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Some experiments in the objective analysis of the
wind-field over India and neighbourhood

D, R. SIKKA and Y. RAMANATHAN
I'nstitute of Tropical Meteorology, Poona
(Received 26 April 1969)

?-\.B_STR.'\.CT. As a first step towards preparing input of wind observations for numerical weather
prediction work in the Indian region, objective analysis of the wind-field has been made on a number of Maps
using a varjation of Cressman’s Scheme. The programme was executed on the CDC 3600 computer adopting
a (53 x 17) grid in t'ho region between 20° to 150°E and the equator to 40°N. The stream line patterns obtained
by objective analysis for three maps are compared against conventional analyses. Vorticity patterns using
the wind obtained from the objective analysis are presented. Root mean square error of the analysed winds,

with reference to the station observations is found to be about 8 kt.

The stream function patterns,

as well as 500 mb 24 huurs‘ forecast based on non-divergent barotropic mcdel with the objective and the
subjective wind analysis as inputs, do not show any synopt.cally significant differences.

1. Introduction

A need for objective analysis has been recogni-
sed with the development of numerical weather
prediction. This form of analysis not only avoids
personal interpretation of the analyst, but also
generates data from observations at equally
spaced grid points, and speeds up the analysis
through high speed computers,

Various methods of objective analysis have been
suggested and tested by different workers in the
last 20 years. They can be put in the following
broad categories — (i) fitting a geometrical surface
by polynomials, (i) correction by weighted aver-
ages and (i47) optimal interpolation.

Surface fitting technique by the method of least
squares was first proposed by Panofsky (1949).
Variations of this method were attempted by Gil-
christ and Cressman (1954), Cressman (1957),
Johnson (1957) Bushby and Huckle (1957) aad
Pfeﬁ_e.r et al. (see Ref.) . However, this method
requires dense data coverage and is generally un-
sult:ble for regions of spares data, such as the
tropics. Gandin (1963) suggested a statistical pro-
cedure which uses optimal interpolation between
the observed values and the climatological values
8o that errors in the least square sense are minimi-
sed. Variations of this method have been attempted
:)lygézé:;.shkovich (1964) and Fujiwara and Sagasaki

Bergthorssen and Doos (1955) first -suggested
an average correction method by a non-iterative
procedure, The basic method was later adopted by

Cressman (1959) in an iterative scheme. According
to the periodic reports of the World Meteorological
Organisation on Numerical Weather Prediction,
Cressman’s method with suitable variations have
been adopted by many meteorological services in
their operational objective analysis schemes. Cres-
sman originally employed his method to analyse the
contour height field. He had, however, suggested
that direct wind analysis could also be made with
the same method by resolving the vector wind into
u and v components, Different workers have app-
lied Cressman’s method for objective wind analysis
over extensive areas in the tropics (Yanai 1964;
Bedient and Vederman 1964; Shumbera 1966 and
Bedient, Collins and Dent 1967). Extensive use
of the method is due not only to its flexibility,
simplicity of approach, inexpensive use of machine
time but also for its suitability in data sparse
regions. The method uses a first guess field over
all the grid points, and this is subsequently impro-
ved by using the data over observing stations. We
thought it appropriate to test the Cressman’s
method and examine its applicability over the
Indian region. This region has several data holes
due to its geographical location.

2. Details of the method applied

In the present study, we have attempted to
apply Cressman’s method over an area from equa-
tor to 40°N and 20°E to 150°E using the first guess
to the analysis the previous synoptie hour sub-
jective stream-line-isotach analysis from which the
grid point values were obtained by eye estima-
tion. Fig. 1 shows the distribution of wind reporting
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Fig. 1.
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Network of wind reporting stations and the grid points

Solid circles are radiowind/radarwind stations, open cireles are pilot balloon stations and cross marks are

grid points, The insct comeentric circles in the
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Fig. 2. Graph of the weighiing function (1) against distance
(D) between station location and the grid points,
given in terms of sean distance (V)

stations in this region. Tt was assumed that the
previous synoptic hour wind-field would be a gond
first approximation to the wind-field at the time
of analysis. The procedure aims at improving the
first guess field of » and v components in aseries of
iterations during which successive approximations
to analysis are gradually adjusted to fit the data
of observed winds at reporting stations. The follow-
ing weighting function, of the same form ac used Ly
Cressman, was assigned to each iteration :

N Do for D N
—— and
N2 L DR W=0forD=XN

where IV is the radius of influence (scan distance)
and D is the distance between station location
and the grid point. Fig. 2 shows the graph of the
weighting function with distance. The scan distanca
for each iteration defines the lower limit to ihe
analysis scale. The analysis was commenced with
the highest N value appropriate to the maximum
analysable scale depending upon the data density.
Successively lower values of N were then used for
each iteration to adjust the analysis to the smaller
scales. The analysis proceeds from grid point in
each iteration. If there are » observations within

W =

Arabinn Sea show the arcas examined on cach scan

aradins V of tha grid point in a particular itera-
tion the new approximation of the wind component
at the grid point for that iferation is computed as
follows :
1, (new)

= wy (old) |- Z' C., W/Z Wi

te=1

C,=u—u;

where u, (new) and u, (0ld) are the new and the
previous values of the # component at the grid
point, # and u; are the actual station observation
and its interpolated value from the nearby grid
poiuts respectively. €, is the correction to the stat-
ion observation and ; is the weight for the station
observation appropriate to the scan distance. A
similar analysis is parformed for the ¥ components
separately. The % and » components at the end of
the last sean are then combined to get the wind
vector at the grid points. For the preliminary
results being reported here, wo have experi-
mented witn three scan distances. wz., 40, 2-0
and 1-0 times the grid length which was taken
as 2-5° of latitude. The reporting stations in the
aren of analyvsis have been indexed according to the
station identification numbers and o dictionaxy of
the station numbers and their corresponding lati-
tude and longitude have been prepared. Linear
interpolation has been used in the present study to
get the station wind from the valnes at nearby grid
points. In order to test the efficiency of the merhod,
the root mean square error between reported winds
at {he stations and their current interpolated value
from the nearby grid points is prirted out at the
end of each iteration. The most effective scan
distance can thus be judged from this statistics.
Te output of the analysis programme consists of
computed winds at all grid points, error statistics
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Fig. 3 (b). Reported wind analysis
Fig. 3. Streamlines at 850 mb for 7 July 1963 at 12 GMT

for each pass and the grid points vorticity and
divergence values using computed winds. These
outputs were then plotted on the chart and the
analysis performed by hand.

3. Discussion of the results

Although a number of charts have been objec-
tively analysed only three of them are presented
here for want of spaca.  For comparison conventi-
onal subjective analyses for the same cases are
also presented.

2.1, Case 1: 850 mb chart for 7 July 1963 (12
GMT)—The stream lincs for the objective
and subjective wind analyses are shown in
Figs. 3(a) and 3(b) respectively.

There is a good agreement in the two analyses
with regard to the position of the trough line
through east coast of Arabia, West Pakistan,

central Tndia, Assam, Southern China, South
China Sea, Phillippines and further sastward upto
150°E. Withia this extensive trough the centres
of cyelonic circulations over Pakistan and central
India are in good agreement in the two analyses.
A cyclonic circulation depicted in the objective
analysis near 23°N, 97°E is not seen in the subje-
ctive version as the available data suggests only
well marked trough whose position is about 2°
south of the position in the objective version in the
same area.

The position of the sub-tropical ridge line over
West Pacific Ocean and Eastern China running
along about 25°N is in good agreement in the two
analyses, But within the ridge line, two anticy-
clonic centres shown in the subjective analysis
near 25°N, 117°E and 25°N, 130°E are not depic-
table in the objective_analysis though the isotach
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Fig. 4(a). Streamlines of objective wind analysis at 500 mb for 7 July 1963 at 12 GMT

field in the latter has a minimum in the respective
areas. It is worth mentioning that the analysis from
which the first guess field was derived did not show
these anticyclonic cells in the ridge. Evidently the
objective analysis maintaired a bias towards the
first guess field due to data sparsity and weaker
wind regimes in the area.

The subjective analysis depicts an anti-cyclonic
circulation centred near 36°N, 55°E which seems
to have been displaced NE-wards in the objective
version. The agreement of the ridge line in the two
versions over Iran, Arabia and adjoining regions
although generally satisfactory is not exact at
places,

The two analyses agree well with regard to cente-
ring of the cyclonic circulation near 32°N, 107°E,
The trough in the westerlies along about 40°E is
in fair agreement in the two versions. However,
the subjective analysis shows southward extension
of that trough up to 30°N whersas it seems to ex-
tend up to 35°N in the objective version The
subjective analysis shows a eyclonic circulation
near 37°N,'125°E which is showa as a well-marked
trough in the weaterlies in the johiective analysis
with a possible centre near 37°N, ‘123°E.

The stronger as well as the weaker wind speed
regimes in the SW monsoon over the Arabian Sea,
India and Bay of Bengal are generally in good
agreement in the two analyses However, the object-
tive version shows sudden weakening in the wester-
ly winds near about 10°N and 97-5°E.

3:2. Case 2: 500 mb chart for 7 July 1963 (12
GMT)— Figs. 4(a) and 4(b) show the stream lines
for the objectively and subjectively analysed

winds. There is a good agreement between the ob-
jective analysis and the subjective analysis with
regard to the location of the monsoon trough over’
India and the trough over Southeast Asia and
Phillippines region. The centres of cyclonic circus
lation within the trough over Gujarat, east
Madhya Pradesh, Thailand are also in agreement,.
The cyclonic circulation centred near Phillippines
in the objective version is placed somewhat east~
ward in the subjective version.

Location of the sub-tropical ridge line running
from Africa to Arabia, Iran, Afghanistan and Tibet
is also generally in good agreement in the two ver-
sions, The agreement in the location of the ridge

“line over the West Pacific Ocean is satisfactory.

The anticyclonic circulations over Arabia, Tibet
and Assam shown in the objective analysis could
not be put in the subjective analysis for want of
data. The anticyclonic circulation near Rykyu
1slands shown in the subjective analysis as a single
eell, is seen inthe form of three teeble cells in the
ohjeetive analysis. Thera is also dissimilarity bet-
ween two versions of the analysis with ragard to
the ridge associated with the Rykyu Islands anti-
cyclonic cirenlatioa. In the subjective analysis the
ridge runs NW/SW from Rykyu lslands towards
the South China Sea region whereas the objective
analysis puts the ridge in E/W orientation towards
Eastern China. Thisis due to the objective analysis
having a hias towards the first guness field
in the data sparse regions. The ridge lins in the
West Pacific which runs from abont 26°N, 150°E to
ahout 20°N, 135°E is shown in the subjective ana-
Iysis to run from along 27°N in the same longi-
tudinal belt. The subjective analysis also shows
another ridge along 5°N east of 150°E and a
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Fig. 4(b). Streamlines of reported winds at 500 mb for 7 July 1963 at 12 GMT

trough line in between the two ridges which have
not been brought out in the objective analysis.

In the case of troughs in wasterlies there is a
good agreement between the two analyses with
refarence to the trough along 35°E but the trough
shown along 125°E in the subjective analysis, is
displaced about 2-3° to the west in the objective
analysis. The subjective analysis shows a minor
trough from 40°N to 35°N along about T0°E which
is not shown in the objective analysis. A eyclonic
circulation with centre near 31-5°N, 77°E shown
in the objective version does not appear in the sub-
jective one.

With regard to the speed field over the data
regions positioning of the region of 15 to 20 kt
strong winds over India is in good agreement,
Same is the case with regard to the stronger regime
of winds over Arabian coast. The speed maxima
shown over other regions are also in satisfactory
agreement.

3.3. Case 3 : 500 mb charl of 25 March 1967
(00 GMT)— The objective and subjective wind
analyses are shown in Figs. 5(a) and 5(b) respec-
tively. The position of the sub-tropical ridge line
18 in close agreement between the subjective and
objective analysis. The positions of the anticy-
clones over Africa and Western Pacific are also in
agreement. The anticyclonic cell which lies in the
subjective analysis over south off Vietnam (near
7°N, 105°E) is shifted a little NE-wards in the
- oljective analysis (near 10°N, 107°E). It may be
mentioned that the first suess field also showed this
anticyclonic cell NE-ward of the current subjective
analysis, Wind changes from the previous synoptie

observations peing small in the area, the current
objective analysis maintained the bias to the'first
guess, The anticyclonic cells near 10°N, 68°E and
16°N, 120°E, showa in the subjective analysis
could not be depicted in the objective analysis.
This has been also due to the objective analysis
having a bias to the first guess field which did not
show these anticyclonic cells.

In the belt of westerlies, good agreement exists
between the two analyses in the placement of
cyelonic circulation to the east of the Caspian Sea
and the associated trough running towards north-
west India. The zone of diffluence over northwest
India is also in good agreement between the two
versions though the wind strength over Kashmir
is somewhat weaker in the objective version.

Both the analyses also agree well with regard
to the general location of the belt of maximum
winds although individual maxima at a few places
are not in exact agreement. The zone of the weaker
winds over Tibetan ragion is in fairly close agree-
ment. However, the winds analysed by the machine
over Mediterranean region are somewhat weaker
than shown in the subjective analysis,

4, General remarks and error statistics

The objective analysis over portions of Africa,
Arabian Sea, Bay of Bengal and West Pacific Ocean
is unable to alter the first guess winds due to data
sparsity over these regions. This is a serious handi-
cap if the previous synoptic analysis is used as tha
first guess. Therefore, to allow for a change in the
analysis from one synoptic hour to the other over
such data poor regions, it would be preferable to
use the forecast winds as the first guess field. How-
ever, in good data regions the adjustment in the
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Fig. 5 (b). Reported wind analysis
Fig.5. Streamlines of objective/reported winds at 500 mb for 25 March 1967 [at{00JGMT

machine analysis are quite satisfactory even if the
previous synoptic analysis is used as the first guess.

Root mean square errors prior to the commence-
ment of each scan and also at the end of the third
scan for the three cases under discussion ara shown
ina Tabls 1. Tt is seen that the’last sean is most
effective i0 adjusting the analysis to the observa-
tions. The root mean square error (R.ALS.) of the
objective analysis over the area under’ discussion
is about 8 ke. The magnitude of the error is com-
parable to the results reported in tropical areas by
Bedient and Vederman (1964), and Shumbera
(1967). .

In the present study trials were also conducted
using the analysed winds as the first. guess and
repeating the analysis process once again but the
R.M.S. error was not reduced. ‘

5. Vorticity and divergence computations

Vorticity and divergence fields computed from
the objectively analysed winds have been
axamined, The relative vorticity maps are shown
i Figs. G(a), 6(b) and G(c) respectively for the
cases under diseussion. The vorticity lield is quite
smooth and of aceeptable magnitude over good
data regions, However, over the data poor regions
equatorward of 10°N a few points on esch chart
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TABLE 1

Root mean square error between the acfual station wind
and the interpolated winds from the objective analysis

Root mean square errors (kt)
YR i e ey =¥
(Case No Prior Prior Prior  After
to 1st to 2nd to drd 3rd
scan Bean, S0a1L Bean

Case 1 : 850-mb chart.
7 Jul 1963 (12 GMT) 12:9 13-0
Cuse 2: 500-mb chart
7 Jul 1963 (12 GMT) 13-3 13-3
Case 3 :300-mb chart
25 Mar 1968 (00 GMT) 1567 15°5

Fig. 6 (b). 500 mb on 7 July 1963, 12 GMT

Fig. 6 (¢). 500 mb on 25 March 1967, 00 GMT

Fig. 6. Relative vorticity (10-%/sec)

have negative absolute vorticity.”;The limitation
of the computed divergence from direct winds
being well knowa, these maps are nut presented
here.

6. Stream function computation

The stream function fields as obtained from the
objectively analysed and hand analysed winds by
solving the equation {= V% ({is relative
vorticity and ¢ is the stream function) for 500 mb
chart for 7 July 1963 (12 GMT) are shown in Fige.
T(a) and 7(b) respectively over a restricted area
between 2-5°N to 40°N and 50°E to 100°E. The
boundary conditions used for solving the above
equation are as suggested by Miyakoda (1960) and
the details of the computations are the same as
given by Shukla and Saha*. The patterns in the
two stream function fields are in good agreement.
The positions of the monsoon trough and the sub-
tropical ridge to the north agres in both the cases.
Within the monsoon trough the centres of two

eycloviccirculations’over India are seen in both the
analyses though in the objective apalysis the
centras are about a degree to the west of the res-
pective positions in the hand analysis.

The two stream function fields were also used as
input separately for the barotropic model being
tested by Shukla and Saha (loc. ¢dt.). The forecasts
obtained by the two inputs did not show any
synoptically significant differences. Actually very
little chahge took place during the forecast period
and also small changes were indicated by the baro-
tropic forecast. Further testing of the barotropic
model with the objective wind analysis as input is
planned. '

7. Conelusion

The results of the preliminary experiments with
(Cressman’s method o objective wind analysis over
the area under discussion are quite encouraging.
The agreement between tne objective analysis and
subjective analysis is closer over data rich regions
than over data poor tegions. Over some parts of

#*¢Forecasting flow pattorns in the Indian region with barotropi al, b fhul g i
oy e T el Do, wotropio model, by J. Shukla and K. R.Saha, Pre-publ. Sei
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(a) Objectively analysed winds (b) Hand analysed wirds
Fig. 7. Stream function field of winds at 500 mb on 7 July 1963 at 12 GMT
(Units : 1010 gmefreq)

the oceaaic regions devoid of practically any data, data separately also do not reveal synoptically
the first guess field remains unaffected at the end significant differences with repect to each other.

of the routine analysis. Similar difficulties are also
reported by Holopainen (1968). The stream fune-
tion map for one situation derived from the ob- The authors thank Dr. K.R. Saha for his en-
jective analysis and the hand analysis shows couragements and their colleagues in the Forecast -
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