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THE

MATERIAL in this paper has been condensed from an unpublished manual
in preparation for meteorologists of Harvard University and other institutions; the purpose here is to indicate, that, by the use of well-exposed
accurate instruments and simple techniques, trained observers, when relieved
from routine details of correcting or adjusting records, can devote valuable
time and energy to the more important subjects of analysis and research. Instruments and exposures generally are better than was the case even less than
two decades ago, but further improvement is greatly to be desired. The usefulness of a meteorological record depends upon the relation of the data to
phenomena of the free atmosphere, and accuracy is determined chiefly by
environment and exposure. Next in importance, particularly for studies of
climate, where variations of small amplitude through long periods are considered, is the requisite that conditions of exposure should remain favorable
indefinitely; the value of records at many stations has been seriously impaired
by changes of condition due to the growth of cities wherein they are maintained and removal of the station has not always brought improvement. Some
instances follow:
E F F E C T S OF C H A N G E S I N E X P O S U R E ON W I N D A N D PRECIPITATION

RECORDS

During the period of fifty years beginning with 1886 when the station in
Boston was housed in the old Post-Office building, there occurred a steady decrease of the mean velocity of the wind, accompanied by an increase of precipitation. No similar change having occurred elsewhere in this region, the
most satisfactory explanation is that the decrease of velocity was due to the
gradual rise in the height of surrounding buildings and the increase of precipitation simply the larger "catch" of the roof-exposed gauge during a lower
mean velocity.
At two stations, the anemometers, which had been shielded increasingly by
buildings, were moved to higher roof-tops, with the following results:
STATION

B

Mean Hourly Velocities During Three Months of 1922 to 1926 at 113 feet
6.6 mi/h.
Mean Hourly Velocities During the Same Months of 1927 to 1930 at 210 feet
10.4 mi/h.
STATION

P

Mean Hourly Velocities During each Month of 1928 and 1929 before and after
the change from 182 to 367 feet, in October 1928, (in mi/h.).
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Mean
1928
1929

9.4 10.5 11.2 12.2 8.6 8.2 7.6 8.0 9.7 8.7 12.5 10.6 9.8
13.2 12.3 14.3 14.9 13.1 11.0 11.0 10.7 10.6 13.2 11.5 10.9 12.2

One instance of undesirable location is that of a long-established station
southeast of a mountain some 1200 meters higher, where the only accurate
data of the wind are recorded when the direction is northeast or southwest.
•Expanded from paper presented at New York Meeting, Jan. 27, 1944.
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T H E E X P O S U R E OF T H E R M O M E T E R S A N D HYGROMETERS

Screens or shelters for thermometers and hygrometers have improved until
there is good agreement among the more widely-employed patterns — the
closely- louvred Stevenson screen and the Hazen shelter, standard respectively
in England and America, and the open pattern standard in France and elsewhere. The former have two variable errors: (1) lagging of condition inside
them during rapid changes in the external air and (2) unequal warming on
clear days; which can be reduced if not eliminated by having these screens
open at the bottom, and wider spaces between louvres. Also, it appears probable that the draft up a blackened sheet-metal pipe extending above the closed
shelter should improve ventilation on sunny days when there is no wind.
Some effects of the errors mentioned are described in the next paragraph.
The accuracy of the familiar meteorological thermometers is determined
within 0.1° or 0.2 °F. except, that, ordinarily the maximum thermometer is
not standardized below freezing. Under the same "laboratory" conditions
the scale of a good thermograph can be evaluated with 0.2° or 0.3 °F. through
a range of 70° to 100,° but, in use, there may occur a small additional error
due to setting charts and to change of dimensions of the chart caused by moisture; in any case, under the same conditions, temperatures read from thermometers or thermograph can be accepted as sufficiently accurate for the current
record. But when these same instruments are exposed in the standard closed
screen or shelter, differences of 0.5° to 1° or more will occur when ventilation is good and more than 2° when it is not good. These differences, due
to unequal warming of the shelter on clear days or differences in sensitivity
of the instruments, may be illustrated as follows: (1) air inside the shelter
near the wall on which the sun shines will be warmed 2° or more above the
other side, and the difference will be indicated by the instruments; (2), when
conditions are varying rapidly, the performance of the instruments during
a period of about 20 seconds may be indicated schematically by F I G U R E 2.
If the instruments are read at (A) the difference of thermograph from drybulb will be —1.0°, but, ten seconds later, it will be +1.0°. Since the instrumental error of the thermograph is not larger than 0.3°, these values only
indicate differences of sensitivity and not a range of 2° in the error of the
thermograph, which, determined from a series of readings, would be ±0.3°.
Obviously, for accurate comparisons at any time, the thermometer should be
read at some point (C) midway between the highest and lowest values, ascertained by watching the instruments a few seconds or taking the mean of three
readings at intervals of say 10 seconds.
From the preceding discussion, the highest and most uniform accuracy will
be attained if the mean of differences at two or three observations is applied
as a correction to all readings of a thermogram. The custom of assuming
that widely-differing observations several hours apart (such as -1.0° and
+ 1.0°) are correct and interpolating "corrections" introduces much larger
errors and takes time. It should be replaced by the method suggested.
SELF-REGISTERING THERMOMETERS v s .

THERMOGRAPH

Thermometers registering maximum and minimum temperatures — invented
before the appearance of accurate recording instruments — are useful when
thermographs are not available, but are less sensitive than the dry-bulb and
must be inspected occasionally to avoid unforeseen errors. Now that good
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FIG. 2. RELATIVE SENSIBILITY THERMOMETERS AND

THERMOGRAPH.

thermographs are in use at all first-class stations or observatories, time, cost,
and space in record-books can be saved if the maximum and minimum thermometers are read only when the thermograph fails and if extreme temperatures of equal accuracy are read from thermograms corrected as suggested.
DESIRABLE I M P R O V E M E N T S

IN

THERMOMETERS

Meteorological thermometers in use in the United States during the past
70 years have been satisfactorily accurate and durable. Standardizing and
use, however, can be greatly simplified by an inexpensive change in construction. (1) As manufactured at the present time the stem-graduated tubes are
clamped to metal backs on which five-degree and ten-degree lines are ruled;
graduations and figures are filled with "artist's black" which, in time — especially during low-temperature testing — washes out and accurate readings become difficult until it is renewed — a "messy" operation attended by some
risk of breaking the tube. (2) Convenience in testing hundreds of thermometers at a time necessitates removal of the tubes from the backs and replacement thereon after testing — an operation requiring the time of a skilled
technician through at least an entire day and often longer. Permanent distinctness of rulings and elimination of the operation of removal and replacement of tubes can be effected by discarding the metal back and enclosing the
tube inside an outer glass cover. A thermometer of this kind is always ready
for testing and for exposure in a simple inexpensive support that can be used
indefinitely for instruments of the same length, and the scale can be so made
that in case of rise of zero it can be shifted by the maker. No increase of
cost appears likely, for similar instruments are already in use in Europe and
inexpensive forms are manufactured in America.
HYGROMETRY

The measurement of atmospheric moisture in the standard screen is affected
by the errors of ventilation, etc., already described, and an error due to lag
of the wet-bulb thermometer caused by its poor-conducting covering. With
the psyehrometer "a good constancy of repetition of a measurement may be
obtained but an absolute accuracy of within 2 per cent can not be assured."
When the differences of sensitivity, defects of exposure, etc., referred to are
allowed for it is evident that under average conditions where observations are
made rapidly, an error of 5 per cent will not be unusual. When the temperature is below freezing where differences between the thermometers are small
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the same good constancy of repetition continues, errors are much larger and
at temperatures of —30° or lower an error of 0.2° in reading a thermometer
may cause uncertainty of 25 per cent in relative humidity. The uncertainty
of this method is indicated by official instructions, of comparatively recent
date, to record the humidity as 100 per cent if at low temperatures the wetbulb could not be cooled below the dry-bulb.
Obviously, at temperatures below freezing the psychrometer should be replaced by an instrument more accurate, and until a better one is invented the hair-hygrometer already in use
in cold countries will be the most satisfactory. The chief defect of this instrument is an irregular variation of its zero, which can be allowed for by comparisons with the psychrometer at temperatures above freezing and by the
use of a single-hair direct-reading instrument of the De Saussure or Koppe
pattern to check records of the hygrograph. These hygrometers can be adjusted or the sensitive elements changed by any trained observer without
changing the scale.
When humidities are obtained from tables, the form in use during the past
few decades should be replaced by the one more convenient issued in 1886; in
this dew-points, vapor-pressures and relative humidities are on the same page
and in nearly all cases can be read at the same time; the only exception is
when the dew-point is very low and the corresponding vapor-pressure is on
the preceding page. The arrangement of the column of data is shown in
the accompanying table:
TEMPERATURE,

DEW-POINT,

VAPOR-PRESSURE

AND

RELATIVE

HUMIDITY

Tables I and VI of U. S. Weather Bureau "Psychrometric Tables" now in use,
combined, for obtaining dew-point, vapor-pressure and relative
humidity on the same page in one operation.
(See original table in Signal Corps Instructions of 1886)
Air
Vapor
Depression of the wet-bulb thermometer
Temper-• Press1.0
1.2
1.4
8
l.(
.4
.6
.2
ure
ature
D.P. R.H. D.P. R.H. D.P.. R.H. D.P. R.H, D.P. R.H. D.P. R.H. D.P. R.H. D.P. R.H.
F.
mb
-30
-29
-28
-27
-26

.23
.25
.26
.28
.30

-35
-34
-32
-31
-30

68
70
72
74
75

-44
-41
-39
-37
-35

36
41
45
48
51
1.0

0.5

-56
-52
-49
-46
-44

4
9
15
19
2 4 -- 5 6

0

2.0

1.5

3.0

2.5

3.5

4.0

60
61
62
63
64

17.4
18.1
18.8
19.5
20.1

59
60
61
62
63

97
97
97
97
97

59
59
60
62
63

94
94
94
95
95

58
59
60
61
62

91
92
92
92
92

57
58
59
60
61

89
89
89
89
90

56
57
58
59
60

86
86
86
87
87

55
56
57
58
60

83
84
84
84
84

54
56
57
58
59

81
81
81
82
82

54
55
56
57
58

78
78
79
79
79

65
66
67

20.9
21.6
22.4

64
65
66

97
97
97

64
65
66

95
95
95

63
64
65

92
92
92

62
63
64

90
90
90

61
62
63

87
87
87

61
62
63

85
85
85

60
61
62

82
82
83

59
60
61

80
80
80

EXAMPLE:

Temperature 6 5 ° , depression 3 . 0 ; dew-point, 6 1 ° , relative humidity
(dew-point) 61° (first column), vapor-pressure, 18.1 mb.

85%;

t,

t 1 ] A. Norman Shaw, Trans. Roy. Soc. Canada, 1916.
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FIG.

1

FIG. 3. Barometer Verniers, with Gold's correction scale (in mb in illustr. at left, in inches
at right.)
BAROMETRY

Mercurial barometers are so well described in official instructions and other
texts that it is necessary here to add only a statement concerning accuracy
and describe a device for facilitating reading.
Fortunately for the operation of standardizing, the scales of meteorological barometers can be read direct to about 0.05 mb (0.001 inch) and by careful
estimate to 0.02 mb. However, uncertainties, due to variable capillarity—
impossible to correct and large in the 6 mm tube of the "station" instrument—
and incidental to the operations of adjusting the scale to zero (the "ivory
point") and the vernier, may exceed 1 mb, as indicated in the following comparison by careful observers under favorable or "laboratory" conditions, of
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three barometers, respectively having 10 mm, 13 mm, and 6 mm tubes. These
observations were made on the same day at intervals of 15 to 20 minutes;
there were no rapid variations of pressure, only a slow rise from 1022 to 1025
mb during several hours.
Differences from sub-standard No. 1019 (10 mm tube), of:
No. 872, 13 mm tube.
Observer F.
Observer W.
mb
mb

Range

No. 2431, 6 mm tube
Observer F.
Observer W.
mb
mb

+ 0.05
-0.09
+ 0.08
-0.06
+0.12

-0.08
+0.04
-0.02
-0.08
-0.08

+0.35
+0.70
-0.22
-0.24
-0.40

-0.06
+ 0.60
+0.25
+ 0.14
+ 0.17

0.21

0.12

1.10

0.66

Since the true pressure can not be determined, these differences indicate
that no single reading can be accepted as accurate within 0.21 mb and 1.10 mb,
respectively, for instruments having 13 mm and 6 mm tubes. Under the less
favorable circumstances of regular observations sometimes made hurriedly
or when the pressure is changing rapidly a single observation may not be within
0.5 to 2 mb, depending on the diameter of the tube. Every operation of the
nine that must be performed in order to obtain a measurement of pressure
from a Fortin barometer is itself a source of error. The fixed-cistern or Kew
pattern in use in England is more accurate for the reason that adjustment to
zero of the scale is unnecessary; moreover, the cost is smaller than that of
the Fortin barometer.
The Combination, in one Reading of a Scale of all Corrections Except that
for Height:—Further simplification and improvement of accuracy can be secured by the use of a scale from which corrections for instrumental errors of
thermometer and barometer, temperature, latitude, and "removal" are read
(from one setting of an index), based on the original device suggested in
1914[2] by Col. E. Gold, of the British Meteorological Office, described by the
present author in the same year and in more detail in the Monthly Weather
Review, May 1921. Referring to F I G U R E 3, the tangential scales (B) indicate
corrections determined by the temperature indicated by the attached thermometer; screws (E) permit moving the scales so that the sum of all corrections can be combined in one reading of the index (C). For example, in the
millibar scale, the only correction is that for temperature, and zero correction
is indicated at a temperature of 0°C. The temperature at this time is 12.9 °C
and corrections read from the scale (C) are, at 1020 mb, -2.97 mb; at 1000 mb,
-2.91 mb; and at 950 mb, -2.75 mb, etc. Otherwise stated, corrections determined by this scale will be accurate within 0.02 mb, a precision impossible with
the usual table of corrections. Two of the operations ordinarily required for
completing an observation will be unnecessary, and three instead of the usual
four spaces or columns in a record-book will be sufficient when this scale is
employed, as indicated by the accompanying table.
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Sept., 1944]

ARTICLES

Comparison of Forms for Recording Observations.
Thermometer Barometer Correction Pressure
Old Form, Requiring Accessory

New Form, Used with
Correction-scale

Tables and Reading of Thermometer
Reading of
Total
"Station"
Attached Reading of
Total
"Station" Barometer Correction Pressure
C
mb
mb
mb
mb
mb
mb
988.55
-2.87b
985.68
18.8
988.55
-2.87*
985.68
a Value in Table corresponding to a temperature of 18.8, etc. Four operations and four columns
necessary.
bSum of all corrections in one reading of correction scale. Three operations and three columns
necessary.

Barographs vs Barometers:—Differences between a good mercurial barograph, such as Draper's, and a sub-standard barometer having a 10 mm. or
larger tube, ordinarily will not be larger or more variable than those found
among barometers of the same class, and as in the instance of a thermograph,
the mean of differences from comparisons several hours apart should be used
as a correction to all readings of the chart, instead of interpolations between
varying differences. If the barograph is in good condition readings of the
chart will be as accurate as those of the barometer. The same method should
be employed in correcting charts of the less accurate aneroid barographs.
RECORDING I N S T R U M E N T S

The accuracy of thermographs, hygrographs, barographs and other delicate instruments depends largely upon the power of the sensitive element to
overcome friction in the recording mechanisms, which, as in the original
instruments of Richard, can be reduced to a minimum by the use of wellbalanced parts of small weight. The difficulty of maintaining uniform pressure
of a recording pen (which should touch, not press against the chart) has led
some designers to pivoting the pen-arm at a slight angle so that gravity keeps
the pen against the chart whatever the variation of curvature of the record
cylinder. This, however, introduces two other and more serious errors—one
caused by the additional weight of the device and another resulting from the
varying height of the pen as it follows the curve of the cylinder. The accuracy
of the instrument will be highest and the cost of this device saved by the use
of the original simple mechanisms.
FIGS. 4 TO 16, which illustrate schematically, recording instruments of the
Richard pattern, also suggest methods or devices for improving efficiency and
accuracy.
FIG. 4 AND 5 show the arrangement of parts of a thermograph to obtain
a scale of uniform divisions; both pen-arm and link connecting the tube and
lever on the axis of the pen-arm are set at points half-way between the extremes of their range of movement when the pen is adjusted to indicate a mean
or normal condition.
When, as in FIG. 6, the pen recording on a "strip" chart (or one with horizontal or parallel divisions) is actuated by a chain moving over an arc (as
in some barographs) the scale will be variable, decreasing from the center to
the edges of the chart.
FIG. 7 AND 8 show Richard's original spring pen-arm and the means of
securing contact of the pen with the chart; when the instrument is tilted
[2] Quart. Jour. Royal Met.

Soc., July 1914.
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FIGS. 4 - 1 6 .

THERMOGRAPH

LINKAGES.

forward about 30° (FIG. 8) the pen is adjusted until it touches the chart but
does not press against it.
FIG. 9, 10, AND 11 illustrate the pivoted pen-arm mentioned on page 8,
FIG. 11 indicating the variable error that occurs as the pen follows the varying
curve of the cylinder; the axis of the pen-arm is not vertical consequently the
movement of the pen is not horizontal.
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FIG. 12 AND 13 illustrate the Bosch linkage (the lightest mechanism of the
kind produced so far) in which the adjustable lever is clamped in a disk forming part of the axis of the pen-arm.
FIG. 14 illustrates a well-known device applied to the recording mechanism of a hygrograph for adjusting the pen to a correct value by means of a
screw. This device should replace the customary method of adjustment which,
by changing the angle of the hair-element also changes the relative positions of
the cams and consequently the range of the instrument. The angle of the hairelement should not be changed after it is adjusted to a template (FIG. 15) and
the ends clamped firmly to a fixed support.
FIG. 16 illustrates a method for the accurate setting of charts on recordcylinders. A line is engraved on the cylinder where it will be just below one of
the heavy lines printed on the chart and visible through holes (Z), (Z), near
the ends and the middle of the chart. Setting the two lines together will
insure more uniform accuracy than is usually attained when variable margins
are placed against the bottom flange of the cylinder.
ANEMOMETRY

Important needs of anemometry are two: (1) definitions of "mean" or
current velocities used in regular observations and reports and of extreme
velocities or gusts; (2) inexpensive, durable instruments from which velocities
or rates can be read without previous calculation from distances traveled, in
measured periods. A few instruments of the kind are in the market but there
is no generally-accepted standard of measurement and improvement in accuracy is most desirable. [ 3 ]
OMBROSCOPE

Accuracy in timing the occurrence of light precipitation—very important
in studies of the movement of storms—and relief of an observer from keeping
on the lookout for these phenomena, can be secured by means of the ombroscope
—essentially a clock-cyclinder covered with paper ruled in copying ink on which
rain may fall through a small opening in the cover of the instrument. The
rain-drops blur the lines of the chart, and assuming a time-scale of 10 cm. an
hour, the beginning and end of a shower or storm will be recorded within five
minutes of the exact time. Comparisons of such records with observations have
shown that in every instance the ombroscope recorded the time of rain or the
time rain changed to snow, or vice versa, before it was noticed by the observer.
The self-adjusting form of this instrument requires attention only after a
storm has continued 24 hours, and none during rainless periods of several day's
duration. [ 4 ] (See Neuberger's article, B U L L E T I N , May 1 9 4 4 . — E d . )
IMPROVED POLE-STAR RECORDER

A continuous record of cloudiness at night, as useful as the record of
cloud cover during the day, can be obtained by means of the Pickering polestar recorder, which makes a continuous photograph of the relative movement
of the pole-star through the period from an hour after sunset to an hour before
sunrise—about 12 hours during the winter and 6 hours during summer. The
instruments in use at the present time [ 4 ], differing little in design from the
original described in 1885 have not come into very extensive use, perhaps
because of cost and the care necessary for maintenance. Recently, however,
[3] Harvard Meteorological Studies, No. 4, 1939.
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advances in photography have brought improved apparatus and materials
than can be employed in the construction and use of pole-star recorders of
improved efficiency at much smaller cost. An instrument now under construction has a focal length of only 50 cm, and the star-trails, photographed on
ordinary 35 mm "movie" film automatically re-set daily and requiring to be
changed only once a month, are read by means of an inexpensive projector
which enlarges the time-scale to any convenient degree, such as 10 mm an
hour. These instruments should be in use at all first-class stations.
S T A T E OF T H E

SKY

In the absence of other means of supplementing direct observations, records
of the state of the sky, varying cloudiness, etc., can be secured by means of
photographs made on micro-film several times daily of three or more regions of
the sky—perhaps near the eastern and western horizons and the zenith.*
S Y M B O L S FOR CLOUDS

In the present International Atlas of Clouds, the symbols representing the
various forms have been simplified and the descriptions are much clearer than
those in the Atlas of 1910. However, since data and observations in greater
detail are necessary for the intensive studies or analyses now in progress,
further simplification is desirable to relieve the observer and student of unnecessary demands upon his attention, and should be considered by the International Committee. It is suggested that, following the plan adopted by the
U. S. Signal Service in 1886, the names of the three primary forms of clouds
should be represented by single capital letters: Cirrus, C; Cumulus, K; and
Stratus, S.; and the varieties by combinations of these letters, i.e., Cirrostratus,
CS; Cirrocumulus, CK; Altocumulus, AK; Altostratus, AS; Cumulonimbus,
KN; Nimbostratus, NS; Fractocumulus, FK. Written capitals are more distinct than small letters, uncertainty as to the meaning of a hastily-written
entry will be avoided, and there will be no confusion with other symbols. It
should be possible to abbreviate descriptive names (vesperalis, fumulus, filosus,
etc.,) still further. Examples of compact records: Cirrus, cirocumulus and
cirrostratus occuring at the same time, but not mixed: C, CK, CS; mixed,
C—CK—CS.
[4] Quart. Jour. Royal Met. Soc., October, 1905.
•The whole-sky camera has also been suggested for this purpose.—Ed.

Soldier Welded Into His Sleeping
Bag by Lightning Striking Zipper
Among
Odd
Accidents
During
1943.

The sad case of a soldier who was
welded into his sleeping bag by a bolt
of lightning striking the zipper is
among the odd accidents occurring
during 1943. A roundup of accidents
by the National Safety Council here
shows unusual as well as orthodox
ways of getting hurt.—S. S.

Wanted

Earth and air, a monthly science
journal devoted to meteorology, published at Dansville, N. Y., beginning
about 1900. Will any one having
copies of this publication that they
wish to give away or sell please communicate with the Librarian, Blue
Hill Observatory, Milton 86, Mass.
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