WEATHER FORECASTING FOR AVIATION WITH SPECIAL
REFERENCE TO LOCAL FORECARSTS.

By P. R. Krisana Rao, R.A.F. Meteorologist, Karachi.
(Read at Symposium, July 25-26, 1938.)

1t is well known that weather forecasts are of considerable importance to
aviation because safety in take off, actual flight and landing, and also regularity
of scheduled air service flights, depend on the weather and wind conditions
experienced. The phenomena which affect safety are mainly the convectional
and atmospheric obscurity phenomena experienced in the free air as well as
at the landing stations on the ground. The direction and force of upper winds
affect economy in flying, and also affect safety indirectly when, due to strong
head winds and limited fuel capacity, forced landing becomes inevitable.
Therefore, the main items of information included in aviation forecasts are:
(i) cloud, together with ceiling height, (ii) visibility and the atmospheric
obscurity phenomena which cause its deterioration, (iii) other adverse:
weather phenomena, mainly of convective type, and (iv) ground and upper
winds. Forecast of cloud conditions becomes specially important for aerial
reconnaisance and photography in military aviation.

Aviation forecasts may be divided into three categories: (i) regional,
(ii) route, and (iii) local. Although all aviation forecasts are based, like
other types of forecasts, on an analysis and study of synoptic weather maps,
each of these categories has certain special problems of its own.

Regional forecasts.

In India, regional aviation forecasts are issued by the R.A.F. Meteorological
Offices at Karachi and Peshawar to the R.A.¥. units in north-west India.
These forecasts indicate in general terms the likely weather conditions over
different parts of a large area during a period of 24 hrs. The forecasts though
referring to a large area are useful at any station within it for understanding
the local weather changes and anticipating developments. In case of cross-
country flights undertaken at very short notice, they also serve to a certain
extent the purpose of route forecasts.

A typical regional forecast for Sind and Baluchistan together with local
forecast for Karachi is given below:

‘Skies mainly overcast low cloud Karachi, and 5 to 8 tenths covered
cumulus strato-cumulus north-east Baluchistan afterncon with likelihood
scattered thunderstorms aaa otherwise and elsewhere mainly clear aaa
Local dusthaze lower Sind north Baluchistan otherwise visibility fair aaa
Ground winds moderate to strong gusty W to SW lower Sind moderate
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SE to S upper Sind and E to SE elsewhere aaa Local squalls probable
afternoon north-east Baluchistan. _

Local forecast—Sky mainly overcast strato-cumulus base 3,500 to
4,000 feet with slight occasional drizzle aaa Visibility fair aaa Ground
wind moderate to strong gusty WSW, maximum force 256 M.P.H.’

In framing regional forecasts the development and general movement of
disturbances and associated fronts require careful consideration. In this
connection, the most useful aid, apart from the surface synoptic chart, is the
upper wind chart at different levels. The upper wind maps with approximate
isobars drawn on them, studied in comparison with similar maps at the previous
routine hour of observation, give a fairly correct idea of the probable movement
of disturbances and fronts. Over the hilly regions of Baluchistan and the
North-West Frontier where observatories are few and tracing of fronts is not
always possible, the upper wind observations are of help in understanding and
judging the movement of disturbances and associated fronts.

Route forecasts.

Route forecasts require a more detailed study in view of the restricted
area and the short period of a few hours to which they refer. When there
are disturbances or depressions moving towards the route, a fairly correct
judging of their movement and the effect such movement would produce on
the weather conditions along the route during the period of flight become
important. It is sometimes quite difficult to judge such movement correctly.
The upper wind charts are again of considerable help in this connection because
they indicate by the changes which have taken place in the direction and
force of upper winds since the previous chart, the extent and the depth to
which different air-masses have penetrated into the country and also the
positions of surfaces of discontinuity or fronts at the different levels. An
occasion where the upper wind charts as well as the surface synoptic charts
showed clearly the positions of fronts at the surfuce and at the different levels
over north India occurred in the period 14th to 17th July, 1938.

Direction of upper winds considered with surface conditions of temperature,
humidity, etc. can be taken to identify the different air-masses but this is not
always satisfactory. A south-east wind at Lahore at surface and even at
higher levels in the monsoon season may not necessarily mean that it is moist
monsoon air and sometimes rain may occur at Lahore when the upper winds
at all levels are from NW. Daily aerological data, from aeroplane flights or
otherwise, from representative stations are necessary to recognize the air-
masses correctly and improve the forecasts. In this connection daily aeroplane
meteorological flights by the R.A.F. at Karachi, Fort Sandeman, Miranshah,
Peshawar, Lahore, Ambala and Dethi will be of considerable help in weather
forecasting over north-west India, as they will enable construction of atmos-
pheric vertical cross-sectional diagrams, as done in U.S.A., along the lines
Karachi-Peshawar and Delhi-Peshawar.
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The diurnal distribution of weather phenomena affecting aviation is of
importance in route forecasting work. Over north-west India, in the summer
and monsoon period, insolation appears to have considerable influence on
weather. Development of cumulus clouds and thunderstorms and dust-
storms occur generally after 3 p.M. and more often after 5 p.M. Rainfall
unconnected with depressions generally occurs after 5 P.M.  On some occasions
weather may be quite suitable for flying in the morning but deteriorate in the
afternoon, mainly after 3 or 4 p.m. In view of the restricted period for which
route forecasts are issued, a knowledge of the ‘ Aviation climatology ’ of different
parts of the day of important stations along air routes is of help in route fore-
casting work. On most occasions in the summer and monsoon period, fair or
fine weather can be forecast over north-west India for flights in the morning
hours.

The effect of mountains on the upper wind circulation is of importance
for upper wind forecasts over submontane regions. It has been sometimes
reported by pilots that on clear days in winter when there is a general north-
west to west circulation, upper winds in the lower levels in the submontane
regions are different from, and sometimes opposite to, the winds in the plains
somewhat further away. Our experience with the upper wind data at lower
levels from D. I. Khan and Jacobabad also shows that the effect of mountains
is well marked. In view of the extensive flying by the R.A.F. in the sub-
montane regions of the North-West Frontier and the western Himalayas, this
question of the effect of mountains on upper wind circulation is one which
deserves detailed examination.

Local forecasts.

Local forecasts are of importance for local flying, particularly in connection
with night flying and aerial photography, for which information of cloud and
visibility are specially required. They are also of use for supply to aircraft
flying towards the station. For successful local forecasting a background of
complete knowledge of the frequency of weather phenomena and their times of
occurrence and the normal upper air temperature and humidity distribution
up to about 5 Kms. appears essential.

Tephigrams drawn from the results of aeroplane meteorological flights
have been found to be of use in local forecasting work at Karachi. A remark.
able feature of the upper air temperature distribution over Karachi is the
inversion of temperature which occurs during April to September separating a
lower layer of moist air from a very much drier and potentially warmer air
above. The intensity and height of base of the inversion increases with the
progress of the season and is maximum in July and August. This inversion,
which appears to be a direct consequence of the sharp humidity discontinuity
with very dry air above moist air, acts as a barrier preventing the penetration
of convectional currents from below. Owing to this inversion it may be
expected that the soaring flight of gliders would not ordinarily be possible over
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Karachi in the summer and monsoon period unless towed to the region above
the top of the inversion, which would be about 5,000 feet in the monsoon period
and about 3,000 feet in the summer period. The inversion is so well marked
that the insolational warming up of the lower moist air layer cannot generally
obliterate it and build up a sufficiently large lapse rate in its place for convec-
tion to continue upwards. It is for this reason that thunderstorms and
duststorms due to purely local insolational convection are rare at Karachi and
such phenomena therefore generally occur associated with depressions or
extension of monsoon into Sind.

A general examination of the tephigrams of Karachi shows that a pre-
liminary condition for the occurrence of any adverse weather phenomenon of
the convective type during April to September is the considerable weakening
or disappearance of the inversion. This condition should be considered as-
necessary but not sufficient, and can occur when the air-mass above the inversion
is replaced by colder air or when the air below it is replaced by warmer air.
The former is generally the more predominant cause.
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Fig. 1 shows the tephigrams and wet bulb curves on the mornings of
20th and 21st July, 1938. Above a height of about 4,000 feet there was a
very well-marked fall of dry bulb and rise of wet bulb temperature between
the 20th to 21st, indicating the arrival of colder and moister air. The effect
of this, as is evident from the figure, was the destruction of the well-marked
inversion which existed on the 20th. On the 21st morning there was, however,
still an isothermal region but it is likely that with a further rapid fall of
temperature and rise of humidity on the 21st conditions became unstable for
rising surface air by the afternoon. Thunderstorm accompanied with moderate
to heavy rain commenced at 1417 hrs. and continued till 1745 hrs. Further
intermittent rain occurred in the night. Total rainfall at Drigh Road up to
morning of 22nd was 3-7 inches.

The likelihood of a thunderstorm or duststorm in the afternoon can be
judged by examining the morning tephigram, after taking into account the
contributory effect of the afternoon insolation. In this connection the idea
of latent instability introduced by Dr. C. W. B. Normand is of practical
importance.
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An inspection of the Karachi tephigrams shows that on days of thunder-
storms or duststorms or thundery conditions, the morning tephigram at
Karachi shows convective instability condition up to about 6,000 to 9,000 feet
and real latent instability or actual vertical instability condition in the lower

levels up to about 3,000 feet. There is great likelihood of a thunderstorm
when the morning tephigram shows, after considering the effect on it of the

afternoon insolation, no ‘negative area’ but considerable ‘positive area’ and
the atmosphere is humid at all heights up to about 5 Kms. This is possible
when the potential condensation point of surface air lies on the afternoon
tephigram or to the higher temperature side of it and the portion of the tephi-
gram at higher levels is on the lower temperature side of the saturation adiabatic
drawn through the condensation point. The tephigram and wet bulb curve
on the 24th March, 1932 (fig. 2) can be taken to represent a typical condition
indicating considerable likelihood of thunderstorm at Karachi. They were
drawn from observations of an aeroplane meteorological flight which was
completed about 6 minutes before a squall with thunderstorm occurred and
show a highly unstable condition for rising surface air with superadiabatic
lapse rate in the first 2,000 feet. When only a duststorm occurs, the air above
about 1 Km. is comparatively dry as compared to conditions prior to a thunder-
storm. Thunderstorm or duststorm can be expected at Karachi if the morning
tephigram, with the possible alteration in it due to afternoon insolation and
expected change of air-mass or other causes, is anticipated to assume the
form shown in fig. 2.

The effect of afternoon insolation on the morning tephigram is usually
supposed to be due to the building up of adiabatic lapse rate up to the height
corresponding to the point at which the dry adiabatic through the maximum
temperature of the day meets the tephigram. At higher levels the tephigram
is assumed to remain unaltered if there is no change of air-mass. When, how-
ever, there is a permanent inversion with a well-marked humidity discontinuity
as over Karachi, the changes in the height of base of the inversion during
the day causes changes of temperature and humidity in the inversion region
which extends above the point at which dry adiabatic through the maximum
temperature cuts the morning tephigrams.

At Karachi during the inversion season April to September, and specially
during June to August, skies are heavily covered with stratus, strato-cumulus
and cumulus, sometimes throughout the 24 hrs., and affect local flying con-
siderably. The problem of forecasting the clearing or persistence of these
clouds is therefore of importance. Some interesting papers - 2 3 regarding

1 Sverre Petterssen, On the causes and forecasting of the California fog. Journ.
Aero. Sciences, July 1936.

2 Irving P. Krick, Forecasting the dissipation of fog and stratus clouds. Journ. dero.
Seciences, July 193%.

3 R. M. Poulter, Cloud forecasting, the daily use of the tephigram.—Q.J. Roy. Met.
Soc., April 1938.
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forecasting of clouds by the use of aerological data have appeared in the last
two years.

The chief cause of occurrence of these clouds at Karachi appears to be
both radiation and convective turbulence of moist air, the latter having pre-
ponderance in the day time. This view is supported by the fact that while
the clouds are formed as stratus in the late night and early morning hours,
they change to strato-cumulus and cumulus in the day time. The lapse rate
in the moist air-mass below the clouds is nearly the dry adiabatic in the morning
and evening hours and often exceeds the dry adiabatic between 10 a.M. and
5 p.M. The appearance and clearing of clouds are closely connected with the
inversion and the general temperature and humidity distribution at different
hours of the dav. Fig. 3 shows mean tephigrams and wet bulb temperature
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curves at different hours of the day during April to September drawn from
data of some multiple meteorological flights made at Karachi. The diagram
shows that the inversion level increases slightly during the morning hours
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and decreases late in the afternoon and that below the inversion the lapse rate
of temperature which is slightly less than the dry adiabatic rate in the morning
increases with the day and becomes slightly superadiabatic in the afternoon.
Clouds generally occur near the inversion, the top of the cloud layer approxi-
mately coinciding with the base of the inversion. In the day time the cloud
base agrees approximately with the potential condensation level of surface air,
The condensation level of surface air is directly proportional to the depression
of the dew point and closely follows the diurnal variation of temperature, as
the dew point has only a small diurnal variation. The variation in the height
of base of inversion during the day is comparatively small and when the
condensation level goes above the base of inversion clouds disappear and appeax
again when the returning condensation level comes below the inversion. Thus
at Karachi the overcast sky in the morning clears up in the afternoon and
becomes overcast again in the evening. This happens in the period April to
June when the base of inversion is at a low level but in July and August when
the base of inversion is high, generally above 3,000 feet, and the surface
humidity is also high, the whole variation in the condensation level often occurs
below the base of inversion and the sky is overcast the whole day with low
cloud.

The tephigram and wet bulb curve on the morning of 16th July, 1938
(fig. 4) can be taken to be more or less typical of days in July and August on
which sky is nearly overcast with low cloud throughout the day. Air rising
adiabatically from the surface would follow the path BCE and would be both
saturated and unstable in the stage CE. With the progress of day the con-
densation point would move along the isohygric CD, assuming that there is
no change in absolute humidity, and till it passed beyond D rising saturated
air would be warmer than the environment and cloud would exist and after-
wards disappear. The surface temperature corresponding to condensation
at D is F at 96°F. As the surface temperature on that day did not exceed
96°F, the whole day was clouded. The point C is often on the lower tempera-
ture side of the tephigram but even then on most occasions when the whole
day is clouded the saturation adiabatic through C cuts the tephigram and
the temperature corresponding to F is higher than the maximum temperature
of the day. There are occasions when the saturation adiabatic through C
does not cut the tephigram but is on the lower temperature side of it. In
such cases if C is below the base of inversion, clouds occur if the environment
is sufficiently humid but these clouds disappear when with the progress of
day C goes above the base of inversion. What actually determines the time
of clearance of cloud is the thickness of the layer CD which is approximately
the same as the difference between the condensation level and the base of
inversion.

Changes in the temperature and humidity distribution during the day,
specially due to changes in the height of base of inversion, introduce some
‘complication. Owing to this, on some occasions which occur mainly in May
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and June, while the morning tephigram may indicate clouding throughout
the day, skies may be clear for sometime in the afternoon.

From the above discussion it will be seen that the morning tephigram is
helpful for determining whether the whole day will be clouded or if the clouds
are likely to clear, and the approximate surface temperature at which it would
occur. If this temperature is less than the expected maximum temperature
of the day the approximate time at which it will occur could be determined
from the normal diurnal temperature variation curve for the month.

When upper air temperature and humidity data are not available, a
rough approximation to the height of base of turbulence cloud during the day,
i.e. between 10 A.M. and 5 P.M., would be the height of the condensation level
of surface air. When the normal diurnal variation of depression of the dew
point is known, the approximate value at any time on a particular day can be
determined when its value at any other previous hour is known. It is pre-
ferable to consider the actual depression of the dew point at an evening hour,
for example 2000 hrs., and from this determine the likely value at any time
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during the next day by using the normal diurnal variation curve. The approxi-
mate condensation level is 1,000 feet for every 4-2°F depression of the dew
point. An error of 1°F in the depression of the dew point involves an error of
about 240 feet in the condensation level.

The problem of fog forecasting is also of considerable importance for
aviation. There are various types of fogs but the most common is the radiation
ground fog formed by the radiation cooling of air at lower levels in contact
with the ground to its dew point on clear or lightly clouded nights with light
winds. At Karachi Air Port, fogs occur during October to April but are not
very frequent, the annual average being only about 12. An examination of a
large number of fogs in previous years shows that most of them are radiation
ground fogs and are generally very thick, visibility going down to 1 or 0,
particularly in October-November and February-March. The only known
method of forecasting radiation ground fog is an empirical one by the use of
the ‘Taylor diagram’. By using the 14 G.M.T. surface observation data,
Taylor diagrams have been constructed for Karachi Air Port for different
periods of the fog season. These diagrams do not by themselves provide a
completely satisfactory method of fog forecasting but serve as an aid and
have to be used in conjunction with weather charts. The diagrams have not
proved quite successful in forecasting of actual occasions of fog but they have
served the purpose of ruling out days when fog is unlikely whenever the point
based on the evening observation is above the line.

It is considered that in the absence of daily upper air temperature and
humidity data, an aid to local weather forecasting would be the classification
of days in different seasons into a number of types according to the air-mass
prevailing over the place as determined from surface pressure, temperature
and humidity distribution and upper winds at different heights. When such
a classification has been made by prior study, together with the normal weather
on each type of day, the forecaster can, after determining from the evening
weather chart and upper winds the type to which the following day is likely
to belong, forecast the normal weather of that day. A statistical classification
of local weather types on the above lines may prove of help in forecasting
work.

Discussion.

The President : 1 wish to invite discussion on this paper.

Dr. Ramanathan : Have any ascents been made at places slightly away
from Karachi? These will show the variation of the level of inversion.

Mr. Krishna Rao: 1t has been possible to have two simultaneous ascents
at Karachi and Hyderabad. These show that the levels and intensities of the
inversion at the two places are nearly the same.

(The view was expressed that ascents at some place more to the north of
Karachi would give valuable information.)



