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ABSTRACT

Cloud Mdtion Vectors (CWSs) are being derived opera-
tionally over | arge areas of |Indian Ccean since January, 93 with
| NSAT data, wusing the upgraded data processing facilities
established in Septenber, 92 as part of the |NSAT-I
met eorol ogi cal applications programe. Results of initia
studi es presented during I nternational Wnd Wrkshop of 1993 di d
indicatel ot of i nprovenentsinthe quality of | NSAT deri ved CWs.

Two nore inprovenments have been done recently in the
Aut omat ed CW gener ati on schenei.e., inthecloudclassification
and in the schenme for quality controls on CWs usi ng two picture
pairs. Earlier, the cloud classification was being done using a
four bin histogramfor clear, | ow, nediumand hi gh cl ouds on t he
basis of tenperature threshold and using various tests on the
frequency of different bins. In the new approach a cloud cl ass
havi ng maxi mumfrequencyisidentifiedas predom nent cl ass usi ng
four bin histogramapproach and the cl ouds are tracked. This has
i nproved i dentification of aprom nent singlelayer for tracking
inamlti-layered cloud conplex. The quality controls are now
bei ng applied on w nds derived fromboth pairs of half-hourly
i mges by conparing with NMCforecast . Finally valid w nds from
either or both of these pairs are accepted as good w nds. Such
tests were earlier being done in a rather subjective manner.

After incorporatingthese changesinthe w nd derivation
schene the nunber of good quality CWs has increased. Anal ysis
of the results has shown that the rns error and bi as of the CWs
conpared to the radi osonde deri ved wi nds has i nproved after these
changes.

1. | nt roducti on:

Operational derivation of Coud Mtion Vectors (CWSs)



was started by IMD during 1984 using visible channel data
transmtted by the first generation of Indian National Satellite
(I NSAT-1) System Wth the maj or upgradationin 1992 of the | NSAT
net eor ol ogi cal ground segnment for data processing, a sea change
has occurred in the capability for CW derivation. Prelimnary
details of the new software package's capability for CW
derivations were presented (Gopal a Rao, 1991) during the first
I nternational Wnd Wrkshop held during 1991 in WAshington

Further details of the software capability alongwith the few
i nprovenents made during 1993 were presented (Kel kar et al 1993)
during the 2nd I nternati onal Wnd Wrkshop (1993) hel d i n Tokyo.
During this workshop results of a few validation studies done
during 1993 were also presented and it was concluded that the
general quality of |NSAT derived CWs is good.

2. Furt her eval uati on work of CMW/s:

Quality evaluation work of CWs was continued. Two
di stinct approaches were used for this purpose. One is by
conventi onal nmeans of conparison wi t h Radi osonde and Ai rep wi nds
and finding out the standard statistical paraneters. Second
approach was eval uati ng themnore fromqualitative point of view
rat her than quantative. This is particularly necessary in the
Vast oceani c ar eas sout h of | ndi a where conventi onal observati ons
are general ly not avail able. I nthis approach CWs are nonitored
daily to find out whether they are consistent with the novenent
of large mgratory extra tropical systens seen in the Southern
Hem sphere as revealed by the daily Satellite pictures. Over
certain ot her areas where sone conventi onal | and-based upper air
observations are avail abl e and anal ysis i s done on the basis of
t hese observations, an attenpt is nade to find out whether the
CWs also fit the general flow patterns brought out by the
anal ysed charts.

Based on extensive validation tests and studies on the
use of data, the general quality of CWs was found to be good and
accepatable for operational utilisation in daily analysis of
synoptic charts (Bhatia et. al). Use of INSAT CWs for this
pur pose was therefore startedinm ddl e of 1994 keepingacritical
watch on their quality and the problens associated with the
product on sone of the days. More efforts were also directed in
sol ving the probl em areas.

3. | nprovenents in CW al gorithns:

Daily statistics was collected on the nunber of CWs
rejected during the automatic quality control checks and the
total nunmber of CWs conmputed. After a careful study on the
reasons for rejection of CWs it was concl uded that sone of the
qual ity control checks were too stringent and during the process
of automatic quality checks sone of the good w nds coul d al so have
been rej ected. Suitable changes were introducedinthe threshold
l[imt of the paraneters associated with the quality checks.
Details of changes nade are as follows (TABLE-2)

Triplets of half hourly i mages centered at 00 and 12 UTC
are used for derivationof CW. Thisresults intwo sets of CWs.
The automatic quality control tests for quality assurance i ncl ude



time consistency, gradient and forecast/clinatol ogy test.

Ti me consi st ency checks the stability and consi stency of
pair of colocated w nds conputed from the triplets. The
directional stability checks have been made nore stringent, the
threshold for tolerance of direction for |ow, medium and high
cl ouds have been changed from60 degree, 45 degree and 30 degree
to 40 degree, 30 degree and 30 degr ee.

I nthe newschene gradi ent test has been dr opped. However
forecast field/climtology tests are perforned on both the CW
sets. Earlier the forecast field test was applied after a sanpl e
CW for alocation was conputed fromthe two sets. The t hreshol ds
for speed and directioninforecast fieldtest have been nodified
from30,30to 20 and 45 respectively. I nthe event of two col ocat ed
CWs fromtwo sets, if absolute difference in speed exceeded 20
knots, the two winds are rejected, if the two pass the test the
resultant CWis conputed fromthe average of Uand V conponents
fromthe two w nds.

NMC f orecast is beingusedinforecast fieldtest. It was
felt that use of NMC forecast was resulting in large rejection,
speci al | y around Arabi an Sea and Bay of Bengal. On f ew occasi ons
sone of the flagged winds had to be reclainmed to support the
synoptic situationand associ ated cloudimagery. It was t herefore
desirable that the tolerance in the direction may be increased
to acconodate the winds that were rejected due to stringent
l[imts.

In order to increase the coverage of CWs grid point
seperation for making search for potential tracers was reduced
froml1l6 IRpixels/ lineto 14 IR pixels/line. This increased the
No. of potential tracers and the No. of conputed wi nds. Further
t he CIWs wer e bei ng conput ed over an ar ea of 35 degr ee r adi us about
the sub-satellite point (SSP). It was increased to 40 degree
thereby increasing the CW coverage. Mdification in grid
separationandradi us resultedinabout 50%i ncrease i nthe nunber
of raw CWs conput ed.

The nodi ficati ons nentioned have resulted i n about 100%
increaseinthevalid CWs that are bei ng di ssem nat ed ont he GTS.

Wth the above changes in the configuration file, CWs
were conputed regularly for a period of 15 days and slight
i nprovenent in quality was found. Regul ar transm ssion of these
i nproved qual ity CWs was started on GISfromNov. 1994 and ECMAF
was asked to give a special report on their quality based on 15
days nonitoring. Slight i nprovenent i nquality was al soconfirned
by the ECWMAF.

4. Derivation of 6Z CWs based on visible i mges: -

| NSAT I D has 11 kmresolutionin the Infrared band (10.5
to 12.5 Un and 2.75 KMin the visible band (0.5t0 0.7 UM. In
order to take advant age of hi gher resol ution, CWs ar e now bei ng
conput ed usi ng vi si bl e band data of | NSAT 1D i n non- oper ati onal
node. Thetracers andtargets arefromtriplet of i mages at 06: 00,
06: 30 and 07: 00 UTC. CWs are conput ed using Cross Correl ation



of reference wi ndow of 14x14 size with different |ag positions
i n search wi ndow of 96x96 si ze. The grid separation is kept at 42
pi xel s/line. Inorder to save the conputer time fine correlation
option is kept on. It conputes best natch wusing coarse
cross-correl ation using a sanpl ed data and finally findsthe best
match using fine cross correlation from full resolution data
around the | ag position that gave best coarse cross correl ation.
The CWs conputed are assigned height on the basis of noda
tenperature in the central IR band inmagery using
soundi ng/ forecast tenperature profile. The CWs are finally
subjectedtothetineconsistency/ stabilitytest, gradient test
and Forecast grid/climtology tests wth +the tolerance
thresholds simlar tothe ones used for quality control tests on
CWs derived fromlIR band data. Visible CWs have been found to
bring out the cross equitorial flow just before and after the
onset of south west Mnsoon over |ndian sub continent.

5. Resul ts and Di scussi ons:

Recent changes in the automatic quality control schene
of CW conput ati ons haveresultedininprovedquality of the CWs.
Nurmber of conputed CWs and the nunber of valid CWs has al so
i ncreased substantially. Rejection of winds in quality contro
has al so reduced after the changes. Qualitative checks of the
derived CWs during |l ast 10 nonths showthat they generally fit
intothe synoptic upper air charts and bri ng out the fl owpattern.
Ri gor ous conparison of | NSAT derived CWs with the co-1located
Radi osonde observati ons over a sel ected 10 days peri od has shown
t hat t he nean absol ute speed error of |owlevel CWs has reduced
from16. 45 knots to 10. 75 knots after the changes. There is al so
slight reduction in the nean absolute error in speed of nmedi um
| evel CWs from 9.63 knots to 8.26 knots as a result of these
changes. There is practically no inpact on the quality of high
| evel CWs. Detailed results are given below in Table-1.

The nean absolute error inthe direction of CWs conpar ed
t ot he radi osonde does not showencouragi ngresults. This appears
to be duetothe fact that | NSAT- CWs ar e heavily bi ased i n favour
of NMC f orecast whi ch may not represent the true pi cture over the
| ndi an ocean areas since |NSAT-CWs are probably not being
assimlated in the nmediumrange nunerical forecast nodels. As
there are signs of slight inprovenents in the quality of | NSAT
CWs, perhaps their use on operational basis in the nedi umrange
nodel s will inprove the forecast which, inturn, will give rise
to i nproved CWs.

6. Pr obl em ar eas:

Thin cirrus, sub-pixel size clouds and area filled with
mul til ayered cl ouds pose real chall engeinderivation of CWs and
assignment of suitable height to them Small cunulie/
strato-cumuli with life cycle of about one hour are the ideal
tracers and they are known to represent wi nd at their base | evel .
Such tracers are found i n abundance i n the sout hern hem sphere,
wi t hout nuch | and mass. The CW cover fromsout h of 10 degree sout h
is generally very good with little rejection in forecast field
test. However, in tropics north of equator, cloud coverage is
generally nmultilayered specially associated with di sturbances,



t he outer periphery of the which is cirrus. Thin cirrus due to
poor em ssivity results in |ower height assigned toit. IR band
al one cannot ascertain correct height of Thin Crrus. Large
nunber of such CWs are rej ected by forecast fieldtests. Further
in association with disturbance in tropics nultilayered cl ouds
may have | arge cunul us or cunul oni nbus which are not suitable
tracers. The wi nds conputed automatically fromsuch tracers do
not represent wind at one |evel and stronger wind shear in
vertical makes it further difficult to assign proper height.

These are thus rejected by forecast field test. This results in
poor cover age of CWs over Bay of Bengal and Arabi an Sea. A schene
t hat may separate | ow, nmedi umand hi gh cl ouds and t hen track each
| ayer separately may help in sorting out CW conputation and
hei ght assi gnnment. Lowresolution of IRband in I NSAT 1D adds to
t he probl em | NSAT 2E wat er vapour channel will hel pinestimation
of emissivity of cirrus and thus assesnment of correct height.

| NSAT 2E is scheduled to the |aunched in early 1998.

7. Concl usi ons:

Persistent efforts over the |l ast few nonths to i nprove
the quality of |INSAT derived CWs has shown good results,
particularly inthe speed of | owl evel CWs. Mean absol ut e speed
error of lowlevel CWs conpared with the col ocat ed Radi osonde
observations, has been nowreduced to about 10 knots. Thisis al so
consistent with the results brought out in the ECMAF nonitoring
reports where conpari sons are done on the basis of First Guest
Forecast Field. Overall nunber of valid CWs has al so i ncreased
after the changes. Mean absolute Error in direction of CWs
conpared to the Radi osonde observati on however does not show
encouragingresults. Further efforts aretherefore neededtol ook
intothis problem The earlier reported probl emof zonalisation
of CWs has now been i nproved consi derably as a result of recent
changes i n t he conmput ati on schene. Overal | quality of | NSAT- CWs
isgoodandthey fit intothe synoptic anal ysis upper air charts.
Hence from qualitative point of view also |NSAT-CWs stand
val i dat ed.
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TABLE-1

CW Conputation ( OLD Schene )

Mean Absol ute Error (RS-CW)

| evel Count s of Co-I ocated Direction Speed

CW' s kts
Low 179 37. 63 16. 45
Medi um 159 47. 32 9.63
H gh 63 36. 01 7.97
Total no of CWs Co-located with Radi o sonde 401
Total no of CWs Conput ed 16905
Total no of Cws Valid 4413
Percent Rejection in Quality Control test 73.6

CW Conput ation ( New Schene )

Mean Absol ute Error (RS-CW)

| evel Count s of Co-1located Direction Speed

CW' s kts
Low 306 36. 22 10. 75
Medi um 418 41. 27 8. 26
H gh 153 31.58 7.87
Total no of CWSs Co-located with Radi o sonde 877
Total no of Cws Conput ed 25172
Total no of CWs Valid 8453

Percent Rejection in Quality Control test 66. 4



TABLE- 2

Modi fication in Conputation and Quality Control Paraneters

Par anet er Previ ous Val ue Changed Val ue Remar ks
Gid wdth 16 IR 14 IR Search for nore
Pi xel /1ine Pi xel /1ine tracers
Ar ea 35 degree 40 degree | ncrease in CW
about SSP about SSP cover age
Test for Tinme Consistency
Low 60 degree 40 degree tolerance limts
Medi um 45 degree 30 degree made stringent
Hi gh 30 degree 30 degree for di recti onal
stability
For ecast test
Speed 30 knot 20 knot NHC grid forecast
Direction 30 Degree 45 degree used stringent
di st ance 300 km 500 km speed test and
rel axation in
t ol erance for
direction W th

i ncrease of radius
for forecast field
Cli mat ol ogy test

speed 30 knot 20 knot Cli mat ol ogy test
di rection 30 Degree 45 degree applied only when
di st ance 300 km 500 km forecast grid not

available. Limts
consi st ent wth
the forecast test

[imts.



