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On Precision of Winds Extracted from Earth Disk Images
Taken from Geostationary Satellite

Abstract
The technique of estimating satellite wind vector has been developed using the
images ingested from Applications Technology Satellite (ATS), Synchronous Meteoro-
logical Satellite (SMS) and Geostationary Operational Environmental Satellite (GOES).
Since the technique of estimating satellite winds is basically different from the
acquisition of conventional balloon wind data, a lot of research on the precision of

satellite winds and compatibility of satellite winds with rawin winds has been condu-

cted for about ten years.

Technical papers on satellite winds mainly derived from ATS images showed that

the causes of error included in satellite winds are mismatching of cloud pattern or

manual mistracking, misregistration and improper height assignment.

Comparisons of satellite winds with rawin winds and relationship of cloud displa-

cement to ambient wind observed by an aircraft show that satellite wind does not

have any significant difference from winds observed by conventional means.

According to objective analysis performed by several authors using satellite winds,

blending with rawin data, suggests that satellite winds are a valuable input to

numerical weather prediction.
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Fig.1 Horizontal views of multi-turret cumulus
cells in their stages of development and
dissipation taken from Barbados at 3 min
intervalsfacing south. 1407-1422 Barbados
time, 18 July 1969 (Fujita et al., 1975).
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Table 1 Variation of cloud speed in relation to the tracking point (TP)
of a 2-6 mi. size growing cell in Fig. 1 (Fujita et al., 1975).

TP Turret

Front edge Rear edge

Geometric Brightness

center center
Relative speed 1.00 1.42 0.62 1.16 0.90
Percent speed reference 42% fast 38% slow 16% fast 10% slow
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Fig. 2 Cross-correlation matrix surfaces cont-
aining a well-defined peak (Smith et al.,
1972).

Fig. 4 Cross-correlation matrix surfaces cont-
aining no well-defined peak (Smith et
al., 1972).

Fig. 3 Cross-correlation matrix surfaces con-
taining a poorly defined peak (Smith et
al., 1972).
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Fig. 5 Cross-correlation matrix surfaces cont-
aining multiple peaks (Smith et al.,
1972).
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Fig. 6 Cross-correlation matrix with two layers moving at different velocities

(Leese et al., 1971).
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Table 2 ATS navigation results from July 26-28, 1969 (Smith et al., 1972).

Picture Time Line Element Latitude Longitude

12 b1 LM 639 | 5930 22270 | —16630

C 639.0 5930 22270 | —16630

July 26 12 47 M 630 5926 22270 —16630
Cabo Barbas c 639.0 5926 22269 | —16630
M 640 5923 22270 | —16630

on the west 13 13 ¢ 6397 5923 22267 | —16631
African coas? 13 18 M 641 5917 22270 —-16630
C 64 1.0 5917 22271 ~16.630

L4 0q LM 643 5913 22270 | —16630

C 643.1 5913 22273 | —16629

L4 40 1M 646 5910 22270 | —16.630

C 6458 5910 22273 | —16629

14 55 M 649 5906 22270 | —16630

C 6490 5906 22270 | —16630

6 01 M 660 5893 22270 | —16.630

C 6599 5893 222617 ~16631

13 15 LM 640 5985 22270 | —16630

July 27 C 6400 5985 22271 —16.630
755;}%rm” 14 06 M 644 5981 22270 —-16630
C 644.0 5981 22270 | —16.630

on the west ) g5 | M| 649 5976 22270 | —16630
African coast ! C 6490 5976 22268 — 16630
s 47 | M 653 5973 22270 | —16630

C 6533 5973 22268 | —16631

16 24 1M 660 5064 22270 | —16630

C 66 0.1 5964 22272 | —16629

13 56 M 643. 5997 22270 | —16630

C 6431 5997 22273 | —16629

July 28 14 50 | M 649 5985 22270 | —16.630
Cabo Barbas C 6494 5985 22267 ~16631
M 653 5982 | 22270 — 16630

on the west 14 58 ¢ 6530 | 5982 22268 | —16631
African coast 15 24 M 657 5984 22270 -16.630
C 656.8 5984 22271 —16.630

16 28 M 667 5978 22270 | —16.630

C §67.0 5978 22271 | —16630

13 a6 M 888 2807 10920 | —65310

[ 887.9 2807 10918 | —65310

M 894 2801 10920 | —65310

Isla La Tortuga 14 82 ¢ 8943 | 2801 10922 | —65310
off the north— 14 58 M 898 2800 10920 —-65310
ern coast of C 8980 2800 10922 | —65310
! 5 0y M 902 2799 10920 | —65310

South America ! “* I'C 9022 | 2799 10919 | ~65310
6 g | M 914 2791 10920 | —-65310

C 1 9140 2791 | 10919 | —-65310
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Fig. 7 Cloud-motion measurement error caused
by picture misalignment.

W ; Vector representing the displacement
of a cloud over time interval T1-T2.
Vector representing the apparent disp-
lacement of a land mark due to picture
misalignment.

Wu-Eu; Corrected u-compcnent.
Wv-Ev; Corrected v-component.
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Fig. 8 Typical hodograph illustrating the me-
thod of deriving level of best fit (LBF)
of target clouds from the observed winds.
Heights are given in thousands of feet
and, in parentheses, in constant pressure
levels. Cloud velocities are represented
by vector arrows with 5-kt error circles
centered on their endpoints (Hubert et
al., 1971).
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Fig. 9 Magnitude of vectorial deviations of
low-level cloud velocities from observed
winds at 1,000, 3,000 and 5,000 ft versus
cumulative frequencies (Hubert et al.,

1971).
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Fig. 10 Magnitude of vectorial deviations of
high-level cloud velocities from observed
winds at 30,000 ft versus cumulative
frequency (Hubert et al., 1971).
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Fig. 11 Magnitude of vectorial deviations of
low-level cloud velocities from observed
winds at their individual LBF’s, versus
cumulative frequencies (Hubert et al.,
1971).
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Fig. 12 Same as Figure 11 but for the high-
level cloud sample.
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Fig. 13 Schematic of truncation error in
deriving lag-position between digital
images in case that the lag-value
is only one pixel or line.
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Fig. 14 Occurrence of best match coefficient on boundary (Smith et al., 1973A).
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Fig. 15 Image match surface parameterizing comparison of multiple peaks (Smith et al., 1973A).

Fig. 16 Match surface arrays of same cloud target over two different time intervals

(Smith et al., 1973A).

— 42 —



Meteorological Satellite Center Technical Note No.1, March 1979

Alignment at Best Match Coefficients

Cy

Fig. 17 Alignment of two match surfaces at
coincidence of best match coefficients.
Shaded area represents intersection
containing sub-surfaces which can be
tested for congruency (Smith et al.,
1973A).
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Table 3 Mean deviations between ATS vectors and balloon-observed
wind at three levels and for cloud layer-mean and mean wind

speed (55 cases).

Mean wind DMean absolute deviations

Algebraic mean deviations

bpced (kt)  Vector Direction Speed ~ Direction  Speed

o L o (kt)  (deg.) (kt) (deg.) Kkt
Cloud base 16. 6 6.62 17 4.23 +2 +1.38
Mid-cloud 16.3 7.15 19 4.25 -3 +1.16
Cloud top 17.8 7.96 22 4. 50 -7 +0.08
Layer-mean 16.7 6. 34 17 3.35 -3 +1.18

ATS vector 17.9
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Fig. 23 A model of cumulus clouds used for
tracking their shadows over Springfield
on 15 May 1972 (Fujita et al., 1975).
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nitude deviations between wind data
and the best analysis and cumulative
frequensy of vector-magnitude devia-
tions between individual rawins and
individual cloud vectors (Hubert et al.,
1974).
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Fig. 26 (a) ATS-1 picture with a superposed geodetic grid (near 2200 GMT on Aug.
12, 1972; (b) objective streamline (solid lines) and isotach (broken lines)

analysis for- about 00 GMT on Aug.

13, 1972 (shaded area indicate speed of

20 kt and greater); and (c) vectors and relatve vorticity. The shortest wind

shafts represent computer vectors;

the medium size shafts, manual vectors

(for about 2200 GMT on Aug. 12, 1972; and the longest wind shafts, 850-mb
rawin observations (for 00 GMT on Aug. 13, 1972). The vorticity isopleths
are in units of 10-% s- (zero isopleth omitted). The positive values represent
counter-clockwise circulation in both hemispheres; the cross hatching, anticy-
clonic vorticity ; and shaded areas, cyclonic vorticity (Hubert et al., 1974).
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