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I. INTRODUCTION

The Space Science and Engineering Center (SSEC) of the University
of Wisconsin parficipated in the August-September 1975 Data Systems Test
(DST) from August 16 - September 21. Winds were derived from cloud motions

using SMS-1 image data. Four data sets were produced each day. Out of a

possible 142 daté sets during this per&od, a total of 135 were produced,
making an operational reporting reliability of 95%. For these 135
data seté, an average of 1646 vectors were produced for each data set, making
a grand total of 141,216 winq'vectors for the five week operation.

This report is intended as a summary of the operations at Wisconsin
~ during this DST. It will cover the system used during this DST and how it
differed from previous DSTs. It will cover the training and operational
procedures used during ;h;s DST. Finally in the appendix will be the entire
‘ list of the number of winds produced for each time period of the DST.
II. SYSTEM CONFIGURATION FOR AﬁGUST—SEPTEMBER DST

The cloud motions were measured oﬁ the McIDAS (Man-computer Interactive
Data Access System). This is an image storage, display, and processing
system consisting of data archive, data access, video display, operator
console, and computer control sections. Central to the system is a
computer which controls the display section, operator console, and computer
peripherals. Data enters the system from an antenna on the rodf which
receives the stretched SMS data. Thié data can either be archived on a
special slant track recorder, 6r used in real time. The real fime ingestion
of data is done by using a data interface box-which converts the incoming
visible and IR data into 8 bit bytes, averages the elements in a line to

produce equivalent 1/2, 1, 1-1/2, 2, 3, and 4 mile resolution data, packs



the data into 24 bit words, and then puts the data directly onto the
digital disk in real time. The data is then reformatted by the computer into
standard analog TV format and is transferred to an analog video refresh
disk. The registration of images is done by using a predicti&e navigation
systen. This‘predictive ﬁavigation'is capable of predicting the position
of every pixel 24 hours in advance within an accuracy of approximately omne
pixel. This predictive navigation and ingestion system is capable of producing
aligned sequences of images in real time so that when the satellite finishes
sénd;ng the images, they are immediately ready for cloud wind tracking.
Control of the McIDAS hardware and execution of the scientist's
commands are achieved through a body of special software. The operator
commands the computer through a keyboard using a language requiring no
knowledge of programming. Through this software it is possible by simple
~-key=-ins to enhance aﬁ image, magnify it, combine adjacent images into loops
of any length, vary loop speed by up to a factor of 30, locate and track
-7<cinudswin TV, image, or earth coordinates,.and display the results as a
...Xector plot superimposed on the original image. Two independent heads on
the analog disk allow double looping of infrared and visible images, with
instant single key transfer from one to the other, or interlacing of the
two images. | |
Tracking may be done by either of two primary methods: cursor tracking
of the cloud to the nearest TV line and element (pixel tracking), and image
match tracking of the cloud to better than TV line-element ;esdlution
{correlation traéking). PixelAtracking has been facilitated by the
addition of a_function called_tﬁe velocity cursor. The operator positions

a cursor over the cloud to be tracked using a joy stick. The velocity



cursor function then automatically displaces thg cursor - from one picture

to the next according to the position of a second joy stick. The displacement
is linear within the TV line-element coordinate systeﬁ, and constant

from one picture to the next. The velocity cursor cén be used by itself

for single pixel tracking, or it can be used in conjunction with the
correlation tracking. Correlation tracking requireé the operator to roughly
track the cloud by placing the cioud within a box for each pixture i;f;-set;

The computer then performs a correlation analysis to align the brightness

_f;eld and "fine tune" the operator's tracking. Correlation tracking is the

more accyrate, but it requires well-defined clouds moving in a single
layer flow pattern. Single éixel tracking using the velocity cursor can be
invoked by the operator for tracking clouds in multi-layer flow patterns,
or for matching the motion of the cursor to the motion of a pattern if
individual clouds cannot be tracked.

The heights of the clouds are determined using both the visible and
~4nfraxed d#ta. The visible data is used to determine the emissivity of
the cloud. The infrared blackbody temperature data is then corrected for
emissivity to determine the cloud top temperature.'VStandard atmosphere
soundings corrected for the latitude and date aré‘then used to detérmine the |
height of the cloud. For cloud tracking using only infrared images where
there is no emissivity data, the blackbody femperature of the cloud is
used. The cloud height function can be requﬁsted independently of the
wind calculation if desired by the operator, or it camn be invoked
automatically by the wind computation. The operatof can also specify the
height if desired.
Quality control can be applied to the derived ﬁind measurements in

several ways. The measurement can be made twice using three images. Wind



measurements which do not agree within an operator set residual criteria
are flagged to be in error. The height measurement also is made twice.
Other quality control routines available include the best match occurrence
on the matrix boundary. If during correlation, the best match of the two
images occurs on the boundary of the data matrix, the data is flagged. This
check is routinely used for all correlation computations. A final quality
control check which is performed is the plotting of the derived wind vectors
over the cloud pictures. The displayed vectors are color coded according
to the height of the cloud. The operator can mark any vectors he feels
which are in error. For the DST there was no conventional data comparison
- -or-large-secale plot of wind vectors.
_ITI. SYSTEM DIFFERENCES FROM PREVIOUS DST EXPERIMENTS
The August-September 1975 DST was the third in which Wisconsin

participated. The first was 28 Oct.-2 Nov. 1974, the second was 25 Jan.-
11 Feb. 1975, and the third was 15 Aug.-21 Sept. 1975. The basic framework

~~=of the McIDAS and the wind tracking spftware hasbbeen the same for all

_ three DST experiment.' However there have been significant advances between
the DSTs which has advanced the McIDAS from a research tool to a tool which
is capable of real time operatiomal processing of data in a FGGE framework.
A. October 1974 DST

Any cloud tracking system has the basic components of a data ingestion

System, image pro&uction system, image alignment system, cloud tracking
lyltll; cloud height determination, guality control system of derived
~Easurements, and finally an ope.rat:n.ng system which ties together systems
into a functional unit.

By October 1974, Wisconsin had developed the basic components of a



cloud tracking system in the McIDAS. The satellite‘data was ingested onto a
slant track digital recorder which was capable of reco;ding 1011 bits on
one tapé (almost a full day of full resolution, while earth SMS images).
The data was then read off the slant track tape onto a digital disk. The
digital disk then transferred the image to an analog TV refresh disk. The
images were aligned using an orbit model navigation system. This navigation
system required a series of pictures of a single landmark over a period
of a day to define the attitude of the spacecraft. - These landmark images
were read off the tape, the navigation &as performed, and then the images
which were to be used for cloud tracking were read off. Three visible images,
and one IR image were used during the October 1974 DST. All the cloud tracking
‘was done with the.visible images. The cloud heights were detefmined using
only the one IR image. The height was automatically determined with no
operator intervention. There was no height checking. The displayed
vectors did not contain any height information, so there was no height
«quality control in the system.

.Therg were two sets of winds produced each day during the October 1974
‘DST. The earth was divided into 12 sectors for display on the TV screen.
It took approximately six hours to load the images, 1 hour to navigate, and
five houré to process the winds. Approximately 500 vectors-per data set:
were produced using a single terminal. The loading time prevented a full
set of 3 IR images from being-loaded. The data times were 12 Z and 18 Z
because of the need for a visible landmark for each image. This single
Jlandmark was used for both the north-south alignment and the eést-&est
alignment of the images. The north-south variation of the image is caused

by the motions of the spacecraft and are quite regular and definable. The



east-west motions are under the control of the ground station and is changed
many times a day, forciné the necessity for the landmark in each image.
The alignment accuracy was quite good. Errors caused by alignment errors were
on the order of 10 cm/sec.

The primary purpose of the October 1974 DST was the check out the basic
system components of the Wisconsin cloud tracking system. The test showed
that the basic navigation and alignment system worked very well. The Man-

computer Interactive concept was demonstrated as an efficient method of

‘processing satellite image data to produce quantitative results. Analysis of

these winds by NMC's Data Assimilation Branch showed the satellite-derived
winds to be as accurate as radiosonde winds, but the winds produced during
the October 1974 DST had height assignment errors on some of the wind

vectors. The ability to produce meaningful wind vectors in areas of

~multiple cloud layers was noted as being an advantage of the Wisconsin

System.
ﬁ. January 1975 DST

The January 1975 DST was a two week test from'24 Jan-6 Feb. The original
aim of this DST was to process.éufficient data for model impact studies at
NASA/GISS. Four wind sets per day for two weeks was desired. Because of
the loading time problem and the use of the McIDAS at Wisconsin by other
scientific users, only one time, 18 Z, was processed in real time. The
6.Z winds were produced during March 1975. The othér two time never were
produced for the full two week period except for 3 days of data which was
produced in July 1975 as a training exercise for the August—Septémber 1975
DST.

For the 18 Z set which was processed in real time the data ingestion,

navigation, and loading and cloud tracking was done basically the same as




&;fzﬁgifhEVOctéﬁer 1974 DST. Since the NMC analysis report had not yet beeﬁ
published at this time, the height assignment problem of the October 1974
data was still in the 18 Z data of the January DST. For the 18 Z data, an
average of approximately 1000 vectors per data set was produced. A'global
comparison of the cloud derived winds for this 18 Z data set with radiosdnde
data showed an average 5 m/sec difference between tﬁe cloud observation
and the radiosonde. The same anal&sis applied to radiosonde vs. radiosonde
showed also a 5 m/sec difference. This difference is caused by atmospheric
Vﬁariability and is consistent with studies of differences between simﬁltaﬁeously
1aunchéd balloons. |

The 6 2 daﬁa set had several major system advances accomplished prior
to the prbcessing of the data. The NMC analysis of the October DST data was
released. The wind vector display was changed so that the displayed vectors
were color coded to height, making it easier for the operator to spot a
vector with an erroneous height assignment. The second advance dealt with
the alignment and the requirements for landmark data. The 6 Z data had only
IR images available. The SMS infrared images have a pixel size of 2 x 4 mi

at the subsatellite point.

PSR =

Landmarks are very'difficuit to measure precisely in the IR because of
the poor temperature contrast between land-water boundaries at-some times
during the night. Hence IR only landmark data had problems with large
-granularity and pbot contrast. To get around this problem a system was
developed to determine the eaét—west image shift from the line documentation
of the image, and extrapolate the north-south image shift from visible
landmark images measurements made on the previous days data. Hence it became

possible to align a sequence of images accurately without making landmark



measurements on all the images in the sequence. The error caused by the
misalignment éf images was only 10 cm/sec for this 0600 Z set Vhich had no
landmark measurements at all duriné the sequences which were used to compute
the winds. An average of 700 winds per data set were produced for this
0600 Z data set.

C. August-September 1975 DST

The August-September DST was to be a one monthtgégf with fouf_data

sets per day produced in a real time operational environment mode. To

accomplish this, several advancés were made to the McIDAS system. The

first éas to expand the system into a two terminal unit with both terminals
working without interference from the other., Both terminals ran off the
same Datacraft computer. The second major advance was to reduce the loading
time to the real time rate of the satellite transmission. This was done
by ingesting the data directly onto‘digital disk in a navigated form.
Three more digital disks were purchased making 40 megabytes available. A
.«data interface box was made which takes the input digital data from the
satellite receiver, converts the 6 bit visible data into 8 bit by left
justification, converts the 9 bit IR dafa.into 8 bit bytes by truncating the
grid bit, averages the elements along a line to produée equivalent 1/2, 1,
1-1/2, 2, 3, and 4 mile resolution data, packs the data into 24 bit words and
then presents the word to the computer for direct placément on the digital
disk. This "byte mangler" interface box made possible the real time ingestion
of data without placing much load Qn the computer. The computer is free to
do other tasks such as loading the TV frames. A prediétive navigation system
-was used for the ingestion. AA single landmark data segmenf was ingested and
placed on disk 8 times during the daylight hours (the landmark were designated

by an operator), and a predictive navigation was put in the system for the



next 24 hours of ingestion. With the predictive navigation system, the

"byte mangler," and the digital disk capacity; it was possible to ingest,
align, and load the images during the time that the satellite was sending
the.images. When the satellite finished sending the images, the data was
ready to use with no further preprocessing. The registration error due
to misalignment averaged approximatély 40 cm/sec for this predictive
navigation process. The ingestion and loading processes were made easier
for the operator by the addition of a macro expander to the system which
made possible the initiation of a sequence of McIDAS commands. With a
single 3.letter command, the operatof could initiate the entire ingesﬁidn
amd loading sequence.
IV. AUGUST-SEPTEMBER 1975 OPERATIONS
A. Training of Operators

The Space Science Center did not have sufficient staff to man a 24
hr/day operation, so temporary help was hired to work as "wind getters" for
the DST. Four shifts/day with 2 people per shift required a total of 12
operators working on a rotating shift basis. Ten new peéple were hired as
woperators for fhe DSTf Ihese new people were all meteorologists with at
least a BS degree. Some were graduate students and others were f;;;nt
 Wisconsin graduates still located in the Madison area. While all the new
people had good meteorological backgrounds, none had any experience with
satellité meteorology or cloud tracking. Two training courses were
«conducted. One group had two weeks of training on MtIDAS.oﬁeration,
satellite meteorology, cloud tfacking, McIDAS hardware and softwafe
comstruction, and practice "wind getting." From this group of people,

team leaders, were selected for the DST. The second group was trained for

one week in McIDAS operation, satellite meteorology, cloud tracking, and
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practice wind getting. Because of the push to get the new hérdware working
on the McIDAS, the practice wind getting sessions were minimal especially
for the second group, but all the operators were able to pick up sufficient
knowledge to track clouds proficiently. The operators were instructed to
- —make measurements which would describe the meteorology of the situation
writh -as-many levels as possible. The operators were given general guidelines
of what to track and what not to track, but no hard and fast "style" Qas
imposed on the operators. They were instructed to use their own judgement
- as to what woﬁld prodﬁce the best results for a given situation.
B. DSI -Operations |
The DST cloud tracking operations used equivalent 3 mi resolution
data with the earth divided into‘12 sectors. Fig. 1 shows the approximate
-coverage of .each sector. One operator produced winds on sectors 1-7 and
- +the -other operator wofked on sectors 8-12. The northern hemisphere
sectors were displaced slightly south of the equator so that the ITCZ
‘would be in the center of the TV screen, making it easier for the operator
to determine the flow into and out of the ITCZ. The data were ingested in
four swaths with sectors 1, 2, 3 being in swath 1, etc. There is a slight
gap in the data between swaths. The ingestion program was changed during
the -DST so that.when one swath finished, the‘nextvwould start up without
loosing data between swaths. There was a gap between swaths 3 and 4 for
the entire DST. This was caused by theAloss of one digital disk platter
during the DST, which restricted room to only 450 lines of swgth 4 on the
disk, rather than the normal 500.
. The operating schedule for eacﬁ shift started with the ingestion of

the satellite data onto the disk. There was an overlap of shifts so that




NUMBER

TOTAL

TOTAL

e o WIND TIME o urnps  FOR SHIFT  FOR BIN ooV i ol

260 Sept. 17  07:30 Z 857 857 857

260 Sept. 17  14:00 1055 1055 1055 C

260 Sept. 17  20:00 1053 1053 1053 D.

261 Sept. 18 01:45 411 '

261 Sept. 18  02:00 584 995 995 A

261 Sept. 18 08:00 0 0 0 - B equipment down

261 Sept. 18 14:00 0 0 0 C equipment down

261 Sept. 18  20:45 1637 1637 1637 D

262 Sept. 19  01:45 485

262 Sept. 19 02:00 79 564 564 A wrote over tape

262 Sept. 19  08:00 485 |

262 Sept. 19  08:00 134

262 Sept. 19  08:15 37 656 656

262 Sept. 19  14:00 901 901 901

262 Sept. 19 20:00 1040 1040 1040

263 Sept. 20  01:45 487

263 Sept. 20  02:00 150 637 637 A

263 Sept. 20  08:00 722 722 722

263 Sept. 20  13:45 635 635 635 C

263 Sept. 20 20:00 1027

263 Sept. 20 20:30 375

263 Sept. 20 20:15 371 1773 1773 D 20:15 set improperly
’ : : flagged; they were not

264 Sept. 21 02:00 617 transmitted

264 Sept. 21  01:45 672 1289 1289 A

264 Sept. 21  "07:30 933 933 933 B

264 Sept. 21  14:00 1161 1161 1161 C

264 Sept. 21 20:00 1511 1511 1511 D
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the old shift could give the new shift a synoptic breifing during the
ingestion period. When data ingestion was finished, the operator with 7
sectors would start to work measuring winds. The operator. with only 5
sectors to do would send off the windé measufed by the previoﬁs shift to
GISS. This operator would also collect the landmark images during daytime
operations. |
Three images were ingested for each shift. The cloud displacement

was measured twice using the two picture pairs. Any correlation measurements
made.between the two picture pairs which did not agree within 5 m/sec.for
" either the u or v component were flagged in error. The heights of the
clouds were generally manually assignéd. The operator would ask the computer
the height of a cloud field being tracked, and would then assign that
height to the entire field. _This had the effect of speeding up the
© computations because the height calculation &id not have to be done on
every vector. However, it forced all the data in a cloud field to a
particular level. 1In previousADST data sets there was some variability

of height within a cloud field. How much of this was due to natural
wariations in cloud heights within the field, and how much was due to
deficiencies in thevcloua heigh; algérithﬁ is not known because the ground
truth verification of the cloud height algorithm has not been completed yet.

The’normal operation was to use 3 images. However if onme of the

images had problems, then only one picture pair was used. This fall back
mode placed more responsiblity on the operator for the quality control of
the wind vectors because the only autﬁmatic QC check which was available
was fhe correlation maximum on the boundary check (correlation could not

find the cloud).
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Appendix 1 lists the days, times, and number of winds produced during
the August-September DST. Figs. 2, 3, and 4 show a tyﬁical wind set. This
data was from 25 August, 2000 Z. |
V. AREAS WHICH COULD USE IMPROVEMENT

The August-September 1975 DST was very successful in terms of
operational gathering of large numbers of wind.vectors from cloud'motions.
Over 4,000 vectors/day were gathered during the five week DST period.

As Figs. 2, 3, and 4 show, there is a fairly good distribution of wind
measureménts; The MeIDAS ﬁas able to perform in an operational environmeﬁt
in the production of the data sets. However all was not perfect, and

there are several areas which still could be improved for éperational

use of the McIDAS for wind production. .

One area is back up capability. During the DST we were able'to
~weather two major failures without severely impacting our operations. The
first failure was due to loss of one of the eight digital disk platters.
‘The-digital disks were delivered the week before the DST started, and
were not-operationalvuntil the day before the DST started. One of the
disk platters still had a hardware error in it which was causing computer
halts. This platter was disabled and we ran the DST with only 7 platters.
This used up our reserve disk space and limited our flexibility in data
collection, but we were still able to operate with the only real impact
being a small gap of missing data in the southern hemisphere. Thé second
major failure was the loss of one of the computer memory core cards. By
Tearrenging the core cards we were able to gracefully degrade from 65K of
core to 56K. With 65K we can run two wind programs plus other smaller

pPrograms such as the wind transmission to GISS, all at the same time
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Figure 2. Low Level Winds (900-
700 mb) for Aug. 25, 1975 at
20 Z. This is a typical
example of the wind sets
produced at Wisconsin during

—__ the Auc_-Sent. 1975 NST
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 Pigure 4. High Level Winds (300-
200 mb) for Aug. 25, 1975 at
20 Z. This is a typical -
example of the wind sets
produced at Wisconsin during
the Aug.-Sept. 1975 DST.
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without interference. With 56K of core, both wind programs would still-
fit, but the smaller programs would not. Consequently one of the operators
had. to stop measuring winds in order to transmit the Wiﬁds toAGISS. This
was annoying. If we had lost any more computer or disk capacity, the
DST operations would have halted. Having reserve capabilities is very
important for any future operational use of the McIDAS. We did have a
back up for the analog disk used for the TV refresh, but we did not have
to use it during the DST.
__During the DST there were seven full time periods when no data was
processed. The last five of these took place during the end of the DST
—when three entire system regeneration opefations were required. The cause
of these failures was found during the last failure. The digital disk
with programs on it had dirty heads. The system had been on a three month
preventive maintenance schedule, but a shorter time between preventive
maintenance was actually required.

The only other har&ware failure was on 27 August when the power supply
on the DMS satellite reéeiver was causing noise pulses which resulted in
bad -lines in the received image. >Replacing the power supply cured the major
problem of bad lines, but there were still some bad lines in the images.

The SMS-1 has a very noisy signal. The full resolution data shows considerable
salt and pepper in the images. When these noise bits happen during the line

' documentation, the entire line can be lost. On a typical ipage, there were
at least four bad lines. This was annoying, though it did not seriously
impact the cloud tracking. The proﬁlem however deserves investigation into
how to improve the situation.

While there were relatively few failures in the cloud tracking operations
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at the Univ. of Wisconsin, not all the winds producéd reached their final
destination at NMC. ThevUniv. of Wisconsin produced the winds, transmitted
them the NASA/GISS, who reformatted them and merged them with sounder data,
and then_trasmitted them to NMC. Due to several problems along the way,

not all the winds made it to the other end. One of thé problems was outages
on the 360/95 at GISS during some of the scheduled transmission.times. The
modem at GISS which was used to receive the Wisconsin winds was also used

by Suitland. If we missed our regular transmissidn, then Suitland got the
modem an& we were further delayed. Often the collect bin at GISS was

dumped before our wind set got in, resulting in a missed set for transmission
~po-~NESS. - At the end of the.-DST, these missed sets were sent to NESS.

The actual operations of the wind set production was not perfect, and
some days had more problems than others, resultiﬁg in an uneven distribution
of the number of winds produced. One of the problems was computer halts,
especially during the data ingestion periods. This would result in

--portions-of an image being missed. The cause of the halts appears to be
in the Datacraft operating sqftware. An updated version of the operating
software will be installed on the McIDAS after the DST completion, which
sﬁonld solve this problem.

Another problem was the operator waiting for the coﬁputer to complete
wind calculations. The coﬁputer took approximately two seconds to calculate
a wind vector, but the trained operator coﬁld generally select cloud tracers
faster than that, except in difficult cloud fields. The bottleneck in the
operations appears to be the time required to retrieve the digital data from
the digital disks for the correlation computation.. The IO access time

could be improved by a new design of the disk controller, so that data from
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the four disks could be collected in parallel rather than serially as is
now done.
. Other improvements which would aid the operational ability of the

McIDAS to track clouds include off-line ingestion of the satellite data,
__improvements in the cloud height system by the addition of ;urrent

synoptic data for the temperature to height conversion, quality control

developments for single picture pair automatic QC, objective field analysis,

and display of the entire wind field. The predictive naviéation system also
__could use some refinements to try to remove some of the uncertainties.

associated with it. The August-September 1975 DST demonstrated the

operational capability of the McIDAS, but further improvements could make

it even better at operatioms.
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APPENDIX I

Number of Winds Produced by Each Shift
During the August-September 1975 DST
This appendix lists the number of winds produced by each shift. The
day is the Julian date. The wind time is the time attached to each
wind. TFor some shifts, there are two or more times of Vinds, for example
on August 18 there are winds for 02:15 and'02:30 Z. These two winds sets
were transmitted separately to GISS. The sum of the wind sets produced
by each shift is listed under the total for shift column. Genérally the
-total for the shift is the same as the total for the bin collectiom at
GISS. However if the Wisconsin wind sets were an hour or more late,

such as August 19, 21:00 Z, the data was shifted at GISS into the next

bin.




N

DAY DATE WIND TIME IR e SIAL - BIN  COMMENTS

OF WINDS FOR SHIFT FOR BIN
228  Aug. 16 14:00 Z 429 429 429 C
228  Aug. 16 20:30 1014 1014 1014 D
229  Aug. 17 02:30 589 589 589 A
229  Aug. 17 08:00 1029 1029 1029 B
229  Aug. 17 14:00 . 858 858 858 C
229  Aug. 17 20:30 843 843 843 D
230 Aug. 18  02:15 255 i
230 Aug. 18 02:30 733 1028 1028 A 765 good 773 sent
230 Aug. 18 08:30 1002 1002 1002 B 813 good 1002 sent
230 Aug. 18 14:00 1058 1058 1058
230 Aug. 18 19:45 . 260 |
230 Aug. 18 20:00 1039 1299 1299 D
231  Aug. 19 02:00 927
231 Aug. 19 02:00 139 1066 1066 A
231 Aug. 19 08:00 170 '
231  Aug. 19 08:00 1050 1220 1220 ‘B
231 Aug. 19 14:00 929 929 929 C
231 Aug. 19 21:00 649 649 0 D
232 Aug. 20 02:00 963 963 1612 A
232 Aug. 20 08:15 525 525 525 B
232 Aug. 20 13:45 585
232 Aug. 20 14:00 467 1052 1052 c
232 Aug. 20 19:45 1148 1148 1148 D
233 Aug. 21 02:00 964 964 964 A
233 Aug. 21 07:45 145 ,
233 Aug. 21 08:00 908 1053 1053 B
233 Aug. 21 14:00 779 779 779 C
233 Aug. 21 20:00 817 817 817 D
234  Aug. 22 02:00 1071 1071 1071 A
234  Aug. 22 08:00 1036 1036 1036 B
234 —--Aug. 22 14:00 619 _
234 Aug. 22 14:30 249 868 868 c
234  Aug. 22 20:00 642 , . not transmitted in time

234  Aug. 22 20:30 - 197 839 839 D
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DAY  DATE  WIND TIME gg“ﬁ?ﬁns gngEHIFT §8§A§IN BIN  COMMENTS
235  Aug. 23 02:00 Z 871 871 871 A

235 Aug. 23 08:00 6 6 6 B wrote over tape
235 Aug. 23 14:30 675 675 675 c

235  Aug. 23 20:00 1119 1119 1119 D

236 Aug. 24 02:30 984 984 984 A

236  Aug. 24 08:00 828 828 828 B

236 Aug. 24 14:00 723

236  Aug. 24 14:15 163 886 886 c

236 Aug. 24 20:00 1188 1188 1188 D

237  Aug. 25 02:00 1339 1339 1339 A

237 . Aug. 25  08:00 1086 1086 1086 . B

237  Aug. 25 13:45 670

237 Aug. 25 14:00 403 1073 1073 c

237  Aug. 25 20:00 1475 1475 1475

238 Aug. 26 02:00 675 675 675 A

238  Aug. 26 08:00 781

238 Aug. 26 08:15 260 1041 1041

238 Aug. 26 14:30 609 609

238  Aug. 26 15:00 210 819

238 Aug. 26 21:00 1095 1095 210 D

239  Aug. 27 02:00 0 0 1095 A  equipment failure
239 Aug. 27 08:00 1226 1226 1226 B

239 Aug. 27 14:00 1154 1154 1154 c

239 Aug. 27 20:00 1221 1221 1221 D

240  Aug. 28 02:00 803 803 803 A .
240  Aug. 28 08:00 1263 1263 1263 B

240  Aug. 28 14:00 1297 1297 1297 c

240  Aug. 28 20:00 1360 1360 1360 D

241  Aug. 29 02:00 766 766 766 A

241  Aug. 29 08:00 1283 1283 1283 B

241  Aug. 29 14:00 833 833 833 ¢

241  Aug. 29 20:00 778

241 Aug. 29 20:00 1468 1468 D
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DAY DATE WIND TIME gg“ﬁ?ﬁus igiAzanT gg;églN BIN COMMENTS
242  Aug. 30 02:00 Z 605

242  Aug. 30 02:30 517 1122 1172

242  Aug. 30 08:00 1480 1480 1480

242  Aug. 30 14:00 833 833 833 e
242  Aug. 30 20:00 536

242 Aug. 30 20:30 301 837 837 D i
243  Aug. 31 02:30 978 978 978

243  Aug. 31 08:00 1655 1655 1655

243  Aug. 31 13:45 35

243  Aug. 31 14:00 415

243  Aug. 31 14:30 375 825 825 C
243 Aug. 31 20:00 1157 1157 1157 D
244  Sept. 1 02:00 1206 1206 1206 A
244  Sept. 1 08:00 758 758 758 B
244 sept. 1 14:00 771 _

244 Sept. 1 13:45 149 920 920 c
244 Sept. 1 20:00 1056 1056 1056 D
245 Sept. 2 02:00 1253 1253 1253 . A
245  Sept. 2 08:00 720 720 720 B
245  Sept. 2 14:00 1139 1139 1139 c
245  Sept. 2 20:00 1951

245 Sept. 2 20:00 164 1115 1115 D
246  Sept. 3 02:00 829 829 829 A
246  Sept. 3 07:45 213

246  Sept. 3 08:00 646 859 859 B
246  Sept. 3 15:00 783

246  Sept. 3 15:15 244 1027 0 c
246  Sept. 3 20:15 1861 1861 2888

247  Sept. 4 02:00 1101 1101 1101 A
247  Sept. 4 08:00 362

247 Sept. 4 08:30 388 750 750 B
247 Sept. 4 14:00 897

247  Sept. 4 14:30 347 1244 1244 c
247  Sept. 4 19:45 151

247  Sept. 4 20:00 565

247  Sept. 4 20:30 475 1191 1191 D




DAY  DATE WIND TIME gg“ﬁ?gns ggiA:HIFT ig;AgIN BIN  COMMENTS
248  Sept. 5 02:00 Z 1212 1212 1212 A
248  Sept. 5 08:00 810

248  Sept. 5 08:30 193 1003 1003 B
248  Sept. 5 13:45 118

248  Sept. 5 14:00 518

248  Sept. 5 14:00 656 1292 1292 c
248  Sept. 5 21:00 926 926 0 D
249  Sept. 6 02:30 gha 702 1628 A
249  Sept. 6 08:30 1039 1039 1039 B
249  Sept. 6 14:30 337 337 c
249  Sept. 6 15:45 484 821

249  Sept. 6 20:30 920 1920 1404 D
250 Sept. 7 02:00 338

250 Sept. 7 02:30 596 934 934

250 Sept. 7 08:00 1194 1194 1194 B
250 Sept. 7 13:45 91

250 Sept. 7 14:00 559 650 650 c
250 Sept. 7 20:00 831

250 Sept. 7 19:45 397 1228 1228 D
251 Sept. 8 02:00 911 911 911 A
251 Sept. 8 08:00 1353 1353 1353 B
251 Sept. 8  14:00 834 834 834 c
251 Sept. 8  20:00 565

251 Sept. 8 20:00 535 1100 1100 D
252 Sept. 9 02:00 945 945 945 A
252 Sept. 9 08:00 1101

252 Sept. 9 08:00 235 1336 1336 B
252 Sept. 9 14:00 714 _

252 Sept. 9 14:15 53 767 767 C
252 Sept. 9 20:00 1078

252 Sept. 9 20:00 88 1166 1166 D
253  Sept. 10  02:00 48

253 Sept. 10 02:15 896

253  Sept. 10  02:30 248 1192 1192 A




NUMBER

TOTAL

TOTAL
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DAY ~ DATE  WIND TIME p uryps  FoR SHIFT FOR BIN DN COMMENTS
253  Sept. 10 08:00 z 1116 1116 1116 B
253  Sept. 10  14:00 1103 1103 1103 c
253  Sept. 10 20:00 0 0 0 D equipment down
254  Sept. 11 02:00 0 0 0 A equipment down
254 Sept. 11  08:45 1497 1497 1497 B
254 Sept. 11  14:00 1126 1126 1126 c
254 Sept. 11 20:00 1196 1196 1196 D
255 Sept. 12 02:00 765 765 765 A
255 Sept. 12 08:00 470
255 Sept. 12 07:45 1092 1562 1562 B
255 Sept. 12 14:00 194
255 Sept. 12 13:45 766 960 960 c
255 Sept. 12 20:00 1026 1026 1026 D
256 Sept. 13 02:00 945 945 945 A
256 Sept. 13 10:00 674 674 0 B
256 Sept. 13 14:00 1023 1023 1697 c
256 Sept. 13 20:00 750 750 750 D
257 Sept. 14  02:00 850 850 850 A
257 Sept. 14  08:00 1176 1176 1176 B
257 Sept. 14  14:00 780 780 780 c
257 Sept. 14  20:00 824 824 824 D
258 Sept. 15  02:00 924
'258 Sept. 15  01:45 148 1090 1090 A
258 Sept. 15 08:00 365 365 365 equipment failed :
258 Sept. 15 14:00 0 0 0 equipment down
258  Sept. 15  20:15 595
258 Sept. 15  20:30 184 779 779 D
259 Sept. 16  02:00 985 985 985
259 Sept. 16  08:00 1117 1117 1117 B
259 Sept. 16 13:45 214 -
259  Sept. 16 14:00 886 1100 1100
259 Sept. 16  20:00 1018 1018 1018
260 Sept. 17  02:30 720
260 Sept. 17  02:30 764 764 A
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PRELIMINARY ASSESSMENT OF THE CLOUD TRACKING SYSTEM
DEVELOPED AT THE UNIVERSITY OF WISCONSIN

I. INTRODUCTION

One of the primary data requirements for the GARP program is accurate
wind measurements on a global basis, including the ocean areas. Since
conventional data Bources, such as rawinsondes, are not feasible for many
areas, alternative wind measurement systems are being developed for the
GARP program. The cloud tracking system developed at the University of
Wisconsin's Space Science and Engineering Center (SSEC) is an experimental
system aimed at developing the hardware and software components which could
be applied to an operational system for GARP's requirements. Since the
cloud tracking system at Wisconsin is‘experimental, the system is in a
constant state of flux. As problems or deficiencies are noted, the system
is changed to remove these deficiencies. Hence, any assessment of the quality
of derived wind vectors from this system is soon out of date, The
assessment which will be attempted in this report will be based on data taken
in the early spring of 1975. >

This report will be structured into several sections. The introduction
will contain a brief description of the cloud trackiné system. A brief
explanation of possible sources of errors, and what has been done to present
to tty to minimize these errors will be included in the.introduction. The
next section will contain a report by Dave Martin and Dave Suchman on their
analysis of winds produced for the GATE period. This will iqclude an analysis
of the variability caused by different operators and a comparison of cloud .
tracked winds with other GATE measurement systems. The next section Qill be
a report by Fred Mosher and Bruce Sawyer on the comparison of cloud tracked

winds derived from visible images with rawinsonde data. This section will




will also show the comparison of rawinsonde vs. rawinsonde to show the
variability present in the "reference" system. The next section will be a
report by Ken Bauer on the comparison of cloud motion winds produced by’
infrared images with radiosonde measured winds. The final section of this
report will be a summary and conclusion.

A. Cloud Tracking System Description

Wind sets are generated on SSEC's Man-Computer Interactive Data Access
System (McIDAS). This is an image storage, display, and processing system
consisting of data archive, data access, video display, operator console,
and computer control sections (Figure 1). Central to the system is a

~minicomputer which controls the display section, operator ccmnsole, and
computer peripherals. Archive data enter the system via a slant track
recorder or a nine track tape drive. They are loaded on a digital disk,
then are reformatted by the computer into standard analog TV-format and are
transferred to an’analog video disk. This analog signal feeds an enhancement
unit capable of almost any conceivable manipulation of signal level. _These
output signals drive the guns in the color TV monitor on which the image
is displayed. The operator commands the computer through a keyboard using
a special language requiring no knowledge of programming. He designates
subsets of the display image with a joy stick controlled cursor, invokes
programs for processing the designated data, then at his option can store
the results, view them on the CRT or color TV, or tfaﬁsfet them through the
_;“xapewdrive to magnetic tape or through the line printer to paper. All
processing is done on the original digital data. -

Control of this hardware and execution of the scientist's commands
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are achieved through a body of special software. Thmngh this software it
is possible by simple key-ins to enhance an image, magnify it, combine
adjacent images into loops of amy length, vary loop speed by up to a factor

_of 30, navigate pictures, locate and track clouds im TV, image, or earth

_ecoordinates, and display the results as a vector plot superimposed on the
original image. Two independent heads on the amalog disk allow double
looping of infrared and visible i@g%,with instant single key transfer from
one to the other, or interlacing of the two images.

—Tracking may be done by either of two primary methods: @r tracking
of the cloud to the nearest TV line and element (pixel tracking), and image
match tracking of the cloud to better than TV line—element resolution
(carrelatidn tracking). Pixel tracking has' been facilitated by the addition
of a function called the velocity cursor. The operator .pczsitions a cursor
over the cloud to be tracked umsing a joy stick. The velocity cursor function
then automatically di.sp].aces the cursor from one picture to the mext according
to“the position of a second joy stick. —The displacement is linear within
the-TV line-element coordﬁmte- system, and constant from ome-picture to

_the next. The welocity cursor can be used by itself for single pixel
tracking, or it can be used in conjunction with the correlation tracking.
Correlation tracking requires the oi:erator to roughly track the cloud
by placing the cloud within a box for each picture in a set. The computer
then perfvorms a correlation analysis to align the brightness .f:i.eld

“and "fine tume" the operatoi's tracking. Correlation tracking is the moét
accurate, but it requires well-defined clouds moving in a single layer flow
pattern. Single pixel ti:acking using the velocity cursor can be inmvoked
by the operator for tracking clouds in multi—layer.-flow patterns, or for

matching the motion of .t‘he cursor to the motion of a p'zittex"n if iﬁdividual




clouds cannot be tracked.

The heights of the clouds are determined using both the visible and
infrared data. The visible data is used to determine the emissivity
of the cloud. The infrared black body temperature data is then corrected
for emissivity to determine the cloud top temperature. Standard atmosphere
sound;ngs corrected for latitude and data are then used to determine the
height of the cloud. For cloud tracking using only infrared data where there
is no emissivity data, the black body temperature of the cloud is used.
The c10u& height function cén be requested independently of the wind
calculation if desired by the operator, or it can be invoked automatiéally
by the wind computation. The'operator'can also specify the height if desired.

Quality control can be applied to the derived wind measurements in
several ways. The measurement can be made twice using three images. Wind
measurements which do not agree within an operator set residual criteria
are flagged to be in error. The height measurement can also be made twice
if the infrared data is also available for both wind measurements. Clouds
tracked prior to late spring 1975 generally had only one height measurement
and no height quality control. Clouds tracked now do have height quality
control. Other quality control routines available include the best match
occurrence on the matrix boundary. If during correlation, the best match
of the two images occurs on the boundary of the data matrix, the data is
flagged. This check is routinely used for all correlation computations. Other
routines which are availabl, but are not routinely used, are the secondary
peak comparison which performs a surface analysis of the matchAsurface to
insure a good match, and an image match surface comparison which checks the

stability of the cloud target over more than one interval. A final quality



eentrel cheek which is performed is the plotting of the dérived wind
veetoers over the cloud pictures. Prior to late spring 1975 there was no
height discrimination of the plotted vectors. The present system however
displays up to four levels at once using different célors for vectors
at-different levels. The operator can mark any vectors he feels which are
-din-error. At present there is no conventional data comparisons or large
scale plots of wind vectors.

B. Possible Sources of Errors in Cloud Tracked Winds

“~There are many possible soﬁrces of errors in detérminiﬁg the wind by

tracking clouds. Some of these possible sources are:

1. Navigation errors

~""2. Height computation error

3. Clouds not moving with speed of wind

4; Resolution errors

5. Operator errors
A discussion of these errors and what has been done at Wisconsin to try to
minimize these errors follows:

b % ng}gationvErrors

If a-geOStatidnary satellite was in a "perfect" orbit, every picture
taken could be overlayed on the others in a loop and the earth would not move.

However, the SMS and the old ATS satellites are not in perfect orbits, so the

earth moves in the frame. This false motion is due to the satellite's motion.

Navigation is the process by which the satellite's motion is removed from the
cloud ﬁotion camputation. There are several'poséible ways which this can be
done. One is to manually or by computer correlation align the positions of

landmarks. Another is to model the orbit and motions of the spacecraft in an
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explicit type model. This has been the approach taken by Wisconsin. The
"navigation" process can then convert any pixel in the image coordinate system
into earth coordinates of latitude and longitude.

If there are any navigation errors causing false.motions they will be
systematic errors; thus, if a cloud displacement is measured between times T1
and TZ’ and a second displacement is measured between T2 and T3, navigation
errors will produce a systematic différence between the two vectors calculated.
Other types of errors generally are random, so if a large number of differences
between Tsz and T2T3 calculations are averaged, the resulting residua} term
will be due to the systematic navigation error. During the productioﬁaof
winds for the January 1975 DST, the residual for each day of the 6 Z (only
infrared images) wind set was calculated. The average of the absolute
values of the residuals was .135 m/sec for the u component of the wind and
.102 m/sec for the vV component. This corresponds to an average navigation
error in the east-west direction of 243 meters between the two images taken
30 minutes apart, and 184 meters in the north-south direction. The visible
Pixel size is 1/2 mile or approximately 800 meters. The very largest
residual was .38 m/sec in the u component which co;responds to a 685 m navigation
error. Consequently the navigation errors and the misalignmenﬁ of the images
is much smaller thaﬁ one visible pixel, even on infrared data which has a

pixel four times as large as the visible.

2. Cloud Height Computation Errors

The variation of wind speed and direction with height can be quite
large. Consequently the accurate determination of the height of the cloud
being tracked is important. Since the determination of cloud height is

difficult, this can be one of the largest sources of errors in the computation
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of winds from cloud motions. There are several ways in whicﬁ cloud heights
can be determined. The operator looking at the visible cloud pictures can
guess at cloud heights by identifying the cloud type, such as cirrus. In the
absence of other height data, such as with the ATS images, the opefator's
assigned height has been shown to be good for two levels--high:and low typé
clouds. et

Another method of determining cloud heights is through the use of stereo
projections from two satellites, or from a single polar orbit satellite
 looking ahead and behind. The height resolution is limited by the pixel size
on the image, and the angular baseline displacement between the two satellites.
Using this method the heights of clouds could be measured to 5 to 10 levyels,
but this technique has not been attempted yet in conjunction with a cloud
tracking system.

Another method of determining cloud heights is using the cloud shadows,
such as has been done to determine the heights of mountains on the moon. This
method is limited by the resolution of the image, the knowledge of the height
of the surface beneath the cloud, and the availability of shadows. This method
could be used to check height determinaiions—by other methods.

'Still another method of getting cloud héights is to use the infrared sounder
data to get the cloud heights. This is done on a routine basis during the
inversion of satellite sounder data, but it has not been applied to any cloud
tracking system.. The resolution of this method is about 10 levels.

Finally, the cloud heights can be determined by use of the infrared
temperature data. This is the method used by Wisconsin and most other cloud
tracking systems. The infrared system uses the infrared temperature to

determine the height of the cloud by use of a sounding of temperature with




Vv
4

height. The main problem with this method is that clouds are not necessarily
black body radiators so that some of the energy reaching the sensor comes from
lower down in the atmosphere, making the clouds appear warmer than they actually
are. The cloud height system developed at Wisconsin uses the visible data

to determine the optical thicknesé of the cloud. The optical thickness is

then used to determine the infrared emissivity. The emissivity measurement

and the fractional cloud coyer measurement using the visible is then used to
correct the black body temperature. If no visible data are available the
o height_ié computed assuminglhlack body clouds. The accuracy of this emissivity
cloud height determination has not been fully established, but it should be
good to 10 levels. The largest sources of errors in this-system appear to
be thé fractional cloud cover determination, and the variance in scattering
caused by the finite shapes of clouds not accounted for by the multiple
scattering model in the system.
Errors in the height computation can also be caused by several factors
—-~putside the-basic limitations of the system. If there is thin cirrus (or
"imvisible” cirrus) over lower clouds, the system might track the motion of
«the lower cloud, but measure the height of the upper cloud, resulting in the
motions of low clouds being assigned to the upper atmosphere. The reverse
can happen when the sysfem is operating in the single pixel velocity cursor
mode. The motion is determined only by the opérator's placement of the
cursor. If the operator places the cursor over a hole in the cloud (he is
tracking the motion of the hole in the cloud deck), the height system will
‘measure the height of the lower surface, but the motion will bé that of the
-upper atmosphere. Another sourcerf error in the height computation can be
caused by the fact that the system measures cloud top temperature. The

momentum which is carrying the cloud along does not necessarily come from the



level of the top of the cloud. In the extreme case of a large convectiﬁe
cloud, the motion of the bright core is caused by the momentum of air from
much lower down in the atmosphere.
The height of the tracked cloud probably has the largest of error of
any of the parts of a cloud tracking system. To minimize this error we first
~—~-brought the cloud's emissivity into the calculation of cloud height. During
the October DST and during the processing of the 18 Z winds for.the January
DST, -only one height computation was made with no checking at all on the
: “height. ‘However, plots of the vectors at different heights, and streamline
analysis such as contained in the report by Paul Lemar and William Bonner on
the.“Comparisons Between NESS and Wisconsin Cléud Tracked Winds," have shown
that some of the winds have been assigned at the wrong levels., In attempting
to remedy this problem, several quality control steps have been put into effect.
One is to plot the vectors over the cloud image in a color coded to height so
that the operator can spot vectors which do not fit the flow at a level.

Another is to compute the height twice, once at time T, and again at time T2'

1
If the heights no noﬁ agree within a preset criteria, the vector is flagged
“"""as being in error. Another change to be attempted for the Fall 75 DST
will be to make use of thé optical thickness information generated by the
visible data. Through parameterization, this can be converted to physical
thickness data. The thickness of the'clouds could then be subtracted from the
height of the top of the cloud to determine the level of the momentum causing

the cloud's motion.

3. Clouds Not Moving with the Speed of the Wind

Not all cloud motion discernible on a satellite picture movie loop is

caused by the clouds drifting with the wind. Apparent motions can be caused



by growth and dissipation of cloud systems. Fujita et al. (1975) has shown
that cloud type and size influence growth and dissipation stability which
limits the accuracy of a cloud tracked wind measurement. Fog dissipating is
another obvious example of "false' motion of clouds. Orographic effects such
as mountains can also cause clouds to grow. The wind blows past the mountain,
but the cloud stays over the mountain. Another serious problem in cloud
tracking is gravity wave motions. Gravity waves which form on density
discontinuities in the atmosphere do not move with the wind at that level,
htbereforé, tracking clouds broduced by the gravity waves may introduce lafge
errors. Gravity waves can be a severe problem for cloud tracked winds in the
vicinity of jet cores or strong inversions. Other mo;ions ofvclouds which
are not directly related to the wind can be caused by frontal and large
scale wave propagation. The large scale motion of an upper air trough, and the
weather associated with it, do not move with the same speed and direction as
the wind. '"Blind" tracking of thése features will produce the velocity of
the disturbance, not the velocity of the wind.

There are many features which should not be tracked to get good winds.

... The clcud tracking at Wisconsin is done only by trained meteorologists.

After some initial attempts seve;al years ago to train non-meteorologists
(such as law students) to track clouds, it was determined that only highly
trained meteorologists can consistently recognize the features which should
not be tracked.

4. Resolution Errors

“The time and spatial resolution of the image produce the ultimate limits
on the accuracy of the cloud tracked winds. If data has a pixel size of two

miles, and the images are taken every 30 minutes, the uncertainty of the
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position of the cloud (if it does not change shape) would be two miles/
30 min. = 4 mi/hr or 2 m/sec. Data with 3 mi resolution would have a
limiting accuracy of approximately 3 m/sec, and 1/2 mi data of approximately

S5 m/sec; if the cloud does not change shape. However, clouds do grow and

decay. They are dynamic features which do not remain constant. over time.
——The-smaller the cloud,vfhe faster the change in shape. Hence 1/2 mi data

is not ideally suited for tracking clouds if the images are 30 minutes apart,

because the tracers grow and decay too rapidly. Experience at Wisconsin has
¥w'”§huwn'thét a pixel size of 3miis compatible with 30 minute image intervals,

2 mi for 20 minute, and 1/2 mi for 5 minute intervals between images.

At Wisconsin we try to match the pixel size to the image timing by averaging

data.

5. Operator Errors

The final class of possible errors can be caused by the operator. The
system developed at Wisconsin is fully under the operator's control and
dependent upon the operator for successful data gathering. Thié is
.generally a very large advantage in that the human operator is very good at

T ™ making decistons and judgemept values. The computer in the McIDAS system is
__.only an -extension of the operator. If the operator does not tr& to produce
a good wind set, the computer can not do it alone and the wind set will be bad.

Hence, the effort at Wisconsin involves highly trained and motivated people.
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II. GATE WIND SETS FROM SMS IMAGES--AN ASSESSMENT OF QUALITY

by David Suchman and David W. Martin

In support of the GARP Atlantic Tropical Experiment, SSEC is producing
wind sets deduced from the motions of clouds in registered sequences of
SMS images. Wind sets are of two types—-high density, cluster (B/C) scale;
and low density, wave (A) scale. Seven high density sets have been completed:
three for 5 September,two for 10 September, and two for 18 September. (A
low density set for 11 August is in production.) These wind sets offer

i_J;ln:ee..,1::.1s-sihi.].ities for tesﬁing tracer wind quality: (a) comparison of
satellite winds with GATE ship or aircraft winds; (b) comparison of satellite
winds with cloud features such as clusters, vortices, and clear areas; and
(c) internal consistency of consecutive sets.

The philosophy of satellite wind verification has been discussed
elsewhere. We note only that although direct compariséns of satellite winds
with ground truth winds might seem most efficient in establishing satellite
wind quality, it is rarely possible.to acﬁieve an adequate m#téh in time,

..decation, and altitude. This is especillly true of GATE area comparisons,
_.ahich, due to data availability, are presently limited to comparisbns
of satellite winds with ship and aircraft winds at the gradient level
(500-600 m) and the 200 mb level.* The simplest comparison is visual--an
overplot of ground based winds on the satellite wind field. Objective
analysis of satellite fields would allow quantitative comparisons of u and

v components; results from these comparisons are not yet available.

*

Wind soundings for 12 Z on 10 September have recently been provided by
Dr. David Rodenhuis. These give better altitude resolution, and are being
used to measure u and v differences.



We can also learn mueh about the quality of satellite winds through a
careful coﬁparison of the dynamics of a field-with majo; features represented
in the clouds. Examples include the association 'of persisting centers of

~dow level convergence with active cloud clusters, divergence with cloud free
regions, positive vorticity with cloud bands and vortices. Finally, we
can capitalize in the inertia of the atmosphere to assess quality through
the persistence of larger scale features within independently produced consecutive
wind fields. Changes which do occur should be closely coupled to changes
Nin;the,patterns»and positions of clouds.

Completed wind sets are presented as maps'of vectors. These vector
plots include available ship winds (whee time and level differences are close
enough to allow meaningful comparisoe). For one day (5 September) we also
present grid point winds objectively analyzed from the satellite winds for one
time period, and divergence and vorticity computed from the grid point
winds. Except for a small group in the 18 September 1330 Z set, all winds
were generated by the single pixel method, using a velocity cursor. Tracking
employed visible images; however, infrared images were available for height
aetermination. In all.cases five (or more) registered frames were available
for viewing; tracking was done on the middle three frames. Characteristics
of individual sets are summarized in Table I. Visible and infrared picture
pairs, one for each day, show the general distribution and organization
of clouds.

Following the presentation and discussion of wind sets is a summary of
-an exper iment designed to measure the human element in clOudxselection and
tracking. This reproducibility test is based on the 9 Z sequence for 5

September.



Day

5 Sept.

--10 Sept.

18 Sept.

0830,

1200,

1430,

1215,

1215,

1215,

1445,

1315,

1445,

TABLE 1

CHARACTERISTICS OF GATE WIND SETS

Sequence

0900,
1230,

1500,

1230,
1230,
1230,

1500,

1330,

1500,

0930
1300

1530

1245
1245
1245

1515

1345

1515

Image
Interval
“(min)
30
30

30

15
15
15

15

15

15

Visible Image
Resolution
(km)

2

2

Load
(1at)

0830 N
0830 N

0830 N

1214 N
0830 N
0450 N

0830 N

0925 N

0925 N

Center
(long)

2330 W
2330 W

2330 W

2314 W
2330 W
2335 W

2330 W

2130 W

2130 W

Y/



A. Wind Sets

September 5 (day 248) was one of the most convectively active days
during the entire GATE period over the B-Array. A large, very active, nearly
stationary well organized cluster (see Figure 1) 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 after-
noon. Although the flow characteristics were rather complicated, well defined
convergence/divergence patterns were apparent. At low levels, the strong
" flow into the cluste?s in early morning (mainly from the northeast and
southwest) gradually diminished as the day progressed, with the strongest
inflow being in the western parts of the B-array late in the afternoon.
The high level flow, initially from southeast to northwest over the northern
.region and northeast to southwest over the sou;hern region, became dominatgd
by the strong outflow from the two convective centers as the day progressed.

Figures 2 a-c and 3 a-c show thée McIDAS derived cumulus and cirrus level
cloud tracers for 0900 Z, 1230 Z and 1500 Z. At the time that these and the
other wind sets presented in this report were produced, no information regardipg
the flow patterns or groﬁﬁd'truth in the areas of interest was available.
Ship sonde winds taken from recently released A-scale GATE surface and 200
“mb maps at 12 Z compose the ground truth which is thekbasis for these
comparisons. These sonde winds are plotted on Figures 2b and 3b with circles
indicating the approximate ship positionms.

The correspondences for low and high level winds in regions of both
satellite and sonde observations appear to be good to within the usefulness

of the soundings as a ground truth standard. Although low level satellite winds



. 1230 Z, 5 September 1974: Two times blow down of visible
SMS-I photo centered on 8°30'N, 23°30'W.

1230 Z,5 September 1974. Two times blow down of infrared
SMS-I photo centered on 8°30'N, 23°30'W.

Figure 1
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are for about 950 mb; the differences between low level satellite and ship
winds (Figure 2b) are so small, that most, if not all, of the differences
could be accounted for by the half hour difference in measurement times, or
sounding inaccuracies. The tendency for ship winds to exceed satellite wiﬁ&s ’
in the southwestern part of the area at upper levels (Figure 3b) may be the
result—of lower layered cirrus associated with a-small developing convective
cell near 6°N, 27°W.

Figures 4a and 4b show the objectively analyzed grid point winds
“derived from the 9 Z cloud'trﬁcer field. At the cumulus level, two centers
of commergence can be identified, corresponding to the two centers of
convection: one at about 9°N, 20°30'W, and the other at 9°N, 25°30'W. At
the cirrus level, strong divergence is evident corresponding to the eastern
convective center, while no organized aivergence pattern yet exists for the
developing western center.

The evolution of both the low and high level divergence fields (derived
from the grié—point winds) appears on Figures 5 a-c, 6 a—c while the 9 2
yorticity patterns are shown in Figures 7a and 7b..AThe heavy line on these
figures-denotes the limit of valid vorticity and divergence calculation as
determined by the spatial coverage of the objectively analyzed wind field.
The development of the western cluster is very clearly shown by the sequence
of divergence maps: very strong low level convergence is found in the morning
which gradually weakens as the day progresses——the high level divergence
pattern shows a marked strengthening as the cell reaches maturity. Hence,
the complete sequence of cloud trace;, divergence, and vorticity fields very
clearly shows internal consistency (though these fields were not all produced
by the same scientist), as well as consistency with the physical system they

depict.
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September 10 (day 253) was at the opposite end of the weather spectrum.'
There was little convection in the B-array, and few Elouds (Fig. 8). .Cumulus
level tracers show an elongated anticyclonmic gyre at 5 and 6 N (Fig. 9a, 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 gradient level ship yinds. The largest
discrepancies occur in the weak wind area close to the céntef—éf the gyre.

Flow at the cirrus level was generally Qestward. A northeast-southwest
oriented cyclonic shear zone is indicated north of Fhe B-array, with strong
difluence in the southeast over and around a mature cloud cluster betwéen
5 and 7 N. Ship winds 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 7N.
< September 18 (day 261) was neither as suppressed .as 10 Septémber nor as
active as 5 September. Clouds at the trade cumulus level were abundant.

In the central and northwestern parts of the analysié area these cumuli
swelled to congesti and cumulonimbi, forming two small, rather disorganized
clusters (Fig. 10). The maps of low cloud tracers show that these clu;ters
develqped in an anticyclonic south to southwesterly current (Fig. lla, b).
Within this current there was a slight direction convefgence, and a fairly
marked speed convergencé, both in the vicinity of the central cluster (at
9'20‘N,V 21°00'W). |

Ship winds and satellite winds agree to within 10 degrees, except at

the Vanguard (10N, 23°20'W), where the direction difference is about 50°.

Speeds also are very close.



1230 Z, 10 September 1974. Full resolution
visible SMS-I photo centered on B-array.

. - 1230 Z, 10 September 1974; Four times full resolution
. ° 1infrared SMS-I photo centered on B-array. _

Figure 8
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Full resolution

visible SMS-I photo centered on 9°25'N, 21°30'W.

1330 Z, 18 September 1974.

Four times full resolution

infrared SMS-I photo centered on 9°25'N, 21°30'W.

1330 Z,- 18 September 1974.

Figure 10
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Glirrus clouds were: notr &= uniformly’ distributed; nevertheless,, the: large
saxlee patterm is well defined (Fig.. 12a,, h) .. Flow at the cirrus level turmed
anticycloniczlly from east to southeast. There was a slight downstream
derrerse Im speed,, with: & difluent patterm west and southwest of center;,
st aver tie central cluster at IS Z..

Altttoughh noe shiip winds lie close: to the satellite winds,, the patterns:
formed by each set are mutuzlly comsistent.. Principal features of the:
satellite field——including: anticyclomic flow, difluence, and downstream

nnaﬁhbt:tmrtmcmqmﬁmwiﬂi-gnmmrhtmﬂt, we have alsr examimest

tle consistency of ocur wimt sets—whether z number of different scientists
traciing clouds im the same arez will arrive at essentially the same wind
field.. The sequence chosem for this reproducibility test was centered om 9 Z
5 September 1974, wherr & raptdly developing cloud cluster was i the fiedd
of futerest. If @ high degree of reproducibility were obtained for
thts case, it-could ca:ta:tzrl.y be gssumed for the less complex wind fields
Cumlus (v950 mb) and cirrus (V20O mh) clouds were tracked hy the single
pixel metric from visible and infrared pictures ;t 0830 Z, 0900 Z, and 0930 Z.
Wind! sets for 0830-0900 Z amd 0900-0930 Z were then averaged. Inmitially,.
stz (ﬁtﬁfmt operators produced their own wind sets independently.. These
. operztors #ll had & moderate amount of experience in tracking winds..
These raw wind sets tiem underwent: chjective analysis [using a modified
form of tie WINDVSED computer program (’Hmumam&lﬁxdlich',‘, I973) withh tight
restrictions on data-free regions] to obtain grid point values of the u and

v welocity compoments,, amtdmsﬁelds of divergence and varticity. Theses

b7
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grid point values were then intercompared by computer for each of the above
variables for each wind set. A total of ten randomly chosen intercomparison
sets were made in overlapping valid data regions (approximately 75 grid
points per case for velocity, and 40 grid points per case for divergence
and vorticity).

—~The results of this initial reproducibility test are shown in Table II.
All differences are the mean of the absolute value difference between
operators. No one operator appeared to be significantly better than any other.

" Two possibie sourcés of error were noticed upon inspection of the
qualitative features of the difference maps: (1) a few "bad" winds in a
sparse data region often accounted for a large percentage of the mean
difference between operators; and (2) some of the differences'were caused
by the nature of the objective analysis scheme.

To explore the reasons for wind discrepancies, the four "worst" wind
sets were individually displayed on McIDAS aé vectors superimpbsed on the
images used for tracking. A group of meteorologists challenged questionable
wvectors. If the operator who generated the wind set could not justify these
winds through reference to specific clouds at the appropriate levels, they
were flagged. Deleting the flagged vectors yielded four reedited wind sets.
Over the same period the objective analysis scheme was improved so as to
give a better representation of the wind fields:v smoothing was applied in
regions of large shear to avoid anomalous values in the vorticity and
divergenée field; restrictions were added on data sparse regions to.minimize
the influence of one or two bad winds; and more winds were used in the
calculation of each grid point value.

Intercomparisons were repeated for the four reedited sets using the revised



Low Level Winds

el

4|

Total Velocity

Vorticity

Divergence

High Level Winds
u

v

Total Velocity

Vorticity

Divergence

TABLE II

0.90 m/sec
1.23 m/sec

1.49 m/sec

16.08 x 10°° sec

Y647 % 10 sue

2,14 m/sgc
1.42 m/sec
2.57 m/sec

11,38 x 1070 sec

21.80 x 10._6 sec-1

ORIGINAL WIND REPRODUCIBILITY

{8ix Nonedited Wind Sets)

Mean Difference Between Operators

-1

-1

Mean Difference Between Operators

-1

Mean Value

2.95 m/sec

5.17 m/sec

5.95 m/sec
Maximum Value

40 x 10_6 sec-1

78 x 10.-6 sec“1

Mean Value

8.02m/sec
2,62 m/sec
8.44_m/sec

Maximum Value

50 %102 ge -

86 x 10'-6 sec-l



TABLE III

REPRODUCIBILITY OF FOUR EDITED WIND SETS

Mean Difference Between Operators Mean Value
Low Level Winds
u 0.76 m/sec ' 3.20 m/sec
v 1.04 m/sec 5.25 m/sec
Total velocity 1.29 m/sec 6.15 m/sec
' | Maximum 'Value
Vorticity 9.93 x 10.-6 sec—1 . 34 x 10_6 sec-l
Divergence 11.62 x 10_6 sec-l 86 x 10-6 sec-l
Mean Difference Between Operators Mean Value
“High Level Winds
u - 1.71 m/sec 8.56 m/sec
v 1.10 m/sec 2.32 m/sec
Total Velocity . ‘ 2,03 m/sec 8/87 m/sec
Maximum Value
Vorticity 9.93 x 10“6 sec_1 40 x 10—6 sec-l

Divergence 16.09 x 10'—6 sec—l 77 x 10P6 sec.-1



objective analysis scheme. These results are shown in Table III (an average
bf 125 grid points were compared for velocity, 75 for divergence/vorticity).
After deleting the comparisons not common to both studies, the increase in
velocity reproducibility averaged 28%, vorticity, 327 and divergence,.332.
Hence, improvements in the editing and objective analysis significantly

aided reproducibility.

When considering the variability inherent in the differences in cloud-
selection, the complexity of the case used, plus thg minor inaccuracies in.
the single-pixel scheme, a reproducibility of 2 meters/sec for_the cirrus
level, and 1.3 meters/sec for the cumulus level appears to be very good.

The higher level of agreement for the cuﬁulus level clouds can be attributed
to more tracers at that level, as well as to the distinct nature of trade
cumulus clouds compared with the amorphous character of cirrus.

The reproducibility of the vorticity ana divergence fields are such that
credence is established in their qualitative features, and to a reasonable
degree, their quantitative aspects. This is particularly encouraging,
inasmuch as both divergence and vorticity have proven to be highly difficult
to measure with any degree of eertainty by conventional methods.

C. Conclusions
By a variety of tests covering several distinct flow regimes we have
evaluated the accuracy, representativeness, and reproducibility of McIDAS
 cloud tracer wind sets produced for GATE. In every case the dominant features
defined by conventional measurements are present also in the fields of
satellite winds. Differences between proximate satellite an& ship winds are
close to noise levels in the ship winds and error levels inherent in making

comparisons of such disparate measurements. In every case the satellite field



M

shows far more structure than the ship wind fields. This structure is
consistent with major cloud features; it evolves in consecutive wind sets
in parallel with these cloud features.

Reference
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ITI. COMPARISON OF WIND MEASUREMENT SYSTEMS: CLOUD TRACKED WINDS VS.
RAWINSONDE WINDS AND RAWINSONDE WINDS VS. RAWINSONDE WINDS

by Frederick R. Mosher and Bruce Sawyer

All systems which measure winds contain errors. When one makes use of
winds generated by any particular system, it is desiréble to know tﬁé
limitations of that system and the errors which could be expected. The
purpose of this report is to try to determine the mégnitude of the errors of
the cloud tracked winds for the 18 Z Data Systems Tést (DST) winds produced
at Wisconsin. The DST ran from January 25 to February 7. Winds were
computed using three visible images for cloud tracking and a single infrafed
image for height computations. An average of approximately 1600 vectors were
produced each day for this one time period. The winds were transmitted to
NASA/GISS for eventual impact studies there.

A. Interpolation Program

Because the cloud winds measured at 18 Z are not coincident in space

or time with any rawinsonde measured winds, a time #nd space interpolation
- program was written so that tﬁe two different measurement systems could be
compared. For each cloud tracked wind measurement this program would

search the world wide radiosonde reports for that éay and find the three
closest radiosonde reports for both the 0Z and 12 Z reports which bracket the
cloud wind report time. If any of the locations 6f these 6 possible reports
were further than 660 km away from the cloud wind report location, they were
discarded. The program first did a linear time interpolation for each radio-
sonde report location to the time of the cléud report. If the radiosonde
station did not report fqr both times, the single report was used with no
interpolation. The program then performed a spatial interpolation of the time
interpolated radiosonde reports. The spatial interpolation was ddne by

fitting a plane through the measurements at the three stations and solving
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for the measurement at the location of the clqud wind. This spatial inter-
polation was done for the winds, temperatures, and tﬁe heights so as to produce
an estimate of the sounding at the location of the cloud being tracked, In
the spatial interpolation routine, if there were not three measurements
available, the pfogram would produce a weighted average for two reports, or
simply a straight copy for one report. If the spatial interpolated measure-
ment was more than twice the largest raw rawinsonde measurement, the spatial
interpolated value was discarded as being in error.

Three different comparisons between the cloud tracked windkand the
,interpolﬁfed radiosonde souﬁding were made. The first was at the level
assigned to the cloud wind. This level had been rounded to the nearest
‘wundred millibars. If the stan@ard reporting level of thé radiosonde did
not correspond to the level of the cloud wind, an interpolation was performed
to bring the radiosonde to the same level as the cloud. The absolute and
algebraic difference between the radiosonde wind and the cloud tracked wind
was recorded. The second comparison was between the cloud tracked wind and
radiosonde wind at the altitude with the same temperature as was recorded by
ﬂﬁhe,clnud height system. The final comparison was made between the cloud wind
and the wind at the level of best fit. The program would go down two
significant levels from the level of the cloud wind and would then work its
way up the rawinsonde winds, dividing each level into ten subdivisions,
looking for a level of best fit. The program would stop looking at two
significant levels‘above the level of the cloud wind level. 1In addition to
the wind velocity differences being récorded; the height difference between -
the level of best fit and the level of the temperature of the cloud wind was
recorded.

In this comparison of cloud winds and rawinsonde winds, the rawinsonde

system has been used as the '"reference" system. In order to see how much of



the variability noted in the cloud vs. rawinsonde comparison was due to.the
variability within the rawinsonde measurements and the interpolation techniques,
a cqmparison of rawinsonde vs. rawinsonde was made. First the rawinsonde
report closest to the cloud report was found. Then the threeAclosest radiosonde
stations around the first station were found and a spatial interpolation was
performed to the location of the first radiosonde station. Then all levels
were compared the same way as previously noted for the cloud winds. The
rawinsonde-rawinsonde comparison had no tiﬁe interpolation since they were all
coinéidept in time. By using the radiosonde station closest to the cloud

wind, the rawinsonde—rawinsonde comparisons were made using the same general»
groups of radiosonde stations, and the samé general meteorological situations
as the cloud-rawinsonde comparisons.

B. Comparison of Cloud Winds vs. Rawinsonde Winds and Rawinsoande vs.
Rawinsonde Winds

The comparison of cloud winds to‘radiosonde winds was made using the 18 Z
data set produced for the DST. This data set consiéts of 14 days of winds
with approximately lOOO_yectors produced for each day. The coverage is over

"7 "the entire globe as can be seen from the SMS-I satellite. The processing
~~~8¥ “the wind vectors was done in a quasi;opefations mode. “The earth's disc
was divided into 12 sectors. The operator had to finish each sector in

___approximately 1/2 hour. The-tracking was done on three visible images.
A single IR image was used to determine the héight and there was no height
error checking done on this data set.

‘The cumulative reSu1t§ of the comparisons of cloud vs. radiosonde and
radiosonde vs. radiosonde are shéwn in Table 1. TheAdata sample is for

the entire 18 Z DST data set. The cloud vs. rawinsonde comparison is for



mean distance to nearest rawinsonde station

—..sumber of comparisons

mean u difference at

mean v difference at

mean u difference at

- ——mean v-difference at

mean u difference at

mean v difference at

mean absolute height

i

TABLE 1

level

level

temperature level
ta@mﬁﬁnelmml
level of best fit
level of best fit

difference

TABLE 2

CUMULATIVE RESULTS OF COMPARISONS

Cloud
vs.
Rawinsonde
316 km
3387 -
5.49 m/sec
4,56 m/sec
5.04 m/sec
-5.31 m/sec

1.99 m/sec

2.31 m/sec
2.0 km

RMS VECTOR ERRORS OF AN/GMD-1A RAWIN SET

Altitude Layer

Rawinsonde
vs.
Rawinsonde
278 km
28007
5.13 m/sec
4.33 m/sec
- 5.50 m/sec
5.55 m/sec
2.60 m/sec
2.83 m/sec
1.8 km

Magnitude of mean wind vector from surface to level is

less than 15 m/sec

15—30'm/sec

30-45 m/sec

RMS errors (m/sec)

RMS errors

RMS errors

0-20,000 ft
20,000-40,000 ft

40,000-60,000 ft

1.5

2.0

3.0

3.5
7.0

10.5

7.5
15.0

22‘5




one level. The rawinsonde vs. rawinsonde comparison-is for 'all levels
reported. As can be seen from Table .1l, the two different types of comparisons
yield very similar results. Both the cloud-rawinsonde and the rawinsonde-
rawinsonde comparisons have cumulative differences of approximately 5 m/sec.

The variability in the rawinsonde-rawinsonde comparison can be caused by
two factors. There are measurements errors caused by tracking ﬁhich is
less than perfect. Table 2 shows the rms vector error determined foé the
AN/GMD-1A rawin set used at the Atlantic Missile Range ét Cape Canaveral
(Walsh, 63). . The second factor which éould cause rawinsonde-rawinsonde
differences is atmospheric variability. Measureﬁents have been made in
England (Great Britain M. 0., 1940) and in the United States (Arnold, 1956)
of balloon pairs released simultaneously at different distances. Atmospheric
variability caused balloon pairs simultaneouslyAlaunched 1 1/2 meter apart
to show differences of up to one minute in reaching a certain level. These
balloons drifted apart as much as 1 km during a flight. Table 3 shows the

—average-differences in measured winds for balloons simultaneously launched
at different distances from one another. (Reiter, 1961) In Table 1, the
mean distance of approximately 300 km to the nearest radiosonde station
for both the cloud-rawinsonde and the rawinsonde-rawinsonde comparisons
results in an average difference of 5 m/sec. This is consistent with the
data in Table 3 on atmospheric variability.

‘In addition to cumulative averages, the comparison data has been stratified
into latitude zonal belts, and into height levels for each zonal belt. Table
4 shows the cumulative zonal results of both types of compafisdns at the
level assigned to the vectors. For both sets the differences are smallest

near the equator and become progressively larger in going away from the equator.



TABLE 3

DIFFERENCES IN MEASURED WINDS FOR SIMULTANEOUSLY LAUNCHED BALLOONS

distance between

Sanneh SLtoe Gem) l 0.5 | 5 l 90 l 110l 180 | 480 I 600 l 720 ' 920

differences (m/sec) | 0.5 | 0.8 | 2.2 | 3.0 l 3.8 l 6.9 | 7.1 | 7.9 I 8.9

TABLE 4

CUMULATIVE ZONE RESULTS OF COMPARISONS

Cloud vs..Rawinsonde Rawinsonde vs. Rawinsonde
mean u mean v mean u mean v
latitude zone difference difference difference difference
- - (m/sec) (m/sec) . (m/sec) (m/sec)
50-60N 11.58 10.83 11.80 ' 6.90
40-50N 10.95 7.82 5.69 4.84
30-40N 7.92 5.62 _ 6.49 4.90
~ 18-30N 5.01 4,11 4.35 4.19
0-18N 4.37 3.34 4.82 3.66
0-18s S % L -4.35 3.30 3.44
~30-18S 4.85 5,55 6.60 6.68
40-30S ) : 6.11 - 5.94 6.58 9.14
50-40s - 4.98 5.57 6.18 - 8,70

280



oQ

The winds generally become stronger as one progresses poleward in mid latitudes,
which would explain this characteristic. The cloud vs. rawinsonde differences
were generally slightly larger than the rawinsonde vs. rawinsonde differences
in the northern hemisphere. The reverse was true in the southern '
hemisphere.
For each zone the data was segmented into levels. Table 5 shows an
example of this comparison for the zone 18-30 N; which is typical of most
| northern hemisphere zones. In this comparison, thg differences in the cloud-
-,ﬂr;winsonde aﬁd rawinsonde-rawinsonde comparisons are comparable for the
lower levels of the atmosphere. For levels above 700 mb, the rawinsonde?rawin-
sonde comparison yields smaller differeﬁces than does the cloud-rawinsonde
comparison. Botﬁ show the differences to increase with height. Both systems
have trouble tracking high level winds. For the cloud-rawinsonde comparisons,
there were more low level clouds tracked than upper level clouds. Hence the
cumulative averages are weighted somewhat in favor of the more accurate low
level winds.
Iable 6 shows the same type of data as was shown in Table 5, but for

the zone 18-30 S. Here the cloud-rawinsonde differences are generally smaller
ghan the rawinsonde-rawinsonde differences. The rawinsonde~rawinsonde
differences are much larger in this Southern Hemisphere zone than in the
corresponding Northern Hemisphere zone.

C,» Summary of Results

The acéuracy of the cloud tracked winds and the rawinsonde tracked
winds appear to be comparable. Thisxanalysis showed average.differenges
of 5 m/sec between cloud tracked winds and rawinsonde winds. The same
analysis of comparison of rawinsondes against rawinsonde winds yield the

same result, 5 m/sec. Studies of atmosphere variability predict this difference



Reporting ‘

Level
(mb)

1000
900
850
- 800
700
600
500
400
300

"200

COMPARISON OF WINDS AT LEVEL REPORTED IN ZONE 18-30S

Reporting
Level
(mb)

900
850
800
700
7600
500
400
300

200

COMPARISON OF WINDS AT LEVEL REPORTED IN ZONE 18-30N

TABLE 5

Cloud vs. Rawinsonde Rawinsonde vs. Rawinsonde
u difference v difference u difference v difference
(m/sec) (m/sgc) {(m/sec) (m/sec)
2.92 2.34
3.29 C 3.44
3.13 2.93
3.45 2.90
4.71 3.80 3.20 3.08
6.64 5.04
7.21 5.16 3.82 3.63
6.79 4.96 3.92 3.B3
8.56 6.93 5.26 5.63
10.58 8.08 6.36 6.02
TABLE 6

Cloud vs. Rawinsonde Rawinsonde vs. Rawinsonde
u difference v difference u difference v difference
(m/sec) (m/sec) (m/sec) (m/sec)
4.32 3.36
7.83 4,24
4.59 7.30 '
5.39 6.39 7.03 3.78
3.83 4.32
6.10 5.32 3.77 6.08
4.72 6.37 6.59 6.71
5.25 8.51 5.59 7.91
7.41 8.25 8.22 10.37



for the scale iof comparison used.
The detailed analysis of the data showed the Northerm Hemisphere rawinsonde

stations to have less variability than the Southern Hemisphere stations.

The Northern Hemisphere rawinsonde stations measurements showed a slight

accuracy superiority to the clouwd tracked wind measurements especially in

the upper atmosphere. The rewerse was true in the Southern Hemisphere.

The cloud winds appear to be slightly superior to the rawinsonde measurements

in the Southern Hemisphere.
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IV. A COMPARISON OF WINDCO CLOUD MOTION WINDS FROM INFRARED SMS IMAGES
WITH REPORTED RADIOSONDE WINDS OVER NORTH AMERICA

by Kenneth G. Bauer

Introduction

The comparative utility of a cloud motion wind and a radiosonde
wind in represgnting motion in the atmosphere must be established if
they are to be used synergistically in the data base for numerical
modeling on a global basis. A series of time and séace coincidenﬁ
examinations over the most data-rich (in the more conventional sense)
area viewed by the SMS geostationary meteorological sétellipe--the United
States and its environs--is required to establish this comparative utility.
Comparison methods must be developed and tested over an extensive data
base if a true measure and apéreciation of the comparative utility is to
be found. This study is a Beginning in the necessary development and
tésting stage addressing a horizontal and vertical 'intracomparison between
adjacent radiosonde wind runs followed by horizontal and vertical inter-
comparisons between cloud motion winds derived from SMS-A infrared images

and radiosonde wind reports.

Data Base

Coinciding data in both time and space are essential to minimize, as

much as possible, data extrapolation induced uncertainty in wind comparisons. -

Such data were available for three synoptic times during the last two days
of October 1974. During this period SMS-A images archived by SSEC spanned

the radiosonde observations for most of North America supplied by the



National Meteorological Center (NMC). The 30/1200Z, 31/0000Z, and
3171200Z data periods were used in this study. With North America in
almost total darkness at 0000Z and 1200Z only infrared images were used

to obtain cloud motion winds at these times.

Radiosonde Wind Intracomparison

To measure the variation to be expected when comparing a wind report
at one point in the atmosphere with wind reports in fhe surrounding
atmospheré a radiosonde wind to radiosonde wind intracomparison was made
using the NMC North America radiosonde set for each of the three data
periods. Each radiosonde run available in the set was selected in turn
as the base run for comparison with the three (minimum of two) radiosonde
runs available within a 660 Km radius of the base location. Once the
three comparison radiosonde runs were identified they were compared with
the base run on a pressure level to pressure level and a height to height
basis.

In the pressure level comparison the u and v components of ‘ac wind
reportcdt a standard pressure 'at each of the comparison runs was extrapolated
to the location of the base wind report by fitting a plane through the
three comparison reports. The difference between the extrapolated u component
and the base wind u component (udiff) was then computed by subtracting
the extrapolated u component from the basg u component. Véiff was computed
in a similar fashion.

The height to height comparison was made by using the reported height
of a standard pressure level of the base radiosonde run as the target height.

The u and v components of the wind at this target height were derived for
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esch of the comparison runs by matching the target height to the reported
heights of the comparison radiosonde runs. Once the target height was
bracketed between the two appropriate comparison heights the u_and v
components of the wind at that target height were lineraly interpplated
from the u and v components of the bracketing: wind reports. The comparison
procedures from this point then followed that just described in thei
previous paragraphs.

The results for the overall radiosonde wind intracomparison are
- __summarized in Table 1. Both absolute values and algebraic values of .
Ueiss and Viigs Vere used in the computations. The pressure level and
—height comfarison methods show little difference. For the height comparison
- the average value for the three cases of the mean absolute difference

between a radiosonde wind report and other radiosonde wind reports

extrafolated to the location of the target wind was found to be 4.2 mps

for the u and 5.1 mps for the v The mean algebraic difference

diff diff’
~~-for the same comparison was found to be .0 mps for the UiifE and .2 mps

—for the vy, .-

. .. The results summarized by latitude band are given in Table 2 for.the _

_ height comparisons. Averaged mean absolute u values range from 3.7 mps

diff

at 30°-35°N to 5.2 mps at 45°-50°N. v values range from 4.3 mps at

diff
30°-35°N to 6.1 mps at 50°-55°N.
The results for latitude/longitude bourided zones are summarized in
. Table 3. for the height comparison. The location of the zones is given -
in Pigure 1. Figures 2 through 4 show the NMC 500 MB analysis for the
periods considered. The considerable variation in averaged mean absolute

from 2.9 mps to 6.2 mps and in v from 3.5 mps to 7.7 mps when

Yaiff diff
compared with the 500 MB analysis indicates the variability of the



comparison results is directly linked to the weather pattern present

during the comparison period.

Cloud Wind/Radiosonde Wind Intercomparison

The McIDAS WINDCO program was used to obtain cloud motion winds and
the height of.the clouds. Clouds were present for tracking in the
infrared over most ozﬁientral and eastern United States and southeast
Canada at 1200Z on the 30th with fewer presenf at 0000Z on the 31st.

The L(P) Norm correlation tracking matric was used in conjunction with
 the velocity cursor. Height determination was automatic frgm the data
present at the center of the tracking cursor. Image match surface ﬁuality
control was employed. Quality control limits of 4 meters per second (mps)
were set for the difference between both u and v components of the qloud
motion wind pairs. WINDCO data massaging applying an operator optimized
gray level enhancement waé invoked.

Three image sequences of full resolution IR [(1130Z = T., 1200Z = T

1 2*
1230Z = T3) or (23302»* Tl, 0000Z = T2, 0030Z = T3)] bracketing the 0000Z
or 1200Z radiosonde observation times were used. The change in position
of a selected cloud from Ti to T2 produced the first cloud motion wind
and the change in position from T2 to T3 of the same cloud prqduced a second
cloud motion wind. The averaged u and v components df the two cloud motion
winds (meeting the quality control criteria), positioned at the averaged
latitude and longitude of the two cloud wind positions was the cloud motion
wind compared with the radiosonde wind reports.

The intetcompérison Between a cloud wind and radiosonde wind reports

from the surrounding atmosphere was carried out in the same manner as used

for a height comparison of a radiosonde wind described previously. The
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reported height of the cloud wind was the target height of the comparison.
The difference between the u and v component of the cloud wind and the
u and v component of the radisonde interpolated/extrapolated wind was
then computed in the form:

Ya1ff ~ Ycloud T “sonde’

Vairf = Veloud ~ Vsonde®

In this formulation a positive difference indicates a stronger easterly

(less westerly) u component or a stronger northly (less southerly)

cloud

v component.
cloud Pa *

For the 30/1200Z comparison 223 cloud winds were measured from the
SMS-A IR images (met quality control criteria). Only 61 cloud:winds could
be measured for the 31/0000Z comparison~-the number of cloud winds measured

being directly related to the number and distribution of target clouds.
The results for the overall cloud wind/radiosonde wind intercomparison
are summarized in Table 4. TFor the 30/1200Z intercomparison period the

mean absolute cloud wind u was 4.3 mps compared to 4.3 mps for the

diff

radiosonde intracomparison for the same period. The mean absolute cloud

wind v, ..

The results summarized by latitude band are given in Table 5. For

was 4.1 mps compared to 5.1 mps for the radiosonde intracomparison.

the 30/1200Z comparison beriod the mean absolute cloud wind Uiifs ranged
from 3.0 mps at 35°-40°N to 7.3 mps at 25°-30°N. The Viiff values ranged
from 2.6 mps at 50°-55°N to-4.9 mps at 30°-35°N. These results are
comparable to those from the radiosonde intracomparison fer the same period.
The results for latitude/longitude bounded zones are summérized in
Table 6. A comparison of the mean absolute differences found during the

radiosonde intracomparison with those found during the cloud wind/radisonde

wind intercomparison for the 35°-45°N,65°-85°W zone are given in Figure 5.



The variation with height of both comparison techniques is quite

pronounced. The relatively uniform distribution in the vertical of observed
cloud winds illustrates the effectiveness of the total WINDCO system in tracking

Summary low, middle, and high cloudss

Radiosonde winds were intracompared over North America for three

synoptic times resulting in average mean absolute u values of 4.2 mps

diff 7aiocs

and Viiff values of 5.1 mps. Cloud motion winds were intercompared with
radiosonde winds for two of the three synoptic periods resulting in average
mean'absélute Ygifs values of 4.3 mps and v,, .. values of 4.0 mps. Similar
comparisons by latitude band and latitude/longitude zone have been presented
along with a vertical variation plot. In this study both techniques display
similar variatiéns in differences with latitude, longitude, height, and time.

This behavior suggests that a cloud motion wind and a radiosonde wind have

a similar capability to represent atmosphefic motions.
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Table 2. Radiosonde Wind Report Intracomparison - Latitude Band (height)

Date/time of observation

Radiosonde runs intracompared

- "  rejected

.——wdatmospheric levels compared

- " rejected

| Mean absolute Uiisf (mps)

-~ Mean-ebsolute v .. (mps)

Radiosonde runs intracompared

" "  rejected

Atmospheric levels compared

- p rejected

~»Mean absolute U, .. (mps)

Meln absolute V. .. (mps)

Radiosonde runs intracompared

" "  rejected

Atmospheric levels compared

» 5 rejected

' Mean absolute Uy pe (mPS)
Mean absoiute Viiff (mps)

30/1200Z 31/0000Z 31/1200Z Average

25°-30°N
10 9 11
1 0
83 69 96
14 18 10
5.9 4.3 3.8 R W
5.0 5.7 °° 3.9 4,9 -
30°-35°N
15 14 16
4 0 3
122 113 126
17 17 - 16
4.1 2.7 4.2 3.7
6.0 3.6 3.4 4.3
35°-40°N
19 20 20
9 0 . 5
153 162 161
20 15 20
3.6 85 4.3 3.8
4.8 4.7 5.1 4.9



Table 2. (continued)

Date/time of observation 30/1200Z 31/0000Z 31/1200Z Average

40°-45°N
Radiosonde runs intracompared 20 =1, 20 21
" "  rejected 0 1
Atmospheric levels compared 159 151 175
iy " rejected 27 27 20
Mean absolute u .. (msp) 3.6 4.6 3.9 4.0
~..Mean absolute Viiff (mps) 4.2 4.6 549 N
45°-50°N
Radiosonde runs intracompared 12 11 12
= "  rejected 1 1 1
Atmospheric levels compared - 93 9 94
" " _xejected 15 12 13
Mean absolute UiifE (mps) 4,9 6.3 4,3 5.2
Mean absolute Viiff (mps) 5.1 6.5 6.5 6.0
50°~55°N
Radiosonde runs intracompared 9
- "  rejected
Atmospheric levels compared 73 79 68
. . rejécted 12 ‘ 6 8
Mean-absolute UiifE (mps) 4.5 4.9 4,5 4.6

Mean absolute Viiff (mps) 6.2 5.9 6.1 6.1
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Table 4. Cloud Wind/Radiosonde Wind Intercomparison

Date/Time of observation _ 30/1200z 31/0000z
Total cloud windsrecompared 208 51
" " "  rejected 4 10
Mean absolute Uiife (mps) _ ‘ 4.3 4.3
” ”
Viiff (mps) 3.2 3.9
- ul U s standard deviation (mps) 4.3 . 3.9
" " s _
Viiff standard deviation (mps) 4,1 3.4
'Mean algebraic UiifE (mps) -4 -5
11 " & - -
ngiff“(mps) 1.0 1.4
n "
Yiifs standard deviation (mps) 6.1 5.8

L w standard deviation (mps) 5.7 4.9

Vaiff



Table 5. Cloud Wind/Radiosonde Wind Intercomparison -.Latitude Band

Date/time of observation

Cloud winds compared

- " rejected

‘Mean .absolute Ugigs (mps)
Mean absolute Vaiff (mps)

Cloud winds compared

e M rejected

~ Mean absolute udiff

MEa? absolute Viiff (mps)

(mps)

Cloud winds compared

= "  rejected

Mean absolute u, .. (mps)

-~ ~-Mean absolute Viiff (mps)

Cloud winds compared

o o—di--rejected

Mean absolute ug, . (mps)

Mean absolute Viiff (mps)

Cloud winds compared

rejected

Mean absolute u,. .. (mps)

Mean absolute V... (mps)

Cloud winds compared
" "  rejected

Mean absolute Uiiff (mps)
Mean absolute v, .. (mps)

30/12002 31/0000Z
25°-30°N
26
1 0
2.3 4.2
4.8 T
31 10
2 -1
3.4 4.5
4.9 2.2
47 11
1 0
3.0 2.1
3.1 3.3
40°=45°N
44 11
0 2
4.3 6.6
4.6 4.9
45°-50°N
44 10
0 0
5.1 4.0
4.1 6.0
10 0
0
4.1
2.6
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V. SUMMARY AND CONCLUSIONS ' -
This report has demonstrated that the cloud traéking system developed
at the University of Wisconsin for wind measurement purposes is comparable
to conventional means of obtaining winds in terms of accuracy of measurement,
and is complimenﬁary to these conventional means in terms of horizontal
coverage. The systematic errors due to misalignmeﬁt of images in the
tracking sequence was shown to be on the order of 10 cm/sec. The alignment of
the images was shown to be consistently much better than one visible pixel.
The other errors in the cloud tracking system are random in nature, and are
caused pfimarily by errors in height.determination, and growth and dissipation
of the clouds being tracked.
This report contains . three separate analyses of the cloud tracked
ﬁinds produced at Wisconsin on the McIDAS system. The first dealt with the
GATE wind sets. These wind se&s have a high density of vectors. The sets
were carefully produced for research purposes. Overlays of the cloud tracked
winds on the radiosonde measured winds from the GATE ships showed a
remarkably close agreement. In evefy case the dominant features defined by
conventional measurements were present in the fields of the satellite winds.
Differences between prokimate satellite and ship winds were close to noise
levels. In every case the satellite wind field showed more structure than
the ship winds. The satellite winds clearly depicted the nature of the
complex flow patterns around the tropical cloud clusters. Divergepce and
vorticity fields have been produced from the measured satellite winds.
‘These fields showed consistency and matched the evolutionary stages of the
cloud cluster. This is particularly encouraging since both diﬁergence and
vorticity have proven to be highly difficult to measure with any degree of
certainty by conventional methods. The reproducibility tests showed that
the cloud wind field produced do not depend upon the operator. A cloud

field was measured by several different operators. An cbjective analysis



scheme was used to get grid point values. The mean difference between -
operators was 1.3_m/se§ for low level winds and 2.0 m/sec for high level
winds. The reproducibility of the vorticity and divergence fields showed

& good agreement on the qualitative features and showed reasonable agreement
of their quantitative aspects.

The second analysis in the report dealt with the comparison of satellite
cloud tracked winds using visible images with conventional rawiﬁsonde
measured winds. The satellite win& sets were produced during the January
DST ;nd consist of quasi-operational quality wind. measurements where the
operator had é deadline to meet. The analysis was done using the global
radiosonde network reports. A time and space interpolation program was
used to estimate the conventionai sounding at the time and location of the
cloud being tracked. The diffefences between the conventional measurement
at the satellite cloud measurement was recorded at the level assigned the
cloud wind, at the tempefature assigned the cloud, and at the level of best
fit. A similar analysis was done comparing the radiosonde report closest to
the cloud wind report.with the other radiosondes around it. Both cloud-rawin-
sonde and rawinsonde-rawinsonde comparisons showéd cﬁmulative absolute
differences of approximately 5 m/sec. Previous studigs on atmospheric -
variability have shown similar results. Both comparisons showed the smallest
differences in the lower equatorial atmosphere. Both showed an increase
in the differences at higher latitudes and at higher elevatioﬁs. ‘The
Tawinsonde-rawinsonde comparison had smaller differences in thé northern
hemisphere than the cloud-rawinsonde comparison. In the southern hemisphere,
the cloud-rawinsonde comparison had smaller differences.

The final analysis in this report dealt with the comparison of satellite



cloud tracked winds using'only infrared images with conventional rawinsonde
measurements over the Unitea States. The cloud winds were measured at the
same time as the rawinsonde flights sé no time interpolation was necessary.
By use of enhancement techniques, the lower clouds were tracked in aadition
to the higher clouds. An intracomparison of rawinsonde measurements
similar to the previous section was performed and compared with the cloud-
rawinsonde intercomparison. The cloud motion wind intercomparisons resﬁlted
in average u and v differences of 4.3 m/sec and 4.0 m/sec. The rawinsonde
iﬁtracomparison resulted in average u and v differences of 4.2.m/§ec and
5.1 m/sec. This study showed both techniques to display similar variations
in differences with latitude, longitude,-height, and synoptic situation.
This behavior suggests that a cloud motion wind and a radiosonde wind have

similar accuracy capabilities.



