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ABSTRACT. The fog over Bangalore airport has been analysed. The different favourable conditions on the previous
night of the fog day has been studied. Attempts have been made to forecast the fog using different techniques. The Composite
method is a new objective method which provides a better technique both in terms of physical principles and statistics. The
accuracy of different methods have been calculated for the purpose of comparison. The most important result of the analysis
is that the frequency of duration and intensity of fog have gradually increased from the decade of 80s to the decade of 90s
which may be due to the increase in pollution of air, other factors remaining unchanged.
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1. Introduction

Fog is one of the important hazards to aviation activi-
ties. Fog over Bangalore airport has been studied using 10
years' data. Fog occurrences at Bangalore airport are gen-
erally of radiation type. The height of Bangalore airport is
approximately 900 m and there lies a lake adjacent to the
runway both stretching in the east-west direction. Also,
Bangalore is one of the industrial cities of India with many
sources of pollution. The local breeze at Bangalore airport
is generally easterly in winter months. Sreenivasaih (1944)
studied the frequencics of fog, mist and haze at Bangalore
Central Observatory.

2. Data

The study has been carried out on the data of four
months in November, December, January and February over
a period of 10 years from 1983-84 to 1992-93. The devel-
oped techniques have been applied to the data of 1993-94
for determining the accuracy of the techniques. The weather
parameters used for this purpose include : (1) cloud cover-
age, (2) wind speed, (3) relative humidity, (4) dry bulb

(135)

temperature (DB), wet bulb temperature (WB) and dew
point (DP); (all at 1730 IST and 2330 IST) (5) visibility at
0830 IST etc. recorded at the Meteorological Office, Ban-
galore airport,

3. Analysis and results
3.1. Occurrence of fog

3.1.1. Frequency distribution of fog

The analysis showed that fog occurred on 194 occasions
in 10 years' period with an average of 19.4 events per year.
The most striking result is that the average number of fog
days per year increased from 15.83 during 1983-89 10 24.75
during 1990-1993. The frequency of fog was maximum
during the month of January followed by December, No-
vember and February,

Mist occurred on 216 occasions with an average 21.6
events per year. The frequency of mist was maximum in
January like that of fog followed by December, February
and November. In January, frequency of fog was more than
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TABLE 1
Frequency distribution of fog and mist

Month Fog Mist Fog/Mist
November 42 47 89
December 54 100
January 66 150
February 22 49 71
Total 194 216 410
Average per year 19.4 216 41.0
Average per year for 6 years period (1983-84 to 1988-859) 15.83 23.17 39
Average per year for 4 years period (1989-50 to 1992-93) 2475 19.25 44

TABLE 2
Frequency distribution of time of onset of fog (IST)

Time of on- 0001 0031 0101 0131 0201 0231 0301 0331
set/month

0030 0100 0130 0200 0230 0300 0330 0400

0401 0431 0501 0531 0601 0631 0701 0731 0801 0831

0430 0500 0530 0600 0630 0700 0730 0800 0830 0500

November 0 1 I 0 1 1 3 3
December 0 0 0 1 0 1 2 3
January 0 0 0 0 3 0 5 6
February 0 0 ] 0 0 0 1 0
Total 0 1 | 1 4 2 11 12

2 3 4 5 14 3 1 0 0 0
3 6 3 1 9 13 4 0 0 0
8 7 7 7 16 10 6 8 I 0
1 2 0 3 2 5 4 3 I 0
14 18 14 16 41 3 15 1 2 0

that of mist and it was just opposite for other months. In
February, frequency of mist was more than double that of
fog. The total number of days of fog and mist was 410 with
an average of 41 days per year. The maximum occurred in
January followed by December, November and February.
The average frequency of fog and/or mist also showed an
increase from 39 per year (1983-89) to 44 per year (1990-
93), These results may be attributed to the increase in
pollutants due to industrialisation and emission from auto-
mobiles etc.,.other factors remaining constant.

The Student’s ‘' test was applied to test the significance
of change in average frequency from the decade of 80s to
the decade of 90s. It showed that there was a significant
increase in the mean frequency of fog at 0.01% level of
significance, whereas there was no significant change in the
mean frequency of mist, fog/mist even at 0.1% level of
confidence with one tailed test. The monthwise frequency
distribution is shown in Table 1. The frequency of occur-
rence of fog per month from 1931-60 data to the present
study of 1983-94 gives for November 1.6 to 4.2 days, for
December from 3 to 4.6 days, for January from 3 to 8.4 days
and for February 0.4 to 2.2 days. As such it may be noted
that the frequency of occurrence of fog over Bangalore has
considerably increased from 1931-60 with the present study
of 1983-94.

The calculation of 5 days average showed that the
frequency of fog was maximum during second half of Janu-

ary, with 52 out of total 84 over the period of 10 years. The
results are shown in Table 2.

3.1.2. Onset time of fog

The frequency of onset of fog was maximum between
0601 to 0630 IST (Indian Standard Time) for the month of
November and January, between 0631 and 0700 IST in
December and February. However, the maximum number
of fog occurred around or just after the sunrise which was
in well agreement with physical principles. Just after the
sunrise the turbulence mixing of the air in the shattered layer
slightly increases helping in the formation of fog. The
detailed data are shown in Fig. |. However, for the period
of four months, the frequency was maximum, Le., 41 be-
tween 0601 and 0630, During the months of November and
December there was no onset of fog after 0730 IST. During
January and February there was no onset of fog after 0830
and only once between 0801 and 0830 during these 2
months. Fog invariably does not occur after 0730 IST and
before 0300 IST.

3.1.3. Intensity of fog

Intensity of fog can be measured in terms of the mini-
mum visibility associated with it. In this regard the visibility
in the fog days of 0530 and 0830 IST has been studied. Itis
found that the visibility was less than or equal to 95 (Code
95 corresponds to slight mist/dust haze) at 0830 hr IST on
113 occasions (58.2%) out of 194 fog days. Also, the fre-
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Fig. 1. Onset of fog

quency was maximum in January (61 and 71.4%) followed
by December (20 or 43.5%); February (18 or 81.8%) and
November (14 or 33.3%). The mean frequency of fog days,
when visibility reduced to 95 or less, increased from 7.5 per
year to 17 per year and this difference in mean was statisti-
cally significant at 0.01% level of significance according to
one tailed Student’s ‘t' test. The visibility of less than or
equal to 93 at 0830 IST occurred maximum number of times
in January (24 or 28.6%) followed by December (8 or
17.4%), February (3 or 13.6%) and November (2 or 4.8%).

3.1.4. Duration of fog

It was found that most of the fog occurred with a
duration of 31 to 60 minutes. The detailed data are shown
in Fig. 2. On examination of individual daily data, the
extreme values of duration of fog for different months
during the 10-year period is given below :

Duration
Min
Jan 11 1993 50
Dec 16 1990 25
10 1988 00
Feb 18 1990 40

Month Date Year

It showed that fogs with maximum duration occurred
towards decade of 90s. Considering the frequency of fog
with a duration more than three hours it was found that
frequency was maximum 21 (25%) in January followed by
December, November and February. Also it showed that
there was increase in mean frequency per year for the fogs
with duration more than three hours from decade of 80s to
decade of 90s for the four months period as a whole and also
for individual months except December.

November

December
' « January
»—e— February
o—o—a Total

01 0131 000 02N @O Q3 OO 0N
o0 0300 0230 000 0I0 00 OO 00

Duration of fog (hours)

Fig. 2. Duration of fog

3.1.5. Time of dispersal of fog

Fig. 3 gives the time of dispersal of fog during different
months- November, December, January and February.
Maximum number of fogs 53 out of 194 fogs dispersed
between 0801 and 0830 hr IST. Next 37 fogs dispersed
between 0701 and 0730 hr IST followed by 33 occasions
between 0730 and 0800 hr IST. In general, the following is
the percentage of dispersal of fogs during different months
by 0830 and 0900 hr IST:

Month By 0830 IST By 0900 IST
NoOv 93% 100%
Dec 87% 91%
Jan 4% 87%
Feb 1% 90%

The above table shows that there is a late dispersal of
fog during the months of January compared to other months.

3.2. Forecasting of fog

Various methods have been tried for objective forecast-
ing of fog such as: (1) Persistence method, (2) Synoptic
method, (3) Statistical method, (4) Tayler's method and (5)
Composite method.

3.2.1. Persistence method

Persistence forecasts (i.e. repeat what happened during
the last 24 hours) in the tropics have good chance of success
in the mid seasons. During the transition from one season to
another, when one quasi-steady pattern of mean meridional
circulation and standing waves is changing into another,
persistence forecast have slightly less chance of success
(Asnani 1993). The results of the method of persistence are
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TABLE 3
Results of different methods for 10 years period 1983-84 to 1992- 93

November December

Methods FF FR FA Error F Exp FF FR FA Error F Exp

(%) (%) (%) (%)
Persistence (F) 38 11 42 20 26 48 11 46 23.2 239
Persistence (F+M) 84 22 42 28.3 524 101 25 46 313 543
Synoptic 115 30 42 334 71.4 193 37 46 53.2 80.4
Statistical 69 18 42 22 43 131 31 46 37 67.4
Composite 104 32 42 283 76.2 112 35 46 28.4 76.1

TABLE 3 (Contd.)

January February
Methods FF FR FA Error F Exp FF FR FA Error F Exp
(%) (%) (%) (%)

Persistence (F) 80 38 84 28 45 24 2 22 15 9
Persistence (F+M) 148 57 54 381 679 76 6 22 304 273
Synoptic 213 75 84 474 89.3 158 17 22 51.6 773
Statistical 149 65 84 33 77 71 14 22 22 64
Composite (C) 137 63 84 30.6 75 127 17 22 40.6 71.3
Composite (C') 156 ok 84 36.1 762

FF - Fog forecast, FR - Fog forecast realised, FA - Fog actual, F- Fog, M- Mist,
F Exp — Fog explained = Number of fog forecast realised/Number of fog actual = FR/FA

1
November 1
———= December
5 R - L1 [-18 ﬁ.
»——= February i\ |

‘ e——e Total

Frequency of fog
i ]
S - S——

3
—

Fig. 3. Dispersal of fog

shown in Tables (3) & (4). It shows that accuracy of this
method is maximum for the month of February followed by
November, December and January. But the percentage of
fog explained is highest for January followed by December,
November and February. Hence the persistence method is
more suitable for the month of January which has also the
maximum frequency of occurrence of fog. This method
cannot be used for the forecast of the first day of fog in the
season.

3.2.2. Modified Tayler's method (Prediction
diagram method)

Tayler (1917) devised a method to forecast fog on the
basis of the dew point depression or difference in dry bulb
and wet bulb temperature for calm and clear nights. He
prepared the diagram by plotting the dew point depression
as ordinates and the air temperature as the ascissa. After .
plotting the different values of dew point depression for
different cases of air temperature, a dividing line can be
drawn which will indicate the probability of fog. Fog being
influenced by local factors these prediction diagrams should
be modified. Hence the Tayler’s diagram have been modi-
fied for Bangalore airport and are shown in Figs. (4 & 5).
The data of 1730 and 2330 hr IST have been plotted to find
the suitable diagram for prediction of fog in the next day
morning. It is found that these diagrams give better results
for the air temperatures recorded at 2330 IST of previous
night. These diagrams are applied to the data of 1993-94 and
the results are shown in Table 4. If the plotted point for a
particular pair of values of the dew point depression and dry
bulb temperature lies in the region marked as ‘A’ there is
possibility of occurrence of fog. If it lies in the region ‘B’,
there is possibility of non-occurrence of fog.

-

3.2.3. Synoptic method

The favourable conditions for the formation of radia-
tion fog are: (1) clear sky, (2) light wind and (3) high relative
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Figs. 4(a & b). Prediction diagrams based on 1730 IST observation for (a) December and (b) January

humidity. Hence the sky with scattered (4 octa or less) cloud
condition with wind speed less than or equal to 6 kt and
relative humidity with threshold values have been consid-
ered. These conditions are applied to the observations of
1730 and 2330 IST of previous day, and it is found that the
forecasts based on 2330 IST observations are more accurate.

The results and accuracy of this method show that the
values of RH are greater than 71%, 71%, 61% and (56-90%)
for November, December, January and February respec-
tively. This method applied to the data of 2330 IST ex-
plained 71.4%, 80.4%, 89.3% and 77.3% of fogs with errors
of 33.4, 53.2, 47.4 and 51.6% for the months of November,
December, January and February respectively over the pe-
riod of 10 years.

3.2.4. Statistical method

In this method the simple correlation co-efficients (CC)
were calculated between frequency of fog and frequency of
cloud coverage (C), relative humidity (H), wind speed (W)
all at 2330 IST respectively for the four months. Then a
threshold value was found out by adding the correlation
co-efficients, i.e., (C+H+W)CC. It was assumed that if the
synoptic condition at 2330 IST yields the value of correla-
tion co-efficient greater than the threshold value, then the
fog could occur in the next day early morning. The threshold
values are greater than 1.5, 1.03, 1.61, 1.56 for November,
December, January and February respectively. It explained
43,64.7, 77 and 64 percent of fogs with the errors of 22, 37,
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TABLE 4 (a)
Verification of forecasting techniques
November 1993
Methods FF FR MR FA MA Emor (%) Emor(%) FExp M Exp F+M Exp
(F= (F+M)= % % %
Persistence (F) X 02 07 06 276 345 42.86 333 38.5
(8) (10)
06 31.0 24.1 714 66.7 69.2
(9) (7
Synoptic 06 02 07 06 276 345 : 333 61.5
06
06

Persistence (F+M) 04 07

(8) (10)
276 20.7 3 66.7
(8) (6
207 345
(6) (10)
Composite (A) 06 31.0 17.2
(9) 5

Prediction diagram 1730 IST 06 04 07

Prediction diagram 2330 IST (4]

TABLE 4 (b)
December 1993 .
Methods FR MR FA MA Error (%) Emor (%) FExp M Exp
(F)= (F+M)= %o %
Persistence (F) 03 08 08 25.8 29.0 50.0 376
(8) 9)
Persistence (F+M) 0s 08 08 29.0 226 62.5
(9) ()
Synoptic A 08 08 323 258
(10) (8)
Prediction diagram 1730 IST 08 226 3535
()] (1)
Prediction diagram 2330 IST 5 08 323 258
(10) (8)
Composite (B) 3 3 08 226 29.0
M 9

MR - Mist forecast realised, MA - Mist actual
M Exp — Mist explained-Number of mist forecast realised/Number of mist actual = MR/MA
TABLE 4 (¢)
January 1994
Methods FA MA  Emor (%) Emor (%) FExp M Exp F+M Exp
(A= (F+M)= %o Yo %
Persistence (F) : 2 12 58.1 61.3 25.0 455 34.8
(18) (19)
Persistence (F+M) 09 58.1 35.5 66.7 81.8 739
(18) (1)
Synoptic 09 484 25.8 100 81.8
(15) (8)
Prediction diagram 1730 IST 06 323 290
(10) (9)
Prediction diagram 2330 IST 355 258
an (8)
Statistical 38.7 29.0
(12) )]
Composite (C) 5 355 387
(1) (12)
Composite (C) 29.0 38.7
(0] (12)
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TABLE 4 (d)
February 1994
Methods FF FR MR FA MA  Emor(%) Emor(%) FExp M Exp F+M Exp
(F)= (F+M)= % % %
Persistence (F) 05 02 03 06 10 25.0 393 333 30.0 313
) (1)
Persistence (F+M) 15 05 06 10 39.3 321 83.3 60.0 68.7
(1) )
Synoptic 26 06 06 10 71.4 429 100 90.0 93.7
(20) (12)
Prediction diagram 1730 IST 03 00 01 06 10 214 60.7 00 10,0 6.0
(6) (17)
Prediction diagram 2330 IST 13 03 06 10 46.4 393 50.0 60.0 56.3
(13) (1)
Statistical 20 05 06 10 57.1 429 833 70.0 75.0
(16) (12)
Composite (D) 11 05 05 06 10 25.0 250 833 50.0 62.5
(07) (07)
FR - Fog forecast realised, FA - Fog actual, F Exp - Fog explained
15 (b)
o -- Fog
1% ®e . No Fog
3. (a) ¢ ) Region of occurrence
B Region of non-occurrence
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Figs. 5 (a & b). Prediction diagram based on 2330 IST observation for (a) December and (b) January
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33 and 22 percent for the month of November, December,
January and February respectively over ten years.

3.2.5. Composite method

Finding the threshold values of change in dry bulb and
wet bulb temperatures alongwith the change in relative
humidity, it may be possible to forecast fog. In addition,
threshold value of dry bulb temperature is taken to consider
specific heat and threshold value of wind speed is taken to
take care of turbulence. This principle has been applied in
composite method.

In this method, in addition to the threshold values of
relative humidity (H), wind speed (W) and dry bulb (DB)
and wet bulb (WB) temperatures at 2330 hr IST, also the
threshold values of change in the dry bulb and wet bulb
temperatures from 1730 IST to 2330 IST (ADB & AWB)
and the changes in relative humidity from 1730 IST to 2330
IST (AH) are calculated. There are four different composite
methods for four different months. Different parameters are
found useful for different months. The results of the com-
posite methods for four months over 10-year period and for
the four months of 1993-94 are shown in Tables 3 and 4
respectively. These methods are devised with an objective
of issuing atleast 75% correct fog forecast with minimum
percentage of error when the forecast for both occurrence
and non-occurrence of fog is considered. Composite meth-
ods A, B, C, C’ and D explain 76.2, 76.1, 75, 76.2 and 77.3
percent of fogs with the errors of 28.3, 28.4, 30.6, 36.1, and
40.6 percent respectively over ten years period.

4. Conclusions

The different methods have been applied to the four
months viz., November, December, January and February
data of 1993-94 to find out the accuracy of the methods.

It is found that the composite method gives best results
for different months followed by prediction diagram method
applied to the data of 2330 IST.

The salient features of this study have emerged as
follows:

(i) The frequency of fog, mist and fog/mist was maxi-
mum in January and that of haze was maximum in February.
The frequency of fog decreased from January to December,
November and February.

(if) The average frequency of fog, fog/mist, fog/mist/haze
increased from the decade of 80s to the decade of 90s. Student’s
‘t’ test showed a significant increase in mean frequency of fog
from decade of 80s to the decade of 90s. Also duration and
intensify of fog increased from decade of 80s to decade of 90s,
being significant according to one tailed Student’s ‘t’ test.

(iif) The composite method is suitable for issue of
forecast at 2330 IST for the fog on next day morning. Next
to the composite method, prediction diagram method (2330
IST) is also suitable for forecast of fog.

(iv) Forecast can be issued at 1730 IST by the prediction
diagram method for occurrence of fog on the next day
morning. It gives suitable results for the month of November
and January. However, these forecasts can be ammended at
2330 IST by composite methods or prediction diagram
method after applying to the data of 2330 IST.

(v) While issuing the forecast at 0830 IST for the fog in
the next day morning, the method of persistence may be used
with the prevailing synoptic ‘situation over the region. The
method of persistence is more suitable for the month of
December and January and when forecast is issued for

fog/mist.
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