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FOREWORD

The International Tropical Meteorology Meeting was held Jamuary 31 - February 1,
1974 in the City Hall (Conference Hall), Nairobi, Kenya., Part I of the Preprint
Volume contains manuscripts furnished by the authors in advance of the conference

(prior to November 1, 1973); it was distributed to all registrants at the meeting.

Part II of the Preprint Volume contains mamuscripts received after November 1,

1973. Also included in Part II are discussions held during the sessions.

Copies of the Prepriht Volume, Parts I and II, may be purchased from the

American Meteorological Society, 45 Beacon Street, Boston, Mass. 02108, USA.
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COMPUTATION (F TEMPERATURE AT THE LIFTED CONIENSATION LEVEL

A, M, Lasheen
Metearological Authority
Cairo, Egypt

1. INTRODUGTION

For its importance in the thermo-
dynamics of the atmosphere, the temperature at
the 1lifted condensation level has been studied
by many authors. Haurwitz (1941) and Petterss-
en {1956) used approximate formulae for the
dew point and dry bulb temperature changes of
the lifted parcel, while Prosser and Foster
(1966) and Stackpole (1967) used iteration pr-
ocesses, Barnes (1968) appliel a statistical
method, Saito (1968) used the hydrostatic equ-
ation and some other approximations. Inman
(1969) approximated a power series in the dew
point deficit. The formula by the latter auth-
or ylelds results accurate to within 0,05°C
for dew point depression of 25°C or less.
Saitol used 1teration process in principle.

The purpose of this paper is to get
without iteration technigue more accurate for-
milae for the temperature at the lifted cond-
ensation level, even when the dew point depre-
ssion is too large which is generally the case
in the African Sahara, and also when the satu-
ration water vapour pressure of the lifted
parcel is considered over water and/or over
ice during the lift.

2. APPROXIMATE FORMULAE

The lifted condensation level(1CL)
is defined as the level at which a parcel of
moist air would become saturated when lifted
dry adiabatically with constant mixing ratio
(Huscke, 1959). It is well known that the
above mentioned definition does not agree wi-
th nature (Hess, 1959 and Petterssen, 1956)
but it is usuaﬁ.y used for its simplicity and
will be applied in this paper.

From this definition, the tempera-
ture at the lifted condensation level can be
given by solving the equations

R/Cp
6 =T (P /P) (1)
and
~ X = €of(P - 0) (2)
together with Clausius-Clapeyron's equation
_ 2
defe = €L AaT4/RTy 3

vhere 6 ,T and T, are the potential, &y
bulb and dew poinq temperatures respectively
in degrees kelvin at the initial pressure P ,
X is the hmmidity mixing ratio in grams per
kilogram of dry air, e is the water vapour
pressure, € 1s the ratio between the densities
of, dry air and water vapour at the same temp-
¢rature and under the same pressure and is

1 Saito, N. Private comunioation, 1973.

equal to 0.622, R is the gas constant for moist
air and will be used as equivalent to the gas
constant for dry air R_, C_ 1s the specific heat
of the moist air under‘conStant pressure and will
be considered equal to the specific heat of dry
air under constant pressure, L is the latent hest
of vapourization (sublimation) and P o 18 equalto
100cb.

From (1) and (2) and (3) 1t is easily
found that .

In (T,/T) + eL/cp) (1/1,- 1/13) =0 (4)

vhere T 1is the temperature at the LCL. In (4)
the latént heat L is considered as & constant.
When 1ts change with temperature 1ls taken into
consideration, & similar formula can be obtained
in the farm:

n(T,/TV+ (EL(Td)/Cp + eBTd/cp) (1/1, - 1/13)

+ (ea/cp) J.n(Tc/Td) (4")
where
Lw(Td) =L1N(To) - B(Td - To)
and similarly (5)

Lvi(’l‘d) =Lv1(T°) - BI(Td - To) (near 0°C),

)
pv? B' =C 4" cpv’
L__ and L j are the latent heat for the change
£¥8n wvated vapour to liquid water and from
water vapour to ice respectively, T_ 1s equal to
273.16°C, C__ , C_and C, are the sfecific heat
of water vaggur ullder coﬁstant pressure, the
specific heat of water and ice respectively
(see Holmboe, Forsythe and Gustin, 1948).

B=Cw—C

The equality:
LoT, = 1Ty - In [1+ (14 - Tc)/Tc] (6)

is very suitable for sclving (4) and (4!'). In
the meteorological ranges, the maximum differe-
nce between T, and T, is about 11°C correspon-
ding to di.f‘fegence 1§ T and T, of about 100°C.
Different forms of 1lnT, are en in Appendix
and for further detail§ see Lasheen (1973).

Neglecting second and higher powers of
(Td - T )/%c in the expansion of 1ln gl +(T4-T.)
/197 10°(6)C then substituting in (4) and (4'f
regpeotivoly we got

T, = Ty [eL/cp Tq - 1]/ [eL/cpTd-1+1n<'r/Td\](7)

and
T, = T4 [ GL(Td)/C Tq - 1}/ [ex

L(Td)/CpTd -1+ J.n(T/'rd\]. ()




The absolute error in T as glven by
(7) can be easily shown to satisfy fhe equation
Top = Top = —ToTe1 22 /[Td (G-L/CpTd) - 1](8)
where T , and T ., are the values of T as given
by (4) &8a (7) $Bspectively., n: 1s gi%en by
the equation

LTy, = Ty -[(Tq-Tgp)/Tep + 23 ]
and 1s equal to
(1 - 1) /1 TP 1202 + 2 )2,
¢ lies between O and (Td - Tcz)/Tcz'
It follows from (8) that
2 2
Too - To1 <(Td-Tcz) /2Td[( GL/CpTd) - 1](3+%)

<(Td-Tcz)2/2Td[( eL/o T,) - 1] (81)

As mentioned before, the maximum difference bet-
ween T. and T , in the meteorological ranges 1is
about i:l."C whi%h corresponds to difference bet-
ween T and T, of about 100°C, So (7) gives an
underestimtg of temperature at the ILCL by less
than 0,05°C for dew point depression of about
100°C,

Accepting that the saturation of
water vapour at temperatures equal or less than
~40°C is/ic¥, as assumed in the construction of
Canade TEPHIGRAM (form No. 2355 Sept. 1952) then
L ., is used when T, {-40°C. In some cases
7945 _40°C but T 19 relatively bigh and the dec-
rédase of T, along the constant humidity mixing
ratio curvg is enough to make T, & -40°C. So we
have three different casps:

a) Saturation water vapour pressure
over water

In this case the saturation water
vapour pressure of the lifted parcel is consid-
ered over water only i.e.

~L00°
Td > =40°C and Tc > =40°C

Using (1), (2) and (3) the above mentioned con-
ditions can be rewritten in the forms

Ty > ~40°C
A = In(T/233.16)+( € L, W/c:p)(l/i'd- 1/233.16)<0

We can apply (7) using the latent heat of vap-
ourization in this ocase,

b) Saturation weter vapour pressure
over dice

In this case the saturation vapour
pressure of the lifted parcel is considered
ove= ice only 1.e.

Ty ~40°C.

Here we can use (7) with latent heat of subli-
mation,

c) Ssturation water vapour pressure over

pater and over ice

In this case saturation water vapour
pressure is considered over water whenever the
dew point temperature of the lifted parcel is
greater than -40°C, and over ice whenever its

dew point temperature is equal or less than
-40°C, This case occurs when

T a > =40°C and Tc § =40°C

Using (1) and (2) and (3) the above conditions
can be written in the form:
Td > =40°C and A > O

and the dry bulb temperature, the 1lifted parcel
would attain when its dew point temperature
becomes equal to -40°C can be given by

™ =T exp [ (€ Lm/cp)(l/Td - 1/233.16).

After this we can apply (7) using the latent
heat of sublimation and substituting T#* and
233,16 instead of T and Tqe Thus

T, = 233.16 [(€ 1 ,/233.160 )-11/

[fG /233.1ecp)-1 + 1n

T+/233.16) ] ()

("7*) can be written in the form :

T, = 233.16] (E/233.26) - 1]/(D-1) (9)

where
D

(E/233.16) + A&,
€13k .

It is worth mentioning that the
application of (7) and (9) in metearological
ranges and classified cases as discussed above
will reduce the maximum error previously dis-
cuassed. ’

3. MORE ACCURATE FORMULAE

To obtain more accuracy one may take
into account the second power of (T,-T g/T in
the expension of In[1+(T.-T )/T_] iRl (8) afid 1n
the same way as we got f‘;) %ne San get

T, = [Ty0¢ L/cprd-m/(e L/0 T4-1) +21e /Ty ]
N2¢ L/CpTd - 21fr/ryl. (10)

There is another way to get more
accurate formulse by taking into account only
the first term in the_ expansion of

In [ 1+ (14 - Tc)/Tc].

Since the difference between T, and
Tc is amall, it is more convenient to uritg

T =T..[€L/ T,.-1)/
° PR Ty) 1+ la(ty/y))
where T ., is the dew point temperature, a parcel
of air Wuld attain when 1ifted dry sdiabatica-
11y from the initiasl level specified by dry bulb
temperature T and dew point temperature T., to
the level where its dry bulb temperature omes
Td' It 45 easgy to prove that
Tq = (€O )/L €1/6,T, +nit/1)]
By substituting Td and le for T and Td in (7)
one can reach to
T, =(€L/C_)(C-1)/6[C-2+1n(1+(C T,/ eL) *
p pd
1dr/1) ] (1)

where




C = (eL/CpT d) +1n(T/Td))
(11) is much more accurate than (7).

We can define T g2 8s @ funetion of
'1:‘d and T.. in the same way gs we have defined
Td% as a Tunction of T and T,. Then by substi-
tuting Td; and Ty, instead of T and Ty in (7)
one can get more &ccurate formula than that of
(11). So we can have more and more accurate fo-
rmulee by defining T., or T,, and so on and
follow as we have pr eeded rom (7 v (11).
The procedure followed from (7) to (131) can be
repeated with (‘7)f to obtain the. equation

T, = E(D-1)/D{ D-1+1n(1+233.16A/E) ] (12)

Carresponding to dew point depressi-
on which reaches 100°C in the meteorological
ranges, the maximm difference between T.. and
T_, is less than about 2°C, It follows tfkt the

um error given by (11) and (12) is less
than about ,002°C for the previously mentioned
ranges. '

In Table 1 some results of the com-
putation of T by (7), (9), (103 and (11) are
given in degrges centigrade. (7) appears twice
once using I__ and the other L_,. The computa-
tion given iX"Table 1 is for all cases whether
realistic or not.

Table 1. Computed values for T 1n degrees
centigrade using diffrfrent formulae

ToC T,°C To% glven by

7y (M, (9 @) (1)
-60 -60  -60,00 -60.00 +57.63 -60.00 ~60.00
—20 <60  ~-65.70 -64.95 =62,76 ~65.68 -65.68

00 —60 -68.12 —6'7-07 "610095 -68.09 -68.(9
20 -60 70,32 -69.00 -66.94 ~70,28 -70.28
40 "'60 "72033 "70077 -68077 "'72028 "72028

In (7)1 (103 and (11) in Table 1,
L, 1s used while™in (7 o Loy is used.

Table 2. Computed values for T in °C cases
where (9) can be corrSctly applied

TG T,°C TolC Btven by

(7)y (7, 9
-24 =38  -40.41 -40,09 -40.35
214 =38 42,02 =41.49 -41.75
~04 =38  =43.55 ~42.82 -43.07

Columns (3) and (4) in Table 2 give
the computed values of T for the same range
of T and T, 1n the table®applying (7); and (7)2

This was done for the sake of comparison between
these results and those obtained by applying (9
(9) is valid for suchimnges of T and Ty in Table

As expected, it is clear from Table 2
that values of T_ given by (9) always lie bet-
ween those valus ven by (7 1 and (7),. It is
also noticed that (7). and (7), give underesti-
mate and overestimatelvalues og Tc as given by

(9 .respectively.

Using Teten's empirical formulae for
the saturation vapour pressure over & plane sur-
face, the same procedure can be followed, but it
is not tried here.

be SUMMARY AND CONCLUSION

When the saturation water vapour pre-
gssure is considered either over water or over
ice, the temperature at the lifted condensation
Jevel T can be given either by (7) or (11). The
mathema¥ical expressions satisfylng the above
case are

elither
T, > -40°

o:'.n(T/233.16)+'( Lw/cp)(l/Td - 1/233.16)<0
Ty § -40°C

vhere -40°C is taken to be the temperature at
vhich the saturation vapour pressure change from
over wvater to over lee.

On the other hand, in the case when
the saturation vapour pressure changes during
the 1ift from over water to over ice either(9)
or (12) can be applied to get T . The conditi-
ons for this case is ¢

7. > 40°C
1n(1/233.16)+¢ L O (/T4 - 1/233.16)> 0

Within meteorological ranges and
with dew point depression which: reaches about
100°C we can apply either (7) or (9) which
gives maximum error less than 0.05% or (11)
and (12) which give maximum error less than
0.002°C,

Procedures have been explained to
have more and more accurate formulae whatever
:1arge the dew point is.
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APPENDIX

Suitable Expansion of 1nT e

Among the possible expansions of
1nT_ for approximate solution of (4) are the
foﬁowing:

1nT, =1nT + 1n (1 + ¢ = 0) (41)
=T -1n (1+T-T,) (a2)
TO
= 1n7,- In (1 + 14~ Te) (43)
=
Tchd
= 1nT4+ In (1+—-—.i,——-) (a4)

d_
=1nf + In L+ ¢ " 1) (a5)
= T
I L ¢ Il (46)
TO
= InTg+ In a+ T =T
27
Tc_éd
+ln(1+T:—'+—.f;) (A7)

where T = (1/2) (T + Td) and the temperatures
are in degrees Kelvin,

Formula (A1), (A4) and (A5) when
applied in (4) give second order equation in
T at least while (A2) and (A3) can give egua-
tfon of the first order. (43) is the most suit-
able of all and is applied in this paper.
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ON THE CHANGES IN THE STRUCTURE OF WESTERLIES OVER EURASIA

AND THE ONSET OF THE

INDIAN SOUTHWEST MONSOON

P. Visweswara Rao*

R. Ramanadham**

Andhra University, INDIA

1. INTRODUCTION

India is essentially an agricultural country
and its economy is very closely linked up with
monsoon rainfall., The Indian southwest monsoon
accounts for 70% of the annual rainfall over the
Indian sub-continent. Most of the agricultural
operations commence with the onset of the monsoon

and an advanced knowledge of the date of onset of ~

the monsoon over India will help to plan the
agricultural operations efficiently.

The life cycle of the southwest monsoon, its
onset in June, its advance over the sub-continent,
its break periods, and final withdrawal in
September-October, forms an important part of the
Indian meteorology. Numerous workers have studied
the various characteristics of the Indian monsoon,
and it has been established that the onset and
withdrawal of the southwest monsoon are part of
the general circulation changes occurring in the
tropical and sub-tropical zones (Sutcliffe and
Bannon, 1954 : Yeh Dao and Li, 1959 : Lockwood,
1963 and Wright, 1967). Some attempts have also
been made to find out relationships that exist
between the onset of the monsoon and changes in
the circumpolar westerlies of middle and high
latitudes (Yin, 1949 : Flohn, 1960 : Ramaswamy,
1965 : de la Mothe and Wright, 1969 : Ramanadham
and Visweswara Rao, 1970). But some of these
studies were fragmentary in nature and could not
categorically establish a close relation between
the surge of the monsoon current and circulation
to the north of the Indian region.

The present paper deals with the criterion
used for the fixing of the dates of onset of the
southwest monsoon over the Indian sub-continent,
and with the large-scale changes in circumpolar
westerly circulation in the northern latitudes®
over Eurasia that are associated with the onset of
the monsoon.

2. FIXATION OF DATES OF ONSET OF THE MONSOON

The onset of the monsoon is not a single
event but a series of successive events occurring
within a fairly long period of time. Its arrival
is a gradual process starting with the transition
from extreme heat to a more humid atmosphere.

*Jute Agricultural Research Institute,
Barrackpore, India.

*%Bagt African Institute for Meteorological Train-

ing and Research, NAIROBI, Kenya.

There are different opinions about what really
constitutes the onset of the monsoon. Most of the
previous studies (India Meteorological Department,
1943; Bhullar, 1952; Ramdas et al, 1954) are all
based on rainfall data, Identifying the onset of
the monsoon based*on rainfall is restrictive and
not satisfactory, especially in regions where the
rainfall. caused by the pre-monsoon thunderstorm
activity is comparable with the monsoon rainfall.
This criterion leads to confusion because an air-
mass provides precipitation if certain dynamical
processes are in operation in addition to the
presence of water vapour. If these dynamical pro-
cesses are absent or less active, the same airmass;
cannot provide precipitation. So it can be said
that precipitation is an end product of a series
of dynamical and thermodynamical processes
associated with an airmass. Thus the precipitat-
ion criterion is not unique and it leads to doubt-
ful identification of the onset of the monsoon
current. ’

The monsoon current, it is well-known, is of
maritime origin and the humidity characteristic
which, though not completely conservative, does
retain its identity after travelling over long
distances. This maritime air can be easily
distinguished from that of the continental air, so
the authors felt that identification of airmass by
the humidity mixing ratio to be more reliable than
the precipitation from the same airmass.

The humidity mixing ratio data for 50
stations covering India are utilised in calculat-
ing. five-day moving averages and plotted day by
day from 1st May to 15th July for the years 1963,
1965 and 1966. The five day moving averages are
taken to eliminate the local fluctuations. An
interesting feature is at about the date of
arrival of the monsoon current, the humidity
mixing ratio for a particular five day average
exhibited a sudden and well-marked rise over its
two or three preceeding averages. Moreover the
increase is not merely transient but is persistent
characteristic of the monsoon airmass. The actual
dates of arrival of the monsoon at individual
stations for the year 1963 is presented in Fig.l.
It is clear from the figure that the monsoon
current arrived over the Malabar coast on June 3,
1963. Similar analysis showed that the monsoon
arrived over this region on June 3 in 1965 and
June 4 in 1966.




Fig.1l., Dates of arrival of the monsoon current in
1963,

3. MIDDLE LATITUDE WAVE PATTERN OVER EURASIA

It has been recognised that the onset of the
monsooon is part of general circulation changes
occurring in the tropical and sub-tropical zones.
These general circulation changes are associated
with a reorganization of the wave pattern in the
middle latitude westerlies. In order to determine
the long-wave pattern, the 500mb surface contour
charts were prepared from the data contained in
the micro-films of the Northern Hemispheric Data
Tabulations and analysed for the periods May 25
- June 5, 1963; May 21 - June 5, 1965; and May 25
- June 8, 1966. The heights of the 500mb surface
are taken at the intersection po&nts gldﬁ@oa logg-
itude and at the parallels of 40, 45, 50, S5
and 60°N. The mean of these five values is the
average height of the 500mb surface along a parti-
cu&ar %ongitude and within the latitudinal belt of
40°-60"N. Such average height values are comguted
for every ten degrees of longitude between 20°W
and 160°E. These values are plotted in a graph
where the longitude and date fozm the X and Y axes
respectively. Such diagrams represent detailed
pictures of the long-wave profiles along the zonal
belt. Fig.2 shows the long-wave profile for May
25 - June 8, 1966. Long-wave profiles along the
zonal belt for the years 1963 and 1965, not prese-
nted here, show good similarity with the profiles
presented here.

The long-wave pattern over Eurasia, during
the transition period from pre-monsoon to monsoon
period, shows a dominant one wave pattern wgth the
ridge lying over central Asia near about 50 E.
This ridge is flanked by two extended troughs
lying over Europe and eastern Asia respectively.
The wave 1ength°between these two troughs varied
from 90~ to 140 of longitude in the gases studied.
Such large wave lengths more than 100~ of longitu-
de are observed whenever the height profiles over
central and eastern Asia are flat. In such a
situation, the eastern Agiatic 3rough lies in the
western Pacific near 150" - 160 E. The presence
of the Asiatic ridge near 50 E results in a marked
northerly component both over and north of India.
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Fig.2. The average heightoof 500mb surface o
betweeg 40" and 60 N extending from 20 W
to 160°E for the period May 25 - June 8,
1966. Vertical dashed lines represent
positions of troughs and vertical solid
lines ridges.

The wave pattern described above shows a

~well-marked transformation at the time of one or

two days before the onset of the monsoon over
southern peninsular India. The long-wave pattern
is featured with three waves over Eurasia with an
average wave length of about 45 of longitude.
Such a situation is due to the formation of new
subsidiary troughs and ridges. The formation of
such troughs is most likely to occur in regions
which are directly or indirectly related to topo-
graphic factors as well as to thermal and frictio-
nal influences associated with land and water
surfaces. Two new troughs along 20°W and 70°E are
formed in the middle latitude westerlies while the
trough near 120°E is sharpened., The date of for-
mation and establishment of the new trough near
70°E is coincident with the date of onset of the
monsoon over the southwest coast of India.

Similar observations are reported by Yin (1949),
Flohn (1960) and de 1la Mothe and Wright (1969).

4. LOW LATITUDE WAVE PROFILES

It is clear from Fig.l that the monsoon air
arrives over Burma earlier compared to India., In
order to explain such a phenomenon, the low lati-
tude wave profiles during the transition period
are examined.




The height profiles are computed following
the procedure mentioned earlier. The average o
height of the 500mb surface between 15  and 35°N

at 5° intervals along a longitude are calculated.

The average height vslues areocomputed at 10
intervals between 40 and 120"E. Such height
profiles are prepared for the periods May 25 -
June 8, 1963; May 21 - June 5, 1965 and May 25 -
June 8, 1966. Fig.3 represents the wave pattern
of 1966.
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Fig.3. Same as Fig.Z for gay 25 - June 8, 1968
betweeg 15° and 30 N extending from 40°E
to 120°E.

During the transitioB period gn upper
trough is lying between 98 and 100°E with a
ridge to its west near 50 - 60°E. As a result
there is a northerly component of the flow over
India. This wave pattern showed breakdown two or
three days prior to the onset of the monsoon over
Malabar coast. The trough has split into two,
with one branch retreating westwards and dissipat-
ing presumably due tQ the absence of middle lati-
tude trough along 70 E; the second one which was
at the original éongitude also shifted westwards
to near 700 - 80 E and became quasi-stationary
about the date of onset of the monsoon. Such a
shift has earlier been reported by Wagner (1931)
and Yin (1949). Consequently the northerly
component of the flow aloft over India is suddenly
replaced by a southerly component at the same time
as the sub-continent comes under the influence of
the convergence east of the trough that must be
present in order to effect the westward progres-
sion of the trough.
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This has clearly brought out that Burma is
always situated to the east of the upper-air
trough, whereas India lies to its west during the
pre-monsoon period. Superposition of the high
tropospheric flow pattern and its attendant
pressure field on the low-level circulation have
the effect of accelerating the monsoon over Burma
and of retarding it over India. After the trough -
shifts to 75 E, southerly wind components at high
levels prevail over the entire Burma-India region
and reinforces the monsoon everywhere. -

5. STRUCTURE OF ZONAL WINDS AT 200MB LEVEL

Zonal winds along 75°E at 200mb averaged
for three day intervals are examined during May
and June of 1963, 1965 and 1966 in order to study
the changes in structure of zonal winds. Fig.4
illustrates the zonal winds ip 1966. The circum-
polar westerlies extend to 15 N during the pre-
monsoon period. The sub-tropical ridge line is
also lying along this latitude. This ridge shifts
rapidly northwards a few days before the onset of
the monsoon. Consequently there is a rapid
decrease of wind speeds over northern India and
a considerable portion of the westerly stream is
forced to retreat northwards. At the same time
ths region of west wind maximum which lies near
30°N 3n the pre-monsoon season shifts northwards
to 38N a few days prior to the onset of the
monsoon,

Easterlies are observed to the south of the
ridge line and these easterlies spread northwards
and strengthen as the ridge line moves northwards.
Consequently the easterlies over south India
strengthen as the westerlies over north India
weaken. These easterlies attain jet intensities
in the upper troposphere at the time of the onset.

A secondary gelt of gtrong westerlies is
evident between 50  and 70°N. The intensity of
the northern maximum is invariably less than the
southern one. This secondary belt of wind maximum
is probably due to the polar front jet stream, and
it does not show any consistent variation of
location because of its proximity to the polar
region; hence its variation in position and
strength may not be significant while considering




the monsoon circulation.

Fig.4. Mean zonal winds atz BOmb along 75°E aver-
aged for 3 day intervals for the period
May 1 - June 15, 1966. Isolines are label-
led in knots with positions of maxima
(jets) indicated by dashed line. Positive
values represent easterlies.

Similar observations are reported by many
earlier workers (Yin, 1949; Sutcliffe and Bannon, .
1954; Ananthakrishnan and Ramakrishnan, 1965 and
1966; Wright, 1967).

6. DISCUSSION

Since the beginning of what might be termed
the aerological era, roughly 1945, it has been
recognised that there are large-scale interrelat-
jons between the flow aloft of high and low lati-
tudes of the northern hemisphere and that these
relations profoundly affect the tropical weather
(Cressman, 1948a). 1In order to correlate the
burst of the Indian monsoon with the circulation
changes over Eurasia, the authors examined various
aspects of the circulation.

Rapid polar circulation at the 500mb level
is characterised by pffshoots stretching out
towards the equator. The jet stream and the polar
front which lie at the equatorward side of the
polar zone bulge out and reach lower latitudes.

On the other hand weak polar circulation results
in jet stream and polar front passing to higher
jatitudes. During the northern summer, the circu-
lation in the northern hemisphere slows down,
polar air retreats and the equatorial air expands
towards the north. Simultaneously in the southern
winter hemisphere the circulation intensifies
resulting in extension of the westerly air-flow
towards the equator. The equatorial air situated
between these two convergence zones is then pushed
back towards the warmer northern hemisphere. As
the polar regions in the southern hemisphere are
much colder than the polar region of the northern
hemisphere, the winter circulation in the southern
polar regions is much more vigorous than the

circulation in the northern hemisphere in winter.
This difference in the circulation pattern seems
to be responsible for the deep push of the airmass
from the southern hemisphere into the northern
hemisphere during northern summer in the monsoon
region.

Consequently a portion of the westerly
stream and the associated sub-tropical jet stream
that encircles the Himalayas along their southern
border during the pre-monsoon period is displaced
to the north of the mountains. Such deformation
in the flow imposed by these huge mountain ranges
causes a major readjustment of the low-latitude
wave pattern aloft. As a result the low-latitude
upper-air trough gets d%splaced rapidly from one
steady position near 95 E to another relatively
steady position near 75°E. In this position
southerly components of the flow prevail aloft
over India due to the convergence to the east of
the trough line. Such a situation superimposed
on the pressure gradient resulting from the large-
scale differential heating results in the advance
of the inter-tropical convergence zone.

During winter the Asian continent north of
40 N is intensely cold and the presence of
Tibetan Plateau extends this cold area even far-
ther south. As the sun moves north of the equator
from about the beginning of April the snow line
begins to recede rapidly and the Asian continent
starts warming quickly and the thermal contrast
weakens. Further, the cold air-flow weakens since
the pole is less cold and receives insolation
continuously and there is also a rapid degenerat-
ion of this cold air as it flows over the warm
Asian continent. As a result the circum-polar
westerly circulation weakens and is accompanied
with the redistribution of the zonal current over
Eurasia. Such a redistribution and weakening of
westerlies are observed at the time of onset of
the monsoon. Rossby (1939) and Cressman (1948b)
demonstrated that strength of the zonal current is
related to the motion and wavelength of the long-
waves., After the transition from strong to weak
circulation readjustment of wavelengths is neces-
sary. Sometimes this readjustment takes place by
way of relative motion of the troughs but freque-
ntly a new trough forms somewhere between the two
extended troughs (Namias and Clapp, 1944). The
formationsof such new troughs is likely to occur
in regions where topographic factors favour trough
development.

Consequently the wave pattern consisting of
one wave during the pre-monsoon period changes to
thsee waves with an average wavelength of about
45" of longitude. One of the wave troughs og th%s
new wave pattern becomes established near 70 -75E.
This is partly orographically imposed due to the
northward displacement of the sub-tropical westerly
jet stream and partly due to the decrease of wave
lengths as earlier mentioned. Thg daBe of establi-
shment of this new trough near 70 -75 E coincides
with the date of onset of the monsoon over south-
west coast of India {Yin, 1949; Flohn, 1960; de la
Mothe and Wright, 1969).

Summarising the above it can be stated that
the rapid reorganization of the middle latitude
wave pattern coincides with the equally rapid
phase shift of the low-latitude wave pattern, with
the northward shift of the sub-tropical westerly




jet stream and with the transition from pre-
monsoon to monsoon regime over India.

The sub-tropical ridge line in the upper
troposphere shifts northwards to 20°N and heralds
the onset of the monsoon. In association with
this the sub-tropical jet stream is induced to
move northwards and a major portion of the
westerly stream is detoured to the north of the
high mountain ranges. The burst of the monsoon
occurs after the core of the westerly jet stream
shifts to the north of the Indian plains and pro-
bably beyond the Tibetan Plateau.

7. SUMMARY

The authors, in the present investigation,
utilised the change in the humidity mixing ratio
as an indicator of the arrival of the monsoon
current. This seems to offer a better criterion
for the arrival of the monsoon current than the
rainfall which is being used by the Indian
Meteorological Department.

The structure and intensity of westerlies
in the middle and lower latitudes undergo drastic
change at the time of onset of the monsoon. The
sub-tropical jet stream and a portion of the
westerly current over north India are induced to
flow north of the Himalayas as a consequence of
weakening of the northern polar circulation and
the northward shift of the sub-tropical anticyc-
lone in the upper troposphere. Such a redistrib-
. ution and weakening of the westerly current are
responsible for the transformation of the wave
pattern into three wave structures in the middle
latitude westerlies over Eurasia. Further the
northward progression of the jet strsam imposes
the formation of the trough along 70 E in the
middle latitudes due to the orography of the
Tibetan Plateau. In addition, the northward
displacement of the westerly current over north
India is responsible for the rapid westward dis-
placement of the low-%atitude_mean trough from
about 95 E to near 75 E.

Thus, the broad-scale rearrangement of the
long-wave pattern coupled with the shift of the
sub-tropical westerly jet stream and the phase-
shift of the low-latitude wave pattern .seem to
govern the advance of the monsoon over southwest
peninsular India.
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DAKAR - Sénégal

1 ~ INTRODUCTION

Les perturbations mobiles de
1'Afrique Occidentale et Centrale sem-
blent, dans plus de 1la moitié des cas,
tre 4 l'origine des dépressions ou
cyclones tropicaux qui intéressent la
mer des Caralbes. Neil FRANK (4) trouve
que 56 % de ces perturbations ont leur
origine en Afrique. C'est ce qu'il
appelle des '"Dakar Systems". En particu-
lier, en 1970, 11 "Dakar Systems" ont
poursuivi leur déplacement jusque sur le
Pacifique.

L'un des objectifs de G.A.T.E.
sera l'analyse de ces perturbations.

ZIPSER (5) propose deux schémas
de formation et d!'dvolution de ces per-
turbations nettement différents selon
qu'il s'agit de lignes de grains ou de
dépressions tropicales.

1.1 Cyclogénese tropicale

- Une perturbation syroptique
déclenche de la convergence dans les
basses couches

- la convection s'organise et
s'intensifie

- la zone de convection reste
intimement lide & la perturbation
(pas de downdrafts)

- net réchauffement du systeéeme
par dégagement de chaleur latente au
sein de la perturbation

- réalimentation et renforcement
de la perturbation origine.

1.2 Lignes de grains

Méme schéma général, sauf que

-~ la zone de convection engendre
des courants subsidents (downdrafts) qui
affaiblissent la convection dans ja per-
turbation mais la renforcent a l'avant

- la chaleur latente se dégage
alors a l'extérieur de la perturbation

- destruction de la perturbation
origine.

10

1.3 Conditions particuliéres & 1'Afriqwe

Les perturbations évoluant sur
le continent africain différent de
celles observées sur 1l'Atlantique OQuest
ou le Pacifique :

- le flux qui les baigne n'est pas
homogene

- 1la convergence interne de la
mousson favorise la convection

- le Tropical Fasterly Jet et
1'African Easterly Jet favorisent souvent
le développement de cellules convectives,

Les deux perturbations étudiées
ci-aprés ont eu la méme évolution, mal-
gré leurs différences de structures a
l'origine.

Elles ont été analysédes élément

par élément en essayant de montrer les
points communs et les différences.

2 - ANALYSE DES DONNEES A.P.T,

2.1 1970

- 31.7.70 : Importantes masses nuageuses
sur la Guinde et le Sud Sénégal

- 01.8.70 : Importante masse nuageuse sur
le Sud Sénégal, accompagnée de pluies.
D'autre part, ligne de grains sur la
Boucle du Niger. A ce stade de 1'ana-
lyse, on ne décéle pas l'onde d'Est
existant sur le Mali.

- 02.8.70 : Circulation cyclonique sur
le Sénégal
- 03.8.70 Dépression tropicale centrée

par 16°N/23°W,

- 04.8.70 : La dépression tropicale est
maintenant centrée par 1T8°N/24°W,

- 05.8.70 : La dépression tropicale en
voie de désagrégation, est centrée par

18°N/38°W,

Cette dépression a été réperto-
riée par FRANK (3) comme onde d'Est le
9 Aofit sur les Barbades.




