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ABSTRACT. An assessment of Outgoing longwave radiation data obtained from polar orbiting and geo-
stationary satellites is made to see which one is more convenient and useful for the construction of divergence
of the wind field for regional models. The availability of OLR data from TIROS-N (polar orbiting) and GOES-IO
(geostalionary) satellites during 1979 madeit possible to assess and explore a statistical relationshipamong the
OLR data and divergence of the wind field at 850 and 200 hPa constructed from the analysis of the Global

Experiment data sets. This study reveals a very strong
convective activity and this relationship has also bee

relationship between these fields in the region of deep
n found to be stronger for geostationary satellite than

polar orbiting satellite. The use of this relationship especially over data-sparse tropical oceanic regions for

NWP models is suggested.
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1. Introduction

Divergence of the wind field is one of the most im-
portant factors for describing the major circulation
features over the global tropics. Accurate analysis of
the divergence of the wind field is rather difficult in
the tropics due to the complicated relationship between
the mass and velocity fields at low latitudes and due to
lack of quality and quantity in observations. Oceanic
areas of the global tropics are poorly observed in terms
of wind observations and this poses unique problem to
analysis schemes. Relatively increased importance of
divergent part of the wind field in Numerical Weather
Prediction (NWP) models has forced the investigators
to explore the spaceborne measurements for obtaining
the divergent part of the wind field over the data sparse
oceanic rtegions. Space-borne measurements in the
form of radiance data have been used by numerous
scientists (Woodley ef al., 1980, Richards and Arkin
1981, Martin and Holand 1982) for addressing the
definition of various meteorological parameters. OLR
(Outgoing Longwave Radiation) data derived [rom the
radiance measurements of the satellite have been consi-
dered as a measure of intensity of convection. These
data can provide the division between convective and
clear sky areas. Therefore, number of investigators

(Sumi 1981, Julian 1984, Krishnamurti and Low-Nam
1986: Kasahara ef al. 198R) have used OLR data obtained
from polar orbiting satellite for the construction of
divergent wind field. However, these data are rather
inconvenient for numerical weather prediction models
(Kasahara er al. 1988). Polar orbiting satellite data
represent those for a given longitude at a local standard
time, which is dependent upon the equator-crossing
times of a particular space-craft. In order to obtain a
data set for a synoptic time of, say 12 UTC, the day time
and night time measurement may be linearly weighted
according to the time of equator crossing. As the data
from polar orbiting satellite is readily available over the
global tropics, it is used by number of investigators
to formulate the basic algorithm.

Since the OLR data from polar orbiting satellite is
inconvenient to use in NWP models we thought of
testing OLR data from geostationary satellite. There-
fore, a comparison of OLR data obtained from TIROS-
N (polar orbiting) and GOES-IO (geostationary) sate-
llites during Summer Monex-79 is made with the diver-
gence of the wind field constructed from one of the best
objectively analysed wind data (Krishnamurti er al.
1979) over the Indian region. On the basis of comparative
study it is shown that OLR data from geostationary
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Figs. 1(a & b). Divergence of the wind at 850 and 200 hPa
on I8 June 1979

satellite are more convenient and accurate than polar
orbiting satellite for the construction of divergence
of the wind field, particularly over the deep convection
areas of the tropical Indian region.

2. Data
2.1. Satellite data

Outgoing longwave radiation data obtained from
polar orbiting (TIROS-N) and geostationary (GOES-
10) satellites over the Indian region during Summer
Monsoon-1979 have been utilised in the study. TIROS-
N provided measurements from a very high resolution
radiometer centred at around 11.5 pm band.  The net
outgoing longwave radiation at local noon (1530 LST)
and local midnight (0330 LST) was measured by radio-
meter onboard TIROS-N satellite for earth radiation
budget studies. Daily mean values of these observations
are used in the study. Daily OLR data is supplied by
P. Arkin.

During Summer Monsoon 1979, Indian Ocean
geostationary satellite (GOES-10) of USA was spe-
cially brought from South Atlantic Ocean over the Indian
Ocean and stationed at about 60°E for the benefit of
Monex programme. GOES measurements were ideal
because they possessed both high spatial and high tem-
poral resolution (i.e., 1 km in visible, 8 km in infrared
and half hourly sampling frequency). Hourly obser-
vations of GOES-10 satellite were available for the
period 11-20 June 1979 (Virji ef al. 1982). OLR data at
12 UTC have been used in the study.

TABLE 1
Statistical analysis
I8 JUNE 1979
Ow 8500Pa (10 Sec) C o
when when
whole only
A dom- conve-
INOI A No. ainis No. clive
Q \ (f) of Level consi- of region RMS Percen-
; \ S Satellite oks"(hP2) d(’p’t:d obs. IS5 error  tage
0 " r fo consi- error
Sa8 ./ dered (1070
‘ Fosec™)
! ) TIROS-N 850 0.014 0.514 7.22 34.17
(Polar Orbiting) 200 0.012 0.531 6.16 20.63
' 560 137
: GOES-10 R50 0.016 0.875 3.18 18.25
v S (Geostationary) 200 0.019 0.942 2,28 7.34

GOES-10 infrared window (11-12.5 um) observations
were calibrated in terms ol total outgoing longwave
fluxes using relationship based on simultaneous GOES-
10 and TIROS-N multispectral (HIRS) radiometer
data. Therefore, there was no variation in quality of
OLR data in respect of both the satellites.

2.2, Objectively analvsed wind data

Obijectively analysed wind data at 850 and 200 hpa
obtained from  Quick Look Summer Monex  Atlas
by Krishnamurti ef al. (1979) have been utilised for the
computation ol divergence of the wind field over the
Indian region. Those analyses have been considered
as standard analyses because they were made very care-
fully and were based on all available conventional data
and additional observations from research ships, air-
crafts, dropsonde, constant pressure balloons etc.

3. Methodology

The domain of our study extends [rom equator to
25°N and 40-80°E. The data considered over this
domain is for 12 UTC and for the period 11-20 June
1979. The main purpose of consideration of above
period and domain was that during this particular period
number of convective cloud clusters associated with
different synoptic systems such as ITCZ, onset vortex,
depression and cyclonic storm were prevailing over
this domain. Synoptic hour time 12 UTC was consi-
dered because it was very close to the equator crossing
time (1530 LST) of TIROS-N satellite. OLR values
obtained from GOES-10O satellite at 12 UTC in the
above domain are picked up from the atlas ‘Earth
atmosphere radiation balance from geostationary
satellite data for the summer monsoon onset region’
for the period 11-20 June 1979. Daily OLR values
obtained from TIROS-N satellite are plotted at each
2° grid for the same period and domain. Divergence
of the wind field at each 2% grid is computed making
use of objectively analvsed wind field (Krishnamurti
etal. 1979) at 850 and 200 hPa. Analysis of divergence
of the wind field and OLR field are made. As an ex-
ample a case of 18 June 1979 is depicted in Figs. 1 (a&b).
Visible and infrared imageries obtained from GOES-
10 satellite are utilised for finding the areas of major
convective activity. Here, areas covered by thick
cirrostratus plumes which are also associated with low
values of OLR and appear in the form of filaments are
subjectively eliminated.  Comparison  of divergence
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Fig. 2. Comparison of OLR fields (GOES-IO and TIROS-N)
with observed and estimated divergence of wind field at

200 and 850 hPa

of the wind fields at 850 and 200 hPa is made with
OLR fields of both the satellites. For this purpose an
experiments is carried out for the following two cases :

Case A— OLR values at each 2° grid are com-
pared with divergence of the wind field at each
2° grid in the whole domain.

Case B — OLR values enclosed in the area of deep
convective activity are compared with the
divergence of the wind field in that area.

Table | shows the statistical details of the com-
parison between OLR and divergence of the wind fields.
In this table it is observed that correlation coefficients
between these two parameters are very poor in case of
both the satellites and for both the levels, when OLR
values in the whole domain are considered. The values
of correlation coefficients are greatly improved for both
the satellites and for both the levels, when the values
of OLR are considered in the area of deep convective
activity. The values of correlation coefficients are
found to be quite high for geostationary satellite than
polar orbiting satellite. Based on OLR values from geo-
stationary satellite in the region of deep convection,
linear regression equations arc developed for 850 and
200 hPa. They are as follows :

Dys=0.21 x—61.25 (n
Dygy==-0.39 x—78.56 (2)
where,

(i) Dgzo and Dyg are the values of divergence of
the wind field at 850 and 200 hPa in 107% sec™

(ii) x isthe value of OLR in watts/m?

On the basis of these two equations a series of diver-
gence of the wind field in the area of deep convection is
ostimated for an independent OLR data set and com-
pared with the observed divergence of the wind field.
Fig. 2 depicts the comparison of OLR fields obtained
from GOES-IO and TIROS-N satellites in the upper
panel and observed and estimated divergence of the
wind field for 200 and 850 hPa in the lower panel.

4. Results
Following are the results of the study :

(i) A verypoor correlation is obtained between
divergence of the wind field and OLR field
at 850 and 200 hPa when OLR values in the
whole domain are considered.
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Figs. 3(a & b). Analysis of OLR feld for GOES-I0 and TIROS-N satellites on 12 June 1979
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Figs. 5 (a & b). Same as Figs. 3 (a & b) but for I8 June 1979

(ii) A highly significant correlation s obtained
between divergence of the wind field and OLR
field when OLR values in major convective
regions are considered.

(7if) The above relationship is found to be stronger
for geostationary satellite than polar orbiting

satellite. when OLR values in the region of

major convective activity are considered.

(iv) A very good coherency between observed and
estimated (based on regression equations)
divergence of the wind field is obtained at
850and 200 hPa.




CONSTRUCTION OF DIVERGENCE

12006MT 789168

VISIBLE

OF WIND FIELD FROM SATELLITES 305

LT006MT  TRIGD

-~
¥ 12006mT - 78169

-
INF RARED 1200647 78169
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5. Discussions of the results

As shown in Table 1 we could get very poor corre-
lation between OLR field and divergence of the wind
field, when OLR values in the non-convective regions
are included. This may be due to the fact that some of
the areas in the domain are clear skies, some are non-

convective and some are convective in nature, and
hence we cannot expect a strong relationship between
OLR field and divergence of the wind field in all these
areas. It is well established fact that strong divergence
does exist in the region of major convective activity and
hence, we can only expect a strong relationship between
OLR values and divergence of the wind field in the area
of deep convective activity.
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A significant correlation for TIROS-N and very highly
significant correlation for GOES-10 satell'tes ate ob-
tained between OLR field and divergence of the wind
field, when OLR values only in the area of deep covec-
tion are considered. TIROS-N being a polar orbiting
satellite. the OLR values represented those for a given
longitude at local standard time (1530 and 0330 LST).
Moreover, consideration of daily OLR values. i
average of day and night time observations might have
suppressed the area of deep convection. But in case of
GOES-10 satellite the values of OLR were at the exact
time of observation. Due to these reasons we could geta
significant correlation for TIROS-N satellite and very
highly significant correlation fo. GOES-10 satellite. Flgs.
3(a&b), 4(a&b) and 5(a & b) depict analysis of OLR
fields obtained from GOES-I0 and TIROS-N sate-
llites on 12, 14 and 18 June 1979 respectively, when active
ITCZ, onset vortex and depression weie formed over
the Arabian Sea. Cloudiness pattern at 12 UTC obia ned
from GOES-1O satellite on 12, 14 and 18 June 1979 n
visible and infrared regions are shown in Figs. 6. 7 and §
respectively.

Comparison of Fig. 3(a) with Fig. 3(b) of 12 June
1979 shows that three cells of lowest values of OLR
(125 watts/m?) seen for GOES-10 satellite associated
with major convective activity are not seen for TIROS-
N satellite. Instead three celis only one cell i. depicted.
Comparison of Fig. 4(a) with Fig. 4(b) of 14 June 1979
shows that two cells of lowest values of OLR (125 watts/
m?) field appearing for GOES-IO satellite associated
with onset vortex are not seen for TIROS-N sate!lte,
Similarly, comparison of Fig. 5(a) with Fig. 5(b) of 18
June 1979 shows that again two cells of values 125
watts/m? and 175 watts/m? present for geostationary
satellite are absen! in polar orbiting satellite.  This
indicates that while taking daily values of OLR from
polar orbiting satellite we are likely to miss a region of
intense convection. Fuither, it is observed that on
an average whole OLR field in the region of maior
convection is suppiessed for polar orbiting satellite,
In case, we consider day or night time orbital passes
over the Indian region and bring these orbital t:me period
to synoptic hour period with some analysis scheme then
to some extent we may get reliable information of QLR
field. It is rather difficult for any analys’s scheme to
produce exact OLR field at the synoptic hour observa-
tions. Instead of doing all these difficult exercises it is
better to consider OLR data obtained from geostationary
satellite at a particular synoptic hour. The data from
geostationary satellite would give an instantaneous
field of view of OLR at that particular synoptic hour.

Data from INSAT series promise to provide wealth of
information about clouds, winds, precipitation, sea sur-
face temperature etc. over the Indian sub-continent,
Cloud motion vector derivation (Kelkar and Khanna
1986), precipitation estimates (Arkin ¢ al. 1989, Kelkar
and Rao 1989), sea surface temperature retrieval
(Kelkar et al. 1989) and OLR derivation have begun
recently at Meteorological Data Utilization Centre
(MDUC), New Delhi. If we want to have OLR field
at any specific time over the Indian region. then it could

be easily obtained from INSAT satellite. Therefore,
divergence cf wind field constructed from OLR data
obtained from INSAT satellite would be of potential
application for regional models.

€. Conclusion

Construct.on of divergence of the wind field through
OLR data is possible only in the region of major con-
vective activity and for this purpose OLR data obtained
from geostationary satellite seems to be more promi-
sing than from the polar orbiting satellite for regional
circulations.
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