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FOREWORD

This manual is an abridged edition of the Manual of Surface Observa-
ti ons (WBAN), the Weather Bureau addendum thereto, and the Additive
Data Coding Manual. It will be used at designated CAA stations only.

Certain paragraphs from the unabridged instructions have been re-
stated to meet the special needs of CAA stations. In all other respects,
including the general organization and the numbering of paragraphs, the
abridged edition corresponds to the basic manuals.

Where practicable, addendum paragraphs (identified by an "A'" pre-
fixed to the paragraph number) that pertain to observed data primarily,
and not to the operation and maintenance of instruments, have been
placed after the associated WBAN paragraphs.

Amendments to this manual will be issued as revised pages for inser-
tion in the manual. Station copies of the manual will be corrected
promptly upon receipt of each amendment. The effective date and
number of each amendment and the pages or paragraphs affected will
be entered on the page entitled "Record of Changes.' The entries will
be initialed by personnel who make them.

A record of instrument maintenance performed, Form 450-3 (formerly
Form 1141) will be kept at all stations. This form will be bound after
the last chapter of this manual and retained until it has been reviewed

by a field aide.

Insofar as frequency of visits permits, field aides will perform main-
tenance duties at CAA stations.

Unless otherwise instructed, correspondence pertaining to the obser-
vational program, including the repair and replacement of equipment,
should be sent to the Weather Bureau regional office. When ordering
replacement instruments, include sufficient description to identify the
items required, i.e., make, model, type, stock number if known, etc.
Such identification is often listed on Form 450-1, Description of
Topography and Exposure of Instruments, and Form 450-3, (formerly
Form 1141), Record of On-Station Instrumental Maintenance.

References to WBAN-10 forms in this manual relate to WBAN-10 (CAA)
exclusively.
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INTRODUCTION

Since life, property, and the convenience of travelers, as well
as accurate forecasts, may depend upon his observations, the observer
should make every effort to take the observations as accurately and
completely as possible, and to file them in sufficient time for sched-
uled transmission. Every observation must be accurate in all its parts
parts, and it must convey a complete picture of the meteorological
situation existing at the station,

Weather-observing duties are secondary with respect to
primary functions, such as communications, flight assistance, etc.
Weather observations will be taken and transmitted as primary duties
permit., (See also § A9120, 2(3)).

When computations require that a number be rounded, the
following procedure will be observed:

(1) If the fractional part to be disposed of is one-
half or greater, the preceding digit will be in-
creased by one.

(2) If the fractional part to be disposed of is less
than one-half, the preceding digit will remain
unchanged, e.g., 29.248 rounded to the nearest
tenth is 29, 2,

Algebraic signs will be disregarded - e.g., 1.5 = 2; -1.5 = -2,

XIII



CHAPTER 1. CLOUDS AND OBSCURING PHENOMENA

1000, GENERAL

1010, Observations of clouds and obscuring phenomena will be taken
from as many points as necessary to view the entire sky. Pilots' re-
ports of sky cover will not be included in the surface observation, but
will be sent as.pireps only (see Chapter 10).

1100, DETERMINATION OF SKY COVER

1110, Definition of Sky Cover. --Sky cover is a term used to
denote one of the following conditions:

(1) Amount of sky covered, but not necessarily hidden by
clouds or obscuring phenomena aloft.

(2) Amount of sky concealed by obscuring phenomena on
the ground.

(3) A combination of (1) and (2).

Sky cover may refer either to the amount of sky covered by a particular
layer, or to the total amount covered by all layers. If the sky cover is
opaque (i.e., conceals the sky), the tenths of sky cover plus the tenths
of sky visible will always equal 1,0 (10/10), Sky cover is estimated
with reference to the actual, rather than celestial, horizon. It is re-
ported to the nearest tenth, with decimals disposed of in accordance
with the Introduction (e.g., sky cover of . 07 is regarded as one tenth,

. 95 as ten tenths). Sky-cover observations may be taken without the use
of instruments. At night it will frequently be necessary to observe the
clouds and obscuring phenomena passing through the beam from a ceil-
ing light or ceilometer projector over a period of several minutes in
order to obtain a more nearly representative picture of the amount and
distribution. Determine the amount of sky cover in accordance with

J 1120 through 1121, and select corresponding sky-cover symbols from
Table 1la.
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Table la, Sky-Cover Symbols

Symbol and Meaning Explanation

X Obscuration...... ¢+ee.e...| Ten tenths of sky hidden by pre-
cipitation or obstructions to
vision (bases at surface).

-X Partial obscuration........| 0.1to 0.9 sky hidden by precipi-
tation or obstructions to vision
(base at surface).

O Clear........covvunn. «.+.+| 0.0 total sky cover (This symbol
is not used in combination. )
® 1/ Scattered................ ./ 0.1to 0.5 sky cover.
@ 1/ Broken..........eeveueenn. 0.6 to 0,9 sky cover, _
1/ Overcast.................| Ten tenths of sky cover. (This

symbol will be used in combin~-
ation with a lower overcast sym-
bol only if the latter is classified
thin, )

1/ Symbols for thin ("'-") and dark ("+") will be prefixed to these
symbols in accordance with § 1511,

1120, With Advancing Layer.--To estimate the amount of an
advancing (or receding) layer, determine the angular elevation above
the horizon of the forward or rear edge of the layer as seen against the
sky. This will be done with a clinometer until experience is gained in
estimating vertical angles. Convert the angle to tenths of sky cover by
use of Table 1.

1120.1. When the layer does not extend to the horizon, determine the
angular elevation of the forward and rear edges and the tenths of sky

cover corresponding to each elevation, The difference will be the re-
quired sky cover, For example: Forward edge 78° = 0,4 sky cover;

rear edge 53° = 0.2 sky cover. Total sky cover is the difference be-
tween the two, or 0.2 sky cover,.
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Table 1. Sky cover with advancing or receding layers

Angles subtended by |Tenths of Angles subtended by Tenths of
sky cover sky cover sky cover sky cover

96° - 107°, .. ... viuass
108° - 119°, . ,.0vinnns
120° - 134°, . 0eiennnns
135° - 154°. .00t ecanns
155° - 180°,.,.........

Less than 26°.........
26° - 45°%, . it ninnnn
46° - 59°%. .0 .
60° - T2°%. i eecneconnan
T3° = 84°. . ecverereene
85° - 96°%. ieiiiaiennne

OO OO OO
L ]

G W= O
'—‘O.CDOO
QWO I,

1121, With Continuous Layer Surrounding Station.--To
estimate the amount when a continuous layer surrounds the station and
extends to the horizon, determine the angular elevation of the edges,
and convert to tenths of sky cover by use of Table 2,

Table 2. Sky cover with layer surrounding station

Angular elevation Tenths of Angular elevation Tenths of
sky cover sky cover
Less than 3°.......... 0.0 34° - 40°, ... .0iienns 0.6
3° = 8% it 0.1 41° - 48°, ... 0., 0.7
9° - 14°%. . ciiveinnnnn 0.2 49° - 58°. ... i 0.8
15° = 20°. . ccventnnnnn 0.3 59° - T1° .iiviiiann. 0.9
21° - 26°..000n.nn 0.4 72° - 90°. .. i 1.0
27° - 33°% i iieinennnne 0.5

1200, DETERMINATION OF STRATIFICATION

1210. Definition of Layer.--Clouds or obscuring phenomena
whose bases are at approximately the same level are regarded as a
layer. The layer may be continuous or composed of detached elements.
The term layer does not imply that a clear space exists between the
layers or that the clouds or obscuring phenomena composing them are
of the same type (see § 1230),

1220, Evaluation of Multiple Layers. --Frequent observation
1s necessary to evaluate stratification. A series of observations will
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often show the existence of upper layers above a lower layer. Through
thin lower layers it may be possible to observe higher layers. Differ-
ences in the directions of cloud movements are often a valuable aid in
observing and differentiating cloud stratification, particularly when
haze, smoke, etc., render depth perception difficult,

1230. Interconnection of Layers.--Cumulo-type clouds devel-
oping below other clouds may reach or penetrate them. Also, by hori-
zontal extension, swelling cumulus or cumulonimbus may form strato-:
cumulus, altocumulus, or dense cirrus. When clouds that are formed
in this manner are attached to a parent cloud, they will be regarded as
a separate layer only if their bases appear horizontal and at a different
level from the parent cloud. Otherwise, the entire cloud system will
be regarded as a single layer at a height corresponding to that of the
base of the cumulonimbus,

1400, DETERMINATION OF HEIGHTS

1410. Ceiling Definition.--The ceiling is the height ascribed to
the lowest layer of clouds or obscuring phenomena that is reported as
broken, overcast, or obscuration (see Table 1a) and not classified
"thin" or '"partial.'" Note that, for obscurations, this height represents
vertical visibility into the obscuring phenomena, rather than the height
of the base. The ceiling is termed "'unlimited" when the foregoing con-
ditions are not satisfied. At all other times, the ceiling is expressed
in feet above the surface. (See § 1412.)

1411, Vertical Visibility.--Vertical visibility is a ceiling value
used to express the distance that an observer in an obscuring medium
can see wvertically upward into the medium. The sky-cover symbols
"X" and "-X" (see Table la) are always used when vertical visibility is
reported, The ceiling ascribed to ''X" must be classified "W", "P" or
"A." Other sky‘cover symbols are used with "X'' and "-X" to report
visible cloud layers (see § 1511, example 5).

1412, Surface.--'""Surface' as used here is a horizontal plane, whose
elevation above sea level equals the field elevation (see § 1441). At
stations where the field elevation has not been established, ''surface'
will refer to the ground elevation at the point of observation.

1420, Variable Ceiling.--The term ''variable ceiling' describes
a condition in which the ceiling rapidly increases and degreases by one
or more reportable values during the period of observation, It will be
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reported only for ceilings less than 3000 feet. The average of all
values secured will be used as the ceiling. Rapid fluctuation of the
spot produced by a ceiling-light projector will indicate an irregular
base whose height will be regarded as measured but variable. Distin-
guish this type of fluctuation from that which is due to multiple layers
(see § 1441, 3).

1430. Ceiling Classification,--The ceiling is classified in ac-
cordance with Table 2a.

Table 2a. Ceiling-Classification Symbols

M | Measured w Indefinite
A Aircraft P Precipitation
B Balloon E Estimated

1431, Measured Ceiling,.--A ceiling is classified as measured
whenever it pertains to clouds or obscuring phenomena aloft and is
determined by means of:

(1) A ceiling light or ceilometer, provided
penetration of the beam is not in excess
of that normally experienced for the
height and type of layer (see § 1441.2).

(3) The known heights of unobscured
portions of objects, other than natural
landmarks, within 1-1/2 statute miles
of any runway of the airport.

1432. Aircraft Ceiling.--A ceiling is classified as an aircraft

ceiling when it is determined by a pilot while in flight over, or within
1-1/2 statute miles of, any runway of the airport. Aircraft ceilings

may refer to vertical visibility (see § 1411), or clouds, or obscuring
phenomena aloft.

1433. Balloon Ceiling,--A ceiling is classified as a balloon ceil-
ing whenever it pertains to clouds or obscuring phenomena aloft and is
determined by means of ceiling or pilot balloons. (See §J 1442.)

1434. Indefinite C eiling.--A ceiling is classified as indefinite
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whenever it pertains to hydrometeors, other than precipitation, or
lithometeors whose bases are at the surface. All indefinite ceilings
are estimations, but the height corresponding to the upper limit of a
ceilometer reaction, the top of a ceiling-light projector beam, or the
height at which a balloon completely disappears will be used as a guide,

1435. Precipitation Ceiling.--A ceiling is classified as a pre-
cipitation ceiling when precipitation obscures the cloud base and pre-
vents a determination of its height. All precipitation ceilings are esti-
mations, but the guides indicated in § 1434 should be used. These
guides will usually indicate values that are lower than the actual verti-
cal visibility,

1436. Estimated Ceiling.--A ceiling is classified as estimated:

(1) Whenever determined by means of the ""Convective Cloud-
Base-Height Diagram'' (Fig. 1) under conditions appropriate
to, and in accordance with instructions for, its use.

(See § 1447,)

(2) Whenever penetration of the ceilometer or ceiling-light
beam is in excess of normal for the particular height
and type of layer (see § 1441.2). '

(3) Whenever determined from the known heights of unob-
scured portions of natural landmarks, or of objects
more than 1-1/2 miles from any runway of the airport,

(4) Whenever determined on the basis of experience pro-
vided that the sky is not obscured by surface-based
hydrometeors or lithometeors, and other guides are
lacking, or considered unreliable.

1440. Methods of Determining Ceiling and Cloud
Heights.--The methods indicated in § 1441 to 1447, 2 will be used in
determining heights. Heights of 5000 feet or less will be determined
to the nearest 100 feet; heights of more than 5000 feet but less than
10, 000 feet to the nearest 500 feet; and heights of 10, 000 feet or more
to the nearest 1000 feet. When the ceiling is halfway between two re-
portable values, select the lower value (e.g., 50 feet will be reported
as "'0"). Unless otherwise specified, all heights are with reference to
the height of the base of cloud layers above the surface, not above sea
level,
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1441, Ceiling Light (or Ceilometer Projector).--The
ceiling light will be used in determining heights as follows:

(1) Turn on the ceiling light.

(2) Sight through the clinometer, and center the intersection
of the cross hairs upon the lower part of the most clearly
defined portion of the spot.

(3) When the pendant has come to rest, clamp it in position,
without moving the clinometer,

(4) Read the angle to the nearest whole degree.

(5) Repeat steps 2 - 4 three times and obtain an average
angular reading.

(6) Turn off the ceiling light.

(7) Obtain the height from prepared tables appropriate to
the baseline. (See Table 3 for heights computed for
baselines of 500, 1000, and 1500 feet. )

(8) Add algebraically to the value in Table 3 the difference
between the height of the observation point and the offi-
cial field elevationT; if an offieial field elevation has not
been established, add the height of the observation point
above the ground, Tt

T The field elevation (Hy) is the elevation above mean sea level of the
highest portion of the usable landing area at airport stations. Its value
is determined by the Civil A eronautics Authority, and is recorded on
Form 450-1 to the nearest foot.

Tt I a separate table has been computed for this purpose, the differ-
ence between the height of the point of observation and the field elevation
sho uld be incorporated in the table by adding it to each tabular value.

If this has been done, step 8 will be omitted.



8 Manual of Surface Observations for CAA Stations Eff. 5-1-53,

TABLE 3.—Height of cloud base, feet, light projected vertically

\ Base Line

. 500 1,000 1,500 500’ 1,000’ 1,500

44 87 131

52 105 157

62 123 185

70 141 211

79 158 237

88 176 264

97 104 201
-106 213 319
116 231 347
124 249 373
134 268 402
144 287 430
153 306 459
162 325 487
172 344 516
182 364 546
192 384 576
202 404 606
212 424 636
222 445 667
233 466 699
244 488 732
255 510 765
266 532 798
277 554 831
288 577 865
300 601 901
312 625 937
324 649 973
338 675 1,013
350 700 1,050
364 727 1,091
377 754 1131
390 781 1171
405 810 1,215
420 839 1 259
434 869 1,303
450 800 1,350
466 933 1,399
483 966 1, 449
500 1,000 1, 500

518 1,036 1,554

618 1,235 1,853
640 1,280 1,920

742 1 483 2,225

940 1,881 2 821

1,025 2,050 3. 075
1,072 2,144 3 216
1,123 2,246 3. 369
1,178 2,356 3, 534
1,238 2,475 3,713

1,374 2,748 4,122

2,836 5 671 8 507

3558 7,115 10, 673
4,072 8 144 12 276
4,757 9,514 14,211
5715 11,430 17,175
7,150 14,301 21, 441

1441.1, Observations on Reduced Baseline.--When the
horizontal visibility is less than the length of the baseline, pace the
distance towards the projector to a point from which a spot can be ob-
served. Use this shorter baseline to compute the height, For any
given angle, the height will be proportional to the lengths of the base-
line in accordance with the following equation:

b h _b
h =-i§.li Or'g =g
where
B = normal baseline
H = height from tables at observed angle with normal baseline
b = normal baseline minus distance paced
h = height determined from short baseline and table for H.
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1441.2, Determination of Normal Penetration.--The av-
erage vertical extent of the brightest portion of the spot produced by a
ceiling light or ceilometer projector is approximately 300 feet. This
value corresponds to the period during which the ceilometer reaction
remains at a maximum, and should be used as an index determining
normal penetration as specified in § 1431, It is not an absolute crite-

equipment. In general, most heights determined by means of a ceilom-
eter or ceiling light, including those pertaining to very low layers,
should be classified '""measured. "

1441.3. Correlation with Visual Observation.--Data taken
from the ceilometer or ceiling light must be supported by visual obser-
vations to insure that the data are representative of the layer to which
they are ascribed. For example, under conditions of multiple layers,
a height value must not be reported as a ceiling when actually it is the
height of a layer above or below the layer constituting the ceiling.

1442, Balloons.--Observe the following procedure in determining
the heights of clouds or obscuring phenomena aloft. (See § 1434 for
use of balloons as guides in determining vertical visibility. )

(1) Choose the appropriate color of balloon; red balloons
are usually preferable with thin clouds and blue or
black balloons under other conditions.

(2) Watch the balloon continuously, determining with a
stop watch (or any watch having a seconds hand) the
length of time that elapses between release of the
‘balloon and entry into the base of the layer. The
point of entry will be considered as midway between
(a) the time at which the balloon begins to fade and
(b) the time of complete disappearance. If there is
doubt as to the accuracy of the balloon's indications
(such as might occur if the balloon did not enter a
representative portion of the cloud base, or if its
ascensional rate might have been affected by precipi-
tation), the value indicated by the balloon will be used
as a guide, but the ceiling will be classified estimated

in accordance with § 1436(4).

(3) Determine the height by means of the table appropriate
to the balloon used. .(See Table 4 for ascensional rate
tables.) Interpolate if necessary.
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TABLE 4. Height in Feet, Determined by Ceiling
or Pilot Balloon

Time 10 gm. Spherlcal 30 gm,
Minutes Nozzle 1ift - Nozzle 1ift -
Seconds

0:10 80 120

0:20 170 230

0:30 250 350

0: 40 330 470

0:50 420 590

1:00 500 710

1:10 580 ) 820

1:20 650 920

1:30 730 1030

1:40 810 1140

1:50 880 1250

2:00 960 1360

2: 30 1190 1680

3:00 1420 2010

3:30 1650 2320

4:00 1880 2630

4230 2090 2940

5:00 2300 3250

5:30 2510 3540

6:00 2720 3840

6:30 2930 4130

7:00 3140 4430

7:30 3350 4720

8:00 3560 5020
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(4) Add algebraically to the tabular value the difference
between the height of the point of release and the offi-
cial field elevation; if an official field elevation has
not been established, add the height of the point of
release above ground. }

1442,1. Limitations.--Ascensional rates of ceiling and pilot bal-
loons are not affected by drizzle of any intensity, or any other form of
precipitation of light intensity, except hail and freezing rain. During
other precipitation conditions, use these balloons only as guides in
estimating the ceiling.

1444, Pilot Observations.--Height of clouds and obscuring phe-
nomena will ordinarily be expressed by the pilot in terms of feet above
mean sea level, and will be converted to feet above field elevation if
necessary. It must be determined, in any case, whether the report
refers-to field elevation or sea level, and to a location within 1-1/2
statute miles of any runway of the airport. Pilots' reports in which

the ceiling is indicated as estimated, rather than obtained by actual
flight near the base, will not be used as "aircraft" ceilings.

1444, 1. When a pilot's report of ceiling meets the requirements for
"aircraft' ceiling as specified in § 1432 and 1444, but differs from the
ceiling reported in the current observation, redetermine the ceiling
immediately, provided a ''measured' ceiling classification can be ex-
pected. Unless a ''measured' ceiling can be obtained, the 'aircraft"
ceiling value will be considered current, and a special observation will
be filed if required by § 9132, 1. If the redetermined ceiling value is
classified as measured, the measured value will be considered as the
current ceiling, but the pilot's report will nevertheless be distributed
in accordance with § 10210,

1445, Buildings, etc. --Determination of heights may be based
on the point at which layers are intercepted by objects (buildings, etc.
other than natural landmarks) whose heights are known. Allow, so far
as possible, for any appreciable slope in the layer from the point of
observation to the point of interception of the object.

T If a separate table has been computed for this purpose, the difference
between the height of the point of observation and the field elevation
should be incorporated in the table by adding it to each tabular value,

If this has been done, step 4 will be omitted.
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1446. Natural Landmarks. --Heights based on the unobstructed
portion of hills or mountains surrounding the station, when their height
above the elevation of the station is known, will be classified as esti-
mated. Orographic lifting may cause layers to differ in height from
those immediately above the station. Estimates of height based on
mountains more than 50 miles away will not be regarded as applicable
to those overhead,

1447, Convective Cloud Height Diagram, --This diagram
eliminates the computations necessary in determining height of con-
vective-type clouds by use of a dew-point formula. It is not suitable
for use at stations situated in mountainous or hilly terrain and will,

therefore, not be used at these stations. Heights determined in this
manner will be classified as estimated. (See Fig. 1.)

1447.1. The diagram will be used only when the clouds present are
formed by active surface convection near the point of observation. The
diagram is usually most accurate when used to compute the height of
cloud bases at or below 5000 feet; but at land stations in coastal regions,
sea breezes frequently render it inapplicable to clouds formed over land
before the onset of the sea breeze.

1447, 2, Obtain the estimated height of a cloud base above the point of
observation as follows:

(1) Locate the point of intersection of the vertical line
(abscissa) corresponding to the observed dew-point
temperature, and the curve (sloping upward to left)
corresponding to the observed dry-bulb temperature.

(2) Find the height of the convective cloud base above
the ground at the scale value (printed along the right
side of the chart) corresponding to the point found
in (1).

1450. Frequency of Ceiling Measurements.--Whenever
available, a ceiling light or ceilometer will be used as frequently as
observations are taken, provided clouds are present at the observation
and it appears likely that a height value can be secured. Stations not
equipped with ceilometers will use balloons during daylight hours as
specified in § 1451, (See also §J 1442.1.)

1451. At stations where hourly observations for scheduled transmission
are taken, balloons will be used as follows to determine the ceiling value;
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(1) At the discretion of the observer, when the ceiling is
estimated as 2000 feet or more.

(2) At hourly intervals or more frequently, when the ceil-
ing is between 1000 gnd 2000 feet, unless the highest
instrument minimum' for the airport is above 1000
feet, in which case (3) applies

(3) At half-hour intervals or more frequently, -when the
ceiling is below 1000 feet, or at or below the highest
instrument minimum/! for the airport.

1451. 1, Ceiling balloons should be used when more than one communi-
cator is on duty and no interference with primary duties will result

(see Introduction). However, the equipment should be kept available
for emergency use at other times, such as when only one communicator

is on duty.

1500, ENTRIES ON WBAN-10

1510, Ceiling and Sky(Col. 3). --Enter in ascending order of
height the appropriate sky-cover symbol for each layer, selected in
accordance with the summation principles stated in § 1511. Prefix the
corresponding height in hundreds of feet (see ¥ 1440) to each sky-cover
symbol, and an appropriate ceiling classification symbol to the ceiling
layer only. Heights ascribed to "X will represent vertical visibility.
A numerical value will not be ascribed to ""-X" since unlimited vertical
visibility is indicated. If the ceiling is variable (see § 1420), enter the
letter ''V" following the ceiling value, e.g., M5VQ.

1511. Summation.--The sky-cover symbol for each layer repre-
sents the summation total of all sky cover (see § 1110) at and below
that level, including the amount of sky hidden by surface-based obscur-
ing phenomena. In determining summation totals, disregard portions
of surface-based obscuring phenomena that do not conceal the sky, and
portions of upper-cloud layers that are visible only through transpar-
encies in lower layers. If any portion of the sky cover is transparent,
determine, in addition to the foregoing summation, the summation of
opaque sky cover at each level (see examples 7 and 8 below). If, at
any level aloft, the ratio of opaque to total sky cover (summation values)
is 1/2 or less, prefix "-" (thin) to the corresponding sky-cover symbol,
Omit this prefix if the ratio exceeds 1/2. Prefix "+'" to layers that are
unusually dark or threatening.

T These minimums are with reference to instrument minimums exclu-
sive of ILS, GCA, or alternate minimums.
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EXAMPLES

Opaque sky cover:

Sky Cover
Layers Summation Symbol
(1) 0,4 sky hidden by fog 0.4 -X
0.3 sky cover at 1000’ 0.7 M10 @
0.2 sky cover at 5000! 0.9 500
(2) Less than 0.1 sky cover at 500! 0.0 (None)
Less than 0,1 sky cover at 2000! 0.1 200
(Total sky cover 0.1)
(3) 0.6 sky cover at 1000’ 0.6 M10©
0,3 sky cover at 5000 0.9 500
0.1 sky cover at 10, 000’ 1.0 1008, . (with remark:
(with breaks) BINOVC)
(4) 0.1 sky cover at 1000’ 0.1 10® .. (with remark:
(Smoke aloft) KLYR 100)
0.3 sky cover at 5000' 0.4 500
0.1 sky cover at 10, 000' 0.5 1000
(5) 0.2 sky cover at 500! 0.2 50
Sky hidden by snow, vertical 1.0 P15X
visibility 1500
(6) 0.8 sky hidden by snow 0.8 -X
0.2 sky cover at 500' 1.0 M5@®
Transparent or partially opaque sky cover:
Summation
Summation Opaque Sky-Cover
Layers Total Portions Symbol
(7) 0.8 sky cover at 500' (0.0 opaque) 0,8 0.0 T5-@
(8) 0.1 sky hidden by surface smoke 0.1 0.1 -X
0.7 sky cover at 1000' (0,1 opaque) 0,8 0.2 t10-©@
0.2 sky cover at 5000' (all opaque) 1.0 0.4 t50- @

T Note that the ceiling classification letter is omitted because the layer
is classified as "thin, "
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1520, Remarks (Col. 13), --Enter data pertaining to clouds and ob-
scuring phenomena in remarks as follows:

Observed

(1) Breaks in overcast; one over-
cast layer only.

(2) Breaks in higher overcast; two
or more overcast layers re-
ported (lower one classified
thin),

(3) Higher clouds visible through
breaks in overcast not classi-
fied thin,

(4) Direction of breaks in broken
layer with ceiling at or below
highest instrument minimums,
(Omit if breaks are in all
‘quadrants).

(5) Obscuring phenomena (smoke,
etc. ) aloft.

(6) Special cloud types (see Circ.
S for definitions)
a. Towering cumulus

b, Cumulonimbus

¢. Cumulonimbus mammatus
(mammato-cumulus)

Instructions for Entry

Enter "BINOVC, " followed by

direction of breaks where
practicable; e.g. "BINOVC E,"

Enter "BRKHIC"

Enter "HIR CLDS VSB"

Enter "BRKS, " followed by di-
rection, e.g., "BRKS N" or
""BRKS OVR MID MKR"

Enter "KLYR, " "HLYR," etc.,
followed by height and corres-
ponding sky-cover symbol, e.g.,
"KLYR 100"

Enter "TWRG CU," followed by
direction from station,

Enter '""CB, " followed by direction
from station and direction of move-~
ment, if known; also enter esti-
mated distance from station in
statute miles if practicable, e.g.,
"CB 25 MI W MOVG NE. "

Enter "CM, " followed by same
information as for item 6(b).
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17,

d. Altocumulus castellatus

e, Virga

(7) Variable sky condition

(8) Variable ceiling

(9) Differing ceiling or sky con-
dition at distance from station,

(10) Condensation trails observed
from ground and still forming
at time of observation. (Dis-
tinguish carefully from cirrus
clouds or skywriting. )

1530,

Enter ""ACC, " followed by direction
from station,

Enter "VIRGA, " followed by direc-
tion from station,

Enter ranges of variability, sep-
arated by letter '"V'; e.g.,

"QVO" to indicate that a layer re-
ported as broken in Col. 3 is
occasionally scattered; "18ovo"

to indicate that one of two or more
broken layers is occasionally scat-
tered; "-®V@" to indicate that a
thin layer is occasionally opaque.

Enter range of variability sepa-
rated by letter "V," and prefix
entire remark with abbreviation
"CIG'"; e.g., "'CIG 15V20"

(see § 1420),

Enter appropriate remarks, such
as '"CIG LWR OVR CITY," "LWR
CLDS W APCHG STN, " etc.

Enter "CONTRAILS, " followed by
height in hundreds of feet MSL
when reported by pilot; e. g.,
"CONTRAILS 450 MSL' where
contrails observed from ground
are reported by pilot at height of
45, 000 ft.

Total Sky Cover (Col, 21),--At each record hourly obSer-

vation, enter tenths of total sky cover as a whole number as defined in

1110, e.g., enter 0.6 as 6,

1544,

Total Opaque Sky Cover (Col. 36),--Enter the tenths of

sky that are hidden by clouds or obscuring phenomena as a whole num-

ber.

(Note that this entry is similar to the entry of total sky cover in

column 21, except that sky cover through which the sky is visible is
disregarded when determining the entry in column 36, )
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A1200, CEILOMETER

Al1210, General,--Although ceilometers are mentioned in this
chapter, instructions for their maintenance and operation have been
- omitted pending general installation at CAA stations.
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A1300, CEILING LIGHTS

A1310, General,--A ceiling-light projector consists of a light
source mounted at the focus of a parabolic reflector. The light is ad-
justed and aligned to project a vertical beam of light approximately
three degrees in width, ~

Al1311., The lights are rigidly mounted on a pipe support, which is
usually set in or on a firmly-anchored concrete base. The light is con-
trolled by a switch in the power-supply cable., The switch should be
located conveniently near the office or point of observation, preferably
the latter so that the observer may turn it on and off during an obser-
vation to facilitate identification of indistinct light spots. A pilot light
is usually installed at the switch to indicate whether the light is on or
off. Do not leave the lamp on longer than is necessary to take an ob-
servation. This precaution is particularly important at stations hav-
ing projectors that use 1000 watt, 105-120 volt lamps.

Al1330, K100- and K100B-Type Projectors.--The instruc-
tions in this paragraph are applicable to K100 (see Figs, A1-38 and
A1-39) and K100B projectors, and are also generally applicable to
older style projectors. The effectiveness of the lamp in the K100 and
K100B projectors is increased by the use of a small reflector (A)
mounted just above the lamp so that it increases the concentration of
the light at the focal point of the parabolic reflector (B). A step-down
transformer, mounted either in the lower portion of the reflector hous-
ing or housed separately below the light, provides the necessary line-
voltage reduction for 11,8 volt lights (12-volt nominal voltage)., A
hinged glass cover (C) provides access to the lamp and reflector. Ven-
tilation and drainage holes, about one-half inch in diameter and fitted
with wire screens, are usually provided in the bottom of the housing.
Setscrews in an adapter below the transformer are used to fasten the
projector to a vertical, rigidly-mounted, four-inch pipe.

Al1331, Maintenance.--Once a week, and more frequently if nec~
essary to insure full beam intensity, clean the cover glass on the pro-
jector housing and the surface of the reflectors, Inspect the drainage
holes in the mirror and housing, and clean them as frequently as is
necessary to insure adequate drainage and ventilation of the enclosure.
When bright sunlight is shining into the projector, the intensity of heat
and light concentrated in the area above the parabolic reflector, espe-
cially near its focal point, may be sufficient to burn the skin or serious-
ly injure the eyes. Dark glasses must always be worn when looking
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Fig. A1-38. Ceiling-light projector, K100.
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directly into the reflector or at the lighted filament of the lamp, Liquid
glass-cleaner and other non-abrasive cleaners (e.g., Bon-Ami), used
with soft, clean cloths are recommended for cleaning the cover glass
and reflectors. Avoid scratching or otherwise damaging the reflectors.
Repair or replace the cover-glass gasket (E) whenever it appears that
water is leaking in the housing.

A1331,1, Lamps.--Replace defective lamps promptly with the type
appropriate to the projector in use., Characteristics of the lamps most -
generally used are listed in Table Al-4,

.

Fig, A1-39, Ceiling-light projector, K100, showing (A) secondary
reflector, (B) parabolic reflector, (C) cover glass, (D) two of the
three focusing screws, and (E) the gasket in the cover.
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Table A1-4. Ceiling-Light Lamps

Lampf{Lamp Voltage
Type (Nominal) Watts | Base Projector Identification

G-25 12 420 Mogul JCrouse-Hinds or Westinghouse
refocus] serial numbers 481 and above,

G-30 105, 110, 115, 250 Mogul
or 120 Screw

G-40 |105, 110, 115,] 500 Mogul
or 120 or 10000 Screw

T-20 (105, 110, 115, 1000 [ Mogul
or 120 Screw

The efficiency of a ceiling light is reduced when:
(1) The lamp has begun to blacken,

(2) The operating voltage across an 11, 8-volt lamp is less
than 11,3 volts,

(3) The filament of the lamp sags to a noticeable extent.

(4) The lamp is out of focus, or the reflectors are in
poor condition,

Whenever the intensity of the spot from a new lamp appears to be sub-
normal for existing conditions, try another new lamp and, if the con-
dition persists, report the circumstances to the Weather Bureau region-
al office. Voltage fluctuations may cause variations in intensity., When-
ever these variations noticeably affect the efficiency of the light, the
circumstances, including the times and frequency of the variations,
should be reported, Replace the lamp when it begins to blacken notice-
ably. The removal of mogul screw-base lamps may be facilitated by
the application of a little powdered graphite to the threads before instal-
ling the lamp. Remove the lamp with care, since the leverage afforded
by the size and shape of the bulbs makes it easy to break the seal be-
tween the glass and the metal base if much force is used to turn it in
the socket,
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KiOl-I BRACKET

17-L-12 LAMP
(MAZDA 4567 SPOTLIGHT)

TRANSFORMER IN
WE ATHERPROOF

HOUSING (115/6-VOLT,
60-CYCLE, i50 VA)

2" PIPE

Fig. Al1-39a. K101, ceiling-light projector.
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Al1340, K101-Type Projectors.--The K101 ceiling-light pro-
jector (see fi_g. Al-39a) consists of a sealed-beam spotlight (100-watt,
6-volt, Mazda No., 4567 lamp or equivalent) and transformer mounted
on a two-inch pipe.

Al1341. Transformer,--The normal operating voltage of the lamp
(measured under nighttime operating conditions) should not exceed six
volts, and should not drop below 5.5 volts., Higher voltages reduce the
life of the lamps substantially; lower voltages reduce the intensity of
the beam of light to an undesirable extent,

A1344, Maintenance,.--Once a week, and more frequently if nec-
essary to insure full beam intensity, clean the lens of the lamp. Re-
place defective lamps promptly with 17-L-12 lamps (100-watt, 6-volt,
Mazda No. 4567 or equivalent). Whenever the intensity of the spot from
a new lamp appears to be subnormal for existing conditions, try another
new lamp and, if the condition persists, report the circumstances to the
Weather Bureau regional office.

Al1400, CLINOMETERS

Al1410, General.--The clinometer (see Fig, A1-40) consists of a
hollow tube fitted with cross hairs (A) mounted in the large end, and an
. eyepiece (B) in the small end. An elevation-angle scale (C), calibrated
in whole degrees from 0° to 90° is attached to the outside of the tube,
The pendant-like indicator may be locked at any angle by means of a
friction clutch on the shaft of the indicator. The index line (D) on the
indicator matches 0° on the scale when the line of gight of the tube is
horizontal, and matches 90° on the scale when the line of sight is ver-
tical, A box is provided for storage of the clinometer when it is not in
use, The box should be mounted or placed in a dry protected inside
location, as convenient as possible to the observation point,

Al1420, Operation,--Unlock the friction clutch by unscrewing the
knurled locknut (E) on the indicator, Make sure that the indicator re-
sponds freely to slight changes in the elevation of the line of sight
through the clinometer before determining the cloud height

(see § 1441).

A1430, Maintenance,--The clinometer should be protected ade-
quately to prevent denting of the tube or scale mechanism, or dislo-
cation of the cross hairs or eyepiece, Whenever the operation is faulty
and the trouble cannot be corrected, inform the Weather Bureau regional
office, ‘
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Fig. Al1-40. Clinometer, K110, showing (A) cross
hairs, (B) eyepiece, (C) elevation-angle scale, (D)
index, and (E) clutch and locknut for the index,

1430.1. Examine the clinometer once a month ag follows:

(1) Inspect the scale graduations for legibility - clean the
scale if necessary.,

(2) Test the action of the clutch and indicator, When un-
locked, the indicator should respond freely to elevation-
angle changes of one or two degrees. If it does not,
there is excessive friction between the scale and the
indicator, or in the clutch and bearings. One drop of
light oil (SAE 10 or anemometer oil) on the bearings
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may improve the indicator action if neither the scale
nor the indicator is dented or otherwise damaged,
When the clutch is locked, ordinary vibration or light
shocks should not disturb the index setting.

(3) Determine whether the alignment and condition of the
cross hairs are satisfactory.

A1500. CEILING BALLOONS

A1510. Storage,--Ceiling balloons should be stored at approximately
normal room temperatures. Avoid storage at temperatures much below
70°F. Since these balloons are generally made of neoprene (a synthetic
rybber that is injured by ozone), they should be stored away from large
electric motors or generators,

A1520, Conditioning.--When balloons from a particular package
have a tendency to burst during inflation or flight, remaining balloons
from that package should be conditioned within about twenty-four hours
before inflation., Conditioning consists of uniformly heating the balloon
for thirty minutes to eight hours or more depending upon the tempera-
ture to which the balloon is heated; that is, thirty minutes at air tem-
peratures near the boiling point of water (approximately 212°F,), or
eight hours at temperatures near 120°F. Temperatures under 120°F,
will not condition the balloon; temperatures much above the boiling
point of water are likely to scorch or harden the rubber,

A1521, Balloons may be heated by suspending them in a stream of hot
air (above 120°F, ) from a heating system, or by placing them on a hot-
water or steam radiator, or on the reflector of a small incandescent
lamp (not over 100 watts). When a balloon is heated through contact
with a solid object, the balloon should be turned occasionally to insure
uniform conditioning of the rubber. This precaution is more important
at relatively high temperatures. The temperature of a surface may be
tested quickly with a few drops of water, If the water boils or evap-
orates rapidly, the surface is likely to be too hot for contact with the

balloon.,

A1522, A balloon may also be conditioned in boiling water. Insert a
plug of cork, or wood, etc. in the neck of the balloon to keep the water
out, and immerse all of the balloon except the plugged end in the water
for about five minutes. Shake all free water from the balloon, and have
it relatively dry before inflation.
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A1530, Inflation.~--The nozzle used to inflate balloons weighs 45
grams. It is usually identified by the letters "HE'" stamped on the
nozzle. If it is not, stamp or scratch the letters on it,

A1531, The balloon should be dry inside, and relatively dry outside,
especially in freezing weather, to prevent the formation of a film of ice
on the rubber. Remove any trapped air by folding and squeezing the
balloon carefully in the hand, then stretch the neck sufficiently to in-
sert the inflation nozzle. Place the nozzle so that the tubing connecting
the nozzle to the regulator rests on a support and is not suspended from
the nozzle. Inflate the balloon slowly (see § A1531,1), Turn off the gas
as soon as the balloon begins to lift the nozzle. Add or remove gas
slowly from the balloon as necessary. The balloon is properly inflated
when the nozzle is suspended about 1/4 inch above the inflation platform
after any motion of the balloon has stopped, Listen for leaks in the
balloon, Tie the neck of the balloon securely just above the nozzle, and
remove it from the nozzle. Double the end of the neck over the tied
portion, and either tie the doubled portion or secure it with a rubber
band,

Al1531,1, To inflate the balloon:

(1) Close the valve on the regulator by clockwise rotation of
the control shown on the preset-type regulator in Fig,
Al-41., Some dual-gage diaphram-type regulators re-
quire counterclockwise rotation,

(2) Open the cylinder valve fully by counterclockwise
rotation of the handwheel (see § A1621(6)), and
slowly open the regulator valve:

(a) Sufficiently to inflate the balloon in approx-
imately one minute (two minutes in cold
weather), where a single gage (cylinder-
pressure indicating gage) regulator is used.

(b) To an inflation pressure of five pounds or less
as indicated on the low-pressure gage of dual-
gage regulatorsT.

T The high-pressure gage indicates the cylinder pressure, which serves
as an approximate indication of the amount of helium in the cylinder.
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(3) When the balloon is inflated (see § A1531):

(a)

()
(c)

(d)

Close the regulator and cylinder valves
completely. (See § A1621.)

Remove the balloon from the nozzle,

Open the regulator valve and listen for
escaping gas. If gas is escaping, try to
close the cylinder valve tighter(by hand only).

Although the cylinder valve should be checked

in the foregoing manner to eliminate unnecessary
pressure on the regulator diaphram, the regulator
valve should be closed in the event that leakage of
gas through the cylinder valve cannot be stopped
completely, especially in the case of cylinders that
are nearly full of helium. :

Regulator Valve

Fig. Al-41. Preset helium regulator, J412.
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A1600, HELIUM CYLINDERS

Al1610, Procurement,--Notify the Weather Bureau regional office
promptly when the reserve cylinder of helium is placed in use.

Al1620., Inspection of Shipment.--When a cylinder of helium is
received, inspect it as follows:

(1) Check both shipping tags to make certain that the cylinder
was intended for the station (notify the Weather Bureau
regional office immediately of any error).

(2) Remove the cylinder-valve cap and turn the handwheel of
the cylinder valve clockwise by hand to make sure that thr
valve is closed,

(3) Loosen the valve-protecting cap nut (turn clockwise) and
remove it unless there is evidence of a leak, as evidenced
by the sound of escaping gas or a build up of pressure at
the outlet of the valve when the hand is held firmly over
the outlet, If leakage continues after the handwheel has
been tightened by hand, place the cylinder in use at once.
Report receipt of partially filled and leaking cylinders to
the Weather Bureau regional office and order another
cylinder immediately.

(4) If the valve is not leaking, open the valveT momentarily
to determine whether the cylinder contains an apprec-
iable charge of gas.

(5) If a cylinder is defective, mark both shipping tags
"DEFECTIVE'", report the circumstances to the Weather
Bureau regional office and order another cylinder
immediately,

Al1621. Precautions.--The following list of precautions will be
rigidly observed:

(1) Do not attempt to repair cylinder valves, or the regulators
used with the cylinders,

t A wrench made of steel rod is provided for opening the cylinder valve,
but must not be used to close it.
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(2) Do not attempt to stop leakage around the safety nut (the

(3)

(4)

(5)

(6)

(7)

(8)

small nut on the side of the valve stem opposite the
outlet).

Whenever a leaking cylinder cannot be placed in use at
once, replace the cap nut which protects the valve outlet,

Never use a wrench to close the handwheel,
Do not use a pipe wrench on the cap nut.

Do not use the cylinder valve as a ''throttling' valve;
that is, do not use the valve partially opened as a means
of controlling the flow of gas from the cylinder,

When a cylinder is empty, first close the valve, then
remove the regulator and replace the cap nut. Do not
leave the valve open on an empty cylinder,

When attaching or detaching the regulator from the cyl-
inder, note that left-hand threads are used in the coupling,
i.e., counterclockwise rotation of the nut is required to
attach the regulator.
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CHAPTER 2. VISIBILITY

2000, GENERAL

2010. Visibility is a term that denotes the greatest distance an object
of specified characteristics can be seen and identified. This term may
express the visibility in a single direction or the prevailing visibility
based on all directions. Visibility observations will be taken from as
many points as necessary to view all appropriate markers. Except as
specified in § 2011, observations should be with reference to a plane
six feet above the ground or, if station facilities preclude an observa-
tion at this level, as close as practicable to it. Visibility will be re-
ported at land stations:

(1) In statute miles

(2) To the nearest value given in Table 4c; when the
visibility is halfway between two reportable values,
select the lower value.

Table 4c. Reportable Visibility Values (Miles)

Increments of Separation (miles)

1/16 1/8 1/4 1/2 1 5
0 3/8 |1-1/4 2 2-1/2 3 10 15%
1/16]| 1/2 j1-3/8}2-1/4 3 4 11 20
1/8 | 5/8 [1-1/2]2-1/2 5 12 25
3/16| 3/4 1-5/8 6 13 30
1/4 | 7/8 |1-3/4 7 14 35
5/16| 1 1-7/8 8 15% | 40
3/8 |1-1/8 2 9 etc.

t "15+" is recorded when the visibility is estimated
to be greater than 15 miles and suitable markers
beyond 15 miles are not available (see § 2410).

2011. Unless otherwise authorized, all stations at which control towers
are situated will take visibility observations at the control-tower level,
as well as at the usual point of observation, whenever the visibility at
the latter point is less than three miles,

A2011. Weather station personnel will notify the control tower when to
start or stop taking observations.
330
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A2011.1. The minimum ‘data to be recorded by control-tower person-
nel follows:

(1) Date and time of observation.
(2) Prevailing visibility.

(3) Remarks (such as visibility in different
quadrants).

(4) Observer's initials.

When visual recording communication facilities, such as teletypewriter
or telautograph, are in use between the control tower and the weather
station office, the transmitted copy will serve as the tow er record.
Otherwise, personnel at the tower will record the transmitted data on
WB AN-10 or on another tabulation sheet, and give it to the weather
station observer at the close of each day. The record may be destroy-
ed after 90 days.

A2011.2. The control-tower observation may be used for aircraft
operations immediately after it is taken; however, it should be recorded
and transmitted to the weather station office as promptly as possible.

2100. GUIDES IN DETERMINING VISIBILITY

2110. Chart of Visibility Markers.--Each station will dis-
play charts of prominent objects and their distances from the observa-
tion point. These charts will include objects suitable for determining
the visibility at night as well as by day. At least two charts will be
available; one including all markers throughout the entire range of
visible objects, and the other an expanded scale chart including only
those markers within 1-1/2 miles of the observation point.

2120. Visibility Markers at Night.--The most suitable ob-
Jects for determining visibility at night are unfocused lights of moderate
intensity at known distances, and the silhouettes of mountains or hills,
etc., against the sky. The brilliance of stars near the horizon may
also be a useful indication. Because of their intensity, airway beacons
may not be used as visibility markers, but their degree of brilliance
may be used as an aid to indicate whether visibility is greater or less
than the distance of the beacon. "Course lights' (red or green) of
beacons may be used as definite visibility markers. These and all
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other lights normally used as visibility markers should be used with
caution after storms, for their intensity may be reduced by snow or
freezing precipitation.

2130. Visibility Markers During Daylight.--For accurate
determinations during daylight hours, confine the choice of markers to
black, or nearly black, objects against the horizon sky rather than to
light-colored markers and those appearing against terrestrial

backgrounds.

2140, Size of Visibility Markers.--In order that visibility
values may be representative, they must apply to objects of specified
minimum size or larger. An object that subtends an angle of less than .
0.5 degree at the eye becomes invisible at a shorter distance than
larger objects under the same conditions. Therefore, objects whose
angular size is 0.5 degree or greater should be selected as visibility
markers whenever possible. A hole 0.3 inch (or 5/16") in diameter
punched in a card that is held at arm's length subtends an angle of
approximately 0.5° at the eye. If the portion of any object above the
horizon completely fills the hole when the card is held as explained
above, the object is of suitable size for a marker.

2150. Day and Night Visibility.--Transparency of the atmos-
phere in the open country (except in polar regions) removed from
sources of atmospheric pollutants changes but very little from daylight
to darkness and vice versa. However, in areas subject to pollution
(as smoke from domestic heating or cooking, and industrial exhausts)
there may be systematic variations during the transition period about
sunrise or sunset. In such areas a decrease in visibility often occurs
near dawn particularly when a steep inversion exists near the surface.
Before taking a visibility observation at night, the observer should
spend two to six minutes in the dark (depending upon the contrast be-
tween office and outside illumination) to adapt his eyes to nighttime
conditions.

2160. Estimations of Visibility.--When the visibility is
greater than the distance to the farthest object, note the sharpness with
which the object stands out. Sharp outlines in relief, with little or no
blurring of color, indicate that the visibility is much greater than the
distance of the reference object. On the other hand, blurred or indis-
tinct objects indicate the presence of haze or other phenomena that has
reduced the visibility to not less than the distance of the objects.
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2200. VISIBILITY IN A DEFINITE DIRECTION

2210. Visibility in a definite direction is the greatest horizontal dis-
tance in that direction at which the outlines of visibility markers can
be distinguished against the horizon sky under the conditions existing
at the time of observation.

2300. PREVAILING VISIBILITY

2310, Definition.--Prevailing visibility is the maximum visibility
common to sectors comprising 1/2 or more of the horizon circle.
Under nonuniform conditions the sectors may be distributed in any
order. Under uniform conditions the prevailing vigibility is the same
as the visibility in any direction. If the visibility is variable, i.e.,
the prevailing visibility rapidly increases and decreases by one or
more reportable values during the period of the observation, use the
average of all observed values as the prevailing visibility. Report the
visibility as variable only if the prevailing visibility is less than three
miles.

2320. Determination.--To determine prevailing visibility under
nonuniform conditions, regard the horizon circle as divided into sev-
eral sectors of equal size in each of which the visibility is substantially
uniform. Select the highest value that is equal to or less than the visi-
bility of sectors that cover at least one-half of the horizon circle. For
example, if the horizon circle were divided into four sectors and the
respective visibility values were 1/8, 1/4, 1/2, and 1 mile, the pre-
vailing visibility would be 1/2 mile. This is evident from the fact that
1/2 mile is the highest value equal to or less than the visibility values
of 1/2 or more of the horizon circle. This is illustrated in Fig. 2.

ﬁ 1/4
&

1/2

Fig. 2. Vigibility in sectors of horizon circle.
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2400. ENTRIES ON WBAN-10

2410. Visibility (Col. 4).--Enter the prevailing visibility in the
increments listed in Table 4c. If the visibility is variable, enter "V"
following the visibility (see § 2310). Enter '15+" when the visibility is
more than 15 miles but suitable distant markers for more precise
determination are lacking. Enter the visibility at the control-tower
level in this column when the visibility at the usual point of observation
is less than three miles (see § 2011),

2420. Remarks (Col. 13). --Enter visibility data in this column as
follows:

(1) ¥ Visibility by quadrants: Enter visibility for quadrants
in which it differs from the prevailing visibility, pro-
vided the visibility in one or more quadrants is less
than three miles. Prefix each value with the corres-
ponding quadrant designator; e.g., "VSBY N1".

(2)  Visibility at differing levels (see ¥ 2011 and 2410); When
the visibility at the control-tower level (as entered in
Col. 4) differs from the visibility at the usual point of
observation, enter the latter value in Col. 13, followed
by the height of the restricting phenomena if determin-
able; e.g., ""SFC VSBY 2 GFDEP 50".

(3) T Variable visibility when prevailing visibility is less than
three miles (see § 2310): Enter range of variability
separawed by ''V"; e.g., "VSBY 1V2".

T These remarks will relate to the same observation point as the value
entered in Col. 4; i.e., if tower visibility is recorded in Col. 4,
remarks pertaining to visibility by quadrants or variable visibility will
also represent control-tower values.
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CHAPTER 3. ATMOSPHERIC PHENOMENA

3000. GENERAL

3010. Atmospheric phenomena observed as weather elements of an
observation comprise tornadoes, waterspouts, thunderstorms, squalls,
and precipitation in any form. Lightning, an igneous meteor is also
observed. Hydrometeors other than precipitation, and lithometeors,
are termed obstructions to vision. Observations of these phenomena
are taken without the use of instruments, and from as ‘many points as
necessary to view the entire horizon.

3100. TORNADOES AND WATERSPOUTS

3110. Description.--These storms occur when meteorological
conditions are favorable for intense thunderstorm activity. The distin-
guishing feature is the funnel-shaped appendage that hangs from the
base of the cloud. The storm is described as a tornado when it occurs
over land and as a waterspout when it occurs over water.

3120. Observation.--Note the direction from the station, and the
direction toward which it is going. The direction of motion is the same
as that of the cloud with which the phenomenon is associated; however,
it should be remembered that the direction of motion of a cloud is ob-
served as the direction from which the cloud is moving. Intensity
values are not ascribed to tornadoes or waterspouts.

3130. Tornado Reports by Public.--The cooperation of local
news-gathering agencies, police departments, and other organizations
having special communication facilities will be solicited in obtaining
public reports of tornadoes (see § 3920).

3200. THUNDERSTORMS

3210. Definition.--A thunderstorm is regarded as occurring at the
station when thunder has been heard within the previous fifteen minutes.

3220. Observation.--Note the following:

(1) Occurrence of thunder.
39.
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(2) Location of storm center with respect
to the station.

(3) Direction toward which the storm is
moving, when this can be determined
with reasonable accuracy.

(4) Whether lightning is occurring from cloud
to cloud, cloud to ground, or within clouds.

(5) Intensity of the storm.

3230. Determination of Intensity.--Classification of a thunder-
storm is based upon the appearance of the storm from the point of ob-
servation. All thunderstorms not classified as heavy in accordance

with § 3233 are classified moderate.

3233. Heavy Thunderstorm.--Sharp and pronounced thunder and
lightning occur almost continuously. Heavy rain usually occurs, some-
times accompanied by hail. The wind preceding and accompanying the
storm may reach a speed in excess of forty miles an hour. A rapid
drop in temperature occurs, sometimes as much as 20°F. in five °
minutes.

3300. SQUALLS

3310. A squall is a strong wind that increases suddenly in speed,
maintains a peak speed of 19 mph or more over a period of two or more
minutes, and decreases in speed; similar fluctuations will occur at
succeeding intervals. The occurrence of squalls is indicative of tur-
bulence near the surface. The essential difference between squalls

and gusts is the auration of the peak wind speed (see § 8310). Although
squalls are classified as an atmospheric phenomenon, instructions for
reporting them will be found in § 8450, because their observational
criteria are exclusively wind.

3400. HYDROMETEORS - PRECIPITATION

3410. General. --The term hydrometeors includes. all atmospheric
phenomena composed of liquid or solid forms of water. Clouds are not
described here since they are considered separately in Chapter 1. The.
term precipitation includes all forms of moisture that fall to the earth's
surface - rain, snow, hail, etc.
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3420, Character of Precipitation.--Determine character of
precipitation in accordance with the following criteria:

3421. Continuous.--Intensity increases or decreases gradually.

3422. Intermittent.--Intensity increases or decreases gradually
and precipitation stops and recommences at least once within one hour
preceding the time of observation.

3423. Showery.--Precipitation associated with cumuliform clouds,
especially swelling cumulus and cumulonimbus. Intensity varies rapidly.
Showers begin and end abruptly.

3424. Combinations.--Showers and continuous or intermittent rain
may occur in combination. Under such conditions the precipitation does
not always cease, and when it is showery, the precipitation increases

and decreases suddenly in intensity as the showers abruptly begin and
end. Only the predominating character will be reported in an observation.

3430. Intensity of Precipitation.--Intensities of precipitation
are determined by one of two methods:

(1) Rate of accumulation (vertical depth of water per unit
time, or depth on ground in solid form per unit time).

(2) Degree to which the precipitation affects visibility.

3431. Intensities of all forms of precipitation except snow and drizzle
are determined by (1) above. Intensities of all forms of snow (i.e.,
snow, snow grains and snow pellets) and drizzle, when they occur alone,
are determined by (2) above. When any form of snow or drizzle occurs
in combination with one or more hydrometeors or lithometeors, the
intensity of the precipitation will be determined on the basis of the rate

of accumulation (1) above.

3432. At stations equipped with recording gages, determine the rate
of accumulation, and select the corresponding intensity from Table 5.
This table is applicable to all forms of precipitation except drizzle,
provided solid forms are converted to water equivalent (see also

¥ 3434 and 3435).
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Table 5. Criteria for determining intensity of

precipitation on rate-of-fall basis

Very Light

Light (Slight)

Moderate

Heavy

Scattered drops or flakes that do not completely
wet or cover an exposed surface, regardless of
duration.

Trace to 0. 10 inch per hour; maximum 0. 01
inch in 6 minutes.

0.11 inch to 0. 30 inch per hour; more than 0. 01
inch to 0. 03 inch in 6 minutes.

More than 0. 30 inch per hour; more than 0. 03
inch in 6 minutes,

3433. At stations not having recording gages, determine the intensity
of rain from the guides indicated in Table 6, and estimate the intensity
of other forms from the water equivalent of the amount accumulating

on the ground.

Table 6.

Guides for approximating intensity of rain

Very Light

Light (Slight)

Moderate

Heavy

Scattered drops that do not completely wet an ex-
posed surface, regardless of duration.

Individual drops are easily identifiable; spray
observable over pavements, roofs, etc., is

slight; puddles form very slowly; over two min-
utes may be required to wet pavements and
similarly dry surfaces; sound on roofs ranges
from slow pattering to gentle swishing; steady
small streams may flow in gutters and downspouts.

Individual drops are not clearly identifiable;
spray is observable just above pavements and
other hard surfaces, puddles form rapidly; down-
spouts on buildings run 1/4 to 1/2 full; sound on
roofs ranges from swishing to gentle. roar

Rain seemingly falls in sheets; individual drops
are not identifiable; heavy spray to height of
several inches is observable over hard sur-
faces; downspouts run more than 1/2 full; visi-
bility is greatly reduced; sound on roofs resem-
bles roll of drums or distinct roar.
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3434. When drizzle occurs in combination with other hydrometeors
and lithometeors, estimate the rate of accumulation and select the
corresponding intensity from Table 7.

Table 7. Intensity of drizzle on rate-of-fall basis

Very Light Scattered drops that do not completely wet an
exposed surface, regardless of duration.

Light (Slight) | Trace to 0. 01 inch per hour.

Moderate More than 0. 01 inch to 0. 02 inch per hour.

Heavy More than 0. 02 inch per hour.

Note. --When precipitation equals or exceeds 0. 04 inch per hour,
there is a strong presumption that the precipitation is rain.

3435. When drizzle or snow (including snow pellets and snow grains)
occurs alone, determine the intensity in accordance with Table 8.

Table 8. Intensity of drizzle and snow with visibility as criteria

Very Light Scattered flakes or droplets that do not com-
pletely cover or wet an exposed surface, re-
gardless of duration.

Light (Slight) | Visibility 1100 yards or more (5/8 statute mile).

Moderate Visibility less than 1100 yards but not less than
550 yards.
Heavy Visibility less than 550 yards (5/16 statute mile).

3440, Types of Precipitation.--For purposes of these instruc-
tions, precipitation is divided into liquid, freezing, and frozen types.
These types are discussed in § 3441 to 3443.7. A combination of types
or of forms of one type will be individually observed and reported re-
gardless of existing meteorological conditions that might appear to be
inconsistent with them.

3441. Liquid Precipitation.--Liquid precipitation is classified
as rain or drizzle in accordance with the criteria below.
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3441.1. Rain.--Drops of water (in the liquid state) falling from
clouds; most drops are larger - or if not larger, sparser - than the
drops in drizzle. Rain, as used in this manual, excludes drizzle and
freezing rain,

3441.2. Drizzle.--Very small and uniformly dispersed droplets
that may appear to float while following air currents. Unlike fog drop-
lets, drizzle falls to the ground. It usually falls from low stratus
clouds and is frequently accompanied by low visibility and fog.

3442. Freezing Precipitation.--Freezing precipitation is
classified as freezing rain or freezing drizzle, in accordance with
criteria below.

3442.1. Freezing Rain.--Rain that falls in liquid form but freezes
to the exposed surface of the ground, or to unheated objects on the
ground. If the fall is so rapid that run-off occurs, the formation of

ice will usually appear as glaze.

3442.2. Freezing Drizzle.--Drizzle that freezes similarly to
rain (see § 3442.1) is classified as freezing drizzle.

3443. Frozen Precipitation.--Solid precipitation is classified
in accordance with the criteria in § 3443.1 to 3443.7.

3443.1. Sleet (Ice Pellets).--Transparent, more or less glob-
ular, hard grains of ice about the size of raindrops, that rebound when
striking hard surfaces. Its fall may be continuous, intermittent, or
showery.

3443.2. Hail.--Ice balls or stones, ranging in diameter from that

of medium-size raindrops to an inch or more. They may fall detached
or frozen together into irregular, lumpy masses. They are composed
either of clear ice or of alternating clear and opaque snowflake layers.
Hail often accompanies thunderstorm activity. Surface temperatures
are usually above freezing when hail occurs. Determination of size

will be based on the diameter, in inches, of normally shaped hailstones.

3443.3. Small Hail.--Semitransparent, round or conical, grains
of frozen water. Each grain generally consists of a smaller grain of
soft hail as a nucleus, surrounded by a very thin ice layer, which gives
it a glazed appearance. The grains are wet when they fall at tempera-
‘ures above freezing. They are not crisp or easily compressible, and
lo not generally rebound or burst even when they strike hard ground.
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3443.4. Snow.--White or translucent ice crystals chiefly in complex
branched hexagonal form (six-pointed ''stars''), often mixed with simple
crystals. It occurs under meéteorological conditions similar, with the
exception of the accompanying temperatures, to those with which cor-
responding forms of rain are associated.

3443.5. Snow Pellets (Soft Hail).--White, opaque, round or
occasionally conical, kernels of snow-like consistency, 1/16 to 1/4
inch in diameter. They are crisp and easily compressible, and may
rebound or burst when striking hard surfaces. They occur almost
exclusively in showers.

3443.6. Snow Grains (Granular Snow).--The solid equivalent
of drizzle. They take the form of minute, branched, star-like snow-
flakes, or of very fine simple crystals. At times they have the appear-
ance of rime. They occur under meteorological conditions similar to
those of drizzle, except that the temperature is lower.

3443.7. Ice Crystals.--Small, unbranched crystals in the form of
rods or plates that have a descending motion and that may be observed
when the sky is clear. Ice crystals are associated with halo phenomena
and with temperatures near or below 0°F. (See § 3432 and 3433 for
intensity specifications. )

3500. HYDROMETEORS - MISCELLANEOUS

3501. Fog.--Minute droplets suspended in the atmosphere. These
droplets have no visible downward motion. Fog differs from clouds in
that the base of fog is at the surface and the base of clouds is above the
surface. It is easily distinguished from haze by its dampness and grey
color. Although fog seldom forms when the difference between the air
temperature and the temperature of the dew point is greater than 4. 0°F,
it should be reported when observed regardless-of the temperature-

dew point difference.

3502. Ground Fog.--If fog is not contiguous with the base of clouds
that may be above it, and if it conceals less than 0.6 of the sky, i.e.,’
the sky condition above an angle of 33° (see Table 2, Chapter 1) is ob-
servable, it will be reported as ground fog, rather than fog.

3503. Shallow Fog.--Low-lying fog that does not obstruct hori-
zontal visibility at a level six feet or more above the surface.
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3504. Ice Fog.--Suspended particles in the form of ice crystals. It
occurs at low temperatures, and usually in clear, calm weather in high
latitudes. The sun is usually visible, and may cause halo phenomena.

3509. Drifting Snow.~-Snow raised from the surface by the wind
to a height less than six feet above the surface. Drifting snow is not
regarded as an obstruction to vision (see § 3920), since it does not
restrict visibility at six feet or more above the surface. When snow is
raised six feet or more above the surface, it is classified as blowing
snow.

3510. Blowing Snow. --Snow lifted from the surface by wind to a
height six feet or more above the surface and blown about in such
quantities that the horizontal visibility is restricted at and above that
height.

3512, Blowing Spray.--Spray lifted from the sea surface by the
wind and blown about in such quantities that the horizontal visibility is
restricted.

3600. LITHOMETEORS

3610, General.--Lithometeors comprise a class of atmospheric
phenomena, among which dry haze and smoke are the most common
examples. In contrast to a hydrometeor, which consists largely of
water, a lithometeor is composed of solid dust or sand particles, or
the ashy products of combustion.

3620. Haze.--Dust or salt particles so small that they cannot be felt,
or individually seen by the unaided eye; however, they reduce visibility
and lend a characteristic opalescent appearance to the air. Haze resem-
bles a uniform veil over the landscape that subdues its colors. This
veil has a bluish tinge when viewed against a dark background, such as
a mountain; but it has a dirty yellow or orange tinge against a bright
background, such as the sun, clouds at the horizon, or snow-capped
mountain peaks. When the sun is well up, its light may have a peculiar
silvery tinge owing to haze. These color effects distinguish haze from
light fog, whose thickness it may sometimes attain. Note:- Irregular
differences in air temperature may cause a shimmering veil over the
landscape; this is called "optical haze. "

3630. Smoke.--An ashy product of combustion consisting of fine
particles suspended in the atmosphere. When smoke is present the
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disk of the sun at sunrise and sunset appears very red and during the
daytime has a reddish tinge. Smoke at a distance, such as from forest
fires, usually has a light grayish or bluish color and is evenly distrib-
uted in the upper air.

3640. Dust.--Finely divided earthy matter, uniformly distributed in
the air. It imparts a tannish or grayish hue to distant objects. The
sun's disk is pale and colorless or has a yellow tinge at all periods of

the day.

3650. Dust Devil.--Small, vigorous whirlwind, usually of short
duration, made visible by dust picked up from the surface.

3660. Blowing Dust.--Dust picked up locally from the surface by
the wind and blown about in clouds or sheets. Blowing dust may com-
pletely obscure the sky.

3680. Blowing Sand.--Sand picked up from the surface by the wind
and blown about in clouds or sheets,

3700, IGNEOUS METEORS

3710. Lightning.--A visible electrical discharge occurring in the
atmosphere. Lightning is the only common igneous meteor of impor-
tance in meteorology. It occurs as a discharge within a cloud; from
cloud to cloud; or from cloud to ground. Distant lightning is any
lightning that occurs so far from the observer that the resulting thunder
cannot be heard. It may be observed as streaks or sheets.

3900. ENTRIES ON WBAN-10

3910. Weather and Obstructions to Vision (Col. 5).--
Enter precipitation and obstructions to vision in accordance with the
symbols in Tables 8a and 8b. Use + after precipitation symbols to
indicate heavy intensity, - to indicate light, and -- to indicate very
light; the absence of a sign indicates moderate intensity. Precipitation
will be entered in this column only if actually occurring at the time of
the observation. lSee 9 3920 for entry of remarks concerning inter-
mittent precipitation.) Two or more entries for a single observation
will be made in the following order:

(1) Tornado (or waterspout)

(2) Thunderstorm

(3) Liquid precipitation, in order of decreasing intensity
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(4) Freezing precipitation, in order of decreasing
intensity

(5) Frozen precipitation, in order of decreasing
intensity

(6) Obstructions to vision, in order of decreasing
predominance if discernible

3911. Onmit entry of obstructions to vision in column 5 whenever the
visibility recorded in column 4 is seven miles or more. If the visi-
bility is less than seven miles, weather or obstructions to vision must
be reported either in column 5 or column 13 (see § 3920). If the visi-
bility is reduced by phenomena not occurring at the station, enter an
explanatory note in remarks, e.g., ""GF BANK N'".

Table 8a. Symbols for weather
TORDADO or WATERSPOUT (always written out in full)
followed by direction from station.

T+ | Heavy Thunderstorm EW | Sleet Showers
T Thunderstorm S Snow

R Rain SW | Snow Showers
RW | Rain Showers SP Snow Pellets
L Drizzle SG Snow Grains
ZR | Freezing Rain I1C Ice Crystals
ZL | Freezing Drizzle A Hail

E Sleet AP | Small Hail

Table 8b. Symbols for obstructions to vision

F Fog IF Ice Fog

GF | Ground Fog. H Haze

BS Blowing Snow K Smoke

BN | Blowing Sand D Dust

BD | Blowing Dust BY | Blowing Spray

3920, Remarks (Col. 13).--Enter data pertaining to weather and
bstructions to vision as follows:
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Observed

(1) Tornado and waterspout
(see § 9132.4)

(a) Observed from station
(still in progress)

(b) Observed from station
(has ended or disappears
from sight)

(c) Reported by public

(2) Thunderstorm
(a) In progress at station

Instructions for Entry

Enter direction toward which it is
moving (e.g., TORNADO MOVG
NEWD) in all observations until it
ends or disappears from sight.

Enter time of occurrence (or time
of beginning and ending), peak
speed of gusts, and direction of
movement (e.g., TORNADO 1155E
G120 MOVD NE) in all observations
until it has been transmitted in a
record observation,

Enter 1) location with respect to a
nearby weather-reporting station,
city, or town, 2) direction toward
which it was moving, and 3) time
tornado was observed, e.g., UN-
CONFIRMED TORNADO 15MI W
DCA MOVG N 1600E. Repeat this
remark until it has been transmitted
in a record observation.

Enter direction, if observable:

(1) with respect to station

(2) direction toward which storm is
moving, e.g., T OVHD MOVG EWD
or T SW MOVMT VRBL (omit re-
mark concerning movement if move-
ment unknown)
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(b) Heavy thunderstorm be- Enter the time of beginning and

gan following the most ending, peak speed of gusts and
recent record observa- direction of movement, e.g.,
tion, but not occurring T+ B34E50 G45 MOVD N

during current observa-
tion. (Enter this remark
for all observations up
to and including the next
record observation, even
though the phenomenon
was previously reported
in a special observation.

See § 9180.)
(3) Lightning, with or without Enter if observable:
audible thunder (1) Frequency

(2) Type (cloud to cloud, etc.)
(3) Direction from station
Use authorized abbreviations, e.g.
OCNL LTGCG, FQT LTGIC NW,
etc.
1(4) Precipitation

(a) Hail Enter diameter in inches of largest

hailstones, e.g., HLSTO 1-1/4

(b) Intermittent and showery Enter abbreviation for intermittent,
followed by type of precipitation
(e.g., INTMT R-), if intermittent
precipitation has occurred within
the previous 15 minutes. This
entry will be made to report inter-
mittent precipitation regardless of
whether precipitation is entered in
Col. 5 (see § 3910). Enter '"OCNL
RW", etc. if showers have occurred
within the previous 15 minutes and
are not reported in Col. 5.

(c) Wet snow Enter WET SNW

T In reporting data pertaining to snow, snow showers, or sleet in re-
marks, use the symbols S, SW, and E only when there is no possibility
of their being confused with points of the compass. Otherwise, use
established English abbreviations (SNW, SNW SHWRS, etc. ).
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(d) Snow depth increase

(e) Variation of intensity

(f) Precipitation at a distance
but not at station

(g) Times of beginning or end-
ing of precipitation

Enter abbreviation SNOINCR, fol-
lowed by average depth of snow
accumulated during the past hour,
to the nearest whole inch (e. g.,
SNOINCR 5). This remark will be
used only if average snow depth has
increased during past hour by two
or more inches.

Enter appropriate abbreviations,
e.g., R- OCNLY R+

Enter form and intensity of precip-
itation if known and direction with
respect to station. Use "U" fol-
lowing precipitation symbols to
indicate unknown intensity, e.g.,
RU OVR RDG N or PCPN W INTSTY
UNKN

Enter remarks in the next record
observation to report the time of
beginning or ending of types (i.e.,
liquid, freezing, or frozen) or sep-
arate periods of precipitation, when
the time is within one hour of the
reference time appearing at the
head of the collection, unless:

a) this time is apparent from a
transmitted special observa-
tion (see § 9132, 6 and 9180), or

b) for endings or beginnings per-
taining to the cessation and
recommencement of precip-
itation (of the same or differ-
ent types), the interval be-
tween them is 15 minutes or
less, or it appears likely that
precipitation will recommence
within this time (see example
4).

Use the symbol appropriate to the
type of precipitation, without re-
gard for intensity or changes in
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(g) Times of beginning or
ending of precipitation
(continued from page 51)

character (e.g., S for S- or S+, or
S changing to SW+,) Suffix each
precipitation symbol with the symbol
"E" followed by the local standard
time in minutes past the hour to
signify the time of ending, and the
symbol "B" similarly to signify the
time of beginning,
Examples

1. RW- reported in 1228 obs; RW-

ended at 1305, Enter remark in
1328 obs: "RWEO05'".

2. No precipitation reported in
1228 obs; S- began at 1235 and
continued through 1330. Enter
remark in 1328 obs: ''SB35".

3. No precipitation reported in -
1228 obs; S began at 1240 ended
1255; began 1305 and ended at
1315. Enter remark in 1328 obs:
SB40E15"

4. RW- began 0515 E and ended
0620E; no precipitation falling
at actual time of 0628E obser-
vation, but recommencement
within 15 minutes of 0620E
appeared probable at time of
observation. Enter remarks:

(a) In 0628E obs: "OCNL RW"
(Note that time of ending of
RW not reported since re-

commencement within 15 min-

utes of 0620E appeared
probable).

(b) In 0728E obs: None (Note
that, since precipitation did
not resume within 15 minutes
of 0620E as previously ex-
pected and more than an hour
elapsed between actual time
of ending and 0728E obs.,
time of ending not reported).

Eff, 5-1-53,
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(5) Obstructions to vision
(a) Fog dissipating (or in- Enter F DSIPTG (or F INCRG)
creasing)

(b) Smoke drifting over field Enter K DRFTG OVR FLD

(c) Shallow ground fog (height Enter SHLW GFDEP 4
less than 6')

(d) Drifting snow (height Enter DRFTG SNW (omit if ""BS"
less than 6') is reported)
(e) Dust devils Enter DUST DEVILS, followed by

direction from station.

(f) Obstructions that restrict Enter appropriate phrase con-
visibility at a level below tractions or plain words, e.g.,
the usual point of obser- "PATCH GF W',
vation (see § 2010).

NOTE: Report in remarks obstructions to vision for which symbols
have not been established by means of authorized contractions or
plain language.



CHAPTER 4. MEASUREMENT OF PRECIPITATION

4000, METHOD OF DETERMINING VERTICAL DEPTH OF
WATER AND WATER EQUIVALENT

4010, General,--Measurements of all forms of precipitation are
expressed in terms of vertical depth of water (or water equivalent, in
the case of solid forms) accumulated within a specified time on a hor-
izontal surface. No allowance is made for loss from evaporation.
Solid forms of precipitation are also measured on the basis of actual
depth of accumulations.

4020. Unit of Measurement.--The inch is the unit of measure-
ment of precipitation. The vertical depth of water or water equiva-
lent is expressed to the nearest 0. 01 inch; less than 0. 005 inch is
called a trace. The actual depth of solid forms is expressed to the
nearest 0.1 inch, and less than 0. 05 inch is called a trace.

4030. Types of Gages.--Precipitation measurements are made
from samples caught in gages, or from samples taken from repre-
gsentative areas when the catch of solid forms in the gage is not repre-
sentative. When more than one type of gage is available the gage ap-
pearing highest on the following list will be used.

(1) Weighing gage equipped with 24-,
12-, or 6-hour gears; with other
gears, treat as (5) below.

(2) Eight-inch gage.
(5) All other types.

4040. Measurement of Rain.--If a weighing gage is used, read
the amount from the chart (see sec. A4300). If an 8-inch gage is used,
insert a dry measuring stick into the measuring tube. Permit the
stick to rest on the bottom of the tube for two or three seconds. With-
draw the stick and read the depth of precipitation at the upper limit of
the wet portion of the stick.

4041, I the measuring tube of the 8-inch gage is full (this equals two

55.
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inches of precipitation), carefully remove it from the overflow con-
tainer and empty it. Pour the overflow into the measuring tube,
measure it, and add the value to the two inches emptied from the tube.
If in removing the full measuring tube some water is spilled into the
overflow container, measure the amount remaining in the tube before
measuring the amount of the overflow. The total precipitation is the
sum of the individual measurements. When measurement is com-
pleted, empty the measuring tube and reassemble the gage. All gages
except the weighing gage will be emptied at each 6-hourly and mid-
night observation.

4050. Measurement of Snow, Sleet, Hail, Freezing
Rain.--Pour a measured quantity of warm water into the overflow
container of the 8-inch gage to melt the collected snow or ice. Pour
the entire contents into the measuring tube. Measure the water as
outlined in § 4040. To obtain the water equivalent of the precipitation,
subtract the amount of water used to melt the solid forms from the
total measurement.

4051. When moderate or strong winds occur during a snowfall, the
amount of snow collected in the overflow container will not be repre-
sentative of the actual snowfall, and the catch should be discarded.
To obtain a representative amount invert the overflow container of the
8-inch rain gage and use it to cut a cylindrical sample from the snow
to be measured at a location where the fall seems least affected by
drifting. Melt the sample and measure it in accordance with instruc-
tions in § 4050. If the snow is deeper than the inside vertical height
of the container, any cylinder with an 8-inch diameter may be used.

4052. When the procedure described in § 4051 is used, the snow
sample must not include snow resulting from a previous storm. When
the ground has once been covered with snow, greater accuracy in tak-
ing future snow samples will be secured if pieces of thin wood or its
equivalent at least two feet square are placed on top of the first fall

at various locations, all of which are not likely to be subject to drift-
ing from a single storm. An observation for the next succeeding storm
could then be based on a sample taken from the top of the snow to the
wooden square, after which the square would be moved to the top of -
the snow to serve as a reference point for future observation. When
taking a sample, estimate the depth of snow as a check on the vertical
thickness of the sample, to insure that a hard crust is not mistaken
for the ground or for the reference board.
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4053. When an observation is taken of the water equivalent of snow on
the ground, the sample of snow will be secured in the same manner as
that described in § 4051 except that the sample will extend from the
top of the snow to the ground.

4100. ESTIMATION OF WATER EQUIVALENT OF SNOW

4110. When the water equivalent of snow cannot be accurately meas-
ured by melting, use one-tenth of the average snow depth as the water
equivalent. For example, ten inches of snow correspond to one inch
of melted snow.

4200, DEPTH MEASUREMENT OF SOLID FORMS

4210. General.--For purposes of depth measurements, the term
snow also includes sleet, glaze, hail, any combination of these, and
sheet ice formed directly or indirectly from precipitation. Therefore,
if snow falls, melts, and refreezes, the depth of ice formed will be
included in depth measurements of snow.

4220. Measurement of Total Depth.--Measurement of total
depth will be made in accordance with the following instructions:

4221. Undrifted Snow.--Thrust the measuring stick vertically
into the snow so that the end rests on the ground surface. Read the
depth to the nearest 0.1 inch. Repeat at several spots and take the
average of the readings as the snow depth. If the ground is covered
with ice, cut through the ice with some suitable implement, and
measure the thickness. Add the thickness of the ice to the depth of
snow above the ice.

4222. Drifted Snow.--When the snow is drifted, a reasonably
accurate depth measurement may be made by taking the average of
several measurements over representative areas. These should in-
clude the greatest and least depths. For example, if spots with no
snow are visible, one of the values should be zero. ¥

4230. Snowfall Within Specified Periods.--These meas-
urements are most conveniently made on a surface that has been
cleared of previous snowfall. If such a spot is not available, measure
the total depth of snow and subtract the depth previously measured.

If the previous snowfall has crusted, the new fall may be measured by
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permitting the end of the measuring stick to rest on the crust. If dif-
ferent falls of snow are mixed by drifting, measure the total depth of
snow and subtract the previously measured depth. The remainder is
the approximate depth of the new fall, which will be adjusted if nec-
essary to correct for melting, evaporation, and run-off. If several
snow showers occur between observations and each melts before the
following one occurs, the total snowfall for the period will be the sum
of the maximum depths (measured or estimated) for each occurrence.

4300, ENTRIES ON WBAN-10

4310. Precipitation (Col. 44).--Enter in the 6-hourly spaces

the total precipitation (water equivalent), in inches and hundredths,
occurring during the six hours ending with the observation.* On the
line captioned "Mid" enter the amount measured at midnight; i.e., the
amount that has occurred between midnight and the preceding 6-hourly
observation.T On the line captioned '""Mid to" enter the amount that
has occurred between midnight and the following 6-hourly observation.
(Note that the entry for the first 6-hourly observation after midnight
is the sum of the entries opposite ''Mid" (for the preceding day) and
"Mid to''. Enter "T" for trace (see § 4020) and "0" if no precipitation
has fallen.

4311. If no precipitation has fallen during the six hours preceding the
time of measurement of precipitation for the 6-hourly observation, but
begins shortly thereafter and before the coded additive data group is
filed, enter "T'" in column 44. This procedure will be followed even
though a measurable amount may have fallen.

4340. Twenty-Four Hour Precipitation (Col. 68). --Enter
the total precipitation (water equivalent in inches and hundredths) for
the 24 hours ending at midnightt. Enter "T" for trace (see §J 4020),
and "0" if none has fallen. The sum of any number of "T'" observations
will be regarded as a trace unless recording gages indicate the total
is . 005 inch or more. (Note that the entry in this column is the sum
of the entries in column 44, exclusive of the first 6-hourly observation
of the day, provided a midnight observation is taken and, where a re-
cording gage is ysed, no traces have been recorded.) Entries may be
omitted in this column if the equivalent value is available by summa-
tion of the entries in column 44 of the forms constituting the day's
record (see § 11001, 1),

t For purposes of entries on WBAN-10, the midnight observation will
be considered as the last observation of the day; e.g., a midnight ob-
servation taken at 0000 LST on the 15th will be entered on WBAN-10
for the 14th.
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4350. Twenty-Four Hour Snowfall (Col. 69). --Enter to
inches and tenths the total amount (unmelted) of frozen precipitation
that has fallen during the twenty-four hours ending at midnightt. De-
termine this value as specified in § 4230. Entries for hail will be
followed by an asterisk and ''*Hail'' entered in column 90. Enter "T"
for trace, and "0'" if none has fallen. When precipitation melts as it
falls, enter "T" with a note ''Melted as it fell" in column 90,

4360. Snow Depth (Col. 70). --Enter the depth of frozen precipi-
tation (see § 3443) and ice on the ground at 1230 GCT to the nearest
inch. Entries for hail will be followed by an asterisk and ''*Hail" re-
corded in column 90. Enter "T'" for amounts less than 0.5 inch and
""0'"" when none is on the ground in exposed areas, even though snow is
still present in surrounding forested or otherwise protected areas.

If snow melts as it falls and there is no visible accumulation on the
ground, enter "0'". Where personnel are not on duty at 1230 GCT,
enter the depth as measured at a time as close as practicable to 1230
GC T, and indicate the time in column 90,

A4100. D100, NON-RECORDING GAGE
(EIGHT-INCH STANDARD) FIG, A4-1

A4110. General.--This gage consists of three parts: a receiver
assembly, a measuring tube, and an overflow container. The re-
ceiver assembly consists of a circular (eight-inch inside diameter)
collector ring and funnel., The inside cross-section area of the col-
lector ring is ten times that of the measuring tube. The measuring .
stick-used with this tube has a scale expanded in the same ratio
Therefore, one linear inch of rain in the measuring tube is read as
ten-hundredths (0. 10) of an inch on the scale. The measuring stick is
graduated over a range of 2.40 inches of rainfall in increments of 0. 01

inch.

A4120. Winter Operation.--When freezing temperatures or
solid forms of precipitation are likely to occur, remove the receiver
and the measuring tube, leaving the overflow can to catch any precipi-
tation (see § 4041 and 4050).

A4140. Installation.--The box in which the gage is shipped also
serves as a support for the gage. Remove the lid of the box, which is
fastened by screws, and, after removing the gage, lower the lid to the
level of the screw holes in the sides about ten inches above the bottom
of the box. Fasten the lid in position with the shipping screws. The
box should be mounted on metal or wooden stakes (purchased locally

T See footnote on preceding page.
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if not available from the Weather Bureau regional supply depot) so
that the bottom of the box is at least four to six inches above the

ground (see § A4410).

A4141. Wooden stakes or posts should be treated with a rot- and
termite-resistant preservative prior to painting, unless creosote is
used as a preservative, in which case painting is unnecessary.

{mtu’.ﬁlﬁ'ﬂs\%ﬁnf«!m’.’x(;;..hﬁi..“xuﬁi,..du?ii-un..ﬁ!m.;uﬁiuuluﬂ.;;xz,,?i.,..m"f‘%u;..f;,?:?}mxf.?f; ) u'j;‘:u Whin

s m mh&%‘tmbﬁam‘uﬁnnh‘&u‘&hh: s

l'm‘na

Fig. A4-1. D100, non-recording (eight-inch) precipitation gage.
Left to right: wooden box support, overflow container, measuring
tube, and receiver assembly. Below: measuring stick.
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A4300. D110A OR B, WEIGHING GAGE (FIG. A4-5)

A4310. General.--The universal-type of weighing gage consists of

a collector assembly, and a storage bucket mounted on a recording,
weighing mechanism. The collector consists of an eight-inch (inside
diameter) collector ring and a removable funnel. In addition, some
gages are provided with a snow ring that operates as an extension of the
collector ring for use when snow is expected. The weight of the accu-
mulated precipitation is converted to equivalent inches of precipitation
that is recorded in ink as a continuous trace on a chart. The amount of
accumulated precipitation that may be recorded depends upon whether
the pen linkage permits single or double traverse of the pen over the
chart. The pen records on its ascent in the single-traverse type, and
on its ascent and descent in the double-traverse type. Form 1028C, a
24-hour chart, is used on either the single- or dual-traverse gages.
Stick measurements are not made of the precipitation accumulated in
this gage. For ease of reading, the base of the gage should be at least
12 inches above the ground; preferably 18 to 24 inches, provided the
foundation is firm enough to prevent normal vibration from disturbing
the trace.

A4320. Routine operating procedure.

(1) When the gage is not charged with calcium.chloride, empty
the bucket whenever the chart is changed and as often be-
tween changes as necessary to avoid exceeding the single-
traverse capacity of the gage.

(2) During periods of freezing temperatures and expected sleet
and snow, remove the funnel in the bottom of the receiver,
and on D110B, gages, install the snow ring (if avail-
able) on the collector ring. With the empty bucket
in position and the pen set at zero, charge the gage with
antifreeze by placing in the bucket one quart of commercial
anhydrous calcium chloride dissolved in one quart of water.
Do not use a more concentrated solution. If the calcium
chloride has not been packaged with oil added, cover the
solution with a small amount of low viscosity motor oil
(SAE 10) to prevent evaporation. Do not adjust the pen
after the solution has been placed in the bucket. Empty
and recharge the gage (a) whenever the gross accumulation
(initial charge plus subsequent precipitation) dilutes the
charge to such an extent that there is a danger of damaging
the bucket from solid freezing of the mixture, and (b) before
the gross accumulation exceeds the single traverse capacity
of the gage.
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Fig. A4-5. D110A, weighing type of precipitation gage.
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(3) At each observation inspect the mechanism to determine
that the clock is running and the pen is recording. Make
a time-check line at the time of the six-hourly observa-
tion when precipitation is occurring or has occurred dur-
ing the preceding six hours and the precipitation record
for the station is obtained from the weighing gage. The
check line, approximately two ordinates in length, is made
either by: '

(a) removing the collector, and touching the bucket gently
to elevate the pen; or,

(b) opening the inspection door and gently touching the
lower portion of the weighing-bucket platform to
elevate the pen; or,

(c) opening the inspection door and depressing the pen
several ordinates. Do not elevate the pen except
as specified in (a) or (b).

(4) If vibration or continuous repetition of the trace over the
same ordinate causes the pen line to appear too wide for
accurate evaluation of small amounts of precipitation, ad-
just the pen upward approximately 1/4 inch (linear) and
make a notation to this effect on the chart.

(5) Check the condition of the bucket and remove any loose
dirt or sediment each time the bucket is emptied. If
additional cleaning is indicated, use soap and water. Do
not use alcohol or a petroleum-base solvent owing to the
deleterious action of the solvent on the protective asphalt
coating.

(6) At each 6-hourly and midnight observation during periods
when the clock is inoperative, turn the cylinder clockwise
about one-half inch and maintain the continuity of the record
by entering measurements from a non-recording gage on a
chart (see §J A4321. 2(2(b)).

A432]. Replacing Charts.--Charts will be changed at the time of
the 1830 GCT six-hourly observation, or as soon as possible thereafter:

(1) On the first of the month and on each Monday, Wednesday,
and Friday.
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(2) Daily whenever sustained vibration produces a blurred trace
corresponding to more than 0. 04 inch of precipitation.

(3) Each Friday when the clock is inoperative (see § A4320(6)).

A4321.1. In handling and storing completed charts, avoid smearing
damp portions of the trace.

A4321.2. To change a chart:

(1) Remove the collector ring and bucket, and either remove the
cylindrical shield or lift it until it can be turned so that its
vertical guides rest on the matching guides attached to the
inner shield. When the shield has two thumb-levers, located
near the inside top of the outer shield, they must be depressed
to release the shield.

(2) (a) Make a time check on the chart by touching the bucket
lightly, etc. (see § A4320(3)).

(b) If the clock is stopped and precipitation occurred dur-
ing the interval that the clock was not functioning,
carefully turn the cylinder slightly to the right and to
the left to identify the top of the precipitation trace in
the event that vibration of the pen has lengthened the
trace. Label the point '"Clock Stopped. "

(c) If the pen is not operating, mark the position of the
pen on the chart with a dot and enclose the dot in a
circle. Label the entry '"Pen Dry. "

(3) Lift the pen from the chart with the pen holder.

(4) Empty and replace the bucket, except that when the bucket
is charged with antifreeze, it will be emptied in accordance
with § A4320(2).

(5) Remove the chart cylinder from the gage by lifting the
cylinder until it is entirely clear of the spindle and then
tilting it until it can be removed through the opening in
the inner shield.

(6) Remove the chart from the cylinder after withdrawing the
flat, spring-type retaining clip.
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(7)
(8)

(9)

(10)

(11)

(12)

(13)

(14)

A4322.

Wind the clock, being careful not to wind it too tightly.
Fit the unused chart snugly to the cylinder and replace the
retaining clip. When properly fitted, the bottom of the

chart rests on the flange and the horizontal lines coincide
where the right end of the chart overlaps the left end.

Replace the cylinder on its spindle and lower it carefully
until the gears have meshed.

Adjust the cylinder for time (see § A4326).

Fill the pen about 3/4 full of ink and replace it on the
chart.

If the bucket is emptied, adjust the pen to the zero ordinate
on the chart (see § A4325).

Check for satisfactory operation of the pen and clock and
make a time check on the new chart by touching the bucket
lightly, etc. (see § A 4320(3)).

Replace the outer shield and collector ring.

Annotating Charts.-- (See Fig, A4-6.) Enter the data

listed below in ink.

(1)

(2)

Before placing the chart on the gage, enter the station
name, date and time (to minutes), and the local time
zone designator (see Table 17).

After the chart is removed from the gage, enter:

(a) The déte, the time of removal, and the time
zone designator; and,

(b) where applicable, suitable notations (see § A4320(4)
and A4321.2 (2(b and c)) to identify points where the
clock stopped, pen was found dry, missing record,
accumulation of sand and other foreign matter in the
bucket during wind storms, etc.
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A4323. Evaluating Charts.

A4323.2. Evaluating Charts.--Unless the pen reverses exactly
at the uppermost ordinate. of the chart (the 6, 00-inch line of this type
of dual traverse gage), indicated readings for the second traverse as
taken from the 6 - 12 inch scale are in error. Therefore, when the
pen traverse has reversed during the observation period at a point
above or below the 6. 00-inch line, computation of the precipitation for
the period is facilitated by taking the sum of the precipitation equiva-
lent of the segments of the trace obtained during the period (see the
following example).

EXAMPLE

In this illustration, the reading from the 0 - 6-inch scale at the begin-
ning of the observation period is 5. 90 inches at point A; B is the point
of intersection of the first traverse with the 6. 00-inch line; C is the
point of reversal of the trace; D is the end of the trace at the end of
the observation period. The total precipitation for the period, ABCD,
is as follows:

(1) The difference between readings at points A and B is
6. 00 minus 5.90 or 0.10 inch,

(2) The precipitation equivalent of the height of point C
above the 6. 00-inch line is 0. 04 inch.

(3) The precipitation equivalent of the difference in height
between points C and D is 0, 03 inch.

(4) The sum of segments AB, BC, and CD is the sum of
0.10 plus 0. 04 plus 0.03, or 0.17 inch, the precipi-
tation during the time interval between points A and D.
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Fig. A4-7. Weighing mechanism.
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A4323.3. If the pen reversed during heavy precipitation and the rain-
fall was recorded as a flat trace during reversal owing to loose link-
age, extrapolate the ascending and descending portions of the curve to
an appropriate apex.

A4324. Disposition of Charts.--Forward the charts for the
week each Saturday to the WRPC's with the WBAN-10 forms.

A4325. Zero Adjustment.--The gages are provided with a
knurled, zero-adjustment nut located above the frame that supports
the linkage mechanism (see Fig. A4-7). Turn the nut clockwise to
lower the pen and counterclockwise to raise the pen. Adjust the pen
to the zero line (lowest horizontal line) on the form only when the
bucket is empty and in place on the weighing platform. Be careful not
to change the three platform-travel-limiting and shipping screws ad-
jacent to the zero-adjustment nut.

A4326. Time Adjustment.--To adjust the chart for time, turn
the cylinder counterclockwise as viewed from above until the correct
local standard time is indicated by the position of the pen with respect
to the labeled time lines. The heaviest lines are labeled to indicate
the beginning of each hour (LST). Additional lines are provided at 15-
minute intervals. The cylinder should be adjusted to indicate the time
to the nearest minute.

A4331. Dashpots.--If necessary to prevent loss of ink from the
pen, and to minimize irregularities in the trace resulting from vibra-
tion and wind gusts, fill the dashpots with etheleyne glycol (Prestone,
etc. ), petroleum oil, or a similar fluid. Either keep the dashpot filled
to a level approximately 3/8' from the top, or keep the dashpot entirely
empty. This is important to prevent erroneous readings resulting from
the effect of surface tension on the dasher. After filling the dashpot,
move the weighing platform up and down several times to remove any
air bubbles trapped under the dasher, and then check the level of fluid.
Do not mix dashpot fluids, i.e., a glycerin-base type with an oil-base
type fluid.

A4332. Clocks.--If the clock gains more than about two minutes a
day, adjust the timing regulator. If the clock is mounted in the record
cylinder, open the small inspection plate in the top cover of the clock
compartment (inside the cylinder as viewed from the top (see Fig.
A7-7) for access to the adjusting lever. If the clock is mounted on the
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spindle, the adjusting screw is mounted on the bottom of the plastic-
covered escapement mechanism (see Fig. A4-8). Adjust the index
toward "F' (Fast) if the clock is losing time, or toward "S" (Slow) if
it is gaining time. It is preferable that such adjustments be made at
the time of changing the chart in order to preserve the continuity of
the record.

Base Plate

Spindle \

Drive Gear

Winding Key

P
By

f

Escapement Screws Fastening
Base Plate to Clock Wing Nut

Fig. A4-8. D110-11, Macnick clock.

A4332.1. When a clock gains or loses more than ten minutes a day,
another clock should be requested.

A4332.2. The gear on replacement clocks of the type mounted in the
chart cylinder have a number stamped on them, and they will generally
mesh satisfactorily with a gear-type spindle of the same number. If
they do not mesh satisfactorily, adjust the position of the pinion slightly
after loosening the three screws near the periphery of the base of the
cylinder. The spindle screws into the base of the gage, and in some
cases may be further secured by a wing nut. If accessory items, such
as spindle, gear, pinion, washer and wing nut, are received with a
replacement clock, the equivalent items should be returned with the
used clock.
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A4332.21. The gear-type spindles are provided with a small horizon-
tal hole in the shaft to facilitate its removal with a spindle wrench or
a short rod, such as a nail. Ordinarily, the friction between the gear
and the shaft is ample to permit initial loosening and final tightening
of the spindle by hand. The leverage afforded by the spindle itself
should then be sufficient to permit removal or replacement by hand.
Do not use pliers or other metal tools on the shaft or gear. If the
threads do not mesh readily, request a replacement spindle.

A4332.22. The gear should not be free to turn after the spindle is
tightened. Be sure that the outer, bevelled edge of the washer faces
downward between the gear and the base of the gage. Center the wash-
er when the spindle is tightened in order that the gear will be properly
secured between the washer and the shoulder of the spindle. .

A4333. Pens.--Clean the pen if sediment (dried ink, etc.) accumu-
lates in it. To clean the pen, wash it thoroughly in water or, prefer-
ably, in alcohol. Scrape residual dried ink from the pen with a suit-
able sharp-edged instrument. Clean the nibs by pulling a piece of
clean, hard-finish paper or cellophane between the nibs, and rewash
the pen. Sharpen or replace the pen if it will no longer make a clearly
legible trace.

A4333.1. The pen may be sharpened by inverting it and rubbing the
edges gently over a fine-grain whetstone or a sheet of crocus cloth.
After the point has been sharpened, rub it very lightly several times
over the abrasive surface to remove any burrs that might catch on the
chart and cause an erratic trace. A spare pen should be kept on hand
for replacement purposes.

A4333.2. The pen is secured to the pen arm by a friction clamp.
Avoid bending or otherwise damaging the pen-arm linkage when re-
moving the pen. If the pen is not easily removed, use a knife edge or
similar wedge to loosen the prongs that hold the pen to the arm.

A4334.1. Bucket.--If, at any time, the contents of the bucket
freeze solid, examine the bucket carefully for evidence of damage,
e.g., bulging of the bottom, slow leaks, etc. Report damaged buckets
to the Weather Bureau regional office.
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A4400. EXPOSURE AND SHIELDS

A4410. Exposure.--Precipitation gages should be located on a
level plot of ground, at a distance from any object (including the in-
strument shelter) of at least two, and preferably four, times the height
of the object above the top of the gage. All types of gages must be ex-
posed with the rim of the receiver in a horizontal plane and at a level
well above the average level of snow surfaces. Gages should not be
installed on a roof without prior authorization by the Weather Bureau
Central Office.

A4420. Shields.--Stations where snowfall and strong wind fre- .
quently occur together will be furnished with approved shields (see
Fig. A4-9). However, where two or more gages are installed, only
one will be shielded, preferably the weighing gage.

Fig. A4-9. DI110A, weighing gage with a D131 Alter-type shield

A4421. Alter-type shields (D131) are installed with the circular ring
horizontal and the top of the blades approximately 1/2 to 3/4 inch -
above the level of the top of the receiver. The blades are suspended
from the ring. They are free to pivot at the point of suspension within
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the limits imposed by the chain linking together the bottoms of the
blades. The blades on the windward side of the gage deflect the wind
downward and thereby increase the efficiency of the gage.

A4500. WATER EQUIVALENT OF FROZEN PRECIPITATION

A4540. Transmission.--Designated stations will transmit water
equivalent of snow on the ground (see § 4053) on Service A in the 1228
GCT report on Tuesday and Friday immediately following group
"985spsp" (snow depth). Use a slant to separate these data from the

985spsp group, e.g.:

98505/50 - snow depth 5", water equivalent 0.50".

98502/9 - snow depth 2", water equivalent 0.09".

98511/110 - snow depth 11", water equivalent 1. 10",
A4541. Additional reports of water-equivalent data may be transmitted
in accordance with emergency requests received from the Weather

Bureau Area Engineer or the Weather Bureau River District Office.

A4540.1. Where personnel are not on duty at 1230 GCT, omit water-
equivalent observations.
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CHAPTER 5. TEMPERATURE

5000. GENERAL

5010. Scale.--Temperatures, as used in these instructions, refer
to the Fahrenheit scale,

5020. Types of Thermometers.--The Fahrenheit thermometers
in general use include the following types.

5020.1. Nonrecording mercurial or spirit-filled thermometers.
(1) Dry bulb (exposed).
(2) Wet bulb (with wick~-covered bulb).

(3) Psychrometer (dry and wet bulb mounted on a
common back).

(4) Maximum.
(5) Minimum.

5020.2. Nonrecording electrical resistance thermometers.
(1) Telethermoscope.

5100, TEMPERATURE READINGS FROM
NONRECORDING THERMOME TERS

5110, Reading the Thermometer.--Determine the tempera-
tures indicated by any mercurial or spirit thermometer as follows:

(1) Stand as far from the thermometer as is consistent with
accurate reading, to prevent body heat from affecting
the instrument,

(2) Insure that the line of sight from the eye to the top of the
liquid column makes an angle of 90° with the thermometer
tube., This will avoid an error of parallax.

75.
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(3) Read the thermometer to the nearest 0.1°. A degree
interval begins at the middle of the degree markings
etched on the tube,

5120. Dry-Bulb Temperature.--The dry-bulb temperature is
the temperature of the free air taken at a specified location under con-
ditions designed to eliminate as completely as possible the effects of
extraneous sources of heat and the effects of radiation on the measur-
ing apparatus.

5120.1. With driving rain or snow, the dry-bulb thermometer may
become wet. When this occurs, dry the bulb and shield it from the
precipitation for a few seconds, or longer if necessary, to permit
dissipation of extraneous heat before reading it again. Use this read-
ing for psychrometric purposes rather than the reading made when
lowest wet-bulb reading was taken. When frost forms on the ther-
mometer, remove it by a warm cloth and allow sufficient time for the
dissipation of extraneous heat before reading the thermometer.

5130. Wet-Bulb Temperature.--The wet-bulb temperature is
the lowest temperature to be secured by evaporating water from the
wick-covered bulb of a thermometer at-a specified rate of ventilation.
It differs from the dry-bulb temperature in an amount dependent on the
temperature and relative humidity of the air. At dry-bulb tempera-
tures below -35°F. the wet-bulb thermometer will not be read.

5131. Moistening the Wet Bulb.--The procedure used in
moistening the wet bulb varies according as the dry-bulb temperature
is above freezing, near, or below freezing, and according as the rel-
ative humidity is high or low.

5131.1. Moisten the wet bulb just prior to ventilating the psychrom-
eter. If, however, the temperature is high and the relative humidity
is low, or it is expected that the final temperature of the wet bulb will
be 32° or less, moisten the wet bulb thoroughly several minutes be-
fore taking a reading so that a drop of water will have formed on the
end of the bulb. This will reduce the temperature of the wet bulb with-
out prolonged ventilation and the consequent danger of the wick's dry-
ing out before the temperature of the wet bulb will have reached its

lowest point.

5131.2. In areas where the temperature is high and the humidity low,
it may be necessary to use precooled water for moistening the wet bulb
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to avert premature drying of the wick. Water can be precooled for
this purpose by storing it in a porous jug. Sufficient water will seep
through the jug to cool it by evaporation. To avoid altering moisture
conditions in the shelter, do not keep this jug in the shelter. If this
method should not be effective, the wick may be extended from the wet
bulb to an open container of water. Between observations, the end of
the wick should remain immersed in the water. Continuous evaporation
will maintain the thermometer close to the wet-bulb temperature.
When the psychrometer is ventilated, the wick must be removed from
the water until the wet-bulb thermometer has been read. Regardless
of the method used, the psychrometer must always be ventilated in
accordance with §J 5150 before determining the wet-bulb temperature.

5131.3. At dry-bulb temperatures of 37°F. or below, use water that
has been kept at room temperature in order to melt completely any ac-
cumulation of ice on the wet bulb. Moisten the bulb thoroughly, at
least fifteen minutes before ventilating the psychrometer, and longer
if necessary to permit the latent heat, released if the water freezes,
to be dissipated before ventilation is begun. Do not allow excess water
to remain on the wet bulb, since a thin, thoroughly cooled coating is
necessary for accurate data.

5140, Corrections.-~Instrumental calibration corrections, which
are listed on a correction card, will be applied to all thermometer
readings under conditions (1) and (2). An additional correction factor
will be applied to all wet-bulb thermometer readings under condition

(3).

(1) Whenever the temperature indicated by the thermometer
is above 42°F., and the instrumental correction is +0.3°F.
or more in the case of mercurial thermometers, or 10.5°F.
or more in the case of spirit-filled thermometers.

(2) Whenever the temperature indicated by the thermometer
is 42°F. or less.

(3) Whenever the wet-bulb thermometer has an indicated
reading higher than that of the dry-bulb thermometer.
If the reading of the wet-bulb thermometer, after the
correction has been applied, remains higher than the
dry-bulb reading, disregard it and use the dry-bulb
value for both temperatures. (See §6110.1.)
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9141. Corrections are furnished for intervals not greater than 20°,
Add the appropriate correction algebraically to the reading of the
thermometer.

Examples: °F.
Reading of the thermometer.................. ere....62.1
Correctiontobe applied. . .. ....c.c. o v i ... -0.5

Correctedreading.................. e 61.6
Reading of the thermometer......................... -8.2
Correctiontobe applied........c.c. v i v ... -1,2

Correctedreading. ... .......coi vt vn . -9.4
Reading of the thermometer............. ........... +0. 4
Correctiontobe applied. . .......... ... ... ......... -1,2

Correctedreading........................... -0.8

5142. For an observed reading between the temperatures for which
corrections are given, an interpolated value of the correction will be
used whenever necessary. Tables for the purpose may be prepared
locally.

5180. Psychrometer.--Psychrometers are designed to secure
ventilation by means of a fan, a whirling apparatus, or a sling appara-
tus. The psychrometer should be so ventilated that the minimum speed
of air passing over the thermometer bulbs is at least fifteen feet per
second. This is approximately equal to one rps (revolution per second)
of the geared (2 to 1 ratio) whirling psychrometer crank, 2 rps of the
sling psychrometer, and 3-1/2 rps of the crank of the psychrometer

fan or rotor (direct drive) whirling psychrometer, Psychrometric
tables and calculators are based upon this rate of ventilation, which
must be maintained to obtain accurate humidity measvrements.

5150.1. The sling psychrometer should be used as follows:

(1) Select a shady spot with no obstructions within radius
of the whirling sling.

(2) Face into the wind.

(3) Whirl the psychrometer as far in front of the body
as possible.
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5151. Psychrometric Readings.--Obtain readings from the
dry- and wet-bulb thermometers in accordance with § 5110 - 30 and
the following instructions.

5151. 1. Saturate the wick of the wet-bulb thermometer with clean
water even though the humidity is high or the wick already appears

wet.

5151.2. After ventilating the psychrometer for about ten seconds,
quickly read both thermometers, the wet bulb first. Repeat until two
successive readings of the wet bulb are the same, indicating that the
wet bulb has reached its lowest temperature. If the temperature of
the wet bulb rises between two successive readings, remoisten the
wick and repeat the process of ventilation. Before commencing for a
second time, permit the wet bulb to assume as low a temperature as

possible.

5151.3. When the wet-bulb temperature is below 32°F. and the wick
is not vbviously frozen or ice covered, it should be brought to the
latter state by touching it with clean ice, snow, or some other object
whose temperature is approximately the same as, or less than, that
of the dry bulb,

5151.4. It is especially importan: that thermometers should be read
accurately at low temperatures, for as temperatures (especially below
freezing) become lower, a given difference between the dry- and wet-
bulb readings has a progressively greater effect upon the accuracy of
humidity values computed from them.

5151.5. Read the dry- and wet-bulb temperatures at the time of the
lowest wet-bulb reading. (See § 5120.1.)

5151.6. Apply corrections, if necessary, in accordance with § 5140,

5160, Maximum Readings.--The maximum thermometer is a
mercurial thermometer made with a constriction in the bore near the
bulb to prevent the mercury from withdrawing into the bulb when the

temperature falls,

5161. To read the maximum thermometer, release the catch on the
support and lower the bulb end slowly until the thermometer is vertical
or approximately so, and the mercury column is resting on the con-
striction at the base. Read similarly to the dry-bulb thermometer.
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5162. Before setting the maximum thermometer, be sure that the
mercury column is resting on the constriction at the base. Otherwise,
the glass forming the constriction may be broken when the thermometer
is spun. To set it, spin the thermometer until its reading is the same
as that of the dry-bulb temperature. If the readings of the dry-bulb
and maximum thermometer disagree, check the thermometers for the
source of error in accordance with maintenance instructions. Lock

the thermometer in place on the support. Reset the maximum ther-
mometer at each 6-hourly and midnight observation.

5163. If the maximum thermometer is broken or the reading is known
to be in error, use the highest corrected temperature observed within
the observation period.

5170, Minimum Readings.--Alcohol is used in the minimum
thermometer. A freely moving dark-colored glass index is placed

in the bore. As the temperature falls, the retreating upper end of the
alcohol column retracts the index, which remains at the position of
the lowest temperature until reset.

5171. The minimum temperature is read at the end of the colored
glass index farther from the bulb. Read the thermometer without dis-
turbing it and while it is in correct position for exposure. It will be
read hefore reading the maximum thermometer. Set the minimum
thermometer after the maximum thermometer has been set by turning
it to a vertical position and holding it bulb end up until the index reaches
the end of the column and the reading is the same as the dry-bulb tem-
perature. If the readings of the minimum and dry-bulb thermometer
disagree, check the thermometers for the possible source of error in
accordance with § 5172 or separate maintenance instructions. Return
the thermometer to its correctposition. Reset the minimum thermom-
eter at each 6-hourly and midnight observation.

5172. Minimum thermometers are subject to errors caused by sepa-
ration of the spirit column. Sometimes the spirit vapor condenses in
the upper end of the bore to form one or two short segments above the
rest of the column. At other times, bubbles that form in the column
may trap the index. Erroneous readings will result in both cases, and
therefore the thermometer should be examined at each observation for
separation of the column. Errors also result from recession of the
index owing, chiefly, to the shelter's being jarred or subjected to vi-
bration by the wind.
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5173. If the minimum thermometer is broken or the reading is known
to be erroneous, use the lowest corrected temperature observed with-
in the observation period.

5180, Telethermoscope Readings.--The telethermoscope is
used to obtain air temperatures at a location remote from the ob-
server. It is an electrical resistance thermometer, the resistance of
which changes with the temperature. The instruments are calibrated
to read directly in degrees Fahrenheit.

5500, ENTRIES ON WBAN-10

5510, Temperature (Col. 7). --Enter the dry-bulb temperature to
the nearest whole degree Fahrenheit. Prefix a minus sign to tempera-
tures below zero.

5530, Dry-Bulb (Col. 18). --Enter the dry-bulb temperature to the
nearest degree and tenth, Fahrenheit, prefixing minus signs as
required.

5540. Wet - Bulb (Col. 19). --Enter the temperature of the wet-bulb
to the nearest degree and tenth, prefixing minus signs as required.

5550. Maximum and Minimum Temperatures (Cols. 47
and 48). --Enter these data only at stations equipped with maximum
and minimum thermometers. Enter the maximum and minimum tem-
peratures to whole degrees for the six hours ending with the observa-
tion. Note that these temperatures must be as high and low respec-
tively as any temperature recorded in the preceding six hours, in-
cluding the current temperature. If the hourly temperatures are in-
consistent with the maximum and minimum readings, assume that the
hourly readings are correct and adjust the maximum and minimum
readings accordingly. On the line captioned "Mid" enter the maximum
and minimum temperatures occurring between midnight and the pre-
ceding 6-hourly observation. T On the line captioned "Mid to'", enter
the maximum and minimum temperatures occurring between midnight
and the succeeding 6-hourly observation. Note that these are not nec-
essarily the maximum and minimum temperatures for the 6-hourly
observation. At stations not taking midnight observations, omit entry
on the lines captioned '"Mid" and "Mid to".

t See footnote to § 4310.



8 2. Manual of Surface Observatipns for CAA Stations Eff, 5-1-53,

5580. Maximum and Minimum Temperatures (Cols. 66 -
67). --Enter these data in whole degrees. Note that the maximum and
“minimum temperatures must be at least as high and low, respectively,
as any temperature recorded through the day. Entries may be omitted
in these columns if the equivalent values are available by summation of
the entries in columns 66 and 67 respectively of the forms constituting

the day’s record (see § 11001, 1).
A5000, LIQUID-IN-GLASS THERMOMETERS

A5010. General.--The range of thermometers in use at a station
should exceed any expected maximum and minimum temperatures.
During periods when temperatures below -38°F, may be expected,
substitute an alcohol-filled (spirit-filled) dry-bulb thermometer for
the mercury-filled dry-bulb thermometer (see § 5130).

A5020. Psychrometers.--(See Figs. A5-2 and A5-3.) Methods
for ventilating psychrometers vary with the type of mounting. If the
psychrometer is to be ventilated with a hand-powered fan (H030)
mounted in a shelter (see Fig. A5-1), it is suspended, bulb end down,
with both bulbs in front of the fan and about midway between the center
of the fan and its periphery. When used in a medium-sized shelter
(P300), the fan and its supporting frame are installed with the crank-
shaft housing projecting through the louvered side. The bottom of the
supporting frame in front of the fan should be approximately 2-1/2
inches above the bottom of the shelter. A hook to hold the psychrom-
eter is screwed into the face of the instrument—mounting board about
seven inches from the right end of the board, and at a height such that
the wet-bulb of the suspended psychrometer is five inches above the

bottom of the shelter.

A5021. Maintenance.--Once a week, check the condition of the
thermometers, change the wick on the wet bulb, and clean the ther-
mometers if foreign matter (crystalline mineral deposits on wet bulb,
etc. ) has accumulated. Deposits of foreign matter on the wicks will
cause erroneous wet-bulb readings. In some localities, it may be
necessary to replace wicks more frequently than once a week to pre-
vent their becoming badly soiled. A solution of vinegar and water will
usually prove effective in removing mineral deposits on the glass
bulbs.

A5021.1. Once a week, clean the gear teeth and exposed surfaces of
the whirling psychrometer (H010) by removing dirty grease, oil, and
loose dirt. Lubricate the bearings with a few drops of viscous motor
oil (SAE 30 or higher) or, in the case of gear teeth and worn bearings,
with a thin film of light grease (vaseline, etc.).
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Fig. A5-1. Fan-ventilated, single-back psychrometer
mounted in medium shelter with maximum and minimum thermometers
and the temperature-sensing unit of the telethermoscope.
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A5021.2. Oil the bearings of psychrometer fans (H030) at least once
a month with one or two drops of light oil, such as anemometer oil if
the bearings are only slightly worn, and SAE 10 or 20 if the bearings
are more badly worn. To facilitate oiling, the hinges on the caps of
the oil cups should face the rear of the shelter. The cups can be
rotated with a pair of pliers if a No. 1 drill (. 228 inch diameter) or
equivalent diameter rod is inserted in each cup to prevent crushing it.

A5030, Maximum and Minimum Thermometers.--A max-
imum and minimum thermometer are mounted on a common support
(P020) that is designed to facilitate resetting them (see §J 5162 and
5171), and to hold the thermometers in fixed positions between
observations.

A5030.1. Installation.--The base plate of the support is mounted
with the longer sides of the support vertical, and with the supporting
stud for the minimum thermometer above and to the right of the max-
imum thermometer stud (see Fig. A5-4). The thermometer backs are
held by clamps on the ends of the studs. When the support is installed
in this manner and the thermometers are set, the bulb end of the min-
imum thermometer is inclined about five degrees below the horizontal,
and the bulb end of the maximum thermometer is inclined about five
degrees above the horizontal, The support is mounted at approximately
eye-level, either on the mounting board or on a separate post (see
Fig. A5-18). When the support is installed on the mounting board of
the medium-sized shelter (P300), the left edge of the thermometer
support should be about one inch to the right of the vertical center-
line of the shelter, and not more than two inches to the left of this
position if it is installed on a separate post. When installed in a large
shelter (P310 or P311), the left edge of the support should be about
nineteen inches from the left side of the shelter. When comparative
readings indicate that vibration is responsible for erroneous minimum
temperature readings from minimum thermometers, the support will
be mounted on a separate wooden post, such as a 4" x 4", or other
corrective action will be taken. The post, set in the ground, should
extend through the floor of the shelter to, or slightly above, the level
of the top of the cross board and immediately in front of the location
specified for mounting the support on the cross board (see § A5510). It
should not touch any part of the shelter.

A5030.2. Maintenance.--Once a month, place a drop of SAE 10
or anemometer oil in the oil hole of the longer stud,
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Fig. A5-2.

Fig. A5-3.
Sling psychrometer (H000) Whirling psychrometer (H010)
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Minimum thermometer
clamp

Maximum thermometer clamp
Fig. A5-4. Maximum and minimum thermometer support (P020)
A5031. Maximum Thermometer.--(See Figé. A5-1 and A5-5.)

Clamp the thermometer in the lower carrier of the support at a point
3-1/2 inches from the high-temperature end of the back.

Fig. A5-5.
Maximum thermometer, bulb end, showing restriction in bore.

A5031.1. Maintenance.--A defective maximum thermometer is
termed a ''retreater' when the constriction is so large that, as the.
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temperature lowers, some of the mercury from the bore retreats
through the constriction into the bulb. Even though carefully lowered
prior to being read, some of the mercury in the stem of a ''retreater"
will pass through the constriction. When damage to the constriction
occurs it is usually upon resetting. The mercury column should rest
on this constriction before the thermometer is whirled, as otherwise
the violent impact of the mercury may enlarge the constriction. When
the thermometer is examined in reflected light, damage to the con-
striction will often appear as an iridescent patch. A ''retreater' should
be replaced immediately with a serviceable thermometer.

A5032. Minimum Thermometer.--(See Fig. A5-6.) Clamp the
back near its midpoint (slightly less than half its length from the high-
temperature end) into the upper carrier of the thermometer support.

A Current B c
Temperature B :

Minimum
Temperature |

Illl]lll!||Hlé]lllli‘lll”Ill|HH]IIII|IIH]|III|Hll]llll]IIHIIIH|II|I|
40 | 50 20 30
_O—& (H ()
Bor index Meniscus
Meniscus To Right Of Index Meniscus Touching Index index Held By Detached

Segments Of Alcohol

Fig. A5-6. Minimum thermometer.

. A5032.1., Maintenance.--One of the methods described below will
be used to reunite segments of a separated alcohol column, or to return
a dislodged index to the united column. Avoid continuing any process so
long or so forcefully as to risk breaking the thermometer. The same
corrective action should be taken if condensed alcohol has formed a
bubble in the upper end of the bore. If repeated attempts fail to unite
the segments, replace the thermometer.

(1) Either attach a sling psychrometer handle to the back of
the thermometer or tie a strong cord to it, and whirl the
thermometer rapidly.
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Fig. A5-7.

Fig. A5-9.

Fig. A5-8.

Fig. A5-7. Reuniting alcohol
column of minimum thermom-
eter by centrifugal force.

Fig. A5-8. Reuniting alcohol
column of minimum thermom-
eter by striking thermometer

against firm object.

Fig. A5-9. Reuniting alcohol
column of minimum thermom-
eter by striking thermometer

against palm of hand.
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(2) Hold the thermometer with the bulb end extended away
from the body and with the metal back of the thermometer
held vertically. Quickly swing the thermometer down-

~ ward through an arc of three or four feet (see Fig. A5-7).
Stop the motion suddenly but without striking the ther-
mometer against other objects.

(3) Hold the thermometer lightly between the thum and fingers
with the bulb end down. Tap the lower end of the metal
back against the top of a table or other firm object covered
with sponge rubber, or with several thicknesses of cloth or
paper to prevent the impact from damaging the thermometer
(see Fig. A5-8). Gradually increase the striking force until
the defect is corrected. -

(4) Grasp the thermometer securely with the bulb end extended
downward, and sharply strike the edge of the metal back,
at a point adjacent to the broken column, against the palm
of the hand (see Fig. A5-9).

A5032.11. After correcting a defect in a thermometer by one of the
foregoing methods, allow the thermometer to remain at rest with the
bulb end down for at least an hour before resetting it. Store spare
minimum thermometers with the bulb end down.

A5100. TELETHERMOSCOPE

A5110. General.--(See Fig., A5-10.) The telethermoscope is an
electrical resistance thermometer for remote indication of air temper-
ature. It consists essentially of a temperature-sensing element (C400) -
a coil of nickel wire sealed in a brass tube - and an indicating device
(C530). The indicatiné apparatus is a modified Wheatstone bridge hav-
ing a galvanometer and a variable resistance attached to a dial with a
scale graduated in degrees Fahrenheit, The temperature-sensing
element, the resistance of which varies with temperature, completes
the circuit. Temperature is read from the scale after the galvanometer
has been adjusted to indicate a balanced circuit. The temperature scale,
in one-degree intervals, extends from -40° or -50° to 120°F.,

A5120. Installation.--Locate the temperature-sensing unit as

close to the center of the shelter as practicable (see Fig. A5-1). Sus-
pend it vertically from the back of the mounting board by clamping the
cable to the board about one or two inches from the end of the tube. The
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’

tube should not touch any surrounding objects. The indicator is either
panel-mounted in an instrument cabinet, or mounted in a case designed

for desk use.

A5130. Observational Routine.--To obtain a temperature
reading:

(1) Release the galvanometer pointer by sliding the clamping
button,

(2) Before depressing the circuit key, check the setting of
the pointer to see that the open circuit reference point
is at or near a zero reading. If it is not, loosen the
screw on the side of the adjusting knob and turn the
knob until the pointer stands at zero, then tighten the
screw,

(3) Set the temperature scale to the approximate outside
air temperature before closing the circuit. Close the
circuit only momentarily until the deflection of the
galvanometer pointer has been reduced to less than
110 by turning the temperature scale -adjusting knob.

(4) Continue to turn the temperature adjusting knob until
the circuit is balanced; i.e., until the galvanometer
pointer is not deflected from its open-circuit position
when the circuit is closed. Do not leave the circuit
closed longer than necessary to take a reading, since
closing the circuit for a prolonged period may result
in erroneous temperature readings from excessive
heating of the thermal element.

(5) Read the temperature to degrees and tenths at the
~ point on the scale directly beneath the index line.

A5140. Maintenance.--Clean the temperature-sensing tube once

a week with a soft cloth or, if dirt or grease adheres to the tube, with
a cloth dampened in alcohol or a petroleum-base solvent. Replace the
dry cells at least once a year with Columbia Grey Label (size 6) or the
equivalent quality of heavy-duty dry cell. Order replacement cells
from the Weather Bureau regional office not later than the expiration
date on the cells in usé. With proper care, the telethermoscope will



Table A5-1 will be used as a guide in locating
When a defective cable

seldom get out of order.
and correcting malfunctioning of the equipment.
is suspected, examine the exposed portions of the leads. Breaks should
be carefully cleaned, twisted together, soldered, and taped. Identify
the cable leads before disconnecting them. To connect the leads cor-
rectly when they are erroneously marked or are unidentified, trans-
pose them successively until the circuit can be balanced.

Table A5-1
Trouble-Correction Guide for the Telethermoscope (C530)

Symptom

Procedure

(1)

(2)

(3)

(4)

(5)

When the circuit key is de-
pressed, the galvanometer
pointer is deflected violently
regardless of the temperature
scale adjustment.

No deflection of galvanometer
pointer (circuit closed) re-
gardless of setting of temper-
ature scale.

Erratic movement of galvan-
ometer pointer; impossible to
make an exact balance.

Sudden deflection of the
pointer when the circuit is
opened.

Sluggish action of galvanom-

eter pointer, or magnitude of
deflection slight; impossible

to make an exact balance.

Test for an open circuit in the
leads to the ""A'" and ""B" binding
posts.

Test for a dead or disconnected
power supply.

Test leads for defective insulation
or a poor connection at the binding
posts.

Test for defective insulation.

Test the battery. If the battery is
satisfactory, the galvanometer may
be defective. As a further check
on the galvanometer, disconnect the
cable leads to indicator terminals
A, B, and C, and replace them with
the test coil (see Fig. A5-11). The
circuit should then balance at a
temperature setting of -20 degrees.
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A5141. Use of Volt-Ohmmeter.--The continuity of the cable
and the condition of the temperature-sensing coil may be tested with
a volt-ohmmeter. Disconnect the leads from the indicator and meas-
ure the resistance between each pair of leads. The resistance between
the ends of leads A and B, or A and C, should be between 80 and 110
ohms. If the resistance between the ends of leads B and C is not infi-
nite, these leads may be assumed to be satisfactory. Infinite resist-
ance between the ends of any pair of leads is indicative of an open
circuit.

A5142. Defective Galvanometer.--When it it determined that
t he galvanometer is defective, order a replacement (see Foreword).
Upon receipt, remove the defective galvanometer from the indicator
by loosening the screws fastening it to the plate, and return it to the
Weather Bureau regional office unless otherwise instructed. When
other defects cannot be corrected locally inform the Weather Bureau
regional office. :

Fig. A5-11. Telethermoscope test coil.

A5200. TELETHERMOMETER

A5210. General.--The telethermometer is an electrical-resistance
thermometer similar in principle of operation to the telethermoscope.
It consists of a temperature-sensing element (C400) and a ratio-bridge
type of indicator (C531). This indicator is self-balancing, and tem-
peratures are read directly from it.
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A5220. Temperature-Sensing Unit.--The temperature-sen-
sing units used for both the telethermometer and the telethermoscope
are interchangeable, although they differ in appearance. The unit,
which is provided with a mounting bracket for attachment to a 3/4 to
.7/ 8-inch board, will be installed as near the center of the shelter as
practicable. When installation is made in a medium-sized shelter
(P300), attach the unit, with the cable end uppermost, to the cross
board at a point one or two inches to the left of the vertical center line
of the shelter, or three to four inches from the center post if one is
used (see Fig. A5-18). When installation is made in a large shelter

- (P310 or P311), install the unit either vertically with the cable end up,
by attaching the bracket to the cross board, or horizontally with the
tube pointed toward the back, by attaching the bracket to the vertical
support for the cross board about twelve to fifteen inches above the
bottom of the shelter,

A5230. Indicator.-- (See Fig. A5-12.) The indicator (C531) is
powered from a 117 -volt, a-c power supply. The scale of the meter

is graduated in one-degree increments from -50°F. to 120°F. Voltage
fluctuations between 95 and 120 volts should not reduce the overall ac-
curacy of the indications. The power-supply voltage should be meas-
ured across the power input to the instrument under varying load con-
diti ons (changes in weather, night to day, etc. ) until the normal volt-
age fluctuations are known for the circuit to which the instrument is
attached. If the voltage supply is observed.to fluctuate frequently below
95 volts and above 120 volts, notify the Weather Bureau regional office
promptly. The indicator is mounted either in a standard 19-inch, size
E, instrument-panel mounting, or in an enclosed metal case for desk use.

A5240. Wiring.--A three-wire cable connects the temperature-
sensing unit to the indicator. The cable may be any desired length (up
to about 5000 feet) and size, provided that the resistance of any lead
does not exceed five ohms. The resistance of the three leads must be
equal, Solder and tape all joints carefully. Wrap the joints first with
rubber tape and then with friction tape. Be careful not to attach the
117-volt, a-c power supply to terminals A, B, or C. Attach the red or
green lead of the temperature- sensing unit to terminal A. The black
and the white leads are interchangeable between terminals B and C.

A5250. Observational Routine.--Tap the indicator before each
observation if periodic checks indicate that the pointer is subject to
sticking. Note: The pointer on the indicator does not return to zero
when the power is off.
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Fig. A5-12. Telethermometer.

A5260. Maintenance.--The temperature-sensing tube of the tele-
thermometer should be cleaned weekly with a soft cloth, dampened in
alcohol if necessary, to prevent an accumulation of dirt. If the indi-
cator is known to be defective, order a replacement (see Foreword).
If the source of the trouble is in the temperature tube or cable, or the
source is unknown, notify the Weather Bureau regional office of the
nature of the trouble.

A5500. INSTRUMENT SHELTERS AND EXPOSURES

A5510. Instrument Shelters.--The instrument shelter may be
either the medium-sized type (P300 - see Fig. A5-17), or the large
(P310 or P311) type. Both types have louvered sides with a double top
to protect the temperature-sensing units from precipitation, conden-
sation, and radiation, while at the same time exposing them freely to
the flow of air surrounding the shelter. In general, and unless other-
wise specified in this chapter, temperature-sensing units will be
mounted as close to the center of the shelter as practicable, and in a
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position where the operation of one instrument will not interfere with
the operation of another. In any case, the temperature-sensing units
will be mounted more than four inches from the sides, top, and bottom
of the shelter.

Fig. A5-17. Medium (cotton region) shelter with 8-inch gage.

A5520. Exposures.--(See Fig. A5-17.) Wherever possible,
shelters will be installed over earth or sod at least 100 feet from any
concrete or other hard-surfaced area, and not closer to any other ob-
ject than four times the height of the object above the floor of the in-
strument shelter. Aveid roof installations if practicable. However, if
it is necessary to locate the shelter on a roof, it should not be closer
than 30 feet to any large, vertical reflecting surface (walls, etc. ), ex-
haust fans, or cooling towers. The floor of the shelter should be ap-
proximately four feet above the ground or roof, except that, if the
shelter is mounted above a roof, the height may be greater than four
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feet in order to minimize radiation effects from the roof. To afford
the interior of the shelter the greatest protection from direct solar
radiation while the door is open, orient the shelter with the door fac-
ing north (in the Northern Hemisphere). Keep the shelter door closed
when the instruments are not being read.

A5521, Illumination.--Use electric lamps rated at a total of not
more than 30 watts in the shelter, Keep the lamps as far as practica-
ble (at least ten inches) from any temperature-sensing element. Do
not leave the lamps turned on any longer than is necessary to read the
instruments.
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Fig. A5-18. Medium shelter - inside view. Illustrated are
maximum and minimum thermometers mounted on separate
(vertical) post, telethermometer sensing element, single-
back psychrometer and ventilation fan.



CHAPTER 6. HUMIDITY MEASUREMENT

6000. DEFINITIONS

6010, General.--These instructions are concerned with the ex-
pression of humidity in terms of dew point. These data are calculated
with psychrometric tables or calculators based on atmospheric pres-
sures of 23, 25, 27, 28, 29, and 30 inches of mercury, If a psychrom-
etric calculator is available, it will be used in preference to the tables
unless the dry- and wet-bulb temperatures exceed the range of the

calculator.

6010.1. Dew-point data can be expressed with respect to ice or water.
The psychrometric calculator expresses dew point at all temperatures
with respect to water. Psychrometric tables numbered WB 235 ex-
press values of dew point with respect to ice when the dew point is
less than 32°. These values must be converted to their water equiv-
alent, and Table 9 is provided for this purpose,

6020. Dew Point.--The dew point is the temperature to which a
sample of air must be cooled, while the mixing ratiol and barometric
pressure remain constant, in order to attain saturationiT with respect
to water. The dew point is expressed to the nearest whole degree

Fahrenheit. !

6100. PSYCHROMETRIC COMPUTATIONS '

6110. Depression of the Wet Bulb.--The depression of the
wet bulb is the algebraic difference between the dry- and wet-bulb
temperatures. It is used with the psychrometric tables and calculators

to make dew-point computations.

1 MIXING RATIO. The mixing ratio of moist air is the ratio of the
mass of water vapor to the mass of dry air with which the water vapor
is associated.
Tt SATURATION. Saturation as used here denotes a state in which the
mixing ratio of a sample of air is equal to that of air immediately over
a flat surface of pure water, where equality exists between the rates of
evaporation from and condensation of water vapor on the surface, pro-
vided that the temperature and barometric pressure of the sample are
the same as those of the surface and the superjacent air.

99,
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Examples:

(1) Dry-bulb temperature.......... 40.6
Wet-bulb temperature......... 32.1
Depression............... 8.5

(2) Dry-bulb temperature.......... 1.2
Wet-bulb temperature.......... -0.7
Depression................ 1.9

(3) Dry-bulb temperature.......... -3.4
Wet-bulb temperature.. .. .. eo..-4,7
Depression............... 1.3

6110.1, When the wet bulb is overed with water and a depression can-
not be obtained, the temperature of the dew point will be regarded as

the same as that of the wet bulb. If the wet bulb is covered with ice and
a depression cannot be obtained, the dew point will be converted to its

water equivalent (see § 6131, 1), unless liquid fog is present at the sta-
tion. In this latter instance, the dew point will be regarded as the same -
as the dry-bulb temperature.

6120, Psychrometric Calculator.--Use the calculator based
on the barometric pressure nearest the normal station pressure (see

J 6010). Instructions for use of the calculator are printed on it. Note
that different scales of the calculator will be used according as the wet
bulb is covered with ice or water at the time of the observation

(see ¥ 5151, 3).

A6121. Psychrometric Calculator.--(See Fig. A6-1) When
the wet-bulb temperature is 32° or more, use the high temperature
range (Form 1183) of the calculator; when the wet-bulb temperature is
less than 32°, use the low temperature range (Form 1184). In the
latter case, disregard instruction 1(a) on the scale, since the wick will
be brought to a frozen state as indicated in § 5151. 3. The dew point is
always read from the TwDP scale. On the high temperature range
(Form 1183), note that the TwDP scale from -10° to 32° is on the
periphery of the calculator,
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A6122. Psychrometric Calculator - Maintenance.,--
When not in use, the calculator must be kept in an envelope or drawer,
or otherwise protected., Keep it out of direct sunlight and away from
radiators or other objects with relatively high temperatures.

A6122.1. Clean the calculator monthly with a damp blotter. If a

more thorough cleaning is necessary, disassemble it and wash it with
soap and water, then rinse and dry it. Do not use acetone, benzene,
lacquer thinners or other solvents. Care should be taken to reassemble
the calculator with spacing washers between each moving part, and

with the rotor disks on the proper faces of the base. Do not lubricate
the pivot assembly, since oil may cause discoloration of the vinylite.

A6122.2. Four sets of reference marks are printed near the extrem-
ities of two mutually perpendicular diameters of the calculator. On
the base, each reference mark consists of three short parallel lines,
while on the disk, each consists of a single line. To check the
centering of the disks, align a reference mark on one of the disks with
‘the center line of a reference mark on the base. The other reference
marks on the disk should then lie within the limits of the outer lines
of corresponding reference marks on the base. Repeat this test for
all four positions of the disk's reference marks with relation to the
marks on the base. If each position does not satisfy the conditions of
the test, do not use the calculator for official psychrometric compu-
tations. This check is required (a) upon receipt of the calculator,

(b) after reassembling the device, and (c) periodically to prevent mis-
alignment due to pivot wear.

6130. Psychrometric Tables.--Use the tables based on the
barometric pressure nearest the normal station pressure (see §J 6010).
The arguments are (a) the dry-bulb temperature as given in the ver-
tical column at the left of the table, and (b) the depression of the wet
bulb printed across the top of the table. Dew-point data are given as
tabular values on correspondingly captioned pages.

6131. The dew point is found from the tables as follows:

(1) When the temperature of the dry bulb and the depression
of the wet bulb coincide with those given in the tables,
the dew point is the tabular value at the intersection of
the vertical column corresponding to the wet-bulb
depression and the horizontal row corresponding to the
air temperature,

c3ul3
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(2) When either the air temperature or the depression of the
wet bulb is between the values given in the tables, find,
by single interpolation, the proportional part to be used
in determining the dew point from the tabular values.

(3) When both the air temperature and the depression of the
wet bulb are between the values given in the tables,
double interpolation is required to determine the pro-
portional parts to be used in the calculation of the dew
point from the tabular values.

6131. 1, When the dew point is less than 32°, dew points derived from
the tables are expressed with respect to ice. (See § 6010.1.) Before
these data are used for any purpose, they must be converted to their
water equivalent. Using Table 9, find on the upper scale the dew-
point temperature, to the nearest tenth of a degree, with respect to
ice derived from the psychrometric tables. Read this point in terms
of the lower scale to find the corresponding value with respect to
water.

ExaumpLE: A small portion of the psychrometric tables is reproduced below.
Temperature of dew point in degrees Fahrenheit
(Pressure=29.0 inohes)

Depression of wet-bulb thermometer (t—t’)
Air temperature

0.2 0.4 0.6 0.8 1.0
— 10 o eeee—eeceas —12 —14 —-17 —19 —23
e o RO —11 —13 —15 —18 —21
B e —-10 —12 —14 —16 —19

0.5 1.0 1.5 2.0 2.5
40 . - e e e eeeeeeceas 39 38 37 86 34
4] e ecccccee—an 40 39 38 37 35
42 e eeeeeeccceecceeee——ea- 41 40 39 38 36

COMPUTATIONS

Dry-bulb reading_ . __ . __________________________.__ —9. 8° —8. 4° 41, 3 —10. 0°
Wet-bulb reading. .- ________________________ —10.2° —9.3° 39. 9° —10.7°
Depression of wet-bulb__ ____________________________ 0. 8° 0. 9° 1. 4° 0.7°
Dew point temperature éice) ___________________________ —16.2° —18.3° |oo_ ... —18.0°
Dew point temperature (water) (See Table 9)___________ . —21° —24° 38° —23°

(Note that the dew point for temperatures below freezing in this example are with respect to ice and must
be converted to their water equivalents.)
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TaBLE 9.—Dew point conversion lable, showing relationship between dew point with respect lo ice and dew point with
respect to water (° F.),

OEW POINT CONVERSION TABLE
Showing Relotionshp Between

Dew Point with Respect 10 ice ond Dew Point with Respect 1o Water (*F)

ICE
._SIO'F _4]5- _4|°. l
bt el L , ] |
lrlllllrlv[{lrlylrl,llllIJIII'Ill ]"II I { [ | 1 I 1 1 l 1 1
-~60°F ~55° ~50° —45° —40°F

ICE
—35'F -30° -25° =20° —15°F

NN T N S N B T N N
]lll}llllllll’l]'l]l[lllIT[lIlITl| I T ' rl 1] I T
—40°F -35° -30° -25¢ —20°F
WATER

ICE
—20°F -15° -10° -5 O°F

NN e
|lllllll]lllllll[l]lllll_]IIIl1IIIl]ll T l T l T l
—25°F ~20° —15° -10° —5°F
WATER

10°F 15° 20° 25° 30° 32°F
o [ N O AU PR O BN T A
lllll]}llll!]lelllllllll|'ll]IrllI

10°F 15° 20° 25° 30° 32°F

[NorE.—Saturation vapor pressures over ice and water, used in computing this table, aze based on formulas by J. A. Goff and 8. Gratch, oﬂavu.
Amer. Soc. Heat. and Vent, Eng., vol. 52, p. 95, 1946. Formula for saturation vapor pressure over water assumed to apply from —60° F. to 140° F.)

6400. ENTRIES ON WBAN-10

6410. Dew Point (Col. 8). --Enter the dew-point temperature to
the nearest whole degree. Prefix a minus sign to dew-point tempera-
tures below zero. For air temperatures below -35°F. see ¥ 5130 and
11010,




CHAPTER 7. PRESSURE

7000. GENERAL

7010. Atmospheric pressure is the pressure exerted by the weight of
a column of air, of unit area, extending vertically from the reference
surface to the top of the atmosphere. Atmospheric pressure is meas-
ured by means of a barometer, four types of which are in general use:

(1) Mercurial barometers (adjustable- and fixed-cistern).
(2) Aneroid barometers.

(3) Aneroid barographs and microbarographs.

(4) Altimeter setting indicators.

Pressure is not determined from types (2), (3), and (4) above unless
an approved mercurial barometer is available for periodically check-
ing them.

7011. At stations having two or more of the above types, observe the
following priority in selecting the instrument to be used for hourly or
6-hourly pressure observations:

Hourly observations 6-hourly observations

(1) Precision aneroid barometer (1) Precision aneroid barometer
(2) Altimeter-setting indicator (2) Altimeter-setting indicator
(3) Microbarograph (3) Mercurial barometer

(4) Mercurial barometer

7100, READING MERCURIAL BAROMETERS

7110, Adjustable-Cistern Barometers.--The construction
of adjustable-cistern barometers requires that the mercury surface
in the cistern be adjusted to the tip of an ivory point projecting down-
ward into the cistern. The tip corresponds to the zero line of a scale
calibrated in inches and hundredths.

105,
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7111. Prior to reading the barometer scale perform the following
operations in the order given below:

(1) Read to the nearest 0.5°F. the thermometer attached to.
the barrel.

(2) Turn the thumb-screw at the bottom of the barometer
until the surface of the mercury in the cistern touches
the tip of the ivory point. The tip of the ivory point
should be coincident with its image in the mercury. If
a dimple f orms on the surface, the cistern has been
raised too far. Contact of the mercury with the ivory
point is seen more easily against a white background.

(3) Tap the barrel near the top of the column of Imercury.

(4) Set the vernier (movable scale) so that the base just
cuts off light at the highest point of the meniscus. The
meniscus is the curved upper surface of the mercury
column. The front and rear sighting edges of the base
of the vernier coincide when they are on d level with
the eye. A white background is helpful when making
this adjustment of the vernier.

(5) Lower the mercury about 1/4 inch from the 1vory point;
do not change the vernier setting.

7112, Verniers on adjustable-cistern barometers are constructed in
two ratios: 10to 9, and 25 to 24. (See Fig. 3.) The scale with which
the 10 to 9 vernier is used is graduated at intervals of 0.100 inch. The
length of the graduated portion of the vernier, 0.900 inch, is divided
into 10 spaces, each 0. 090 inch in length. Therefore, each vernier
interval is 0. 010 inch shorter than scale intervals. With these ver-
niers the scale may be read without interpolation to the nearest 0,010
inch. " The length of the 25 to 24 vernier, 1.200 inches, is divided
into 25 intervals, each 0, 048 inch in length. As the scale is graduated
at intervals of 0. 050 inch, each space on the vernier is 0. 002 inch
shorter than the spaces on the scale. With these verniers the scale
may be read without interpolation to the nearest 0. 002 inch.

7113. Obtain the barometer reading to the nearest 0. 001 inch as
follows:
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(1) When both the zero and the top graduation lines of the
vernier coincide with scale lines, read the scale at
its coincidence with the zero line of the vernier; no
further reading is necessary. If the zero line of the
vernier lies between two lines on the fixed scale,
read on the scale the value of the lower line, and
proceed as outlined in (2) and (3) below.

(2) Select on the vernier the line that lies exactly opposite,
or the shortest distance above, a line on the scale. For
the 10 to 9 vernier multiply the number of this line by
0.010 and add the product to the reading obtained in step
(1). For the 25 to 24 vernier multiply the number of the
line by 0. 002 and add the product to the reading obtained
in step (1).

(3) Estimate the final thousandths, if any, from the propor-
tional parts, and add to the sum obtained in step (2).

T
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7120. Fixed-Cistern Barometers.--The Bowen fixed-cistern
barometer is calibrated to give pressure readings in millibars; the
attached thermometer is in the Celsius (centigrade) scale.

7121. Before reading the Bowen barometer:

(1) Read the attached thermometer to the nearest 0. 5°C.

(2) Tap the barrel near the meniscus.
(3) Set the vernier as for the adjustable-cistern type.

7122. The vernier on this barometer is so made that ten spaces on
the vernier are equal in length to 19 millibar spaces on the scale.
That is, the length of one division on the vernier is equivalent to

1,90 millibars.

7123. Read the barometer to the nearest 0. 01 millibar as follows:

(1) If the zero line of the vernier is exactly opposite a line
on the scale, read the scale directly to whole millibars
at that line. If the zero line of the vernier falls between
two lines on the scale, read the value of the lower line,
and continue as indicated in (2) and (3) below.

(2) Select the line on the vernier that lies exactly opposite ,
or the shortest distance above, a line on the scale. Multiply
the number of this vernier line by 0. 10, and add the prod-
uct to the reading obtained in step (1).

(3) Estimate the hundredths of millibars, and add the value
to the result obtained in step (2).

7200. DETERMINATION OF STATION PRESSURE

7210, General,.--Station pressure is determined at fixed intervals
by means of corrected mercurial barometer readings, and at inter-
mediate times by means of aneroid barometers or barographs peri-
odically corrected to mercurial readings, Station pressure from
mercurial barometer readings is the pressure value obtained after all
required corrections have been applied to the observed mercurial
reading. Station pressure from aneroid barometers and barographs
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is the value obtained after the correction established from the mer-
curial barometer reading has been applied.

7220. Station Elevation.--Station pressure is related to an as-
signed station elevation (Hp) above mean sea level. This assigned
elevation remains constant even should the station be moved to a dif-
ferent elevation. If it should be moved, a ''removal correction' is
applied to readings taken at the new location. The corrected reading
is then very close to what it would have been if it had been taken at
the original location.

7230. Corrections to Barometer Readings - General.
Atmospheric pressure from the observed barometer readings must

be corrected for temperature, local gravity, and instrumental error.
In addition, to make the pressure value comparable with previous
pressure values at the same station, the application of a removal cor-
rection may be required (see § 7220). Corrections to be applied to
the different types of mercurial barometers are described as follows.

7231. Corrections to Adjustable-Cistern Barometers.
Corrections applied to readings of adjustable-cistern barometers com-
prise a temperature correction, a scale error and capillarity (instru-
mental) correction, local gravity correction, and sometimes a cor-
rection to assigned station elevation. The temperature correction is
determined frqm the publication '"Correction of Mercurial Barometer
for Temperature, English Measures.' Corrections for scale error
and capillarity, local gravity, and removal are collectively referred
to as the "'sum of corrections.'" They are listed on the barometer
correction card furnished with each barometer. The correction to
station elevation may be constant. If the correction varies with tem-
perature, owing to the amount of difference between assigned station
elevation and the elevation of the barometer, the "sum of corrections’
will be found on the back of the card. It will facilitate computation if
the "sum of corrections'' and the temperature corrections are incor-
porated into a single table. The algebraic sum of the temperature
correction and the ''sum of corrections, ' as defined above, in such a
table is referred to as the total correction. To obtain the total cor-

rection from this table use as arguments the attached thermometer
reading to the nearest 0,5° Fahrenhcit or Celsius (centigrade) and the

observed barometer reading in inches and thousandths or millibars

and tenths,

7232. Corrections to Bowen Fixed-Cistern Barometer.
Corrections applied to the Bowen barometer comprise temperature,
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volume, gravity, residual, and removal (if required). These cor-
rections are incorporated into a table furnished to the stations re-
quiring it. To obtain the total corrections from this table, use as
arguments the attached thermometer reading to the nearest 0.5°C.
and the observed reading in millibars and hundredths.

7240. Aneroid Barograph.--A continuous record of station
pressure is recorded on a chart by the aneroid barograph. The baro-
graph consists of an aneroid pressure unit with pen linkage, and a
clock-driven drum upon which the chart is fastened. The scale of the
2-1/2 to 1 open-scale microbarograph is magnified, or opened, so
that a pressure difference of one inch of mercury is represented on
the chart by a linear distance of 2-1/2 inches. The distance between
adjacent pressure ordinates printed on the chart is equivalent to 0, 020
inch of mercury. On the 1 to 1 scale, a Pressure difference of one
inch of mercury is represented on the chart by a linear distance of
one inch. The distance between adjacent pressure ordinates is equiv-
alent to 0. 050 inch of mercury.

7241. To determine station pressure from the barograph:
(1) Tap the instrument lightly, on the top of the case.

(2) Read to the nearest 0. 005 inch the pressure value indi-
cated by the position of the pen on the chart, estimating
for values lying between the printed ordinates.

(3) Apply the correction established for the barograph in
accordance with instructions in § 7242,

7242. A barograph will not be used for original determination of pres-
sure unless a correction is established every six hours by compari-
son with the station pressure determined from the mercurial or pre-
cision aneroid barometer or altimeter setting indicator. Determine

to the nearest 0. 005 inch or 0.1 millibar the correction necessary to
make the barograph reading agree with the station pressure computed
from the barometer reading. If this correction exceeds 0. 05 inch, the
barograph should be reset at the time the barometer reading is made
(see § 7245.12). If the barometer is calibrated in millibars, the bar-
ograph correction will be determined by converting station pressure
from millibars and tenths to inches and hundredths, Apply this correc-
tion to all barograph readings until another correction is established at
the next succeeding 6-hourly comparison.Post the correction by entry on
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WBAN-10 (see § 7787) and, if necessary, on a separate indicator so
that it will be available to all personnel taking pressure readings from
the barograph.

79243. Make a time-check line on the barograph sheet after the baro-
graph correction is determined. This line should be about equal in
length to the width of two divisions on the chart and should be made
carefully to avoid injury to the delicate mechanism of the barograph.
(See § A7211,) If the instrument is so exposed that the dash-pot liquid
becomes cold, which prevents the pen from returning to position, do
not make a time-check line.

7244, Whenever a reading is taken, ascertain that the clock is run-
ning and that the ink is flowing properly. When it appears that the
pen will pass off the printed divisions of the chart, set the pen up or
down, equivalent to one full inch of pressure, by means of the adjust-
ing screw, renumber the lines accordingly, and indicate on the chart
the time of the adjustment.(See Fig. 4.)

7245. Charts.--The elevation range of the barograph is indicated
on the nameplate. Select the chart to conform with the elevation of
the barometer in accordance with Table 10c.

Table 10c. Barograph Charts (2-1/2 to 1 scale)
Elevation |Midway | Elevation Midway | Elevation | Midway
of Station |Isobar of Station Isobar of Station Isobar
Barometer|Pressure| Barometer | Pressure| Barometer | Pressure
(ft.) (inches) (ft.) (inches) (ft.) (inches)
0-30 30. 25¢% 2361-2860 27.25% 6111-6710 | 23.75%F
-0-30 29.75%F | 2861-3370 26.75%t | 6711-7310 | 23.25%
31-490 29.75%% 3371-3890 26, 25¢% 7311-7920 | 22.75%F
491-950 29. 257 3891-4420 25.715%FF 7921-8540 22.25%
951-1415 | 28.75%f | 4421-4970 25.25% 8541-9165 21.75%%
1416-1880 | 28. 257} 4971-5530 24.75%F¢F 9166-9790 |21, 25%
1881-2360 | 27.75%f | 5531-6110 24.25¢ 9791-10420] 20.75%¢

+ Use WB Form 1068C
ttUse WB Form 1068D
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7245.1. Changing Charts.--Charts will be changed on 4-day bar-
ographs on the lst, 5th, 9th, 13th, 17th, 21st, 25th, and 29th of the
month, and on weekly barographs on the 1lst, 8th, 15th, 22nd, and 29th.
The charts should be changed at the standard synoptic hour (0030 GCT,
0630 GCT, etc. ) nearest to noon, LST. If for any reason the chart is
not changed at the usual time, it will not be changed before the follow-
ing 3-hourly pressure-tendency observation at stations where these
data are observed, since an unbroken record is desirable for this ob-
servation; at stations not observing pressure tendency, the charts will
be changed as soon as practicable.

7245.11., Before placing a chart on the barograph, use a typewriter,
rubber stamp, or pen and ink to enter the following data:

(1) In the upper left-hand corner, or in spaces provided, enter
the name of the station and the type (i.e., CAA), meridian
of local standard time, and, on the first of the month, the
time T that the pen is touched.

(2) Across the top of the chart on each noon line or in the
spaces provided, enter the date of the day's record.

(3) Immediately preceding the printed figures along the first
and last time arcs, enter the appropriate figures to indi-
cate the range and calibration of the chart (e. g., 28
preceding the printed ""00" on the 28. 00~inch line of charts
graduated in inches of mercury).

(4) Near the 'Foint where the trace will begin, enter "ON", |
the time T, and the current station pressure 7.

7245.12. To replace the chart, remové the pen from the chart by
means of the lever mechanism, and lift the cylinder vertically until it
is free of the spindle. Remove the cylinder and loosen the clip holding
the chart to the cylinder, and remove the chart. Avoid storing or han-
dling charts in a manner that might smear the trace before it is dry.

F it the replacement chart smoothly and tightly on the cylinder, with the
bottom edge of the chart uniformly in contact with the flange at the
bottom of the cylinder, and replace the clip. Inaccurately-cut charts
should be trimmed along a line parallel to and 1/4 inch below the lower,

T Enter the local standard time to minutes,

Tt Enter the current station pressure (before rounding) as obtained from
the mercurial or precision-aneroid barometer, or the altimeter setting
indicator.
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horizontal boundary ordinate. Wind the clock and lower the cylinder
gently over the center spindle until the gears have fully meshed, hold-
ing the cylinder by the top and bottom to avoid disturbing the position
of the chart. Fill the pen with ink and return it almost to the surface
of the chart. Adjust the pen, if necessary, for pressure and time
(see § 7245.2. and 7245. 3). Return the pen to the surface of the chart
and check the inking action of the pen.

v

7245.13. After adjustment or removal of a completed barogram:

(1) Enter the time T of each adjustment, and an arrow to
indicate the point of adjustment.

(2) Near the end of the trace, enter the time of removal T
and the current station pressure 1t.

(4) When adjustment for pressure is made, enter the cur-
rent station pressure 1 and corrections applying to
both the preceding and following record, e.g., -055/0,
above the break in the trace (see Fig. 4). :

7245.14. Forward completed barograms for the month (including the
record up to the time of changing the chart on the first of the follow~
ing month) to the station to which WBAN-10 is forwarded, not later
than the second working day of the following month.

7245.2, Adjustment for Pressure.--To adjust the position of
the pen, turn the knurled, pressure-adjusting knob at the top of the
cylindrical pressure-element housing until the pen is at the correct
station pressure. Tap the case or chassis lightly to overcome any
sticking in the linkage mechanism before checking the adjustment of
the pen. (See § 7242 and 7245. 12 for conditions under which adjust-
ment for pressure is required. )

7245.3. Adjustment for Time.--To adjust the cylinder for time,
turn it counterclockwise until all slack motion in the drive mechanism
is removed. If the pen position does not bear the proper relationship
to the time-ordinate lines after the slack has been removed, continue
to turn the cylinder counterclockwise with sufficient force to override
the friction drive until the timing error is eliminated. Adjust the in-

strument promptly if, at any time, the record trace is in error by
more than one-quarter of the smallest time interval printed on the chart.

7 Enter the local standard time to minutes.

t1+ Enter the current station pressure (before rounding) as obtained
from the mercurial or precision-aneroid barometer, or the altimeter

setting indicator.
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7250. Aneroid Barometer.--Pressure is indicated on an aneroid
. barometer by the position of a hand on a graduated dial. Aneroids have
dials graduated at intervals equivalent to inches and hundredths of mer-
cury or millibars and tenths. Rapid changes of temperature, or ex-
posure to direct heat or sunlight, may cause erratic performance in an
aneroid barometer, and jars or shocks may dislocate elements of the
linkage system. If the correction of an aneroid barometer becomes
erratic, for example, +0.01 inch (+0,3 mb. } at one mercurial barom-
eter comparison, +0, 04 inch at the next, and a -0, 02 inch at a third
(see § A7221.4 & .5), report it to the Weather Bureau regional office.
An unusually high wind will cause an aneroid barometer to indicate a
pressure differing from one obtained from a mercurial barometer.
This difference is especially apparent when the exposures of the two
instrument s are dissimilar. Differences noted at the time of high
winds need not be reported unless they persist after the disappearance
of the atmospheric conditions first associated with them,

7251. To determine station pressure from the aneroid barometer:

(1) Tap the face of the instrument lightly with the finger or
the eraser-end of a pencil to bring the hand to its true
position.

(2) Read to the nearest 0. 005 inch or 0.1 millibar estimating
for values between the scale graduations.

(3) Apply any necessary correction established in accordance
with § 7252,

7252, Corrections to be applied to precision-type aneroid barometers
will be determined in accordance with instructions issued to the sta-
tion requiring them. Other types of aneroid barometers will not be
used for original determination of pressure unless a correction is es-
tablished at 6-hourly intervals by comparison with the station pressure
determined from the mercurial or precision-aneroid barometer, or
altimeter-setting indicator. This correction is the difference between
the station pressure computed from the mercurial barometer reading
and the pressure indicated at the same time by the aneroid barometer.
Apply the correction to all aneroid readings until another is established
at the next succeeding 6-hourly observation. Post the correction so
that it will be available to all personnel taking pressure readings from
the aneroid barometer. '
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7260. Station Pressure from Altimeter-Setting Indi-
cators.--Station pressure will be determined from altimeter-setting
indicators in accordance with the following instructions, provided that
the indicators are periodically compared with mercurial barometers as
required by instructions issued to stations having both instruments.

(1) Determine the corrected altimeter setting to the nearest
0. 005 inch from the altimeter-setting indicator.

(2) Find in the altimeter setting tables the tabular value cor-
responding to the altimeter setting determined in (1).

(3) Read at the side and top of the table the corresponding
station pressure interpolating to the nearest 0. 005 inch.

NOTE:- If the exact value of the altimeter setting determined in (1)
does not appear in the altimeter setting tables, interpolate to obtain the
station pressure and dispose of the thousandths digit in accordance with
instructions in the Introduction.

7300. SEA-LEVEL PRESSURE

7310. General, --Sea-level pressure represents the atmospheric
pressure at sea level under prevailing meteorological conditions of tem-
perature and station pressure. When the station is not at sea level, the
station pressure is said to be reduced to sea level, The reduction is
accomplished by the use of tables supplied each station. The tables are
based on the elevation of the individual station at which they are to be
used, and upon certain assumptions implicit in the hypsometric equation
employed in their computation. The reduction table may be expressed
in inches of mercury, or expressed directly in millibars, according as
the original pressure readings are in inches or millibars, The argu-
ments used in the tables are station pressure and temperature. Mean
temperature intervals in the reduction tables generally vary with the
station elevation as follows:

Station elevation Mean temperature intervals

0- 50 feet None (constant correction)
51- 500 feet 10°
501- 1000 feet 5°

1001 feet or more 2°
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7320, Reduction of Station Pressure to Sea-Level
Pressure.--In reducing station pressure to sea-level pressure, use

as arguments:

(1) The station pressure rounded to the nearest 0. 01 inch or
0.1 millibar in accordance with instructions contained in
the Introduction,

(2) The 12-hour mean temperature, to tenths, obtained from
the current air temperature, and the air temperature 12
hours previously.

7321. Determine the sea-level pressure from reduction tables as
follows:

(1) When observed values of mean temperature and station
pressure correspond exactly with tabular arguments,
find the sea-level pressure as a tabular value at the
intersection of the respective columns.

(2) In all other instances, interpolate for pressure or tem-
perature or both, by use of proportional parts tables
( Tables 10d - k), or by means of arithmetical interpolation.

7323. The station pressure will be reduced to sea level by use of a
sea-level reduction table and tables of proportional parts in accordance
with the following instructions. Each step in the instructions is illus-
trated by an example based upon a given station pressure and a given
12-hour mean temperature. Portions of the sea-level reduction table
nécessary for evaluation of the example is reproduced following

J 7324.

Given: Station pressure = 24.17
12-hour mean temperature = 58.7°

(1) Find the station pressure argument in the table next lower
to the actual station pressure. In the example, 24.10
would be selected as next lower to 24. 17.

(2) Find the temperature argument in the sea-level table next
higher to the 12-hour mean temperature. In the example,
60 would be selected as next higher to 58.7.

(3) Find the tabular value at the intersection of the columns
selected in accordance with (1) and (2) above. In the
example, this tabular value would be 30. 71,
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(4) Find the vertical pressure difference between the tabular
value selected in accordance with (3) above and the next
higher tabular value. In the example this would be 0. 01
(difference between 30. 71 and the next higher value,
30.72).

(5) Find the horizontal pressure difference between the value
found in accordance with (3) above and the next higher
tabular value. In the example, the difference would be
0. 12 (difference between 30. 71 and the next higher
horizontal value, 30, 83).

(6) Find the temperature difference to tenths between the
actual 12-hour mean temperature and the value selected
in accordance with (2) above. In the example this would
be 1.3 (the difference between 58.7 and 60. 0),

(7) Find the pressure difference between the actual station
pressure and the value selected in accordance with (1)
above. In the example, this would be 0. 07 (the dif-
ference between 24,17 and 24. 10),

(8) To summarize, the following values have been found:

(a) Vertical pressure difference (this equals 0, 01
in the example).

(b) Horizontal pressure difference (this equals 0. 12
in the example).

(c) Temperature difference (this equals 1.3 in the
example).

(d) Pressure difference (this equals 0. 07 in the example).

(9) Select the vertical pressure versus temperature table
of proportional parts appropriate to the station sea-
level table in accordance with § 7322. In the example,
the difference between successive temperature argu-
ments is 2°; therefore, proportional parts Table 10d
is used.

(10) Using the table selected in accordance with (9), find the
vertical pressure argument corresponding to the value
found in (4) and the temperature argument corresponding
to the value found in (6). Find the tabular value at the
intersection of the respective columns. In the example
this would be 0, 007.
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(11) Using proportional parts Table 10g, find the horizontal
pressure argument corresponding to the value found
in (5), and the pressure difference found in (7). Find
the tabular value at the intersection of the respective
columns. In the example, this would be 0. 084,

(12) Add the values found in (3), (10), and (11). The sum is
the sea-level pressure. In the example this would be
30. 800, which is obtained as follows:

(a) From (3), a tabular value of sea-level pressure = 30,71,
(b) From (10), and interpolated value of pressure using
Table 10d = 0, 007,
(c) From (11), an interpolated value of pressure us-
ing Table 10g = 0, 084,
(d) From (12) a sum that equals the sea-level
pressure = 30, 801,
The thousandths digit is disposed of in accordance with
instructions contained in the Introduction.

7324. Sea-level reductions in terms of millibars will be made simi-
larly to the foregoing by use of proportional parts tables (Tables 10d -
k). In all operations, values as they appear in the tables will be car-
ried forward to the final computation before disposing of the final digit.

PORTION OF A SEA-LEVEL REDUCTION TABLE

Mean temperature (°F.) Station pressure (inches)

24,00 24,10 24,20 24,30

6. e e e 30.61 30,74 30.87 30.99

58. . . e e 30.60 30.72 30.85 30.98
60, .. 0 e s e J 30.58 30.71 30,83 30. 96

B2, .. i e e e 30.57 30.69 30,82 30.95
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Tables of Proportional Parts for
Reduction of Pressure to Sea Level

Table 104. Table of proportional parts for use with sea-level reduction
tables having increments of 2° in temperature and 0,10 inch in pressure,
Temperature | Vertical Tabular Differences {inch)

Incremente

°F .01 .02 .03 Lol

0.0 000 ,000 ,000 .000
0.1 001  ,001 ,002 002
0.2 .001 .002 .003 .004
0.3 002,003 ,005 .006
0.4 ,002 .00k 006 ,008
0.5 003 .005 ,008 .010
0.6 003 ,006 .009 012
0.7 004,007 ,011 .01k
0.8 .00k 008 .,012 ,016
0.9 .005  .009 ,01% 018
1.0 005 ,010 ,015 .020
1.1 006  ,011 ,017 022
1.2 .006 ,012 .018 o024
1.3 007  .013 .020 026
1.4 007 .01k 021 028
1.5 .008 .015 .023 .030
1.6 .008 016 .02k 032
1.7 009 ,017 ,026 034
1.8 .009 018 027 036
1.9 .010 .019 .029 ,038
2,0 010 ,020 ,030 .0ko

Tadle of proporticnal parts for use with sea-level reduction

Table 10Oe,
tables having increments of 5° in temperature and 0.10 inch in pressure.
Temperature | Vertical Tabular Differences (inch)
Increments
°F .01 .02 .03 .0k
0.0 000 ,000 .000 ,000
0.1 000 ,000 ,001 ,001
0.2 000 001 ,001 002
0.3 001 .00 .002 ,002
0.4 001 ,002 ,002 ,003
0.5 001 ,002 ,003 00k
0.6 L001  ,002 .00k 005
0.7 .001  ,003 .00k 006
0.8 .002  ,003 ,005 .006
0.9 .002 .004 .005 .007
1.0 002 004 ,006 008
2,0 .00k ,008 .012 .016
3.0 .006 ,012 ,018 .02k
ko .008 ,016 .02k 032
5.0 .010 .020 .030 .0ko
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Tables of Proportional Parts for
Reduction of Pressure to Sea Level
Table 10f, Table of proportional parts for use with sea-level reduction

tables having increments of 10° in temperature and 0,10 inch in pressure,

Temperature | Vertical Tabular Differences (inch)
Increments
oF .01 .02 .03 .ok
0.0 .000 .000 .000 .000
0.1 .000 .000 .000 .000
0.2 .000 .000 001 001
0.3 .000 .001 .001 .001
0.4 .000 .001 .001 .002
0.5 .001 .001 .002 .002
0.6 001 ,001 .002 ,002
0.7 .001 .001 .002 .003
0.8 .001 .002 .002 .003
0.9 001 ,002 ,003 004
1.0 .001 .002 .003 .00k
2.0 002 004 ,006 ,008
3.0 .003 .006 .009 .012
4.0 .00k  ,008 012 016
5.0 .005% .010 .015 .020
6.0 .006 .012 .018 .024
7.0 007 .01k 021 .028
8.0 .008 .016 .02k4 032
9.0 .009 .018 027 +.036
10.0 .010 .020 .030 .0ko
Table 10g. Table of proportional parts for use with all sea-level
reduction tables in inches,
Pressure Horizontal Tabular Differences (inch)
Increments
(inch) .10 .11 .12 .13 Wb .15
0.00 .000 .000 .000 .000 .000 ,000
0.01 .00 ,011 .012 ,013 .01k .015
0.02 . 020 022 024 ,026 .028 .030
0.03 .030  .033 .036 .039 042 .0ks
0.0k .0k0 o4k 048 ,052 .05 .060
0.05 050 .055 .060 .065 070 075
0.06 .060 066 0712 .078 .084 .090
0.07 070 .077T .08% ,091 ,098 105
0,08 .080 ,088 .096 .104 112 .120
0.09 090 .099 .,108 .117 .126 .135
0.10 .100 .110 .120 .130 .140 .150
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Proportional parts for use with sea-level reduction tables, in millibars,
Tabular values are tenths of millibars,

having increments of 2* F, and 0,10 inch,

Table 10h,
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Tabular values are tenths of millibars,

Proportional parts for use with sea-level reduction tables, in millibars,

having increments of 5° F. and 0,10 inch,

Table 10i.
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Table 10j. Proportional parts for use with sea-level reduction tables, in millibars,
having increments of 10°* F, and 0.10 inch, Tabular values are tenths of millibars,

Temperature Vertical Tabular Differences
Increments

(°F) 1 2 3 ks 6 7 8 9 10 11 12 13 14 15
0.0 0O 00 0OOOOOO O O O O 0 O
0.1 0O 0000OOOOO O O O O O0 O
0.2 0O 0 00OOOOO O O O O o0 o
0.3 0000 0OOOOO O O O 0 0 O
0.4 0O 0000 0O0O0OO O O O 1 1 1
0.5 00000 O0OO0O0COC 1 1 1 1 1 1
0.6 0 00000 O0OO0O1 1 1 1 1 1 1
0.7 0O 000 O0O0OO111 1 11 1 1 1 1
0.8 o000 0O0 11211 1 1 1 1 1 1
0.9 0o 00O0O06OOI111111 1 1 1 1 1 12
1.0 oo0oo0o0111111 1 1 1 1 1 2
2.0 0 0 1 111122 2 2 2 3 3 3
3.0 011122223 3 3 & & b 5
Lo 011222334 & & 5 5 6 6
5.0 112 2 33 ks 5 6 6 7 7 8
6.0 1122 3 %455 6 7T 7T 8 8 9
7.0 112 3 %4566 7 8 8 9101
8.0 1 2 2 3 5 6 61T 8 9 10 10 11 12
9.0 1 2 3 4 5 5 6 7 8 9 10 11 12 13 1k
10.0 1 2 3 k5 6 7 8 9 10 11 12 13 1k 15

Table 10k, Proportional parts for use with all sea-level reduction tables in millibars,
Tabular values are tenths of millibara,

Pressure Horiztontal Tabular Differences

Increments .

(inch) 30 31 32 33 3b 3% 36 37 38 39 4o k1 k2 k3 4k k5 k6 k7 LB k9 50
0.00 0 0 (o] o] [o] [o] o] o] [o] o] o] o] [o] 0 o] 0 o] [s] (o] [o] 0
0.01 3 3 3 3 3 & & K & 4 L L Kk ¥ L 5 5 5 5 5 5
0.02 6 6 6 7 1T 1 1 1T 8 8 8 8 8 9 9 9 9 9 10 10 10
0.03 9 9 10 210 10 11 11 11 11 12 12 12 13 13 13 1% 1k b s 15 15
0.0k 12 12 13 13 1k 1k 1k 15 15 16 16 16 17 17 18 18 18 19 19 20 20
0.05 15 16 16 17 17 18 18 19 19 20 20 21 21 22 22 23 23 26 24 25 2%
0.06 18 19 19 20 20 21 22 22 23 23 2 25 25 26 26 27 28 28 29 29 30
0,07 21 22 22 23 2k 2% 25 26 27 27 28 29 29 30 31 32 32 33 34 3k 35
0.08 2 25 26 26 27 28 29 30 30 31 32 33 3% 34 35 36 37 38 38 39 Lo
0.09 27 28 29 30 31 32 32 33 3% 35 36 37 38 39 k0 k1 k1 42 W43 L4 45
0.10 30 31 32 33 3% 35 36 37 38 39 L0 k1 k2 W3 L4 L5 k6 k7 k8 A9 50

PROPORTIONAL PARTS TABLE
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7400, COMPUTATION OF HEIGHT OF THE 85 0-MILLIBAR
SURFACE ABOVE SEA LEVEL

7410. Description of Diagrams.--The height in geopotential
feet (gpft.) of the 850-millibar surface (25.10 inches of mercury) is
computed by means of one of the hypsometric diagrams listed below.
The diagrams used for the computation must have ranges of pressure
and temperature that include the current values of station pressure and

mean virtual temperature.

Temperature Range, Pressure range, inches

Form Number °F of mercury
1154C 10 to 90 28.80 to 25.10
1154D 10 to 90 27,70 to 22.75
1154E 10 to 90 25.10 to 20.60
1154F -50 to 30 28.80to 25.10
1154G -50 to 30 28.00 to 22.50
1154H -50 to 30 25.10 to 20.60

Forms 1154D and G are for intermediate values of pressure that over-
lap pressure ranges of other diagrams. Two linear scales, one in
gpft. and one in kilometers, are printed at the left of the diagram. To
the right of the diagram is a millibar-inch pressure conversion scale
for use at stations supplied with barometers calibrated in millibars.

7420. Description of Scale.--A gpft. scale which is available
as a separate form, is used in computing the height of the 850-millibar
surface. It is furnished in a height range from 2350 to 9500 feet for
use with all diagrams listed in § 7410. A kilometer scale is printed
on the right in a range equivalent to the range of the gpft. scale. The
station elevation in gpft. should be indicated on the scale with a fine,
thin penciled arrow that extends across the width of the scale. The
position of this arrow on the scale should be verified for accuracy by
another of the station personnel, after which the arrow should be re-
traced with permanent ink. The head of the arrow should terminate
about 1/16" from the edge of the scale. Trim the scale so that the
line in the center becomes the right edge, and the graduations and
legends remain on the left side. The scale is subject to contraction
and expansion with changes in humidity and temperature. Precautions
should therefore be taken to avoid subjecting the diagrams and the
scales to extremes of ‘either humidity or temperature.
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7430. Computation of Mean Virtual Temperature.--
Enter the following temperature data on the Form 1081:

(1) Current temperature.

(2) Current temperature,
(3) Temperature 6 hours previously.

(4) Algebraic sum of (1), (2), (3).
(5) One-third of (4) (whole degrees).

(6) Correction from table entitled '"Correction
for Lapse Rate and Humidity, " using as
arguments the values closest to the current
station pressure and the temperature com-
puted in (5). (See Table A7-2,)

(7) Algebraic sum of (5) and (6).

Only one copy of Form 1081 will be prepared unless additional copies
are required locally. Completed copies may be de'stroyed after 90
days.

7440. Selection of Diagram.--Select a diagram whose range of
pressure, printed along the side, includes the station pressure, and
whose range of temperature, printed along the top, includes the mean
virtual temperature computed in accordance with § 7430 above. The
slanting lines of the hypsometric diagrams represent values of pres-
sure in increments of five-hundredths of an inch corresponding to sta-
tion pressure ; the vertical lines represent temperature in whole de-
grees Fahrenheit corresponding to values of mean virtual temperatures.

7450. Use of Scale.~-(Form 1154J). Place the gpft. scale on the
hypsometric diagram so that height in gpft. increases with decrease

in pressure. Place the edge of the scale parallel with and immediately
adjacent to the vertical line correspondihg to the mean virtual temper-
ature, to the nearest whole degree Fahrenheit. Slide the scale verti-
cally until the tip of the arrow coincides with the value of station pres-
sure to the nearest 0. 01 inch. The height of the 850-millibar surface
above sea level will be read on the gpft. scale at its intersection with
the 25. 10 line, which is a dashed horizontal line with arrow heads at
its extreme tips.
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EXAMPLE
Given: .
Station elevation gpft...................... 5,290
Station pressure.......................... 24,645
Current temperature(t)................... 29.3°F
Temperature 6 hours previously (tg)........ 33.6°F

et i ettt et e e i e e e 29.3°
L ch et Ce et 29.3°
BGe e vemnenenenns e 33.6°
SUuUM. .ot it i e e 92.2°
Mean........... i, 30,7°
t" (to nearest whole °F)............. ... . . . 31°

humidity correction table, at inter-
section of 24. 60 pressure line
(closest to 24.64) and 30°F tempera-

ture column (closest to 31°)............. +2
tmv = Mean virtual temperature argument,
nearest whole °F.................. .. .. 33°
(2) Pressure argument (station pressure to
nearest 0.0l inch)..................... 24.64 inches

(3) To determine the height of the 850-millibar
surface above sea level:
Using 24.64 as the pressure argument place the edge
of the scale along the 33° temperature line with the
arrow marking the station elevation, 5290, at the
24.64 inch pressure value. At the intersection of the
scale with the 25. 10-inch pressure line (equivalent to
850-millibar) read the height of the 850-millibar sur-

face above sea level (to nearest 10 gpft. ). Height
equals 4810 gpft.
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7500. ALTIMETER SETTING

7510. General.--The altimeter setting is a pressure, in inches,
used for setting a pressure-scale type sensitive altimeter in an airplane
so that upon landing of the airplane the instrument will indicate an alti-
tude reading equal or very close to that of the field elevation above sea
level. The altimeter setting is sometimes called the standard atmos-
phere sea-level pressure, since it is based on the standard atmos-
phere. Computation of the altimeter setting is independent of temper-
ature. Altimeter settings are determined only at stations equipped

with an approved mercurial barometer with whose readings those of

any pressure instrument used in determining the altimeter setting are
periodically compared. A new determination of the altimeter setting
will be made whenever the information is requested and the latest de-
termination was made 30 minutes or more before the request. Alti-
meter settings determined at the time of the 6-hourly observation will
be furnished to local operations desiring them immediately after deter-
mination. These readings are required for comparative purposes, and
are in addition to those normally transmitted in observations to local
operations.

7520. Determination of Altimeter Setting from Station
Pressure.--Altimeter-setting tables, containing station pressure
arguments for obtaining altimeter settings, are furnished to stations
requiring them. The station pressures pertain only to the elevation of
the station at which the table is designed to be used. Therefore, each
table may be used only at a station whose elevation corresponds with
that of the one used in computing the table. The station pressure ar-
guments are given at the side of the table to tenths of an inch and at the
top of the table to hundredths of an inch.

7521. To determine the altimeter setting, read the station pressure
to the nearest 0, 01 inch and find in the body of the table the value cor-
responding to the station pressure. No interpolation is necessary.
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EXAMPLE
A portion of the altimeter setting table for Kansas City, Mo., follows:

Altimeter Settings, Kansas Cit Mo Field Elevatij 7

Station pressure (inches) .01 . 02 . 03 . 04
28.80................. 29.60 29.61 29.62 29.63
28.90................. 29.70 29.71 29.72 29.73

Station elevation, Hp = 750. 0 feet. Actual elevation barometer
H; = 760. 328 feet.

(1) Given:
Station Pressure 28. 825, rounded to the
nearest 0,0l inch......................... 28.83
Value from table found in column
headed .03............. .. ... ... ... . ... .. 29.62
(2) Given:
Station Pressure 28. 927, rounded to the
nearest 0.0linch,........................ 28.93
Value from table found in column
headed .03...............................29.72

7530. Altimeter-Setting Indicators.--The altimeter-setting
indicator is a special form of aneroid barometer so designed that after
installation and proper adjustment, the altimeter setting may be read
directly from the scale. Corrections for this instrument will be de-
termined in accordance with instructions in § A7230.

7600, DETERMINATION OF CHARACTERISTIC AND AMOUNT
OF BAROMETRIC TENDENCY

7610, The barometric tendency comprises three elements: (1) the
net change in barometric pressure within a specified time before an
observation, (2) indication as to whether the barometric pressure is
higher or lower at the end of a period than at the beginning of the per-
iod, and (3) the characteristic of the change during the period. No
allowance will be made for diurnal changes in determing these data.
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7620, Pressure tendencies will be determined only at stations equip-
ped with a barograph. Determine the characteristic from the trace

for the full 3-hour period preceding the actual time of observation, and,
at stations computing 850-millibar data, for the full 3-hour period end-
ing three hours before the time of observation. Observe whether the
pressure is the same as, or higher or lower than, the pressure at the
time of the beginning of the period, and whether the trace shows a
falling, rising, steady, or unsteady tendency, or a combination of
these. If the characteristic is so variable over the period that it can-
not be identified, determine it for the period immediately preceding
the observation, or for whatever interval will permit of a reasonably
accurate determination of a characteristic. When the tendency of the
observed trace is incompatible with the sign of the net change, select
the tendency that is most nearly representative and still compatible
with this sign. Classify barometric tendencies in accordance with
Table 10m and § 7621 and 7622,

Table 10m. Pressure Tendencies

Code |Observed

figure trace Description

0 e Rising, then falling. ]

1 Var'd Rising, then steady; or rising, then | Barometer
rising more slowly. now higher

2 g Unsteady or rising unsteadily. > than, or the

3 -/ Steady or rising steadily. same as, 3

4 VS Falling or steady, then rising; or hours ago.
rising, then rising more quickly. )

5 \, Falling, then rising.

6 \N\ Falling, then steady; or falling, Barometer
then falling more slowly. now lower

7 , Unsteady or falling unsteadily. » than 3 hours

8 \ Falling steadily. ago.

9 AN Steady or rising, then falling; or
falling, then falling more quickly. )
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130.
7621. Classify tenaencies as 2 or 7 only if the difference in height be-
tween adjacent troughs and crests in two or more instances (such as
between two adjacent crests and the intervening trough), equals or
exceeds the distance represented by 0. 02 inch of mercury (approx—
imately 0.7 mb. ) on the chart (see example A).

EXAMPLE A

12-hour chart 4-day chart
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This tendency should be classified as 7 because the amplitude of the
pressure changes between the two crests and the intervening troughs

are equal to 0. 02 inch or more.

7621.1. Classify tendencies as 3 or 8 only if the trace contains no
point s of discontinuity (see example B). A point of discontinuity is
defined as a point at which the predominant slope of the latter part of
the trace represents a change from the predominant slope of the earlier
part of 0.02 inch of mercury per hour or more.

EXAMPLE B

12-hour chart 4-day chart
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This tendency should be classified as 3 because the change in slope at
discontinuity is less than 0. 02 inch per hour.
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7621.2. Classify tendencies as ''0", ''1", "4", "5", or "9" according
to the general criteria in Table 10d and the additional instructions in
g 7622 when neither of the criteria in § 7621 and 7621. 1 applies (see

example C).

EXAMPLE C
12-hour chart 4-day chart

Lt 3045 Il 15 30 45 Il 15 30 45 IV 15 3045. ® 12z 15 18 21 00
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This tendency should be classified as 1 because the predominant slope of
of the latter part of the trace differs from the predominant slope of the
earlier part by more than 0. 02 inch of mercury per hour.

7622. When two or more characteristics apply, select the tendency
that is representative of the latter portion of the trace (see examples
A and B below), unless this tendency is not compatible with the net
amount of change in the past three hours. In this latter case, select
the tendency that is most descriptive of the entire 3-hour period and is
also compatible with the net 3-hour change. (See examples C and D
below. )

EXAMPLES

12 -hour chart 4-day chart
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_ EXAMPLES
12-hour chart 4-day chart

) S S ol i | l.sol 0 O] SRS AN §
C. This tendency should be classified as 0, (Although numeral 6 of
the tendency code is more representative of the latter portion of

the period, it is not compatible with the positive sign of the net
3-hour change. )
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Th'i's't'er'ldency should be classified as 0. (Although numera] 7 of

the tendency code is more representative of the latter portion of

of the period, it is not compatible with the positive sign of the net
3-hour change. )

=

7630. To find the amount of change, determine to the nearest 0. 005
inch the net change over the interval by subtracting corresponding
entries in column 17. If an observation was not taken three hours pre-
viously, determine the change from the barogram.

7640. When the barogram indicates a rapid fall in pressure followed
by an abrupt rise, with both rise and fall at the rate of 0. 06 inch per
hour or more, the lowest pressure in the "V'" will be noted and
converted to sea-level pressure for reporting in accordance with

J 7730. The mean temperature used in the reduction will be the mean
of the temperature at the preceding observation and at a time twelve
hours previously.

7700, ENTRIES ON WBAN-10

7710. Sea-Level Pressure (Col. 6).--Omit the initial "9" or
"10" of the sea-level pressure and enter it as three figures (without a
decimal point) representing tens, units, and tenths of millibars; e. g.,
enter 1013.2 as "132".

7720, Altimeter Setting (Col. 12).--Omit the initial "2l op g
of the altimeter setting and enter it as three figures (without a decimal
point) representing units, tenths, and hundredths of inches; e. g., enter
29.94 as ""994". At stations not equipped with mercurial barometers
but requiring altimeter settings on WBAN-10 for operational purposes,
prefix an "E" to the entry.
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7730, Remarks (Col. 13).--Enter pressure data in column 13 as
follows: '

Observed Entry
(1) Pressure rising or falling at PRESRR or PRESFR
rate of . 06 inch per hour or
more.
(2) Barogram "V' (see § 7640). Enter in the next record observa-

tion the lowest sea-level pressure
in tens, units, and tenths of milli-
bars, and time of occurrence LST;
e.g., 'LOWEST PRES 631 1745C"".

(3) Pressure unsteady, as shown PRES UNSTDY
on the barogram by sharp
troughs or crests that depart
at least . 03 inch from the
mean trend.

7740. Station Pressure (Col. 17).--Enter station pressure to
the nearest . 005 inch determined from the instrument appearing high-
est in the priority list in § 7011. Omit entry if a mercurial barometer
is not used for periodic comparisons with other pressure-measuring
instruments. (Entries in this column will be used in determining sea-
level pressure and altimeter setting, after being rounded to the near-.
est .01 inch.) .

7780, Station Pressure Computations (Lines 59 - 65).--
Enter station pressure computations for the 6-hourly observations as
specified below.

7781. Time (Line 59).--Enter the time of reading the barometer.
(Note that this time will usually differ from that ascribed to the obser-
vation in columns 2 and 16.)

7782. Attached Thermometer (Line 60), --Enter the tempera-
ture of the thermometer attached to the mercurial barometer to the
nearest 0.5° Fahrenheit or Celsius (centigrade). Omit entries when the
pressure readings are taken from precision aneroid barometers or alti-
meter-setting indicators.

7783. Observed Barometer (Line 61). --Enter the uncorrected
observed reading of the mercurial barometer to the nearest . 001 inch
or . 05 millibar; or of the precision aneroid barometer to the nearest

. 005 inch or .1 millibar., Omit entry if an altimeter-setting indicator
is being used to determine station pressure (see §J 7011).,
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7784. Total Correction (Line 62). --Enter the sum of all cor-
rections required to reduce the observed reading to station pressure.
Omit entry if an altimeter-setting indicator is being used to determine
station pressure.

7785. Station Pressure (Line 63). --Enter to the nearest . 001
inch or . 05 millibar for mercurial barometer reading; to the nearest
. 005 inch or 1 millibar for precision aneroid or altimeter-setting
indicator readings.

7786. Barograph Readin g (Line 64). --Enter to the nearest

- 005 inch or .2 millibar according as the barogram is graduated in
millibars or inches. When the barogram is changed at the time of the
6-hourly observation, take the barograph reading from the new
barogram.

7787. Bar ograph Correction (Line 65). --Enter the the nearest
. 005 inch or .1 millibar with proper sign, the difference between the
entries in lines 63 and 64, that is, line 63 minus line 64. If for any
reason the barogram is changed after the time of the 6-hourly obser-
vation, enter the new barograph correction in column 90 and an aster-
isk in line 65 preceding the correction established at the time of the 6-

hourly observation.

A7000. PRESSURE-SENSING INSTRUMENTS

A7030. Exposure.--Select exposure sites where the instrument will
not be subjected to rapid fluctuations of temperature or to jarring and
continuous vibration. Avoid exposing the instruments to direct sun-
light and radiant heaters, and to direct drafts, such as from open
windows and doors. When an installation is regarded as unsatisfactory,
or when contemplated changes in the office (air-conditioning, reno-
vation, etc.), are considered likely to affect the exposure adversely,
notify the Weather Bureau regional office.

A7031. Aneroid barometers should, under ordinary circumstances,
be mounted with the dial in a vertical position at a convenient level for
reading. Aneroid barometers and altimeter-setting indicators will
operate satisfactorily in other than a vertical position. However, since
a change in position may result in a change in the indicated reading,
the instrument should be carefully checked against a mercurial barom-
eter whenever a change in position is made. Instruments designed for
connection to a static head system should be installed in a location
where the connections can be made. Dial-type instruments are fre-
quently provided with a detachable case or flange to be used when the
instrument is wall mounted. Remove the case or flange when the in-
strument is to be flush mounted in an instrument panel or rack.
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A7100. MERCURIAL BAROMETERS

AT7110. General.--Where two mercurial barometers are maintained
side by side, the instrument regularly used is designated as the '"sta-
tion barometer, " and the other as the "station extra.' These designa-
tions will not be changed without authorization from the Weather Bureau
Central Office. The station extra is to be used for emergency and
reference purposes only. Do not use barometer lamps of more than

25 watts, or leave the lamp burning longer than required for the actual
observation. Mercurial barometers, especially barometers of the ad-
justable cistern type, are very fragile.

AT7112. Cistern Rings.--As an aid in maintaining adjustable-
cistern barometers in a vertical position, a ring is attached to the
mounting board to encircle without touching the cistern when the barom-
eter is freely suspended. Adjust the suspension of the barometer, or
the position of the cistern ring, to prevent the freely suspended barom-
eter from touching the ring. An improved style of ring is provided
with three set screws that clamp the cistern lightly in a vertical posi-
tion, thereby facilitating rapid and accurate adjustment of the cistern
without disturbing the vertical alignment of the instrument.

AT7112.1. To adjust the cistern
where the non-clamping type ring

is used, steady the cistern against
the side of the ring in a manner in-
dicated in Fig. A7-3;1i.e., by
swinging the cistern end of the ba-
rometer in a direction such that the
cistern touches the ring at a point
where the line (AB) through the
center of the cistern and the point
of contact is at right angles to the
line through the center of the
cistern and the ivory point (I). When
this is done properly, the mercury
level with respect to the tip of the
ivory point will not be changed when
the barometer is released and re- :

turns to its vertical position. Fig. AT7-3.

Cistern ring.

A7120. Relocation of Mercurial Barometers.--Mercurial
barometers will not be moved by station personnel, except in an emer-
gency to protect the instrument from shock or other conditions likely
to damage it. The circumstances will be reported immediately to the
Weather Bureau regional office.
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3

AT7120.2. When a barometer is moved in an emergency, it should be
removed to and stored in a protected location in accordance witn

g AT121,

AT7121. Moving a G010, Adjustable-Cistern, Fortin-
Type Barometer.--(See Fig. A7-4.) The adjustable cistern ba-
rometer must be handled carefully. Avoid any rapid accelerating or
decelerating movement of the instrument, especially in a lengthwise
direction; i.e., along the center line of the tube and cistern.

A7121,1. When the barometer is to be relocated, it may be moved by
hand without adjustment of the cistern provided it is:

(1) Hand-held in a vertical position with the cistern end down
throughout the move.

(2) Not subjected to shock or to sufficient vertical acceleration
or deceleration to cause noticeable pumping of the mercury;
i.e., rise and fall of the mercury in the tube.

When the barometer cistern is maintained in a fixed position by a
clamping type cistern ring, the supporting board or box and the barom-
eter may be moved intact so long as these provisions are carefully

observed.

AT7121.2. When it is impractical to transport the barometer in accord-
ance with § A7121.1, prepare the instrument for removal as follows:

(1) Turn the cistern screw clockwise until the top of the
mercury column is lifted just above the top of the open-
ing in the tubular metal shield. Do not force the screw
after any decrease in the freedom of its movement is
noted, since the mercury may have reached the top of
the tube. At high altitude stations where the atmos-
pheric pressure is relatively low (less than 26,50 inches
of mercury), incline the barometer about 45 degrees after
the cistern is filled with mercury and before filling the
tube. This will reduce the risk of damage from the
hydrostatic pressure involved.

(2) Remove the barometer from its support and incline it
slowlz until the cistern end is above the horizontal.

(3) Unscrew the cistern screw approximately one turn.
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Suspension R od

Vernier Light

Shielded Barometer
Board

v~ Vernier Adjustment

Mercury Adjusted to
Tip of Ivory Point

Attached
Thermometer

Cistern Light

Cistern Adjustment
Screw
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Fig. A7-4. Adjustable cistern, Fortin-type barometer, G010,
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%1

Transport the barometer with the cistern end above the

horizontal, preferably with the instrument in a vertical position. The
barometer should be well padded to protect it from shock.

AT121. 3.

So far as possible, the barometer should be stored at a tem-

perature equal to or less than the temperature at the time of removal.
It should be stored in a protected location with the cistern end above

the horizontal.

A7121.4.

Before lowering the cistern end of the barometer to or below

the horizontal, advance the cistern screw approximately one turn pro-

vided it turns freely,

‘WB Form 1060

U. S. DEPARTMENT OF COMMERCE
WEATHER BUREAU

BAROMETER CORRECTION CARD

--Station . .. Barometer No. ........ 823
at __ Mford, Utah . ... .
Mean An. Temp., .....)499..-.

SPECIAL REMOVAL CORRECTIONS

(Requtred for large changes of elevation)

Station _.__.___._____ Midford . Utah

Correction for scale errors and capillarity.... __QQQ. Temperature Removal correction | Sum of corrections
Correotion ( Latitude ..38%_28Y ; =015,
for local —20 --066 - 088
gravity { Actual elevation 5033.119..; .=.007. " 5
Correction to station elevation 5097, ; ... —— T . — =+ 087.
0 _,‘(}6)| -.086
See other side  sum of corrections. . ... ——— I 063 | — 8
. . +10 - -0
When the total correction for instrumental * L
errors is -+ it is to be added, when — it is to be 20 -,061 -.083
subtracted from the observed reading.
S — 80 “a 060 -_._Qaz —
Attached thermometer No. --oo......._.
Correction In dogrees Fabrenheit to reduce to 30 “‘GEQ 4—-._-4081__
R standard alr thermometer. 50 57
Scalerdg| 320 42° | &2° | & | m0 | g0 | g0 =C =.079
Correction|-0. ~0. |~0. |-o. |-0. I-0. g % | =.0% | _-,078 _
n
doztee. Whenover (o6 serraciians b renche'So he, Doarest. balf e T =a0855 =077
thermometer are 0.5 degree, or more, the appropriate correotion
will be applied tw the observed temperature and the reading thus 80 - QSh 026
corrected wlll be entered on forms and employed In taking out T T T - =
the correction for temperature of the barometer.
. ) ) , %0 =052 =.07)
This card will be kept conspicuously posted adjacent to
18 barometer, 100 | - 05] -
Card issued ... Qctober 7. .. , 1947
(WB-3-12~48-8,000) 67
Fig. A7-5. Form 1059
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A7200. ANEROID-TYPE INSTRUMENTS

A7210, Aneroid Barograph, G210,.--(See Fig. A7T-6) This
barograph has a 2-1/2 to 1 scale.

A7211. Maintenance.--Whenever a barograph is initially placed
in operation, and whenever any adjustment of the pen or linkage mech-
anism has been made, check the relationship between the time-arc
lines on the chart and the arc described by the pen between the top and
bottom pressure-ordinate lines. To check this, adjust the pen to the
lowest pressure-ordinate line by means of the adjusting knob, and lift
the pen gently to the highest pressure-ordinate line (never depress the
pen except by means of the adjusting knob). The relationship is correct
if the pen point is equidistant from the nearest time line at both the top
and bottom of the chart, and at any third point near the middle of the
chart. If the distance separating the pen and the time line differs be-
tween the top and bottom of the chart, it is likely that the chart is
poorly fitted to the cylinder. If the distances at the top and bottom of
the chart are in agreement, but differ from the distance at or near the
middle of the chart, the pen arm length requires adjustment (see

g A7211,21).

AT7211.1, Dashpots.~-Dashpot fluid should be used if continuing
vibration or artificial pressure changes (such as those caused by
slamming doors and gusts of wind through open doors and windows)
cause an unsteady trace. Before filling the dashpot, remove the con-
necting-rod screw that links the connecting rod of the dasher to the
overhead slot in the rocker arm, and remove the dasher. Fill the dash-
pot to within 1/4 inch of the top. However, when it becomes necessary

to add fluid to the dashpot, drain, clean and refill it, particularly if
there is doubt as to the nature of the fluid. Do not mix differing types
of fluids, such as an oil-type fluid with one having a glycerine base.
Replace the dasher, and before connecting it to the rocker arm, raise
and lower it in the fluid several times to dislodge any air bubbles pres-
ent beneath the dasher. The level of the liquid must be kept above the
upper limit of travel of the dasher in order to eliminate surface-
tension errors. After replacement of the connecting-rod screw, the
connecting rod should be freely suspended from the screw and should
have noticeable side-to-side play between the sides of the slot in the

rocker arm.

AT7211.11. After filling the dashpot, check the operation of the instru-
ment by depressing the pen to the bottom pressure-ordinate line by
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Fig. A7-6. Aneroid Barograph (2-1/2 to 1 scale), G210.
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means of the pressure-adjustment knob, then lift the pen gently to the
uppermost pressure ordinate and release it. The pen should begin its
return rapidly and should decelerate uniformly until it comes to rest.
If the return is non-uniform, it may be caused by (1) a sharp pen
catching on the face of the form, (2) improperly functioning dashpots,
or (3) tight spots in the linkage mechanism. Adjust the pressure trace,
and check the pressure adjustment at intervals of two to three hours
over several cycles of increasing and decreasing pressure. Whenever
the correlation between the indicated pressure and the station pressure
obtained from the mercurial barometer is erratic or otherwise ab-
normal, (1) repeat the procedure described in § A7211.1 to eliminate
air bubbles, and (2) check the level of the dashpot fluid. Even with
damping fluid in the dashpots, tapping the case of the instrument lightly
several times should be sufficient to remove any error resulting from
sticking of the linkage. Whenever the effect of sticking is observed to
be consistently or frequently more than 0. 02 inch of mercury, and if
the condition is not corrected by any of the foregoing procedures or by
changing the pen (see ¥ A7211.2), report the condition to the Weather
Bureau regional office.

A7211.2. Pen.--Whenever the pen fails to feed ink automatically,
the flow of ink may be started by drawing a piece of smooth, lint-free
(preferably bond) paper between the nibs of the pen in order to wet the
inner faces. The wetting action is improved and the chance of retain-
ing paper fragments or other foreign particles between the nibs of the
pen is decreased, if the paper is withdrawn with a motion directed
away from the reservoir and toward the nibs of the pen. If the pen
still fails to make a fine, clear line, remove it from the pen arm and
clean it, Wash the pen thoroughly in water or, preferably in alcohol.
Scrape dried ink from the pen and rewash it. Ink should not be allow-
ed to collect on the outer faces of the points, since an excess of ink
tends to collect dirt and may lead to interruption of the record. Re-
place any pen that becomes so worn that it no longer makes a fine,
clear record.

A7211.21. The pen is secured by a friction clamp to the tapered
point of the pen arm. To remove the pen, loosen it carefully to avoid
bending the pen or pen arm, or otherwise damaging the linkage mech-
anism. If the pen is not easily removed by a light pull, use a knife
edge to loosen the prongs that secure it to the pen arm. The effective
pen arm length of 7.625 inches (the distance from the pen point to the
axis of rotation of the arm) must be maintained when the pen is
replaced.
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AT7211.22. If a faint or otherwise unsatisfactory record is obtained
because of ink dilution, refill the pen with undiluted ink. Keep the
reserve supply of ink well stopped to prevent dilution by absorption of
water vapor.

A7211.3. Clock Adjustment.--To adjust a clock that consistently
gains or loses time, open the small inspection plate in the top cover

of the clock compartment (inside the cylinder as viewed from the top -
see Fig. A7-7). Carefully move the small index slightly toward "F"
(Fast) if the clock is losing time, or toward "S" (Slow) if the clock is
gaining time. It is preferable that timing adjustments be made at the
time of changing the form to preserve continuity of the record.

Record-chart Sliding cover for access
retaining clip to fast-slow adjustment lever

Clockwinding key

AT212, Exposure.--Barographs will be exposed in accordance with
instructions in § A7030. frays

A7220. Aneroid Barometers - Precision Type.--(See
Fig. AT-9.) The range of aneroid barometers is indicated by the
graduated scale on the dial. The pressure scale should extend to at
least 1.3 inches of mercury (approximately 45 mb. ) higher, and 1.5
inches of mercury (approximately 50 mb. ) lower, than the mean sta-
tion pressure as taken from Form 1059 (see Fig. A7-5).
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UNITED STATES DEPARTMENT OF COMMERCE, WEATHER BUREAU

aneroid-mercurial barometer comparative readings.
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' BAROMETER COMPARISONS
(Comparison of altimeter setting indicators or aneroid barometers with mercurial barometers.)
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AT7221. Comparative Re adings.--Comparative data from con-
current readings-of the precision aneroid barometer and a mercurial
barometer will be obtained as described below and entered on Form
455-7 in accordance with instructions on the back of the form (see

Fig. A7-8). Unless otherwise’ specified below, the form will be dis-
posed of in accordance with instructions printed on the back of it. Con-
current readings taken within periods of several consecutive months
should include readings taken during the occurrence of relatively high
and low pressure.

PRESSURE

a7
MILLIBARS

KOLLSMAN

Fig. A7-9. Precision aneroid barometer (Kollsman), G121A-1.
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A7221.1. After the aneroid barometier has been installed, comparative
readings will be taken as follows:

(1)

(2)

(3)

(4)

(5)

Take concurrent readings of the barometers once each
day at various times, but preferably in the afternoon.
Compute the station pressure, using the mercurial
barometer reading (see Sec. 7200), and determine the
difference between the two barometers by subtracting
the uncorrected reading of the aneroid barometer from
this station-pressure value.

After the differences for seven days have been deter-
mined, compute the algebraic mean of the differences.
This mean will be added algebraically, as a correction,
to subsequent uncorrecied readings of the aneroid ba-
rometer to provide values of station pressure for pur-
poses of Form 455-7 only. This correction will be
applied, (see §J 7252) until revised, to subsequent
comparative barometer readings,

Determine each day the difference obtained by sub-
tracting the corrected aneroid readings obtained as
in (2) from the station pressure based on readings of
the mercurial barometer. After fourteen consecutive
days in which none of these differences exceeds +0.3
mb., the correcied aneroid readings may be used as
the station pressure for observational purposes.

Continue to take concurrent daily readings at least

14 days longer, and to compute the difference between
station pressure and the corrected readings of the
aneroid barometer,

After comparative readings have been taken daily for
at least eight weeks, and after 14 consecutive days in
which none of the differences in (4) have exceeded
+0.3 mb., comparisons will be made once every

seven days,

AT7221.2. Whenever the difference between staiion pressure and a cor-
rected reading of the aneroid barometer exceeds 0.3 mb., the differ-
ence will be verified immediately, preferably by another observer. If
the verified difference: ‘
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(1)

(2)

(3)

Does not exceed 0.3 mb., disregard the first value and
proceed as .specified in § A7221. 1, item (3) - (5).

Exceeds 0.3 mb. but not 0.6 mb., compute the alge-
braic mean of the two differences and post the mean
value as a revised correction applicable until the next
day (see § A7221,4).

Exceeds 0.6 mb., discontinue use of the aneroid ba-
rometer and notify the Weather Bureau Central Office
through the Weather Bureau regional office.

A7221.3. After adjustment of the precision aneroid barometer to a
correction of zero (by an inspector or technician), take a comparative
reading one hour later and another two hours later. Compute the dif-
ferences. If neither difference exceeds 0. 3 mb., determine the alge-
braic mean of the two differences, and post this mean value as the
correction applicable until the next day (see § A7221. 4). 1If either dif-
ference exceeds 0.3 mb., proceed in accordance with § A7221. 2,
items (2) and (3).

AT7221. 4.

Whenever a posted correction has been redetermined as

specified in § A7221.2 or A7221. 3, proceed as follows:

(1)

(2)

(3)

Take comparative readings daily, determine their dif-

ference, and compute the cumulative sum of the differ-
ences. Use the posted correction determined as spec-

ified above as the first difference in the sum. Compute
the algebraic mean value. Post each mean value as the
correction applicable until the following day.

Compute the posted correction as in (1) until it has been
redetermined for seven consecutive days. If the differ-
ence between the station pressure and the corrected
aneroid barometer exceeds 0.3 mb., repeat the pro-
cedure of § A7221.2 (see also (3) and (4) below). The
mean value obtained on the seventh day will be posted
as the correction applicable until either the difference
between comparative readings exceeds 0.3 mb. or the
aneroid barometer is adjusted to zero.

Whenever the requirements of § A7221.1 have not been

satisfied since the aneroid barometer was installed, and
a posted correction has been redetermined as in (2),

resume comparisons as in § A7221.1(3). Whenever
redeterminations occur so frequently that the re-
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quirements of § A7221.1 cannot be satisfied within
three months, discontinue use of the instrument and
notify the Weather Bureau Central Office through the
Weather Bureau regional office.

(4) Whenever redetermination of the posted correction
is required after weekly comparisons have been
initiated in accordance with § A7221. 1(5), resume
daily comparisons for at least fourteen days. When-
ever subsequent redeterminations are required be-
fore the foregoing procedure is completed, and weekly
comparisons cannot be resumed within four weeks,
discontinue use of the instrument and forward the com-
parison data on Form 455-7 to the Weather Bureau
Central Office through the Weather Bureau regional
office.

A7221.5. Whenever the aneroid barometer is used for observational
purposes, and there are indications that its readings are inaccurate, a
series of five comparative readings will be taken approximately one hour
apart. If the differences in station pressure between the aneroid and
mercurial barometer vary over a range of more than 0.3 mb., discon-
tinue use of the aneroid barometer and forward the data on Form 455-7
to the Weather Bureau Central Office through the Weather Bureau
regional office.

A7230. Altimeter-Setting Indicator.--Altimeter-setting
indicators are provided with two scales - a pressure, or primary scale,
and an elevation, or secondary, scale (see Fig. A7-11 and -12). Indi-
cators are designed for operation within the elevation range specified

on the dial. Station personnel should not attempt to adjust the pressure-
scale index independently of the position of the elevation scale.

A7231. Station Pressure.--The altimeter-setting indicator may
be used for the determination of station pressure in accordance with

g 7260, provided satisfactory comparisons are obtained periodically in
accordance with § A7233.

A7232. Adjusting Elevation Scale.--The position of the ele-
vation scale and the related position of the pressure-scale pointer are
adjusted by the elevation-scale adjusting screw, which on some instru-
ments projects through a hole in the cover glass (see Fig. A7-12). The
Kollsman type of instrument has a plug screw and washer in the back
side of the case (near the bottom) to provide access to the adjusting
screw. Care should be taken not to damage the washer, which pre-
vents leakage at the plug screw. Turn the adjusting screw until the
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pointer of the pressure scale indicates the correct altimetter setting
as obtained from the mercurial barometer (see Sec. 7500). Do not
adjust the scale during periods of rapidly changing pressure or high
wind speeds (see § A7010). If at any time after adjusting the elevation
scale to indicate the correct altimeter setting, the corresponding ele-
vation-scale reading is not within 1100 feet of the actual altitude of the
indicator above mean sea level, discontinue use of the instrument and
notify the Weather Bureau Central Office through the Weather Bureau
regional office. Normal aging usually results in a progressively in-
creasing negative correction or decreasing positive correction. Dur-
ing the first year of operation it is likely that readjustment of the ele-
vation scale will be necessary to provide readings of the required
accuracy (see § A7233).

A7233. Comparative Re adings.--Comparative data from con-
current readings of the altimeter-setting indicator and a mercurial ba-
rometer will be obtained as described below and entered on Form 455-7
in accordance with instructions on the back of the form (see Fig. A7-10).
Concurrent readings taken within periods of several consecutive months
should include readings taken during the occurrence of relatively high
and low pressure.

A7233.1. When the altimeter-setting indicator has been installed, ad-
Just the elevation scale (see § A7232) so that the pressure scale read-
ing corresponds to the altimeter setting computed from a concurrent
reading of a mercurial barometer. Make the comparative readings as
follows:

(1) Take concurrent readings of the altimeter-setting
indicator and a mercurial barometer once a day at
various times, preferably in the afternoon. Obtain
the altimeter setting (see Sec. 7500), and determine
the difference by subtracting the uncorrected read-
ing of the indicator from the altimeter setting, A
difference that exceeds +0, 020 inch will be verified
immediately. If the second difference does not
exceed +0. 020 inch, disregard the first; otherwise,
adjust the indicator (see § A1232) to reduce the veri-
fied difference (mean of the two differences if they are
not the same) to zero.

(2) After each period of seven consecutive days of compara-
tive readings taken with the same elevation-scale ad-
justment of the indicator, compute the algebraic mean
of the differences for the period.
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BAROMETER COMPARISONS

{Comparison of altimeter setting indicators or aneroid barometers with mercurial barometers.)
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