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ABSTRACT. The present study aim at seasonal and diurnal pollution potential at Lucknow, the capital of Uttar
Pradesh. To assess the pollution potential, meteorological data for five year period (1982-86) of Lucknow have been analyzed
for four season, viz; Winter (December-February), Summer (March-May), Southwest Monsoon (June-September) and Post
Monsoon (October-November). Seasonwise wind roses, stability, stability wind roses have been prepared and season wise
diumal variation of mixing height and ventilation coefficient have also been worked out. It is found that Lucknow has a better
diffusion capacity in summer and poor in winter. Afternoon hours are better for vertical mixing. The winds are predominant
from west to north direction in all season except in monsoon where it blows from east direction.
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1. Introduction

The assimilative capacity of the atmosphere over a
place is determined by dilution and dispersion of the pol-
lutants. Air pollution climatology explains the ability of the
atmosphere to dilute, disperse or stagnate the pollutants over
a place at any time. Wark and Warner (1976) have stated
that the pollution level at any place and time represents the
balance between rate of emission from their sources and the
rate at which they are removed from the atmosphere.
Lucknow is the capital of Uttar Pradesh and facing enor-
mous atmospheric pollution problem due to rapid industri-
alization and increase in vehicular activity. Thus it is aimed
to assess the assimilative capacity of the atmosphere over
Lucknow with respect to pollution which may be useful for
identification of areas for new industrial set up; an urban
planning and air quality management.

2. Data and method of analysis

To identify the role of climatic factors in diffusion of
air pollutants released in the atmosphere over Lucknow,

variation of wind, stability, mixing height and ventilation
coefficient have been worked out. The meteorological data
of Lucknow for the five year period (1982-86) have been
used in this study. Daily upper air data recorded at 0530 hrs
(IST) have been used for computation of mixing height and
ventilation coefficient. Daily surface data containing wind,
cloud and temperature recorded at every three hours have
been also utilized for preparation of wind rose, stability and
mixing height and ventilation coefficient. Three hourly sur-
face wind data has been sorted out season wise for four
seasons, viz; Winter (December to February), Summer
(March to May), Monsoon (June to September) and Post
Monsoon Season (October to November),

On preliminary analysis, it is found that no significant
diurnal variation has been observed in wind. Therefore a
sixteen point wind rose for individual season has been
prepared. Seasonwise surface meteorological data has been
sorted out and a Pasquill Stability Classes were determined
by using Turner’s (1964) method for every synoptic hours.
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TABLE 1
Percentage frequency of stability classes at Lucknow

Percentage frequency stability class

C D
Winter
0230 ; f 0.0 2.1
0530 J i 0.0 47
0830
1130 7.1
1430 ! 7.2
1730
2030 ) 0.0
2330 X X 0.0
0230 : 0.0
0530 1 0.0
0830 240
1130
1430 35
1730 0.0
2030 0.0 d 0.0
2330 0.0 . 0.0
0230 0.0 0.0 0.0 332 13.3 41.0 12.5
0530 0.0 0.0 0.0 340 1.7 449 94
0830 0.0 376 14.2 482 0.0 0.0 0.0
1130 45 11.3 15 76.7 0.0 0.0 0.0
1430 04 4.7 28.1 66.8 0.0 0.0 00
1730 0.0 42 27.8 68.0 0.0 0.0 0.0
2030 0.0 0.0 0.0 36.0 15.5 420 6.5
2330 0.0 0.0 0.0 345 13.8 40.9 10.8
Post Monsoon
0230 0.0 0.0 0.0 g2 0.5 17.5 738
0530 0.0 0.0 0.0 75 1.6 26.7 64.2
0830 6.6 153 245 536 0.0 0.0 0.0
1130 59.2 15.0 14.7 11.1 0.0 0.0 0.0
1430 20.0 40.1 14.8 25.1 0.0 0.0 0.0
1730 0.0 0.0 0.0 9.5 29 23.5 64.1
2030 0.0 0.0 0.0 9.0 31 15.7 722
2330 0.0 0.0 0.0 8.4 2.3 18.5 70.8
A - Extremely Unstable, B - Moderately Unstable,
C - Slightly Unstable, D - Neutral,

E - Slightly Stable,
Season wise upper air data at 0530 hrs (IST) have been
sorted out separately and plotted on T-¢ gram. Daily upper
air data at 0530 hrs (IST) have been used for computation
of mixing height and ventilation coefficient. Mixing height
is determined by extending a dry adiabat from surface
temperature to its intersection with the morning temperature
sounding (Holzworth, 1967). The height of the point of
intersection from ground is termed as mixing height. The
mixing height at every synoptic hour has beem computed by
extending the dry adiabat from the surface temperature
corresponding to the given synoptic hour to intersect morn-
ing sounding through the standard time. The daily mixing
height at every synoptic hours have been calculated and

F - Moderately Stable,

averaged out at every synoptic hours in season wise fashion.
The ventilation coefficient at any time can be obtained by
multiplying the mixing height at that time and the mean
wind speed through the mixing layer. The ventilation coef-
ficient computed daily for every synoptic hours and a sea-
sonal average ventilation coefficient have been worked out.

3. Results and discussion
3.1.Wind

The season wise wind roses have been prepared and
presented in Fig. 1. Generally, the frequency of occurrence
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Fig. 1.Seasonal wind roses

of calm periods are higher in post monsoon (34%) followed
by winter (30%) and lesser in summer (11%) followed by
monsoon season (12%). In winter and post monsoon season,
the wind speed rarely exceeds 11 knots, and frequently
exceeds 11 kts in summer and monsoon season. The pre-
dominant winds are from west to northwest and from east
to southeast in all season, except in winter when winds
mostly blow from west to northwest. Generally, winds
blowing from east to southeasterly direction are stronger
compared to the winds blowing from west to northwesterly
direction. Winds not only determine the travel time of
pollutants from the source to a given receptor but also the
ground level concentration. The calm winds/weaker winds
will deteriorate air quality. Thus, better dispersal of pollut-
ants is expected in summer and poor in winter season.

3.2. Stability

The percentage frequencies of occurrence and the seven
stability classes during every synoptic hours in four season
have been computed and presented in Table 1. It is noticed
that unstable conditions during night time and stable condi-
tion during day time have not occurred in all the season. In
winter, "A" (highly unstable) condition are more frequent at
1130 and 1430 hrs (IST); "B" (moderately unstable) condi-
tion are also frequent at 1430 hrs (IST) and "C" (slightly
unstable) conditions at 1730 hrs (IST); "D" (neutral) condi-
tion are more frequent at 0830 hrs (IST) and less during night
hours. "E" (slightly stable) condition are more frequent at
0230 hrs (IST) and "F" (moderately stable) condition at
2030 hrs (IST), "G" (highly stabie) condition is also more
frequent at 2330 hrs (IST). In general, winter season expe-
riences maximum frequency of "G" stability classes during
night time. In summer, "A" stability conditions are more
frequent at 1130 hrs (IST), "B" stability condition at 0830

hrs (IST) and "C" stability condition at 1730 hrs (IST).
However "D" stability conditions occurred at all synoptic
hours and are more frequent at 1730 hrs (IST). "E" and "F"
conditions are more frequent at 0230 hrs (IST) and "G"
condition at 2030 hrs (IST). In monsoon, "A" conditions
rarely occurred at 1130 hrs (IST). However "B" and "C"
conditions occurred in all synoptic hours during day (ime
and are more frequent at 0830 and 1430 hrs (IST) respec-
tively. "D" stability has occurred in all synoptic hours during
day and night time. "D" stability is more frequent at 1130
hrs (IST) during day time and at 2030 hrs (IST) during night
time. "E" stability are more frequent at 2030 hrs (IST) and
"F" at 0530 hrs and "G" at 0230 hrs (IST). In general, the
frequencies of occurrence of "G" stability in this season are
less compared to other season. In post monsoon, "A" stabil-
ity is more frequent at 1130 hrs (IST), "B" stability at 1430
hrs (IST) and "C" stability at 0830 hrs (IST). "D" stability
condition have occurred in all the synoptic hours during day
and night time with maximum frequency at 0830 hrs (IST).
"E" condition are less frequent compared to "F" and "G"
condition during night time. "F" condition are more frequent
at 0530 hrs (IST) and "G" condition at 0230 hrs (IST).

Highly unstable conditions have occurred at 1130 and
1430 hrs (IST) with high frequencies in all season except
monsoon. Highly stable condition have occurred during
night time especially after 2030 hrs (IST). The other condi-
tions are less frequent in all the seasons. The neutral condi-
tions are more frequent in monsoon compared to other
season. Therefore, an efficient dispersion of pollutants dur-
ing day time in all the months can be expected. Of the four
season, better diffusion of pollutants can be expected during
summer and monsoon season.

3.3. Stability wind roses

From the winds during the three stability classes (A-C,
D.E-G) both at day and night time stability winds roses have
been prepared and presented in Fig. 2.

In winter, during day time 29% and 4% of calm periods
during unstable and neutral condition have been observed.
The winds predominantly blows from west to north direc-
tion. During night-time, 38% and 55% of calm periods have
been observed respectively during neutral and stable condi-
tion. The predominant winds are from west to north under
neutral and stable condition.

In summer, during day time 9% and 2% calm periods
have been observed under unstable and neutral condition
respectively. The dominant winds are from northwest to
north direction under both conditions. During night time,
13% and 60% of calm period have been observed under
neutral and stable condition. The dominant winds are north-
west to north direction under both the condition. Weaker
winds have observed under stable condition during night
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Fig. 2. Stability wind roses

time stronger winds under unstable and neutral condition The dominant winds are easterlies and to the some

during day time.

extent northerly under both condition. During night time,

In monsoon during day time, 14% and 5% calm periods 27% and 37% of the calm period have been observed under

have been observed under unstable and neutral condition

respectively.

neutral and stable condition respectively. The predominant
winds are easterlies under both conditions and to the some
extent northerly under neutral condition.
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Figs. 3(a & b).(a) Mean mixing heights and (b) mean ventilation
coefficient over Lucknow

In post monsoon, during day time, 21% and 6% calm
period have been observed under unstable and neutral con-
dition respectively. The predominant winds are west to north
direction under both the condition. During night time, 19%
and 67% of calm period have been observed under neutral
and stable conditions respectively. The predominant winds

are north westerlies under neutral condition and northwest
to north direction under stable condition.

Maximum calm periods have been observed under sta-
ble condition during night time and minimum under neutral
condition during day time. It is therefore concluded that poor
diffusion condition exist during night time in all season. It
can be also concluded that better diffusion condition cxists
in summer and monsoon season.

3.4. Mixing height and ventilation coefficient

Diurnal variation of mean mixing height and ventilation
coefficient have been calculated and presented in Figs.
3(a&b). The highest afternoon mixing height have been
observed in summer and lowest in monsoon season, The
highest mixing height observed between 1430 & 1730 hrs
(IST) and lowest during late night. The amplitude of diurnal
variation of mixing height in summer is not larger and in
winter is small. Winter and post monsoon season do not
shows any significant variation in mixing height.

The highest ventilation coefficient have been observed
in summer and lowest in monsoon followed by winter. The
highest ventilation coefficient observed between 1430 &
1730 hrs (IST) and lowest during late night. The amplitude
of diurnal variation of ventilation coefficient in summer is
also large compared to other season. No significant diurnal
variation in ventilation coefficient have been observed in
monsoon, winter and post monsoon season. The afternoon
ventilation coefficient in summer is almost double than that
observed in any other season. By applying Gross (1970)
criteria of forecasting high pollution potential in this study;
it is found that Lucknow has high pollution potential in late
night to early morning hours in all seasons, which gradually
decreases during noon hours and eventually disappears in
the afternoon/early evening. Therefore, a good vertical mix-
ing of contaminants is expected in the afternoon/evening
hour and poor in late night in all season. Good vertical
mixing of contaminants and better ventilation is also ex-
pected in summer.

4. Conclusion

More calm winds have been observed in winter and less
in summer season. The winds are dominant from west to
northwest direction. Thus, it is inferred that better diffusion
capacity exist in summer and poor in winter, No major
polluting industries should be set up west to northwest sector
of the city. Highly unstable conditions are more frequent at
mid-day and stable conditions are in winter and post mon-
soon season. Stability wind roses also shows maximum calm
winds under stable condition during night time and mini-
mum under neutral condition during day time. Thus it is
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concluded that poor diffusion condition exists during night
time in all season. It is also concluded that better diffusion
condition exists in summer and monsoon season.

Highest afternoon mixing height and ventilation coef-
ficient occurred in summer. Lucknow has got high pollution
potential in the night to early morning hours in all seasons,
which gradually decrease, in noon hours and eventually
disappear in the afternoon/early evening hour. Therefore, it
is concluded that good vertical mixing and better ventilation
of contaminants is expected in the afternoon/evening hours
and poor in late night in all season. It is also concluded that
summer season has got a better diffusion capacity.

Acknowledgement

The author is grateful to the Additional Director Gen-
eral of Meteorology (Research) Pune for providing neces-

sary data for completing this study. Thanks are also due to
the Deputy Director General of Meteorology, Regional Me-
teorological Centre, Colaba, Mumbai for providing neces-
sary facility. He is also thankful to Shri S.M. Jathar for
typing the manuscript. The constructive comments of the
referee is also acknowledge with thanks.

References

Gross, E., 1970, "The National Air Pollution Potential Forecast Pro-
gramme", ESSA Tech. Mem. WBTH, NMC, 47, U.S. Department
of Commerce.

Munn, R.E. 1976, "Air Pollution Meteorology”, M.J. Suess and S.R.
Crawford (eds) Manual on Urban Air quality Management. Re-
gional Publication, European Series No. 1, WHO, Copenhagen.

Turner, D.B., 1964, "A Diffusion Model for an Urban Area".J. Applied
Met., 3, 83-91.

Wark, K. and Warmner, C.F., 1976, "Air pollution, It’s Origin and Control”,
IEP A Dun Donnell Publisher.




	Image00001
	Image00002
	Image00003
	Image00004
	Image00005
	Image00006
	Image00007
	Image00008
	Image00009
	Image00010
	Image00011
	Image00012
	Image00013
	Image00014
	Image00015
	Image00016
	Image00017
	Image00018
	Image00019
	Image00020
	Image00021
	Image00022
	Image00023
	Image00024
	Image00025
	Image00026
	Image00027
	Image00028
	Image00029
	Image00030
	Image00031
	Image00032
	Image00033
	Image00034
	Image00035
	Image00036
	Image00037
	Image00038
	Image00039
	Image00040
	Image00041
	Image00042
	Image00043
	Image00044
	Image00045
	Image00046
	Image00047
	Image00048
	Image00049
	Image00050
	Image00051
	Image00052
	Image00053
	Image00054
	Image00055
	Image00056
	Image00057
	Image00058
	Image00059
	Image00060
	Image00061
	Image00062
	Image00063
	Image00064
	Image00065
	Image00066
	Image00067
	Image00068
	Image00069
	Image00070
	Image00071
	Image00072
	Image00073
	Image00074
	Image00075
	Image00076
	Image00077
	Image00078
	Image00079
	Image00080
	Image00081
	Image00082
	Image00083
	Image00084
	Image00085
	Image00086
	Image00087
	Image00088
	Image00089
	Image00090
	Image00091
	Image00092
	Image00093
	Image00094
	Image00095
	Image00096
	Image00097
	Image00098
	Image00099
	Image00100
	Image00101
	Image00102
	Image00103
	Image00104
	Image00105
	Image00106
	Image00107
	Image00108
	Image00109
	Image00110

