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from Monex-1979 data

Radio refractivity over equator and south Arabian Sea

ABSTRACT. Surface and radiosonde observations collected by

June of Monex-1979 experiment have been
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| Cyclone Warning Radar,

' India Meteorological Department, Madras :
(Recieved 4 February 1980)

Russian ships during May and

analysed and radio refractive indices were calculated for

levels upto 500 mb. Typical vertical profiles for different location over sea and for equator have been
~arrived at. Time and space variation of the Radio Refractive Index (RRI) over equator have been
investigated around the time of onset of monsoon.
An increase in RRI values was brought about around 18 May between 850 and 700 mb levels
as observed by Russian ships in south Arabian Sea. This shows a change in moisture character of
the airmass due to monscon arrival and this hints that the influx of moisture is mainly in the mid-

troposphere rather than at surface level, There does not

at surface or at higher levels.

1, Intreduction

 The meteorological conditions in the lower
and mid troposphere play a significant role in
_deciding the radiohorizon, signal strength, trap-
ping of radiowaves and anomalous propagation
of radiowaves. Radiorefractive index is the func-
tion of the three main meteorological parameters
that influence the radio wave propagation;
namely temperature, pressure and humidity.
Bean and Dutton (1968) have studied the
synoptic radio meteorology for U. S. A. Kul-
shrestha and  Chatterjee (1966, 1967) have
given the radio climatology for India. Kulsh-

testha (1975) has also given the radio refracti-
vity for sea areas adjoining the Indian sub-

- continent for different months. However it is .
of interest to study the radiorefractivity over

equator and also how the monsoon arrival is

reflected in radio-refractivity over the south

- Arabian Sea. The same is

tried here using the
Monéx‘—1979-dataf, v . D

2. Data and programme

 The ship Priboy was stationary at’ Long.
49 deg. E on the equator between 19 and 30

@)

~along equator between Long. 50 deg.

seems to be any diurnal variations in RRI either

May and took surface and upper air observa-
tions. During the first half of May Academic
Korolov and Academic Shirshov made cruises
o
62 deg. E. They took surface ~observations.
These were the data for the study pertaining to
equatorial regions. : e L

Four ships Academic Korolov, Academic Shir-
shov, Volna and Priliv formed a stationary
polygon between 16 to 29 May around about
7 deg. N, 57 deg. E. Both surface and upper

air observations were taken at 6 hourly inter-

vals. Then the ship dispersed. During 7 to 14
June 1979 the above ships again formed a poly-

gon around about 6.9 deg. N, 66.3 deg. E.

Another ship Priboy occupied the central point.
While the first polygon can be taken as repre-
sentative of the onset phase of monsoon, data -
for the second polygon will represent the set
conditions of monsoon. The ships’ position and

the south Arabian Sea portion are shown in Fig.
1. The location of the ship, Priliv. (EREC) is

just one degree latitude outside south Arabian

Sea in the Indian Occan area, However since
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SOUTH ARABIAN SEA
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1-SHIP'S 1 POLYGONAL POSITION DURING 16-29 MAY
1979

ll-SHlP’S 11 POLYGONAL POSITION DURING o7~ 14
JUNE 1979

A-SHIP PRIBOY'S STATIONARY POSITION DURING
19-30 MAY 1979

Fig. 1

the polygonal position as it is has been consi-

dered for analysis where centre falls in south

Arabian Sea, we consider the radio refractivities
arrived at from these ships to represent south
Arabian Sea in general. The various ships are

referred by their call signs as Priliv (EREC),
Priboy (EREH), Volna (EREB), Academic
Shirshov (UMAY) and Academic Korolov
(UHQS).

3. Mecthod and analysis

The radio referactivity is computed using the
equation :
N = (n—1) %108
= 77.6 P|[T + 3.73 X 105 ¢/T?

where P is the pressure, T is the tempera-
ture and e is the water vapour pressure. P and
e are in millibars while T is in degrees Kelvin.
Surface refractivity was calculated for ail the four
observations 00, 06, 12 and 18 GMT in a day.
Similarly N values for surface, 1000, 850, 700
and 500 mb were computed.

The study is under two ﬁarts : (i) for equa-
torial region and (i) for the souh Arabian Sea

areas which were covered by the two polygons.

Again the analysis of surface values is discus-
sed first from which time and space variations
if any can be, found out. Then the vertical
profile can be discussed.

CKm )

HEIGHT

T a— 200 ’ 300 —9%%0
RRI (N UNITS)

Fig. 2. Average profile of RRI for equatori(taken at 49°F)

4. Discussion

(i) Equatorial Seas

Between 16 and 25 May, the ship Priboy
was stationary over equator at Long. 49 deg. E.
Except at one occasion on 28th and 29th the
surface radio refractivity was constant at 385.
Hence there is no time variation of ‘N’ value
at equator. Even diurnally no change was ob-
served. Then. values for 1000, 850, 700
and 500 mb levels were also calculated for each
occasion. No appreciable variation in the ‘N’
values was observed at 1000, 700 and 500 mb
levels. However, at 850 mb level the variation
was about 20 (value varied from 288 to 312).
The vertical profile of radiorefractivity is given
in Fig. 2. Only for 850 mb average was taken
while for other levels the values were practically
constant.

During 25 to 29 May, the ship Priboy moved
over equator from Long. 49 deg. E to 61 deg.
E. This data could be used to see the existence
of any spatial variations. Academic Shirshov
and Korolov took observations over equator in
the first week of May. These supplemented the
Priboy data. Table 1 shows these values. It is
clear that there is no appreciable change in the
N values at surface level over equator between
Long. 49 deg. E to 62 deg. E around the time
of onset of monsoon.
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TABLE 1]
-Surface RRI values along equator

Long, RRI

“Long, RRI
) (N units) ) (IV units)
49 385 57 385
50 385 59 385
51 380 61 380

56 388 S62:2 380

(it) South Arabian Sea

The cehtres of polygonal positions were along

‘Lat. 6.5 deg. N and Lat. 7 deg. N respectively.

Hence they can be considered as representing
the conditions of south Arabian Sea, The first

- point noted was that there was o diurnal
variation in the ‘N’ values either at surface or

at upper levels. The values are within the

~ specified range found by Kulshrestha (1975).

Comparing the values from the observation of
ships stationed diagonally opposite, the existence

of any latitudinal or longitudinal change within

5 deg. was inves gated. Both latitudinally and

longitudinally there is no significant variation in

surface refractivity. The values are within -
5 deviation only. Same is the case with higher

level ‘N’ values also,

40r  oup EREC

220

\_SIGNIFICANT INCREASE

200l Lo L |” i e B 3

2900 Suip Eren

~n
N
O

nN
58

~n

'SHIP UHQS

N'
N
O

RRI VAWUE AT 700 mb

:

oL swe umay

220
S L O e N Ly
1718 .99 20 3 22 23 24 25
g ‘ DATES MAY (979 ;

~Fig. 4

sogl

The refractivity values for 850 and 700 r
levels deserve close scrutiny. Figs. 3 and 4 gi
the values observed at these two levels respecti-
vely for each day. Priliv and Academic Korolov
showed an increase in value on 18th while
Volna and Academic Shirshov showed 3 rise on
19th at 850 mb. The rise in value is more than
15 except for Volna which is about 10. The
values are maintained afterwards,

The temperatures are correct within |-

1 deg. and hence the error due to contribution
of dry term in the equation for RRI can be
about 2 for 850 mb and 700 mb. The error
in humidity observation at 'upper - air can be
about 10 per cent. This inaccuracy can cause
an error of about 10 in RRI due to contri-
bution from wet terms for 850 mb and about
8 or 700 mb. Fig. 4 gives the RRI values at
700 mb. There also Academic Shirshov and
Volna show an increase in RRI on 18th, Aca-
demic Korolov on 17th and Priliv. on 18th,
The values are maintained afterwards. In the

- light of the argument put forward, the rise in

values can be considered a  significant rise.
Hence a rise in RRI values is observed around

- 18th ‘at 850 and 700 mb levels by all ships.

This can be understood as follows :

There is an air mass transport from southern
hemisphere to northern hemisphere around the
time of onset of monsoon. This is believed to
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TABLE 2
Position RRI values in N units at
of ships —A- \
—~—H———  Surface 850 mb 700 mb 500 mb
(°N) (°B)
6.5 54.5 389 277 215 158
282% 233%
6.5 59 384 287 227 158
301% 238%
3 57 383 278 229 158
208* 235%
8.5 57 385 280 210 158
292%* 230*

*Average after the rise in values around 18 May.

contain more moisture which can affect the
‘N’ values. The arrival of monsoon air mass
is reflected in the increase in values and then
the maintenance of this high ‘N’ values. While
the surface and 500 mb level values are prac-
tically constant, the occurrence of change in
values at 850 mb and 700 mb alone hints that
the influx of moisture is mainly in mid tropos-
phere rather than at surface level.

Table 2 gives the vertical profile values of
RRI for each ship for first polygonal position.
For 850 and 700 mb levels along averages be-
fore and after the increase is brought about have
been arrived at and shown separately.

Regarding the observations by ship in second
polygon between 2 and 13 June 1979 the

values for all levels are steady within 4 5.

The averages have been worked out and the
profiles arrived at (Table 3). The significant
point to note is that the average value for 850
and 700 mb is close to the value observed during
1 polygon phase after the rise has occurred.

5. Conclusions

There is no space variation of radio refrac- ‘

tive index at surface and higher levels along
the equatorial regions considered nor is there

TABLE 3

RRI values as observed in second polygonal position

Position RRI values in N units at

of ships A -
(——A——  Surface 850 mb 700 mb 500 mb

(°N) (°E)

5 66.5 383 300 236 160

9 66.5 387 300 229 156

7  64.5 384 300 234 159

7 66.5 384 302 232 154

7

69 380 298 234 158

any time variation. The vertical profile for radio
refractive index valid for equator for the time
of onset of monsoon has been arrived at. There
does not seem to be any longitudinal or latitu-
dinal variation of RRI in south Arabian Sea
within 5 deg. interval. Both over equator and
south Arabian Sea there is no diurnal variations
observed in RRI values either at surface or
at higher levels upto 500 mb. An increase in
RR1 values was observed around 18 May at
850 mb and 700 mb levels, probably due to
the moisture change from the monsoon airmass.
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