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FORECASTING OF THUNDERSTORMS
AT NAGPUR BY SLICE METHOD

S. BANER]L
(Received 8th July, 1948)

ABSTRACT. With a view to compare the results of snalysis of Tephigrams hased on the parcsl
method and the slice method, the Tephigrams of Nagpur for the months April 1947-June 1947 were
examined. It was noticed that in gencral the slice method of analysis gave a better appreciation of
the instability phenomena.

1. Introduction.

Thunderstorms constitute a very serious bazard to flying and it was thought
advisable to examine whether rhis instability phenomena could be forecasted any
better by the slice method (of the analysis of Tephigrams) than the parcel method.
Scientifically the slice method originally suggested by Bjerkenes! and later developed
by Petterssen® is more sound tban the parcel method, but it was difficult to employ
the slice method to our purposes.

Beers® suggested a practical way of doing so. The basic principle of analysis
by the slice method consists in determining the effect of impulses from below
which are transmitted through the atmosphere somewhat like a shock wave to layers
above. This is done by findling the stability of various layers (slices) of atmosphere
sbove the convective condensation Lz=vel (CCL) and integrating the effect for all
layers, using circulation acceleration ¢ as the quantitative measure of the stability of a
stratum. Circulation acceleration is defined as
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reglecting the frictional forces and the term 2 "-'»'—d-? where F is the projection of the

path on the equitorial plane and p, p, T bave their usual meanings.

The ecffecct of rn impulse or perturkation is to produce areas of ascending and
descending masses of air in a horizontal region. Confining attention on a horizontal
area which contains one unit of ascending and one unit of descending motion and
assuming that in any such stratum average horizontal divergence is zero, we have :
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Where M’ and M represent the ascending and descending masses of air and V'
and V are the corresponding velocities.

Assuming further that the condition of the atmosphere prior to being perturbed
was barotropic and the motion is adiabatic above surface layer Beers has shown :

C/K=(¥[va=1) (14+M [M) ........ for dty ascent and descent......... b syt o)
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C/K = (/—%’—n) (14+M'/M)........for wet ascent and wet descent........ovue......(4)

¢ /K = v/va (14 M'[M) = (Ym[ve+ M [M).,....... for wet ascent and dry descent (5)
Where K=R Zag;;—" Ya v' At and ¥, ¥ and Y5 have their usual ﬁ:eanings.
1

It has been further shown by Beers that if C is negative for a layer (where p, p,
are the pressures of the bottom and top of the layer perturbzd and A# is a small in-
terval of time) the effect of the perturbation is an oscillation of simple harmonic type
above the original position and hence stratification is stable one. On the other hand
where  is positive, the petturbing velocities are increased with time, or in other
words the stratification is an unstable one.

Thus while layers baving negative value of C are uncongenial to large scale
cumulus activity, feverse is the case for layers with positive value of ¢, It is also evident
that the value ot C is dependent upon the values of M'/M and K or more precisely, on
the linear thickness of the stratum. It has been found by experience that the value
of C obtained by taking M'/M as 02 or 0-3 in middle latitudes gives the best results.

2. Procedure adopted for the determination of €.

As the cumulus activity starts at the CCL, ¢ is calculated for all layers above
CCL to 500 mbs. The CCL is obtain:d by finding out the level where the isohyg-
ric correspo nding to average humidity mixing ratio of the first three significant levels
after the addition of another iwo grams to allow for the diurnal chaages, intersects thz
sounding. Tke sounding is thea divided into layers aad are labelled wet, dry or inter-
mediate, as defined later. These layers are further sub-divided into layers of similar
lapse rates. The value of C is then determined for the various layers in the following

way.
(@) Wet layers (bumidity 673 or above).
The values of ¥/Yyand ¥p Y4 ate obtiined for each of the three layers by marking
off the tempe ature change along the sounding §T, dry adiabat §T,; and wet adiabat

; 8T i
§ Ty from whencs one gets Y /Ya= ST:! and v, Yd:_SSTT

02 is selected as the value of M’ /M and ¢ /K s calculated, The linear distance
between isobars bounding the layer is then measured again t the linear scale for tem-
perature at the base of a pseudoaiiabatic diagram as so many degrees centigrade thick,
The value of ¢/K previously obtained, multiplied by this factor gives the measure of
stability of the layer or C in atbitrary units.

(6) Dry layers (bamidity 40 or l:55)
Y/Ya is first determined as above and using the same value of M’/M as for wet

layers, ¢, K is calculated by simple multiplication using equation (3). This whea
multiplied by the thickness of the layer (so many degrees centigrade thick) gives the

circulation acceleration ¢ for dry layers.
(¢) Intermediate layers (bumidily betwe:n 40 and 60}).

For these layers the value of ¢ is calculated by treating the layers separately as wet
and dry and then mean of the two values of ¢ is taken to be the value of ¢ in arhj-

trary units.
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The value of ¢ is then summed up algebraically for all layers, and this gives the
integrated measure of the stability of the atmosphere. '

3. Application of the above to the soundings of Nagtur.

For this purpose the soundings of April, May and June 1947 were chosen. Asis
koown during these months, insolation is the main factor for initiating the perturba.
tion near the surface level,

The first thing that was considered was whether the insolation would be sufficient
to raise the surface layers to the CCL obtained by the intersection of the isohygric
for the surface layer with that of the sounding. A few simplifications could be made
in the calculations of C.

K=R log po/p,. vav' A\?

RIEE S
s

where Ty, is the mean temperature of the layer between poand p,. Substituting for £
in equations (3) and (5)

(,’=T£—’—-7d v Af (Y, Ya=1) (14M'/M) for dry ascent and deccent ......(6)
m

57_—‘""'?' Yav Af {v/va (14+MYM)=(Ym/va+ M |M)} for wet ascent
m

SERLU TR AABICEHE . saviin oo ibeminins vednaena

Yaz=28Tq; v3=5T and Ypg=8Tn.
We may neglect variations in Tm from layer to layer to a high degree of approxi-
mation since the main variation in ¢ will be due to variation of §T, whence we get: —

C=8T(1+ M'|M)~(3Tp+M'; M §T;) for wet ascent and dry descent.......(8)
C=(8T-8Tq) (1+M’'/M) for dry ascent and dry descent....cuvnnrerseeiesseeins(9)

This simplifies the calculation of .

4. Caleulation of C.

Plot the upper winds of the hour nearest to the time of radiosonde ascent on the
sounding. Then divide the sounding into layers of three categories having humi-
dities greater than 60 (called wet) less than 40, (called dry) and between 40— 60y
{called intermediate), subdividing each of them further into layers of similar lapse
rates, Where the humidity values have not been rep-rted, the upper winds tplotted on
the sounding may be of help in assessing approximately the category of humidity
those layers may belong to.

5. Finding of mean CCL.,

For example the Tephigram of 14th June 1947 (Fig. 3) is taken. The mixing
ratios of the threc significant lower layers is 22 g/Kgm for 970 mb, 14.3 g/Kgm for
900 mb and 14'3 g, Kgm for 850 mb. The mean mixing ratio is 22-"-14‘3;'14'34*2 -
17-4 and hence the mean CCL is 755 mb. The layers between 755 to 570 mb. are
wet and later dry. Lapse rate changes at 700 mb, 600 mb, 570 mb and 350 mb. To

find 3Ty for the layer 7556—700 mb place a scale across the sounding parallel to the
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potential temperature lines in such a way that the areas of the two triangles bounded
by the sounding and the base of the scale on the two sides of each and the isobars
755 and 700mb. on the third, are equal. Then measure the distance between the two
isobars 755—700 mb. by a divider (as so many degrees centigrade) at the base of the
Tephigram, correct to first decimal place. §T is the actual difference in temperature of
the two levels, measuted in degrees centigrade. §T, is measured like §Td, here of
course measuring the horizontal distance between the points of the intersection of the
top and bottom isobars with the mean wet adiabat,

Then applying the equation (8) or (9) according as the layer is wet or dry, ¢ is
evaluated for each layer. 02 is the value of M'/M used.

6. Summary of the analysis.

In all the calculatic ns the value of M'/M has bzen taken as 0-2 throughout. The
results of analysis by both the methods are given in table A. Only those cases have
been entered there in which the analysis of the sounding by parcel method indicated a
possibility of thunderstorm.

Leaving aside the days on which thunderstorm was actually occuring when the
ascent was taken, it would be seen, that thunderstorms cccurred on other five days.
From Table A it may be noted that :

(1) except the thunderstorm on 9-6-1947 which could not be forecasted from
the radiosonde data of 8-6-1947 on the basis of the slice method, the
ptobability of thunderstorm was shown by the slice method on the other
four occassions. Even the thunderstorm on 9-6-1947 could have been
visualised by taking account of the possible changes in the structure of
the atmosphere due to penetration of monsoon current at bigher levels ;

(2) no thunderstorm occurred on the days when ¢ was either negative or less

than 13, even though the parcel method indicated the possibility of a
thunderstorm, ‘

It was also scen that thunderstorm was actually occuring over the station, when
a large positive value of 5C of the order of +3'0 or more was obtained.

To be able to intcrgret correctly the result of analysis of Tephigram by slice method

it is vety necessary to bear in mind, the time factor and the possible changes in the
synoptic situation that may take place, particularly so in India as the soundings are
made at 1900 hrs, I. 8. T. /e, 20 hours before the time they are to be made use of.
Another great handicap is there in making a cotrect evaluation of humidity upto 500
mbs. above the freezing level as the wet bulb freezes,

The following facts are an useful guide in the slice nethod of analysis.

(1) The time factor may be considered qualitatively. Thus perturbations
persisting for several hours in layers where ¢ is positive will result in
velocities large enough to penetrate the stabler layers above.

(2) The magnitude of the initial perturb :tions may be considered qualitatively.
Thus impulszs from a thick turbulent surface layer in which the wind is

strong will be greater than if light winds were present in a thin surface
layer.

(3) When C is positive for all layers sepatately, the instability will certainly
result in thunderstofms, cumulonimbus and hail, ol
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(4) When ¢ is negative for all layers separately, the stability present will
prevent any cumulus formation.

(5) When C :vmmed over all layers is positive and greater than a critical
value cumulus activity is certain.

7. Detailed discassion of some interesting cases.

(i) 8th June, 1947 at 1900 brs. 1S.T. (vide Fia. 1).

Humidity values were not obtainable above 600 mb. The Upper air analysis showed
that the layers above 15,000 ft. (aearly 600 mb) were dry, since the wind at 15,000 ft.
was from 70° which formed a part of the dry northwesterly feed to the anticyclone over
Central parts of India, The synoptic situation indicated that a depression was form-
ing in the North Bay of Bengal and that monsoon was strengthening over the
peninsula. The parcel msthcd forecasted slight possibility of thunderstorm next
evening. 3 C was —1-2 ; obviously no convective pkenomena could be expected, The
actual obtained on the evening of the 9th June, 1947 was 5/108c, Cu (large) at 1600
hts. developing to 7,10 Sc, Cuand Cb (base 3000') at 1750 with thunder showers
which continued intermittently till 0130 hrs. next morning, It may be pointed out
that in view of the synoptic situation, if the effect of the penetration of the moist
current to higher levels was taken into account for calculating ¢ for higher layers,
possibility of a thunderstorm cou’d have been indicated.

(#7) 9th May, 1947 at 1900 brs, 1.5.T. (vide Fig. 2).

A shallow low formed over the Chota Nagpur causing influx of the SEly, Tm
drawn in the circulation in the lower layers upto 4000" a.sl. being overrun by the
NWly Tcaloft. Maximum temperature next day was expected to reach 106°F aad skies
were expected to be lightly clouded with Ac mainly, on the morning of 10th May. No
chaoge of this pattern in the upper air was expected. Parcel method forecasted
thunderstorm. To X C were contributed positive values from the mean CCL (730
mb) to 70) mb and 600—500 mb, and negative value for 700—600 mb, though 5 ¢
was +14 ie above the critical value of 3¢ which is +1°3. It may be noticed that
the layer 700—600 mb. contributing —12 to 3¢ would normally damp all convective
phenomena ualess of course the perturbation from lower levels are carried over the
barrier by insolation for whicha maximum temperature of 100°F was necessary. A
perusal of the current weather diary revealed that the day was partly cloudy with 3/10
to 5/10 Ac. Maximum temperatare of 10th was 108°F. ScCu 510 at 1330 hrs,
developed to 5/10 Sc, Cb at 1700 hrs. and thundershowers started ; thunderstorm
subsided within half an hour and rain within 45 minutes. -

(iii) 14th June, 1947 at 1900 hrs. I.5.T. (vide Fig. 3).

On this day monsoon currents, the Em had penetrated the upper ait up to 13,000 ft.
overrun by the dry N'\Wly, Tc aloft. As thete was no depression in the Bay, no
change in the upper air structure was expected. The maximum temperature expected
for the next day was 103°F, the surface layers needing a temperature of 100°F only
for reaching the CCL. The sky was expected to be partly to lightly clouded with
Cu, Ac clouds in the morning. An isothermal existed between 570-530 mb which was
expected to be swept away by turbulent layers from below. Parcel method forecasted
thunderstorm with certainty. 3¢ =0-3, the contribution to it being a large positive
value from the adiabatic wet layer between 700-600 mb, and a similar large negative
value from the isothermal layer 570-530 mb and even above upto 5.0 mb. Since a large
negative value is obtained near and above the freezing level no thunderstorm can
even be expected and in fact fair weather could be forecasted on the basis of the slice




July, 1950 ] FORECASTING OF THUNDERSTORMS 189

method of analysis. As the current weather diary revealed, weather was actually
fine upto 1330 hrs after which 3-5/10 Cu with isolated patches of large Cu developed
at 1800 hrs dissipating to 1/10 Ac at night. Maximum temperatute was 104°F. No
thunderstorm was reported even within 200 miles radius.

(iv) 16th June, 1947 at 1900 brs. I.5.T. (vide Fig 4).

Monsoon was str.ng in the upper air and it was causing rain on the western coast
: of India with skies 3 4th to overcast there. Parcel method showed beyond doubt that
thunderstorm was a cectainty, since actual instability was obtainable between the

surface (960 mb) and 700 mb.

Slice method on the other hand proved beyond doubt that there can be no
thunderstorm since 3¢ =—0'4. Though a large positive value of ¢ was contributed
by layets between CCL and 560 mb, the value of ¢ for the inversion layet between
560.500 mb was all that mattered most. The actual obtained from the synoptic chart
showed skies generally less than 6,10 clouded with Sc, Cu with a few places clouded
with 7,10th Sc, Cu without any thunderstorm report withian 200 miles of Nagpur on
the 16th June, 1947. There was no noticeable change in the synoptic situation or
the weather on the 17th June, 1947 as well,

8. Conclusion.

In concluding it may b said that so far as the forecastiag of heat thunderstorms
of the inland stations is concerned, based on the analysis of Tephigram, slice method
of analysis appears to be a more suitable method. Where the possible changes in the
synoptic situation likely to change tne structure of the atmosphere have been taken
into consideration, the results obtained by the slice method of analysis of Tephigram
were by far much better than those obtained by the parcel method. A further
advantage gained in the slice method of analysis is that the magnitude of the value of
¢ gives an idea of the intensity of the convective phenomena e.g. large positive values
of & above the 0°C isotherm for a considerable height (say 5,000 ft.) can foretell thun-
derstorms of more than moderate intensity or even hail if the hsight be higher than
5,000 fr. 1In any case Cb, thunderstorm and the allied convective phenomena can be
forecasted with greatet confidence by the slice method of the analysis of the Tephi-
gram,

The author wishes to express nis gratitude to Dr. S. Mull for his advice and
. Messss. S. 5. Lall and Y.P. Rao for their helpful criticism tendered to the author in the
course of this investigation.
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TABLE A
Comparison of the inferences based on the analysis of the Tepbigram by the parcel method and

[ Vol. I No, 3

the slice method with that of the weather realised,

Dates.

Inference by parcel method.

Iaference by slice
method.

Weather realised.
(1) Within 8 hrs.
(2) Within 24 hrs.

7th

27th

Jeh

41h

APRIL 1947,

Real latent instability grouad
(97C) to 630 mb: CCL
650 mb : Fz, level 600
mb: Max. temp. necessary
104°F, reached 107°F:
layers adiabatic 970-640
mb: +4ve areas greater
than - ve ateas consider-
ably for layers upto 700
mb,

Thunderstorm quite likely.

Actual instability ground
(970) to 670 mb: layer
being super-adiabatic bet-
ween 970-700 mb for
which large 4-ve areas
obtaipable : CCL 780 mb:
Fz, level 675 mb :

Thunderstorm sure,

Actual instability ground
(970) to 600 mb (@ ground

Note

Mean CCL. 660
mb : 660-600 mb
Wet ¢, +2-9: 600-
560 mb wet ¢, +
0.1: 560-500 mb
int, ¢, «2+4 ;

3 C= +0%6.

Mean CCL 775 mb :
775700 mb wet
C,+7:6: T700-645
mb wert ¢,412:
645-6.0 mb Int.
C,—-31: 630-500
mb dry ¢, - 73 :
> f== 10

the large - ve

values of ¢ above

0°C isotherm

Mean CCL. 725-600

mb: 725-600 mb

=311"A & @ 600=305°A) wet C+9'6: 600
layer being super-adiabatic: =570 mb wet
Layer 700-600 mb, humid ¢, =20: 570.500
75-100% : v< 7., between mb wet or Int, ¢,
€00-500 mb but still +ve —49 0r—79
areas were quite large Upper wind chart
between 970-670 mb : shows layers dry

above 600 mb.

Thunderstorm most likely. 3 C= =03
MAY 1947.

Actual instability ground
(970) to 600mb with large
+ve ateas for layers
970-700 mb: Layers
adiabatic 970=850 mb

Mean CCL. 730 mb :

730 - 700 wet C,+
2:2:700-600 mb
wet ¢,-1'2: 600 -
500 mb wet ¢,
+0C4:

3= +14

(1) Fine weather.
(2) 4/10 Cu between
1300 and 1600 hours.

No thupnderstorm  re-
ported within 200
miles,

(1) Fine weather.

(2) 4/10 Sc., Cu bet-
ween 1230 and 1600
hours.

No Cb reported within
200 miles on 7th
and 8th,

(1) Fine weather,

(2) Fine weather.

No Cb reported within
200 miles on 27th
and 28th.

(1) 3/10 Sc base 7000 ft,
(2) 3/10 Sc, Cu at 1930
hrs. developing to
6/10 Sc, Cb at 1630
hrs, with thunder.
storm at 1702 hts,
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Inference by patcel method.

17¢h CCL

(#=314°A) and super-
adiabatic 850 -700 mb :
@ 700=310°A. From
700-600 mb ¥ = Ym
but humidity 95-1007 :
Fz. Level 590 mb.
Thundetstorm most likely.

10th  Real latent instability bet-

ween 970— 600 mb :+ ve
areas in large excess of -
ve areas between 970—
850 mb a super-adiabatic
between 850 - 600 mb :
CCL. 770 mb : Fz. Level
650 mb: Mazx, temp. ne-
cessary 96°F  reached
108°F. Layers 670— 600
mb 70 -90% humid :
Thunderstorm sure.

About the time of mar.
temp. actual instability
from 970 - 600 mb ; large
- ve areas being obtained
for surface layers upto
730mb. CCL 710 mb.
Max. temp. necessary
103°F reached 106°F:

Thunderstorm sure.

600 mb: Max,
temp. necessary 112°F:
max. temp. reached 112°F;
Lower layers very dry :
Layer of latent instability
970 - 480 mb : positive
areas being slightly greater
than negative areas for
layer 970 - 700 mb : Fz,
level 550 mb :

Slight chance Thunder-
storm.

Inference by slice
method,

Weather realised.
(1) Within 8 hrs.
(2) Within 24 hrs.

Notes : The layers
600--500 mb which
are taken wet wete
so on the 1Uth
afternoononly. Sut-
face perturbations
reached 600 mb
due to isolation,

Mean CCL. 720 mb:
720 = 600 mb. wet
Cy+89. 600 =500
mb wet Int. ¢+
2:4 0140 :

3 C.= - 4:9,

(This is a case where
storm was actually
occurring at the
time of ascent).

Mean CCL. 700 mb :
700 - 600 mb wet
C,+6:6: 600 = 580
mb wet ¢,4-0'3:
580 =560 mb dry
C,=31: 560 =500
mb dryC,- 56
S eé=-138

(Note the large - ve
value of ¢ above
580 mb in 1500 fr.
above 0° isotherm)

Mean CCL 560 mb :
560 - £45 mb, wet
C,4 0'5:545 =500
mb, Int. ¢, 0 :
= C=+05.

Last  humidity re.
ported nearly 607
for 600 mb. upper
winds not available
above 10000 ft.
f.e. 700 mb.

Thunderstorm stbppcd
at 1730 hrs,, but
Cb coatinued till
0200 hrs. of 11th.

(1) 310 Sc base 700 ft.

(2) 3/10 Sc, Cu at 1330
hrs. developing to
6/10 Sc, Cb at 1630
hrs. with thunder-
storm at 1702 hrs.
Thunderstorm stop-
ped at 1730 hts,, but
Cb continued till 2hrs
of 11th.

(1) Fine.

(2) 3==b5/10 Sc, Cu bet-
ween 1200 and 1700
hrs. of 12th.

No Cb reported with-
in 200 miles,

’

(1) Fine Weather,
(2) Fair at Nagpur.

Thunderstorm occut-
red only about 100
miles from Nagpur.
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Weather realised.
(1) Within 8 brs.
(2) Within 24 hrs.

Dates.  Infereace by parcel method. Inference by slice
method.
18t  Actual instability 970.640 Mean CCL 660-mb :
mb: 7>vs for 825-700 660-600 mb. Int.
mb. and y=v,; for 7C0- C, 0: 600-500 mb.,
660 mb: positive areas dry G, - 51 :
considerably large for 3 C==51.
layers 970.660 mb : Faz,
level 610 mb :
Thunderstorm  practically Last humidity re-
sure. ported 60% for
700 mb: upper
winds Nly above
10000 feet.
27tk Layer of real latent insta- Mean CCL 669
bility 970-600 mb : y=7v, mb : 660-670 mb.
for 970-600 mb: v slight- wet ¢, + 35 : 600-
ly less than 73 between 540 mb. wet C,+
600-540 mb: and isother- 2:0 : 540-500 mb.
, mal layer 540-5300 mb : wet ¢, = 5'0: 540 -
Humidity 70-1007 bet- 500 mb : Int. C, =
ween 660-540 mb : CCLy [T &
660 mb. Max. temp. Even if layers 540-
necessary 102°F : Max. 500 mb. be taken
temp, reached 110°F, Fz, wet 3 (=405
level 605 mb : otherwise 5 C=~
0-5.
Thunderstorm certain,
<szv  Real latent instability 970- Mean CCL 610 mb.
600 mb: CCL 70U mb : wet C, 0°0 : 610-
max. temp. mnecessary 590 mb. wet C,+
103°F: max. temp. 31: 590 - 500
reached 109°F: positive mb, dry ¢;—-39:
areas considerably in ex-
cess of negative ar=as for s C=-0-8,
surface layers :
humidity 65-75/ for layers Note large negative
700-600 mb: Fz. level values of ¢ above
590 mb: 0? isotherm,
Fair chance of thunder.-
storm,
JUNE 1947,
757  Actual latent instability 970- Except between 720-

690mb: y="74 for 970-8(0
mb : and ¥> y4 for 800-
690 mb: though layers are
quite dry except those

670 mb. all layers
dry. Mean CCL
680 mb. and above
this no layer ¥ > va.

(1) 2-3/10 Cu, Sc.
(.:) 2-’,‘10 SC, Cu.

No thunderstorm oc-
carred within 200
miles,

(1) 1.3/10 Sc for two
houts.
(%) Fine to fair weather,

No thunderstorm was
reported within 200
miles.

\

(1) 7.8/10 Sc, Cb for
two houts, later 5-7/10
Sc with slight preci-
pitation.

(2) 3-5/10 Sc for
S:actically the whole

ye

No thunderstorm re-
ported within 50
miles.

(1) Fine.

(2) 4/10 Cu between

1200 to 1700 hours,
No thunderstorm with
in 200 miles.
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Inference by slice

Weather realised.

Dates.  Inference by parcel method. (1) Within 8 hours.
’ method. (2) Withia 24 hours.
between 700-650 mb
which are 557 humid, the Hence 3¢ is a
i positive area for lower large negative value.
layers is sufficient to ex-
pect slight possibility
of thunderstorm.
5th  Real latent instability 970- Mean CCL 690 mb: (1) 6-6/10 Sc.Cu de.
600 mb : Positive areas 690-565 mb. wet. veloping to Sc.Cb
in Jarge excess for layers GC+26: 565500 at 2300 hours becom-
970-660 mb: CCL 710 mb. dry ¢,-34: ing occasionally over-
mb: Max. temp. neces- 565-500 mb. wet cast till { 800 hours.
sary 102°F Max, temp. ¢,41:0: Average (2) 3/10 Sc, Cuat 1300
reached 106°F, Fz. level ¢ for 565.500 mb. hours developed to
570 mb: 2123 7/10 Sc, Cb at 1500
S¢=+ 1.4 hours with thunder-
Thunderstorm most likely. Note since ¢ is -ve storm 1530 to. 1730
above freezing level hrs. Cb becoming St
even if 3 ( isD> at 2100 hours.
-+ 1+3, even if thun-
derstorm  occurs
it should be very
mild and short-
lived.
Sth  Since the ascent was taken .-
just after a thunderstorm,
the sounding is not use-
ful for forecasting.
7th  Real latent instability 965- Mean CCL 650 mb : (1) Thundetstorm was
565 mb; Layers 70-100% 650-565 mb. wet occuring even a few
X humid from 750-570 mb: G+ 52: 565-540  minutes before the
CCL 790 mb: Max, temp. mb. wet 'C,—10: ascent the skies being
necessary 102°F : Max, 540-500 mb. wet 5-7/10 covered with
. temp. reached 106°F : ¢, =07 Sc, Cb occasionally
excessive positive areas XC=+ 32 overcast with Cb with
for lower layers. occasional lightning
Fz. level 610 mb. and drizzle,
Thunderstorm sure.
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Dates. Inference by parcel method.

8#6  Layer of real latent insta-
bility 960-690 mb : CCL.
790 mb : max. temp. ne-
cessary 97°F : max, temp.
reached 105°F : large ex-
cess of positive area over
negative area for surface
layers; Fz. level 580 mb:

Thunderstorm quite likely.

9th  Layer of real latent instabi-

lity ground 964-660 mb:
CCL 810 mb: Layers
820—600 mb  75-857
humid, Max, temp. neces-
sary. 94°F : Max, temp.
reached 105°F: Very
large positive area upto
730 mb.

Thunderstorm sure.

(Thunderstorm was actually
taking place } hour before
the ascent).

10th  Layet of real latent instabi-

lity 960-700 mb: CCL 920
mb : Max, temp. necessary
89°F; Max. temp. reached
102°F : Layer 75:-100
humid upto 500 mb : Fz.
level 580 mb :

Thunderstorm definite.
(Obviously the instrument

was  passing through
clouds).

Inference by slice
method.

Weather realised.
(1) Within 8 hrs.

Mean CCL. 750 mb :
750-700 mb. wet ¢,
+1'5: 700-600 mb.
wet ¢,+ 26 : 600-
500 mb. dry/Int, ¢,
—5+3/-25.

If the layer 602-500mb,

taken dry 3 ¢ =——
1:2 and if taken iat,
SC=+416. Since
upper winds at
15000 ft, were 050°
layer be taken dry

Mean CCL 800 mb :
800-700 mb wet
C,~46: 700-60u
mb wet ¢&,+32:
600-500 Int./C,
-0'2 wet =38,

S C-+4.00r4+1:6

According as 600—500

layer wet or less
than 60% humid,
upper winds indi-
cate levels wet at-
least to 550 mb.
L5 € =440

Mean CCL 820 mb :
820.700 mb : wet
(:,+65 : 700-690
mb wet (,+2:8:
690- 600 mb wet ¢,
-3:5: 600-500 mb
wet ¢,=-30

SC 428

(Note the large nega-
tive wvalue of ¢
above the freezing
level, Even though
3 C is positive, the

(') Skies neatly over-
cast with Ac, Sc clouds
continuing all night
and day till 1130 hrs.
when low clouds dissi-
pated.

(2)%/10 Sc, Cu develop-
ed again at 1230 hrs,
becoming 7/10 Sc, Cb
at 1600 hrs. and
thunderstorm started
at 1745 hrs. continuing
till next ascent.

Intermittent thunder-
storms continued till
0300 hrs. when Cb
clouds flattened into
St. and Sc: wide-
spread thundershow-
ers occurred within
200 miles.

(1) Skies were 6-8/10
clouded Ac, Sc and
occasionally Cb with
occasional showers
but no thunderstorm
occurred even within
100 miles.

chance of cloud
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Dates. Inference by parcel method.

Inference by slice
method.

Weather realised,
(1) Within 8 brs,
(2) Within 24 hrs.

13th  Real latent  instability 970-
570 mb : CCL 730 mb :
Max. temp. .necessary
101°F: Max., temp.
reached 104°F : positive
area considerably large
for layers 970-670 mb :
y=v3 for 600-550 mb
with  isothermal layer
550-500 mb : bumidity
70.80% between 730-550
mb: Fz. level 515 mb.

Thunderstorm most likely.

{476 - Real latent instability 970-
620 mb: CCL 800 mb:
Max, temp. necessary
101°F: Max. temp. reach.
ed 104°F: positive area
much greater than yester-
day for layers 970-770
mb: ¥=Yqg for 970.800
mb and 700-600 mb. with
isothermal layer 570-530
mb: humidity > 65%
above CCL: it being 100
at 600 mb: Fz, level 600
mb;

Thunderstorm most likely.

16:h Actual instability 960—700 mb
(7> 7va) with positive areas
very large for layers upto
700 mb: real latent instabi-
lity 700— 600 mb : layers
nearly saturated between
700—600 mb : Fz, level
630 mb,

Thunderstorm a certainty.

development above
0°C is meagre and
thunderstorm im-
probable but rain
likely.

Mean CCL 730 mb:

730-6U0 mb wet
¢, +3°2: 600-550
mb wet ¢,+39:
550-500 mb wet
C,=0.3

s c=+0.8.

(Humidity values not

available above
600 mb. Note
large negative C
above 0°C iso-
therm).

Mean CCL 755 mb,

755.700 mb wet ¢,
+1:9: 700-600 mb
wet ¢,+6'2: 600-
570 mb wet ,-0.3:
570-5:0 mb Iat.
G,=6'5: 530-500
mb dty ¢,—1'1:

5¢=+03
(See Fig. 3)

Mean CCL 760 mb :

760—700 mb wet
C,+ 3+8; T00—600
mb. wet C,+2°1:
600—555 mb wet
C,+20 : 555—535
mb Int. ¢,-4.5:
535—500 mb Dry
c,—38:

3¢ =—04

(1) 4.6/10 Sc Cu with
a light passing showe
at 2100 hours, later
3-4/10 St.

(2) Cloudy with 6/10
Sc, Cu between 1300
to 1600 hours of
14th. N> thuader-
storm within 200
miles.

(1) 1-2/10 Sc dissipat-
ing in 2 to 3 hours.

(2) 6/10 large Cu (not
Cb) developed bet-
ween 1400 to 2000
hours  dissipating
quickly afterwards.

No thunderstorm with=
in 200 miles.

(1) 2=3/10 Cu dissipa=

ting within 4 to 5
- hours,

(2) 3/10 Sc appeared
at 07C0 hours deve-
loping to 5/10 Sc, Cu
at 1:00 hours, clear-
ing at 2000 houis.
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Dates.

Inference by parcel method.

22nd  Layers of real latent instabi.

Slight

lity 970 = 660 mb, positive
areas in slight excess over
negative areas. At times
of max. temp. layers 960
=700 mb. would become
adiabatic : CCL. 700 mb.
Fz. level 590 mb.
possibility of thun-
derstorm,

f1h At the time of max, temp.

251tk

actual instability 960 — 850
mb. and real latent insta-
bility 800—560 mb : CCL.
800 mb. very Ilarge
positive areas for layers
upto 850 mb: humidity
75 between 80.)—700
mb. with lower layers
nearly 60: dry bulb prac-
tically a straight line bet-
ween 800 mb. (temp. 20°C)
to 500 mb. (temp - 6°C).

Thunderstorm most likely.

At the time of max, temp.
real latent instability
layers 960—560 mb, CCL.
690 mb: Max. temp.
necessary 106°F: Max.
temp. reached 106°F:
the positive area suffi-
ciently large for sur-
face layers. Last humi-
dity reported 600 mb.

Inference by slice
method.

Since winds above
7000 fr. not availa-
ble, the inversion
layer 555—535 has
not been taken dry.
(See Fig. No. 4).

Mean CCL. 715 mb :
715— 600 mb. wet
é1+3'9 : 600'500
mb. Int, ¢&,=2+0:

Winds not available
above 7000 ft.
where it was 310°
and 11 knots with
humidity 60 ..

Mean CCL, 770 mb :
770—700 mb. wet
C,+1-0: 700—600
mb, wet ¢ ,+19:
600— 500 mb. Int.
wet C,=3.6/0,

Humidity values not
available abov= 700
mb. acd upper
winds notavailable
above 7000ft. If
layers above 60J
mb (15000¢t.) taken
40—60 humid
s 0=+ 02 and
if taken 607
E C':.' -+ 32,

Mean CCL 670 mb :
670 — 600 mb. wet
¢,+37: 600—500
mb, wet €429
> C :+6'().

Weather realised.

(1) Within 8 hrs.

(2) Within 24hrs.

No thunderstorm with-
in 200 miles,

(1) 7/10 Cb with thun-
derstorm at 2200 hrs,
continuing to 0120
hours.

(2) 5/10 Cudeveloped
to 8/10 Cb at 1600
hrs. with thunder-
storm at 1640 to
1800 houts.

(1) 5-7/10 As, Ac.

(2) 5/10 Sc, Cu at 1400
hour:, developed to
Sc, Cbat 1800 hours
and  thunderstorm
was occurring 5 miles
from the aerodrome
(City observer repcr-
ted).

Thunderstorm was oc-
curring at the time
of ascent not useful
for forecast on 26-G-
47.
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Dates. Inference by parcel method,

Weather realised.

Inference by slice (1) Witain 8 hrs.

sounding practically
straight from 900 mb.
(temp. 34°C) to 600 mb.
(temp. 2°C) and again
to 500 mb, (temp. - 8°C)
Ground humidity 40/ :
Fz. level 575 mb.
Thunderstorm certain,

26th At time of max, temp. actual
instability would exist
between ground to 700
mb : layers being sup:r-
adiabatic upto 700 mb:
Y=7Ym between 300 to
500 mb layers 757 to
100/ bhumid  800—700
mb and later fully
saturated. Fz. level 590
mb.

Thunderstorm most likely.

oo (2) Within 24 hts.

Mean CCL 765 Skies were generally

mb : 765 700 mb. overcast with Sc, Cb,

wet ¢,+3'1: 700- Ac npight and day

600 mb. wet C,+ with occas:mnal show-

1-7: 600 --500 mb, ers occurring.

wet C,—0 9. Thunderstorm  rather

heavy occurred at

6 -+39. 2030 hrs. on’ 27th
evening.




By . £-b1y
Joid Mg @ YOG fMO--C 97 fig o—b juiedmag o - g9 0--0 93 Fig o—o

[ Vol. 1, No. 3

3
L
| W

P LK *

N . " X ﬂ
h N\ v Y i
T R R W Vi *
Srbot _.:.“ s fo .:zhyﬂ ]

61 er g .,.,.
S b I
BT TS .- o

jridaige.—e  GUI)MO--0 Mg ff o

&

|
|
{
l.,r.

| SRR | B
o

Bt

|

|
|
5

8
(7]
&
=9
Q
o
&)
2
L
Q
s
-
o
(-4
m
[o4]
=
[+ 5
3
|
-«
=
=
-
o
e
2
=
a8
&

L8TS06f Juosy fo sy

L6l 5E »rq

wps g S e gty [N
s L T/ )

= 5SS
]

e:

198




