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ABSTRACT

Cl oud Mbtion Vectors were being derived since 1984 from
| NSAT, using visible imagery for cloud tracking and infra-
red temperatures for height assignment. The derivati on was
made at 0600 UTC daily over the Arabian Sea, Bay of Bengal
and a limted area of the western and central | ndian Ocean.
The nmet hod used was basically an autonmated procedure with
a manual quality control

| NSAT- 2A, thefirst of India' s second generation operationa
satellites, was | aunched i n July 1992. The | NSAT- 2A VHRR has
an i mproved resolution of 2 kmin the visible channel and
8 kmin the infra-red channel. Coinciding with the |aunch
of | NSAT-2A, the ground data processing system was al so
upgraded. This has nade it possible to derive CWs at the
st andard synopti ¢ hours of 0000 and 1200 UTCusing infra-red
channel data for cloud tracking as well. The system is
capabl e of deriving up to 1000 wi nd vectors over the entire
| ndi an Ocean fromtriplet i mages wi t hi n about two hours. The
CW information is dissen nated on the GITS.

Thi s paper describes in detail the conputational procedure
currently used for extraction of | NSAT CMVs, the techni ques
adopted for quality assurance, typical situations show ng
t he useful ness of the I NSAT CWs, validation exercises and
future plans for further improvements in the algorithns.

1. | NTRODUCTI ON

In spite of their inherent errors and uncertainties, Cloud
Moti on Vectors (CWs) derived fromgeostati onary nmeteor ol o-
gical satellites have a significant use in operational syn-
optic analysis and numerical weather forecasting, as they
represent the only source of upper wi nd data over the vast
oceani c regi ons of the gl obe. Around the | ndi an peni nsul a,
the only radiowind stations are those situated in the
Lak- shadweep group of islands in the Arabian Sea and in the
Andaman and Ni cobar islands of the Bay of Bengal. Thus for
t he I ndi an Ocean regi on, CM/s are t he best neans of augnmen-
ting the nmeagre conventional data otherw se avail abl e.



In 1984, the I ndia Meteorol ogi cal Department connmenced t he
use of the I ndian geostationary satellite, | NSAT-1B, for the
pur poses of extraction of CMVs, thus partially coveringthe
data gap over the I ndian Ocean. The conputation procedure,
whi ch underwent many i nprovenents over the years, has been
descri bed in several earlier papers (Kel kar et al 1986, 1987,
1992, Kel kar 1993 and Yadav et al 1989). The basi c approach
was t o make use of the | NSAT vi si bl e i magery provi ded by t he
VHRR at a resol ution of 2.75 kmat the SSP, since the resol -
ution of theinfra-red channel was 11 km This required that
t he CW extraction be carried out around 0600 UTC when t he
| NSAT di sc would be fully illum nated. Further constraints
wer e i nposed by the | ack of adequate conputer resources, as
a result of which the CW extraction had to be performed in
smal | sectors, of about 14 x 14 deg |l at/long size, one at
a time. The dissemnation over the GIS was also done
sector-wi se and was spread over several hours. Even then,
it was not possible to cover the entire I ndian Ocean and t he
CW coverage was restricted to t he Arabi an Sea, Bay of Bengal
and parts of western and central |ndian Ocean.

However, t he | NSAT CWs have provi ded a weal t h of i nformati on
besi des their use in day-to-day synoptic anal ysis particu-
larly inrelation to the southwest nonsoon. They have been
effectively utilised for studying vari ous aspects |ike the
formati on of eddies, cross-equatorial flow, approach of the
sout hwest nonsoon t owar ds t he west coast of India, off-shore
vortices and the extent of nonsoon activity (Yadav and Kel -
kar 1990). The shift in the large-scale flow pattern after
t he onset of the nonsoon and the establishnent of | ow-1evel
west erl i es and upper-1evel easterliesisclearly brought out
t hrough the I NSAT CWs (Sant Prasad et al 1990).

2. I NSAT-2 SATELLITE SERIES

The first spacecraft of the second-generation | NSAT sat el -
lite series, | NSAT-2A, was | aunched on 10 July 1992 and this
has been foll owed by the successful |aunch of the | NSAT-2B
satellite on 23 July 1993. The | NSAT-2 series while conform
ing to the basic nulti-m ssion philosophy of the | NSAT-1
series, have a Very Hi gh Resol uti on Radi ometer (VHRR) which
has an inproved resolution of 2 kmin the visible channel
(0.55-0.75 mcrons) and 8 km in the infra-red channel
(10.5-12.5 mcrons) as conpared with 2.75 and 11 km
respectively in the [INSAT-1 satellites. The |INSAT-1D
satellite continues to be in operational service. Indiais
thus at present in a fortunate position of having as many
as three operational geostationary satellites viz.
| NSAT- 1D, 2A and 2B stationed at | ongitudes 83, 74 and 93.5
deg E respectively.



3. NEW I NSAT DATA PROCESSI NG FACI LI TY

Synchronisingwith the |l aunch of the | NSAT-2A satellite, | MD
also established a new |INSAT-2 Meteorol ogical Dat a
Processing System at New Del hi. A key feature of this new
facility is its advanced and distributed conputer
architecture built around eight indigenous VAX 3400
conmput ers. The system provides excellent built-in
redundancy and highflexibilitytoallocate opti numconputer
power to various processing jobs. The eight conputers are
i nterconnected through an Ethernet |ocal area network and
they access a 4 Gb disk cluster via dual-ported disk
controllers. Three of t he ei ght nodes are assi gned t he i ngest
function in aredundant manner, and data streans fromthree
satellites, |NSAT-1D, |INSAT-2A and polar-orbiting NOAA
satellite, can be handl ed sinultaneously, as also the GIS
data from I MD' s nessage switching conmputer. The other five
conmputers are used for various output functions, such as
hard- copy generation, tape archival, near-real tinme data
di ssem nation to secondary users and applications |i ke CW
extraction, SST and TOVSretrievals, etc. They al so support
four interactive i mage processing work stations. A part of
t he CMV conputation job is passed on to two auxiliary array
processors.

4. REVI SED CW ALGORI THM AND PROCEDURES

Wth the availability of inmproved resolution on the | NSAT- 2
VHRR and t he requi red conput er processi ng resources, arevi-
sed and i mproved al gorithmfor CW comput ati on was i nstall ed
and t he procedures nodified with a viewto neeti ng many | ong
st andi ng user demands. From1l January 1993, | NSAT-1D i mages
are being used for deriving CWs at 0600 UTC and | NSAT-2A
i mges for 0000 and 1200 UTC. The 0600 UTC CWs are not sent
over the GTS but used within | MD, whereas the 0000 and 1200
CMvs are dissem nated regularly on the GIS. In each case,
an imge triplet is used. For exanple 0000 UTC CMs are
derived froml NSAT- 2A i mages of 2330, 0000 and 0030 UTC. The
area of CMW derivation has now been extended to the entire
| ndi an Ocean. The di ssem nati on over the GISis done in one
batch within three hours.

The revi sed | NSAT CW al gorithmperforns cloud tracking by
t he cross-correlation method oncloudtracersinthe central
i mage withthe previous and foll ow ngimges. Thisis foll ow
ed by extensive qual ity assurance checks i n an aut omat ed node
and the valid CWs passing these tests are displayed on a
vi deo screen for manual editing before they qualify for GTS
di ssem nation. The 0000 and 1200 UTC CWs are derived at a
grid interval of about |Ixl deg lat/long while the 0600 UTC
CWs are derived over a 2.5 x 2.5 deg grid. These grid
| ocati ons are scanned for the presence of potential tracers.
In the cloud tracking done on visible imgery, a tracer is
consi dered acceptable if at | east 10 %of the pixels inthe
pattern are cl oudy, otherwise it is marked as clear. In the



infra-red algorithm the tracer is further categorisedinto
low, mddle or high | evel depending upon whether at | east
one-thirds of the cloudy pixels fall in that category.

The cross-correl ati on process i nvol ves normal i sati on of the
reference wi ndowi mage chi ps, conputati on of the correl ati on
matri x and normalisation of the search wi ndow sub-arrays.
Two types of correlation peak quality tests are made to
exam ne the sharpness of the peak and the |likely presence
of secondary peaks outside the peak edge. It is possible to
conmpute a finer correlation subsequently by concentrating
on the area around the peak. The correl ation peak | ocation
can thereupon be updated to sub-pixel position by fitting
a second order curve by the Newton-Raphson nmet hod.

After the conplete CW field data base i s generated for both
the i mage pairs, the CMVs are first subjectedto astability
test. If colocated CW/s derived fromthe successive imge
pairs show a speed difference exceedi ng 20 knots, they are
rejected. Also, direction differences nust be confined to
tolerance limts of 90, 60 and 40 deg respectively for w nds
of speeds < 10, 10-30 and > 30 knots to be accepted. The two
CW dat a sets are then averaged for subsequent tests. Absol -
ute t hreshol ds of m ni nrumand maxi nrumw nd speeds are appli -
ed at this stage and CWs with speeds | ess t han or exceedi ng
these extrene limts get rejected. The specifiedlimts are
8 knots on the | ower side and 50, 70 and 200 knots on the
hi gher side for | ow, m ddl e and high | evel wi nds respective-
ly. If the forecast wind fields are avail able, the CWs are
compared with them WMatchups within 300 kmshoul d agree in
speed by 30 knots and in direction by 60 deg to be consi der -
ed acceptable. If the forecast wind field conpari son cannot
be carried out for any reason, the CWs are tested agai nst
climat ol ogi cal val ues for the season. The | ast quality check
to be applied is the gradient check to elim nate CWs which
donot fitinwiththe overall flowpattern. Here, individual
CWs nmust not be at variance with their mean val ue over a
300 kmsquare area by nore than 30 knots and 60 deg i n speed
and direction. After all the above automated quality assur-
ance tests have been perforned, the accepted CW/s are vi ewed
interactively by the anal yst and he may decide to reject a
few of themor he can reclassify sonme to a different hei ght
| evel . The final product data set is then coded as per the
WMO SATOB code and routed t hrough the | MD message switching
conmputer on to the GTS.

5. RESULTS AND DI SCUSSI ON

The revised CW algorithmis being used for the derivation
of Cl oud Motion Vectors over the entire Indian Ocean on an
operational basis at 0000 and 1200 UTC from | NSAT- 2A and at
0600 UTC froml| NSAT-1D. The CW dat a has been extrenmely use-
ful for augmenting the data on which the synoptic anal yses
for these hours is based.



I n recent nont hs (November and Decenber 1993), two tropical
cycl ones devel oped over t he Arabi an Sea and t he Bay of Bengal
and crossed the Indian coastline. The CW fields over the
oceanic regions were found to be of great help in the
demar cati on of the |l arge-scal e fl owand hence i n the predic-
tion of the movenent of the storms. Both the | NSAT-1D and
| NSAT- 2A CW dat a duri ng t he days of these tropical cycl ones
have brought out the | ower | evel as well as upper | evel flow
patterns very clearly.

The CMV dat a deri ved froml| NSAT-2A at 0000 and 1200 UTC from
infra-red i mage datawas initially found to exhi bit a rather
hi gh frequency of purely zonal wi nds (090 or 270 deg), while
this feature was not noticed in the | NSAT-1D CWs derived
with visibleimgery. The basic reason for the | arge number
of zonally aligned CMWs isthe 8 kmresol uti on of the | NSAT- 2A
radi oneter, which reduces the nunber of directions al ong
whi ch a tracer can be tracked. This is particularly sointhe
case of |Iight winds which generate a tracer novenent of only
one or two i-r pixels. This anomaly has been renoved t hr ough
a software change i ntroduced very recently, which perforns
afiner correlationconputationinthe area aroundthe coarse
peak, thus enabling accurate positioning of the wind vector
i n sub-pi xel fashion instead of using discrete pixel |oca-
tions for conputing the vector direction.

A val i dation exerci se has been carried out i n which | NSAT- 2A
CMVs were conpared with upper wi nd data contained i n Al REPs
(aircraft reports). The conpari son was made over the north
Ar abi an Sea and adj oi ning | and areas and sout hern parts of
t he Bay of Bengal from where AIREP reports are generally
avai |l abl e i n good nunber. For the period April - June 1993,
wi nd data recorded at flight |evels 370, 350 and 330 was
compared with CMvVs avail abl e for these heights within 2 deg
of lat/long and 6 hours of observation time. The nunber of
such col ocat ed pairs was about 140. The results of the study
showed that there is a good agreenent between the CWs and
col ocated Al REP data. Particularly, the AlREP data set al so
exhi bited a hi gher incidence of upper winds with directions
of 240-280 deg, just as in the case of the CMvs.

| n anot her i nter-conpari son study, | NSAT CMvs fallingw thin
t he region of the overl appi ng coverage of the Japanese GMS
satellite, were compared with GMS CWs for the period Janua-
ry- Sept enber 1993. The study was restricted to upper |evels
of 200/ 250 nmb. The search for col ocated pairs was confi ned
to a nei ghbourhood of 2 deg |l at/l ong and t he number of such
pai rs found was about 150 for 0000 UTC and 220 for 1200 UTC.
The agreenent between the | NSAT and GMS data sets was found
to be quite good, the speed differences being within 10 kts
and the directions agreeing within 20 deg in 60 per cent of
t he cases studi ed.



6. REFERENCES

Kel kar R. R. and Khanna P.N. (1986) "Automated Extracti on of
Cl oud Motion Vectors froml| NSAT-1B | magery", Mausam 37,
pp 495-500.

Kel kar R. R., Sant Prasad and Mani Gandeswaran S. (1987)
"Spatial and Tenporal Honobgeneity in a Half-hourly Se-
guence of Satellite-derived Upper W nds", Mausam 38, pp
197-202.

Kel kar R.R. and Rao A. V. R. K. (1992) "Extraction of Quantita-
tive Meteorological Information from | NSAT | magery",
J. Met.Soc. Japan, 70, pp 551-561.

Kel kar R. R (1993) "INSAT Meteorol ogical Applications",
Advances in Tropical Meteorology, Tata McGraw-Hill, pp
179-190.

Sant Prasad, Khanna P. N., Rao A. V. R K, and Kel kar R. R. (1990)
"Satellite-derived Monthly Averaged W nd Fi el ds over the
| ndi an Ocean in April-July 1988", Mausam 41, pp 445-450.

Yadav B. R. and Kel kar R.R. (1989) "Lower Level W nd Fl owover
the Indian Ocean during the Onset of Monsoon-1987",
Mausam 40, pp 323-328.




