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The Thermodynamics of Duststorms.

By B N Sreemvasaiah and ¥ X Sur
( M eteorological Office, Poona)

DUSTSTOR-MS are among fthe stmking

mstability phenomena in which con
siderable amounts of energy are manifested
They are of the same class as thunder
storms , indeed, a typical duststorm (called
Andht 1 North West India), which should
be distinguished from a mere dust rasing
wind, 18 not essentially different from a
thunderstorm except that the former 1s
associated with less precipitation than the
latter and possesses the additional pecnliar
1ty of raasmg large quantities of dust The
autographic records of wmd, pressure and
temperature relating to a duststorm show the
same characteristics as those relating to a
thunderstorm

So far as India 18 concerned, duststorms
chiefly occur in North West India and the
neigbbourhood durmg summer, although
they are known to oecur occasionally in
other parts of the country and in other
seasons They are associated with vigorous
squalls during which the wind often attamns
enormous force {instances are. on record
when velocifies of over 70 mailes per hour
have been reached) and usually undergoes
a change mn direction A sharp rise of pres-
sare and a marked sudden drop in arr
temperature are the other usual character
1stics  Visibility 1s extremely poor during
the phenomenon on account of the dark rolls
of dust which rise to a considerable altitude
The vigorous squalls and the poor visibiity
renders duststorms a danger to aenal navl
gation

The authors have chosen the duststorms
of Agra for study because, in addition to
being a station typrcal of the region common
ly affected by duststorms, the location of
the Central Upper Air OQhgervatary for India
at that place has made 1t possible to obtam
records of upper air soundings pertaming to
duststorms, 1 addition to the usual metoo

rologieal records

A statistical apalysis of the characteristics
of 152 duststorms which occurred at Agra
between 1924 and 1930 has heen made The
following table gives the monthly frequencies

Y

of duststorms brought out by this analyms
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It 13 seen irom the above table that the
frequency of duststorms ncreases with the
progress of the hot season and reaches a
maximum 1 May In June the number
becomes slightly smaller although it sfall
remains quite high 1t should be mentioned
that, 1n this month we get a larger proportion
of thunderstorms as the amount of mosture
m the atmosphere becomes  greater

Ramanathan® has explained these variations
with reference to ithe mean monthly teph

grams relating to the soundings of the
atmosphere over Agra  After the monsoon
esizphshes 1wsel {(which happens m Agra by
about the middle of July) duststorms ceage
to occur There 1§ a secondary maximum of
frequency for duststorms m  October, but
thig w very small, only 3 dustgtormis having
occurred 1n this month mm 7 years The hour

ly frequincies of occuricnce of duststorms
show that no duststorms ordinarly occur
between 6 and 8 A M The frequency m

creases thereafter with advance of the day
and reaches 2 maximum between 16 and 18
hours, suggesting that insolation plns an
important part 1 duststorm phononena

The freguency falls somewhal rapdly alter
18-19 hours but a fair number of duststorms
do occur at night being probably associated
with the passage of cold fronts  Other
results of the statistical analysis will be given
1n & detailed paper to be published eslewhere

A word or two may be satd about the preci

pitation i duststorms In the earhier dust

storms of the season, the precipitation is
usuatly shght, often consisting of a few
drops only  With the progress of the season
when more mosture 18 brought mnto the
atmosphere the associated precipitation 1n-
ereases 1 amount and ulbimately, when the
phenomenon merges mto the pure thunder-
stormi  type, the preapitation becomes
COPIOUSH
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In order to study the mechanism of dust-
storms a few special sounding bhalloons were
let off from Agra at the instance of one of the
authors (B N Sreenivasalah) in the summer
of 1932 whenever conditions appeared favour
ahle for duststorms to occur Meteorographs
of the Dines type with magnified scales® of
temperature and pressure were used, and the
ascents were restrieted to 6 km  Of the
records retrieved, four have been found use
ful for study, two of these relate to one
duststorm day, one of the mstruments having
heen sent up befare and the other after the
duststorm , the third record was obtained
during the progress of a duststorm while the
fourth wag obtammed from a meteorograpit
sent up 6 minutes belore a duststorm set in
In addition to these special records a few of
those obtamned from such of the routine
sounding balloon ascents a8 happened to
have been made before a duststorm have
also beent used for detailed studv

Two records relating to 28-6-1932 have
been reproduced i1n Figs 1 and 2 The thick
continnous line represents the tephigram
spd the thick broken lme the estcgram
(same for all practical purposes ag the curi
of wet bulb temperatures) relating to the
ascents

The first record shows a layer with super
adiabatic lapse rate of temperature between
surface and 0 9 km (about) \s explamed
later, the magnitudc of the lapse rafc 18
suffictent to cause instabibty in the layer
Consider a particle A (unit mass) m thas
layer to ascend on account of 1ts mstability
Tt will gain an amount of energy represented
by the area A B F I 1ts journey to F and
there have sufficient Lhinetic energv to carry
it to the condcn«ation level & and then to
H, malmg 1t loge an amount of energy equal
to I G H i thie part of the journey ¥ G H
bemng smaller than A B F, the particle can
reach H  Beyond I the particle 18 agam
unstable and rises to K gawmning energy equal
to HJ X The total eneigy gamed 1s thus
HIJK -ABF —FGH Ths 15 a case of
real latent mstability ¢ 1%1s to be noted
too thatf, i this instance, the i~it1al ascent
can take placc, on account of mstahlity
present wn the layer, without expenditurc of
epergy (Cf nstance of msolation acting as
trigger duscussed by Normand 4)

The subject of latent wmstabibty has been
tully discussed by Normand and also by
Sohony and Paranjpe®* In accordance with
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their eriteria, layers of “ latent instability
are given by ponts on the * Estegram ’ which
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lie to the left of the lowest saturation
adiabat touching the tephigram, while the
“ environment of latent instability 18
given by pownts on the tepagram which lie
to the night of the lighest saturation adiabat
touclnng the estegram  Thus mn Fig 1, a
particle 1 the layer between the heights
represented by D and E can become unstable
if rased to & pomt i the environment
between X and Y Simlarly an Fig 2, the
environment of Jlatent mstabilitv extends
from X, to the highest point reached by the
halloon while the layers of latent instability
extend from P to §Q
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An exammation of the available records
of soundings of duststormn conditions from
the pomt of view of latent instabilitv shows
that the occurrence of duststormus s mostly
assoclated with the existence of a state of
latent istability in the atmosphere The
mere existence of latent instabality 18 nof,
however, sufficient to cause the phenomenon ,
a suitable agency or trigger 15 needed to give
the imhal displacement neecssary to hift the
layer of air possessing latent instability mto
that part of the environment where 1t will
gain energy  For nstance i a case hke
that of ¥ig 1, the instabiity mn the layer
between surface and 0 9 km 18 1tsel suffi-
crent to s a layer from A to H  On the
other hand, m a case hke that of Fig 2,
some other outside agency 1s needed for
Lfting up the lower lavers Ag discussed by
Normand in a recent paper,? several factors
like mnsolation, the rising of aiwr over hill or
over another eolder air mags, convergence,
can act as agencies for bringing about the
release of the stored up energy The present
authors have esamned some soundings of
duststorm conditions 1 detail with a view
to finding out the trigger m each case,
evidence bemg sought from the general
synoptic weather situation, changes 1n upper
winds and air sources, jsochrones of oceur
rence of duststorms m the neighbourhood
and a comparison ¢f wet buib temperature
at the ground after duststorm with the wet
bulb potential temperatures obtaming n
the upper air before duststorn  Two out of
the s1X cases #o far examined point to wmso-
lation and the resulting superadiabatic lapse
rate of temperature in the lower layers as the
exciiing cause for the release of energv while
m four other cages, the undercutting and
uplfting action of a cold air mass appears to
have been the agency responsible for this
Ir 3 out of these 4 cuses, the cold air mass
camle 1 the rear of a low pressure aréa pass
mg across the station In the remamning
casc 1t was apparcntly assoaated with a
locally developed cold front of a neighhour-
mg thunderstorm As a typieal mstance of
the analysis, the case of the duststorm of
DR-5-1932 18 discusscd helow —

On this day a dusistorm occarred at
15 hours 38 munutes accompanud with
thunder and hght ramm  Two mdteorographs
were sent up, one at 14 hours 07 minutes,
¢t ¢ . hefore the duststorm, and the othur at
16 hours 15 nunutes, 1 ¢, after the dust
stormt Both have been retmeved.  The
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tephigrams (with estegrams) relating to the
ascents have been reproduced mm Iigs 1
and 2 It will be seen that at 14 hours
57 minutes, layers of latent 1nstibihty ex
tend from the surface to about b km while
the environment of latent mstability eom
prises the atmeosphere above 2 5 kmy (up to
the highest level reached by the balloon)
Fig 1 shows that a considerable amount of
energy could be realised on this day if ar
layers from below were forced mto the
environment of latent 1nstabihty — The
particie from A, for example, would have had
a speed of 356~-40 miles per hour when it
reached K

Duststorms occurred at some stations in
North West Intha on this day, but did not
reveal any regular time sequence which ane
should naturally expect if a regular frontal
passage was responsible for these  Upper
winds and sources of air did not undergo any
material change betwcen the 28th and 29th
Also, the wet Dbulb temperature on the
ground (as recorded by a thermograph) s of
the same order as, and not lower than, the
wet bulb temperatures which would be at
taned by descent of air from above  There
18 Lhercfore no postive evidence of a cold axr
mass having come from elgew here and acted
as a tuggcr  On the other hand, the tephs
gram  shows a laver with a superadiabatic
lapse rate of temperature between surface
and 0 9 ki caused, apparvently, by the
strong sunshine which existed up to 14 hours
30 minutes on this day Making allowance
for variation of vapour pressure with height?,
the lapse rate shounld be more than
10 9° C jgkm 1n this layer 1 order to make
1t unstable  Actually, the sounding shows &
larger Japse rate, viz, 11 5° C jgkm  As has
already been explamned, air nsng from this
laver on account of instabihty can, without
expenditure of energyv, reach a level beyond
its condensation level and get info the envi
ronment of latent mstability  Thus the
trigger m {hig case should be conmdered to
be insolation causing the high lapse rate

Fig 2 whih s the tephigram of the record
after the duststorm sliows some strking
differances from the first rccord  In the tivst
place, the superadiababit gradunt an the
lower Jayers lLias now given plue toa weah
inversion between surface und U0 melres
The agency which geted as (ngger for the
phenomeny, 18 thus tow absent Although
latent wstabiity 18 shown by this record for
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certain layers, the layers of latent instability
do not extend to the surface, the lower
Lot of the environment of latent instability
has gone up and 18 0 5 km higher than
before, 1 e, particles have now to be rased
higher up m order to mamfest 1nstabihity
For layers below the 930 mb level, the work
which has to be done on the particles 1n
order to raise them to the environment of
instabihity 1s comparable to or larger than
the energy that the particles can gain after
reaching that environment 8o far as these
particles are ¢on~erned, therefore, the case
18 one of pseudo instability No nstability
phenomenon ocecurred on the 28th after
16 hours 15 munutes

The conditions depicted would however be
favourable for development of imstability as
soon as msolation again brought in a super
adiabatic gradient 1 the lower layers or
other suitable trigger intervened It 18 mnte
resting to note that a duststorm did again
occur on the next day

With regard to the seasonal variation of
duststorms 1t may be added that, with the
progress of the hot season, the tephigram
tends to become more and more horizontal,
thus mereasing the area enclosablc between
1t and a saturafion adiabat It with thas
favourable background, the mmtroduction of
moisture takes place on a particular day,
the wet bulb curve and the tephigram close
up , and this inereases the depth of the layer
of latent mstability, lowers the base of the
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environment of latent instabiity and 1n
creases further the area enclosable between
the tephigram and a saturation adiabat
These conditions favour greater and easier
release of energy The fact that duststorms
do not oceur more frequently than they do,
although the temperature gradients near the
ground may be superadiabatic day after day
1n summer 18 probablv due to the absence of
real latent instability on all these days If
and when moist air 18 brought i, perhaps
by a western disturbance, conditions become
favourable and i1f the superadiabatic gradient
helps by acting as a trigger, instabihty oceurs

A fuller account of this mvestigation will
appear elsewhere

The authors wish to record their thanks to
Dr C W B Normand, for his keen mterest
m the work, to Mr G Chattern for the fac
Iitres given at Agra for the soundings and to
Mr K P Ramaknshnan for assistance m
computations, ete
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Whale-marking Voyage of the R.R.S. William Scoresby.

THE Royal Research Ship Willwam
Scoresby, the Discovery <Committee s
smaller sinp, which 158 now used mainly for
whale marking, has aiready sailed, the pur
pose of her early start bemng to search for
whales 1n sub Antarctic waters hefore they
have reached the Antaritic feeding grounds
The route to be taken depends largely on
the abundance and movements of whales
Fuel will be taken, however, at South
Georma m November, and it 18 probable
that operations will then be extended east
wards towards Bouvet Island if 1ce condi
t10ns arc swtable. In the second part of the

season the gship will move to more westerly
regions, near the South Shetland Islands and
m the eastern part of the Pacific sector

The Willitam Scoresby sailed on September
16 and 18 expected to return about Aprl 15,
1938 Mr G W Rayner s in charge of the
operations and Inent R C Freaker 1 exe
culive command

Some four thousand whales have now
been marked and more than ninety marks
have so far been returned —{Nature, 1937,
140, 572 )




