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ABSTRACT. Atmospheric stability is one of the most important and useful meteorological para-
meter in air pollution studies. There are several indicators to determine the stability of the atmosphere.
In this article the authors have computed stabilities according to Pasquill for a coastal station, viz.,
Visakhapatnam using a 10-year data (1958-67).

The study reveals that unstable conditions during night time and stable conditions during day
time are not observed in all the four months, viz., January, April, August and October typical of the
respective seasons. Neutral condition is present at day and night with high percentage frequencies at
the time of just after sunrise and before sunset. The study of stability wind roses indicate that highly
and moderately unstable conditions and stable conditions are associated with low wind speeds and
slightly unstable and neutral conditions are associated with high wind speeds.

1. Introduction taken into account while classifying the stability cate-

B ’ : s ories.
Familiarity with the concept of atmospheric stability B

is most useful for realising the complexity of environ-
mental air quality. Variations in atmospheric stability
gives a qualitative idea of the concentration of atmos-

In this article the authors have computed stabilities
following the method suggested by Pasquill (1961)

pheric pollutants, and stability is an excellent parameter
for strafifying a variety of meteorological and other
statistics relating to air pollution (Stern 1976).

Atmospheric stability influences both the vertical and
horizontal mixing of pollutants, Many diffusion models
require the knowledge of stability.

There are several indicators of atmospheric stability
used in micro-meteorology. Some indicators of practical
importance are temperature lapse rate, wind direction
fluctuation, wind profile, cloudiness and wind, and
Richardson’s Number of which the last one represents
the stability condition of a gravitating medium taking
into account of gravity, velocity gradient and thermal
situation, However, here Richardson’s Number is pot

which is based on insolation, cloudiness and wind speed,
at a coastal city, namely, Visakhapatnam,

2. Method

The specifications of Pasquill stability categori
- f ories w
sglghlly modified by Turner (1964) sg lhntgthey co;{g
e determined objectively from cloud conditions, wind

t—‘P"e"’ observation time and date, and observation loca-
1on. &

The Pasquill system describes the stability conditions

of the atmosphere in a qualitati ili
c ; s 8 ative manner, Stabilit
categerics are defined as follows - .

A — Extremely unstable: B — Unstable; C—
Sightly unstable; D — Neutral; E — 'Slight\y
stable; F — Stable; G — Extremely stable,
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In practical estimations it is observed that frequency
of G category is very very small. So, in the present work
the classes F and G are combined and represented as
F only.

Table 1 gives the swability class as a function of
wind and net radiation index. The net radiation index
ranges [rom 4, corresponding to maximum value ol
positive net radiation (dirtcted toward the ground),
to 2 corresponding to maximum magnitude of nega-
tive net radiation (directed away from the earth). Un-
stability occurs with high positive net radiation and
low wind speed, stability with high negative net radia-
tion and light winds, and neutral or near neutral condi-
tions with high wind speeds and other intermediate
net radiation conditions,

The net radiation index is determined by the follow-
ing procedure (Turner 1964):

(1) If the total cloud cover is 10/10 and the ceiling
is less than 7000 ft, net radiation, index is made equul
to ‘0" (whether day or night).

(2) For night time (night is defined as the period
from one hour before sunset to one hour after sunrisc),

(2) If total cloud cover is :<4/10, use net radiation
2

index equal to —2.
(b) If total cloud cover is >4/10 use net radiation
index equal to —1.

(3) For day time :

(a) Determine the insolation class number as a
function of solar altitude from Table 2.

(b) If total cloud cover is <5/10, use the net
radiation index in Table 1 correponding to the
insolation class number.

(¢) If cloud cover is > 5/10, modify the insolation
class number by following these steps:

(i) Ceilingis < 7000 ft, subtract 2

(ii) Ceiling is =7000 ft, but < 16000 ft, sub-
tract |

(iii) Total cover is equal to 10/10, substract 1
[This will only apply to ceiling >7000 ft,
since cases with 10/10 coverage below 7000
ft. are considered in item (1) above]

(4) If insolation class number has not been modified
by steps (1), (2), or (3). above, assume the class
number equal to insolation class number.

(5) If modified insolation class number is les than
1, let it equal 1.

(6) Use the net radiation index in Table 1, corres-
ponding to the modified insolation class number.

Following this procedure the stability categories are
determined.

TABLE 1

Stability class as a function of net radiaton and wind speed
(Turner 1964)

) Net radiation index
Wind speed A
(kty 3 I 0

I'ABLE 2
Insolation as a function of altitude

{Turner 1964)

Solar altitudsz Insolation class
(a) number

3. Data

The wind speed at each and every hour in all days
were noted for January, April, August and October, the
typical months of winter, pre-monsoon, monsoon and
post-monsoon seasons respectively for a period of 10
successive years starting from 1958 to 1967. As the
cloud amount was not available at each hour, the

potmpuiatiuns have been carried out for three hourly
interval,

4. Results and discussion

I pple 3 shows the diurnal variation of the Pasquill
stability categories in the month of January, The
occurrence of stability A is observed from 0900 to
1200 IST with a maximum percentage at 1200 IST.
B is observed from 0900 to 1500 IST and reaching
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TABLE 3

Diurnal variation of frequency of Pasquill stability categories
at Visakhapatnam — January

TABLE 5

Diurpal variation of frequency of Pasquill stability categories
at Visakhapatnam — August

Stability

Time A B2 D Ak ok
(IST)

0 0 o0 10 %

3 TEE R e

6 TR I AT TR

9 DR R T M

12 L R R

15 0 . 1 IS DY kb

18 0 3 2%

21 o o)l 0% e iz 88

TABLE 4

Diurnal variation of frequency of Pasquill stability categories
at Visakhapatnam — April

Stability
o o e T AR v
Time s B [ 6 D E F
(IST)
0 0 0 0 2.3 66
3 0 0 2 28 70
6 0 0 0 i 82
9 2ol L 3pTRE 0
12 gt 35, |61 0 0 0
15 0 30 67 0
18 0 20 56 24
21 0 0 3 35 62

Stability
—— e —
Time A B C D=8 F
(IST)
0 0 0 0 4 35 61
3 0 0 0 T3 62
6 0 0 0 6 46 48
9 11 41 a0 18 0 0
12 16 36 4 4
15 =3 30 33 34 0 0
18 0 0 21 9 10
21 0 6 = 35 59
TABLE 6

Diurnal variation of frequem"y of Pasquill stability categories
" at Visakhapatnam — October

Stability
——— —— e,
Time R B L EE O BERE F
(IST)
0 0 D0 S t12 083
3 0 0 5 1S 80
6 0 0 0 5 24 "R RY
9 14 ' 72 Al 3 0 0
12 40 45 15 0 0
15 243, 45=00 0
18 0 0 5 25 70
21 0 0 -0 4 023 N1

maximum at 0900 IST. C category is prescnt from
0900 to 1500 IST with a peak value at 1500 IST.
Stability D is observed with high frequency just before
sunset and after sunrise. E is present between 1800
and 0600 IST with a maximum at 1800 IST. F is
more persistent from 0000 to 0600 IST with a very
high percentage frequency and is present between 1800
and 2100 IST with relatively low percentage when
compared with the period mentioned above.

The diurnal variation of Pasquill stability categories
in the month of April is shown in Table 4, A is
present in between 0900 and 1200 IST and the highest
percentage frequency occurred at 1200 IST. B is found
from 0900 to 1500 IST with a maximum at 0900 IST.
C is present from 0900 to 1500 IST with a peak value

at 1200 IST. D occurred between 0000 and 0900 IST
and from 1500 to 2100 IST with highest percentage at
1500 IST. Excepting 1200 ‘D’ is present throughout
the day. E is observed from 1800 to 0600 IST with a
maximum at 1800 IST. F is also present in the same
period with highest frequency at 0600 IST, The per-
centage frequency of F category is small in this month
when compared with January.

‘Tablk 5 depicts the diurnal variation of Pasquill
stabilities in the month of August. A is found in between
0900 aad 1500 IST with highest percentage at 1200
IST. B is present from 0900 to 1500 IST with a
maximum at 0900 IST. C occurred between 0900 and
1500 IST with a peak at 1200 1ST. Neutral condition
(D) is present throughout the day. This may be due
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Figs. 1 (a&b). Stability wind roses for Visakhapatnam
(a) January and (b) April

Figs. 2 (a-b) Stability wind roses for Visakhapatnam
(®) August and (b) October
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TABLE 7
Percentage frequency of pasquill stability categories for
Visakhapatnam
Stability

= e e - —_
Months A B c. D E F A+B+C D E+F
Jan 5.2 17.6 10.7 5.0 12.0 49.5 23.5 5.061.4
Apr 1.0 10.0 16.3 14.0 20.3 38.4 27.3 14.0 58.7
Aug 3.6 13.6 13.3 12.0 23.5 34.0 30.5 12.0 57.5
Oct 7.1 20.8 8.7 4.111.748.4 35.8 4.160.1

to the presence of high cloud amount and wind speed
generally observed in the southwest monsoon season.
E is present throughout the night starting from 1800
to 0600 IST with a maximum percentage frequency
at 1800 IST. F is also present during the same period
with a high percentage frequency at 0300 IST.

Observing the Table 6 one can find that A is present
from 0900 to 1500 IST with a maximum at 1200 IST.
B is present in between 0900 & 1500 IST with a
maximum at 0900 IST. Stability C occurred from
0900 to 1500 IST with a high value at 1500 IST.
D is present throughout the day excepting at 1200 and
the highest value is found at 1500 IST. E is found
in between 1800 and 0600 IST with maximum per-
centage at 1800 IST. F is present in between 1800
and 0600 IST with a maximum value at 0000 IST.

In general ‘the percentage frequency of unstable
(A, B, C) conditions is zero at night time. The per-
centage frequency of stable conditions (E, F) is zero
during day time. Highest precentage frequency of A
is observed at 1200 IST in all the four months.
Highest percentage in D category is found at 1500
IST in all the months. Very high percentage frequencies
are observed in all the months in F category when
compared with the other categories.

Seasonal variation of Pasquill stability classes has
been studied and is presented in Table 7. The three
hourly data of wind speed and cloud amount are used
- to obtain percentage frequencies of different stabilities
and are presented in the Table 7. The percentage of
‘B’ is high in January and October compared with
other stabilities. Percentage frequency of ‘E’ is
observed to be maximum in all months excepting
January in comparison with other stabilities. In general
A and B in October, C and D in April, E in August
and F in January occurred with high percentage
frequencies when compared with other months. The
percentage frequency of F is found to be high in all
the months when compared with the other categories.
The percentage frequency of stable conditions is high
(B+ %?)- in all months.

Stability wind roses — Stability wind roses which are
representative for stability categories are very useful
for polfution studies rather than simple wind roses
which show direction and speed on a monthly or

seasonal basis. Stability wind roses are constructed
for all the Pasquill stability categories for the four
typical months of the respective seasons and are shown
diagramatically.

Fig. 1(a) depicts the stability wind roses, in the
months - of January. The most predominant wind
directions are SE in A, NW in B, SE and ESE in C,
ESE in D, E in E and NW in F. Stability wind roses
A and F are associated with the speed class< 3 m/
sec and E is associated with 3-6 m/sec, All the three
classes, viz.,<< 3, 3-6, and > 6 m/sec are observed in
C and D categories, B is associated with < 3 and
3-6 m/sec wind speed classes,

Fig. 1(b) shows the stability wind roses for the
month of April. In this month the persistent wind
directions are SSW and SW in A, SW and SSW in B
and C categories respectively. Very high percentage
frequency of wind speed class > 6 m/sec is observed
in D category.

The predominant wind directions in the month of
August [Fig. 2(a)] are SW, WSW, W (same magni-
tude) in A, SW in B, SW and WSW in C, SW in D,
WSW in E and SW in F categories, |

In the month of October [Fig. 2(b)] NW in A,
NW and NE in B, ESE in C, E in D, are the predomi-
nant wind directions. Percentage of calm conditions
is zero in all the categories.

In general A and F categories are associated with
wind speeds less than 3 m/sec in all the months, B and
E are associated with < 3 and 3-6 m/sec classes in all
the months excepting January in which the class
< 3 m/sec is only observed. All three classes are
found in C and D categories. This is quite obvious
from Pasquill’s classification. Very high percentage
frequency of wind speed class > 6 m/sec is observed
in D category in April and August months. It seems
that the predominant wind direction in all the stabilities
are more or less following the prevailing wind direc-
tions in the months of April and August whereas

such tendency is not much pronounced in January and
October. . : %

5. Conclosions

Percentage frequency of unstable conditio
(A, B, C) is found to be zero at night time and tlrllg
percentage frequency of stable conditions (E, F) is
zero during day time in all the months, The neutral
condition (D) is present at day and night with high
ps;c;g:tltagc at the time of just after sunrise and before
S 3

It can be said that A and B are present between
0900 and 1200 IST and C is present from 0900 to
1500 IST in all the months. D is found throughout
the day excepting a few hours in the mid-day, E and
F categories are observed in between 1800 and 0600
IST in all the typical months. .
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Percentage frequency of F category is found to be
very high in all the months when compared with the
other categories,

The study of stability wind roses reveals that the
predominant wind directions in all the stabilities are
more or less following the prevailing wind directions
in the months of April and August.

High wind speed class ( > 6 m/sec) with maximum
frequency is observed in D category in April and

August months which fall in premonsoon and monsoon
seasons respectively.
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