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Fig. 1. Investigational area : China, East China Sea and AMTEX area

(Hankow, Shanghai, Kagoshima, Naha, Naze,
Ishigakijima and Minamidaitojima) were col-
lected for the months of February and March
1975 from the daily weather reports of the Japan
Meteorological Agency. The observations are 2
times a day. Though the data are completely
available for Japanese stations, there are many
missing data for Chinese stations. However, the
missing data are covered by the linear interpola-
tion of the other data.

Fig. 1 illustrates the area of investigation.
Zoneg I is taken along latitudes 30° to 32°N
and Zone II along 24° to 26° N. The square
area (1II) is made up of the stations Shar}ghal,
Kagoshima, Minamidaitojima and Ishigakijima.
The stations Naze, Minamidaitojima and Naha
form the triangle area (IV). The data of the

stations in zones I and II are used for the ana-
lysis of v, T and ¢, while the areas III and IV
are used for the calculation and analysis of ver-
tical p-velocity.

. In the preparation of longtitudinal cross-sec-
tion for 24°-26°N  (zone II) and 30°-32°N
(zone I), 850 mb wind data are used. In zone
I, in the range of 110° to 130° E, the data are
available for only 3 stations. In the same longi-
tudinal range in zone II, five stations are there
where the data are available. Using line integral
of the normal components of wind along border
line of the areas III and IV, horizontal diver-
gence is calculated for both the areas. Equation
of continuity is used for evaluating the a\;eraged

vertical p-velocity (w) of the above areas.
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" The triangle area (IV) is used in order to get

~a fine resolution.. As the lateral extent of the
- square is about 1000 km, any wave disturbances

with less than that wave length cannot be detec-

~ ted by analysis of - w of that afea. Analysis of @

" of the triangle area may bring out the features :

of such wave disturbances (if present). Further,

. may

elp to understand the north-south extent

~over AMTEX area. -

: Themethod of power spectral analysis is the

same as that used eatlier by Ninemiya (1972),

- Nitta et al. (1973) and Yoshizaki (1974). The

~ details are available in Maruyama (1968).

~ As discussed by Blackman and Tukey (1958),
~in power spectral analysis,

 should preferably be less than or equal to' 1/3

of the total observations. Nitta' et al. (1973)
used 10 ‘days as lag maximum for the month of -

February 1968. They also used two  band-pass

filters to study the wave disturbances with 1.5 to

- 2 day and 4 to 5 day periods. - But Yoshizaki

)

» analysis of w in these 2 areas separately, . '

(amplitude) of the wave disturbances present

the lag maximum'

L
DATE—w .

%

(‘1‘9,’745' useda 1aé ‘max‘imﬁmbé‘le?. ‘d‘ay's;fOrftﬁe ‘ » 

months of January and March 1968 and he did

not use any band-pass filters. In the present

* surface data). In the present study, as the winds
- the wind at 1000 mb is assumed to be the same

_effects, the surface wind. is not considere

study ‘a lag maximum of 10 days is taken for

and no band pass filter is used. .

_both the months of Fabruary and March 1975 .

,VAskk there kareﬂymany\ m,issingf' data forkChmese
stations above 200 mb, the spectral analysis of

~ temperature (T'), northward component of wind 4

(v), and mixing ratio of water vapour (gq) is

 limited up to 200 mb level only. As the surface

pressure of Naha and Naze is always less than
1000 mb, the wind data at 1000 mb level for
these stations are not available. In the earlier
studies (Nitta 1976, Krishna Murty 1976) the
wind at 1000 mb was obtained by extrapolat- .
ing the winds. at higher levels (without using -

are available at standard pressure levels only,
as that of the 850 mb level. Because of frictic
estimating the wind at 1000 mb, The spectral

analysis of w is made from 850 mb le
300 mb level, ‘ i
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Fig. 3. Same as Fig. 2 exXcept for the month of March 1975

3. General features

The Figs. 2 and 3 illustrate the longitudinal-

~ time section of the wind at 850 mb level for the

months of February and March 1975 respec-

tively. The areas of wind with southerly compo-
nent are shaded.

In the zone I (30°-32 °N), though there
are disturbances with 2 day periodicity in the
first week of February, there are only 8-9 day
. period waves in the remaining part of the month
(Fig.- 2a). In the zone II (24°—26°N), as
shown in Fig. 2(b), there is no regular perio-
dicity. For the first 10 days the winds are

southerlies. For the next one week, there are -

wave disturbances with a 2 day periodicity. Simi-
lar situation is observed in the last week of the
month also. S

As pointed out by Nitta et ql. (1973) and
Yoshizaki (1974) ifor the case of February 1968,
the propagating disturbances could not be found
clearly. But, short period disturbances are found
more clearly compared to 1968 case (Ninomiya
1972, Nitta et al. 1973). Thus there are no pass-
- ing wave disturbances over AMTEX area except

it the beginning and latter part of the AMTEX
75 period (14 to 28 February 1975).

Unlike in the month of February, the wave
disturbances are more regular in the month of

March. In the northern latitudes (zone I) ; the-

disturbances have a periodicity of about 3 days

~and they are propagating from west to east

(Fig. 3a). In the latter part of the month, though
the disturbances are present over the continent,
they are absent over the sea. This is not the
case with zone II, where the disturbances have -
a periodicity of 2-3 days throughout the, month

both over land and sea, as illustrated in Fig.
3(b). - ‘

4. Discussion of the results

Now let us discuss the wave disturbances in
detail for both the months and both the regions.

(a) Wave disturbances in February

Figs. 4 (a, b, ¢) indicate the power spectra of
temperature (T), v-component of the wind ),
and mixing ratio of the water vapour (q) corres-
ponding to the stations of Hankow, Shanghai,
and Kagoshima of zone I for the month of
February 1975. There exist wave disturbances
of 2-day period with maximum amplitude near
850 mb level. The spectral density maximum
though small is prominent over the continent
(Hankow) than near the coast (Shanghai) or
over the island (Kagoshima). The long wave
disturbances of 4-5 day period noticed by Nitta -
et al. (1973) for February 1968, are apparently
neither present nor prominent in this case. How-

ever, they are present in the upper levels around
300 mb, '







MAHAF47926)
T.
. J
mbf~ s
20{{ I k 5
! seok 100 5
T
300
700n//p 50 ;’
= e W = 2
ah .
3
b o

;"\

S — ,

‘5“\“\ T -
10 [ 3 25 2

< PERIOD(DAYS)

-
Eﬂaﬂ

125

Fig. 5 (b). Naha (49736)
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(a) Hankow (zone 1),

the wave disturbances with a 2-day period.

4000 km. In zone II (24° to 26° N) also, are
disturbances propagate eastwards. Though the
order of magnitude is the same, their wave length
which is about 6000 km, is slightly larger than
that of the zone I.

Figs. 7 (a, b) illustrate the vertical structure
of v, T and g for the 2 stations Hankow and
Kagohsima respectively. In both the cases the
trough is tilting westwards with height up to a

0

|
72 4

PHASE DIFFERENCE (A6)

corresponding to
(b) Kagoshima (zone II).

certain level above which there is a reversal. The
level of reversal is higher over ocean (400 mb at
Kagoshima) than over land (700 mb at Han-
kow). In lower levels, the warm and moist air
is to the east of the trough and vice versa. The
waves are baroclinic in character. Similar to the
reversal of tilting of the trough, the level of the
reversal of airmass characteristics (from warm
moist to cold dry air ahead of the trough) is
higher over island station (600 mb at Kago-
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~ shima) than over inland statlon (800 mb at
 Hankow). This may be due to the difference
~ between the warm moist sea surface and the cold
_ dry land surface.

Compared to the case of February 1968

(Nltta et al. 1973), reversal of the tilt of the

trough takes place at a lower level indicating that

the wave disturbance in 1975 are shallow in
their vertical extent. Fig. 8 indicates the power
- densities of v and T spectra of 850 mb level for
~all the 5 stations. Though the temperature (7)
- spectra has _power density peaks at periods 10
‘days or more, in the shorter ‘periods the peaks
~ are either nil or less prominent. The response of
_ v-spectra is more than T-spectra for the waves
1e v-spectral density peak
cean than over land.

 with shorter periods. '

This is just similar to that found by Ninomiya

 latitude. -
B9 sho

by Murakami (1972), the smaller the area
“becomes, the more intense the spectral den51ty

£ : becomes. Thus the power spectral dens:ty of o
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_ statement through the analysis of :
‘different areas, domain 1 to domain IV (for de-

ws the power spectra of vertical p-

. velocity (w) for the areas III and IV covered
by a triangle and a square. As also pointed out
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is more for the tnangle area than for the square '
area. During the _investigation of ‘Intermediate

~scale disturbances over Marshall Islands’, Mura—;

kami (1972) commented that the verucal motion
~ calculated from the large dimensional area fails <
~ to detect the variations assocxated with the dis-

turbances of 3 days penod He emphasized this
w over 4

tails please refer Murakami 1972). The differen-
ces ‘pointed out by him nnght ‘be due to the

-~ selection of stations consisting the domain rather
than the area covered by the domain. Except the

- domain IV (Figs. not shown), all the remaining
-3 domains are having one or two stations near
~ the equator at which the effect of the wave dis-
‘turbances is very little. This might have resulted

(1972) ‘and Nitta et al. (1973). Comparing the = in the failure of the detection of variations

~ spectral peaks Shanghai with Ishigakijima, and
_ Kagoshima with Naha it can be noticed that
- there is an mcre'mc m the spectml densnty w1th‘ ‘

assoc1ated with the dxsturbances The domain IV,

~ which does not contain any station near the :
-~ equator could very well deplct the variations, It
is the latitudinal variation and not the area varia-
tion that made the difference. Thus in the pre-
sent study, though the square area (5°71X108

km?) is about 10 time larger than the triangle

arca (0°46 X 10° km?), the variations deplcted_ :

by the vertical motion calculated from the tri-

~ angle area are also brought out by that of the -
9 square area (Flgs 9 and 14) .

P
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Though the o spectra of the triangle area

shows 3 distinct wave disturbances with 1.5, 2

and 4 day periods, the spectra of the square

area shows the power concentration for the distur-
bances with 2 day period only. This indicates
that, though there are wave disturbances, with
1.5, 2 and 4 day periods in southern latitudes,
the amplitude of the 2 day period wave only is
large. This is supported by Fig. 10, which is the
power density of & at 700 mb level. Though
_there are 3 peaks for the triangle area, the only
peak supported by the square area is 2-day
period. The sharp peak of the triangle area
around 4-day period indicates that 4-5 day
period ‘disturbances are present in the lower
latitudes only. This is in confirmation with. Fig,
5(b) where these disturbances are noticed above
500 mb level.

(b) Wave disturbances in March

Now let us see in detail the characteristics of

‘the wave disturbances in the month of March

1975. :

Unlike in February, in March the wave dis-
turbances with 3-day period and 5-day period

‘are dominant. While zone I is dominated by

the 3-day period disturbances, 5-day period
disturbances are more distinct in zone II where
the 3-day period disturbances are also noticed,
but at higher levels around 400 mb. Figs. 11
(a) & 11(b) are shown as example, one for
each zone. Though the 3 day wave disturbance
at Shanghai (zone I) could be traced in the
power spectra of all the three elements, the spect-
ral peak corresponding to the disturbances with
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TABLE 1

Characteristics of the wave disturbances over East
China Sea

February 1975 March 1975
A

I '*""‘""*ﬁ.' N
Zope I Zonell Zonel Zonell

Period of wave 3

2 3 5
disturbances (day) %) ®) (3)

Wavel ‘agth (km) 4000 6000 4000 8000

Phase  velocity )
(mps) (by spe- 23 23 15 18
ctral analysis)

Phase  velocity
(mps) (by syno- 20 12 13 10

ptic analysis)

Note—Numbers in brackets correspond to higher
levels (above 500 mb),
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Fig. 13. Same as Fig. 7 except for the month of March

Now let us discuss about phase velocities.
Phase velocities can be determined in 2 ways.
One method is to determine directly from the
propagation of disturbances (through longitu-
dinal-time cross section). Another method is
from the horizontal phase difference of the
wave disturbance of a particular period obtained
through spectral analysis of the time series data.
While the earlier one gives the phase velocity
of that particular situation, the latter one gives

the average phase velocity for that time series
ata.

In the present study, the phase velocities are
calculated by both the methods for the res-
pective wave disturbances appearing in the res-
pective months (February and March 1975), in
the respective zones (zone I and zone 1. As
discussed earlier, the wave disturbances appear-
ing in the month of February are having a period
of 2 days with a wave length of 4000 km in
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zone 1. In zone I, the period is 3 days and f'the

~wave length is 6000 km. The resultant phase
~velocity for both the zones is the same, ‘about
23 mps. In the month of March, the phase
~ velocity in zone I comes out to be 15 mps (as
the period is 3 days and the wave length.lls 4000
© km) and in zone II it is 18 mps (since the
period is 5 days and the wave length is 8000

km).

. From the individual synqpﬁC«/ situations,  the
- phase velocities are -estimated for both the
_ months and both the regions. In zone I the phase

~ velocity corresponding to the wave disturbance

appearing on 5 February 1975 (Fig. 2a) is 20
mps, almost same as that calculated by the
spectral analysis. But, the phase velocity in zone

II (of 23 February 1975, Fig. 2b) is 12 mps,

which is only half of that obtained earlier. This

~may be due to that in the first 10 days of Feb-

ruary, the region was under the influence of

- strong southerlies (due to Taiwan cyclone) and

this might have effected the phase velocity calcu-
lation by the spectral analysis which is an
average one. In the month of March, the phase

~ velocities are 13 and 10 mps for zone T (17
- March, Fig. 3a) and zone II (17 March, Fig. 3b)

respectively. Similar to the month of February,
the phase velocities calculated by these two

- different methods agree in zone I. ‘These results

- are summarized in Table 1. =~

 In general, the results by both the methods

are tallying in zone I. The phase velocity is

. higher in February than in March. In zone II
- also the phase velocity for the month of Feb-

ruary is larger than that of March, but the

~ values obtained by the spectral analysis are

almost double, that of the values obtained by the
other method. =~ : e

5. ',Concllisiqns . , o :
- Though the characteristic features of wave .
disturbances over East China Sea were studied
- earlier for the year 1968 by different authors, the

 present study revealed some differences between

1968 and 1975. -~ | o
- (2) Though the medium scale disturbances

the characteristics of the disturbances in the years

of 2-3 day period are present in 1975
- case also (similar to 1968), the long

- wave of 4-5 day period noticed in 1968




144

(b)

(c)

@

(e)

‘L. KRISHNA MURTY

are not present in the lower atmosphere
clearly either in zone I or zone II.

The wave disturbances in the month of
March are more regular (in the sense gf
propagating eastwards) in 1975 than in
1968. Further, the period of wave dis-
turbances noticed in March 1975 is 3-
day for zone I and 5-day for zone II.
Thus, it is different from the situation
of March 1968 where the periodicity

of the wave disturbances is weak and

even the preferred period is 6-8 day
(Yoshizaki 1974).

Though the wave - lengths of the dis-
turbances are of similar magnitude in
both the years, the vertical structure
is slightly different. The air is warm
and moist to the east of the trough
throughout : the lower troposphere in
1968. In 1975, while the characteris-

‘tics - are  similar to the 1968 case in

the lower levels of the lower tropos-

. phere, ‘they are opposite to that situ-

ation in the levels just above. Thus,
in 1975 also, the wave disturbances
are more similar to the baroclinic
waves.

The phase velocities of the wave dis- .

turbances are higher in the month of
February than in the month of March
1975. As the phase velocities for the
year 1968 were not reported in the
earlier studies, a comparative study
of 1975 results with those of 1968

; could not be made.

The wave disturbances appearing in
February in both the zones are with
a period of 2-3 days, wave length of
4000-6000 km and a phase velocity
of 23 mps. This indicates that in the
month of February, the wave distur-
bances appearing in both the latitudi-

‘nal belts are the same ones with

larger latitudinal extent (amplitude
large).

(f) In the month of March, the disturbances
appearing in both the latitudinal belts
are different with different wave length,
period and phase velocity. While they
are having shorter period and wave
length in the northern latitudes, it is
just the opposite in southern latitudes.
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