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TO the international
definition1, a precipitation day
is a day on which precipitation
falls in measurable quantity. In any
event, the recording of precipitation
as well as the analysis of the precipitation climate at a given place is usually confined to "measurable" precipitation. The lower limit of measurable precipitation is 0.01 inches in
the United States of America, Canada
and Newfoundland, whereas 0.1 millimeter, a unit 0.4 times smaller, is
used in most other countries including
Great Britain2. All quantities that
do not reach these limits are termed
"traces" and as such are omitted from
most climatic summaries especially if
number of days or hours with precipitation or precipitation probability,
are under consideration. The various
chambers of commerce may favor the
omission of traces of precipitation
from records, and the hydrologists
may not consider them of particular significance; it seems, however, that for comparative climatological studies, for agriculture, and
to a certain extent for war climatological and other purposes, the knowledge of frequency of precipitation
below the arbitrary margin may be
of value. For example, plant life may
benefit from continued and frequent
traces, which at least indirectly reduce evaporation of water stored in
the plants; or, it is easily imaginable that frequent precipitation,
even though in immeasurably small
amounts, may become highly annoying
to troops exposed to life in the open.
Moreover, the above mentioned diference in the lower limits of measurable precipitation does not readily
permit a complete comparison of the
rain climate at different places which
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do not use the same unit for measurement1, as the lower limit in countries using the metric system constitutes only a trace in those adhering
to the English system. In fact, the
data of stations, which use the same
unit and keep records of precipitation
traces such as in reports of hourly
precipitation, are not strictly comparable. The observation of traces
depends in most cases on the vigilance
of the individual observer on duty,
on his working place relative to windows (if not outside), on type of work
other than observation, type of precipitation in daylight (snowflakes
catch the eye and attention more
quickly than raindrops), day or night
time, etc.
At some weather stations, paper
cards are exposed on which lines are
ruled in indelible pencil or ink so that
raindrops falling on the card smudge
the ruled patterns. However, very
dry snow may not register on these
cards and wet fog may simulate precipitation. The same principle was
employed by Fassig and Fergusson7
who exposed a sheet of paper ruled
with copying ink automatically by
means of an instrument (Ombroscope)
resembling a modified anemometer
register. As the recording paper is
placed on a cylinder with horizontal
axis some difficulties are encountered
by wind blowing raindrops sideways
under the aperture; also, in heavy
rain, the record may be spoiled by
the rainwater flowing down the sides
of the cylinder. In winter, snow may
clog the aperture of the unheated instrument. A decided increase in the
number of rain occurrences at the
Blue Hill Observatory after installation of this instrument was noted by
Fergusson. An electrically recording
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FIG. 1. Precipitation Trace Recc ler (Cover and casing removed)
"rain timer" was proposed by Hibbard3; the raindrops draining from
a raingauge funnel deflected a balanced plate causing an electrical contact. As water must drip from a receiving funnel in order to operate this
device, it is obvious that a time delay
in response enters as a non-controllable factor, and also that traces
of precipitation cannot be reliably recorded with this device. Dew, fog 3
and probably wind are sources of
error.
For the purpose of recording traces
and the time of beginning and end of
precipitation as well as the type, i.e.,
whether rain, snow or drizzle, a simple apparatus is in use since December 1941 at the weather station of
The Pennsylvania State College4. In
this device, the falling precipitation
imprints itself on the smoked surface
of a paper belt which is slowly moved
under a slot in the cover by a synchronous motor. Recently another
model has been installed, which automatically exposes a 1 x 2 inch smoked
glass or cardboard plate every hour,
thus recording precipitation for hour
intervals (FIG. 1). The smoked surfaces are slightly heated from underneath by means of a light bulb; this
fact precludes the accumulation of

snow on the smoked plates as well as
the registering of fog and dew5. Even
though the snow crystals or flakes
melt after depositing on the plates,
the imprints are usually recognizable
as snow traces by their crystalline
form. A photomicrograph of a snow
crystal imprint on a smoked paper is
shown in FIG. 2. Also, drizzle is
clearly distinguishable from larger
raindrops.
In order to test the value of such
an apparatus it would be desirable to
compare the frequency of traces recorded by the apparatus with that
observed visually by the observer during the same period. This is however
not feasible as it would be difficult to
eliminate the psychological momentum; e.g., an observer who wants to
prove the value of the instrument, will
subconsciously decrease his attention
and overlook some traces. The objective comparison of trace frequency
as observed during the period before
the installation of the apparatus with
that recorded afterwards, requires
another station as a basis in order to
eliminate the variation of the frequency from year to year. The U. S.
Weather Bureau Station at Harrisburg, Pa., was chosen for this purpose. According to the kind com-
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FIG. 2. Snow Crystal Imprint on Smoked
Glass Surface (Linear Magnification about 8 ) .
Z85Fm

munication by Mr. L. F. Conover, Section Director, this station determines
the beginning and ending of precipitation by continuous watch, which together with records of the tipping
bucket type rain recorder yields the
hourly occurrence of precipitation
traces (or quantities, if measurable).
No special trace recorder or timer is
used at that station.
This station was chosen because it
is the nearest large weather station
with precipitation recorder and 24
hour service. It is realized that the
precipitation climate at the two stations is not strictly comparable as
they are separated by several mountain ridges of the Appalachians. Yet,
the choice of Harrisburg as a basis
for comparison seems to be permissible in view of the similarity of the
two climates as revealed by the following statistical data.
At State College precipitation occurs on the same calendar date in
90% of those days on which precipitation falls at Harrisburg; the average
number of days with precipitation
is somewhat smaller (180 per year)
in Harrisburg than at State College
(210 per year), whereas the total
precipitation is slightly larger so that
in the three years under investigation

(see below) the average amount of
precipitation per measurable precipitation day is 0.30" at Harrisburg
against 0.26" at State College. The
total amount for the three years is
practically the same for the two stations (103 inches at State College,
106 inches at Harrisburg).
At State College, Pa., a heated precipitation gage6 and a precipitation
recorder of the Hellmann float type
(heated in winter by means of light
bulbs) with a magnification of 27
times has been in operation since November 1940. The time of beginning
and ending of precipitation was determined by the observer whenever possible; at times other duties interfered with observations. Student
observers and other persons contributed frequently to the determination
of precipitation times, especially at
night when no regular observations
were taken. In some instances the
hygrograph records were used to corroborate precipitation reports.
The investigations cover the period
of three climatological years—December 1, 1940, to November 30, 1943.
From December 1, 1940, to November
30, 1941 (henceforth referred to as
year 1941), only visual observations
of traces were made at State College,
Pa., whereas from December 1, 1941,
to November 30, 1943 (1942 and
1943), the above mentioned trace recorders were used. Naturally the
effective value of these recorders is
smaller when considering days with
traces than hourly frequency of
traces, as there is less probability of
missing an observation of falling precipitation during a day than during
an hour.
The table below contains the summary of the number of precipitation
days for the 3 years at both stations.
The increase of the number of days
with traces in 1942 and 1943 at State
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College cannot be attributed to the
installation of the trace recorders, because a corresponding increase was observed at Harrisburg, where no change
in observation method took place.
Measurable precipitation
(^0.01")
also was higher at both stations in
1942 and 1943 than in 1941, so that
the number of days with traces constitute in both places practically the
same percentage (between 34% and
38%) of all days with precipitation
as is evident from T A B L E 1 .
TABLE

crease from 1942 to 1943 is observed
at State College while the frequency
of both traces and measurable precipitation decreases slightly at Harrisburg, cannot be explained by a change
in observational methods at either station, but is probably attributable to
local climatic differences. If the above
conclusion is correct, the increase in
number of hours with traces at State
College should be particularly large
for night hours, as the observations
then depend almost entirely on auto1.

Number of Days with Precipitation at State College, Pa., (Harrisburg, Pa.)
Year
1941
1942
1943

Trace
68
82
82

Total

^0.01"

(58)
(69)
(63)

115
137
145

The analysis of the hourly precipitation frequency shows clearly the
effect of the recording equipment.
T A B L E 2 reveals that at both stations the number of hours with measurable precipitation is of the same
order of magnitude and increases
similarly after 1941 to the following
years.
Regarding the number of
hours with traces, only in 1941 are
the two stations comparable. In 1942
and 1943 the increase over 1941 at
TABLE

(96)
(128)
(125)

(154)
(197)
(188)

183
219
227

matic records. In T A B L E 3 where the
4 hours after midnight are contrasted
with the first four afternoons hours,
this conclusion is verified. The table
shows that at Harrisburg (numbers in parentheses) at night as well
as in daytime, the frequency of traces
does not change materially during
the three years under consideration.
At State College, however, the increase from 1941 to 1942 and 1943
amounts to 207*% and 273% respec2.

Number of Hours with Precipitation at State College, Pa., (Harrisburg, Pa.)
1941
>0.01"
Trace
Total

563
642
1205

(565)
(666)
(1231)

State College amounts to 77% and
113% respectively, whereas at Harrisburg the number of hours with
traces increased by only 23% and
22%. It is concluded that the marked
increase in number of hours with
traces from 1941 to 1942 at State College is caused by the installation of
the above mentioned recorders. However the fact that an additional in-

1942
674
1138
1812

(668)
(818)
(1486)

1943
691
1368
2059

(636)
(812)
(1448)

tively for the 4 hours after midnight,
while in the early afternoon hours
the corresponding increase is only
61% and 88% respectively, i.e., of
similar order of magnitude to the increase observed in Harrisburg. As
far as hourly frequency of measurable
(i^O.Ol") precipitation is concerned,
the changes at both stations are of
comparable magnitudes, both show-
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FIG. 3. Diurnal Variation of Relative Frequency of Precipitation (Trace
and Measurable) at State College, Pa.
TABLE

3.

Number of Hours with Precipitation at State College, Pa., (Harrisburg, Pa.)
Year
1941
1942
1943
1942/1941
1943/1941

Traces
Md't to 4 a.m.
Noon to 4 p.m.

Measurable Precip.
Md't to 4 a.m. Noon to 4 p.m.

59
181
220

(127)
(125)
(138)

121
195
228

(115)
(135)
(157)

79
121
113

(70)
(121)
(99)

95
97
117

(104)
(110)
(94)

3.07
3.73

(0.98)
(1.09)

1.61
1.88

(1.17)
(1.37)

1.53
1.43

(1.78)
(1.42)

1.02
1.23

(1.06)
(0.90)

ing a larger increase at night than in
daytime.
The effect of the change in the
observation mode at State College is
also revealed by the total number of
hours with traces, which in 1941,1942,
1943 constitute 53, 63, 65% respectively of all hours with any precipitation, while at Harrisburg the corresponding percentages amount to 54,
55, 56%. Whereas there cannot be
any doubt as to the homogeneity of
the observation series at Harrisburg
the question as to how complete this
series is, cannot be answered without collateral but independent operation of a recorder at the same station.
There is always a possibility that a

trace between two observations may
escape the attention of an observer.
The error introduced by the subjective method of observation is probably
negligible at a station with 24 hour
operation. However at stations which
record only measurable precipitation
and where visual observations are
taken only once or a few times daily
the picture of the precipitation climate may be incomplete or even entirely distorted. This is demonstrated
in FIG. 3 where the relative frequencies of precipitation (trace and measurable) for State College are shown
for intervals of two hours. The curve
for 1941 shows a pronounced minimum during the night and early
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morning hours and a broad maximum
between 6 and 10 a.m. The high incidence of precipitation between 6 and
8 o'clock a.m. in 1941 is caused by the
fact that the observations at State
College are taken at 7 o'clock with a
consequent sharp rise in the number
of observed traces around this time;
the main peak between 8 and 10 a.m.
seems to be real, as the curve maxima
for 1942 and 1943 occur at the same
time. In all three years, secondary
maxima occur after 5 p.m. At any
rate, the amplitude, i.e., the difference
between the highest and lowest values, of the frequency curve for 1941 is
more than twice as great as that for
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About a half hour after sunrise
while I was near Leesville, roughly
50 miles west of Alexandria, La., I
saw one of the best displays of condensation trails and sun dogs I have
ever seen. Several heavy bombers
flew overhead each leaving four distinct condensation trails. These gradually merged into one solid trail, and
after about 10 or 15 minutes, they
took on the characteristics of altocumulus clouds, with virga trailing
below. At the time, there were no
other clouds in the sky other than
these condensation trails. These clouds
drifted to the east, and hid the sun
for a brief time. Then very bright
sun dogs appeared both to the right
and to the left of the sun. All colors
from bright orange to purple were
clearly visible on both sides of the
sun. The display lasted for nearly
one-half hour. But the planed-formed
clouds remained visible until they
disappeared in the east about two
hours later.—Lt. John S. McNayr,
350th FA Bn, Camp Livingston, La.
Feb. 27, 1944.
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1942 and 1943 due to the inhomogeneous observation method.
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High

Altitude

Wind

Tunnel.—A

huge altitude wind tunnel for research
on aircraft engines, the first of its
kind, has been built at the Cleveland
Airport by the National Advisory
Committee for Aeronautics.
This tunnel, which is part of the
$20,000,000 Aircraft Engine Research
Laboratory, largest in the world, is
the first to combine all conditions
approaching those of the stratosphere.
It will be used to improve the high
altitude performance of aircraft engines and engine installations for
Army and Navy planes.
Giant-bladed fans will create a
500-mile-an-hour wind in the tunnel.
Air temperatures in the wind tunnel
as low as 6? degrees below zero Fahrenheit, simulating stratosphere conditions at 50,000 feet, will be maintained by the huge refrigeration
plant, which will have a capacity
twice as large as that of the biggest
refrigeration plant in the world.
Designed to test engines with a
maximum of 3,000 horsepower, it is
expected that the tunnel will prove
adequate to test engines up to 4,000
horsepower.
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