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I, Introduction

One of the important contributions of satellites to GATE is
winds inferred from the motions of clouds. In this report we present
eleven GATE area wind sets generated from images of the first Synchronous
Meteorological Satellite (SMS-1). These wind sets serve two purposes:
first, to demonstrate the kind and quality of winds that may be expected
from SMS images; and second, to provide a partial data base of satellite
cloud tracer winds for GATE.

Requirements for satellite cloud winds have been indicated in various
plans for GATE, including the Experiment Design Proposal (1972) and reports
for the Central Programme, Convection Sub-Programme, and Synoptic-Scale
Sub-Programme (1974). The plan for the Central Programme calls for cloud
winds at two scales of space and time: 5° resolution, 6 hr interval; and
1° resolution, 3 hr interval. The plan for the Convective Sub-Programme
specifies the same time resolution but spatial resolutions of 2.5° and
"as available.'" In the Synoptic-Scale Sub-Programme two levels are
anticipated-—-upper and lower troposphere.

A part of these requirements on the larger time and space scale has
been met through operational cloud wind production at NOAA's National
Environmental Satellite Service. NESS generated two wind sets per day,
from images of the thifd Agplications Technology Satellite (ATS-3) through
28 July,.and from SMS-1 thereafter. Resolution was 2.5 to 5°, with most
clouds taken from the lower troposphere. These vectors are available on
magnetic tape- (Report on the Field Phase of GATE: Summary of Data
Collected, 1975).

The wind sets presented here are an additional, independent contribution,



not included in the original plans for GATE. They are geared not so much
to stated requirements of the various plans but to a demonstration of the
potential of the data. There are two types of wind sets: low density,
large scale, and high density, small scale. Both types include low and
high level winds, corresponding to trade cumulus clouds and cirrus clouds.
A middle level wind set is éiven in only one case. (Middle level clouds
were present over portions of most frames displayed for tracking; however,
the experience of doing one middle level wind set led to the conclusion
that the effort required to isolate and track such clouds could better be
spent tracking cumulus and cirrus clouds.)
These SMS winds are considered to be part of the Convection Sub-Program
Data Set. They will be available on GATE format magnetic tape as part of the
GATE Archive at both World Data Centers A, in Asheville, and B, in Moscow.
The University of Wisconsin archive of SMS data, and the method used
for tracking clouds are described in Sections 2 and 3. These are followed
by a presentation of mapped wind sets, with satellite photographs and
commentary. All winds are listed by set in an appendix at the end of

this report.

ITI. Data

SSEC SMS Archive

Beginning on the 27th of June 1974 SSEC recorded images generated by
the SMS-1 satellite. With a few exceptions, all images generated between
the 27th of June and the 28th of September 1974 were recorded for the
SSEC GATE data archive.

The Visible and Infrared Spin Scan Radiometer (VISSR) aboard the
SMS generates a burst of data for the 18° of each rotation that it sees

the earth. This burst of data is sent to the ground station at Wallops



Island, Virginia where it is processed, stretched in time, and sent back

to the satellite for retransmission to various users. The stretched signal
is received at SSEC and recorded in digital form on a specially modified
video slant track recorder. The slant track records both the visible

and the infrared images at their full-resolution. Scan number, phase

angle (beta), and most other line documentation are preserved. Up to 32
full scan digital SMS images at full resolution can be stored on one

1" x 7500' magnetic tape.

Several problems surfaced in this first extensive use of the SSEC
slant track recording system. A couple of days of data were lost due to
wear on the mechanical components and failures of electrical equipment.

A persisting problem in an intermediate data storage device caused some
pictures to have widely spaced vertical bars. Since these vertical bars
did not cause any geometric distortion of the picture, they were more of a
nuisance than a real barrier to data processing.

The satellite also had an occasional problem. On some days the sun
referenced line start would drift rather badly causing jitter or random
drift in the east-west alignment. Sometimes the extent of this effect
was not immediately apparent. TFor these cases (day 253 is onéAé%ample)
picture alignment and evaluation of the alignment took far longer than
normal.

Selection

The selection of days for wind set analysis was based on an evaluation
of these factors:

(1) Archive quality. Data known to be compromised were ignored.

(2) SMS scan mode. For high density wind sets especially, days with

15 minute data gave much better results than days of 30 minute

data. There were 5 days of operation in the 15 minute mode, all
from Phase 3.



(3) Priority days. Certain days were singled out by the U.S. GATE
Project Office and the International Scientific and Management
Group (ISMG) for early attention because of their special interest
and exceptional coverage. Opinions were also solicited from
individual scientists within and without the Madison GATE
community.

(4) Convection. Apart from the designated priority days, convection
within and around the B-array was evaluated. Although days of
strong convection were emphasized, we tried to represent a wide
range of convective intensity. Some of this evaluation was done
in Dakar during the field experiment.

(5) Duplication. Except for a 10 September wind set prepared for
comparison, we tried to avoid overlap with wind sets planned
by other groups, such as the University of Chicago.

The days selected for wind set analysis are 11 August (223),

5 September (248), 10 September (253), and 18 September (261).

IIT. Method
McIDAS

Once selected, the SMS images were processed on the University of
Wisconsin Man-Computer Interactive Data Access System (McIDAS). McIDAS
is a system of data processing hardware and software designed to provide
efficient processing of the enormous quantities of data generated by
gsatellite imaging without significant loss of quality in spatial resolution,
brightness resolution, or picture geometry. Details on system configuration
are given in Appendix A.

The data to be précessgd are stored both on a digital disk and on an
analog disk. The analog disk refreshes a standard 525 line TV monitor
used for visual display. Because digital storage preserves the original
brightness resolution and spatial geometry of the data, brightness
measurements are made from this digital data. Each scan line contains
documentation words giving the absolute satellite frame reference. This

information is stored when data subsets are read from magnetic tape storage.



Navigation

Preservation of spatial geometry and absolute frame reference is
necessary for the proper functioning of the navigation system. By
"navigation" we refer to the procedure which establishes a relationship
between the satellite's line and element reference frame and the earth's
latitude and longitude coordinates. The physical parameters needed to
establish this relationship are the satellite's orbit, attitude, camera
geometry, and phase angle (beta) of the rotation about its axis. The
orbit is taken from weekly NASA range-range rate measurements. The attitude
(orientation of the satellite's spin axis in space) is determined by
measurement of the line and element position of an earth reference point
(landmark). The camera geometry (relationship of the camera to the spin
axis) is a function of satellite construction. The absolute position of the
camera '"turn on" (element 1) in its rotation about the spin axis is controlled
electronically with respect to the sun and may be determined from either
measurements or documentation recorded with the data. The result is a set
of paramcters which a computer subroutine uses to generate transformations
from image coordinates (line and element) to earth coordinates (latitude and
longitude) ,or earth to image coordinates.

The predictability of the orbit and the stability of the satellite's
spin axis have been sufficient to provide a relative accuracy which, over
a day, is better than the spatial resolution of the satellite (1 km near
the subpoint). By relative accuracy we mean that if line and element

(Zl,el) of an image at time t., are assigned the same latitude and longitude

1
as (Rz,ez) on an image at time t2 then these points will actually have the

same value of latitude and longitude to within 1 km, although the correct

value may be off by more than this amount. Lacking a perfect absolute



navigation, this method is well suited to cloud tracking. While small
displacements must be measured accurately, the absolute positioning of the
wind vector is not quite as critical.

Tracking

There are two primary methods for tracking clouds: cursor location
of the cloud to the nearest TV line and element (pixel tracking), and image
match location of the cloud to better than TV line-element resolution
(correlation tracking). The correlation method requires only rough
tracking of the cloud: the operator simply positions a rectangular cursor
to enclose a cloud on each frame in a sequence. The computer then performs
a correlation analysis to align the brightness fields and fine tune the
operatpr's tracking. Correlation tracking is the most accurate tracking
method, but requires well-defined clouds moving in a single-layer flow
pattern.

Because of the small size of the tracer clouds and the general
complexity of cloud patterns in the GATE area, most clouds have been tracked
by the single pixel (picture element) method: the location of the cloud is
determined by the position of the cursor, which is moved around the screen
by a position joystick.

Both correlation and pixel tracking have been facilitated by the
addition of a function called the velocity cursor. This function automatically
displaces the cursor from one picture to the next according to the position
of a second joystick. The displacement is linear within the TV line-element
coordinate system, and is constant from one picture to the next. Thus,
in the first picture of a sequence, using the position joystick, the
operator can position the cursor over the cloud he wishes to track.

Stepping to the next picture, he adjusts the displacement of the cursor with



the velocity joystick until the cursor moves exactly as the cloud moves.
If he has a good tracer, cloud and cursor should be very nearly coincident
in the third and succeeding pictures. The operator, therefore, is able to
use all pictures in a sequence to follow and evaluate a particular cloud.
He can also match the motion of the cursor to the motion of a pattern if
individual clouds cannot be followed.

Cloud Height

An examination of infrared and visible loops was usually sufficient
to identify the trade cumulus and cirrus clouds used as tracers for the
wind. Because clouds at these two levels tended to move as distinct
sheets, wind sets ordinarily were generated by level, with cloud height
specified by the operator as 900 or 200 mb.

In the relatively few cases of ambiguity, the height of cloud tops was
calculated from visible and infrared brightnesses using the method of Mosher
(Suomi, 1975). This cloud height program calculates cloud emissivity from
visible data, then applies this emissivity as a correction to the infrared
black body temperature to obtain the cloud top temperature. Standard
atmosphere soundings, corrected for latitude, yield a conversion of cloud
top temperature to height. If visible data are absent, cloud height is
computed using the uncorrected black body temperature. This function
is available on MCIDAS.as part of the cloud tracking program.

Direct calculations, field reports, and earlier studies such as that
of Shenk, Hasler, and Fujita (1975) in the Caribbean indicate that the low
level cloud tracers are best matched to winds at 950 mb. High cloud
tracers cover a deeper layer, centered at or slightly below the 200 mb level.

Calculations of cloud top height place the middle cloud tracers between

500 and 700 mb.



Accuracy

The quality of a wind set depends on data, tools, and people. Time
and spatial resolutions of the data impose one fundamental limit on tracking
accuracy. For SMS, with a subpoint resolution of 1 km, the uncertainty of
the displacement of an ideal pixel sized cloud in 15 min data is about
1 m*s~!. Displacements of larger clouds can be specified to greater
accuracy using correlation; with larger clouds, however, changes in shape
and unrepresentative motion become more and more important.

For data of a certain resolution, the limiting factor on tracking
accuracy becomes the person doing the tracking. This human factor has
been assessed in a comparison of objectively analyzed grid point winds
produced independently from the same set of images by four scientists all
with comparable cloud tracking experience. Reproducibility (RMS) was
2 mes~! for the cirrus level, and 1.3 m-s”! for the cumulus level (Suchman
and Martin, 1975).

Measurement noise was reduced by averaging the two displacement
vectors that resulted from tracking clouds on a three-frame sequence;
this was especially significant in the case of pixel tracking.

In order to improve the visibility of clouds, scenes of low contrast
usually were enhanced by a linear interval technique operating on the
video signal. A second.option called autoenhancement, which alters the
digital image, was used to redistribute contrast in infrared images. A
frequency distribution of brightness for an infrared scene typically shows
a major peak at the dark (high temperature) end of the scale, with another,
smaller peak at the bright (low temperature) end. Autoenhancement

systematically flattens the peaks and fills the valleys, so that every



brightness level occurs with the same frequency. This yields a marked
improvement in the visibility of low clouds, enabling clouds to be tracked
in autoenhanced images where they could not be seen previously.

Editing was the last step in generating wind sets. A group of
meteorologists viewed the cloud winds, which were displayed on the TV as
vectors superimposed on the tracking pictures. Questionable vectors were
challenged and deleted if the operator who generated the wind set could
not justify these winds through reference to specific clouds at the
appropriate levels. A final editing removed a few doubtful vectors from

computer maps.

IV. Vector Maps

Each of the eleven wind sets is briefly described in this section, and
related to notable features of the satellite cloud field.* Areas covered
by wind set picture sequences are mapped in Fig. 1.
A. 11 August

Convection on 11 August (Day 223) was scattered along a broad and
rather diffuse Inter-Tropical Convergence Band (ITCB) (Figs. 2 and 3). The
large, spiral-banded cluster over and west of the B-array at 00 Z (Fig. 2)
shrank as it moved westward; at 12 Z (Fig. 3) only a small cluster remained
with a broad tail of broken middle and high cloud extending east and south-
east. This tail was linked through scattered low clouds to a second cluster
east of the B-array; thence, through low and middle clouds to an extensive
area of high cloudiness over the southern half of West Africa. Clouds along
the ITCB were distributed in three waves, with deep convection occurring in

each of the wavecrests.

*
Portions of this section are taken from Suchman and Martin (op. cit.).
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Patterns north of the ITCB were complex, but generally consistent
with the picture of westward tilted waves along the ITCB. Patches of
middle level cloud were found over the central Atlantic. Low clouds tended
to be organized in bands. An oval cloud mass with weak spiral banding
lay west of Cape Verde with a plume of dust arcing southward from the
African coast around its eastern periphery, then west and north across the
Cape Verde Islands.

Low level wind fields based on infrared data at 00 Z are merely
suggestive. A difluent northeast trade flow off the West African coast
weakens and splits near the B-array (Fig. 4a). Winds south of the equator are
from the east-—southeast.

A much more complete picture was obtained for 12 Z using visible as
well as infrared images (Fig. 4b). The ITCB is seen to lie along the
confluence between a well developed northeast trade flow and southeast
trades extending across the equator. Northeast and southeast trade flows
split along a difluent axis that intersects the confluent axis just west
of the B-array. Northeast trades on the African side of the difluent axis
turn eastward, merge with the cross equatorial flow, and enter West Africa
as southwesterlies. The cyclonic portion of this circulation apparently
is closed, for a small gyre is indicated 100 to 200 km west of Cape Verde
in association with thé oval cloud mentioned earlier. Although few low
clouds could be tracked over West Africa, the southwesterly flow appears
to become light and variable toward its interior. In broad terms this low
level flow agrees well with the August mean flow described by Sadler (1975).

Easterlies prevailed at the cirrus level (200 to 300 mb). Tracers,
which were confined to the ITCB in the 00 Z sequence (Fig. 5a) show centers

of difluence with the two clusters along the ITCB. The difluent centers
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are replaced by a wavelike perturbation in the 12 Z fields (Fig. 5b). East
of the wave axis at about 28°W flow is southeasterly; a ridge is indicated

over Africa close to the Greenwich meridian. Speeds are quite uniform--most
1

falling between 10 and 20 m°s™ Again, at the larger scales flow is

consistent with Sadler's August mean.
B. 5 September

Five September (day 248) was one of the most convectively active
days during the entire GATE period over the B-array. A large, well-
organized cluster (see Fig. 6) dominated this area for much of the day.
There were two distinct centers of activity associated with this cluster:
one to the east that reached maturity early in the day and the one to the
west that developed in the morning and began decaying by early afternoon.

Although the flow characteristics were rather complicated, well defined
convergence/divergence patterns were present in association with the two
clusters. At low levels, the strong flow into the clusters in early morning
(mainly from the north and southwest) gradually diminished from the east as
the day progressed with the winds to the north of the cluster becoming more
zonal (Fig. 7a, b, ¢). By late afternoon, the strongest inflow was associated
with the western cluster. The high level flow, initially from southeast
to northwest over the northern region and northeast to southwest over the
southern region, became dominated by the strong outflow from the two
convective centers as the déy progressed, with the northeast to southwest
flow reappearing in eastern regions by late afternoon (Fig. 8a, b, c).

The correspondence between low level satellite and available ship wind
(Figs. 7b and 8b) is very close; most, if not all of the differences can
be accounted for by observational inaccuracies and the half hour lag in

measurement times. The tendency for ship winds to exceed satellite winds in
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the southwestern part of the area at upper levels (Fig. 8b) may be the
result of lower layered cirrus associated with a small developing
convective cell near 6°N, 27°N.

When the 12 GMI sonde observations (given to the nearest five knots)
were compared with the closest objectively analyzed grid point wind
derived from the 1230 GMT wind set, the average absolute difference in
speed was 1.9 m's_l for the cumulus level, and 2.9 m's_l for the cirrus
level. Absolute differences in direction for both cases averaged about 20°.
Differences were randomly distributed for the low level; at the cirrus
level tracer winds were consistently slower, probably because of cirrus
evaporation along the downstream edge.

C. 10 September

Ten September (day 253) was at the suppressed end of the weather
spectrum. There was little convection in the B-array, and few clouds
(Fig. 9). Cumulus level tracers show an elongated anticyclonic gyre at
5° and 6°N (Fig. 10a, b). Winds in the clear area across the B-array
north of the gyre axis were light westerly, with a weak maximum in west
northwest flow at the top of the B-array. These features appear also in
the surface ship winds (Fig. 10a). The largest discrepancies occur in the
weak wind area close to the center of the gyre.

Flow at the cirrus level was generally westward (Fig. lla, b). A
northeast-southwest orienteé cyclonic shear zone is indicated north of the
B-array, with strong difluence in the southeast over and around a mature
cloud cluster between 5° and 7°N. Ship winds at 200 mb very closely
match satellite winds in speed; however, through the center section between

the shear zone and cluster, ship wind directions are more northerly, by

as much as 30 degrees close to the cluster at 7°N.
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Middle level flow was also from the west, and therefore, over and north
of the B-array, opposed to the near surface flow. 1230 and 1500 Z maps
show a ridge extending northward from the center of the B-array. Speeds
1

were consistent, averaging 7 to 8 me*s”

D. 18 September

Eighteen September (day 261) was neither as suppressed as 10 September
nor as active as 5 September (Fig. 13a, b). Clouds at the trade cumulus
level were abundant. In the central and northwestern parts of the analysis
area these cumuli swelled to congesti and cumulonimbi, forming two small,
rather disorganized clusters. The maps of low cloud tracers show that
these clusters developed in an anticyclonic south to southwesterly current
(Fig. l4a, b). Within this current there was a slight direction convergence,
and a fairly marked speed convergence, both in the vicinity of the central
cluster (at 9°21'N, 21°00'W).

Ship winds and satellite winds agree to within 10 degrees, except at
the Vanguard (10°N, 23°20'W), where the direction difference is about
50° (Fig. 13a). Speeds also are very close.

Cirrus clouds were not as uniformly distributed; nevertheless, the
large scale pattern is well defined (Fig. 15a, b). Flow at the cirrus
level turned anticyclonically from east to southeast. There was a slight
downstream decrease in speed, with a difluent pattern west and southwest
of center, and over the cengral cluster at 15 GMT.

Although no ship winds lie close to the satellite winds, the patterns
formed by each set are mutually consistent (Fig. 15a). Principal
features of the satellite field--including anticyclonic flow, difluence,
and downstream deceleration--appear in the ship winds as well.

Comparisons of the 12 GMT soundings with the nearest objectively
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analyzed grid point wind for 1330 GMT show close agreement: differences
in speed were 1.0 mes~! for low and 2.7 m*s™! for high level winds, while
the directional differences were 25° and 16°, respectively. None of the
deviations were systematic. These correspondences were somewhat better
than those of 5 September partly due to the higher resolution of the

data, and partly due to the relative simplicity of the flow patterns.

V. Conclusions

Examination of the wind sets affirms that data in the Wisconsin archive
are able to meet the requirements of GATE, with two possible exceptions.
Infrared-only (night time) wind sets may fall short in vector density,
especially at the cumulus level. In addition, a few days of the archive
contain data with noise that will compromise tracking quality.

Limited comparisons with ship winds suggest, for cloud winds made from
good quality visible and infrared pictures, an accuracy equal to the
accuracy of the ship winds.

In one important respect the data went far beyond any stated requirements.
This is illustrated by winds at the trade cumulus level for 1330 Z on
18 September: 287 cloud tracers were found and tracked over an area 25
square degrees in size. Such a density of winds offers fascinating
possibilities for detailed studies of convective processes, even down to

the scale of individual cumulonimbi.
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APPENDIX A

McIDAS SATELLITE DATA RECORDING AND DISPLAY CAPABILITIES

The SMS satellites generate an earth image consisting of approximately
15,000 lines of 15,000 elements, each with 6 bits of brightness resolution.
On McIDAS all of this data--over lO9 bits every half hour--can be stored
on a slant track tape. For processing of the data, appropriate subsets are
later read from the slant track tapes for processing.

In respect to computing power McIDAS is a moderate size minicomputer
based system with assembler and FORTRAN IV programming capabilities.

The unique feature that makes the system useful for working with satellite
images is the TV type display. The normal 525 line TV display also has

a timing circuit which subdivides each line into 672 elements. Thus the
image display system is equivalent to the image generation system in the
satellite and the original image geometry is preserved in the display as
well as in the digitally stored data.

The display system also generates a cursor which is overlaid on the
satellite image. The line and element position of the cursor may be
controlled by the operator using a joystick to specify the position of
a cloud or region of the image to be used for further processing.

More complete deécriptions of McIDAS can be found in Suomi (1975),

Chatters and Suomi (1975), and Smith (1975). A block diagram is shown

on the following page.
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APPENDIX B
WIND SET LISTING

noon0z

SECTOR 2 = North Central

DIRECTION

54667
75481
42494
61le65
. 56468
45429
36697
30403
46430
31428
25428
67630
6769
7068

312629
66058
332460

323e44
5199
50661
72410
70640
72639
43a12 7
53607
40456
274696
299446
247 494
203427
43416
344,418

SPEED
(M/SEC)

e84
685
9e62
787
9e57
7458
555
4e63
10627
14495
14651
578
8.80
6e35

2024
200

138

2e63
Tell
7649
5e40
7e24
" 6e22
7626
7.98
776
6695
4 e85
Jell
2408
4601
1352
062

17
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LOW LEVFEL WINDs DAY 223 0U0OuZ SECTOR 5 = South Central

LONGe LAT e DIRECTION SPIEED

(M/SEQ)

1620 -23436 -3e25 110647 Be82
1620 ~23.,78 -3e49 111,00 Re87
16620 -25464 -5400 995699 6eb7
16620 ~24 463 ~4458 109.59 7405
1620 =24,471 ~4 492 101.86 5e84
16620 ~24454 ~-4e27 107451 7686
1620 -25472 ~4e24 9532 Te39
16620 -27.01 -3e21 10050 5929
16620 -27.51 -3 e45 98607 8e 94
16620 -29461 —-2e70 86613 4e96
16620 =29%90 -2e¢75 86489 4698
16¢20 -22454% Te78 220150 3483
16ie 26 ~-22.05 8e97 273644 leb67
1620 =20 ¢ 7D Be87 279450 2664
1620 -20e77 8ol 289557 - lie58

16420 -20,60¢ 8e29 283474 2657



HIGH LEVEL WINDS DAY 223 0000Z SECTOR 2= North Central

LONG e LAT e DIRECTION SPEED

(M/SECQ)

1620 ~2T7e28 11e05 95486 12439
16¢2n0 -324.02 1029 91450 18428
16620 ~1.7:4:39 10418 117¢21 2360
1620 -28457 12458 100484 10e16
16¢20 24421 Gel2 91496 11469
1620 -33,038 9468 8549 16627
16¢2nNn —-2B8436 12411 88419 13492
1620 -29427 12663 89612 125
1620 -26e¢50 9633 7758 Be 72
1620 -29493 12e54 935D 14¢44
1620 -30,31 1280 111497 15696
16620 -29431 12e57 102442 12483
1620 -33,38 9e24 T7el6 14453
1620 -33,46 12667 16677 9e29
16e20 ~-32.80 1.1.:63 8Ne56 13.87
1620 ~30,93 11«56 94494 1370
16420 -18,953 10.88 120.00 22630
16620 -17.39 1 Otepls 12100 2290
1620 -17e31 1008 127482 2238
1620 =2 5ia 30 24468 214480 1086
1620 -30e 77 10692 85476 1136
1620 -334,1% 9e63 79639 1705
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HIGH LEVEL WINDS DAY 2273 oouaoz SECTOR 5:=Souﬂ1Cmuxal

LONGe LATe DIRECTION SPEED

(MZSEE)

16620 -33438 Gell 1H w8l 1648
1620 -34475 8690 7090 1138
16.20 ‘33.04 8.08 75.05 15095
1620 -33,05 7680 ; 78045 1576
16620 -33,70 TebU 72485 13644
16620 ~-32.71 6621 59604 15461
16620 ~23,63 6e22 69450 14609
16620 -34,4,08 6e65 79631 10656
16.20 ‘32.54 7.14 61.54 12097
1620 -31,99Y Te45 67616 11435
1620 ~32458 Be01 7555 16487
16.20 —32-36 8.70 88.77 1%065
16620 ~31499 7695 72440 14649
1620 ~33459 5604 6837 2105
16620 ~32442 534 65601 1688
16620 ~324006 502 56692 18449
1620 =37 405 Le T 5209 19692
1620 -30,72 5617 56634 18675
1620 -30603 528 51le48 15651
16620 -29e62 7 6600 59427 1181
16.20 ‘28.31 5.52 43458 15023
16620 -26480 5622 25453 18482
16620 -264,94 4470 39430 17624
16620 26047 600 356416 18484
16620 ~26450 Be35 33493 11665
16620 -26498 Y608 43400 10643
1620 -28402 8e82 18617 1185
16e2Nn ~28426 7692 34472 146 74
162N ~-30467 Belb 55616 18637
1620 -76e7H 5e61 3T e02 18.00
16e¢2nN -22421 5415 79486 11405
16620 ~-21le7Y Lol3 T4aT6 1151
16620 -21.28 Lebl 59e72 12602
1620 -21.81 4639 = 594630 Qe 77
16.20 -22e410 L4el7 47668 10,19
16620 -20e95 6e02 126673 588
1620 -2094 6el3 103453 heB2
16620 -21e57 588 104.68 1087
16620 -16.08 Tw 3 117428 1186
16«20 -17¢95 leb64 94499 24451
16620 ~17627 «36 93670 24403
16620 ~16486 2e56 986412 1954

1620 -18651 ~e03 100654 20601



15«00
1500
1500
1500
15400
15600
1500
15600
1500
1500
15400
15.00
1500
15600
1500
1500
1500
1500
1500
1500
15600
1500
1500
1500
1500
15600
1500
150N
15400
15600
1500
1500
1500
1500
1500
1500
15.00
15«00
1500
15600
15600
1500
150N
1500
1500
15600
1500
1500

LOW LEVEL

LONGe

-36467
=-36457
_?6. 12
=3 5ig g
=35443
=35 /8%t
—-35,473
~36R03
~35463
-36456
~37407
=-37e10
-36e637
‘36.00
-36471
-37,02
=354 1
~35492
~35,63
-35.89
=R5II6H
=35454%
-36443
-36460
~37,435
_’38.’32
-38,.,01
-37.67
-38+50
~38,660
-36,79
-37404
-37.52
-3 50
=385 15
-35,74
~35475
~43432
~41488
-/4?./-4'(:)
~42400
~43422
-43,00
42440
=-424,00
=42 484

WINDS

DAY 223

LAT .

19116
19489
19690
19470
2045
20687
21 e2b
el
2247
23410
23605
21619
21681
20485
20646
20667
194453
19135
18645
19400
19668
1787
17455
18430
18640
17495
18482
1697
1780
18512
18636
18446
16679
16655
LTe23 =
16e54
16682
l6e54
19626
14637
15.14
15464
14476
16406
15670
1631
1652
14636

120072

SECTOR 1 = Northwest

DIRECTION

55461
56465
79409
69 e 66
59402
82400
65459
65430
66426
73499
59496
81e40
49443
64476
88e42
87486
BRs 1
6lelt
64427
64404
71e54
56e42
56043
62473
62435
65467
85493
64420
86452
T6e64
76443
75470
64408
6345
80430
80el3
64425
59441
58604
75492
7lel2
69456
63676
12476
73408
78415
93492
61e37

SPEED
(M/SEQ)

54959
6elB
5097
6429
8429
7404
7491
8 e U4
sl
13459
11992
Q69
8e 70
786
8450
8455
6068
B 71
7424
7440
7498
5457
5448
7426
7530
5496
8696
6402
2601
7429
7435
Te 39
7470
Teb6
Se 76
8458
9471
6602
573
7415
7456
10446
7489
0045
Qe 34
Te57
9elb
e

21



22

1500
15400
1500
1500
1500
15600
1500
15600
1500
150N
1500
1500
1500
1500
15,00
1500
1500
150N
15600
1500
1500
1500
1500
15600
1500
1500
1500
1500
1500
1500
1500
15.00
1500
1500
15.00
1500
1500
1500
15600
15600
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500

—-43,91
~44407
—41 424
—41.69
-41480
-43460
-39,683
—39080
‘-’%7.77
~4.2 &5

~42418
-41420
“41.00
~41467
-40470
-45459
-45,28
45409
~44 438
—44.57
~45441
45,418
-44421
~45479
—44417
—42497
42455
“43.23
—43 444
~43464
~44450
—44417
—-42481
~44427
45403
-45431
—45484%
—44 494
45417
-45 440
—45465
—44 44
—44495
~44 461
~44458
~44 469
~44410D
~43 484
44 44
-44403
43472
-43443
~42483

14496
15426
14665
14455
1408
1370
12426
12410
1594
10«48
Qe77
Ye T8
9468
9e37
Se52
970
1008
Se70
935
9670
9603
12.02
11695
12 A9
11.86
1le43
1082
1196
11.98
1l1.86
1lle61
1099
12.80
12.81
15 2
15653
14406
13.86
1372
14652
1486
14499
15632
15458
15669
16606
1606
16657
16480
1694
1695
1755
18410
1800
18011
1808

TTe74
73604
8159
5793
59¢ 74
715646
73629
7327
72409
6EL4e24
82e 74
B4e95
62640
187499
83621
57681
66631
66666
66 Th
68e67
67665
88649
10«31
88439
80e49
65610
78652
69483
Thot 1
61e856
76611
133
52440
58685
{926
il a3 2
89.¢33
88e65
79407
77629
72676
88450
88460
83611
90416
89457
90616
90627
90611
9118
9le64
90456
80610
91651
91.87
93./4-5

Re95
Ae58
Be82
10 32
1096
1128
10 85
10630
7689
576
336
3635
4 a2

«90
2645
1e96
5653
541
532
5635
521
720
9639
Re92
557
Tewdl T
4650
Te69
575
1006
7633
638
8626
7667
8¢ 99
9405
685
680
6e 83
970
7636
707
Tel4
10663
1059
1067
Te32
Te&3
Te b9
752
Tund
7667
1134
Q646
9649
7480



15600
150N
1500
1500
15400
1500
1500
150N
150N
1500
1500
1500
1500
1500
15.00
15600
1500
150N
15600
1500
1500
1500
15400
1500
1500
150N
15 ¢:00
1500
1500
1500
1500
15600
1500
1500
15e0h
1500
1500
1500
1500
1500
1500
15600
1500
15400
1500
1500
1500
15400
15«00
15400
15400
1500
1500
1500
1500

~424206
~41458
-41450
-40,81
-40,478
-414.56
—41 479
—({»2014
-41,.,83
—41.2‘9
-40433
-40462
~414,05
-4046 1
—42e62
—42460
~42413
=4 R522
-43,38
—42497
43575
~44403
44454
~44 465
-44 490
-444,80
~45412
-45,4,34
=4S
-46,38
-466,10
—46041
=4:5559
46457
—46 439
~4643%
47408
-46475
~4T7421
~47414%
-474,02
-47403
-47,67
-4T 460
47430
~47430
~47432
—47 4606
~47,079
~4645Y
~-47 600
-48450

1794
1860
19422
19.23
2017
20e34
20e 44
2082
2le22
20666
2124
2le 45
22408
21678
20658
1974
20624
2100
21e1:8
19677
20601
18665
18.93
19.38
15448
17489
17.76
1677
l8e04
18672
18623
1809
1931
19656
1196196
16623
1681
16498
1762
17¢59
18403
1820
18476
17672
1876
15670
1616
1583
15632
15429
14485
14649
14646
146460
15672
15696

7169
8798
88611
7564
73e26
71694
71468
7125
1191
712653
T4eb3
60ie 55
71666
64663
79406
6902
66e34
92461
79410
19433
78420
80418
78478
7793
894973
89489
89461
89628
94,01
SVE) BT
88416
87682
S5 el
95 el 2
88 2
94617
94430
9335
93487
G3e12
93458
93446
93447
9245

9264
93456
92466
92496
85450
84497
8577
B6e57
86675
90440
9766
95405

Be23
B 19
Be93
9430
Te86
Te94
7697
Be 07
8a15
Te99
B8e0U9
9607
7650
785
Be56
Debb
9el4
9632
955
9621
9429
11e47
10e72
1000
1317
1027
1023
l‘J-UO
12602
1218
9650
S48
9.81
9486
12644
9407
920
Fe24
9440
9638
Beb65
Qe53
Se66
9441
Seb6
T 9T
8408
7e16
Re T2
ReT2
8e61
Be52
11.03
Be55
8406
10463

23



15600
150N
1500
1500
1500
1500
1500
1500
1500
1500
1500
15600
1500
15600
15600
150N
1500
1500
1500
1500
150N
1500
1500
15600
1500
1500
1500
1500
1500
1500
150N
1500
15«00
150N
150N
1500
1500
150N
1500
1500
15600
1500
150N
1500
1500
15600
1500
1500
1500
1500
1500
1500
1500
15400
1500
15600

24

~4T7e67
48421
~48419
48,66
494,04
-49460
-50,08
-50424
—r’OoEl
49465
-48,58
-49,08
~49430
‘46020
~46,4,34
-454 77
‘51029
-50652
-51.44%
=529
-51.14
—50.60
~52.98
~-52e¢91
~53,28
~52+6%
-51.79
52477
-52451
~48,98
=52al L
-51,860
~52 449
-52491
=53ig 2
-52493
"‘;’2.29
-52420
~52460
~49 476
~46435
-46459
—-48 445
-50602
-50497

‘51.18
=B Latkhs
~51497
~49,74
-50444
-51406
~52453
-52440
~52,46¢
-53,97

13674
14018
1354
13.80
18 ¢9%Y
13470
1373
14440
14623
13¢44
1311
1307
12.86
10.38
1060
12,98
13.05
1371
1le46
10.88
10e62
1237
11e34
1095
1lle76
11e72
10.68
9e14
Be82
Be T2
13.84
14621
ldett7
132
13429
14691
15e 74
16617
1685
1606
24499
25410
24651
23671
24605
23603
23430
23647
24408
24669
24481
24690
24662
24484
24elb
23617

9165
9Ne 88
Qa0
B2eb44
99427
96¢96
94452
95627
78436
7950
8138
80643
8le02
70669
70666
B6e49
e85
86699
84494
8206
85429
86666
64602
7204
7717
91632
93665
62e¢35
62448
T6eT7
8Ne28
TT7et2
7661
1'8ie.3 1
TT7e65
716622
77649
9171
Gle58
8287
T4452
68468
64498
13656
8254
82622
95621
8le83
78684
78470
17577
97425
93458
93,77
82461
80651

Re34
Re &5
Q622
Te57
5¢99
be 73
9625
TeT3
6691
6669
6e57
6e59
T 3T
4e43
4el8
564
7450
e D13
703
4638
6e82
e 2018
6e76
6e32
8498
4656
4e32
6628
6619
4eT6
10e22
780
7690
Qe 40
G633
8402
8el7
12641
1088
Qe 79
Q457
719
7620
1191
9697
Qe 75
Ge86
9485
13651
1105
Qe bl
Te69
11.04
11.09
12459
11«59



1500
15400
15600
1500
15600
15600
1500
1500
1500
1500
15.0N
1500
1500
1500
1500
1500
1500
1500
1500
15600
1500
1500
15400
15400
1620
1620
16620
1620
1620
16¢2n
16620
1620
1620
16620
1620
1620
16620
1620
1620
16620
16620
1620
16420
16620
16.20
16420
1620
1620
1620
1620
1620
16620
1620
16620
162N

~53,416
-53427
~51467
-53.02
-48,4,63
-50475
-50453
—51.13
-51,18
‘48099
-48,78
~4T7410
~48422
-48,8Y
-39,01
-39425
-38444
-37.67
-39,28
40,09
—42.10
~42453
-39,03
-39,.71
-34,92
~36,79
~-344,77
-34,4,99
-35422
-35,12
—'35.1A+
-35.,07
=35531
-35.41
—35.54
-36476
-37.31
-36483
-36472
-36465
~36459
~-36,49
-36.58
~36 16
=36w31
—36035
-35475
~35,81
-3640%
~36437
—36.26
-36413
‘36.23
-36420
-36492
-37.04

23e16
24637
22422
22429
1704
17438
1678
1603
17.28
20617
1985
2058
20e43
16¢33
8e59
8eb55
1136
12.00
10613
9e54
e b6
Y955
1269
13«27
11.06
11.27
1le47
11440
1093
10.80
1le45
1le65
1138
1150
11.61
10%'9 7
1 Liel >
10672
10650
10642
1016
1048
1053
10626
1032
1014
8e9C
9.16
8e60
Be B4
Be81
903
Bebl
BeT2
11.31
1136

81.28
7384
70402
81480
90699
T4e45
88.21
8138
83426
83,03
83432
86408
85468
B4ell
324479
350620
97420
84,81
211651
T4666
6701
101e47
77.98
75684
Lbe2T
41641
49498
5le61
61,82
6782
62.40
62664
59488
53e47
58697
350657
25.5
14442
345473
348419
331439
33148
1197
353439
347458
345417
1 ¢e53
18495
13.64
29458
26633
1571
1803
18443
24490
4 o 86

1155
10612
10.87
12419
5476
12499
994
9485
1265
8420
8.12
8426
10477
984
1493
1e67
3475
V92
183
3442
3455
2449
8450
7683
6486
4457
7074
8494
8470
Bedl
8431
Re37
9428
9453
7463
2463
3422
Pull
2466
4413
2488
3 14
3,13
3495
4404
4436
4451
5410
’%048
4485
4440
4432
3436
3435
4e61
4421

25



16620
1he?20
16620
16620
16620
16420
16620
1620
1620
1620
1620
16620
16620
16620
16¢20
1620

26

LT 2
-37432
~3549Y
=364 94
~3645¢
~36404
_35|51+
—B 56 %5
+36911
~35,485
-38,27
-38.18
~39.02
-38,489
~38475
-39,01

9e34
9439
1130
LRl
12607
12e22
9468
983
9686
Be60
B8e92
8e92
7609
Be96
8e57
8e61

309652
294486
4229
69446
Tlett
62418
1716
25667
16438
358422
284474
301.18
290492
27953
292690
320654

1656
2elZD
7¢10
6e93
B¢ 50
B8Be75
534
5e71
4el0
2¢10
1e79
2025
2e48
217
150

« 84



LOW LEVEL WINDS DAY 223 1200Z SECTOR 2 = North Central

LONGe LAT» DIRECTION SPEED

(M/7SECQ)

1500 -34,36 24496 68694 650
1500 ~33588 24499 70e14 7601
1500 -33.45 25400 69612 6e38
1500 =32475 25405 65.81 6691
1500 -32439 24665 6237 7.00
1500 -33,43 24621 63487 Tetl
1500 -344,50 20626 51487 Be16
1500 -30455 21662 386422 7856
15600 =31 430 119650 38315185 9.05
15400 -31.83 1949 3L 47 Re36
15400 =30461 19611 22497 1003
15400 ~30¢55 18e56 26486 9 e U4
15400 -30490 1771 2948 Be53
1500 -31.08 1748 31632 7482
15400 -29.58 1769 2891 904
1500 ~29,03 17660 17478 Qe58
15600 -29432 L ld 18478 Qe 59
1500 -28,93 17416 17T Q4669
1500 ~-28.,68 1658 11.82 950
1500 =283 3 16636 9614 Be 79
1500 -29,.,78 15652 1702 Tiei98
1500 -30443 15490 2387 B8e38
150N =319 15699 30e11 8418
1500 -31.13 16677 27498 Te71
1500 -31451 16405 31480 Re 36
15.00 -31,8v loe b2 394,82 Te63
1"\.00 =33420 17480 42 e 47 Te 78
1500 -354.48 l8e34 5093 7489
1500 ~34 474 16622 45498 B8e04
1‘\.0"} —*30010 I lel9 2750 Qel2
150N -30.58 1729 3198 9405
15.00 -29.,58 16647 18426 9e35
15400 ~29449 15464 11,93 7483
15400 -29.14 16640 1539 9402
1500 -=324¢24 1L T7Te23 =~ 36636 7.08
1500 -34420 19415 516072 Re 66
1500 -32422 23e53 594693 7¢50
15.0N -31.,90 234,12 5618292 6669
1500 ~31,54 22470 51088 688
1500 -334,40 23+ 16 51619 Re 52
1500 -32.68 23e 14 54471 6e96
1500 -34422 18604 444138 B8e 69
1500 -33,38 19652 43405 6686
1500 -31480 16484 26681 Te32
1500 -32427 2he 17 6687 Te31

1500 -324,27 24677 66691 731




15 600
15400
1500
15400
15600
1500
1500
150N
1500
15400
1500

1500
1500

156 010
1500
1500
1506
1500
150N
1500
15600
1500
1500
15400
150N
1500
150N
1500
150N
1500
15400
1500
1500
150N
1500
1500
1500
1500
1500
150N
1500
1500
150N
15600
15600
1500
1500
1500
150N
1500
1500
150N

28

~-31 492
-324,97
-31.08
-27.48
"29060
-31,08
~316413
~33,98
~-354,65
-35,84%
T )

-35,00
-34,75

~33430
-32.10
-31.43
-27485
-26486
-26416
~24,81
244002
-25,01
-2l gl
~23 e85
23427
-23487
-26.05
—-26474
-25407
-23.78
—23.41
-21.02
~204.606
-19,94
~-19,54%
~18.88
-18.44
-18,20
-17.92
-18.,95
~19447
-17467
-17,28
-17.97
-18.8%
-18,02
=17 el2
-17.70
-33,76
-34,428
-29e39
-29.10

24470
2240
20649
l4e 77
14631
1427
l4et46
1516
14486
1366
11692

11.94
12.10

lle 74
12.15
11.81
13.68
13432
13625
13¢32
14627
12¢5%
12652
l:.bﬁ
12464
13635
10.88
10«86
10652
Se 7
Ge 13
1009
1202
11.48
1158
11466
12617
1148
10687
12.38
12642
1197
12e¢39
13430
12693
1333
14. 54
1387
20491
21636
20656
20617

56682
53ie 1
A2
356692
15633
38455
33.82
41660
GiZe il D
5650 25
47697

62419
65604

59627
69,10
5186
348456
33707
B33l 2
329461
303852
2326473
331.28
328414
312485
322640
35059
338436
317642
324493
285609
256607
291.38
269455
27867
247428
246403
2426415
246.32
242458
243468
240050
231423
213e42
2246467
213420
205619
206699
546472
58663
1935
21.03

Tell
beb66
65¢50
8e37
709
hel3
X
Re NN
Qe 54
TeT4
Je34

1120
659
6e 78
5637
5 #i39
hel9
748
;’078
Be bl
4093
5-84
780
1w 1
2.05
1.93
254
Fe 57
272
6e1l3
hel5
6610
5490
588
56417
6031
4480
4ebY
Fel5
5889
Lo 07
3603
4405
S5ed3
5607
778
7456
Be81

10639



1500
15600
1500
15600
1500
15«00
150N
1500
1500
15600
1500
15600
1500
15600
1500
150N
1500
1500
1500
15600
1500
1500
1500
150N
1500
1500
1500
1500
1500
1500
15,00
15.00
1500
15400
1500
15400
1500
1500
1500
1500

-29.76
-30440
-30.,0%
-28,74
—25.41
~-18,26
-18,.12
-32428
-31,.,87
-33,06
=33430
~23426
-23424
«23e413
~2deibY
-21462
-23476
-21,32
-31,.,98
—"35.?9

—18.40 :

=19519
-19,74
-19,16
-18,42¢
-17.8%
=1 T 0%
~17,94
-18457
—]7005
-19,37
-26.72
~24473
-27419
-27.92
~2742%
~1%e¢70
-15.19
-16445
-276410

20486
2159
2120
19.80
1599
1530
15448
15671
1557
11&505
1le74
10e67
1069
1061
1066
1069
9e84
10e15
12.81
13622
1316
1 3le 9
l4e14
14626
15653
15«55
1625
16629
1609
2536
25652
24400
24400
16662
1773
18620
25407
25667
23457
1167

23.¢89
39641
291615
19.64
19.13
228 .44
214426
48073
30660
71049
59627
290697
289e79
305407
283457
2155 111
292495
27720
53.58
50.44
210612
242445
314481
249466
194420
193669
146496
141,83
111.60
25625
48684
42475
38655
6652
18.00
19,19
3098
2736
3767
336647

9668
Te73
Be34
1009
T7e96
3e&7
20 [l
B8e 54
Te56
1100
1120
2693
26467
le72
3643
5ia 33
2677
381919
569
8e21
4e94
209
2,21
291
332
3642
5636
5829
4496
1332
1244
9637
1158
Be58
1045
10e42
1660
13621
1790
4e31

29



30

LOW LEVEL WINDS DAY 223 120372 SECTOR 2= Northeast

LONGe LAT. DIRECTION SPEED

(M/SECQ)

16620 -16.58 lletl 236414 Teb7
1620 -184565 1083 254476 6607
16620 -1 76396 1083 2384832 Te2h
16e¢20 -17400 Be86 202670 4418
16420 ~17442 8472 102,74 1.75
16620 -17450 12616 243457 5ebb
16620 =t a9 13632 235469 Gel7
16e20 -15.61 12632 223400 5689
16020 —'15ch8 13.31 199.&]_ 5.55
16e¢20 ~-17.64% 12836 248459 4 e 90
1620 14474 2 @5 222460 belH
16e2n —14.03 10068 214.58 4.28
1620 -144,00 11.04 197413 4470
1620 ~12,93 10625 206478 3403
1620 ~-13,59 10634 224453 5616
16¢2n -12,16 10650 212487 2622
16e¢2n -13.50 1hZ2ie 315 2155114 5¢ T4
1620 =185 34 14429 195461 “eBh
16e2n -18421 [$hie 28 206491 Sleil:5
1620 A B 16631 145494 5631
16e20 -17400 1l4s61 196670 6el6
16«20 —16.97 e a8 205.44 6.59
162N -9.15 L2ie ol 2035151 e 219
1620 ~9.97 1270 143436 Ze iz
1620 <«16.64% 8e51 212.05 4o 94
1620 -15.92 Beb7 DAl w823
1620 =] B9 5 Gelbt 235666 394
1620 “17.21 e 83 206408 Jelé
16420 ~-15498 8657 23525 Lol
16¢20 -15,36 Ye60 206412 2490

16620 -14411 11.08 209.65 54073



150N
1500
1500
1500
15400
1500
1500
1500
1500
1500
150N
1500
150N
1500
1500
1500
15600
1500
1500
1500
15600
1.8« G0
1500
15600
15600
1500
1500
12400
1500
15400
1500
1500
15600
1500
1500
1500
150N
1500
1500
1500
15400
15400
1500
1500
15400
15600
15600
1500

L () W

LEVEL WINDO

LONG e

~-16468
-16443
-20672
-21.?4
-194.60
-24455
164,94
—17.53
~17e75
-19463
-19.,93
~19462
-19430
—-19,.,94
_21021
"22002
“B4y 35
24444
-254.16
-26447
=26 56
—25036
~2e18
-8 52
-30,09
_3035b
-31.59
-32.15
~32480
~ 3% g ls 2
=3l s 55
-33449
-34,05
-32.172
~31.13
""%1007
=32 900
~32495
~338459
—34,62
-3446%
—33,99
-32.93
-32471
~33443
-344,67
-33.8¢

DAY 223

LAT.

Belb
8e 33
B8e51
Be33
8e70
2e b4l
8e 2T
8e31
e84
Be23
Bel6
Be72
9409
9e b6
8e 50
Be b4
Te04
6e84
e85
beb2
5e 6
5 e 82
beb3
6663
6el3
6e56
795
768
739
Be31l
-
Ta3 T
6607
5952
Le68
3e T8 -
355
340
3e55
5059
2468
2. 1.2
2.38
208
156
55
e 54
e 10

120u4

SLCTOR 5 = South Central

DIRECTION

217.78
22150
2B 1o
269463
RN SIS
149427
220466
226627
21193
274436
25869
309437
285464
299412
292665
307460
222D
232490
262458
26797
268445
236695
280458
146471
345471
10450
50«52
349470
42.86
359456
35486
39408
65457
34484
5788
281402
75655
97625
93,426
89654
2208 1 5
124461
94492
96647
105429
9357
107476
92485

SPEED
(M/SECQ)

504
7406
2e41
2y 1L
1«85
4456
Telb
LeT3
4497
309
3610
3457

¢ 91

«85
4416
Leb61
2oL
Le29
3433
2640
260
4e34
le&7

59
190
200
2002
1640

o 16
3693
2e45
2023
210
1e66
400

«39
1e34
3,01
3487
5517
328
3e37
1.87
355
5¢33
6elt3
6eb9
6o ltl

31



32

1500
1500
1500
15400
15.00
15400
1500
15600
15600
15600
1500
150N
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
15600
1500
1500
1500
150N
150N
1500
15400
15«00
1500
1500
1500
1500
1500
1500
1500
15600
1500
1500
150N
1500
1500
15600
1500
1500
1500
150N
15«00
15600
1500
1500
1500

~33410
-32.90
-32,.,98
—-32 .84
—-32443
-3246%
-32¢21
-324.8<
"31."30
~28462
~30,5%
~30449
-32.45
~31,78
=212 (0l
-33,77
-32.82
-33,26
-31,05
-30.12
-304306
-29¢49
-29445
-29.,00
-28643
=28 10
-78013
—27 430
~-27480
AT SaiE)
~26491
~28.,61
=N
-27e43
=26
=27 467
-26445
-28,11
-28e406
—28e4 1
-25.91
=23e30
~-234,52
~23494
=23495
—24e2Y
=23+51
-2344c
-23485
—24425
-24453
-24451
~-25,08
-24489
-2540%
—Zéoéb

«53

20

e 70
-1013

e63
-le26

«06
let3

Y7
~-1e96
‘005

e56
2695
-2463
~-3e64
-3e23
-2e15
-3e11
-2e¢20
~3e23
-2.82
-3el4
-3e45
~3e26
~34 00
~3463
“ILET
“gxll
~4 468
-4e61
b g BT
—LGe43
k495
-5e56
—5e47
—5.08
-4e63
-44G4
~4 482
-5 429
~-4eb6b6
=523
-5400
5407
-4e 719
-4460
~4 o4y
~4e30
f-ZJ—olO
~%4e35
~4ol7
—3e92
-3e84
-2691
-2 76
-2 77

100,08
95404
H5e 03

107461
98,98
9652
98e44
93635

112692
B5e 76

110614
97635
T0e43

108430
7383
8le73
84646
12632
89e24
8Ne93
80637
7998
77689
17624
78664
7782
79418
B6e493
88e10
89919
83688
B6e T4
89441
78464
78409
88463
90655
66628
70643
716604
91646
97640

112,98

112464

111442

109,92

115410

115400

106651

106419

109,78

1056465

114,92

108423

1176556
96493

3603
6626
6e15
4eTl
448
4o 49
4o 1T
6eB4
Tel7
6e22
BeT7l
Be37
4Lel7
SlelL
4681
4483
4e97
505
26 40
4498
5408
Q652
Te70°
6687
6696
6680
beET
5e32
belB
Q622
T e 46
738
Be26
543
5e45
8618
B840
302
390
5649
Be 46
6e 76
Qe 52
Qe &0
12644
1030
8. 76
Be83
9e27
9615
7939
9420
5666
1023
Gel&
803



15600
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
150N
15600
15.00
1500
1500
15.0N0
1500
15400
150N
1500
1500
1500
1500
1500
1500
15600
15.00
1500
1500
15400
15600
15600
15400
1500
1500
1500
15400
15600
1500
1500
150N
1500
1500
1500
15400
1500
15600
15400
1500
150N
15400
150N
15.00
1500
15400

~26494
-26477
-26439
-25496
-25433
-25456
-24475
"24.03
=23499
-23456
~29412
—220‘42
~224671
A
-22412
“22.56
-22475
-204871
=210/ 35
-20415
~-20417
=174 4
‘17.9b
-18.00
-17462
~18s 19
~2140¢6
-20,83
"21.89
-21423
-19499
~18,77
-18.40
~18476
-19,28
-19415
~194,53
=183
=17.9%
"18.01
_18.83
-17.78
=17 ¢34
-17410
-17.,93
—26474
—24e22
—24467
-25,07
~24 443
...25./;()
-27479
“2Tutd
-27,21
~2T7456
—2Te23

-2e71
-2458
2652
-2e89
-3430
~2e63
—2e59
=271
-2e93
-3e02
-2438
-4e T4
~4e65
-5e43
-2490
-3el6
-3438
-3e33
-3¢79
~4e07
~4480
-4 o494
4462
-4 440
~4416
-4407
-2¢5C
~-2e50
—-2¢80
2473
-3676
-35e87
-3670
-3629
24667
By
~1466
-1 483
240l
1834
«1ugl
«88
-1410
-le45
64
232
le83
le82
295
2093
2e84
le97
2e38
Jg92
2e36
237

96649
96473
97429
11670
117.65
9767
110401
105453
112429
108404
108,20
110,73
110433
98463
127 e33
117692
103612
109435
120465
109612
105657
122.84
115671
115446
124458
118.50
148401
148,16
122.15
128471
128.22
123467
144,89
127422
18iare L
1536585
13242
133649
13392
142437
137e45
15§62
133.40
147454
146423
135440
141636
140,64
137.08
161.00
130469
135455
122.88
124417
115650
97480

8401
8406
8+12

1342
9+08
Gl
9476
9454
6e37
8e67
8488
8451
8450
7483
8e26
8435
8ol

10401
8e75
7483
9450
4401
4e97
4e97
5465
641
ok
A

11627
9487
5684

1048
8e 46

11«20

11403

11.81
Be31
8e57
8466
8e79
7485
6692
449
622
9459
4405
4o 48
439
4ot?
3467
636
7470
6e57
6459
6e12
564

33



34

15«00
15600
15600
15400
1540nN0
1500
15600
1500
15600
1500
15600
1500
15.00n
1500
15400
1500
15.00
150N
1500
15 00
150N
1500
15600
15600
1500
15400
15400
15600
15600
1500
15600
1500
1500
15400
1500
1500
1500
1500
15600
1500

~27+00
-27407
*2T«33
-26463
-26442
~26480
~26465
L TRE
-25428
~25elé
-20450
-19¢87
18514
-21l.1%4
~21489
~22412
-19.91
“1609"’
~-16429
~16433
-16,92
-16.68
—19s2:0
-20455
~20 T2
-18475
-17.,67
-17.78
= 16690
-16,86
'—16022
-19,.44
~16:31
-17.12
-17.09
-17444
-19,02
~18.61
—25.30
=2 e29

52
2621
2665
3e 74
3665
3683
393
4edb
Ge31
4.43
2670
le60
ZelB2
2059
2e32
le65
2049
le23

e 83
1431
le81
l.84
le75

« 76

#13
2468
2e 14
2054
3418
3640
4406
3627
5602
Le87
516
LebET
3695
3493
le&7
le27

134,89
129,12
58490
155610
1:555/s 519
170697
170646
It [0et s
147445
12218150
179657
145459
159314
169427
141433
et o 26
16979
148409
1’57602
139.74
162,66
160460
147.79
122.64
115611
163629
165482
166406
163634
163,10
185481
154452
206410
192443
184,01
168460
177465
161e44
1381981
114437

534
594
4481
2423
BT
2ie 95
2099
3046
Held
4610
5638
6e60
Be13
Slet
T8 56
Te37
558
Te25
9402
10e 74
9e 56
8470
8e91
6e21
AT
703
8s23
Bel20N
750
7651
Tebb
509
8e35
Tebl
8e22
7e21
bel2
7613
Te32
8e65



15400
15400
15«00
15600
15600
1500
1500
1500
1500
15400
150N
1500
1500
15600
1500
15600
1500
15600
15600
1500
15600
1500
1500
15600
1500
1500
1500
1500
15600
1500
15600
1500
150N
15600
15600
15400
15600
15400
1500
15600
15600
1500
1500
1500
1500
15600

HIGH

LEVEL WINDS DAY 223

LONG e

"‘3:).95
-35,86
-384,72
-38,445
"‘38‘.1/.+
—37.74
=352
-38e444
-38.00
-37.89
-37,99
-37.97
-41441
~41405
wiy] 385
~li3475
—-43,61
-28,35
—?805(3
"1,28003
-38,92
-39.20
-‘38.8}
-46407
“46051
"[46.67
46,498
47420
47454
—4745Y
~4841Y
47476
48457
-48,431
~48,4,61
484,02
49438
-49,57
—-49495
-49,434%
-50440
~49491
~-50448
-5 134
""51.03
=5 5§30

LAT

9694
1038
BeT77
Beb5
BeB7
Be 78
Be57
9468
1038
1096
1062
1038
10e34
1173
10613
1000
1390
13643
13646
13466
13¢5
13.86
BebB
Be 79
Beb63
Be bt
9.20
9661
Ye23
Y9¢06
8e62
9e71
1000 -
10642
1078
11627
10697
10.81
10.81
Beb66
878
Be57
8e70
Beb69
Beb7

1.209Z

SECTOR 1 = Northwest

DIRECTION

77693
95436
TT7et7
TTe64
9105
91 70
88e41
87480
8803
Ble22
84636
94e37
56604
76060
88e52
85458
8537
9193
91.69
91.66
91.63
91.22
92435
78416
93,64
93647
92525
99 ¢37
96482
95482
90670
8% e 72
114441
111462
113691
103,10
101le26
101601
100.64
101641
82485
94408
98468
89478
92476
88616

SPEED
(M/SECQ)

9468
10438
17.08
17.06
1835
1582
1750
1853
1775
15448
16e47
17.98
13404
13,96
14671
10696
1009
11611
10e199

9430

Ge34

9436

770

6e53

8e12

Re08
10«56

B8e32
1090
12648
12436

8409

e BT

Te06

753

9e71

Fe 78

9471

G667

9468
10468
10469
1077
10647
10469

795

35
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HIGH LEVEL WINDS DAY 223 12002 SECTOR 2= North Central

LONGe LAT DIRECTION SPEED

IM/SEC)

15«00 ~1T43¥ 10635 11006 1710
1500 ~17.6% 12697 110614 11646
1500 -17.52 14643 123.66 12478
1500 -18.52 1513 134,39 14632
1500 -19.22 I T 150468 12485
1500 ~1844% 18651 1S5S 13.68
1500 -17.5¢ 1712 144,61 1158
1500 -30629 1239 716487 1381
1500 -30.41 11993 T6e72 13667
1500 -30,48 1le76 78605 15lei2i6
1500 -33457 1162 83.08 15655
1500 -23,02 11627 78417 12152
1500 ~32449 1099 7717 11435
15.00 -32.,19Y 10470 68623 1196
15400 ~32,.,01 1046 71e61 10468
1500 ~-31.34 1005 14468 1227
1500 -31417 9e12 75470 12.88
1500 -35444 10e 46 8573 1758
150N -35419 20e32 146458 1288
15400 =3131510 216669 13777 12436
150N -32.62 21l.09 140.03 6e50
15600 -34490 2312 148647 1439
1500 ~3240° 21e57 140014 beb7

1500 —31e71 21636 123454 7e31



HIGH LEVFL

LONGe
16620 -17.48
16620 -17440
16620 -15.89
1620 ~-15.48
1620 -164606
1620 -15.,06
1620 ~17¢8%
162N ~10455
16e20 -9417
1620 -104,61
16e20 6e34%
16420 4e65
1620 Lo04
162N -2429
1620 -10.456
16620 -10.,25
16420 =5430
1620 ~8460
16020 ‘_9.21
1620 -10440
16-20 —10080
16620 =3 el 7
16620 Tesi5l
1642n ~1e 79
]6.-".’0 —30/“{
16020 “'EJ.Ob
1620 ~941Y
16e/7N —]10/4‘)
16e20 ~-10453
16e¢2n -9.78
162N -11.3n
162N =10419
16e2n -11425
1620 -10.20
1620 —-2e25
1620 6665
16420 5a, 84
162N 7487
1620 b o35
16620 5698
162N Bolj
1620 -5457
16¢20 -5¢62
16¢70 -8416

WINDS

DAY 2273

LAT .

12692
14437
10.67
10685
Ye 75
Ye59
14052
15412
1371
19d12

14418
10692
1123
1083

913
94163
10620
136477
13651
13637
13645
13602
11.76
10e54
18607
19604
18655
15620
13,73
1065
9480
10692
10«19
1093
13612
12440
1Ze 7L
10645
10e23
1533
12603
Yel8
12663

1200%Z

SECTOR 2 = Northeast

DIRECTION

136463
131,92
126407
118429
112440
112¢8%
129430
122481
123405
115421

99.18
68402
118.08

113447
112463
115472
124531
130677
122.92
132457
146668
106487
133458
119458
119.48
110a14
120434
133474
118472
11n.84
110676
118423
119451
11665

87697

894273

99449

16663

7652

73498
112,94
134401
130635

SPEED
(M/SECQ)

il a0
1T 3 LT
9.80
8el5
1212
Sebl
11e49
106 78
10 e L
Q696

7.08
8e90
11640
7453

1504
15689
156386
Beb63
B8e91
11«81
15643
1355
9e 46
6o bl
11657
Be97
12«62
14e04
948
9636
19,38
144594
19.05
16691
7013
1254
8e¢59
1207
]4.55
1575
7e93
14456
56 93
13600

37
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1620 =5 ¢4 5 14431 134,425 11e¢56
16620 -6,28 12.82 1 27 Qe il
16620 —lelb 9630 140629 7 T



15400
15.00
15400
1500
1500
15400
1500
15400
1500
1500
1500
1500
1500
15.00
1500
1500
1500
1500
1500
15400
15400
15400
15600
150N
1500
1500
1500
1500
1500
15600
150N
1500
1500
1500
1500
1500
1500
1500
150N
15.0nN
15600
15000
1500
1500
1500
1500
1500
1500

HIGH LEVEL WINDS

LONGe

~20482
-21410
—20068
~20429
"21.05
~21416
"21.98
-21.83
~22441
-22.,68
-23445
-23,4,34%
~23593
-24,459
~25,04
-24,451
-24080
-254.02
~25457
-19.94
~19425
~19.,24
-18447
~17.,85
~18538
-20430
~22460
-23,09
~27461
~28¢10
-27485
~29 482
-29,606
-33,76
-34,4,17
~23.22
-34,69
-35,22
-30447
~2%9:23
=29450
-30,27
-29.01
~-29.87
=30 46
-30,68
~31 26

DAY 223

LAT

Te54
7.21
6e75
6633
6ebl
6660
6e86
6629
be&3
6e75
5098
6e22
581
5647
532
4493
Le37
3696
3661
2468
7¢28
7.02
Te53
6e94
6696
640
5667
5016
505
512
5046
603
679
Te36
Bel5
8460
8e29
608
5e19
le&5
3e77
3.7(9
3691
525
5021
4e97
3468
2482

12002

SECTOR 5 = South Central

DIRECTION

133459
119611
111.93
111,72
111.37
123450
117,96
118411
105455
114465
114495
113.94
125,90
111.47
127,20
111.04
100670
95480
95,66
95433
128.84
127485
120406
120473
121,11
12117
12937
118.98
118465
65436
64476
5935
56686
50488
90,03
S4e12
11626
9558 3
8le 76
63658
46675
45602
68e94
63410
59642
58677
62495
62410

SPEED
(M/SEC)

15693
21694
2088
18,81
18462
16603
18431
18428
16486
1769
1761
22642
15692
16486
10621
16651
1199
1173
11.61
1129
16621
1370
12478
12.87
13602
1279
9488
11e64
11e53
1992
809
6e b3
14450
12448
10416
11.98
931
Be 77
Be 76
Re75
12649
12421
Bel8
Re 07
13651
13647
1545
15421

39
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1500
15600
1500
1500
1500
15500
1500
1500
15600

-29.78
-31.78
~22 a2
~32e17
=34457
-32,61
~30467
-31436
~324699

6e32
520
4485
3e65
5013
5094
525
belé
6.42

46481
6103
5769
5727
83487
75601
49498
8729
986 79

1289
13,08
10el S5
17622
1030
1009
9e33
5e34
Bel2



T . G | | yay ‘s —
TR i T G @) Cremortrz

LONG e LAT. DIRECTION  SPFED
(M/SEC)

6e2N =205 78 228 26486 s TEG)
B 2T =20t 26 2h 43 Y= g (rgaga:
1662 -21.00 L2637 h6 ot 6 /i e 86
1620 -20.5% L2220 47 ¢ 34 3498
‘1_{307‘!‘ _f_hiv 12030 7503[) Feo 77
16620 —?]."'F"’ 12e 44 55 ¢ 95 Sa 36
]w‘:)on‘ —:].t“/ 11082 3%.56 : 4.[37
620 =2 e Ol A0 TR 25 ol i FRe e T8
1620 -22.03 11e79 16479 5935
16620 ~22¢1% 11.89 28451 6e52
rﬁ.:‘h =2 . 7 }.1.8’1 AF‘?.?‘O- Ue GO
16621 -22410 12612 31«04 4690
1662 -27422 1228 31«46 4 e92
62 =215516 Fre 38 3R e 3t
16¢20 =228 Q¢ Lils 2¢ 1 %g a1 4481
16620 =22 400 lle 24 18591 5e 9%
1620 =024t TO- 15 o oo~ £ ot
162N —22448 10691 154694 2484
16620 22 854 10e 78 Be25 4eTlT7
THe 2N =R tlhe iz 2 g ) T s
]()c/?q "77.75 l[o?‘[ Po?? Telh
15e20 ~22.4% 1080 1250 5689
R o ) F B0 H<t5 2ot ST
16920 -22480N 11a94 20444 6Hedl
16620 ~22¢35 11e 76 30460 6e87
TS =TT ToOeE> JRe R aras b T
16e20 =23¢ 34 10e 43 358689 Te48
16620 ~2345H2 10617 3588 Ty
TEw=1) g pom: 16505 IS8T B3
16620 ~-23484 10e 46 356/l 5 8el2
16620 —23.";;:3 10545 3[;(_).2() 3,065
o2t 235t 10553 eSS A6
16920 -23s39 1061 355484 Ts B0
16420 -22,64 10 573 335G 73 7«06
o2 26 15 IR ST
16620 ~23,82 1214 29695 5481
16620 =23,97 11,05 352470 720
}Uo.;ﬁ EQ.'}‘A 11.111 ":rz%f"i 7.23
16.2“ *?@.?1 1005‘8 2000 8025
1620 —-24402 Ld% 3 4465 7621
[OcﬁH -":N’T‘T."\b =66 e L 0.7?
e 2 D) -24431 11677 56273 Te87
16620 =24 ¢H 72 12,16 Gotl 7496
NN Eann) =3 g ) o+ Ro+2
1620 =25444 12.01 1779 7.+ 86
16e2 ~25563 128l d Gel?2 Te Tl
HoerH At 2567 B+ A5
16620 —25491 11e9% 249 Be29
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TS5 21T —47.“F T 668 2= S T o) ~ )
1620 -27.21 Lle5 5 357448 7463
1620 e N 1'].4.50 357404 6
620 =2l e T3 Al Bleid 2
16620 —27485 1le34 35 algN.2 7486
16620 -27«11 10.38 3 V58 6o (4
T6+20 =2 T7e 19 OS50 29278 700
16620 -18,73 Y« 59 7100 2662
1620 ~18e57 11.89 89.16 2,08
T6+2N =185t 1T0+96 T6e e TS
16620 27 47 4485 230498 beT72
16620 ~27 .92 986 2994373 5ebb
1620 =25 16 5608 2U2eoS ST
16620 —23454 « 28 258 56 5649
16020 _23049 6.44 258.40 5.45
1627 =25353 e 6D 26T 65 7e)
16620 -19445 5636 232478 0464
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16620 =21 455 12435 317645 240
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1602(1 -21\).75 12.37 BLAD'-L#."}G 2.48
16620 -204606 1252 328453 3¢ 76
1620 -214,3Y 12,07 297428 36 DY
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16«20 -21.41 11.95 306469 4o 45
1620 -21424 1186 322417 2480
620 =21526 1580 F22<89 2?16
16620 -21450 11e67 310029 34d3
1620 ~21429 1160 285453 2646
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1620 -22.27 10.86 270469 5001
1620 —22626 1075 21555 5450
626 AR5k +0+54 3532 436
16020 —22./‘*7 1046 Zgoo?;’ 4.78
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16620 -22451 10.21 294,19 2692
1620 =27 3 T0+38 31693 e O
16620 -22465 1031 310603 6e33
1620 22449 10429 289425 4oT8
LDe 2] AR 1Ue DU Z03e 1U de [ F
16620 —226 15 e 119 309427 6el5
16620 ~22.74 e (9 315484 5.0 o
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1620 -23.06 950 314496 5e 16
T65 20 =285t —$992 FO5S 1O e o)
16.20 “?’%.Ql 10.09 286.4‘) 5.72
1620 —24 409 ON0]% 301464 2660
160 ’:TT i?ﬁoﬁf—g ~Se D’jl ’_‘Tﬁ_‘l e D2 e 7S
16620 —2hebd Ye 92 287691 5674
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1620 ~-24483 6630 86493 Lilie s
1620 ~24475 6929 74480 HERWS
16620 —24458 6620 BlLe2T 1042
1620 —-24415 6e 36 8le62 1008
1620 —24445 6elB 78410 12656
16620 -25412 6e32 8leld 10643
16620 ~24 469 535 82487 18064
16620 24482 520 716468 1Re51
16620 24473 548 82407 2105
16620 —23412 5621 7546 17.98
1620 =23 D Del0 70660 1799
1620 —2248% Del0 62659 17,07
16620 —22435 4693 54,06 16643
16020 —-23.3% 6607 5l e 66 Qe (3
16620 -21468 4e34 6368 1Be 45
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16620 —-22e72 11e56 BISTeRNE 15021
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1620 -21.73 12656 64et8 11635
16620 21418 1073 9196 16665
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LONGe LAT o DIRECTION SPFED

(M/SEC)

16620 -24466 6602 4942 10692
16420 24467 6e26 6527 1013
16620 24440 6613 53e¢44 10438
1620 26417 1le65 95418 5460
16620 -26431 Ile6l 111,42 6486
1620 -26617 11.86 115613 B8e05
16420 24471 l1le51 105465 11457
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1620 ~24,458 be 53 108,66 SR
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Figure
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Figure

CAPTIONS TO FIGURES

Outlines of areas covered by images used to track clouds.
a. Large area, low density (11 August)
b. Small area, high density (5, 10, and 18 September)

SMS-1 infrared image mosaic for 00 GMT, 11 August 1974,
photographed from McIDAS display. Images were displayed at
2X resolution. Cursor is located at 17°00'N, 26°30'W (top);
2°00'N, 26°30'W (bottom). For area covered, see Fig. la.

SMS-1 image mosaics for 12 GMT, 11 August 1974.
a. Visible channel, 1/4-X resolution
b. Infrared channel, 2X resolution. Cursor is located at
16°30'N, 45°00'W (left), 17°00'N, 26°30'W (center),
17°00'N, 6°30'W (right), and 2°00'N, 26°30'W (bottom).

Cumulus level cloud tracer motions. Each vector represents the
motion of a single cloud or cloud element tracked through the
middle three frames of a five frame sequence.

a. 00 GMT, 11 August 1974

b. 12 GMT, 11 August 1974

Cirrus level cloud tracer motions
a. 00 GMT, 11 August 1974
b. 12 GMT, 11 August 1974

SMS-1 images for 12 GMI, 5 September 1974. Cursor is centered
on the B-array, at 8°30'N, 23°30'W.

a. Visible channel, 1/2-X resolution

b. Infrared channel, 4X resolution

Cumulus level cloud tracer motions
a. 09 GMI, 5 September 1974
b. 1230 GMI', 5 September 1974. Surface ship winds for
12 GMT are plotted as heavy arrows with circles.
c. 15 GMT, 5 September 1974.

Cirrus level cloud tracer motions
a. 09 GMT, 5 September 1974
b. 1230 GMI', 5 September 1974. 200 mb ship winds for
12 GMT are plotted as heavy arrows with circles.
c. 15 GMT, 5 September 1974

SMS-1 image mosaic for 1230 GMT, 10 September 1974. Cursor
positions are 12°14'N, 23°14'W (top), 08°30'N, 23°30'W (center),
and 04°50'N, 23°30'W (bottom).

a. Visible channel, 1X resolution

b. Infrared channel, 8X resolution
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Cumulus level cloud tracer motions
a. 1230 GMI, 10 September 1974; surface ship winds, 12 GMT
b. 1500 GMI, 10 September 1974; Oceanographer tethered
balloon (BLIS) measurement of wind at 15 GMT', 600 m,
shown as double arrow.

Cirrus level cloud tracer motions
a. 1230 GMT, 10 September 1974; 200 mb ship winds, 12 GMT
b. 1500 GMT, 10 September 1974

Middle level cloud tracer motions
a. 1230 GMT, 10 September 1974
b. 1500 GMT, 10 September 1974

SMS-1 images for 1330 GMT, 18 September 1974
a. Visible channel, 1X resolution
b. Infrared channel, 8X resolution

Cumulus level cloud tracer motions
a. 1330 GMT, 18 September 1974; surface ship winds, 12 GMT
b. 1500 GMT, 18 September 1974

Cirrus level cloud tracer motions
a. 1330 GMI, 18 September 1974; 200 mb ship winds, 12 GMT
b. 1500 GMT, 18 September 1974
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Figure 6a

Figure 6b
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Figure 14b
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Figure 15b




