas on the southern tip of South America. The
Campbell Island upper-air station closed shortly after
the last of the FROST special observing periods
(SOP-1; July 1994, SOP-2; 16 October 1994 to 16
November 1994 and SOP-3; January 1995), leaving
Macquarie Island as the only oceanic upper-air station
south of 50°S in the eastern hemisphere. However,
Marion Island, at around 46.8°S 38°E, and Kerguelen
Island, near 49.5°S 70°E, provide regular upper-air
soundings, although this still leaves Macquarie Island
as the only oceanic upper-air observing station from
Kerguelen Island to Punta Arenas at 69°W, some 221
degrees of longitude.

With the sparsity of ground-based station data, the
TOVS (TIROS Operational Vertical Sounder, see
Smith et al. 1979) datasets of 700-500 hPa and 500-
250 hPa thickness provided by the US National
Environmental Satellite, Data, and Information Ser-
vice (NESDIS) have the potential to dramatically
impact on the quality of the high latitude analyses.
These data were provided with a nominal horizontal
resolution of 500 km at nadir for each satellite plat-
form (NOAA11 and NOAA12) and with an accuracy
estimated at £22 m for 700-500 hPa thickness and
146 m for 500-250 hPa thickness, based on NESDIS
stated accuracies for mean layer virtual temperatures
of 2.25K for tropospheric data above 850 hPa.
However, before any reliance could be made on these
data in the preparation of FROST analyses a quantita-
tive analysis of TOVS performance was needed to

assess the impact these data were likely to have on the
quality of the analyses. The spatial resolution of 500
km was quite low, much lower than the 250 km and
125 km datasets now available. However, in the
analysis of the data, TOVS retrievals were combined
from several satellite passes over three-hourly peri-
ods, giving a spatial resolution closer to 200 km.

The first part of this study provides a comparison
of geopotential thickness data provided by the NES-
DIS TOVS retrievals and geopotential thickness with
values obtained from radiosonde flights over the
Antarctic continent and surrounding oceans. The sec-
ond part of the study looks at a comparison of TOVS
retrievals and GASP analyses. Tropospheric NESDIS
TOVS data are assimilated into GASP analyses over
oceanic areas. However, over the Antarctic continent
only those retrievals made above 100 hPa are used.
Gross differences between TOVS estimates of geopo-
tential thickness and GASP analyses are discussed.

Data analysis techniques

The TOVS and radiosonde datasets were both irregu-
larly positioned in space and time, posing problems in
collocating data to make a meaningful comparison.
Antarctic radiosondes were routinely launched at
0000 UTC and 1200 UTC with some radiosondes also
flown at 0900 UTC and 2100 UTC. However, the

- TOVS thickness data were distributed throughout the

day. In this study the TOVS data were binned into
eight three-hourly time windows centred on 0000
UTC, 0300 UTC, through to 2100 UTC such that only
those TOVS data in the period ninety minutes either
side of each radiosonde launch time were used in the
comparison. This provided a significant number of
TOVS retrievals for the interpolation scheme and
effectively increased the spatial resolution from the
nominal 500 km to around 200 km. The GASP analy-
ses available for comparison were from 1100 UTC
and 2300 UTC each day and offset by one hour from
the routine radiosonde launches. For the purposes of
this study 1100 UTC GASP data were compared with
1200 UTC TOVS and radiosonde data and 2300 UTC
GASP data with 0000 UTC TOVS and radiosonde
data from the following day.

To overcome the problem of collocating TOVS
and radiosonde data in space, an interpolation scheme
was devised to infer a TOVS value for each
radiosonde location. The interpolation scheme
employed was scalar in form with the entire TOVS
dataset used to infer a TOVS value at a given
radiosonde location. The scheme calculated weights
for each TOVS value with the resulting interpolated
value being defined as:
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Vis(Viw + Vows + .+ Vow )[(w) + wy + ..+ wy).
where V; was the interpolated value being calculated,
Vs -y V,, the TOVS values and wy, ..., w, the weights
assigned to each TOVS value. Each weighting value
was based on the great circle distance from the TOVS
point to the radiosonde location and then normalised
such that the closest TOVS value was given a weight
of one and the furthest TOVS value a weight of zero.
The weighting ramp from zero to one was further
steepened to a new weight, w*, by mapping to a
cosine bell and raising the weight to a suitably large
power to give those TOVS values closer to the
radiosonde location significantly more weight, i.e.;

w* = {0.5%(1 + cos[180-180w])} 150

An interpolated TOVS value was calculated for a
radiosonde location only if there was at least one
TOVS value within 300 n mi of the radiosonde station.
The scheme has limitations in those cases where the
radiosonde location falls outside the swath of TOVS
data yet is still within 300 n mi of the closest TOVS
value. In such cases an extrapolation scheme would be
more appropriate, rather than the interpolation scheme
employed here. However, The TOVS swaths at 0000
UTC, 0900 UTC, 1200 UTC and 2100 UTC generally
encompassed the radiosonde stations that were includ-
ed in the analysis and the problem not seen as a major

one. The weighting scheme was heavily biased -

towards the closest TOVS value but in general several
TOVS measurements were located at similar distances
from the radiosonde locations with significant influ-
ence from several TOVS values being felt.

For the interpolation of GASP data to the TOVS
and radiosonde locations the weighting scheme was
based on great circle distance from the four surround-
ing GASP grid points, with an averaging scheme of
the following form;

{dydsdy + dydydy + dydydy + dydads )

Where V|, .., V4, were the four GASP values and d,,
...d4 the distances from the GASP points to the
TOVS, or radiosonde location. This scheme is analo-
gous to a simple two point linear interpolation.

Cdmparison of TOVS and
radiosonde

The initial assessment of TOVS thickness values was
based on a direct comparison with radiosonde data
from the Antarctic upper-air network (Fig. 1) and
encompassed all three special observing periods and

Fig. 2(a) A comparison of TOVS and radiosonde mea-
surements of 700-500 hPa geopotential thick-
ness made during the three special observing
periods.
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Fig. 2(b) A comparison of TOVS and radiosonde mea-
surements of 500-250 hPa geopotential thick-
ness made during the three special observing
periods.
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analyses of 700-500 hPa thickness (Fig. 2(a)) and
500-250 hPa thickness (Fig. 2(b)). It is quite clear
from Fig. 2 that a fairly strong linear relationship
existed between the TOVS estimates and radiosonde
measurements of both thickness layers, although there
are some significant departures for the lower thick-
ness measurements, especially in the 500-250 hPa
layer (Fig. 2(b)). These differences may possibly be
seasonal or location-dependent as, generally, lower
thickness values are found further inland over the
high Antarctic continent and during the winter/spring
months. It is possible that the very cold and high ice
dome of Antarctica was in some way degrading the
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TOVS estimates or the TOVS instruments were poorer
in their response for low atmospheric thickness values,
or a combination of both. To test these possibilities the
datasets were first split temporally, with the analysis
performed on each SOP individually, and then further
separated depending on whether the TOVS retrievals
used in the comparison were performed over the ocean
or the Antarctic continent. This second split had some
possible problems given that most of the radiosonde
data were coastal and either grouping may have led to
the problem of the TOVS dataset not fully encompass-
ing the radiosonde locations and posing problems with
the interpolation scheme as described in the previous
section. However, both the oceanic and continental
TOVS datasets were forced to include retrievals from
over the Antarctic Coastal fringe to ensure that the
coastal radiosonde stations had TOVS data encom-
passing them in both comparison studies. Table 1
details the statistics from the breakdown of the TOVS
datasets into the three special observing periods, and
the spatial split where either continental or oceanic
retrievals were used in the comparison. Standard devi-
ations of the differences between TOVS and
radiosonde measurements are provided as an assess-
ment of the quality of the TOVS data along with an
estimate of the percentage error, based on the ratio of
the standard deviation to the mean TOVS thickness of
the dataset. The 72 variance associated with a linear
regression between the TOVS and radiosonde data is

-

presented as an estimate of TOVS performance and the
number of radiosonde/TOVS observations used to pro-
duce the statistics also given.

Two striking observations can be made from both
the seasonal and location-dependent datasets. Firstly,
there was a strong seasonal bias, with the correlation
between radiosonde and TOVS poorest.in spring
(SOP-2). Secondly, the majority of poor TOVS
retrievals occurred over the Antarctic continent. These
effects were obvious in both the 700-500 hPa data
(Table 1(a)) and the 500-250 hPa data (Table 1(b)).

To highlight the poor performance of continental
TOVS retrievals, and the strong seasonal dependence
on TOVS reliability, South Pole radiosonde data were
isolated. Figure 3(a) shows the comparison of these
data with the collocated TOVS retrievals and it is quite
apparent that all the poor retrievals over the South Pole
occurred during SOP-2. A comparison of Fig. 3(a) and
Fig. 2(b) also highlights the fact that the majority of the
poor 500-250 hPa TOVS retrievals for the region south
of 50°S occurred over the Antarctic continent and,
more specifically, occurred in comparison with the
South Pole radiosonde data (the only true continental
station in the study). Interestingly, the comparison of
Macquarie Island and Campbell Island TOVS
retrievals for the 500-250 hPa thickness layer (Fig.
3(b)) showed no seasonal variation at all, suggesting
the poor TOVS retrievals were a function of very low
atmospheric thickness, which are most typically found

Table 1. Standard deviations of the differences between TOVS and radiosonde estimates of 700-500 hPa thickness (a)
and 500-250 hPa thickness (b) along with an estimated percentage error for TOVS values and the 12 variance
from a linear regression applied to the two datasets. The number of sonde/TOVS observations used in each com-

parison is also listed.

(a) 700-500 hPa thickness

SOP-1
std error

SOP-2
std error 1?

SOP 3
std error

All SOPs
std error

Sonde vs all TOVS
(count)

Sonde v Continental TOVS
(count)

Sonde v Oceanic TOVS
(count)

25.41.0% 0.85
650
32.41.3% 0.58
467
234 1.0% 0.87
595

30.0 1.3% 0.71
414
40.1 1.7% 0.26
278
269 1.1% 0.75
375

24.1 1.0% 0.86
419
276 1.1% 0.51
285
25.1 1.0% 0.87
371

28.11.2% 0.82
1483
38.1 1.6% 0.46
1030
253 1.0% 0.86
1341 |

(b) 500-250 hPa thickness

Sonde vs all TOVS
(count)

Sonde v Continental TOVS
(count)

Sonde vs Oceanic TOVS
(count)

35.90.8% 0.87

706

425 1.0% 0.68
526
35.80.8% 0.87
635

63.71.4% 0.77
491
70.8 1.6% 0.47
358
39.90.9% 0.86
404

33.50.7% 0.84
457
35.6 0.8% 0.42
326
32.50.7% 0.88
374

50.6 1.1% 0.84
1654
62.51.4% 0.64
1210
37.00.8% 0.91
1413
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Fig. 3(a) A comparison of TOVS 500-250 hPa geopoten-
tial thickness measurements, from the three
special observing periods, with radiosonde
measurements made at the South Pole.
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Fig. 3(b) A comparison of TOVS 500-250 hPa geopoten-
tial thickness measurements, from the three
special observing periods, with radiosonde
measurements made at Macquarie and
Campbell Islands.
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over the continent and during the transitional season
of SOP-2. Indeed, the Antarctic atmosphere in these
layers is the coldest area on the planet. It is also pos-
sible that the ozone concentration used in the forward
calculations for the TOVS retrievals may have been
quite different from reality at this time, or that the
vertical structure of the polar vortex during the 1994
spring was not well represented in the set of
radiosonde/TOVS matches used for the selection of
the first guess for the NESDIS physical retrieval algo-
rithm. It is also possible that polar stratospheric
clouds, present during spring, may degrade the quali-

ty of TOVS data retrievals for the 500-250 hPa layer.
Comparison of TOVS and GASP

analyses

In the second part of this study analyses from the
GASP system are compared with the TOVS
retrievals over both the oceanic and continental
regions. Both oceanic TOVS and radiosonde data are
assimilated by the GASP system so the datasets are
by no means independent. However, Antarctic conti-
nental TOVS retrievals below 100 hPa are not used
by GASP and a comparison of the two datasets pro-
vides some measure of performance of both the
TOVS retrievals and GASP analyses over the
Antarctic continent. Although it should be noted that
the 250 km resolution TOVS data used above 100
hPa over the continent have some influence on the
lower levels through vertical background error cor-
relations. These data also have an indirect effect on
the analyses through improving the model forecasts
that are then used in the assimilation scheme as first
guess fields. So the two datasets are not entirely
independent.

The method by which the GASP system assimi-
lates radiosonde data differs to that used for TOVS
retrievals and a comprehensive discussion of the
multivariate statistical interpolation (MVSI)
scheme used to generate GASP analyses may be
found in Seaman et al. (1995). The root mean
square (rms) observational errors used in the MVSI
scheme for radiosonde observations were set at 6 m
for 1000 hPa height data, 13 m for the 500 hPa data
and 34 m at 200 hPa, implying, from basic error
analysis techniques (Squires 1976) that GASP
analyses of thickness would be constrained to fit
radiosonde observations to within 16 m for the 700-
500 hPa layer and 33 m for the 500-250 hPa layer.
These error values are only approximate as the actu-
al manner in which the sonde data are assimilated is
somewhat more complicated than a simple fit of the
analysis to the sonde values. Figure 4 -shows the
comparison of radiosonde data with the GASP
analyses of 700-500 hPa thickness (Fig. 4(a)) and
500-250 hPa thickness (Fig. 4(b)) for the three spe-
cial observing periods, demonstrating the degree to
which the assimilation scheme paid the radiosonde
observations. Statistics from the interpolation are
listed in Table 2 where errors of the order of 9 m
(0.4%) were found for the 700-500 hPa thickness
and 15 m (0.3%) for 500-250 hPa thickness; well
within the error limits quoted for the MVSI scheme.
As expected of the MVSI scheme, the linearity of
the relationship between GASP and radiosonde data
was also very good with a regression analysis giv-
ing r2 variance values of around 0.98 for both thick-
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Fig. 4(a) A comparison of radiosonde and GASP mea-
surements of 700-500 hPa geopotential thick-
ness made during the three special observing
periods.
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Fig. 4(b) A comparison of radiosonde and GASP mea-
surements of 500-250 hPa geopotential thick-
ness made during the three special observing
periods.
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ness layers (Table 2).

Overall, the errors in the TOVS-radiosonde
comparison (Table 1) appeared to be around three
times greater than those displayed in the compari-
son of GASP and radiosonde data but with a signif-
icant improvement if only oceanic TOVS retrievals
were considered, wherein the errors improved to be
only double that of those found in the GASP-
radiosonde comparison.

If the GASP analyses were performing well in
those areas devoid of radiosonde data then it would
be expected that errors between the GASP analyses
and TOVS retrievals would be similar to the errors
highlighted in the radiosonde-TOVS comparison.
Figures 5(a) and 5(b) show scatter plots of TOVS
retrievals versus the GASP analysis of 700-500 hPa
thickness and 500-250 hPa thickness, respectively
for SOP-2. Both thickness layers showed signifi-
cantly poor agreement and a strong bias in the
TOVS estimates at low thickness values, with the
TOVS data significantly underestimating thickness
in comparison with the GASP analyses. Similar
poor performances at low thickness values were
apparent during SOP-1, although the bias was the
reverse with the TOVS retrievals over-estimating
the thickness when compared to the GASP analy-
ses. Thickness values during SOP-3 were generally
high due to seasonal effects and the biases less
obvious. However the TOVS retrievals at lower
thickness values persisted in underestimating
thickness in a similar manner to that observed dur-
ing SOP-2. A similar breakdown by season and
location (oceanic and continental) was performed
in the comparison of GASP and TOVS data with
Table 3 detailing the standard deviations and esti-
mated percentage errors between GASP and TOVS
estimates of 700-500 hPa thickness (Table 3(a))
and 500-250 hPa thickness (Table 3(b)). The r?
variance associated with a linear regression
between the TOVS and GASP data was also calcu-
lated as an estimate of TOVS performance.

Table 2. Standard deviations of the differences between GASP and radiosonde estimates of 700-500 hPa thickness and
500-250 hPa thickness along with an estimated percentage error for GASP values and the r~ variance from a

linear regression applied to the two datasets.

Sonde vs GASP analysis SOoP-1 SOP-2 SOP-3 All SOPs
std error 12 error 12 std error r? std error r?
700-500 hPa Thickness 10.0 0.4% 0.98 93 04% 097 82 0.3% 0.98 9.2 0.4% 0.98

500-250 hPa Thickness 144 0.3% 0.98

15.4 0.4% 0.98

124 0.3% 0.98 14.3 0.3% 0.99




Adams et al.: Analysis of TOVS data during FROST

21

Fig. 5(a) A comparison of TOVS and GASP measure-
ments of 700-500 hPa geopotential thickness
for the second special observing period (16
October to 15 November 1994).

700-500hPa Thickness
NOAA11 and NOAA12 SOP2

g

AREE

;

ASP Measureme
§

Py

4
g

2100 + t t 1 t u + + + 1 +
2100 2150 2200 2260 2000 2350 2400 2450 2500 2550 2600 2650 2700
TOVS Measurements

Fig. 5(b) A comparison of TOVS and GASP measure-
ments of 500-250 hPa geopotential thickness
for the second special observing period (16
October to 15 November 1994).
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From Table 3 it was clear that TOVS retrievals
from oceanic locations displayed a significantly bet-
ter agreement with the GASP analyses than the conti-
nental retrievals, with an overall error of near 18 m
for 700-500 hPa thickness values and 27 m for the
500-250 hPa thickness layer. However, during the
FROST periods oceanic NESDIS TOVS data with a
250 km spacing, for the thickness layers, 850-500
hPa, 500-300 hPa, 300-100 hPa and 100-50 hPa were
routinely assimilated by the GASP analysis system
and the higher observed correlations are influenced
by the dependencies of the GASP analyses on these
TOVS data. However, over the Antarctic continent
the GASP and TOVS datasets were relatively inde-
pendent as no TOVS data were assimilated below 100
hPa and, as is clear from Table 3, the correlation
between TOVS and GASP thicknesses was very poor.

The oceanic TOVS errors, in comparison with
GASP analyses, were somewhat less than the errors
displayed in the comparison of TOVS retrievals with
radiosonde observations, although it is worth noting
that large differences between TOVS and GASP were
still present at lower thickness values over the ocean-
ic region. Figure 6 shows scatter diagrams for both
the 700-500 hPa thickness layer (Fig. 6(a)) and 500-
250 hPa layer (Fig. 6(b)) from SOP-2 where only
oceanic ‘retrievals have been included. Despite the
TOVS data being assimilated by the analysis scheme
some poor correlations are still evident. It is worth
stressing that the MVSI system employed by GASP
used slightly larger rms errors for TOVS retrieval data
than it did for radiosonde data. The TOVS 850-500
hPa thickness layer had an assumed rms error of 23 m
and the 500-200 hPa layer an rms error of 34 m
(Seaman et al. 1995). These thickness layers are
slightly different to the two NESDIS layers used in
this study but as the layers are quite close, the stated
errors ought to be of similar magnitude. The MVSI

Table 3. Standard deviations of the differences between TOVS and GASP estimates of 700-500 hPa thickness (a) and
500-250 hPa thickness (b) along with an estimated percentage error for TOVS values and the 72 variance from

a linear regression applied to the two datasets.

(a) 700-500 hPa Thickness

SOP-1

std error r?

SOP-2
std error

SOP-3
std error r?

27.7 1.1% 0.80
46.7 2.0% 0.32
19.2 0.8% 0.88

16.7 0.7% 0.90
252 1.0% 0.63
13.9 0.6% 0.93

GASP analysis vs all TOVS 28.3 1.2% 0.79
GASP vs Continental TOVS 50.1 2.1% 0.33
GASP vs Oceanic TOVS 19.9 0.8% 0.88
(b)  500-250 hPa Thickness

GASP analysis vs ali TOVS 42,6 0.9% 0.84
GASP vs Continental TOVS 579 1.3% 0.50
GASP vs Oceanic TOVS 28.3 0.6% 0.90

57.5 1.3% 0.81
82.1 1.9% 0.40
31.4 0.7% 091

35.7 0.8% 0.83
447 1.0% 0.52
19.0 0.4% 0.90
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Fig. 6(a) A comparison of oceanic TOVS and GASP
measurements of 700-500 hPa geopotential
thickness for the second special observing
period (16 October to 15 November 1994).
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Fig. 6(b) A comparison of oceanic TOVS and GASP
measurements of 500-250 hPa geopotential
thickness for the second special observing
period (16 October to 15 November 1994).
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scheme also takes into consideration the fact that
TOVS data tend to be spatially correlated with a
Gaussian length-scale near 300 km (Seaman et al.
1995), resulting in the GASP analyses paying less
weight to the absolute TOVS values but allowing the
gradients in the TOVS thickness fields to be paid

more closely. Figure 7 shows the average differences
in the 500-250 hPa thickness layer between the TOVS
retrievals and GASP analyses for the three FROST
observing periods where the TOVS data have been
interpolated to the regular GASP grid with the same
interpolation scheme as used in the TOVS-radiosonde
comparison. As expected over oceanic areas, where
TOVS retrievals have been used in the GASP analy-
ses, there was clearly good agreement between TOVS
and GASP analyses. The gradients in the difference
fields were weak and the magnitude of differences
small. However, a more striking observation from
Fig. 7 was the very clear and large differences
observed over the Antarctic continent. The biases pre-
viously observed in the TOVS datasets for the lower
thickness values are quite obvious in Fig. 7 with the
reversal of the bias from SOP-1 (Fig. 7(a)) to SOP-2
and SOP-3 (Fig. 7(b) and (c)) highlighted with the
shift from a strong negative to positive signature. In
all three periods the difference anomalies are signifi-
cant, with major discrepancies in the strength of the
polar vortex. These strong biases were also clearly
visible throughout the twice daily analyses from all
three observing periods, with little variance in the
positions of the anomalies. So the features were not
simply a function of several short period extreme
fluctuations but a persistent bias between the analy-
ses. During SOP-1 GASP had analysed the vortex to
be much stronger than observed by the TOVS instru-

-ments yet by SOP-2, only two and a half months later,

the TOVS instruments were observing a polar vortex
significantly stronger than that analysed by GASP.
The shift in bias was unusual as the analysis of
radiosonde data from the South Pole (Fig. 3(a))
showed no such strong shift in bias. TOVS data from
SOP-2 were clearly underestimating the 500-250 hPa
thickness in the South Pole area (Fig. 3(a)) and in
agreement with the general overestimate of the
strength of the polar vortex by the TOVS instruments
in comparison with GASP. However, SOP-1 TOVS
data from the South Pole were in good agreement
with the radiosonde data suggesting that the GASP
analyses for this period had performed poorly and
overestimated the strength of the polar vortex.

The standard deviations and percentage errors from
the difference fields between TOVS and radiosonde
derived thickness values suggest that there was rea-
sonably good agreement between the two datasets

" although with a quite striking seasonal effect. The

October-November period (SOP-2) showed quite
markedly poorer performance than either of the other
two periods. Similarly, continental TOVS data
appeared to be significantly poorer than oceanic
TOVS retrievals and were responsible for a significant
component of the overall poor performance of TOVS.






