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~ ABSTRACT. Inthe present study, kinematic divergence computed using ECMWF grid point data at 850 hPa
is enhanced by using the relationship between OLR and divergence. This new enhanced divergence is used to
compute the velocity potentizl and then, the divergent part of the wind is obtained from velocity potential. To
obtain the rotational part of wind, we computed the vorticity from wind data, and subsequently stream function
was obtained and the rotational part of the wind from the stream function. The total wind is the combination of
divergent part obtained from modified velocity potential (using OLR data) and rotational part from unmodified
stream function. This total wind field is used as initial guess for univariate objective analysis by optimum inter-
polation scheme so that Initial Guess field contained the more realistic divergent part of the wind. Consequently,
the 2nalysed field also will contain the divergent part of the wind.

_ Objective analysis were carried out for 5-8 July 1979 when there was a depression over the Bay with two scts
of initial guess fields. Firstly, with including the enhanced diveigent part of the wind field and secondly without
including that in the initial guess field. These analyses [rom the two sets were compared to assess the impact of
enhanced divergent part of the wind on the analysis. Results indicate that this technique performs reasonably well
since it is able to produce realistic results.

Key words — Outgoing longwave radiation (OLR), Stream functior, Velocity Potential, Divergent part of the
wind, Least square method, Objective analysis, Optimum interpolation scheme.

e The tropical cloudiness, in the form of very large

In most of the operational N.W.P. models, the bright clouds or the cloud clusters have characteristic
amount of condensed water and copsequently the of synoptic scale waves (Chang 1970, Wallace 1970, &
latent heat released are underestimated during the 1971, Reed and Recker 1971). Wallace showed that
first few hours of forecast run, particularly in tropics. it is possible to estimate vertical motion field over
According to Kasahara er al. (1988), this is because tropics from cloud biightness data alone. Since the
of the inaccuracies in the initial specification of the Outgoing Longwave Radiation (OLR) data represznts
divergence, moisture and thermal fields or because the cloud brightness, they could be used for deriving

of the problems in parameterising physical processes.  the divergence field. Chang ef al. (1975), Sumi (1981),
The main objective of this study is to improve the  Julian (1984), Krishnamurti and Low-Nam (1986) and
initial specification of divergence. Kasahara e al. (1988) have used OLR data in incorpo-
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rating the divergznt part of the wind in tropical wind
analysis. Their studies are brizfly reported below.

Chang er al. (1975) used satzllite visible brightnass
and infrared data in apalysing th: divargence tarm in
linear barotropic vorticity cquation and concludzd
that improved analysis is possible by such a proczdure.
Sumi er al. (1979) designed an analysis schems Lo give
reliable divergznce field through use of satellite bright-
ness data. His scheme was able to produce accurate
wind field analysis by incorporating the satellite derived
information for enhancement of analysed divergence
and vorticity fields. His results indicated that this
apalysis scheme performed reasopably well. Julian
(1984) proposed a scheme in which the rotational
and divergent parts of the wind were computad szpara-
tely. He estimated the divergent component of the
wind by transforming satellit= observed OLR to a velo-
city potential field. For objzctive apalysis by optimum
interpolation method hez usad a first guess cbtained
by adding rotational forecast wind field with the diver-
gent component estimated by above method. Perfor-
mance of his scheme was compatable to the optimum
interpolation scheme using convzntional data.

Krishnamurti and Low-Nam (1986) found a rela-
tionship between polar orbitting satellitz  radiance
data and divergent circulation baszd on 200 hPa wind
analysis. He compntsd regression relation bztwezn
divergence and OLR ard bztwezn the fermer and the
Laplacian of OLR and usad to obtain a first guess
divergent wind over tropics. Hz suggested that this
relationship may be useful over data sparcz regions
of tropics for NWP and climate studies. In order to
improve the apalysis of wind field over tropics. Kasahara
et al. (1988) proposzd a scheme to incorperate OLR
data for specifying the initial divergence for global
NMC operational model. His scheme was able to
produce satisfactory results. The present study is an
attempt to examinz the problem of improving the wind
field analysis over tropics by incorporating divergent
part of the wind following th2 schemz ol Sumi ¢r al.
(1979). The procedure described below is to formulate
a scheme to cbtain the divergent part of ih2 wind fizld
from OLR data and include that in initiz] guess fizld
for the objective analysis by optimum interpolation
scheme.

2. Methodology

2.1. Cemputations of the divergence and velocity
potential

In this study, we have followed Sumi er al. (1979)
to compute the divergence indirectly from OLR data.
The divergence was computed by kinematic method
(Egn. 1)
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where u, v are west-cast and south-north comporents
of the wind. The divergence (D) and OLR values were
separated into their respective zonal mean (p and

OLR) and deviaticn fields (D' and OLR’) such that
D—D-D

OLR — OLR -|- OLR

This szparation is donz becausz absolute values of
OLR may not bz accuratz but their relative magnitudes
arz reliable. Hence OLR'. the deviations or the ano-
malies are utilised in computations and not the absolute
values. The cloudy regions are associated with the con-
vactive regions or in othsr words with the regions of
convergence of wind flow. Thus, ths negative divergence
(D) is related to cloudy regions or very low values of
OLR and can bz written as (Eqn. 2) :

D', =S8CL x OLR (2)

where D’ is the divergznce anomaly which is to be
estimated from OLR data and SCL reprzsents a regional
scaling factor. This scaling factor was determinad from
known divergence field and the corresponding OLR
data by lzast square method so that the error

E=2(D'— D) (3)
is minimum.

The deviation of the enhanced divergent part of the
wind D’,. could be obtained as the sum of the D" and
D',

ie, D=D 4D, 4(a)

The complete enhancad divergznce field was obtained
as

D,=D-+ D, 4(b)

Velocity potential was computed from the enhanced
divergence by solving the Poissen equaticn

zx = D, (3)

2.2, Computation of the total wind and its inclusion
in the objective analysis schenie

In the present study. for computation of rotational
part of the wind, vorticity was first computed from
original ECMWF grid point wind data (FGGE IIIB).
Stream function. ¥, was then obtained from the follow-
ing relation :

W= (6)
The uy and v are obtained from Egns. (7) :
. _ & 7
”'f' = oy (a)
oy
v = ?\ T(b)

From the velocity potential obtained from Eqn. (5)
(from enhanced divergence). uy and vy are obtained
from Eqn. (8)

y = °X 8(a)
[AAN

_ Ox 8(b)
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The final total wind was obtained from combination
of rotational part of the wind from unmodified stream
function and divergent part of the wind from modified
velocity potential (Eqn. 9) :

" = == "—JJ + :l 9(a)
(total, 2y X
2 =1
v e R0 9(b)
total,  éx

This total wind was then used as initial guess for making
objective analysis by Optimum interpolation schemes.
The obijective analysis scheme is given in 2.3.

2.3. Optimum interpolation scheme of objective ana-
lysis

The analysis schem= used in this study is the univari-
ata optimum interpolation (O. I.) scheme first deve-
loped by Gandin (1963). The details of the scheme and
computational method for wind fizld are described
by Alaka and Elvander (1972), Davidson and Mc
Avaney (1981) and Rajamani er al. (1983).

In this schems th grid point anomaly is computed
as a linear combination of the wzighted anomalies
at the observing stations surrounding the grid point.
The weighting factors are computed including climatolo-
gical characteristics of the parameter °f’, by solving
the following szt of equations (Details are given
Rajamani ef al. (1983).

n
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where, ij = _f:jf;p"’-'uEQ

Here o2 is the average variance and o%;is the total
mean random crror in the observation of wind field,
P; is the weighting factor for the observing station i,
with respzct to the grid point ‘o, f f/’, fo'fi’ are the
covariances respectively bstween the two stations
iand j and between the grid point ‘0’ and the station
‘i respectively. The autocorrelation, g which is a func-
tion of distance is modelled into the following equation
(Alaka and Elavander 1972)

_BP{'
(p) = (Ae 41— A)cos Dp (11)
where 4. B. Cand D are constants. This curve becomes
I at p — G and it decreasas exponentially and reaches
zero after certain distance.

2.4, Weighting functions and objective analysis

The constants A, B, C and D mentioned in Eqn. (11)
have been computed separately for v and v components.
py for the pair of stations / and j and py; for the station
+i* and grid point )’ were obtained from Eqn. (11).

(o ]
Tad

o€, was obtained from structure function curves separa-
tely for u and v componeni. After getiing o and subse-
quently A2, the set of Eqn. (10) was formad and solved
to get the weighting functions P; of the station i
Knowing the weighting functions, ths anomalies at the
grid points were computed as lincar combination of
anomalies at the surrcunding stations giving appro-
priate weights to them. These anomalies were addsd
to initial guess to get the analysed or interpolated
value at the grid point.

3, Data and computation
3.1. Data

FGGE Il b data set provided by ECMWF was
based on large number of special obszrvations made
during SMONEX 1979 in addition to the routine
conventional observations and so this is possibly the
best data set prepared for the tropical regions. Hence
we used for this study the FGGE 111 b wind fizld at
850 hPa at 12 UTC, grid size being 1.875 Latl./Long.
The OLR data usad cre daily data from TIROS-N at
2.5 Lat./Long. grid. To match with th: ECMWF grid,
the OLR data were interpolated bilinzarly to 1.875
Lat./Long. grid. The period chosen was 5 to 8 July
1979.

3.2. Synoptic situation during the period of analysis
from 5 July 79 to 8 July 79

During this period, th2 main synoptic feature was the
presence of monsoon depression over Bay of Bengal.
This depression formed on 4/5 July 1979 and reached
maximum intensity on 7/8 July 1979, It had a west of
northwestward movement. The convective region was
in the southwest sector of the depression. Our intension
in this study is to examine whether the convective
region/cloudy region are well depicted by th: enhanced
divergence ficld or the velocity potential field.

3.3, Computation

The computations and analyses were made for 5 days
from 4 to 8 July 1979 as mentioned above. The level
considered was 850 hPa and the time 12 UTC.

As mentioned earlier in Section 2, using wind data
divergence D is computed. From divergence and OLR
data the deviations of divergence, (D’) and deviation
of OLR (OLR’) from their respective zonal means,
D and OLR were computed.

Then we obtained the regional scaling factor, SCL,
from Eqn. (2), using the OLR data and the divergence
for the period from 4 to 9 July 1979 using least square
method. The scaling factor for 850 hPa wa. determined
to be 0.2 10—7s—1w=1 m2 Divergencz ancmaly, D',
from OLR was obtained from Eqn. (2) and the resulting
divergence anomaly D', was obtained from Eqn. 4(a)
and further the enhanced divergence was estimated
from the Eqn. 4(b). Using this divergsnce, the velccity
potential was computed by solving Eqn. (5) by over
relaxation method and similarly using the vorticity,
the stream function (¢} was computed from Eqn. (6).
The boundary conditions for solving Egns. 5 and 6
follow :

¥=4
b= Vs Xs
lll’.l‘ =", + Xn
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Fig. 1. Outgoing longwave radiation observed from NOAA

Fig. 2. 24 - bour rainfall (mm/day) ending at 00
GMT. 8 July 1979 (Rain Gauge Observations)

Polar Orbital Satellite, 7 July 1979 (Units : w/ m#)

L T 7T T T T T T T T ||||l|||>|]l1'|'|ll]|||5r||‘l—|

37,5 [}
[ 'V (a) 5 Jul'79 wo B
- ] 109 6 Jul 797
L , 100 :
30,0 - —
| ) C 200
s e |
s
Y
[/

—1;0’
—15
~EQ r . R
”l‘.oll'J_‘_l_jlll tLEJDlllll_Lj?Ls lrlj_L__L_glo_E_lgL

Figs. 3(a-b). Velocity potential compu.ed from FGGE [llb analysis at 850 hPa, (a) § July 1979, and

(%) 6 July 1979, 12UTC (Units : 10* m2s™1)
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Fig. 4(a). Same as in Fig. 3(a) except for 7 July 1979

Fig. 4(b). Same as in Fig. 3(a) except for 8 July 1979
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Fig. 5(a). Velocity potential computed from divergence
modified by OLR at 850 hPa, 5§ July 1979,
12 UTC (Units :10* m? s71)
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velocity component along the boundary

Yy =

velocity component normal to the boundary

v‘ ==
n = outward drawn normal

s = distance measured (counter clockwise posi-
tive) along the boundary

After obtaining the stream function and velocity poten-
tial we obtained the rotational and divergent parts
of the wind and then the v and v components were
obtained from Eqn. (9). These fields which included the
enhanced divergent part, were used as initial guess for
the analysis.

3.4. Application of the scheme in objective analysis
of wind field

The major objective of meteorological data analysis
is to obtain values of meteorclogical variables at regu-
larly spaced grid points from randomly spaced observa-
tions. In this process use of physically consistent and
reliable initial guess field is one of the most essential
parts of the analysis scheme. The final analysis field is
the result of a mixture of information from observa-
tions and from initial guess field. In order to improve
the initial guess field, the divergent part of the wind
field is included. The wind analysis were made for
four days at 850 hPa at 12 UTC. Analyses were also
made for the same period with initial guess field not
containing the enhanced divergent part i.e. unmodified
FGGE 1Ilb data. For examining the improvement,
R.M.S, errors were calculated.
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Fig. 5 (b). Same as in Fig. 5(a) except for & July 1979

4. Discussion of the results
4.1. OLR data, velocity potential and divergence

Fig. 1 shows the Outgoing Longwave Radiation
(OLR) data for 7 July 1979. It is interesting to compare
this OLR pattern with 24-hour rainfall reported at
03 : 00 GMT on 8 July 1979. The depression in the head
Bay of Bengal was very intense with its centre at 19,7° N,
89.0° E. The heavy rainfall region over the southwest
sector of the depression (Fig. 2) compares very well
with the region of minimum OLR representing low
cloud temperatures or higher cloud tops in the region,

Figs. 3(a &b) and Figs 4 (a & b) depict the velocity
potential computed from FGGE IIIb data for 4
days from 5 to 8 July 1979 and Figs. 5(a & b)
and Figs. 6 (a & b) the velocity potential computed
including the enhanced divergent part of the wind
from QLR data. Comparing these two figures, one can
easily infer that when the enhanced divergent part of the
wind due to OLR was included in the computations,
the magnitude increased. Also on 7 July 1979 when the
depression was most intense, having maximum amount of
convective activity, the velocity potential rzached
maximum in the southwest sector of the depression
compared to the other days. The rainfall region (Fig. 2),
agrees well with higher values of velocity potential
or the region of inflow in both cases. The magnitude
of the divergence (7/. V) field also was comparable
in both cases Figs. 7 (a & b). The objective of this
study has been to enhance the divergence of the wind
field and this is being accomplished here.

4.2. Assessment of the analysis

The quantitative measure to test the analysis scheme
is the root mean square difference statistics batween
the observations and analysis. Table 1 shows the root
mean sq. (R.M.S.) error between observed value at the
station and its interpolated value back from the surroun-

ding grid points,
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Fig. 6(h). Same as in Fig. Sia) excepl for 8 July 1979
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Fig. 8(a). Objective analysis of wind field at 850 hPa,
7 July 1979, 12 UTC;with FGGE I11b
analysis as initial guess

TABLE 1

Root Mean Square Errors in m. p. s. (obtained by comparin g
station ohservations) for analyses with and without OLR data

Date Wiih Without RMS vector error
(Jul 1979) OLR OLR ——N -
with  Without
5 u 3.79 3.39 4.92 4.65
V 3.14 3.18
6 " 4.10 4.19 6.10 6.05
v 53 4.36
7 " 4.35 4.45 5.76 5.81
v 3.75 3.74
8 u 1.86 5,37 5.85 6,71
¥ 4.40 4.03

The R.M.S. errors in Table 1 for the two sets of
analysis with two different initial guess fields, one having
the enhanced divergent part of the wind due to OLR
and the other not having it, are comparable. In other
words, both the analyses fit the observation with same
degree of accuracy. Figs. 8 (a & b) show that the flow
patterns are also similar in both cases. The centre of the
depression depicted in the analysis when enhanced
divergent part is included is closer to the centre, as
reported by Indias Meteorological Department.

Although there is no dramatic inprovement in the
wind field, the main feature is that the divergent part
of the wind field from OLR is introduced in the ana-
lysed field.

5. Concluding remarks

Since the divergent part of the wind is imporfant
in tropical wind field, we formulated a scheme following
Sumi et al. (1979) to enhance it from OLR data obtained
from TIROS-N satellite. On introducing the divergent

Fig. 8 (b). Same as in Fig. 8a except with FGGE IlIb
analysis modified by OLR as initial guess

part of the wind, the velocity potential as well as the
divergence field increased in magnitude in the region of
convective activity. There was no conspicous improve-
ment in the analysis of wind fizld, by way of reduction
in R.M.S. errors etc. However, the enhanced divergent
part of the wind has been included in ths final analysis,

~When the initial guess wind field contained the
divergent part of the wind from velocity potential
enhanced by OLR, the position of the centre of the
depression was more realistic on all the days. The
strength of the system produced by analysis is also
reasonable. The results indicate that this technique
performs reasonably well and it is fairly successful
because it is able to produce realistic results.
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