" Uttar Pradesh. When dust raised by strong wind logical Tables of Observatories in India 1931 to

‘gwen in Table 1). - ~ dust-wall and the associated cumulo

- ‘JLIGHT -

e ‘pressure gradient’ type and the ‘convective’ type. 1925, Lawson 1971) etc. The average speed of
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ABSTRACT The convectwe duststorm occurrmg over Northwest Indxa durmg the pre«monsoonﬁ
- season is’ called ‘Andhi’. In thls paper a study is made on Andhi of De1h1 using avallable meteoro— S
~ logical records of r 'ent years. “From records of horizontal visibility and surface wmd speed vanatxons o
: assocnated thh them, Andhz has been class:ﬁed into 4 types Radar PPI photographs ‘studied shows o
: f]evel posmon of the duststorm (or gust front) can. be as large as 30 kllometres The paper also gﬂ;es*“
a revxew of the exxstmg knowledge on the phenomenon of convecuve duststorm (Andhz and Haboob)

= '1 Intmductmn ¢ . . overa stat:on Most of 31;: duststorms 1hat occur_
. 1.1. Durin the months ot’ A ril, May and'~ ‘at Delhi are of the ‘Andhi’ type. The frequency
~ June, duststgrms occur frequenfly in Punjab,  Of duststorms at Delhi (Safdarjung) is 1 in April
 Haryana, North Rajasthan and adjoining west and 3 each in May and June as given in “Climato-

~ reduces horizontal visiblity to less than 1000 11960”; for the whole year the average numher,‘

~ metres we call the phenomenon a duststorm. of duststorms is 8. o
" There are three classes of duststorms according 1.3, We have only very httle knowled . about -
to their intensities light, moderate and severe  ‘dndhi® ‘except about its climatology.

- duststorms, as per the classification adopted by  study available on Andhi is that by
India Meteorological Department (detals are  (1921) who gave a v]sudl descnptlon ()f

T ABLEI e ~ cloud. Srinivasiah and Sur (1938) have glvany'"‘{ i
‘ ‘ climatological information regarding occurrence

Classm“‘“"“ of "“Sfm"m a“w""“‘g to ““"“s‘ty of duststorms at Agra. According to Bhalotra

Ime,,slty of dust. Wind _ Visibility  (1954) there is no difference in the atmospheric
~ stoom  foree ~ humidity content between a day of duststorm and
o den - aday of thunderstorm. e

“Beaufort

- 1h4 Convective ;ype of duststé)rm? also occur

 in the region extending west-wards of the Indian

0 ‘14 to 6 };g?g ;%“métggso met,m‘ Andhi belt across Pakistan and Arabia to thcf i
~MODERATE e to 8 Less than 500 metres  arid regions of Africa like Sudan, Chad etg

' S upto 200 metres. ~ Africa and Arabia the phenomenon i

: SEVERE s 9 or more Less than 200 metres ~ Haboob because of the strong wind associated

_ ~ with it. On Haboobs some elementary descriptive

1 2 There are two types of duststorms—thq ~accounts are available in the literature (Sutton

In the convective type of duststorm, dust is advance of the Khartoum Haboob is 32 m.p.h.
raised by the down-draft of a thunder storm  With the arrival of a Haboob there is invariably
cloud (cumulonimbus) or a squall line. ‘Andhi?  a fall in temperature and rise in relative humi-
is the local (Indian) name for the convective type  dity. In a severe case the temperature drop may
~ of duststorm, a name possibly given because of ve as great at 15° C. Idso et al. (1972) report
oy the darkness created by the dust—wall as it passes  that in the and regmns of southwestem Umted”

(431)
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States duststorms of a very similar nature occur,
although much less frequently than in Sudan (2
or 3 per year at Phoenix as compared to about 24
at Khartoum). Minimum visibility in an Ameri-
can dusistorm. average about 0.25 miles and it
usually takes about 1 hour for visibility to return
to 6 km. However, this return to 6 km has been
as short as 12 minutes and as long as 3 hours.
Dustwalls are found to reach upwards to 8000
feet as reported by aircraft.

1.5. Idso et al. (1972) has also presented a
descriptive account with photographs of the dust-
wall of the severe duststorm of 16 July 1971;
they called it an ‘American Habool’. Relative
humidity jumped from 33 per cent to 74 per cent

with the passage of the duststorm’s gust-front and

the temperature dropped over 13° C. The aver-
age time required for these humidity and tem-
perative changes was 7 minutes. Photographs of
the duststorm showed that the boundry of the
dust-wall was having the shape assumed by a
current of dense fluid under cutting a less dense
fluid (density currents as they are called) also
characteristic of the Haboobs of Sudan as report-
ed by Lawson (1971). A comparison between
Laboratory and atmospheric density currents can
be found in Simpson (1969).

1.6. WMO technical report No. 78 (1966)
gives a brief note on duststorms as seen in radar
displays. The echoes appear very similar on the
PPI, to thunderstorm echoes. On the RHI the
precipitation aloft with none of it reaching the
ground can clearly be seen. The echoes are
mostly cellular in structure, the height of the cells
often reaching 12 km ; the average height is about
8 kilometres. Squall line type of duststorms with
length over 300 km and width between 8 and
24 km have also been observed. ’

2. Meteorological instruments used in this study

2.1. A skopograph (transmissometer) for the
continuous recording of horizontal visibility ata
- height of about 2.8 metres above ground is loca-
ted near the threshold of runway 28 at Delhi air-
port. The distance between the projector and
receiver of the skopograph (base-line) is 150
metres. Surface wind measurements are obtained
from two anemographs, one an electrical cup-
generator anemograph with its sensors located
‘very close to the skopograph site, which has open
ground (without wind obstructions) all around
and the other a Dines’ pressure tube anemograph
located on the roof of a building close to the Air
Traffic Control building. The sensors of the elec-
trical anemograph are at a height of about
6 metres above ground. The Dines’ P.T. anemo-
graph is surrounded by building and its wind
sensors are located at a height of about 16 metres
above ground level. The distance of the Dines’
P.T. anemograph from the skopograph site is
400 to 450 metres. Approximately midway
between the skopograph site and the Dines’ P.T.
anemograph is the surface observatory where

self-recording raingauge, thermograph and hygro-
graph are installed (the latter two are installed
in Stevenson screens at a height of 4 feet above
ground). Raingauge, thermograph, hygrograph
and a Dines’ P.T. anemograph are also located
at Safdarjung airpost which is about 10 km east-
northeast of Delhi airport. Data from all these
instruments are used in this study.

2.2. A weather radar working on 3 cm wave
length was located close to Safdarjung airport
during the period covered by this study (it has
since been shifted and installed at Delhi airport).
It has a useful range of 300 km in PPI and with
RHI. Beam width is 1° conical. ‘

3. Classification of Andhi using visibility and wind
records

3.1. Raipal and Joseph (1978) made a preli-
minary study of the visibility variations in 40
Andhis which occurred at Delhi (Palam) air-
port during the period June 1972 to June 1977
for which complete records were available. From
the nature of variation of visibility and wind
speed it was found that 4 types of Andhi occur.
Type 1 and 2 are associated with well defined
squalls with the wind speed shooting to the
maximum at the beginning itself and they have
similar features. In all there were 20 such cases,
14 under type 1 and 6 under type 2. Type 1
cases have occurred during day time particularly
afternoon and evening (The 14 cases of type 1
duststorms have occurred during the period 1207
IST to 2102 IST. Out of these 11 cases occur-

1ed during the period 1500 IST to 2000 IST).

Type 2 cases occurred during night and morning
hours (2107 IST to 1054 IST). In type 3 the
downdraft winds from the associated cumulo-

nimbus or squall line have lasted 1 to 2 hours as

in type 1 and 2, but they did not have a sharp

squall to begin with. In type 3 there were 14

cases. Type 4 is associated with individual sharp
gusts of wind from convective clouds lasting for
a few minutes, where the visibility reduction is
also short-lived. :

3.2. A few detailed case studies of Andhis of
types 1, 2 and 3 (which accounted for 85 per
cent of the Andhis) using data from all avail-
able surface Meteorological instruments at Delhi

airport and the weather radar are presented in’

this paper.
4. Type-1 Andhi .
4.1. Andhi of 13 May 1973

4.1.1. Fig. 1 gives the records of visibility and

surface wind speed at Delhi airport associated
with this duststorm. The prevailing visibility be-
fore the duststorm was about 3 km which is
characteristic of the season. With the onset of
the duststorm there was a sudden fall of visibility
which began at 1515 IST and in 2 to 3 minutes
the lowest visibility in this duststorm of 110
metres was reached. This may be called phase
A. The visibility remained below 200 metres for
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~ be called phase ereafter t
- improvement of visibility ' (phase C) followed by -

 HUMDITY
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about .8 1 /]
ereafter there was rapid

slow improvement of visibility (phase D). Visi~
bility remained below 1,000 metres in this severe
duststorm for about 28 minutes which is the

duration of ‘the dustorm. Visibility improved to -
3 km by 1650 IST. L e

4,1.2. Wind records show that the dusts‘tor’m\

was associated with a squall of speed 84 km.p.h.'

at the site of the skopograph- (recorded by the
electrical anemograph) and a speed of 74 km. ph.,

recorded “by the Dines’ P. T. Anemograph.
The squall ‘'was from the direction west. In the

+ squall the maximum wind speed was reached
- within 1 to 2 minutes after the beginning of the

wind increase. From the records of visibility and

sudden decrease of
- sudden increase in wind speed

; P
the same (If there is a lag o
one from the other, it is howex

“know it precisely from 1

solution in the cha
interest is that in the phase o

ment of visibility, surface wind
- the duststorm was still very strong

overed the distance from
jung airport in 10 minutes
ovement of the duststorm

4, 4AtDelh1 airport there was a tempera-
ture drop of 6°C due to this duststorm (from
41 C° to 35°C) and a rise in relative humidity

- through 16 per cent (from 12 per cent to 28 per

cent). These changes may be seen in Fig. 2. The
major portion of the temperature fall took place
in the first 2 minutes whereas the major portion

‘of the humidity increase took place more slowly
- in about 8 minutes from the beginning of the
- duststorm. - The changes in[‘Safdarjuﬁ’g,‘airport .

were similar. et g
4.15. The available radar PPI/RHI photo-

graphs of the convective clouds associated with
this duststorm are given in Fig. 3. The PPI pic-

ture taken at 1442 IST (3a) with radar in rar
400 km shows a squall Jine about 300 km lon
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Fig. 3(a). PPI picture at 1442 IST, range 400 km,
elevation 0'5° of 13 May 1973

Fig. 3(c). PPT picture at 1541 IST, range 300 km,
elevation 0.5° of 13 May 1973

and of considerable width in the south to north-
west sector, about 100 km away from the radar
located at Safdarjung airport premises. There is
another cloud mass between the squall line and

the radar. The RHI picture at 1443 IST in the

direction of 250° (3b) shows vertical structure
similar to a thunderstorm of the humid regions.
The heights of the echo in RHI was 13 km and

it was at a distance of about 70 km from the

radar. The cloud seen in the RHI is possibly
the cloud mass seen in the PPI between the
squall line and the ground echo around Safdar-
jung. Delhi airport is at a distance of 10 km in

s
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Fig. 3(b). RHI picture at 1443 IST, range 200 km,

direction 250° of 13 May 1973

o—
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Fig. 3(d). PPI picture at 1632 IST, range 300 km,
elevation 0.5° of 13 May 1973

N

about 250° direction from the radar at Safdarjung
and so at 1443 IST this cloud seen in RHI was
at a distance of about 60 km from Delhi airport.
The duststorm occurred at Delhi airport about
half an hour after this RHI picture time i.e., at
1515 IST. The PPI picture at 1541 IST (3-c) v
shows that this cloud echo was still to the west
of Delhi airport. It may be inferred that the dust-
storm was at a distance of more than 30 km
away from the convective cloud echo. R

4.1.6. There was no precipitation associated
with this severe duststorm either at Delhi or
Safdarjung airports. :

S
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Fig. 6(a). PPI picture-at 1411 IST, range 400 km, Fig. 6(b). PPI picture at 1512 IST, range 400 km,
elevation 0.5° of 20 May 1976, Radius of elevation 0.5° of 20 May 1976. Radius of
inner range ring—100 km inner range ring—100 km"
*
€
[
Fig. 6(c) PPI picture at 1612 IST, range 400 km, elevation Fig. 6(d). PPI picture at 1643 IST, range 400 km, elevation
0°5° of 20 May 1976. Radius of range—lOO km 0°5° of 20 May 1976. Radius of range—100 km *
in this duststorm also as in the case of the dust- 4.3.2. There was no rainfall associated with
storm of 13 May 1973, but during phase B there this duststorm at Delhi airport but Safdarjung .
is big fluctuation in the visibility. This moderate airport recorded 0.8 mm of rainfall during the
duststorm lasted 13 minutes. The associated period 2130 to 2145 IST. The duststorm had hit
wind variation is of the sharp squall type, with Safdarjung almost at the. same time as Delhi
Dines’ P. T. Anemograph recording a maximum airport.
wind speed of 77 km.p.h. and the electrical 4.4. General characteristics of type 1 Andhi '

- anemograph recording a speed of 91 km. p.h.

The squall was from north-northwest direction. 4.4.1. Examining the available 14 cases it is

found that visibility falls rapidly (in 1 to 3

-
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g and gustm :

: ~vect1ve cloud 1s‘st111

a;ls regardmg the 14 cases of :

o ype 1 duststorm are given in Table 2. In general
. it is seen that there is an inverse relation bet-
“ween squall speed and the. minimum  visibility

- reached. There is another inverse relationship

- between the minimum visibility and the duration

| : of. the duststorm (period during which visibility
- ',fls less than 1 ,000 metres) Groupmg the dust~‘ .

S type

: these dus;storms have occurred dunng the period :

2107 to 1054 IST (mght and morning hours).

- Two cases are. descrlbed in the followmg para—h
graphs - ;

5 2. Andhmof 2 May 1976

surface wind speed variations (reocrded by |

P.T. Anemograph) associated with this duststorm

at Delhi airport. VlSlblllty began fallmg rapidk

at 0041 IST The mm1mum VlSlblhty Te
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TABLE 2
Meteorological data in respect of the 14 cases of type 1 Andhi
‘ (As recorded at Delhi airport)

Dafe

S. Time of Duration Lowest Maximum Type of Temperature Humidity Rainfall Remarks
No. beginning of dust- visibility wind speed dust- change due change due associa- :
° of dust« storm  inthe in the storm  to the to the ted with
storm minutes dust- - associated duststorm  duststorm  the dust-
IST storm  squall re- (in deg. C) (in per cent) storm
-7 - metres corded by . (in mm)
: anemograph
B i — ——
Elec- Dines From To F¥rom To
trical P.T. ’
1 2 3 4 5 6 7 8 : 9 10 11
1 7672 1920 10 120 ‘\—-. 95 S 38.5 29.00 10 38 Nil
-2 13-5-73 1515 28 110 8 74 S 41.2 35.0 12 28 Nil
3 14573 1726 22 120 97 90 S ' 40.0 28.0 28 32 14.5
4 27-5-74 . 1752 6 €20 52 48 L 34.5 30.0 28 41 Nil
5 22-674 2102 - 11 450 66 51 M 36.0 32.5 34 52 Nil ‘
6 5575 1826 1 90 76 57 L 36.2 31.0 16 24  Nil Safdarjung air-
C port  recorded
trace  rainfall
, ‘ : v from 1850 IST.
30-5-75 - 1504 - 12 540 74 61 L 42.0 39.3 16 18 Tr.
8 7675 |, 1207 10 300 & 6 M 385 265 — — 35
24-4-76 - 1957 .7 2 800 89- 70 L 33.0°29.5 50 54 Nil
10 11-5-76 2101 13 380 91 78 M 38.0 31.2 28 37 Tr. .
11 20-5-76 1617 14 280 80 73 M 38.0 25.0 31 70 0.3
12 12-6-76 1653 9 340 70+ 72 M 39.0 26.0 36 78 18.8 *record very faint
13 6-6-77 1838 4. 320 120 100 M 38.0 23.7 35 76 8.0
14 13-6-77 1952 3 820 75 68 L 35.0 29.5 33 48 Nil Safdarjung aire
o : . port . recorded
trace rainfall
; from 2030 IST.
L—Light M- Moderate S— Severe Tr.—Trace
‘ Hhe i
TABLE 3 AN
Mean parameters of light, moderate and severe dust-
g storms of type 1
; Intensity of Number Mean Mean Maximum Mean
‘ . duststorm  of mini- wind speed in  duration
\ o - cases mum the associated of the
i visibility squall (in kilo-  dust-
reached metre per hour) storm
! (in recorded by (in
i metres) anemograph minutes)
| — —
| Electrical Dines
! P.T.
| Light 5 me 15 6l 5
Moderate + . 6 345 85 73 10
; Severe 3 117 91* 86 20

*Average of two cases only,

P
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Fig. 11. Visibility and wind speed variations in type-3 Andhi of 20 April 1975

PPI picture at 1712 IST, range 400 km,
elevation 0°5° of 20 Aonl 1975. Radiys of
range ring—2100 km

Fig. 12(b) PPI picture at 1810 IST, range 400 km,
elevation 0-5° of 20 April 1975. Radlus
of range ring—100 km
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e squall line
rt. when,

~ and wmd Vanatlons (re

- anemograph) - associa \
- which began at 22 7 IST £ 1

~ each of the phases B, C and D is slower than
_is however similar to
d in about 2 minutes. -

- that of type 1; pha
‘ t has

1 glves .the records of visi

and‘ surface wind (recorded by Din
‘Anemograph) associated with this d

Surface wind speed increase began
1e Ir ximum wind speed of 62 k

ibility recorded in this dust-

tres. The duststorm’ lasted 33

: minutes. The maximum squall. speed ‘as recorded
by the electrical anemograph was. 67 km. p.h.

- 532 There was | no precxpxtatlon associated
" with this duststorm both at Delhi and Safdarjung
airports. During the duststorm temperature drop-

ped from 30.5°C to 28.5°C and humldlty fell
f}om 38 per cent to 36 per cent ’

6. Type-3 Andhl

6.1. In thlS type of duststorm the surface wmd

variations associated with the downdraft of the
thunderstorm cloud are not of the sharp squall

type, although the strong wind associated with
- the squall lasts 1 to 2 hours. The wind variations

with t.h s';duststorm at Delh1 ai

cent,

“cloud echoes i

airport recorded trace rainfall,

“stormi temperature fell from = 35.5°C

and humxdlty rose from 17 per

623, Fig. 12 (a, b c d) gives the PPI‘p <

tures taken in the Safdarjung radar kept in

400 km. At 1712 IST a squall Tine is

- to the west (near the inner mo
The squall line is the one that caused the

Another area with scatt ‘
secn between 200 and 300 km
away to the southwest. Fig. 12(b & c) show that

at. Delhi :airpo

‘the squall line moved northeastwards dissipating
as it approached Delhi alrport At 1911 IST
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Fig. 12(c) the Cb cloud echo is seen about 30 km
to the north of Delhi airport. Fig. 12(b) gives
the position at 1810 IST. The duststorm hit Delhi
airport at 1905 IST very close to the picture
time of Fig. 12(c). By 2013 IST Fig. 12(d) the
. squall line had completely dissipated and in the
PPI scope the other cloud cluster which has
become a squall line by then is seen at a dis-
tance of 100 km. '

7. Conclusion"

7.1. . The study presented in this paper using
available meteorological records has given some
useful information regarding the downdrafts and
the visibility variations in Andhi occurring at
Delhi airport. From the nature of variations of
visibility and surface wind it was found that 4
types of Andhi occur. A rough picture of the
distance ‘between’ the cumulonimbus or squall line
and the ground level position of the gust-front
or the dust-wall has also been obtained.

7.2. More studies are needed particularly on
the structure of the Andhi dust-wall and its speed
of movement, development and decay. The verti-
cal structure of the Andhi atmosphere has also
to be studied. These studies are needed to under-
stand the mechanism of the formation of the
Andhi dust-wall and its maintenance and propa-
gation, ‘ .

7.3. The study of air motions in and around
the Andhi dust-wall is also important in relation
to aircraft operations. Soon after an Andhi has
hit a station visibility begins to improve and the

initial improvement is fast. During this period of

- rapid improvement in visibility strong down-drafts

can be.expected which could pose problems for
aircraft operations if these down-drafts are not
properly understood and suitable procedures
drawn to cope with them. :
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