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Will it be duststorm or thunderstorm today ?

P. KUMAR
Met. Section, Air Force Station. Gwalior
(Received 11 Ocrober 1993. Modified 16 September 1994)
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ABSTRACT. Aunempt to develop a distinct technique for the prediction of duststorm or duststorm
followed by thundershower during pre-monsoon season over Gwalior, has been made. Two mean 0000 UTC
tephigrams have been produced for the days when the duststorms and thunderstorms occurred. Difference is
highlighted in the 0000 UTC surface and TEMP data on the days of duststorm/duststorm followed by thun-
dershower with those on the days of thunderstorm. Statistical analysis of the duststorm data over Gwalior has
also been carried out with respect 1o direction, time. fortnight and month of occurrence of the event. For pre-
diction of peak gust speed (PGS) of squall due 1o dusistiorm a single regression equation has been
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developed.
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1. Introduction

Al present there is no distinct method for
forecasting only duststorm or duststorm followed by
thundershowers. Bhalotra (1954) first attempted to
differentiate the duststorm and thunderstorm based
on the humidity contents. But he did not find any
dillerence in the atmospheric humidity content on
the days of occurrence of the two phenomena.

At Gwalior during pre-monsoon season all the
three weather phenomena, eg, thunderstorm,
duststorm or duststorm followed by thundershower
are observed. Present study is a maiden attempt to
distinctly identify the atmospheric characteristics
which lead to duststorm or thunderstorm over
Gwalior. For the purpose of our study we have
included duststorm followed by thundershower
under the category of duststorm only. Since the
phenomena mostly occur towards afternoon hours
hence the study is based on the analysis of 0000
UTC Tephigram of Gwalior and 0000 UTC surface
chart. Results thus obtained could be, therefore,
used in aid of prognosis of these phenomena.

2. Data used

Seventeen years of duststorm and thunderstorm
data, between 1976 to 1992, were extracted from the
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current weather register of Gwalior for the months
of March, April, May and June. 35 tephigrams (0000
UTC) for the days of duststorms and 35 for the days
of thunderstorms were selected for the months of
April, May and June with complete information on
following parameters :—

(a) gpm values upto 150 hPa
(b) Temperature upto 150 hPa
(c) Wind upto 150 hPa

(d) Dew point upto 400 hPa.

Tephigram were obtained from Gwalior Met. Office.
For all the 70 days for which Tephigrams were selec-
ted, following parameters for 0000 UTC for the day
of occurrence were plotted on surface chart from Air
Force Administrative College, Coimbatore, data
bank :—

(a) Dew point
(b) Dew point change in 24 hrs

(c) Dew point departure (TT—T4Ty4)
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Fig. 1. Mean April, May and June 0000 UTC tephigram of Gwalior for days when duststorm (continuous lines) and thun-
derstorm (dashed lines) occurred. Set of lines on the right hand side of the figure are ELR curves and that on the left
hand side of the figures are dew point curves

3. Methodology 3.2. Tephigram
3.1. To assess the critical humidity values on the (a) For distinctly marking the parameters
surface over Gwalior and in its neighbourhood, which are unique to duststorm as against
following parameters were plotted and analysed thunderstorm, mean 0000 UTC tephi-
over area bounded by Lat. 20°N to Lat. 34°N and grams, for 35 cases of duststorm and
Long. 60°E to Long. 85°E :— another 35 cases of only thunderstorm
was prepared. Arithmetic mean of all
(a) Dew point the parameters was taken for each
standard level. Following parameters
(b) Dew point change in 24 hrs were studied :(—
(c) Dew point departure (TT—T4Ty). (f) Geopotential height
The analysis was done for all the days of occurrence (ii) Temperature

of either thunderstorm or duststorm from 1976
to 1992. (tif) Dew point




WILL IT BE DUSTSTORM OR THUNDERSTORM TODAY ? 281

T T T

H] rﬂ%l

=1 S

A\
Y

ZONAL WIND SPEED (kt)

T [J DUST STORM
21 THUNDER STORM

-12 =

700 500 400 300 50 200 150
PRESSURE LEVEL {hPa)

Fig. 2. Bars indicate the shear in kt (indicated by Y-axis)
obtained after subtracting the U-component of wind of’
the lower level from the immediate higher level, as
mentioned at X-axis

(iv) U-component of wind at each level.

(b) Total precipitable water content (TPW)
was also worked out for each level for all
the cases of duststorms and thun-
derstorms. And a mean was taken for
TPW of each level. Since dew point values
are not available above 400 hPa, TPW
values were computed only upto this
level.

4. Statistical analysis of duststorm and thunderstorm
data of Gwalior

41. A total of 369 duststorms, duststorms
followed by thundershower and only thun-
derstorms occurred between 1976 to 1992 during
pre-monsoon season of Gwalior between April to
June. A statistical analysis of following parameters
was carried out :—

(a) Frequency of occurrence

() Monthwise frequency.

(ii) Frequency with respect to direction.
and  diurnal

(b) Monthly distribution

variation.

(c) Direction of approach in each month and

diurnal voriaiion,

8 A 246 19MD/35

TABLE 1
Mean gpm values in 0000 UTC for duststorm and thunderstorm
over Gwalior
Pressure Duststorm  Thunderstorm  Difference
(hPa) (gpm) (gpm) (gpm)
850 1445.79 1458.42 -12.63
700 3127.58 3122.85 + 4.73
500 5850.36 5827.96 +224
400 7577.08 7621.5 -5042
300 9672.86 9672.28 + .58
250 10940.11 10908.0 +32.11
200 12475.00 12471.88 + 312
150 14356.25 1427375 +82.5

(d) Frequency distribution of peak gust
speed (PGS).

(e) Average PGS in various fortnights.

(f) Probability of exceeding specified limits
of PGS.

5. Regression equation for PGS

5.1. Mostsuitable parameter which accounts for
the low level relative dryness of duststorm as com-
pared to thunderstorm is parameter X’ which was
earlier used by Singh (1983) to develop regression
equation for Hindon in pre-monsoon, due to thun-
dersquall. X’ is defined as follows :—

X=TH,-—T
where.

T, = The temperature obtained by descending
dry adiabatically from 600 hPa to
surface,

Ty = Surface temperature (0000 UTC).

Inherent advantages of using parameter ‘X’ is that it
has got least approximation errors, which is not the
case when parameter is based on forecast surface
maximum temperature. Secondly it is in conformity
with the observed fact that on the day of duststorm
upto 600 hPa and below total precipitable water
content (TPW) is much lower than thunderstorm.
Hence assumption that the parcel descends from
600 hPa along DALR will be better approximation
than assuming it to follow SALR.
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6. Results and discussion

6.1. Surface chart analvsis (0000 UTC) of 1)
Day

(a) Dew Point Temperature (DP) — Analysis of
DP shows that within preferred arca boun-
ded by Lat. 24” N to Lat. 28° N and Long.
76° E to Long. 80° E. DP values less than
or equal to 21° C are favourable [or
occurrence of duststorm. Cut off values of
21° C. however. do not conclusively
exclude non-occurrence of thunder-
storm.

Dew Point Departure (DPD) — When DPD
(i.e. TT—T4Ty) is more than 117 C. then it
is favourable for the occurrence of dust-
storm. This parameter also does not
exclusively indicate the non-occurence of
thunderstorm when DPD > 11° in the
region.

(¢) Dew Point Change (24 hourlv)y — This does
not give any indication which may dis-
tinguish duststorm and thunderstorm
days.

6.2. Mean tephigram (0000 UTC) of duststorm and
thunderstorm days

Mean tephigram for duststorm cases and thun-
derstorm cases is shown in Fig. 1. A categorial
analysis of various elements are presented here-
under :—

(a) Changes in gpm at various levels — A com-
parison of the mean gpm values in case of

DUST STORM
THUNDER STORM
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Fig. 4 Y-axis indicates total precipitable water (TPW) content
in cm upto the levels indicated at X-axis. Note higher
accumulation o moisture on duststorm days at 400
hPa

Tephigram for duststorm days and thunderstorm
days is presented in Table 1. It is observed that rise
of the order of 4 m 1o 22 m at 700 hPa and 500 hPa
levels respectively are noticed and fall of the order
of 12 m and 50 m at 850 hPa and 400 hPa levels res-
pectively are indicated for dusistorm days. At 300
hPa the difference was negligible. But at higher
levels gpm values in duststorm were higher by 32.11.
13.12 and 82.5 m at 250, 200 and 150 hPa levels res-
pectively. The consistent high gpm values in upper
troposphere at 250, 200 and 150 hPa levels may be
taken as favourable condition for the occurrence of
duststorm. Ience if the gpm values of 500. 200 and
150 hPa are higher than 10940 gpm. 12475 gpm and
14356 gpm respectively. it is favourable condition
for duststorm.

(b) Temperature — Table 2 shows the average
temperature for the cases of duststorm and thun-
derstorm. Columns 4 and 5 of the table show the
lapse rate in the process curve. [t may be observed
that lapse rate of the order of 4.5° C/km existed in
case of duststorm between surface and 850 hPa as
compared to only 3.0° C/km in case of thun-
derstorm. High lapse rate in duststorm is attribut-
able to low moisture content in 0000 UTC
tephigram of Gwalior within gradient level. Hence
if lapse rate between surface and 850 hPa is more
than 4.5° C/km then it is favourable for duststorm
At higher levels there is no significant difference in
the lapse rate. Difference in the ELR at the lower
levels may be noticed in Fig. 1.
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TARLE 2

Temperature and lapse rate (I)

TABLE 3

Total precipitable water content (TPW)

Dust-  Thunder- Lapse Layers lor
Pressure  storm stormt rite [-calcu-
(hPa) (°C) (°Ci (Cr/km) lation
(hPa)
s Ts

Surface 30.88
(183 m)

850 3 3 sur-850
700 3.2 7. ; R50-700
500 5.8 i i$ T00-500
400 s g 500-400
300 ! =1902 400-300
300-250

50 ~-3749 -37.64

200 -4776  —48.08 250-200

(c) Dew  Point (DP)— Analysis shows that
surface dew point value less than 16° C is favour-
able for occurrence of duststorm. Whereas.

DP > 16° C is lavourable for the occurrence of

thunderstorm. It was also observed in surface data
study that dew point temperature < 21° C in the
preferred region is lavourable for the occurrence
of duststorm. But this does not exclude the
possibility of thunderstorm below this value.
DP > 21° C is not lavourable for duststorm. It is
favourable for thunderstorm only.

(d) U-Component of wind shear — Fig. 2 shows
the layer-to-layer wind shear and Fig. 3 shows the
wind shear between 850 and 300 hPa. It is more in
case of duststorm (24.32 kt) as compared to thun-
derstorm (17.95 kt). Hence if wind shear between
850 to 300 hPa is more than 24 kt it is favourable
for duststorm. Wind shear becomes same for both
thunderstorm and duststorm between 300 and 200
hPa layer. And it reverses in higher layer ie.
between 250 and 200 hPa. It is 0.33 kt for the
day of duststorm and 1624 kt for the day of
thunderstorm. Hence if wind shear is negli-
gible between 250 and 200 hPa it is favourable
of duststorm: or/and if it is negative between
200 and 150 hPa it is also favourable for
duststorm. Below 250 hPa. wind shear between
any two immediate levels does not give any dis-
tinct picture. :

Pressure Dust- Thunder- Difference
(hPa) storm storm (cm)
(cm) (cm)

850 229 2.65 =026

700 13 : =04

500

(e) Total Precipitable Water Content (TPW)—
TPW values are shown in Table 3. A graphical rep-
resentation is given in Fig. 4. Total precipitable
water content for duststorm days and thunderstorm
days in the mean 0000 UTC Tephigram are more or
less same. Below 500 hPa mean TPW or duststorm
days is comparatively less than that for thun-
derstorm days. TPW is same at 500 hPa for both the
cases. TPW is higher between 500 and 400 hPa for
duststorm days than for thunderstorm days. It
implies that in case of duststorm moisture or TPW
is accumulated at higher level of the cumulonimbus
cloud than in case of thunderstorm. At 700 hPa
there is maximum difference between the TPW of
thunderstorm and duststorm. Hence it may be
inferred that TPW < 4 cm at 700 hPa and TPW > 7
cm at 400 hPa is favourable for the occurrence
of duststorm.

7. Duststorm statistics at Gwalior

7.1. Monthly frequency — Table 4 shows monthly

percentage frequency of duststorm/duststorm
followed by thundershower and thunderstorm over
Gwalior between 1976 and 1992. It may be noticed
that maximum duststorm or duststorm followed by
thundershower activity had taken place in May
only. Purely duststorm activity was highest in June
(13.9%) and purely duststorm followed by thun-
dershower was highest in May (29.9%). During the
month of June. duststorm continues to occur till the
onset of monsoon by last week of June. During
delayed onset of monsoon—sometimes as late as by
12th July—duststorm may be recorded throughout
the month of June,

7.2. Direction of approach in each month and diur-
nal variation — Figs. 5 (a & b) show the mean/
minimum/maximum peak gust speed (PGS) in the
months of May and June respectively. Due to only 6
duststorm occurrences recorded in the month of
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TABLE 4

Monthly frequency/percentage frequency of thunderstorm.
duststorm followed by thundershowers and duststorm only

Dust-
storm
Months Thunder- followed Dust-
storm by thunder- storm
shower
Total
March number 44 - —
% 100 —_ =
Total
Apnrl number 43 h 1
% 877 102 2.1
Total
May number 68 is 14
% 38.1 299 12.0
Total
June number 107 23 a1
% 709 152 139

April directionwise mean PGS figure could not be
drawn. Thick line in the centre of Figs. 5 (a & b) is
the 10° moving average. Following .monthwise
inferences could be drawn:

(a) April

Out of total 6 duststorms recorded within 17
vears. period (1976-1992). 5 of them occurred bet-
ween 1200 to 1800 hrs. Only once it affected the air-
licld during the early night between 2100 to 2400
hrs.

Maximum PGS reached 55 kt and its dircction
of approach was from westnorthwest. PGS dec-
rcases sharply to 25-35 kt from this direction
towards northeast or southwest.

(b) May

Fig. 5 (a) shows that there was one modal direc-
tion of PGS during May, ie. northnorthwest. PGS
alfecting the airfield from westnorthwest/west/
southwest of northwest/east are comparatively less
in strength. Most probable direction of occurrence
was northwest quadrant from 2707 to 360°, although
22% occasions they have affected the airfield from
westsouthwest and from eastnortheast direction.
100.

(c) June

Fig. 5 (b) shows that there are three modal direc-
tions as indicated by the moving average line from
where the maximum speed is recorded. They are
northnorthwest. northeast and westnorthwest in
order of strength of the PGS,

7.3. Regression equation of peak gust speed

With April. May and June data combined,
following equation was derived.

¥ =7670171 — 31.0696 X + 5.24167 X

It can be used with reasonable accuracy, since its
standard error is only + 5 kt.

8. Conclusions
8.1. Following parameters are found to favour
the occurrence of duststorm only on the day which
is favourable for convective activity :
(a) Surface Chart (0000 UTC)
(i) Dew point

Within preferred area bounded by
Long.76° Eto 80° E and Lat.24° N to
Lat. 28° N. it is less than or equal
to 21° C.

(i) Dew point departure (TT-T4Ty)

It is more than 11°C in the pre-
ferred arca.

(b) Tephigram (0000 UTC) Gwalior.
(i) gpm at 250 hPa > 10940 m
(ii) gpm at 200 hPa > 12475 m
(i) gpm at 150 hPa > 14356 m

(iv) Lapse rate betwcen surface and 850
hPa

(T-Tgso)/(gpm  850-189) >  4.5° C.
where 189 is airficld elevation in
metres.

(v) Surface Dew point < 16° C

(vi} U-Component
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Figs. 5 (a & b). Thick line in the centre is 10° moving average of mean PGS curve. bottom (chain) curve is the minimum
PGS and top (dashed) curve is the maximum PGS for (a) May and (b) June

(aa) Wind shear between 8&50-300 (/) In April they may occur from 270°
hPa > 24 kt to 45°,

(bb) Wind shear between 250-200 (it) In May and June they occur mostly in
hPa is negative. northnorthwest direction.

(c) Total precipitable water content (c) Time of occurrence is observed as
follows :

) TPW at 700 hPa < 4
® ] e em (7) In April they occur mostly between

(”) TPW at 400 hPa < 7 cm 1500 to 1800 IST. In Mﬂy lhey may
occur any time during morning, after-

8.2. For prediction of PGS following regression noon. evening and night hours. But in

cquation may be used for April. May and June June they are mostly occurring bet-
months : ween 1500 to 2100 IST. ie. during

aflternoon or early night.

- e A7 4 Y
¥'=76.70171 — 31.0696 v/ X + 5.24167 X (ii) Activity of duststorm is lowest
between 0000 to 1200 IST in all

where. X =T, - T, months

T, = Temperature of air parcel brought along
NDALR from 600 hPa to surface in 0000 UTC
lcphigram

(iir) High relative humidity and high tem-
perature jointly affect the high fre-
quency of occurrence in any hour of

the day.
T, = Surface temperature at 0000 UTC.

(d) In April highest peak gust speed is recor-

Y = Forecast speed in kt. ded from westnorthwest direction. In May
it is from northnorthwest direction and in

8.3. Statistical conclusions are as follows : June it is highcs[ from northnorthwest
direction. but second highest speed is also

(a) May is the month with highest duststorm recorded from northeast and westnorth-
activity over Gwalior. west directions.

(b) Directionwise occurrence is observed as (e) First fortnight of May has the highest
follows : mean PGS of 455 kt. Mcan PGS for
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second fortnight of May is 42 kt. First and
second fortnight of Junc has PGS values
38 kt and 41 kt respectively. In the month
of April it is 35 kt in the first fortnight and
43 kt in second

PGS is. in general. higher in May than
in June.
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