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HOUGH PILOTS m a y n o r m a l l y

T

ex-

pect to have full meteorological
information from meteorologists
at the airports from which they start,
there are times when full information
is not obtainable instrumentally and
the pilot may also find himself in
places where there are no meteorologists.
Against such contingencies,
it behooves both meteorologists and
pilots to develop non-instrumental
techniques for obtaining essential
upper air data or f o r making reasonable surmises.
In the absence of tall structures or
mountains that intercept clouds, the
height of the bases of clouds formed
by convection from the earth's surface
may be obtained by estimating the
height, by simply looking at them,
using the two eyes as a range-finder,
or by judging from the apparent size
and detail visible whether and to what
extent the clouds are lower or higher
than the average heights for the form
observed.
Such estimation presupposes a knowledge of the average
heights and range of heights of the
different cloud forms. Another way
of doing it is to estimate dewpoint
and air temperature, and use the
usual dewpoint formula of 1000 ft. of
height for every 4.5 F° of difference.
The dewpoint may be estimated fairly
well by taking the minimum temperature of the morning. The air temperature can be estimated by one's personal feeling of coolness or warmth.
There is still another possibility:
estimate the wind velocity, double it
to get the gradient velocity (which
would be approximately that of the
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cloud); then make an angular measurement of its speed, and deduce the
height. The angle can be estimated
closely enough by taking one finger
length or a span of the hand at arm's
length overhead as 10 or 20 degrees,
respectively.
If the ceiling is not the base of the
convective cloud but a higher layer
into which cumulus clouds may grow,
the angular height of the interception
in terms of the cumulus base will
give a rough idea of the height once
the base of the cumulus has been
estimated.
Since icing layers require a temperature near or below freezing and
the presence of liquid drops, it is
necessary to estimate cloud heights,
and that at which the temperature
falls to freezing, and to surmise
whether or not the clouds that may
be above the height of freezing have
any liquid water in them. Cloud
heights are to be estimated as already
described. The temperature of freezing may be estimated from the apparent temperature of the air at the
ground and from an estimate of the
lapse rates to the cloud base and
within the cloud. The presence of a
ground inversion is easy to recognize,
and its intensity may be derived from
a knowledge (or estimate) of the
maximum temperature of the day
before, with such allowance as may
seem necessary for advection meanwhile.
The temperature above the
inversion, in the absence of advection,
should be the adiabatic equivalent for
that height of the surface maximum
of the day before. The adiabatic rate
may be assumed to the base of convectional clouds, if present. If they are
not present, then it does not reach
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to a height where the temperature
would fall to the dewpoint.
Above
the top of the convective layer, either
of the day before or of the day in
question, there will almost surely be
an inversion of temperature, the
degree of which can be surmised from
the quickness with which convective
cloud masses flatten out on reaching
their maximum height. Above this
inversion, the lapse-rate can only be
taken as the normal rate unless there
are clouds higher up which indicate
high-level instability or potential instability. Within any clouds of vertical development the lapse-rate is,
naturally, to be taken as the saturation adiabatic for its probable temperature.
Judging the presence of liquid droplets in a cloud is possible either from
the appearance of coronas or iridescence or from the dense-sharp-boundaried appearance. Ice clouds will usually show halo phenomena and will
appear fibrous or hazy. Any clouds
in which both liquid droplets and ice
crystals are present will reveal the
liquid either by the diffraction colors
above mentioned and the
sharp
boundaries or by a dark, dense appearance that suggests high content
of precipitated water and ice.
Turbulence reaches to the tops of
the convective layer on the ground,
which means the tops of the cumuliform clouds, if any, or some height
below where they would form if the
convection reached that high. Turbulence intensity is revealed by the
gustiness of the wind, by the visible
curlings in clouds, and by turbulent
shapes of clouds too distant for the
actual turbulent movement to be visible. Among turbulent shapes are to
be included not only curls and wisps
but also rounded forms, either upward
or downwards: the harder they are
the more intense the turbulence.
Winds aloft in clear weather can
be surmised as being about 45° to

the right of the surface wind, and of
a velocity increasing to double the
surface velocity in the lowest 1500 to
2000 f t and doubling again for every
additional 20,000 f t up to 40,000,
above which little change would be
likely. This is, of course, only the
roughest approximation to the normal
increase in velocity with height. If
the normal conditions are known for
the location and season, other rules
should be used instead. At sea and
over plains the turning with height
and the increase in velocity would be
less. When clouds are present, their
movements can be used to determine
directions accurately and speeds with
a precision dependent on the accuracy
of the estimate of height. The finger
or the open span of the hand can be
used for rough angle measurements,
and one can count seconds by using
four syllables f o r each second, counted
at moderate speed, such as "one chimpanzee, two chimpanzee. . . O v e r head, the index finger held horizontally measures about 10° of arc: the
first joint is about 2, the second 3
and the third 5. The span of the
hand, as already indicated, is approximately 20°. The speed of the cloud
is found by determining how long it
takes it to go as far as it is high, in
other words one radian, or 57°. If
the cloud is low in the skv, one can
merely mark on one's finger held
vertically how high the cloud appears
and then use this unit horizontally
parallel to its motion for measurement. Various easy formulas may be
figured out from these principles. On
a general average, the speed of a
cloud in mi/hr per each thousand ft of
height is the number of tenths of the
index finger held at arm's length overhead that it moves in 14 sec. Thus if
if a cloud estimated to be at 10,000
feet moved half a finger length in 14
sec. its speed would be 10 X 5 = 50
mi/hr.
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