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Comparison of Lower-Cloud Bases with Condensation Levels"
MAJOR R . C. BUNDGAARD, A . C .
Hq. AAF Weather Service, Langley Field, Va.

N IMPORTANT aeronautical requirement
is information concerning the existing
height of the lower-cloud base. Since
direct measurement^ have been infrequent,
and visual estimates are inaccurate, the
meteorologist has been obliged to evaluate
the heights of clouds as the condensation
level for tlie layer of air near the ground
surface, using the easily observed groundsurface temperature and humidity.1
Numerous investigators have considered
to what extent there is agreement between
the observed cloud base and the several
computed
condensation
levels. McAdie, 2
comparing calculated and measured values
for 80 observations made at Valencia, Ireland, found that the heights of the lifting
condensation level were generally lower
than the heights of the observed lower-cloud
limit of the stratified clouds formed in on-

shore winds. Col. Floyd B. Wood 3 showed
that for stratus clouds formed by convection current within a turbulent layer the observed cloud base is higher than the lifting
condensation level of the ground surface air
and is lower than the mixing condensation
level 4 for a completely stirred layer beneath the turbulence inversion. Binder,5
comparing the observed heights of lowest
stratocumulus clouds with heights of the
lifting condensation level in the interior
United States, found that the ratio of computed to measured heights averaged .74, a
value distinctly higher than the .60 value
for Britain given by Dines.6 Recently,
Jaeckisch 7 prepared a comparative investigation, pertaining to the methods of computing the condensation level. Using 18,808
comparisons between the observed lowercloud limits and the computed condensations

* Published with permission of the War Department.
1 For every degree of dewpoint spread, 400 feet of
lifting is required for the air parcel at an isobaric surface to reach its condensation level, provided that no
mixing occurs between the parcel and the air through
which it is being lifted. From 1000 mbs to 500 mbs
the correction to this rule is:

3 Wood, F. A.: The Formation and Dissipation of
Stratus Clouds Beneath Turbulence Inversions, Bulletin of the American Meteorological Society, Vol. 19,
No. 3, March 1938, page 98.
4 Actually, the only condensation level heights which
can be computed from ground surface observations are
for the lifting condensation level.
5 Binder,
R. C.: Estimating Cloud Heights from
Humidity Observations, Bulletin American Meterological Society, Vol. 22, No. 6, June 1941, page 256.
6 Dines, L. H. G.:
Humidity Observations as an
Aid in Estimating Cloud Heights, Meteorological
Magazine, Vol. 56, 1921, page 226.
7 Jaeckisch, Hans: Vergleichende Untersuchungen tiber
Die Methoden Zur Berechnung Des Kondensationsniveaus, Annalen der Hydrographie und Maritimen
Meteorologie, Vol. 72, 1944.
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2 McAdie, A.: A Quick Method of Measuring Cloud
Heights and Velocities, Annals of the Astronomical Observatory, Harvard College, Vol. 83, 1919, Part IV.
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levels based on different methods, he attempted to determine whether one method
deserves preference and, if so, under what
conditions. The comparisons were selected
or classified according to all possible combinations of the following conditions:
geographical location—coastal or inland;
lower cloud forms—stratus, stratocumulus,
fractostratus, fractocumulus, and cumulus;
weather situations—anticyclonic
weather,
intermediate high-pressure situations, zonalweather cyclones, meridional-weather cyclones, other cyclones; air masses—arctic,
temperate actic, temperate tropical, tropical,
and other air masses; and type of condensation level. The results from his painstaking exact investigation contribute to the
clarification of the practice for weather
forecasting and the theory of cloud development. The results of his findings now will
be presented.
The assumptions that the lower cloud base
coincides with Lifting Condensation Level
(LCL) or the Convection Condensation Level
(CCL) 8 are based on different concepts of
cloud-formation. For comparison, FIGURE 1
shows pressure level P t at which lifting

FIG. 1. Computation of Condensation Levels for
Lifting ( L C L ) and Convection ( C C L ) .

condensation should occur for a particle of
air rising adiabatically from the surface
(with surface values of pressure P 0 , actual
8 In order to compute the CCL it is necessary to
take into account the vertical distribution of temperature.

temperature T 0 and dewpoint r 0 ) and the
pressure level P 2 at which convection condensation should occur for the particle of
surface air which first has been heated
(Ta — T0) in order that it may always be
warmer than its environment while ascending adiabatically through the layer from the
surface to the convection condensation level
P 2 . It is clear from FIGURE 2 that clouds
may occur at two generally differing condensation levels, the determination of which
rests on two fundamentally varying concepts as to the process leading to the formation of the clouds.
An hypothesis for the process of cloud
formation at the LCL is that there is Austausch motion of air particles moving upward along an isentropic surface. The particles must have begun their ascent from the
ground not at the point of observation but
at a distant point where the initial temperature was Tb. At this distant point the dewpoint must have been higher by TB — T 0 ,
than the dewpoint at the point of observation. If the cloud-base at LCL were composed of air particles that had been lifted
from the ground surface at the point of
observation it necessarily would be colder
by Tb — T0 than the Observed temperature
for the surrounding air—an inconceivable
condition.
Clouds can develop at CCL only if a dryadiabatic lapse rate exists between the surface and CCL. An illustration of this process is afforded by heat cumulus clouds
forming in the morning as a consequence of
increased heating of the air layers near the
ground surface. However, such a condition
does not exist in FIGURE 1; therefore, no
clouds would develop there at the time of
observation from cloud particles originating
at the observation point. Nevertheless, it
is possible that clouds such as stratocumulus
may exist at the CCL at the time of observation. Such clouds could have formed
earlier as fair-weather cumulus at another
locality where the lapse-rate of the air mass
was dry-adiabatic.
When the air mass
reaches the place of observation it may have
become stable again.
The most conspicuous features reflecting
the influence of the weather situation, air
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FIG. 2. Comparison between computed and observed cloud heights for specified conditions and methods of computation. The locations of the dots and crosses in the diagrams
were determined as follows:—The computed heights were divided into hectometers (328 f t . ) .
Successive intervals were selected so that they overlapped one another by two-thirds. For
example, the first interval was 0-2 hectometers; the second, 1-3 hectometers; the third,
2-4 hectometers, etc. For each such interval the most frequent observed value was determined. The abscissa of this most frequent value was then used as the abscissa of a dot,
the ordinate of the dot being the midpoint of the interval height. Where the frequency distribution was bi-modal, a cross was entered for the second highest frequency value.
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TABLE I.

Comparison Between Computed and Observed Cloud Heights for
Specified Conditions and Methods of Computation

(Figures in body of table indicate number of cases, in percent, for which there was ten percent
or less difference between computed and observed heights)
St

Cu

Fs

St+Fs
+Cu

Sc

All
Clouds

All
Observs.

LCL

CCL

LCL

CCL

LCL

CCL

LCL

CCL

LCL

CCL

LCL

CCL

LCL

CCL

Anticycl. weather

38

25

40

23

50

28

19

30

43

26

35

27

20

15

Intermed. highpress. situations

36

14

45

31

54

42

18

31

46

30

36

31

32

27

Zonal-weather
cyclones

30

23

37

30

46

43

21

38

36

30

32

32

28

29

Meridional
weather cyclones

57

27

55

19

50

50

13

22

55

28

44

26

40

20

Other cyclones

42

32

46

15

41

53

15

25

43

29

36

28

33

26

Other weather
situations

36

22

43

33

50

46

22

30

43

33

37

32

30

25

All weather
situations

37

22

42

29

50

43

20

31

43

31

36

31

29

25

Arctic air masses

44

23

52

33

44

49

23

30

47

37

37

35

33

30

Modified arctic
air masses

37

33

46

29

55

47

22

30

46

36

39

36

34

30

Modified trop.
air masses

37

19

41

35

46

44

18

39

40

31

33

49

28

28

Trop. air masses

44

15

33

9

44

47

11

37

41

24

31

29

21

20

Other air masses

36

22

42

29

50

41

21

29

41

30

35

30

28

23

All observers

37

22

42

29

50

43

20

31

43

31

35

31

29

25

mass, and cloud form upon the relation
among the heights of lower-cloud base
and condensation levels are presented by
Jaeckisch in TABLE I. In the case of
stratocumulus (Sc) the CCL corresponds
in all weather situations, and particularly
for zonal-weather cyclones and warm air
masses, more closely to the lower cloud base

than does the LCL. The cloud-base for
stratus (St) fractostratus ( F s ) , and cumulus (Cu) considered together agrees more
closely to both the CCL and LCL for coldair masses than for warm air. For all
cloud forms except stratocumulus (Sc) the
computed LCL gives the cloud height more
often than the CCL—a conclusion which is
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somewhat more obscure for zonal-weather
cyclones and warm-air masses than for the
other weather situations and air masses.
Although the height of the CCL has almost no relation to the observed heights
of fractostratus and stratus (squares 6, 8,
14, 22, 24 of FIGURE 2), under almost all
other conditions the close relation between
computed and observed lower cloud limits
is evidenced by the arrangement of the frequency maxima along the diagonal (squares
17, 18, 19, 20, 21, 23). In the case of
stratus with incoming radiation, few clouds
appear at the condensation levels (12, 16).
For each of the four cloud forms the heights
of the LCL maintain good agreement with
the observed cloud heights (17, 18, 19, 20),
even in the case of a stratus base as high
as 3,000 feet. It is surprising that the
LCL corresponds more closely to the cumulus base than does the CCL (17, 21). The
observed lower-cloud limits are somewhat
below the CCL (21, 22, 23, 24) ; whereas

they are slightly above the LCL (17, 18, 19,
20). Differences in the results between
forenoon and afternoon observations, between winter and summer observations are
not observable (1-16 inclusive).
In summary, Jaeckisch found that the
LCL corresponds closely with the base of
lower clouds in a great many cases involving all cloud forms; whereas the CCL is
valid only for stratocumulus and cumulus.
Most cloud bases are below the CCL and
above LCL. Differences in the results between coastal and inland stations, between
summer and winter ascents, between forenoon and afternoon ascents, among different weather situations and among most of
the different air masses have not been observed. The close relation between the
height of the LCL and the observed lower
cloud limits is interpreted by Jaeckisch as
proof that isentropic Austausch is of great
significance for formation of clouds in the
lower layers of the atmosphere.

Foreign Students of Meteorology in the United States
In recent years the Weather Bureau, jointly with the University of California at Los
Angeles, University of Chicago, and the Massachusetts Institute of Technology have been
hosts to a number of students from Latin American and other countries. In 1945, of 8
such, one each was from Bolivia, Chile, Colombia, and 3 from Mexico. 8 Chinese students,
including 2 women, started on a special course in October. Each student, after completing
his professional course in meteorology is assigned to a Weather Bureau forecast center for
a few months for the practical application of what has been learned. In 1946 there will be
one representative each from Brazil, Cuba, Ecuador, Mexico, Panama, and Peru.—C. F.
B. (based on W. B. Topics and Personnel.)

An Observation of Ball Lightning
This fire-ball appeared on July 29, 1944, at 6:10 a.m. E.W.T. during very heavy rainfall from a convectional shower, in a prolonged period of unusual summer heat, 24 hours
before the approach of a cool front. This observation was made by Mrs. A. C. Hawkins
from an upstairs window at 126 Sycamore Ave. in North Plainfield, New Jersey. The
ball was just about 100 feet distant from her and appeared in a clear space between trees
and shrubbery, and over a lawn. Lightning and thunder came nearly contemporaneously
and a fraction of a second after the crash, the ball, with a brilliant yellow color, appeared
in the air about 20 feet above the ground, seemed to float in a nearly stationary position
for a fraction of a second, then disappeared into the air after starting to fall toward
the ground. The ball appeared to be about 10 inches in diameter. No noise accompanied its disappearance.—A. C. Hawlcins.
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