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A case study evaluation of ‘GMS
winds’ in the Australian region
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Cloud-tracer winds from the GMS-1 satellite are evaluated in the Australian
region for a three-day period during the second Special Observing Period of the
First GARP Global Experiment. The evaluation methodology is based on a
comparison of GMS-1 winds which fall within the ranges of 220, 330 and
550 km of land-based. wind stations. Using the concept of a ‘level of minimum
difference’ (LMD), the minimum expected root mean square (r.m.s.) errors are
evaluated in the two broad categories of ‘upper-level’ and ‘lower-level’ winds.
Root mean square errors in the absence of the LMD restriction are also calcu-
lated. The results highlight the necessity for quality controls on the data partic- -
ularly in the height assignment of winds calculated using cirriform tracers.
With such controls the GMS winds can usefully augment the data base for the

Australian region.

Introduction

Twice each day (0000 and 1200 GMT) the
Meteorological Satellite Center (MSC) of the
Japan Meteorological Agency (JMA) computes
cloud-tracer winds from three GMS-1 images sep-
arated by a time interval of 30 minutes. Cloud
wind vectors are obtained by calculating the dis-
placement of suitable target clouds, and a ‘height’
is assigned on the basis of the equivalent black-
body temperature of the clouds (for details see the
following section). The purpose of the present
study is to examine some aspects of the utility of
these winds in supplementing the conventional
data network in the Australian region. For the
most part this involves an ‘error analysis’ of the
winds computed in relation to an expansive cloud-
band over the Australian region during May 1979,
the SOP-11 of FGGE (see the accompanying paper
by Downey, Tsuchiya and Schreiner in this issue).

Background on GMS-wind
calculations

Two methods for wind vector calculations are
available:
(a) A Man Machine Interactive (MMI) pro-
cedure where the cloud images are displayed on
three television screens; suitable tracer clouds

are manually selected, and image-correlation
software is employed to calculate the displace-
ment of the clouds and thereby derive the
resultant wind vector. This method is generally
employed for cellular cloud tracers.
(b) The Film Loop (FL) method, where the
photographic images are projected optically
onto a digitiser board; cloud tracers (usually
stratiform) are manually selected and the coor-
dinates of start and end points are automatically
punched onto data cards. A computer program
transforms the digitiser coordinates to earth-
image coordinates and the wind displacement
vector is calculated. The coordinate transforma-
tion procedure also accounts for navigation
variations resulting from the non-stationarity of
the satellite.

Quality control of the derived wind vectors falls
into two stages. The first stage involves automatic
assessment of the coherence of the correlations
between successive images and the continuity of
wind velocities and cloud top heights between
pairs of images, e.g. if in treating the three initial
images the velocity computed based on images 1
and 2 is substantially different from that using 2
and 3, the tracer velocity is rejected. Rejection
would similarly apply if the cloud-top temperature
varied radically through the image sequence.
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Manual quality control can be exercised in the
MMI method by (a) displaying all winds for a
given level on the TV monitor and checking for
both spatial continuity and agreement with nearby
rawindsondes, and (b) displaying the image
correlation functions on the TV display.

The vector winds that are not rejected by the
quality control procedures are then formatted into
a World Meteorological Organization code which
includes details of height assignment and/or
temperature. This information is then transmitted
on the Global Telecommunication System.

Height assignment

In the absence of complementary conventional
data, the main means of objectively assigning a
height to the cloud wind vectors is to calculate the
cloud-top temperature by inverting the radiation
equation

E(T) =€eE(T) + (1 — & E(T,— t + dt)
]

where E = radiance,

T, = representative black-body
temperature of cloud observed by
the satellite,

T.= black-body temperature of the
cloud,

T, = black-body temperature of the
underlying surface (i.e. below the
cloud),

€ = emissivity of the cloud,

t =total atmospheric attenuation
correction value (from the
underlying surface to the top of
the atmosphere),

dt = atmospheric attenuation
correction value from the cloud
top to the top of the atmosphere.

The first term on the right hand side of Eqn 1
represents the radiance contribution directly from
the cloud while the second term represents the
contribution from the underlying surface which is
transmitted through the cloud. If the cloud is
sufficiently dense to shield the satellite sensor
from radiation below the cloud, then Eqn 1 is
greatly simplified. However, non-convective
clouds are generally not opaque and while E (T,)
and E (T) may be measurable, € cannot be
objectively determined. Estimates indicate it can
range from 0.1 for thin cirrus to 1.0 for dense
stratus. Operationally an attempt is made to
minimise this problem by restricting target clouds
to apparently dense convective cells (cumulus and
stratocumulus) and to the denser elements of
cirrus in frontal or jet stream cloudbands. In this
case € = | and the cloud height is inferred from a
known or assumed vertical temperature profile. In
most applications to date a monthly mean

temperature climatology on a 5° latitude-
longitude grid has been used (Meteorological
Satellite Center 1980).

Wind calculations for the
present study

Calculations for this study were made in a non-
operational environment using both the MMI and
Film Loop methods. The most significant
differences from the operational approach are:

(i) a small number of calculations were per-
formed in the New Zealand area which
subtends an angle of view from the satellite
slightly in excess of 35° — the normal limit
for operational applications;

(ii) in an attempt to obtain as much detail as
possible in the vicinity of the jet stream
over Australia many more cirrus tracers
were selected here than would be the case
operationally. In particular many more
‘thin’ cirrus clouds are included;

(iii) no attempt is made to correct for water
vapour attenuation in solving the black-
body temperature of the clouds.

As a result of these differences, the errors

should be somewhat larger than those applicable
in the normal operational environment.

The case study

Wind calculations were made in the Australian
region at 0000 GMT 11, 12 and 13 May 1979.
Figure 1 shows the GMS-1 infrared imagery for
each of these times and highlights the extensive
cloudband over the continent during this period
(Downey, Tsuchiya and Schreiner 1980). The
computed winds fall into two broad categories —
low level (where the target clouds are identifiable
as convective elements (stratocumulus,
cumulus)) and upper level (cirrus tracers). Figure
2 shows the major target areas for upper-level
wind (Fig. 2(a)) and lower-level wind (Fig. 2(b))
calculations. The overlay of the mean 300 mb
height field and jet axis in Fig. 2(a)) shows that
many of the high-level cirrus targets were located
on the equatorial side of the jet stream and
downstream of the trough over Western
Australia. Other major areas are located in the
Tasman Sea-New Zealand sector and southeast of
Cocos Island.

The main lower-level target areas (Fig. 2(b))
are the Tasman Sea, where deep open-cell con-
vection occurs in the strong southwesterly flow on
the western flank of the trough in this area, the
Great Australian Bight, where both open and
closed cell structures are observed in the south-
west-southeasterly flow, and a sector northwest of
Broome, where a low-level circulation became
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Fig. 1 GMS infrared imagery 0000 GMT 11, 12 and 13 May 1979.

00 GMT 12 May 1979

'00 GMT 13 May 1979
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Fig. 2 (a) The main target areas for upper-level wind tracers. The 3-day mean 300 mb height field and jet axis are
also indicated.
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Fig. 2 (b) The main target areas for low-level wind tracers. The 3-day mean 850 mb height field is also shown.
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Fig. 2 (¢) Range rings of 330 km and 550 km from the land-based rawind stations (identified by their station num-
bers). GMS-1 winds falling within these range rings are intercompared with the station winds to deter-
mine error characteristics of the GMS winds (see text for details).
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apparent on 13 May. Figure 3(a) shows a repre-
sentative sample of upper-level and low-level
winds on 12 May. In the vicinity of the jet stream
over Australia wind speeds are of the order of
100 kn, while in the lower levels a typical mag-
nitude is 20 kn.

Raw data characteristics

To illustrate the importance of quality control,
either by way of using only selective targets or by
selective batch processing of data for height
assignment purposes, Fig. 3(b) shows the raw fre-
quency distribution by temperature of upper and
lower-level targets. It is clear from the distribution

of ‘upper-level’ targets that many ‘thin-cirrus
targets’ are included, wherein the transmissivity
of the cloud enables penetrating radiation from
below to bias the equivalent black-body tem-
perature towards higher values. Similarly in the
‘lower-level’ targets there are a number of well
developed cumulus with tops reaching 600 to
500 mb (temperatures of the order of —15° to
—20°C) whose movement may not be representa-
tive of the general ‘low-level’ flow. While the
temperature range for lower-level targets is not as
large as for the upper-level ones, the fractional
error introduced by incorrect height assignments
in the lower-level winds may be quite large, given
the generally weaker wind speeds in the lower
levels.

Fig. 3 (a) Illustration of the typical distribution of lower and upper-level GMS-1 winds.
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Fig. 3 (b) Raw frequency distribution (by temperature) of GMS wind targets.
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Characteristics of the raw data in terms of u
(eastward) and v (equatorward) components are
shown in Fig. 3(c). As expected, the u component
is dominant in the higher levels (mean value
22.4 m/s) while the v component distribution is
biased towards poleward values (mean value
8.9 m/s).

In the lower levels the u component distribu-
tion shows a bias towards westerly flow (mean
6.6 m/s) but no marked bias is indicated in the v
component (mean —1.5 m/s). The upper-level
tracers also show a wide range of u-component
values (—10 to +60 m/s).
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200 mb. The low-level grouping is then compared
with the station winds at the following levels, 950,
850, 700 and 600 mb; and the upper-level group-
ing is compared with the station winds at 500,
400, 300, 250 and 200 mb.

Type 3 data: GMS winds within 220 km of a land-
based station are compared with standard-level
winds reported by that station to obtain the level
of minimum vector difference (similar to the level
of best fit defined by Hubert and Whitney 1971).
This level of minimum difference (LMD) and the
wind-vector difference are then tabulated.

Fig. 3 (¢) Raw frequency distribution (by u and v velocity components) of GMS-1 winds.
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Error analysis methodology

The raw data are examined in three ways.

Type 1 data: a comparison is made between
GMS-1 winds within two different ranges of
Australian land-based stations and winds at those
stations. The ranges used are 550 km and 330 km
(see Fig. 2(c)) and the height assignment of the
GMS-1 winds is based entirely on the equivalent
black-body temperature. ‘

Type 2 data: all GMS-1 winds within the above
data set are batched into two broad groupings —
lower level and upper level, these groupings being
based solely on tracer cloud type (i.e. not on cloud
temperature). The lower-level winds are labelled
950 to 600 mb and the upper-level winds 500 to

200 % Mean v component
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Results from Type 1 data

The Type 1 data were examined from three stand-
points:

(a) to establish the degree of correspondence
between the vertical profiles of GMS-1
winds and station winds;
to establish the variations in vertical
profiles as a function of the different ranges
from the ground stations;

(c) to establish the r.m.s. error in wind direc-
tion, speed, and u and v components, for
different ranges from the ground stations.

Figure 4(a) shows mean vertical profiles of the
u and v components for both GMS-1 winds within
330 km of a station, and the station winds them-
selves. On each of the three days the shapes of the
GMS-1 and observed profiles show reasonable

(b)



Tsuchiya and Downey: GMS satellite derived winds

95

agreement, with both data sources showing con-
siderable day to day variations. At individual
levels mean magnitude differences are typically
< 10 m/s.

Figure 4(b) shows the variation in the profiles
on 12 May for two different ranges from the
stations (330 and 550 km). It should be noted that
at 550 km the range rings from two neighbouring
stations may intersect, in which case the observed
wind used for comparison is taken as a mean of
the winds at those stations. In the upper levels the
most significant change in the profiles as a
function of range occurs in the observed winds at
200 mb. As might be expected the agreement
between the GMS and observed profiles in the
upper levels is better for the smaller range of
330 km. In the lower levels the observed profiles
change substantially above 700 mb but these
differences are also reflected in the GMS profiles.

The changes in the mean and r.m.s. errors as a
function of range are shown in Fig. 4(c). In the
upper levels differences in the form of the mean
and r.m.s. profiles are slight but the magnitude of
the r.m.s. errors in the u and v components is
consistently reduced by 2 to 3 m/s for the smaller
range of 330 km. In the lower levels (right hand
panel of Fig. 4(c)) there is a consistent reduction
in the r.m.s. error in direction above 900 mb and
is reflected by a reduction in the r.m.s. error in u
and v of around 1 m/s.

For the upper-level winds the mean error in
direction is less than twenty degrees and shows
little variation above 400 mb as a function of
range. At 500 mb there is considerable variation
in the mean error as a function of range, no doubt
a reflection of the generally less zonal nature of
the flow in the lower troposphere. This is
reinforced by the r.m.s. error figures where in the
200 to 400 mb layer a typical value for ranges of
< 550 km is 20°, and at 500 mb approaches 60°.
As might be expected the r.m.s. error is generally
larger for increasing range, the exception being
500 mb where it appears to vary only slightly from
the maximum value of 60°. The mean error in
wind speed varies from —7 m/s in the 200 to
300 mb layer to +7 m/s for the 300 to 500 mb
layer (negative values indicate that the GMS wind
speed is less than that observed). Root mean
square errors are typically 10 m/s for a range ring
radius of 330 km and 15m/s for a range of
550 km.

In the lower-level winds, the mean error in
direction is typically < 20°. The r.m.s. error is
typically 30° to 60°, considerably larger than one
might expect for convective tracers. For example
while the observed boundary layer winds along
the east coast of Australia could be biased by
topographical influences, similar r.m.s. errors are
indicated as high as 700 and 600 mb. These
apparently large r.m.s. values result from the fact

that many of the low-level tracers are located in a
sharply curving flow region of a cyclone in the
Tasman Sea (Fig. 3(a)). Similar r.m.s. values
have been found in the higher latitudes of the
northern hemisphere by Hamada (personal com-
munication).

Results of Type 2 data

As noted earlier the purpose here is to examine
the difference in error characteristics obtained by
batching the data into two broad groups based
solely on tracer type and assigning all the data to a
singly standard pressure level. Figure 4(d) shows
the r.m.s. errors in direction, speed, u and v com-
ponents on this basis. In the upper levels there is a
general increase in the r.m.s. errors (c.f. Fig. 4(c))
as a result of this batching. There is a suggestion
of a level of best fit in terms of direction around
250 mb, but the r.m.s. errors in speed-at this level
are quite high. In terms of the u and v compo-
nents, the ‘best fit’ is around 400 mb. Again there
is a general decrease in r.m.s. error for the smaller
range radius, but the effect is less than that for the
non-batched data.

In the lower levels there is less variation in the
r.m.s. error of direction with height compared to
the non-batched data, but changes in the r.m.s.
characteristics of the u and v components are less
significant than those for the upper-level winds.
In terms of a level of best fit in batching the data,
900 mb offers a reduction of ~ 2 m/s in the r.m.s.
error in u and v.

Type 3 data

When the GMS-1 winds within 220 km of a land
station are intercompared with the winds at that
station on the basis of a level of minimum
difference (LMD), the following results are
obtained. In the upper-level winds the r.m.s. error
in the u component is reduced from 11.5 to 3.0 m/
s, while that for the v component is reduced from
6.6 to 3.8 m/s (see Table 1(a)). The change in the
mean height assignment for these winds is a
modest 26 mb (356 to 330 mb) while the standard
deviation of that height changes from 81 to
98 mb. For the lower-level winds there is little
change in either the mean height assigned or the
r.m.s. error characteristics (the largest change
being only 1.4 m/s in the r.m.s. error of the v
component — see Table 1(b)).

Summary and conclusions

A case study of GMS-1 winds in the Australian
region suggests that the minimum expected r.m.s.
errors (i.e. based on a level of minimum
difference (LMD)) are: (a) for upper-level
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