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FOREWORD

This manual was prepared by Weather Bureau personnel, with the collaboration of representa-
tives of the Air Force and Navy, to secure uniformity in taking and recording surface observations.

The manual is supplemented by an addendum 1ssued separately by the Weather Bureau, Air
Force, and Navy. The instructions in the manual will be followed by all personnel taking surface
observations; the instructions in the addendum will be followed only by personnel of the organi-
zation issuing the addendum. Amendments to this manual will be issued as revised pages for
insertion in the manual in accordance with instructions accompanying them. 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.
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INTRODUCTION

It will be helpful in using this manual to keep in mind that the material in it has been organized
under (1) taking observations, and (2) recording and reporting observations. The first portion of
the manual comprises chapters 1 to 8, and describes standard procedures for evaluating the elements
of surface observations. The second portion comprises chapters 10 and 11, and describes standard
procedures for entries on forms and coding for transmission.

It follows from the nature of this organization that each observational element will be treated
twice in the manual: first, from the point of view of observing and evaluating the element without
reference to its ultimate use; and second, from the point of view of making a permanent record of
it and preparing it for dissemination. To find instructions applicable to a given topic, it is neces-
sary to determine whether the problem is one of observations, which would be found in the first
portion of the manual, or of coding, ete., which would be found in the second portion.

To facilitate use of the manual, a complete index has been included, which should be consulted
whenever there is any doubt as to whether material sought is in the first or second portion. Items
are listed in the index from the general to the particular, e. g., reporting visibility by quadrants
would be listed as ““Visibility, reporting by quadrants.” In some cases, where a given topic might
equally well be given two listings, cross listings have been included.

Taking obscrvations is the primary duty of the observer. Nothing except the most pressing
demands upon the observer’s attention should be given precedence to this fundamental duty. 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 p0351b1e and to file them in sufficient time for scheduled transmission. Every obser-
vation must be accurate in all its parts, and it must convey a complete picture of the meteorological
situation existing at the station.

Observations of clouds, visibility, and atmospheric phenomena will be taken from as many
points at the station as are necessary to view the entire horizon.

When computations require the disposal of decimals, the following procedure will be obscrved:

(1) If the decimal to be disposed of is greater than 5 or is 5 with a remainder, the preceding

digit will be increased by 1.

@2 I the decimal to be disposed of is 5 exactly, the preceding digit will be increased by 1 when

odd, and will remain unchanged when even;the result will always be an even number.

(3) If the decimal to be disposed of is less than 5, the preceding digit will remain unchanged.

1



CHAPTER 1. CLOUDS AND OBSCURING PHENOMENA
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CHAPTER 1. CLOUDS AND OBSCURING PHENOMENA
1000. GENERAL

1010. Code numbers for cloud forms and states of the sky are described in detail in Weather
Bureau Cireular S and the International Cloud Atlas. Instructions in this chapter are confined to
those necessary for observing clouds and obscuring phenomena with respect to their amount,
stratification, direction of movement, height of bases, and the effect of obscuring phenomena on
vertical visibility.

1100. DETERMINATION OF SKY COVER
1110. DEFINITION OF SKY COVER. Sky cover is a term used to denote one of the fol-

lowing conditions:
(1) Amount of sky covered by clouds,
(2) Amount of sky rendered unobservable by the presence of obscuring phenomena, or
(3) A combination of (1) and (2).

The tenths of sky cover plus the tenths of sky visible will always equal 1.0 (10/10). All
sky cover observations may be taken without the use of instruments, although at night it will
frequently be necessary to observe the clouds and obscuring phenomena passing through the beam
from a ceiling light or ceilometer projector over a period of several minutes in order to obtain a more
nearly representative picture of the amount and extent of layers of clouds and obscuring phenomena.
Determine the amount of sky cover in accordance with paragraphs 1120 through 1123,

1120. WITH ADVANCING CLOUD LAYER. To estimate the amount of cloudiness in
an advancing (or receding) cloud layer, determine the angular elevation above the horizon of the
forward or rear edge of the layer as seen against the sky. This may be done with a theodolite or
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 cloud layer does not extend to the horizon, determine the angular elevation
of the forward and rear cdges and the tenths of sky cover corresponding to each elevation. The
difference would be the required sky cover. For example: Forward edge 78°=0.4 sky cover.
Rear edge 53°=0.2 sky cover. Total sky cover is the difference between the two, or 0.2 sky
cover,

Tarre 1.—Sky cover with advancing or receding cloud layers

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

sky cover sky cover
TLessthan 37°_ . ... ‘ 0.0 . 102°—118° .. 0.6
8T°—52% ... | 0.1 " 11d°—126°_ ___________ . _____ 0.7
5863 . 0.2  127°—143°_ . 0.8
66°—77° .. 0.3 144°—179°_ ____________ . _______ i 0.9
T89—80° o ______. 0.4  180° . ‘ 1.0
90°—101°_ .. 0.5 |

1121. WITH CONTINUOUS LAYER SURROUNDING STATION. To estimate the
amount of cloudiness present when a continuous layer of clouds surrounds the station and extends
to the horizon, determine the angular elevation of cloud edges, and convert to tenths of sky cover
by use of Table 2.

5



6 WBAN MANUAL OF SURFACE OBSERVATIONS Eff. 1-1-49

TaBLE 2.—Sky cover with cloud layer surrounding station

. | Tenths of sky . Tenths of sky
Angular elevation i cover Angular elevation 1 cover

Lessthan 6°__ ___________________ . __ 0.0 |} 87°—43°___ . __ 0.6
6°—11°_ . - 0.1 ; 44°—H2° I 0.7
12°—16° . 0.2 1 53°—63°_____ ; 0.8
17°—23° . B 0.3 || 64°—89°____ . _______ . .. . 0.9
24°—292 _____________________________ 8 4] 90° o __ 1.0
30°—36° . . ____ 5

1122. WITH UNEVEN DISTRIBUTION. When the clouds are unevenly distributed over
the sky, imagine the sky to be divided into quarters and then estimate the amount covered by the
clouds in each quarter. The sum of the estimated amounts will be the total sky cover.

1123. WITH OBSCURING PHENOMENA. Whenever the sky cover cannot be evaluated
in terms of cloud cover, because of the presence of fog, lithometeors, or precipitation, determine the
amount of sky rendered unobservable by these phenomena similarly to cloud cover. (See pars.

1120-1122.)
1200. DETERMINATION OF STRATIFICATION

1210. DEFINITION OF LAYER. When clouds or obscuring phenomena whose bases are
at approximately the same level cover at least 0.1 of the sky, they are regarded as a layer. The
layer may be continuous or composed of detached elements. The use of the term layer does not
imply that a clear space exists between the layers or that the clouds or obseuring pbenomena com-
posing them are of the same type. (See par. 1230.) Clouds are termed thin if the outline of the sun,
moon, or stars is visible through them. Clouds unusually dark or threatening in appearance are
termed dark. Obscuring phenomena, thin enough to reveal the sky, clouds or other obscuring phe-
nomena dircetly above the observer, or phenomena, not overhead but thin enough to reveal the
sky through them, are termed thin.

1220. EVALUATION OF MULTIPLE LLAYERS. ¥requent observation is necessary to
evaluate stratification. A serics of observations will often show the existence of upper layers above
a lower layer. Through thin lower layers it may be possible to observe higher layers. Differences
in the directions of cloud movements are often a valuable aid in observing and differentiating cloud
stratification, particularly when haze, smoke, ete., render depth perception difficult.

1230. INTERCONNECTION OF LAYERS. Cumulo-type clouds developing below other
clouds may reach or penetrate them. Also, by horizontal extension, swelling cumulus or cumu-
lonimbus may form stratocumulus, altocumulus, or densec cirrus.

1300. DETERMINATION OF DIRECTION

1310. CLOUD DIRECTION. Cloud direction is the direction from which the cloud bases
are moving. This dircetion will be determined visually by one of the methods indicated in para-
graphs 1310.1-1310.3.

1310.1. Observe the movement of clouds past a structure that forms a right angle in
cither a horizontal or a vertical planc. When the orientation of the structure is known, the
direction is indicated by equal or unequal movement of clouds along both sides of the angle, or by
movement of clouds parallel to either side.

1310.2. Sight a distinctive point of the cloud over a projection. Move about to keep this
point in the same position with respect to the projection. The direction toward which the
observer moves is the cloud direction; that is, the direction from which the cloud is moving.

1310.3. When clouds are moving slowly, their direction can be determined with reasonable
accuracy by taking several observations a few minutes apart, and noting the relative positions of
the clouds.

1320. DIRECTION OF OBSCURING PHENOMENA. Determine direction of movement
of obscuring phenomena aloft similarly to clouds. When the base of the obscuring phenomena is
at the surface, the direction will be that of the surface wind.
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1400. CEILING AND CLOUD HEIGHT

1410. CEILING DEFINITION. When 0.6 or more of the sky is covered with clouds,
obscuring phenomena, or both, the ceiling is defined, and is expressed in numerical terms, as:

(1) The height of the lowest layer of clouds that, in summation with all lower layers of clouds
and obscuring phenomena, covers 0.6 or more of the sky.

(2) The vertical visibility into obscuring phenomena not classified as thin that, in summation
with all lower layers, cover 0.6 or more of the sky.

(3) The height of clouds visible through obscuring phenomena when the combination covers
0.6 or more of the sky.

The ceiling is termed ““unlimited” and is not expressed as a numerical value when the condi-
tions listed above are not satisfied. At all other times, the ceiling is expressed as a numerical
value in feet above the surface. (See par. 1412.)

1411. VERTICAL VISIBILITY. Vertical visibility is a ceiling value used when obscuring
phenomena make it impossible to express cciling in terms of cloud height above the surface. (See
par. 1441.2)

1412, SURFACE. “Surface’ asused here is a horizontal plane, whose elevation above sealevel
equals the field clevation. 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 decreases. The average of all values secured will be used as the ceiling.
(See par. 1441.1.)

1430. CEILING CLASSIFICATION. When the ceiling is expressed as a numerical value,
it will be classified in accordance with the following: ]

1431, MEASURED CEILING. A ceiling is classified as measured:

(1) Whenever obtained by means of a ceiling light or ceilometer, provided penetration of the
beam is not in excess of that normally experienced for the cloud height.

(2) Whenever a raob balloon is observed to disappear abruptly into a cloud base whose height
i1s computed from the recorder record.

(8) Whenever determined from the known heights of unobscured portions of objects, other
than natural landmarks, within 1% miles of the point of obscrvation.

1432. ATIRCRAFT CEILING. A ceiling iz classified as an aireraft ceiling when it is
determined by a pilot while in flight over, or within 1% miles of the boundary of, the airport.

1433. BALLOON CEILING. A ceiling is classified as a balioor ceiling when its height is
ascertained by means of a ceiling balloon c¢r a pilot balloon, provided that (a} the clouds cover
more than 0.9 of the sky in a single layer, and (b) the balloon disappears abruptly into them (1. e,
10 seconds or less elapse from the time of first obscuration to complete disappearance). The height
at which obscuration begins will be regarded as the height of the cloud base.

1434. INDEFINITE CEILING. A ceiling is classified as indefinite:

(1) Whenever a ceiling projector or ccilometer beam penetrates the cloud to an extent greater
than that normally experienced for the cloud height. The height corresponding to the
lower end of the most clearly defined portion of the spot or first maximum reaction of -
the ceilometer will be regarded as the height of the cloud base.

(2) Whenever a balloon disappears slowly (i. ¢., more than 10 seconds elapse from the time of
first obscuration to complete disappearance) into a tcnuous or an irregular overcast
comprising one layer only. The height at which obscuration begins will be regarded
as the height of the cloud base.

(3) Whenever hydrometeors, other than precipitation, or lithometeors obscure the cloud base
and prevent a determination of its height. Under these circumstances, 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 in determining the value of an indefinite ceiling. If none of these guides are
available, the ceiling will be determined on the basis of experience.
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Ceiling values discussed in this paragraph are based on estimations. The values nevertheless are
classified as “indefinite,” which should not be confused with the classification “estimated.”

1435. PRECIPITATION CEILING. A ceiling is classified as a precipitation ceiling when
precipitation obscures the cloud base and prevents a determination of its height. The value
ascribed to a precipitation ceiling is an estimation that may be based on experience; or, when
equipment is available, the limit of penetration of a projector beam or the upper limit of & ceilom-
eter reaction may be used as a guide in determining the value of a precipitation ceiling. Although
this value is an estimation, it is classified as a precipitation ceiling, which should not be confused
with the classification “estimated.”

1436. ESTIMATED CEILING. A ceiling is classified as estimated:

(1) Whenever determined by means of the “Convective Cloud Base Height Diagram’” under
conditions appropriate to and in accordance with instructions for its use. (See par.
1447.))

(2) Whenever a ceiling balloon or pilot ballon is observed to enter a base of clouds covering
0.9 or less of the sky, or the base of an overcast comprising more than one laver.

(3) Whenever determined from the known heights of unobscured portions of natural land-
marks, or of objects more than 1% miles from the point of observation.

(4) Whenever determined on the basis of experience provided that the sky is not obscured
by hydrometeors or lithometeors, and other guides are lacking.

1440. METHODS OF DETERMINING CEILING AND CLOUD HEIGHTS. The
methods indicated in paragraphs 1441 to 1447.2 will be used in determining ceiling and cloud
heights.

1441. CEILING LIGHT (OR CEILOMETER PROJECTOR). The ceiling licht will be
used in determining cloud 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) Turn off the ceiling light.
(5) Read the angle to the nearest whole degree.
(6) Obtain the height from prepared tables appropriate to the baseline. (See Table 3 for
heights computed for basclines of 500, 1,000, and 1.500 feet.)
(7) Add algebraically to the tabular value the difference between the height of the observation
point and the official field elevation; if an official field elevation has not been established,
add the height of the observation point above the ground.

1441.1 INDICATIONS OF VARIABLE CEILING. Rapid fluctuation of the light spot
will indicate an irregular cloud base whose height will be regarded as measured but variable.
(See par. 1420.)

1441.2 INDICATIONS OF VERTICAL VISIBILITY. Precipitation and obstructions
to vision mayv prevent use of the ceilometer or the ceiling light to determine cloud heights. How-
ever, if the horizontal visibility is equal to or greater than the length of the baseline, the upper
limit of penctration of the beam can be used as & guide in evaluating vertical visibility. (Under
these circumstances the ceiling would pe classified as indefinite or precipitation.) (See par 1411.)

1441.3. 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 observed. Use this shorter baseline to compute the height. For anv given angle,
the height will be proportional to the lengths of the baseline in accordance with the following
equation: ) -

h ——B><H o= g
where

B=normal baseline

H=height from tables at observed angle with normal baseline

b=normal baseline minus distance paced

h=nheight determined from short baséline and table for /7.
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1441.4. CORRELATION

the height of a cloud layer above or below the layer constituting the ceiling.

WITH
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VISUAL OBSERVATION. Data taken from the
ceilometer or ceiling light must be supported by visual observations to insure that the data are
representative of the cloud base to which they are ascribed. For example, under conditions of
multiple cloud layers, a cloud height value must not be reported as a ceiling when actually it is

TaBLE 3.—Height of cloud base, feet. light projecied vertically

\
T~ Base Line

T 5007

Angle ~—
\,

B e 44
52
62
8 ol 70
S ) 79
10 88
o 97
12 106
18 | 116
4 124
F: 134
16 o 144
17 153
18 162
19 | 172
20 | 182
21 192
20 202
28 . 212
24 229
25 . 233
26 o } 244
27 255
28 .. 266
20 277
B0 . 288
31 300
82 .. 312
33 324
M 338
35 . R 350
86 o ____ 364
37 377
88 ... 390
R 405
40 . 420
41 ] 134
420 . 450
48 . 466
44 183
A5 o w 500

\ .
T~ Base Line
1,000 1,500 T~ 500/ 1,000’ 1,500’
Angle \\

87 181 1 46 oo . 518 1,036 1,554
105 157 | 47 .. 536 1,072 1,608
123 185 || 48 .. 556 1,111 1, 667
141 211 || 49 .. 575 1,150 1,725
158 237 || 50 .. 596 1,192 1,788
176 264 Y| 51 __ 618 1,235 1,853
104 201 || B2 ... 640 1,280 1,920
213 319 | 53 o ____ 664 1,327 1,991
231 347 ‘ B4 . o 688 1,376 2 064
249 373 L 55 .. o 714 1,428 2 1492
268 402 ﬂ 56 o _____ 742 1,483 2,925
287 430 | 57 _ . . 770 1,540 2, 310
306 459 . B8 . __ 800 1,600 2, 400
325 487 V 59 T 832 1,664 2 496
344 516 w 60 T o 866 1,732 2 508
364 546 | 61__ . _____ 902 1.804 2 706
384 576 | 62 o 940 1,881 2 821
404 606 63 _ 982 1,963 2, 045
424 636 . 64 ____________ . 1,025 2,050 3,075
445 667 | 65 __ . __ R 1,072 "2 144 3,216
466 699 | 66 _________________ 1,123 2,246 3, 369
488 732 67 1,178 2,336 3,534
510 765 0 68_ 1,238 2,475 3,713
532 798 169 .. 1,302 2,605 3, 907
554 831 'y 7O . ! 1,374 2,748 4 122
577 85 |71 1,452 2,904 4,356
601 901 w T2 | 1,539 3,078 4 617
625 937 || 73, _ . 1 1,636 3,271 4, 907
649 073 |'v4 1,744 3,487 5,231
675 1,013 | 75 _ 1,866 3,732 5 598
700 1,050 | 76 .. . o 2,006 4,011 6 017
727 1,091 | 77 2,166 4,332 6 408
754 1,131 ‘ ot 2,352 4,705 7,057
781 1,171 |l 79 2,572 5,145 7,717
810 1,215 80 2,836 5,671 8 507
839 1,259 | S1_____________________ 3,157 6,311 9 471
869 1,808 | 82 . _________ 3,558 7.115 10,673
900 1,330 | S3_______________ o ! 4,072 8 144 12 276
933 1,300 84 _______________ 4,757 9,514 14, 211
966 1,449 ° 85_____________________ 5,715 11,430 17,175

1,000 1,500 | 86 ____.______._______ 7,150 14, 301 21, 441

} ;

1442, PILOT AND CEILING BALLOONS.
into obsecuring phenomena may be determined from the elapsed time of flight and the ascensional
rate appropriate to the balloon used. Observe the following procedure in determining the heights
of clouds or vertical visibility into obscuring phenomena,:

(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

second hand) the length of time that elapses between release of the balloon and entry

of it into the cloud base or disappearance into the obscuring phenomenon.
(3) Determine the height by means of the table appropriate to the balloon used.
for ascensional rate of ceiling balloons.)

Interpolate if necessary.

Heights of cloud bases and vertical visibility

(See Table 4

(4) Add algebraically to the tabular value the difference between the height of the observa-
tion point and the official field elevation; if an official field elevation has not been estab-
lished, add the height of the observation point above ground.

804519°—48 2
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1442.1. LIMITATIONS. Ceiling and pilot balloons may be used when drizzle of any
intensity, or any other form of precipitation of light intensity, is occurring, since significant changes
in the ascensional rate are not caused by these phenomena. However, owing to other factors that
may affect the ascensional rate, cloud heights determined by their use will be classified as ‘‘balloon”
only when the clouds form an overcast comprising one layer. This does not preclude the use of
ceiling balloons to estimate the height of overcasts comprising more than one layer or of clouds
covering 0.9 or less of the sky.

Tarvw 4.-—Height, in feet, determined by ceiling balloon

™~ S |
\\ Type of 10-Gram Spherical ' \\ Type of 10-Gram Spherical
. balloon ’ \\ Balloon
. i i
\\ For Weather | For Air Force ! \\ For Weather | For Air Force
. Bureau use |and Navy use || ~ ! Bureau use |and Navy use
Time ™~ (45 grams (40 grams I Time . i {45 grams (40 grams
(minutes) \\ free lift)? free lift)?2 I (minutes) \\ " free lift)! free lift)?
o~ | . S !
| | |

Y . 250 250 || 5Y%_____ S 2, 510 ‘ 2,110
) 500 480 ‘ 6 .. 2,720 ¢ 2, 290
1% . 730 670 ! B30 . . _________ 2, 930 2,470
2 960 850 7 .. 3, 140 2, 650
2V . 1, 190 1,030 | 7Y% o _____ 3, 350 2, 830
S 1, 420 1,210 |« 8__ . 3, 560 3,010
8 e 1, 650 1,390 ¢ 8% . 3, 770 3, 190
4. 1, 880 1,870 9 . 3, 980 3, 370
4% . 2, 090 1,750 1 9% . 4,190 3, 550
B e 2, 300 1,930 10 _____________._____. 4, 400 3, 730

t Add 210 feet for each additional ¥4 minute after the tenth minute.
2 Add 180 feet for each additional 14 minute after the tenth minute.

1443. RADIOSONDE. The height may be computed whenever a radiosonde balloon is
observed to enter a cloud base, or disappears into obscuring phenomena and the entry is marked
on the recorder record. (See pars. 1431 (2); 1434 (2); and 1434 (3).)

1444. PILOT OBSERVATIONS. Heights of clouds and obscuring phenomena reported
by pilots will be used in accordance with paragraph 9211. These heights will ordinarily be ex-
pressed 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. If the report of ceiling height is obtamed within 1% miles of the airport,
the ceiling is classified as aircraft; if more than 1% miles, the report will be used as basis for an
estimation.

1445. BUILDINGS, ETC. Determination of cloud heights may be based on interception
by clouds of objects (buildings, etc.) other than natural landmarks whose heights are known.
Allow, so far as possible, for any appreciable sfope in the cloud base from the point of ‘observation
to the point of interception of the object. When the objects, etc., are within 1% miles of the bound-
aries of the airport, the cloud height may be regarded as measured. When they are more than
1% miles from airport boundaries, heights are regarded as estimated.

1446. NATURAL LANDMARKS. Cloud 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 estimated. Orographic lifting may cause these clouds to differ in height
from those immetdiately above the station. Estimates of cloud heights 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 compu-
tations necessary in determining height of convective-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. IHeights determined in this manner will be classified as estimated.
(See Fig. 1.)
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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 5,000 feet or below; but at land stations in coastal regions, sea
Ereezes frequently render it inapplicable to clouds formed over land before the onset of the sea

reeze,

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).




CHAPTER 2. VISIBILITY
TABLE OF CONTENTS

Page No.

General . ____ el oo 15
Guides in Determining Visibility . ___ .. 15
Chart of Visibility Markers _ ________ .. 15
Visibility Markers at Night. . _____________ .. 15
Visibility Markers During Daylight____ __ el 15
Size of Visibility Markers___ o ________. 15
Day and Night Visibility . ... .. 15
Estimations of Visibility_ ___ L ______ 15
Visibility in a Definite Direction.___ . il 15
Prevailing Visibility - _____ 16
Definition. .. . 16
Determination_ - _____________________ ol 16
Figure 2. Visibility in sectors of horizon civele. . _______ e 16



CHAPTER 2. VISIBILITY
2000. GENERAL

2010. Visibility is a term that denotes the greatest distance an object of specified charac-
teristics can be seen and identified. This term may express the visibility in a single direction or
the prevailing visibility based on all directions. Binoculars, theodolites, ete., will not be used in
taking visibility observations.

2100. GUIDES IN DETERMINING VISIBILITY

2110. CHART OF VISIBILITY MARKERS. Each station will have on display a chart of
prominent objects and their distances from the observation point. This chart should include
objects suitable for determining the visibility at night as well as by day.

2120. VISIBILITY MARKERS AT NIGHT. The most suitable objects for determining
visibility at night are unfocused lights of moderate intensity at known distances, and the silhouettes
of mountains or hills, etc., against the skv. 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 other hohts normally used as visibility markers should be used
with caution after storms, for their 1ntenQ1tV may be reduced by snow or freezing precipitation.

2130. VISIBILITY MARKERS DURING DAYLIGHT. Foraccurate determinations dur-
ing daylight hours, confine the choice of markers to black, or nearly black, objects against the hori-
zon sky rather than to light-colored markers and those appearing agalns‘c terrestrial backgrounds.

2140. SIZE OF VISIBILITY MARKERS. Inorderthat visibility values may be represent-
ative, 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 ¥%¢'’) 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. The change from darkness to daylight, and vice
versa, does not as such affect the visibility. Therefore, abrupt changes in visibility values as be-
tween night and day should be based on deﬁmte changes in atmospheric conditions; e. g., frequently
the v1s1b1hty decreases sharply at dawn, owing to the photochemical effect of sunhght on smoke.

2160. ESTIMATIONS OF VISIBILITY. Inestimating the visibility when the farthest ob-
ject is at a comparatively short distance, 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 indistinet objects
indicate the presence of haze or other phenomena that has reduced the visibility to not less than
the distance of the objects.

2200. VISIBILITY IN A DEFINITE DIRECTION

2210. Visibility ina definite direction is the greatest horizontal distance at which the outlines of
visibility markers can be distinguished against the horizon sky under the conditions existing at the
time of observation.

15
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2300. PREVAILING VISIBILITY

2310. DEFINITION. Prevailing visibility is the maximum visibility common to sectors com-
prising % or more of the horizon circle. Under nonuniform conditions the sectors may be distributed
in any order. Under uniform conditions the prevailing visibility is the same as the visibility in any
direction. The term variable visibility describes a condition in which the prevailing visibility
rapidly increases and decrecases. The average of the extremes is used as the prevailing visibility.

2320. DETERMINATION. To determine prevailing visibility under nonuniform conditions,
regard the horizon circle as divided into several 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 visibility of
sectors that cover at least one-half of the horizon circle. TFor example, if the horizon circle were
divided into 6 sectors and the respective visibility values were Y5, %, %, %, %, and 1 mile, the pre-
vailing visibility would be % mile. This is evident from the fact that % mile is the highest value equal
to or less than the visibility values of % or more of the horizon circle. Thisisillustrated in Figure 2.

F16URE 2.—Visibility in sectors of horizon circle.
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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. Hydrometeors
other than precipitation, and lithometeors, are termed obstructions to vision. Igneous and
luminous meteors, such as lightning, rainbows, halos, coronas, and auroras, are also observed.
Observations of these phenomena, except freezing rain and the determination of intensity of
precipitation, are taken without the use of instruments. Terms in parentheses indicate equivalents
as used in synoptic reports, e. g., Light (Slight).

3100. TORNADOES AND WATERSPOUTS

3110. DESCRIPTION. These storms occur when meteorological conditions are favorable
for intense thunderstorm activity. The distinguishing 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 phenom-
enon is associated; however, it should be remembered that the direction of motion. of a cloud is
observed as the direction from which the cloud is moving. Intensity values are not ascribed to
tornadoes or waterspouts. See Table 29, Item 16, for public reports of tornadoes.

3200. THUNDERSTORMS

3210. DEFINITION. A thunderstorm is regarded as occurring at the station when thunder
is heard.

3220. OBSERVATION. Note the following:

(1) Occurrence of thunder.

(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 thunderstorm as light
(slight),! moderate or heavy is based upon the appearance of the storm from the point of observa-
tion. The thunderstorm may be classified as light throughout its history as viewed from this
point, or it may be classified during its passage by the station as light, moderate, heavy; and, as
1t recedes, moderate, and light. Description of intensity will be based on the following general
guides:

3231. LIGHT (SLIGHT) THUNDERSTORM. Lightning occurs within the cloud and
rainfall accompanying it is light or moderate. Small hail may also be observed. The thunder
is not loud, and lightning occurs at intervals of a minute or more. The surface wind speed at the
beginning of or during the storm does not exceed 30 miles and hour (26 knots), and any sudden
increase n speed is of short duration. The classification also applies to occasional peals of thunder
during a general rain storm.

1 The classification ‘‘light (slight)’’ is used only in synoptic observations.

19
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3232. MODERATE THUNDERSTORM. Loud peals of thunder occur at brief intervalsand
frequent flashes of lightning occur from cloud to ground, as well as from cloud to cloud; rain is
moderate or heavy, and small hail is light or moderate. An onrush of wind may precede the
storm, with a speed as high as 40 miles an hour (35 knots). Extensive masses of dark clouds showing
visible indications of turbulent motion and rapid horizontal translation are usually observable.

3233. HEAVY THUNDERSTORM. Sharp and pronounced thunder and lightning occur
almost continuously. Heavy rain occurs, sometimes accompaniced by hail. The wind preceding
and accompanying the storm may reach a speed in excess of 40 miles an hour. A rapid drop in
temperature occurs, sometimes as much as 20° F. in 5 minutes.

3300. SQUALLS

3310. A squall is a strong wind that increases suddenly in speed, maintains a peak speed over
a period of minutes, and decreases in speed; similar filuctuations will occur at succeeding intervals.
The occurrence of squalls is indicative of turbulence near the surface. Although squalls are classi-
fied as an atmospheric phenomenon, instructions for observing them will be found in paragraph
8320, 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 thatfall to the earth’s surface—
rain, snow, hail, ete. Dew, frost, and rime, although classified as precipitation, are discussed in
this chapter as miscellaneous hydrometeors.

3420. CHARACTER OF PRECIPITATION. Determine character of precipitation in ac-
cordance with the following criteria:

3421. CONTINTUOUS. Intensity increases or decreases gradually.

3422, INTERMITTENT. Intensity increases or decreases gradually and precipitation stops
and recommences at least once within 1 hour preceding the time of observation.

3423. SHOWERY. Precipitatiou associated with cumuliform clouds, especially swelling cum-
ulus and cumulonimbus. Intensity varies rapidly. Showers begin and end abruptly.

3424. COMBINATIONS. Showers and continuous orintermittentrain may oceur in combina-
tion, when the precipitation does not always cease between showers. Under these conditions,
showery precipitation is marked by a sudden increase and decrease in intensity as the showers
abruptly begin and end.

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 are determined by (1) above. In-
tensities of all forms of snow, when they occur alone, are determined by (2) above. When any form
of snow occurs in combination with one or more hydrometeors or lithometeors, the intensity of the
precipitation will be on the basis of the rate of accumulation (1) above.

3432. The rate of accumulation, measured by the vertical depth of water, can be accurately
and quickly determined with a recording rain gage at stations equipped with one. Criteria for
intensities will be found in Table 5.

TarLE 5.—Criteria for determining intensity of rain

Light (Slight) Trace to 0.10 inch per hour; maximum 0.01 inch in 6 minutes.
Moderate 0.11 inch to 0.30 inch per hour; more than 0.01 inch-to 0.03 inch in 6 minutes.

Heavy More than 0.30 inch per hour; more than 0.03 inch in 6 minutes.




Eff. 1-1-49 WBAN MANUAL OF SURFACE OBSERVATIONS 21

3433. TFor approximate determination of the rate of accumulation for liquid forms, the guides
indicated in Table 6 will be used.

TaBLE 6.—Guides for approximating intensity of rain

Light (Slight) Individual drops are easily identifiable; spray observable over pavements, roofs, ete., is slight:
puddles form very slowly; over two minutes 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.

Moderate Individual drops are not elearlv identifiable; spray is observable just above pavements and other
hard surfaces, puddles form rapidly; downspouts on buildings run % to 14 full; sound on roofs
ranges from swishing to gentle roar.

Heavy Rain seemingly falls in sheets; individual drops are not identifiable; heavy spray to height of several
inches is observable over hard surfaces; downspouts run more than % full; visibility is greatly
reduced; sound on roofs resembles roll of drums or distinet roar.

3434. Determinctnerate of accumulation of slect and all forms of hail by estimating the acecum-
ulating amount on the ground. This applics also to forms of snow when oceurring in combination
with hvdrometeors and lithometeors. Drizzle will be estimated in accordance with the intensities
indicated in Table 7.

TARLE 7.—Inlensily of drizzle on rate-of-full basis

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.

Nore.—When precipitation cquals or exceeds 0.04 inch per hour, there is a strong presumption that the precipita-
tion is rain.

3435. The intensity to be ascribed to snow occurring alone will be determined from Table 8.

TarLe 8.—Intensity of snow with visibility as criteria

Light (Slight) Visibility 1,100 yards or more.
Moderate Visibility less than 1,100 yards but not less than 550 yards.
Heavy Visibility less than 550 yards.

3440. TYPES OF PRECIPITATION. For purposes of these instructions, precipitation is
divided into liquid, freezing, and frozen types. These types are discussed in paragraphs 3441 to
3443.7. A combination of types or of forms of one type will be individually observed and reported
regardless 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 eriteria below.

3441.1 RAIN. The falling from clouds of drops of water (in the liquid state) in which 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 appear to float in
the air and to follow very slight air currents. Drizzle 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.
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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. Drizzie that freezes similarly to rain (see paragraph 3442.1)
is classified as freezing drizzle.

3443. FROZEN PRECIPITATION. Solid precipitation is classified in accordance with the
criteria in paragraphs 3443.1 to 3443.7.

3443.1. SLEET (ICE PELLETS). Transparent, more or less globular, hard grains of ice
about the size of raindrops, that rebound when striking hard surfaces. Tts fall may be continuous,
intermittent, or showery.

3443.2. HAITL. 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
hai% 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
arain 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 temperatures above
freezing. They are not crisp or easily compressible, and do not generally rebound or burst even
when they strike hard ground.

3443.4. SNOW. White or translucent ice crystals chiefly in complex branched hexagonal
form (six-pointed ‘‘stars’), often mixed with simple crystals. It oceurs under meteorological
conditions similar, with the exception of the accompanying temperatures, to those with which
corresponding forms of rain are associated.

3443.5. SNOW PELLETS (SOFT HAIL). White, opaque, round or occasionally conical,
kernels of snow-like consistency, s to % 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 eqaivalent of drizzle. They
take the form of minute, branched, star-like snowflakes, or of very fine simple crystals. At times
they have the appearance of rime. They occur under meteorological conditions similar to those of
drizzle, except that the termperature 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 asso-
ciated with halo phenomena and with temperatures near or below 0° F.

3500. HYDROMETEORS-—MISCELLANEQOUS

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.
1t 1s unusual for fog to form when the difference between the air temperature and the temperature
of the dew point is greater than 4.0° F'.

3502. GROUND FOG. Same as fog except that the top is not contiguous with the base of
clouds that may be above 1t and obscures less than 0.6 of the sky, 1. e., the sky condition above an
angle of 36° (see Table 2, Chapter 1) is observable.

3503. SHALLOW FOG. Low-lying fog that does not obstruct horizontal visibility at a level
6 feet or more above the surface.



Ef. 1-1-49 WBAN MANUAL OF SURFACE OBSERVATIONS 23

3504. ICE FOG. Suspended particles in the form of ice crystals. It occurs at low tempera-
tures, and usually in clear, calm weather in high latitudes. The sun is usually visible, and may
cause halo phenomena.

3505. DEW. Liquid water that condenses upon objects at or near the surface of the earth
at temperatures above freezing. Condensation results when a shallow laver of air immediately
above these objects is cooled by conduction until the dew point of the air is reached. Dew occurs
on calm, clear nights.

3506. FROST AND FREEZE. Frost and freeze are defined as follows.

3506.1. FROST (HOARFROST). Thin ice crystals in the form of scales, needles, feathers, or
fans, deposited under conditions similar to dew, except that temperatures of the surfaces on which
frost forms are 32° F., or lower. Air temperatures several degrees above freezing may occur a few
feet above the surface upon which frost appears. Determine the intensity in accordance with
paragraphs 3506.11 and 3506.12.

3506.11. LIGHT. Surface objects, vegetation, etc., covered with a thin deposit of frost
which may be more or less patchy.

3506.12. HEAVY. Surface objects, vegetation, etc., covered with a copious deposit of frost.

3506.2. FREEZE. The condition of the lower atmosphere when the temperature of surface
objects 1s 32° F. or lower. Air temperatures several degrces above the freezing point may occur
a few feet above the region where a freeze occurs. A freeze may or may not be accompanied by an
actual deposit of frost. When vegetation is injured by relatively low temperature without the
occurrence of frost, the condition is termed a freeze. Classification follows.

3506.21. LIGHT. A freezing condition having little destructive effect on x'egetat1011 except

on tender plants and vines, often accompanied by temperatures of 32° F. or higher at the 5
observation level.

3506.22. KILLING. A freezing condition capable of having widely destructive effects on
staple vegetation usually accompanied by temperatures below 32° F. at the 5’ observation level.

3506.23. HARD. A freezing condition capable of completely destructive effects on staple
vegetation which freezes the ground surface solid under foot and causes heavy ice formation on
small water surfaces such as puddles and water containers.

3507. RIME. Rime is classified as soft or hard.

3507.1. Soft rime consists of white layers of ice erystals deposited chiefly on vertical surfaces—
especially on points and edges of objects—generally in supercooled fog or light fog. On the wind-
ward side soft rime may grow to very thick layers, or long feathery cones, or needles pointing into
the wind and having a structure similar to that of frost.

3507.2. Hard rime is opaque, granular masses of ice deposited chiefly on vertical surfaces in
wet fog at temperatures below 32° F. It is more compact and amorphous than soft rime, and may
build out into the wind as glazed cones or feathers.

3508. DRIFTING SNOW. Snow raised from the surface by the wind to a height less
than 6 feet above the surface. Drifting snow is not regarded as an obstruction to vision (see
Table 29, Ttem 20 (d)) since it does not restrict visibility at 6 feet or more above the surface. When
snow is raised 6 feet or more above the surface, it is classified as blowing snow.

3509. BLOWING SNOW. Snow lifted from the surface by wind to a height 6 feet or more
above the surface and blown about in such quantities that the horizontal visibility is restricted at
and above that height.
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3510. GLAZE. Glaze is composed of homogeneous, transparent ice layers that are built
up on exposed surfaces either by supercooled rain or drizzle, or by rain or drizzle that freezes upon
contact with surfaces whose temperature is 32° F. or lower. The use of ice-accretion indicators,
at stations equipped with them, is required in determining whether or not rain or drizzle is freezing
at the time of observation.

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 resembles a uniform veil over the landscape that subdues 1ts 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 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 distributed 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 completely obscure the sky.

3670. DUSTSTORM. Blowing dust that reduces the visibility to less than 1,100 yards, but
not less than 550 yards.

3671. HEAVY (SEVERE) DUSTSTORM. Blowing dust that reduces the visibility to less
than 550 yards.

3680. BLOWING SAND. Sand picked up from the surface by the wind and blown about
in clouds or sheets.

3690. SANDSTORM. Sand blown through the air by a very strong wind or gale. Visibility
is reduced to less than 1,100 yards but not less than 550 yards. The sand particles are not carried
to appreciable distances from their source.

3691. HEAVY (SEVERE) SANDSTORM. Blowing sand that reduces visibility to less

than 550 yards.
3700. IGNEOUS METEORS

3710. LIGHTNING. A visible electrical discharge occurring in the atmosphere. Lightning
is the only common igneous meteor of importance in meteorology. 1t occurs as a discharge within
a cloud; from cloud to cloud; or from cloud to ground. Distant lightning is any lightning that
occurs £o far from the observer that the resulting thunder cannot be heard. It may be observed
as streaks or sheets,
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3800. LUMINOUS METEORS

3810. GENERAL. Optical phenomecna, with the exception of aurora, are caused by reflec-
tion, refraction, or diffraction of the light from the sun or moon as it passes through clouds or other
hydrometeors.

3820. HALO, SOLAR OR LUNAR. A luminous ring, commonly of 22° radius around the
sun or moon. It usually appears whitish, but it may show the spectral colors with the red on the
inside. The sky is darker inside the ring than outside. Halos are formed by refraction of the light
as it passes through ice crystals. Nore.—This description applies only to the 22° halo. Other
phenomena are the 46° ring, parhelia, tangent arc, ete.

3830. CORONA, SOLAR OR LUNAR. A luminous ring surrounding the sun or moon and
formed by diffraction of light by water droplets. It may vary greatly in size, but is usually smaller
than a halo. All the spectral colors may be visible, with the red on the outside, but frequently
the inner colors are not visible. Sometimes the spectral colors or portions of them are repeated
several times and are somewhat irregularly distributed; this is called iridescence.

3840. RAINBOW. A semicircular arc seen opposite the sun, usually exhibiting all the
primary colors, with red on the outside. It is caused by diffraction, refraction and reflection of
light within rain drops, which often produces a secondary bow outside the primary one. In this
case the colors are reversed.

3850. FOG BOW. A whitish, semicircular are, seen opposite the sun in fog. Its outer
margin has a reddish and its inner a bluish tinge. The middle of the band is white. An additional
bow, with the colors reversed, sometimes appears inside the first.

3860. AURORA. A luminescence, frequently called Northern Lights. It is usually seen
in the northern skies in lower latitudes, and overhead, or even to the southward of the zenith, in
higher latitudes. It may appear in such forms as arcs, rays, curtains, coronas, etc. It is usually
of a whitish color but may have various other colors. The lower edges of the arcs and curtains
of the aurora are usually fairly well defined, while the upper edges are ill-defined.

804519°—48
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CHAPTER 4. MEASUREMENT OF PRECIPITATION

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

4010. GENERAL. Measurementsof 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 horizontal surface. Tt is assumed that no loss from evaporation occurs. Solid forms of pre-
cipitation are also measured on the basis of actual depth of accumulations.

4020. UNIT OF MEASUREMENT. The inch is the unit of measurement of precipitation.
The vertical depth of water or water equivalent 1s expressed to the nearest 0.01 inch; 0.005 inch
or less is called a trace. The actual depth of solid forms is expressed to the nearest 0.1 inch, and
0.05 inch or less is called a trace.

4030. TYPES OF GAGES. Precipitation measurements are made from samples caught in
gages, or from samples taken from representative areas when the cateh of solid forms in the gage
1s not representative.  When more than one type of gage is in use, the official measurement will be
taken from the gage appearing highest on the following list:

(1) Shielded gage of any type.

(2) Stick measurement of tipping-bucket gage.

(8) 8-inch gage.

(4) 4-inch gage.

(5) Weighing gage.

All other measurements will be corrected to agree with the official measurement.

4040. MEASUREMENT OF RAIN. If a tipping-bucket gage is used, drain the catch into
the measuring tube. If an 8-inch gage is used, 1t 18 not necessary to remove the tube to make a
measurement. Insert a dry measuring stick into the measuring tube. Permit the stick to rest on
the bottom of the tube for two or three secconds. Withdraw the stick and read the depth of precipi-
tation at the upper limit of the wet portion of the stick. Precipitation collected in the 4-inch gage
is measured by lining up the top of the catch with the measuring scale on the transparent wall of
the receiver.

4041. 1If the measuring tube of the 8-inch gage is full (this equals two inches of precipitation),
carcfully remove it from the overflow container 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 completed, empty the measuring tube and
reassemble the gage.

4050, MEASUREMENT OF SNOW, SLEET, HAIL, FREEZING RAIN. Pour a meas
ured 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
paragraph 4040. To obtain the water cquivalent 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 representative 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 instructions
in paragraph 4050. If the snow is deeper than the inside vertical height of the container, any
cylinder with an 8-inch diameter may be used.

29
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4052. When the procedure described in paragraph 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 taking future snow samples will be secured if pieces of thin wood or its equivalent
at least 2 feet square are placed on top of the first fall at various locations, all of which are not
likely to be subject to drifting 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 observa-
tion.  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.

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 paragraph 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 measured by melting, use one-
tenth of the average snow depth as the water equivalent. For example, 10 inches of snow corre-
spond to 1 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 shect ice formed directly or indireetly 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 necarest 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 measure-
ment may be made by taking the average of several measurements over representative areas.
These should include 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 measurements 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 permitting the end of the mecasuring
stick to rest on the crust. If different falls of snow are mixed by drifting, measurc the total depth
of snow and subtract the previously measured depth. The remainder 1s the approximate depth
of the new fall, which will be adjusted if necessary to correct for evaporation and run-off.
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CHAPTER 5. TEMPERATURE
5000. GENERAL

5010. SCALE: With certain specified exceptions, Fahrenheit thermometers are used to measure
temperature. It will therefore be assumed, lacking a statement to the contrary, that tempera-
tures as used in these instructions refer to the Fahrenheit scale.

5020. TYPES OF THERMOMETERS. The Fahrenheit thermometers in general use in-
clude the following nonrecording and recording types:

5620.1. Nonrecording mercurial or spirit-filled thermometers,

(1) Dry-bulb (exposed)

(2) Wet-bulb (with muslin-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.

5020.3. Recording thermometers.
(1) Thermograph (including hygro-thermograph).
(2) Telepsychrometer.

5100. TEMPERATURE READINGS FROM NONRECORDING THERMOMETERS

5110. READING THE THERMOMETER. Determine the temperatures 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 swht from the eye to the top of the liquid column makes an angle
of 90° with the thormometel tube. This will avoid an error of parallax.

{3) Read the thermometer to the nearest 0.1°. A degree interval begins at the middle of the
degrec markings ctched on the tube.

5120. DRY-BULB TEMPERATURE. The dry-bulb temperature is the temperature of the
free air taken at a specified location under conditions designed to climinate as completely as possible
the effects of extraneous sources of heat and the effects of radiation on the measuring 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 prec 1p1tat10n for a few seconds, or longer if necessary, to
permit dissipation of extraneous heat before reading it again. Use this IC‘adan‘ For psychrometric
purposes rather than the reading made when lowest wet-bulb reading was taken.

5130. WET-BULB TEMPERATURE. The wet-bulb temperature is the lowest temperature
to be secured by evaporating water from the muslin-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 temperatures below —35°F. the wet-bulb ther-
mometer will not be read.

5131. MOISTENING THE WET-BULB. The procedure used in moistening the wet-bulb
varies according as the temperature is above or below freezing and as the relative humidity is high
or low.

33
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is approximately equal to one r. p. s. (revolution per second) of the geared (2 to 1 ratio) whirling
psychrometer crank, 2 r. p. s. of the sling psychrometer, and 3% r. p. s. of the psychrometer fan or
rotor (direct drive) whirling psychrometer. Psychrometric tables and slide rules are based upon
this rate of ventilation, which must be maintained to obtain accurate humidity measurements.
5150.1 The sling psvchrometer 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.

5151. PSYCHROMETRIC READINGS. Obtain readings from the dry- and wet-bulb ther-
mometers in accordance with paragraph 5110 and the following instructions.

5151.1 Saturate the muslin of the wet-bulb thermometer with clecan water.

5151.2. After ventilating the psychrometer for about 10 seconds, quickly read both thermom-
eters, the wet-bulb first. Repeat until two successive readings of the wet-bulb are the same, indi-
cating that the wet-bulb has reached its lowest temperature. If the temperature of the wet-bulb
shonld rise between two successive readings, the muslin will have dried and must be moistened
again, and the process of ventilation repeated. Before commencing for a second time, permit the
wet-bulb to assume as low a temperature as possible.

5151.3. It is especially important that thermometers should be read accurately at low tempera-
tures, for as temperatures (especially below freezing) become lower, a given difference between the
dry- and wet-bulb readings has a progressively greater eflect upon the accuracy of humidity values
computed from them.

5151.4. Read the dry- and wet-bulb temperatures at the time of the lowest wet-bulb reading.
(See paragraph 5120.1.)

5151.5. Apply corrections, if necessary, in accordance with paragraph 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 cateh 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 constriction at the base. Read similarly to the dry-bulb thermometer.

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. Lock the thermometer in place on the support.

5163. 1If the maximum thermometer reading is known to be in error, obtain the maximum
temperature to the nearest whole degree from a thermogram, if one is available; otherwise, 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. Asthe temperature falls, the retreating upper
end of the alcohol column retracts the index, which remains at the position of the lowest tempera-
ture until reset.

5171. 'The minimum temperature is read at the end of the colored glass index farther from
the bulb. Read the thermometer without disturbing it and while it is in its correct position for
exposure. It will be read before reading the maximum thermometer. Set the minimum ther-
mometer 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. Return the thermometer to
its correct position.
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5172. Minimum thermometers are subject to errors caused by separation 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 vibration by the wind.

5173. If the minimum thermometer reading is known to be erroneous, obtain the minimum
temperature to the nearest whole degree from the thermogram, if one is available, or use the lowest
corrected temperature observed within the observation period.

Nore—The maximum and minimum temperatures for any observation period must be at
least as high and low, respectively, as any temperature observed within the period, including those
observed at the beginning and end of the period.

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

5200. RECORDING THERMOMETERS

5210. THERMOGRAPH. The thermograph consists of a temperature-sensitive element
whose movements are communicated by suitable Iinkage to a pen bearing upon a chart that is
mounted on a clock-driven drum. A continuous record of temperature is traced upon the chart,
which is called a thermogram. The temperature-sensitive element is ecither a bimetallic ther-
mometer or a Bourdon-tube assembly. When the thermograph is combined with a humidity
measuring instrument it is called a hygrothermograph. A

5211. The temperature is read on a thermogram by first finding the point at which the
appropriate printed time curve intersects the temperature trace. This point is evaluated in terms
of temperature by referring it to the closest of the horizontal printed lines of the thermogram.
These lines correspond to the engraved degree marks on a thermometer tube, and are labeled
accordingly. Interpolation may be necessary for values of temperature and time intermediate
between those corresponding to the printed lines of the thermogram.

5212. At specified times, make a time-check mark on the trace by depressing the pen the
width of two temperature intervals printed on the chart. (See paragraph 9381.)

B300. SNOW SURFACE TEMPERATURE OBSERVATIONS

5310, GENERAL. Snow surface temperature observations will be taken at specified raob
stations north of the 40th parallel under the conditions stated below. They will be taken not
later than 10 minutes after the release of the nighttime radiosonde and preferably as soon after
release as possible.

(1) ¥, of the ground is covered with snow not less than 2 inches in average depth.

(2) A snow-covered area is available that is remote from buildings and that will permit
exposure of the thermometer, in accordance with paragraph 5320, within 200 feet of the
instrument shelter.

(3) Snow between shelter and point of exposure is relatively level.

(4) Precipitation is not occurring and fog is not present.

(5) Height of the dry-bulb thermometer above the snow-surface thermometer can be deter-
mined with reasonable accuracy.

5320. EXPOSURE OF THE THERMOMETER. The thermometer will be exposed as
follows:
(1) At least 50 feet from the edge of the snow-covered area, whenever complete snow coverage
is not present. ) .
(2) As close to the instrument shelter as possible and preferably under it.
(3) If the snow is too light to support the weight of the thermometer, place it on a piece of
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metal light enough to be supported by the snow, with the bulb extending beyond the
metal support.

(4) Cover the bulb with % to % inch of snow.

(5) Expose the thermometer for at least ten minutes prior to reading it.

5330. READING THE THERMOMETER. Read the thermometer to the nearest whole
degree before removing it from the snow and while it is in a horizontal position. At the same
time note the depth of snow under the thermometer.

5340. HEIGHT OF DRY-BULB ABOVE SNOW SURFACE. Favorable exposure sites
within 200 feet of the instrument shelter should be sketched on a map to assist in selecting a suitable
site for exposing the snow surface thermometer under various conditions. When there is no
snow on the ground, compute the differences in elevation between these exposure sites and the
dry-bulb thermometer. The height of the dry-bulb above the snow surface at each observation
thereafter will be determined by subtracting algebraically the depth of snow under the exposed
thermometer from the difference in elevation between the exposure site and the dry-bulb thermom-

eter.
5400. WATER TEMPERATURE OBSERVATIONS

5410. Read the temperature of the water surface (sea or lake) to the nearest 0.1° F. at
designated stations.



CHAPTER 6. HUMIDITY MEASUREMENT
TABLE OF CONTENTS

Page No.

Definitions_____ . __ U 41
General . _._ . e e e 41
Dew Point . __.__. . o - 41
Relative Huomidity ... ________________ . . 41
Psychrometric Computations_ _ __ . __ _______________ . . 41
Depression of the Wet-bulb____ __ _________ . . 41
Psychrometric Shide Rule_ ____ B . . .. 42
Psychrometric Tables_ . _ .. ____________ . e .. . 42
Hygrograph__.___ .. L ___.__ el 46
General I I e e R . 46
Time-cheek Lines on Hygrogram . - ______ I . . 46
Table 9. Dew point conversion table_. .. ____ ___ __ . I 44
Tables 10 A and B. Relative humidity conversion tables.____ el .. 45,46



CHAPTER 6. HUMIDITY MEASUREMENT
©6000. DEFINITIONS

6010. GENERAL. These instructions are concerned with the expression of humidity in
terms of relative humidity and dew point. These data are calculated with psychrometric tables
or slide rules, based on atmospheric pressures of 23, 25, 27, 28, 29, and 30 inches of mercury. At
Weather Bureau stations if a psychrometric slide rule is available, it will be used in preference to the
tables.

6010.1. Relative humidity and dew point data can be expressed with respect to ice or water.
For purposes of this manual, it is required that these data be expressed at all temperatures with
respect to water. The circular slide rule satisfies this requirement. Psychrometric tables num-
bered WB 235 express values of relative humidity with respect to ice when the dry-bulb is less
than 32°, and of dew points, with respect to ice when the dew point is less than 32°. These values
must be converted to their water equivalent, and Tables 9 and 10 are 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 ratio ! and barometric pressure remain constant, in order to attain satura-
tion ? with respect to water. The dew point is expressed to the nearest whole degree Fahrenheit.

6030. RELATIVE HUMIDITY. Relative humidity is the percentage of (a) the mixing
ratio of a sample of air to (b) the mixing ratio of air saturated with respect to water at the same
temperature and pressure as those of the sample.

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. 1t is used with the slide rule and psy-
chrometric tables to make dew point and relative humidity computations.

ExavpLES:

(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. o ______.__ 1.9

(8) Dry-bulb temperature ___ ___ . S —3.4

Wet-bulb temperature____ ____ ___ . _____.___ —4.7

Depression  __ ___________________._.___. 1.3

6110.1. When the wet-bulb is covered with water and a depression cannot be obtained, the
relative humidity will be regarded as 1009, and the temperature of the dew point as the same as
that of the wet-bulb. If the wet-bulb is covered with ice, the relative humidity and the dew point
will be converted to their water equivalents. (See pars. 6131.1—6131.2.)

I 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
assogclgge}l} TRATION. 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, provided that the
temperature and barometric pressure of the sample are the same as those of the surface and the superjacent air.

804519°—48—4 41
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6120. PSYCHROMETRIC SLIDE RULE. Use the slide rule based on the barometric
pressure nearest the normal station pressure. (See par. 6010.) Instructions for use of the rule are
printed on it. Note that different scales of the rule will be used according as the wet-bulb is cov-
ered with ice or water at the time of observation.

6130. PSYCHROMETRIC TABLES. Use the tables based on the barometric pressure
nearest the normal station pressure. (See par. 6010.) The arguments are (a) the dry-bulb tem-
perature as given in the vertical column at the left of the table, and (b) the depression of the wet-
bulb printed across the top of the table. Dew point and relative humidity data are given as
tabular values on correspondingly captioned pages.

6131. The dew point and relative humidity are 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 or relative humidity 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.

(2) When cither 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 or relative humidity from the tabular values.

(83) 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 proportional 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 ex-
pressed with respect to ice. (See par. 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 valye
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.

6131.2. When the temperature of the dry-bulb is less than 32°, relative humidity data derived
from the tables are with respect to ice and must be converted to their water equivalent. TUsing
Table 10, find the tabular value at the intersection of (1) the vertical column corresponding to the
value derived from the psychrometric tables, and (2) the horizontal row corresponding to the dry-
bulb temperature in whole degrees. Interpolation will be made for values of relative humidity
between those printed at the top of the table.
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ExamprLe: A small portion of the psychrometric tables is reproduced below.

Temperature of dew point in degrees Fahrenheit

(Pressure=25.0 inches)

Depression of wet-bulb thermometer (t—1")

Air temperature

02 | o4 06 08 | 1.0
— 10 il —12 —14 —17 —19 —23
eI —11 —13 . —15 —18 —21
eI ~10| 12 —14 —16 ~19
0.5 0 | 15 20 25
A0 e i 39 | 38 37 35 | 34
A1 . ! 40 39 38 37 | 35
4 e i 41 40 39 38 : 36
Relative humidity, percent—Fahrenheit temperatures
(Pressure =29.0 inches)
Depression of wet-bulb thermometer (t—t’)
Air temperature
0.2 0.4 0.6 0.8 1.0
— 10 . 90 79 69 58 48
— O el 90 80 70 60 51
8 e 91 81 72 62 53
0.5 1.0 1.5 2.0 2.5
40 . 96 92 88 84 80
41 96 92 88 84 80
4 e 96 92 88 85 81
COMPUTATIONS
Dry-bulb reading _ ___ - ___. | —9.6° —8.4° 41. 3° —10. 0°
Wet-bulb reading .- - CTTTTTTITTIIITT } —10.2° —9.3°  30.9° | —10.7°
Depression of wet-bulb_ _______________ . ‘ 0. 6° ‘ 0. 9° ! 1. 4° 0.7°
Dew point temperature (iee)..____________ . ______ —16° | —18° | __________ —18°
Dew point temperature (water) (See Table 9)___________.__. | —21° —23° 38° —23°
Relative humidity ({ee). .. _____ : 69 57 o . 64
55 46 89 : 51

Relative humidity (water) (See Table 10)__________________ ‘

(Note that the relative humidity and 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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BLE 9.—Dew point conversion table, showing relationship between dew point with respect to ice and dew point with
respect to water (° F.).

DEW POINT CONVERSION TABLE
Showing  Relationship Between

Dew Point with Respect 1o ice and Dew Point with Respect to Woter (°F)

ICE
—510°F —45° —40° —35° —30°F
LLL[:VJ'*'“‘\‘ lJ\‘llil“l'[fI‘JEXI ‘ SN AN SE ST N l
““‘[w‘\W{‘Wi'ﬂ\"’l‘l’J’i T T T
—60°F —55° ~50° —45° —40°F
WATER
ICE )
—35°F -30° —2}5° —-20° —15°F
) ) | | ; ) j
L | |
LT"l[L[IAfH\[‘I’NI [l ! {1[\1 L S SN i A [\ [[ [\ ‘\ [\}1‘ [’ L lI L 1{ ‘{‘r}
| | ‘ ‘
—40°F —35° -30° -25° —20°F
WATER
ICE
-—%O°F —15° —10° -5° 9°F

ICE

10°F 15° 20° 25° 30° 32°F

O O T O T VO SO AV N Y

L L N A L B L e o B
10°F 15° 20° 25° 30° 32°F

WATER

[Nore.—Saturation vapor pressures over ice and water, used in computing this table, are based on formulas by J. A. Goff and 8. Gratch, Trans.

Amer. Soc. Heat. and Vent. Eng., vol. 52, p. 95, 1946. Formula for saturation vapor pressure over water assumed to apply from —60° I. to 140° F.)
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TaBLE 10A—Relative humidily conversion table

[Tabular values are relative humiditics with respeet to water (RHy) corresponding to relative humidities with respect to ice (RHy) given at heads of
the columns]

. Relative humidity with respect to ice (RH }])DrIxh hRelatlive
4 ° _ N ul umidity
Dry bulb temp. ( °F.) l ‘ ‘ . temp. | ratio
109 - 20% : 30% . 40%  50% | 60% ‘ 70%% ‘ 80% . 90% | 100% | (° F.)  RHJ.RH:
. _ i i | 1 S
% 7 | % % | % . % A
7.9 158 | 70 39.6 | 5| 551 634 713, 9.2l -1
8.0 ‘ 15.9 -9 ‘ 30.8 | 478 557 63.7| TLT| 9.6 —101
g0 160 0! 40,0 00 860 6411 721 80.1‘ -9 |
81 161 22 40.3 (1 483 so.4| 6e4 ] 725 80.5| ~8
8.1 ‘ 16.2 54l 05| axo. 7. ses \ 29, 8.9 =7
81! 18.3 2.6 40.7 | 8| s57.0] 651! 732! 8144‘ —6
82 16.4 97 | 40.9 ] 1 573 655 13T SL8| =5
842‘ 16.5 9 411 | 41 576 658 741 823 —4
8.3 m..s‘ 1. 4L4 6| el oenzl 7440 827 —3
837 16.6 | 2‘ 416 | 499 82 65] TLE 832 -2
5.4 167 3.4 418 o BB, 660 752 83.6 -1
84| 1638 3.6 4211 5| om0 6n3 | 7aT | 81| 0
851 169 S| 423 7l ose2! werel 1 845 +1
85| 17.0 | .o‘ 425 ! L0 50.5, 68.0 5.5 85.0 2
85| 17.1 | 2| 42.7‘ 43\ 59.8\ 58. 4 9 855 | 3
86 172 44 43.0 ! 61 60,20 687 3] 859! 4
861 17.3 4.6 43.2 8 60.3 9.1 &1 864 5
847‘ 174 s 43.4‘ : 1‘ 60.% | 59.5 %.2 815.8‘ 6
570 15| oboaT ) 4] 61 ang 61 87.3 7
8.8’ 176 | 51 430! s eLa. 2| 790 8T8, 8
881 1.7 5.3 441 .o‘ 61,8 | 6 9.5 883 | 9
8.9 17.8 5.5 444 3.3 62.1 .0 K 83.8 | 10
89| 17.9 | 5.7 44.6 61 625, 4 30 86.3 1
90| 179! 9] 44.9 8§ 62.8 .8 .8‘ 89.7 12
9.01 180 5.1 ‘ 45.1 1] 632 2 2| 0.2 13
0.1 181 6.3 1 45.4 4 ‘ 3.5 6 5 90,7 14
91 182 55 156 Toens | 3 1 92 15
oot s3l T 459 5.0 642 4 A 9LT 16
9.2 184 L9 461 3 645 -8 0l 922 17
9.3 185, 1] 464 8 640 | 2 4] oe? 18
9.3 1 186 | 3 46,6 9| 653 -6 3.9 1 93.2 19
9.4 18,7 | 5 46.9 21 656 0 430 93.7 20
04 188 7. 4nt 6.5 659 4 & 942 21
95| 189 91 474 6.8 | 66,3 8 53, 947 22
9.5 19.1 .10 476 2l 667 v6.2 7953 23
9.6 19.2 $.3 0 479 | 5 67.0 6.6 ‘ 95.8 24
9.6 103, 5 481 7.8 | 67.4 0 | 9.3 25
9.7 19.4 | 7 484 1| 67.8 | 4 ' 96.8 26
9.7 10.51 9 48.7 4| 681 ‘ .9 I97.3 27
9.8 1 19.6 | 0.1 48.9: 71 685 ] 97.9 28
9.8 19.7 | 0.4 4924 9.0 689 2.7 98. 4 29
0.9, 10.8! 0.6 49.5] 0.4 69.2 9.1 8.9 30
9.9 199 8| a7 97| 696 9.6 | 994 31 .
10.0 | 20.0 0] 50.0 | 60.0 ‘ 70.0 .0 i 100.0 | 32 -9999

NoTE: Saturation vapor pressures over ice and water, used in computing this table, are based on formulas by J. A. Goff and 8. Gratch, Trans.
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.
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TasLE 10B—Relative humidity conversion table

Tabular values are relative humidities with respect to water (RH,) corresponding to relative humidities with respect to ice (£/4)) given at heads of
the columns]

Relative humidity with regpeet to ice (RIL;) Dry Relaf(iyo
Dry-bulb temp. ( °F) : ‘ T ; — . i I — &11113 hugltl(iiolty
‘ 0% | 20% | 3% | 40% | 0% | 60% | 0% | 80% | 0% | 1009 | CF)  RHWRH:
| i .
% % %% % e % L % ! % |
6.1 iz3] 84| 245 Tl %8l 429 .0 | 6L3| —60!
6.2 12.3 18.5 24.6 R 0] 431 .3 | 616 —359
6.2 12.4 18.6 ;  24.8 .0 7.1 43.3 .5 6.9 ' —58
6.2 12.4 18.7 1 24.9 .1 .3 43.5 .8 62.2 —57
6.3 12.5 18.8 1 25.0 .3 .5 3.8 .0 L62.5 —36 LA252
6.3 12.6 18.9 | 25.1 4 7 44.0 .3 o628 —35 L6284
6.3 12.6 . 1891 253 316 .9 14.2 0.5 ! | 631, -5i
6.3 12.7 19.0 25.4 .7 ‘ 1] 44.4 R 65.5 1 —53
6.4 12.8 19.1 25.5 9l fo447 0 ; \ 63.8 1 —52
6.4 12.8 19.2 1 256 1 B 449 .3 57.7 641, =51
6.4 12.9 19.3 1 25.8 .2 3.7 451 .51 58.0 64.4 —30
6.5 13.0 19.4 . 259 .4 .9 45.4 L8 583 64.8 —49
6.5 13.0 19.5 1 26.0 .5 L0 15.6 2.1 58.6 0 651 —48
6.5 13.1 19.6 26.2 .7 2 45.8 | .3 58.9 1 8340 —d47 !
.6 13.2 1 197 26.3 32.9 | 5| 46,0 | 6. 59 \ 65.% | —48
8.6 1320 19.8) 264 3.1 39.7 46.3 | 32.9 59.51 66,11 —45 .
6.6 1 13.3 1.0 el 332 9] 463 .2 59.8 1 66.5 —14 L 6646
6.7 13.4| 200 26.7 3. 4 .1 6.7 5.4 | 60.11 66.8  —43 L6077
6.7 13.4 1 20.1 26.9 3.6 .3 47.0 53.7 1 60.4 67.2 —42 L6716
6.8 13.5] 20.3 27.0 3.8 5| 47.3 4.0 60.8 |  67.5 —41 6751
6.8 13.6 | 20.4 27.1 3.9 T 475 .3 61.1 67.8 40 378
6.8 13.6 | 205 27.3 4.1 |! 9| 477 .6 61.4 68.2 1 -39
6.9 3.7 20.6| 27.4 .3 1 18.0 4.8 0 ALT | 686, —38
6.9 13.8 | 2.7 27.6 ‘ .5 ‘v‘ 4 48,3 | .2, 6211 A9.0; —37
6.9 129 20.8) 277 B B 4R 54 62.3 | 69.3 —36 |
7.0 13.9 | 20.9 27.9 1 .8 ‘ L& 488 5.7 62.7 ' 69.6 —35 !
7.0 4.0, 21.0 28.0 0 | .0 49.0 5.0 1 63.0 70.0 —34
7.0 14.1 21.1 28.2 .2 .2 49.3 31 63,4 70.4 —33
7.1 1421 21.2| 28.3 .4 5| 49.5 61 837 70.8 —32
7.1 14.2 | 2L.3 28.5 .6 .7 49.8 9 840 711 =31
7.2 14.3 21.5 1 286 5.8 .9 50. 1 .2 04. 4 7.5 —30
7.2 4.4 21.6] 28.8! 0| .2 0.3 L& 64.7 719 —20
7.2 ‘ 451 217 239 | 1 434 0.6 8] 6a1 72.3 —28
7.3 14.5 0 2.8 29,1 6. 3 3.6 50.9 1 8504 2.7 —27
7.3 4.6 21.9| 29.2 .5 .8 51.2 5] 658 73.1 —26
7.3 4.7 2.6 29.4 .7 .1 51.4 81 861 73.4 —25
7.4 4.8 22.2 29.5 .9 .3 51.7 .1 66. 5 73.9 —24
7.4 14.8 22.3 20.7 1 .5 52.0 .4 66. 8 74.2 —23
7.5 4.9 | 224 209 37.3 | .8 52.3 .7 67.2 74.6 —22
7.5 15.0 22.5 - 30.0 35 450 52.5 .0 67.5 75.0 —21
7.5 15.1 22.6 0 30,2, 3771 .3 52.8 0.4 | 67.9; 755 —20
7.6 152 2281 30.3| 379 .5 33,1 T 683 75.9 ~16 |
7.6 15.3 22.9 | 30.5 | 381 5.8 53.4 51.0 68.6 5.3 —18
7 ‘ 15.3 23.0 30.7 | 38.3 .0 53.7 3 890 76.7 —17 L7668
.70 154 ‘ 23.1 30.8 1 38.5 .3 54.0 LT 69.4 77.1 —16 L7709
7.8 15.5 1 23.3 31.0 ' 388 .5 54.3 L0 69.8 7.5 =15 5
7.8 156 23.4. 3.2 390 .8 54.6 .4 70.1 7.9 —l4 T4
7.8 ‘ 157 23.5| 31.3 ‘ 39.2 | .0 548 77005 8.4 —13 L7833
7.9 15.8 | 23.6| 315 30.4 .3 55.1 3.0 70.9 78.8 —12 LTS
7.9 15.8 ) 23.8% 31.7°' 30.6 .5 BAS 3.4 713 79.2 —I1 L7922
i I '

NortE: Saturation vapor pressures over ice and water, used in computing this table, are based on formulas by J. A, Goff and K. Grateh, Trans.
Amer. Soc. Heat. and Vent. I'ng., vol. 52, p. 95 (1946). Formula for saturation vapor pressure over water assumed to apply from —60° F. to 140°F,

6200. HYGROGRAPH

6210. GENERAL. The hygrograph provides a continuous record of relative humidity.,
To read the relative humidity from the hygrograph, follow the same procedure as that for the
thermograph, described in paragraph 5211. The scale is based on relative humidity values from 0
to 100 percent. When the hygrograph is adjusted to correspond with a psychrometrie reading
made at dry-bulb temperatures below freezing, the psychrometric value of relative humidity with
respect to water will be used.

6220. TIME-CHECK LINES ON HYGROGRAM. A time-check line will be made on the
hygrogram at any convenicent time by depressing the pen about the width of two divisions of the
graph.
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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 measured by means of a barometer, four types of which are in general use:

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

(2) Aneroid baronieters.

(3) Aneroid barographs.

(4) Altimeter setting indicators.

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

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 downward into the cistern. The tip corresponds to the zero line of a scale calibrated
in inches and hundredths.

7111. Prior to reading the barometer scale perform the foilowing operations in the order

iven 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 forms on the surface, the cistern
has been raised too far. Contact of the mercury with the ivory point is seen more easily
against & white background.

(8) Tap the barrel near the top of the column of mercury.

(4) Set the vernier (imovable 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 a level
with the eye. A white background is helpful when making this adjustment of the vernier.

(5) Lower the mercury about % inch from the ivory point; do not change the vernier setting.

7112. Verniers on adjustable-cistern barometers are constructed in two ratios: 10 to 9, and
25 to 24. (See Figure 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 verniers 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 inter-
polation to the nearest 0.002 incbh.

7118. Obtain the barometer reading to the nearest 0.001 inch as follows:

(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 produet 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 proportional parts, and add to the sum
obtained in step (2).

49
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FIGURE 3.—Barometer verniers.

7120. FIXED-CISTERN BAROMETERS. The Bowen fixed-cistern barometer is cali-
brated to give pressure readings in millibars; the attached thermometer is in the 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 10 spaces on the vernier are equalin length
to 19 millibar spaces on the scale. That is, the length of 1 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.
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(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 product
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 intermediate times by means of ancroid barometers or baro-
graphs periodically 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 is the value
obtained after the correction established from the mercurial barometer reading has been applied.

7220. STATION ELEVATION, Station pressure is related to an assigned station elevation
(H,) above mean sea level. This assigned elevation remains constant even should the station be
moved to a different 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 correction may be required (see paragraph
721%0). 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 comprise a temperature correction, a scale
error and capillarity (instrumental) correction, local gravity correction, and sometimes a correction
to assigned station elevation. The temperature correction is determined from 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 correc-
tions.” They are listed on the barometer corrcetion card furnished with each barometer. The
correction to station elevation may be constant. If the correction varies with temperature, 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. Tt will facilitate computation if the
“sum of corrections’ and the temperature corrections are incorporated 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 corrcetion from this table
use as arguments the attached thermometer reading to the nearest 0.5° Fahrenheit or 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 harometer comprise temperature, volume, gravity, residual, and removal
(if required). These corrections are incorporated into a table furnished to the stations requiring
it. To obtain the total corrections from this table, use as arcuments 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 barograph 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% to 1 open-
scale microbarograph is magnified, or opened, so that a pressure difference of 1 inch of mercury is
represented on the chart by a linear distance of 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 1 inch of mercury is represented on the chart by a linear distance of 1 inch. The
distance between adjacent pressure ordinates is equivalent 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.
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(2) Read to the nearest 0.005 inch the pressure value indicated by the position of the pen
on the chart, estimating for values lying between the printed ordinates.

(3) Apply the correction cstablished for the barograph in accordance with instructions
in paragraph 7242,

7242. A barograph will not be used for original determination of pressure unless a correction
is established every 6 hours by comparison with the station pressure determined {rom the mercurial
or precision aneroid barometer or altimeter setting indicator. Determine to the nearest 0.01 inch
the correction necessary to make the barograph reading agree with the station pressure computed
from the barometer reading. If this correction exceeds .05 inch, the barograph should be reset at
the time the barometer reading is made. If the barometer is calibrated in millibars, the barograph
correction will be determined by converting station pressure from millibars and tenths to inches and
hundredths. Apply this correction to all barograph readings until another correction is established
at the next succeeding 6-hourly comparison. Post the correction so that it will be available to all
personnel taking pressure readings from the barograph.

7243. Make a time-check line on the barograph sheet after the barograph correction is deter-
mined. 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. If the
instrument is so exposed that the dash-pot liquid becomes cold, which prevents the pen from return-
ing to position, do not make a time-check line.

7244. Whenever a reading is taken, ascertain that the clock is running 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 adjusting screw,
renumber the lines accordingly, and indicate on the chart the time of the adjustment.

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 tc
inches and hundredths of mercury or millibars and tenths. Rapid changes of temperature, or
exposure 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 an aneroid barometer is observed
to have a correction that tends to be erratic (for example, +0.01 inch at one mercurial barometer
comparison, +0.04 inch at the next, and a —0.02 inch at a third) the matter will be reported im-
mediately. An unusually high wind will cause an aneroid barometer to indicate a pressure differ-
ing from one obtained from a mercurial barometer. This difference is especially apparent when
the exposures of the two instruments are dissimilar. Differences noted at the time of high winds
need not be reported unless they persist after the disappcarance 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 craser-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 paragraph 7252.

7252. Corrections to be applied to precision-type aneroid barometers will be determined in
accordance with instructions issued to the stations requiring them. Other types of ancroid barom-
eters will not be used for original determination of pressure unless a correction is established at
6-hourly intervals by comparison with the station pressure determined from the mereurial or
precision-aneroid barometer; or altimeter setting indicator. 'This correction is the difference be-
tween the station pressure computed from the mercurial barometer reading and the pressure indi-
cdated 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.

7260. STATION PRESSURE FROM ALTIMETER SETTING INDICATORS. Station
pressure will be determined from altimeter setting indicators in accordance with the following
mstructions, provided that the indicators are periodically compared with mercurial barometers
as required by instructions issued to stations having both instruments.
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(1) Determine the corrected altimeter setting to the nearest 0.01 inch from the altimeter
setting indicator.
(2) Find in the altimeter setting tables the tabular value corresponding to the altimeter setting
determined in (1).
(3) Read at the side and top of the table the corresponding station pressure to the nearest
0.01 inch.
Nore.—If the exact value of the altimeter setting determined in (1) does not appear in the
altimeter sctting tables, interpolate to obtain the station pressure and dispose of the thou-
sandths 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 temperature 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 arguments used in the tables are station pressure and temperature. Mean
temperature intervals in the reduction tables vary with the station clevation as follows:

Station elevation Mean temperature intervals

0— 50 feet None (econstant correction)
51— 500 feet 10°
501—1000 feet, 5°
1001 feet or more 2°

7320. REDUCTION OF STATION PRESSURE TO SEA-LEVEL PRESSURE. In re-
ducing 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. If a temperature observation was not made
12 hours previously, determine from the thermograph, to whole degrees, the 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 temperature or both, by use of proportional
parts tables, or by means of arithmetical interpelation.

7322. Four tables of proportional parts, which are described below, are available to facilitate

the interpolation referred to in (2) above:

Table 1—Temperature increments of 0.1° from 0.0° to 2.0°. Pressure increments of 0.01 inch
from 0.01 to 0.04 inch. This table is for use with sea-level reduction tables having
temperature arguments of 2° increments.

Table 2—Temperature increments of 0.1° from 0.0° to 1.0° and increments of whole degrees
from 1.0° to 5.0°. Pressure increments of 0.01 inch from 0.01 inch to 0.04 inch.
This table is for use with sea-level reduction tables having temperature arguments
of 5° imncrements.

Table 3—Temperature increments of 0.1° from 0.0° to 1.0° and increments of whole degrees
from 1.0° to 10.0°. Pressure increments of 0.01 inch from 0.01 to 0.04 inch.
This table is for use with sea-level reduction tables having temperature arguments
of 10° increments. ’

Table 4—Pressure increments of 0.01 inch from 0.00 to 0.10 inch for horizontal tabular ditfer-
ences (as found in sea-level reduction tables) in increments of 0.01 inch from 0.10
to 0.15 inch.
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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 illustrated by an example based upon a given station pressure and a given 12-hour
mean temperature. Portions of the sea-level reduction and proportional parts tables necessary to
evaluate the example are reproduced following par. 7324.

Given: Station pressurc=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.

(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 difference 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).
(¢) 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 paragraph 7322. In the example, the
difference between successive temperature arguments is 2°; therefore, proportional parts
Table 1 is used.

(10) Using the table selected in accordance with (9), find the vertical pressure argument cor-
responding 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 0.006.

(11) Using proportional parts Table 4, 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 18 obtained as follows:

(a) From (3), a tabular value of sea-level pressure=30.71.

(b) From (10), an interpolated value of pressure using Table 1=0.006.

(¢) From (11), an interpolated value of pressure using Table 4=0.084.

(d) From (12) a sum that equals the sea-level pressure=230.800.

The thousandths digit is disposed of in accordance with instructions contained in the
Introduction.
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7324. Sea-level reductions in terms of millibars will be made similarly to the foregoing by
use of proportional parts Tables 5-8. In all operations, values as they appear in the tables will be
carried forward to the final computation before disposing of the final digit.

PORTIONS OF SEA-LEVEL REDUCTION AND PROPORTIONAL PARTS TABLLS

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

[
24, 00 ’ 24. 10 1 24. 20 24. 30

|
BB e e e - 30. 61 30. 74 30. 87 30. 99
B e 30. 60 30. 72 30. 85 30. 9%
B0 - o o e = 30. 58 30. 71 30. 83 30. 96
B o e 30. 57 30. 69 30. 82 30. 95

FROM PROPORTIONAL PARTS TABLE 1

Vertical tabular differences

(inch)
Temperature increments (° F.)
0.01 0. 02
1 2 i 0. 006 0.012
L. B i . 006 . 013
L. 4o e e e . 007 . 014

FROM PROPORTIONAL PARTS TABLE 4

Horizontal tabular differ-
ences (inch)
Pressure increments (inch)

0.12 0.13
0.06 0.072 0. 078
0.07 . S U . 084 . 091
0,08 . 096 . 104

7400. COMPUTATION OF HEIGHT OF THE 850-MILLIBAR SURFACE ABOVE
SEA LEVEL

7410. DESCRIPTION OF DIAGRAMS. The height of the 850-millibar surface (25.10
inches) 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,

Pressure range, inches of

Form number Temperature Range, °F 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 28.80 to 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 overlap pressure ranges of other
diagrams. Two linear scales, one in g. ft. and one in kilometers, are printed at the left of the dia-
gram. To the right of the diagram is a millibar-inch pressure conversion scale for use at stations
supplied with barometers calibrated in millibars,
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7420. DESCRIPTION COF SCALE. A g.-ft. 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
2,350 to 9,500 feet for use with all diagrams listed in paragraph 7410. A kilometer scale is printed
on the right in a range equivalent to the range of the g.-ft. scale. The station elevation in g.-ft.
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 retraced with permanent ink. The head of
the arrow should terminate about ¥/ 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.

7430. COMPUTATION OF MEAN VIRTUAL TEMPERATURE. Enter the following
temperature data on the form provided for computation of the mean virtual temperature:

(1) Current temperature.

(2) Current temperature,

(3) Temperature 6-hours previously.

(4) 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 argu-
me(nt)s the values closest to the current station pressure and the temperature computed
in (5).

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

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 paragraph 7430 above.
The slanting lines of the hypsometric diagrams represent values of pressure in increments of five-
hundredths of an inch corresponding to station pressure; the vertical lines represent temperature
in whole degrees Fahrenheit corresponding to values of mean virtual temperatures.

7450. USE OF SCALE. (Form 1154J). Place the g.-ft. scale on the hypsometric diagram
so that height in g.-ft. increases with decrease in pressure. Place the edge of the scale paralle]l with
and immediately adjacent to the vertical line corresponding to the mean virtual temperature, to the
nearest whole degree I'ahrenheit. Slide the scale vertically until the tip of the arrow coincides
with the valuc of station pressure to the ncarest 0.01 inch. The height of the 850-millibar surface
above sea level will be read on the g.-ft. scale at its intersection with the 25.10 line, which is a
dashed horizontal line with arrow heads at its extreme tips.

EXAMPLE
Given:
Station elevation g.-ft_ . ______ o ____..__ - 5, 290
Station pressure_ . ___ . . 24, 645
Current temperature () _____________________________________..___ 29.3° F
Temperature 6 hours previously (f¢) - o . 33.6° F

(1) To determine temperature argument:

b e 29. 3°
2O 29. 3°
do e e e 33. 6°
UM e 92, 2°
Mean_ . 30. 7°
"7 (to nearest whole ® F) .. _ _ 31°,
c= Correction from lapse rate and humidity correction table (at intersection of 24.60
pressure line (closest to 24.64) and 30° F temperature column (closest to 31°)_. +2
tmy=Mean virtual temperature argument, nearest whole ® F_______________ I 33°
(2) Pressure argument (station pressure to nearest 0.61ineh)_____________________.__ 24. 64 inches

(8) 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, 5,290, at the 24.64 inch pressure value. At the intersection
of the scale with the 25.10 inch pressure line (equivalent to 8530-millibar) read the height of the 850-
millibar surface above sea level (to nearest 10 g.-ft.). Height equals 4,810 g.-ft.

W
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7500. ALTIMETER SETTING

7510. GENERAL. The altimeter setting is 2 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 altitude reading equal or very close to that of the field elevation above sea level.
The altimeter setting is sometimes called the standard atmosphere sea-level pressure, since it is
based on the standard atmosphere. Computation of the altimeter setting is independent of
temperature. 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.

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 arguments 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 corresponding to the station pressure. No interpolation
is necessary.

EXAMPLES
A portion of the altimeter setting table for Kansas City, Mo., follows:
ALTIMETER SETTINGS, KANSAS CITY, MO., FIELD ELEVATION 742 FEET

Station pressure (inches) ' .01 [ .02 | .03 ‘ .04
T i —
28,80 . . [ 29. 60 29. 61 ‘ 29. 62 } 29. 63
2890_ . _______ I ; 29. 70 29. 71 ( 29. 72 29. 73

Station elevation, H,=750.0 feet. Actual elevation barometer H,=760.328 feet.

(1) Given:
Station Pressure 28.823, rounded to the nearest 0.01 inch_ _ . _______________ 28. 82
Value from table found in column headed .02_____________________________ 29.61
(2) Given:
Station Pressure 28.927, rounded to the nearest 0.01 ineh________ . _____.___ 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 determined
in accordance with instructions issued to stations requiring them.

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 period, and (3) the
characteristic of the change during the period.

7620. Pressure tendencies will be determined only at stations equipped with a barograph.
The characteristic and amount of baronietric tendency will be determined directly from the baro-
gram. Determine the characteristic from the trace for the full 3-hour period preceding the actual
time of observation, or, at specified stations, for the full 3-hour period ending three hours before
the time of observation. Observe whether the pressure is the same as, or higher or lower than,
at the time of the beginning of the period, and whether the trace shows a falling, rising, steady,

804519°—48——5
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or unsteady tendency, or a combination of these. If the characteristic is so variable over the
period that it cannot be identified, determine it for the period immediately preceding the observa-
tion, or for whatever interval will permit of a reasonably accurate determination of a characteristic.

7630. To find the amount of change, determine to the nearest 0.005 inch the net change over
the interval. The net change is the difference in pressure values indicated by the trace between
the beginning and the end of the period. No correction is to be applied to the value of the trace
at these points.

7640. When the barogram indicates a rapid fall in pressure followed by an abrupt rise of 0.06
mech or more, the lowest pressure in the “V’' will be noted and converted to sea-level pressure at
airway stations for reporting in accordance with instructions in Table 29, item 21. The mean
temperature used in the reduction will be determined in accordance with the following:

(1) When a thermograph is available, select the temperatures corresponding to the time of

the lowest pressure and to the time 12 hours previously.

(2) When a thermograph is not available, select the temperatures at the preceding observation

and at a time 12 hours previously

T
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CHAPTER 8. WIND
8000. GENERAL

8010. Wind is measured in terms of velocity, a vector that includes direction and speed.

The absence of apparent motion in the air is termed “calm.”

Wind direction, speed, character,

and shifts are determined instrumentally, or by estimation when instrumental determination is

not possible.

8100. DETERMINATION OF DIRECTION

8110. GENERAL.

Wind direction is defined as the direction from which the wind is blow-

ing. Wind dircction is determined with reference to true north, and is expressed to 16 points of
the compass or nearcst 10 degrees.

(See Table 11.)

TaBLE 11.—Wind direction in degrees, to 16 compass points

Direction C%Iglilr)l?s Degrees Direction C%I:igiss Degrees
North._._________________._ N 349°-11° © South__ . __________________ S 169°-191°
North-northeast_____._______ NNE 12 -33 South-southwest___________. SSW 192 -213
Northeast_  _____________.__ NE 34 —-56 Southwest___ _____________ SW 214 -236
East-northeast _____________ EXNE 57 78 West-southwest_ _______.___ WSW 237 —258
East______________________ E 79 —101 | West___________ . _______.._ W 259 —281
East-southeast_____________ ESE 102 -123 || West-northwest_ . __________ WNW 282 -303
Southeast . ______ . ____ SE 124 —146 || Northwest____ ______..__.____ NwW 304 326
South-southeast____________ SSE 147 -168 {| North-northwest_______.._. NNW 327 —348

|

8120. NONINSTRUMENTAIL. When the station is not equipped with wind-indicating
equipment or the equipment is unserviceable, the direction will be determined by observing the
wind cone or tee at an airport, or the drift of smoke, or the movement of twigs, leaves, and similar
flexible objects elsewhere. True direction can be estimated quite accurately by facing into the wind
in unsheltered areas.

8130. INSTRUMENTAL. Wind direction is taken from 4- and 9-light (4- and 8-point)
wind-direction indicators, recorders, or from direct-reading dials, by observing the indicator for a
1-minute interval in accordance with the following instructions for the type of indicator in use.

8131. The lamps of a 4-point indicator are assigned the cardinal directions, North, East,
South, and West. When one lamp of a 4-light (4-point) indicator burns steadily, or one lamp
burns steadily with flashes occasionally from a lamp on either side of it, the lamp burning steadily
indicates the wind direction. When one lamp burns steadily with occasional flashes of a lamp
on one side only, the wind direction is between the cardinal and intermediate directions, e. g.,
north-northeast. When two adjacent lamps burn steadily or intermittently, the direction is the
intermediate one between them, e. g., northeast.

8132. The lamps of an 8-point indicator are assigned the cardinal and intermediate directions,
North, Northeast, Kast, Southeast, South, Southwest, West, and Northwest. When one lamp,
for a cardinal or intermediate direction, of a 9-light (8-point) indicator burns steadily, with or with-
out occasional flashes of either or both adjacent lamps, the direction is the cardinal or intermediate
one indicated by the lamp burning steadily. When one lamp burns steadily with an adjacent lamp
burning more than 50 percent of the time, or when both lamps burn intermittently, the direction is
between the intermediate and cardinal directions represented by the lamps.

61
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8133. Directions from a direct-reading dial will be indicated by the average position of the
pointer during a 1-minute interval.

8134. Wind velocity recorders of the continuous registering type may be used for determining
the direction, which will be that of the last full minute of record preceding the observation.

8135. Direction from a single or multiple register will be obtained by averaging the indications

over a 5-minute period.
8200. DETERMINATION OF SPEED

8210. GENERAL. Speed of the surface wind will be determined to the nearest statute
mile per hour or knot, depending on the anemometer used. Conversion will be made as required
by means of Table 12. In general, observed wind speeds are a 1-minute mean, but may also be a
5-minute mean, or the fastest mile, when the speed is determined from recording equipment. So
far as possible, mean wind speed observations will not be taken during periods of extreme wind
speeds —either high or low.

TaBLE 12.—Wind speed conversion.

. BEAUFORT SCALE i
1+ 12 f 3 | & J s [ s 1 7 I g | ® 1 ) | n | 12 B 13 1
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] 5 10 15 20 25 30 35 40
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8220. NONINSTRUMENTAL. TIf equipment for observing wind speed is not available,
the speed may be estimated by means of Table 13 (usually known as the Beaufort scale of wind
speeds).
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TarrLe 13.—Wind equivalents— Beaufort scale

Beaufort . - . International de- . R
number M. P. H. Knots scription Specifications

O . Less than 1 | Lessthan 1 | Calm____________ Calm; smoke rises vertically.

1 1-3 1-3 | Light air_ ________ Direction of wind shown by smoke drift; but not
by wind vanes.

2 4-7 4-6 | Light breeze______ Wind felt on face; leaves rustle; ordinary vane
moved by wind.

S 8-12 7-10 | Gentle breeze .__._ Leaves and small twigs in constant motion; wind
extends licht flag.

4 13-18 11-16 | Moderate breeze . | Raises dust, loose paper; small branches are
moved.

L S 19-24 17-21 | Fresh breeze__ . ___ Small trees in leaf begin to sway; crested wavelets
form on inland waters.

6 25-31 22-27 | Strong breeze_ ____ Large branches in motion; whistling heard in tele-
grapa wires; umbrellas used with difficulty.

A 32-38 28-33 | Moderate gale____; Whole trees in motion; inconvenience felt walking

i against wind.

S 3946 34—40 | Fresh gale________ | Breaks twigs off trees; generally impedes progress,

9 47-54 41-47 | Strong gale_______ Slight struetural damage oceurs; (chimney pots,
slates, removed).

100 .. __ 5563 48-55 | Whole gale_ ______ Seldom expericnced inland; trees uprooted; con-
siderable structural damage occurs.

11 . 64-72 56-63 | Storm_______.____._ Very rarely experienced; accompanied by wide-
spread damage.

120 ___ 73-82 64-71 | Hurricane _._____

180 ... 83-92 72-80

4 . 93-103 81-89

| 25 S 104-114 90-99

16 _______ 115-125 100-108

L Y 126-136 109-118

8230. INSTRUMENTAL. Instrumental measurement of a l-minute mean spced will be

made by one of the following methods:

8231.

Using the %, mile indicator (statute or nautical), count the number of times the center
lamp lights or the buzzer sounds during an cxact 60-second interval.
Table 14, appropriate to the type of anemometer in use.

Apply the correction, from
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TaBLE 14.—Corrections to indicated wind speeds

(Y60~ or one-mile anemometers)

Eff. 1-1-49

Speed Indicated

! . Corrections
By 3-cup‘8” typeane- - By 4-cup anemom- B}et;—c“l‘gtﬁngg%?d_ By small airway “SA” type in whole
mometer, m. p. h. eter, m. p. h. h anemometer, m. p. h. miles per
cups, m. p. h. hour
O%to 16______________ O*to 8 ___.___.___. O*tob___ ______.__ 0%¥to35. . . +1
17t0 26 ____ . _____. A 9to 12 . .. 6told_ . _________ 35t 57 ___ 0
27 to 35 . 13to 160 ______ .. . 14to20..__________ (Corrections  for  higher —1
Btodd ____ . __ 17t020. . _______ 21t0 27__ ... velocities not determined; —2
451052 . 21 to 24 _ . _______ 28to34. . ____ use zcro.) -3
383to6l______________ 25t0 28 ___________ 3dto4l ... —4
62t0 TO.____________ 20t032_______..___ 42 to 48 —5
T1to 79 ___ 33to36._ __________ 49 to B3 . | oo_. —6
80to 87 . 37t039_ ___________ 56 60 62 o | -7
88to96_____ . _______ 40to 43 _________ 63 to 69 _ .. —8
07 to 1056 . ________ 44 to 47 ________ 70 to 75 ol oo —9
106 to 114____________ 48to Bl 76 10 82 el —10
115t0 122____________ b2to b4 83 to 89 . —11
123 to 132___________. 55t0 88 . 90 to 96_ .. —12
133t0 139 ___.__ 59 to62. . ______ 97 to 103 .. —13
140 to 149____________ 63to 65 __________ 104 to 1310 |\ _____.__ —14
150 to 157 ________ 66 to 60 ___________ 111 to 107 o |l __ . —15
158 to 166________.___. 70to 73 ______ 118 to 124 _ . —16
167 to 174___ _________ T4t0 77 125 to 131 | . —17
175 to 184 ________ 78 to R0____________ 132to 138 .. —18
185 t0 192 __ . ________ 8lto® __________ 189 to 145 | —19
193 t0 200____________ 83to 88 ________ 146 to 152 | .. —20
89to 01 __ . ___ 153 to 188 _ | . —21
92to 95 ... 159 to 165 | ____ —22
96 to 99________ . __ 166 to 171 _ . . —23
100 to 103__________ 172 to 178 | ... —24
104 to 106._________ 179 to 185 _ | ___ —25
107 to 110 _______ 186 to 192 __ | ... —26
111 to 114 _____ 193 to 200 _ —27
115 to 117 o | | e e —28
118 to 121 | | mce— —29
122 to 125 ||l —30
126 to 128 _ o e .. —31
129 to 182. . —32
133 to 136_________ L FOp U —33
137 to 140__________ N —34
141 to 143. . ______ R R —35

*Movement of anemometer cups observed.

8232, Condenser discharge indicators give an uncorrected mean value at the highest point

reached on the scale during a single pulse or oscillation. Observe the face of the indicator over a
period of one minute and take the mean of the corrected highest points reached by the meter needle
during successive pulses or oscillations. Apply the correction indicated in Table 15.

TasLE 15.—Corrections to indicated wind speeds
(Condenser-discharge type anemometers)

|

A. Type “S’ anemometer B. Type “SA’” anemometer

Correction
(wholem.p.h.)

Correction

(wholem .p.h.) Uncorrected speed (m. p. h.)

Uncorrected speed (m. p. h.)

059 . 0 0-87 . 0
60-69__ L ____ —1 8894 _ - +1
70-79_ .. —2 95-100__ . +2

—3
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8233. Direct-reading indicators and recorders usually indicate almost instantaneous values.
(Note that the condenser-discharge indicator is not considered direct-reading since an instantaneous
wind speed cannot be taken directly from the indicator.) Observe the indicator or recorder trace
for a l-minute period and take the mean of the high and low values of successive fluctuations.
Apply to the mean value the correction furnished for the particular instrument. If no correction
table has been furnished, the correction will be assumed zero.

8234. If it is impossible to obtain a wind speed from any indicator described above, the wind
speed may be taken from a single or multiple register record. Determine the average speed over
the 5-minute interval immediately preceding the observation and apply the appropriate correction
from Table 14.

8235. When the anemometer cups are moving so slowly that a speed is not registered on the
indicator, the speed will be regarded as one m. p. h. or one knot. When the anemometer cups are
not moving, the wind speed is regarded as calm.

8300. CHARACTER OF WIND

8310. GUSTINESS. Gustiness is characterized by sudden, intermittent increases in speed,
with at least 10 miles per hour or 9 knots variation (corrected) between peaks and lulls. The peak
speed must reach at least 19 m. p. h. or 17 knots before the wind is characterized as gusty. Gusti-
ness is termed “fresh’ or “strong’’ depending upon the peak speed, as shown in Table 16.

TasLe 16.—Gustiness

Peak speed

M. P. H.

Description
I Knots

Fresh. . e 19-24_ o ______ 17-21.
More than 21.

8311. Gustiness will be estimated from ¥, mile (buzzer or light) indicators by noting the
variations in the time interval between buzzes or flashes, and will be determined from direct-
reading indicators by observing the pointer. Gustiness cannot be determined directly with the
condenser-discharge type indicator, but an estimate can be made after successive fluctuations of
the pointer have been noted.

8312. At stations equipped with gust recorders, the character of the wind may be taken from
recorders.

8320. SQUALLS. (See par. 3310 for definition.) The intensity to be ascribed to squalls
will be determined from the peak speed of the gusts, in accordance with Table 17.

TaBLE 17.—Intensity criteria for squalls

Speed of gusts
Description J
M. P. H. Knots
Taght e Not toexceed 24 . .. ______ Not to exceed 21.
Moderate _ . . 25-39 22-34.
Heavy - oo e More than 39____________.____ More than 34.
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8330. WIND SHIFTS. Wind shifts, as defined and used in this manusl, are associated with
the following phenomena, characteristic of a cold-front passage. These phenomena are:

(1) Gusty winds shifting in a clockwise manner in the Northern Hemisphere, i. e., south
shifting to west, or southwest shifting to northwest (shifting counterclock-wise in the
Southern Hemisphere).

(2) Rapid drop in the dew point.

(3) Rapid drop in temperature.

(4) Rise in pressure.

(5) In summer; lighting, thunder, heavy rain, and possibly hail.

(8) In winter; frequent rain or snow squalls with cloud heights changing rapidly—either to
higher or lower heights than existed prior to the wind shift.

8332. In the Northern Hemisphere, whenever the wind shifts suddenly to a westerly or north-
erly quadrant, be alert for the characteristic changes accompanying a shift.  If some of the changes
accompanying a shift are noted before the wind changes direction or speed, watch for a clockwise
shift of wind direction, an increase in speed, or a change in direction of low clouds.

8333. In flat regions, wind shifts without precipitation, but accompanied by strong winds,
sometimes occur. The visibility may be greatly restricted by blowing dust over extensive arecas.

8335. Use the criteria indicated in Table 18 in classifying wind shifts.

TarLE 18.—Intensily criteria for wind shifts

Intensity

Accompanying phenomena

Light Moderate Heavy

Both precipitation and a | Does not exceed 24 m. p. | Exceeds 24 m. p. h. but not | Exceeds 39 m. p. h.. 34
decrease in cloud heights. h., 21 knots. 39 m. p. h., 21-34 knots. knots.

No precipitation nor de- | Docs not exceed 34 m. p. | Exceeds 34 m. p. h. but not | Exceeds 49 m. p. h., 42
crease in cloud heights. h., 30 knots. E 49 m. p. h., 30-42 knots. knots.
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CHAPTER 9. AIRWAY AND SUPPLEMENTARY
OBSERVATIONS

9000. GENERAL

9010. An observation is an evaluation of the meteorological situation at the point where the
observation is taken. The component parts of an observation, when referred to in a general sense,
are termed elements. The evaluation of the state of the various elements consists in observing
them. Meteorological elements observed at or from the surface are usually limited to clouds,
visibility, atmospheric phenomena, wet- and dry-bulb temperatures, precipitation, pressure, wind,
and duration of sunshine.

9011. The terms “airway observation” and ‘‘synoptic observation” connote the assemblage
of specified observational elements in a manner designed to satisfy meteorological and operational
requirements. The instructions in this chapter are concerned principally with the various types
of airway observations. Pilots’ reports of meteorological phenomena encountered in flight are
used to supplement airway observations,

9012. The observation of elements will be taken in the order given below, unless the sites of
instrumental equipment require deviation:

(1) Sky (5) Precipitation measurement
(2) Visibility (6) Humdity

(3) Atmospheric phenomena (7) Pressure

(4) Temperature (8) Wind

Observation of the elements listed above will be taken in accordance with applicable instructions
elsewhere in this manual. At designated stations visibility observations will be taken at the con-
trol tower or the approximate level of the control tower, as well as at the usual point of observa-
tion, whenever the visibility at the usual point of observation is less than three miles. Under
these circumstances, visibility observations taken at the control tower will be used for all purposes,
such as record, coding and summary that require visibility data (paragraph 11105.3). The observer
will inform himself of the nature of the visibility-restricting phenomena at the control tower level.

9013. All scheduled observations will be started just sufficiently in advance of the time of
transmission to permit accurate evaluation of all the elements.

9100. AIRWAY OBSERVATIONS

9110. GENERAL. Airway obscrvations are primarily intended to provide (a) immediate
weather information for aviation interests, and (b) data for climatologists. The observations are
classified as record, special, record-special, local extra, and check. The time and conditions under
which the observations are taken, and the elements observed, are specified in the following para-
graphs. When two or more types of observations coincide, all the elements observed for each type
will be included in the observation, with the exception specified in paragraph 9142,

9120. RECORD OBSERVATIONS. A record observation is taken at scheduled hourly
intervals and will be prepared for teletype transmission at least two minutes prior to the time of
entrance into the sequence in which it first appears. An observation at an off-tcletype station wall
be telephoned or telegraphed to a relay station at a time to be specified in separate instructions.

9121. The elements listed below will be observed insofar as the instrumental equipment of
the station permits:

(1) Ceiling (7) Temperature

(2) Sky (8) Dew Point

(3) Visibility (9) Wind direction, speed, character, and
(4) Weather shifts

(6) Obstruction to vision (10) Altimeter setting

(6) Sea-level pressure
69
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9130. SPECIAL OBSERVATIONS. A special observation is taken to provide information
on significant developments in meteorological conditions occurring at other than scheduled periods.

9131. The number of elements included in a special observation depends on the conditions
being reported. The special observation may consist of only one clement (e. g., tornado) or of most
of those included in a record observation. Each of the clements that may be included in a special
observation is listed in paragraph 9134.01 to 9134.10. Following each element 1s listed the magni-
tude or nature of the change in it that would require a special observation.  Any element listed in
paragraph 9132 may be reported alone as a special observation. Vhen a change in one or more of
the elements listed in paragraph 9133 requires a special observation, the additional elements listed
beside them must also be included in the observation. When changes in two or more elements
individually satisfy the criteria for a special observation, the elements will be included in a single
special observation. Tn all cases, remarks will be added as required.

9132. When a change in one of the following elements satisfies the criteria {or a special obser-
vation, it may be reported alone as a special observation.

(1) Tornado or waterspout

(2) Dust-storm and sand-storm

(3) Altimeter sctting

(4) Wind shift and increases in wind speed

9133. When a change in one or more of the following elements satisfies the criteria for a
special observation, the observation will include all the elements listed to the right of them:

Elements, a specified change in any one of All elements below to be reported with any
which requires a special observation. element in opposite column.
(1) Ceiling {Ceiling
(2) Sky {Sky
(3) Visibility Visibility
(4) Weather Weather
(5) Obstructions to vision Obstructions to vision
Wind

9134. CRITERIA FOR TAKING SPECIAL OBSERVATIONS. A special observation
will be taken whenever one or more of the elements listed below have changed in the amount
specified. The amount of change is with reference to the preceding record or special observation.

9134.01. CEILING.

(1) The ceiling after decreasing by 509 or more is 5,000 feet or less,

(2) A ceiling of 5,000 feet or less increases by 1009 or more.

(3) The ceiling decreases to less than 1,500 feet or increases to 1,500 feet or more.

(4) The ceiling decreases to less than 1,000 feet, or increases to 1,000 feet or more.

(5) The ceiling decreases to less than 500 feet, or increases to 500 feet or more.

(6) The ceiling increases from zero to 100 feet or more.

(7) The ceiling decreases to a value equal to or lower than the highest airline operating
minimum for the airport.

(8) The ceiling increases to a value equal to or higher than the highest airline operating
minimum for the airport.

9134.02. SKY CONDITION.*

(1) A change in total sky cover from clear to broken or overcast, and vice versa; or from scat-
tered to overcast, and vice versa.

(2) A change in sky cover from clear to scattered
a. below 1,000 feet or
b. at or below the highest airline operating minimum for the airport.

9134.03. VISIBILITY.
(1) The visibility after decreasing by 509, or more is 5 miles or less.
*Note that in some instances a special observation not required because of a change in sky condition might nevertheless be required becanse of an

associated change in ceiling. For example, a change in total cloudiness from scattered to broken would not require a special observation in accordance
with paragraph 9134.02 but if the clouds were 5,000 feet or less, a special observation would be required in accordance with paragraph 9134.01.
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(2) The visibility having been five miles or less, increases by 1009, or more.
(3) The visibility decrcases to less than:
(a) 3 miles
(b) 1 mile
(e) % mile
(d) % mﬂe}C. A. A ILS stations only
(e) ¥% mile
(4) The visibility inerecases to cqual or excecd:
(a) 3 miles
(b) 1 mile
(¢) % mile
(d) % mile }C. A. A ILS stations only
(e) ¥ mile

() ¥¢ mile

9134.04. TORNADO.

(1) Is observed

(2) Disappears from sight

(3) Is reported by the public to have occurred within preceding six howrs,

9134.05. THUNDERSTORM.

(1) Begins

(2) Tncreases in intensity

(3) Ends. (Special observation 15 minutes after thunder is last heard at station.)

9134.06. PRECIPITATION.

(1) Hail begins or ends.

(2) Liquid precipitation begins or ends. An observation will be required 15 minutes after
ending of rain showers and intermittent rain. Special observation not required to
report the beginnings and endings of showers occurring simultaneously with continuous
rain, or to report changes of showers to continuous rain and vice versa.

(3) Freezing precipitation begins or ends.

(4) Sleet begins or ends.

(5) Snow begins or ends. An observation will be required 15 minutes after ending of snow
showers and intermittent snow. Special observation not required to report the be-
ginnings and endings of snow showers occurring simultancously with continuous snow,
or to report changes of snow showers to continuous snow and vice versa.

9134.07. FOG.
(1) Beginning and ending of fog, ground fog, or ice fog, or a change from one type of
fog to another. ’

9134.08. SAND-STORM, DUST-STORM.
(1) Is observed within 6 miles of station.
(2) Disappears from sight,

9134.09. WIND AND WIND SHIFTS.
(1) Sudden doubling of speed (over a one-minute interval) to more than 30 miles per hour
(26 knots).
(2) Wind-shift.

9134.10. ALTIMETER SETTING. A change in altimeter setting, as shown by a change in
station pressure, at the rate of 0.08 inch (2.7 mb.) or more per hour. Special observations owing
exclusively to rapid changes in pressure as specified above will be taken at 15-minute intervals as
long as this rate of change persists.

9134.11. The foregoing will be regarded as the minimum requirements for taking a special
observation. In addition, any meteorological situation that, in the opinion of the observer, is of
importance to the safety or efficiency of aircraft operations will be reported in a special observation.

9140. LOCAL EXTRA OBSERVATIONS. Local extra observations are taken, at desig-
nated stations, forlocal distribution only. The changesrequiring alocal extra observation are within
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narrower limits than changes requiring a special obscrvation. When a local extra observation
reveals a change in conditions that requires a special observation, the local extra observation will
be classified as a special observation and treated accordingly.

9141. At designated stations, local extra observations will be taken at intervals not exceeding
15 minutes, beginning whenever:
(1) Ceiling or visibility decreases to a value equal to or less than the highest airline minimum
applying to the airport.
(2) The ceiling decrecases to 500 feet or less.
(3) The visibility decreases to one mile or less.

9141.1. Local extra observations will be discontinued when values above these minimums
have been reported. Record or special observations coming within the 15-minute interval will
also serve as the local extra observation. The 15-minute interval will begin at the time of the record
or special observation.

9141.2. Except when taken in accordance with paragraph 9142 and 9143 the observation
will include the following elements:

(1) Ceiling

(2) Sky

(3) Visibility

(4) Weather

(5) Obstructions to vision
Remarks will be added as required.

9142. Local extra observations of one or more clements requested for aircraft arrivals or
departures will be taken and recorded at designated stations, in the usual manner, even though
weather conditions do not warrant taking a special observation.* In this case the name of the
agency requesting the local extra observation will be noted under ““ Remarks.”

9143. Local extra observations will be taken whenever ceiling or visibility changes to a value
above, equal to, or below

a. the minimum prescribed for the airport, or

b. any air carrier minimum applicable to the local airport.

This requirement is applicable only when takeoffs and landings impend. Suitable arrangements
will be made at cach station to keep informed of scheduled arrivals and departures as well as of
operations involving delaved schedules.

9144. An observation of all elements ordinarily included in a record observation will be
taken immediately following any aircraft accident in the vicinity of an airport at which a weather-
observing station is situated. (See Fig. 8.)

9150. CHECK OBSERVATIONS. Check observations will be taken at specified stations
where scheduled broadcasts of local weather are made. The local schedule of broadeasting will
determine the time of taking them. The check observation will be taken within 20 minutes of
the scheduled time of local broadeast, preferably as near te the time of the broadeast as practicable.
The 20-minute requirement is waived when a pilot balloon observation is being taken. (See para-
graph 10220.) If the broadcast equipment is inoperative, check observations will not be taken.
A notation indicating the period of and reason for the suspension of check observations will be
cntered on WBAN 10.

9151. The check obscrvations will include the following elements:

(1) Ceiling (5) Obstructions to vision
(2) Sky (6) Wind
(3) Visibility (7) Altimeter setting

(4) Weather

9160. CORRECTED REPORTS. A corrected observation will be coded and disseminated
in accordance with instructions in paragraph 10080.

*If a speeial observation is also required, a local extra observation of the one or more elements requested will be filed, after which the other elements
required for the special observation will be evaluated, and the special filed.
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9200. PILOT REPORTS

9210. GENERAL. Pilot reports of meteorological phenomena encountered in flight are
variously termed PIREPS, AFREPS, NYREPS, POREPS, RMREPS, ALREPS. DPireps will
be used as a basic term for convenience of discussion. These reports of weather are an extremely
valuable source of information that often is not otherwise available. Observers will cooperate to
the fullest extent possible with pilots and with ground personnel of commercial airlines to secure all
available pilots’ reports promptly after each cbservation is taken by the pilot.

9211. All pilots’ reports, except those pertaining to ceiling within 1% miles of the airport
boundaries, will be disseminated by Navy and Weather Bureau stations immediately as a pireps;
Air Force stations will handle these reports in accordance with policies established by Wing and
Group Commanders. When a pilot’s report pertains to ceiling within 1% miles of the airport
boundaries, and the report differs from the ceiling value of the current weather observation in an
amount that would require the filing of a special or local extra observation, personnel of all three
services will proceed as follows:

1. If the current ceiling value is classified as measured,

a. redetermine the ceiling value immediately;

b. If the redetermined ceiling value is not classified as measured, disseminate the pilot’s
report of ceiling in the form of a local extra or special observation with the ceiling
classified as aircraft;

c. If the redetermined ceiling value is classified as measured, enter the pilot’s report in
parentheses on WBAN 10, for record purposes only.

2. If the current ceiling value is not classified as measured,

a. Disseminate the pilot’s report immediately as a pireps and then as a special or local
extra observation with the ceiling classified as aireraft;

b. Redetermine the ceiling value immediately;

c. If the redetermined ceiling value is classified as measured, file a special or local extra
observation reporting the value;

d. If the redetermined ceiling value is not classified as measured, enter the redetermined
ceiling value on WBAN 10 in parentheses, for record purposes only.

9212. When a ceiling value classified as measured cannot be obtained, a pilot’s report of
ceiling will be used in subsequent airway observations taken within the succeeding 15 minutes,
provided the ceiling has not changed to a degree that makes the pilot’s report of ceiling inapplicable.

9213. Pireps of the following elements will be given the same dissemination as a special
observation:

(1) Local ceiling (observed within 1% miles of airport boundaries)

(2) Tops of cloud layers

(3) lIeing

(4) Winds aloft exceeding 60 m. p. b., or 52 knots

(5) Turbulence

(6) Hail

(7) Electrie discharge

(8) Any other clements of meteorological or operational importance (e. g., reports of ceiling,
visibility, precipitation, and the presence or absence of fog or clouds (a) through moun-
tain passes, (b) over mountainous regions and (c) over coastal channels, bays, or
sounds.)

9214. Pilot reports will be coded in accordance with instructions in section 10300.

9215.  All pireps prepared for transmission will be distributed by interphone or equivalent
means to local operations similarly to special observations as described in paragraph 10230.

9300. SUPPLEMENTARY OBSERVATIONS AND EVALUATION OF ELEMENTS

9310. REQUIREMENTS. The weather will be observed and the various elements eval-
uated between record observations as often as is consistent with the condition of the weather and
the station workload deriving from other duties. Changing weather situations that might require
a special or local extra observation will be watched most closely to insure that an observation will

R04519°—48——6
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be filed promptly after the change necessitating it occeurs. In the following paragraphs certain
requirements are stated with respect to the frequency of observation and the evaluation of specified
elements. These are minimum requirements that must be met unless specific exceptions for
special purposes are made elsewhere.

9320. CEILING MEASUREMENTS. Whenever available, ceiling measuring instruments
(ceiling light or ceilometer) will be used as frequently as observations are taken, provided clouds
arc present at the observation and it appears likely that a cloud-height measurement can be secured
within a reasonable time.

9330. CEILING BALLOONS. Stations equipped with ceiling balloons but not with
ceilometers will use the balloons during daylight hours, provided the intensity of any precipitation
present (other than drizzle) is light.  (See pavagraph 1442.1.)

9331. At airway weather-observing stations where hourly observations for scheduled trans-
mission are taken. balloons will be used as follows to determine the ceiling value reported in ob-
servations prepared for transmission:

(1) At the discretion of the observer when clouds are at an estimated height of 2,000 feet or
more.

(2) At hourly intervals or more frequently when the clouds are between 1,000 and 2,000 feet
unless the highest ceiling minimum for the commercial air carricrs at the airport where
the station is situated is above 1,000 feet.

(3) At half-hour intervals or more frequently, when the clouds are at or below 1,000 feet or
when the clouds are at or below the highest ceiling minimum for commercial air carriers
where the station is situated.

9332. At stations not taking howrly airway observations ceiling balloons will be used when-
ever the clouds are estimated to be less than 3,000 fect.

9340. PRESSURI. Station and sea-level pressure data will be derived from readings of
the mercurial barometer, preeision aneroid, or altimeter setting indicator every 6 hours at the time
of the 6-hourly synoptic observations. If less than four synoptic observations are taken daily, the
pressuie data will be derived from one of thesc instruments whenever the svnoptic observations
are taken.

9341. For ohservations other than synoptie, station pressures will be taken from an aneroid
barometer, barograph, or altimeter setting indicator, for which corrections have been established
by comparison with a mercurial barometer.

9350. ALTIMETER SETTING. A new determination of the altimeter setting will be made
whenever the information is requested and the latest determination was made 30 minutes or more
before the request.

9360. MISCELLANEOUS PHENOMENA. Miscellancous phenomena will be included in
observations whenever the phenomena arve considered to be of importance to forecasters or to air-
craft operations. They will be coded in accordance with instructions in Chapter 11.

9370. RECENCY. All elements reported in an airway obscrvation prepared for transmis-
sion will have been observed within the 15 minutes preceding the time of entry on WBAN 10A.
This has particular refercnee to ceiling elassification.  For instance, a ceiling classified as “mea-
sured” more than 15 minutes before an observation, must be differently classified at the time of
observation, if a measured ceiling could not be determined within the preceding 15 minutes.

9380. SYNOPTIC OBSERVATIONS. Data to be included in synoptic observations are
those specified in current synoptic codes. The required data will be observed and cvaluated in
accordance with mstruetions in this manual.

9381. At the time of taking each 6-hourly synoptic observation, observe the following pro-
cedure:
(1) Make a time check mark on all recording instrument charts in accordance with para-
graphs 5212, and 7243,
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(2) Set the maximum and minimum thermometers in accordance with paragraphs 5162 and
5171.

(3) Measure the precipitation, if any, and empty all but the weighing type gages.

{(4) Observe the state of the ground with respect to the form and amount of precipitation, if
any, accumulated upon it, and observe whether the ground appears to be frozen hard.
1f dew alone is on the ground, the state of the ground will not be regarded as “wet.”

9390. MIDNIGHT OBSERVATION. At midnight, local standard time, an observation
of maximum and minimum temperatures and of precipitation, will be taken at all stations having
personnel in duty status at that time. This observation must be considered when determining the
maximum and minimum temperatures, and the total amount of precipitation, for the 6-hour period
ending at the time of the first 6-hourly obscrvation taken after midnight.

9391. The maximum and minimum thermometers will be reset after reading them, and the
readings entered on WBAN 10.  After the precipitation is measured, the gages, except the weighing
type, will be emptied. The measurement will be entered on WBAN 10.
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CHAPTER 10. DISSEMINATION AND TRANSMISSION OF
AIRWAY AND PILOT REPORTS

10000. ELEMENTS IN THE AIRWAY CODE

10010. GENERAL. Airway observations are disseminated in a code that consists of symbols
and numerals arranged in groups with relatively fixed positions. Word and phrase contractions or
complete words are used in a specified manner to supplement the coded data.

10020. GROUPING OF ELEMENTS. The elements of the observation are placed in
groups as specified below. Spaces scparate Groups I to V; and oblique lines (slants), used as
mechanical devices, separate numerical data that might otherwise be misinterpreted. Further
instructions on use of slants arc to be found in paragraphs 10030, and 11002. Reference to
specific instructions for coding are listed beside each item below.

- | Instructions
Group Element |
number number Element paragraph
number

T 1 Station identification__  _ _ .. ___ . __________. 10120
IT 2 Typeof report_ __.________________ . ______ 10130, 11101
11T 3 Time of report__.______ _________ . __.._._ 10140, 11102
v 4 Ceiling and cloud height___ .. _________________________ 11103
5 Sky condition________ L _______. 11104
6 CVisibility_ oo .. 11105
7 Weather______ __ . L _____._ 11106
8 Obstruetions to vision__._________ __________________________ 11106. 2
v 9 Sea-level pressure____________________________.______ . 11107
10 | Temperature . ______ L ________. 11108
11 Dewpoint__________  _ __ _ __ ________ el 11109

12 Wind ol ___
a. Direction_ __ . _______ L ________ 11110
b. Speed . 11111
c. Character___________ o _____. 11112
d. Shifts_ - . _____.__ 11112
13 Altimeter setting. . ______ L __________ 11113
VI 14 Remarks__ . _.______ el 11114

o

10021. The letter symbol “M” is used to indicate missing data, or data entered in parentheses

(see par. 11020), pertaining to an element normally included in a report.
omitted are indicative of data not observed at a particular station.

10030. HOURLY REPORTS. Data pertaining to record observations are coded in Groups
I, IV, V, and VI. Slants rather than spaces are used to scparate Group V from VI. Slants are
also used within Group V between sea-level pressure and temperature, temperature and dew point,
wind data and altimeter setting, altimeter sctting and remarks. Additive data are separated by
a slant and a space from the last element of the record observation with which they are transmitted.

Elements regularly

Examvpre: DCA  E38Q12 271/74/58<,8/032/CIG VRBL 36 TO 40/ 2002

10040. SPECTAL REPORTS. Special reports invariably include Groups I through IIT,
and remarks, if required. In addition they contain ecither one element only (Group IV- 7, V- 12
or V-13), or Group IV plus V- 12, according as the instructions for special observations (Chapter 9)
apply. When a significant change, as defined in Chapter 9, occurs in altimeter setting, Group V-
13 is included in the special report. When a check report coincides with a special report, all the

79



80 WBAN MANUAL OF SURFACE OBSERVATIONS Ef. 1-1-49

clements of a check report, as stated in paragraph 10050 below, are included in the special report.
When any combination of elements V- 12, V- 13 and Group VI appears in a special report they are
separated from each other by slant symbols.

10050. CHECK REPORTS. Check reports are composed of Groups I, IT, IIT, IV, V- 12,
V- 13, and VI.

10060. LOCAL EXTRA REPORTS. Local extra reports are composed of Groups I, II,
II1, IV, and V1.

10070. Group VI will contain pertinent general remarks, RAFRZ, RAICG, and 700-mb.
data and PIREPS as required. These data will be transmitted with hourly (not 3- or 6-hourly)
airway reports, with the exception of general remarks and pireps, which may be transmitted at
any time.

10080. CORRECTED REPORTS. A report correcting a previously transmitted report will
be identified by the letters “CQN" immediately preceding the station identification. The report
will include Groups I and IIT; if the observation to be corrected is a special, record-special, or local
extra report, the correcting report will also include Group II. TIf an error n a record, or record-
special observation is discovered within the hour after the observation has been transmitted on
the teletype, a complete corrected observation will be filed immediately, regardless of speeial
observations that might have been transmitted in the meantime. If an error is discovered in a
special or local extra observation before the next succeeding observation is given teletype or loecal
distribution, a corrected observation will be filed. If an error is discovered in a check observation,
a corrccted observation will be given to the broadcaster. When more than an hour has elapsed
before an error in a transmitted observation has been discovered at the originating station, a
corrected report will not be transmitted.

P 10100. CODING FOR TELETYPE TRANSMISSION

10110. GENERAIL. Instructionsin Chapter 11 will be observed in coding individual elements
of observations for teletype and radio distribution. Instructions for the coding of station identi-
fication, type of report, and time ascribed to observation follow.

10120. STATION IDENTIFICATION. The station identification is a three letter symbol
assigned to the station for use in teletype transmissions. These symbols are listed in Federal
Airways Manuals of Operations of the Civil Aeronautics Administration.

10130. TYPE. Record-type reports prepared at hourly intervals for scheduled sequence
teletype transmission are not identified by any symbol in teletype transmission. Special and
record-special reports are identified by the letter ¢S followed by a serial number. Serial numbers
are assigned consecutively for each day. Number 1 is the first special or record-special report
filed for transmission on or after 0000, local standard time, of a given day. Local extra reports
transmitted on local teletype circuits gee identified by the contraction “LCL.”

10140. TIME. The time of record and record-special observations is not included in the
report, since the time of the sequence in which the reports are included appears at the heading of
the sequence collection. The time of the sequence collection may therefore be used as a reference
time. However, a corrected report of a record observation will include the sequence time of the
record observation immediately following the station identification. The time of special and local
extra reports is the local standard time of making the last entry on WBAN 10. In special and
local extra reports, when coded for teletype transmission, the time, in four figures, is followed by
the correct time zone indicator selected from Table 19, except that AF stations and other
designated stations will use Greenwich mean time and the indicator “Z.”

TaBLE 19.—Standard ttme zones and indicators

‘ Time zone Indicator H Time zone Indicator
Eastern_____________________ e E Alaskan_ _ . L _____._ A
Central_.___ ______ . ______. _ ______ C Bering_._ .. L ___ B
Mountain_______ _ _____ __ ________.__ M Yukon oo Y
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10200. FILING FOR DISSEMINATION

10210. GENERAL. Record and special airway observations will be transmitted by tele-
type or radio where suitable facilities are available. These transmissions will be made in accord-
ance with communication manuals specified by the individual services.

110220. SCHEDULED BROADCASTS. At stations having broadcast facilities, observa-
tions filed for usc in scheduled broadcasts will be the most recent and, if practicable, they will have
been taken just prior to the broadeast, but at least within 20 minutes of the scheduled time of the
broadcast. However, the 20-minute requirements may be disregarded when a pilot balloon is
being observed. Under these circumstances the assumption will be that, in the absence of a special
observation, there have been no significant changes in weather.

10230. LOCAL DISTRIBUTION. All observations of a change in weather will be dis-
tributed locally by interphone, telautograph, telephone, ctc., to military agencics, local airline
offices, Civil Aeronautics Administration facilities requiring them, and other agencies requesting
them. When observations are communicated, acknowledgment should be received from recip-
ients, if possible, and noted on WBAN 10.

10231. Altimeter settings based on mercurial barometer, precision aneroid, or altimeter
setting indicator readings at the time of the 6-hourly synoptic observations will be interphoned to
local operations immediately after their determination. These readings are required for purposes
of comparison and are in addition to those normally transmitted in observations to local operations.

10300. CODING OF PILOT REPORTS

10310. GENERAL. When pilot reports are received by weather-observing personnel they
will be coded in accordance with the following instructions. All reference to heights of phenomena
encountered in flight will be expressed in hundreds of feet to the nearest hundred above mean sea
level, indicated by the letters “MSL”.* Authorized weather symbols, international cloud abbre-
viations, word and phrase contractions will be used or, if they are lacking, complete words.

10311. All phenomena having an authorized symbol (see Tables 26 and 27) will be reported
in symbol form followed, if required, by the appropriate intensity indicator. “U” will be used for
“intensity unknown.” If the phenomenon has been reported in general terms by the pilot (“pre-
cipitation” without indication of rain or snow, etc.) the phenomenon and its intensity will be
reported in an authorized phrase contraction, or lacking that, in one or more complete words.

10320. CODING OF ELEMENTS. In general, the order of coding will be:
(1) Station identification.

(2) Time of entering pilot report on WBAN 10.

(3) The term PIREPS, or authorized equivalent (AFREPS, cte.)

(4) Location or extent of phenomena with respect to a well-known point.

(5) Time of pilot’s observation, whenever known.

(6) Phenomena reported.

(7) Altitude.

(8) Type of aircraft, whenever known.

10321. ICING. Code pilot reports of airfoil icing conditions as follows:
(1) Use the contraction “ICG” with indication of intensity and type, if known. For example:

ICG TRACE=Trace of ice. gg

LGT RIME ICG=Light rime icing condition. ==
MDT ICG=Moderate icing condition.

HVY ICG=Heavy icing condition.

(2) Code the height of the base and top of the icing area whenever known. Use slants to
indicate that the base or top of the icing area is unknown.

1 Note.—Pilot reports of cloud heights used as a ceiling in an airway observation will be converted to feet above the surface by the observer and
coded in the intervals given in Table 21,
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Examrres:
The pilot of a Stinson, flying between Seattle and Oakland, reports to Medford that
at 0700 PST he encountered hight icing conditions 5 to 20 miles north of Eugene, Oreg., at
2,000 feet MSL; the top of the icing was not reported:

MFR 0715P PIREPS 5-20 N EUG 0700P LGT ICG 20—// MSL STSN

The pilot of an F-38 flying between Oakland and Burbank reports that he encountered
heavy icing conditions at 0925 PST over mountains north of Burbank, with the top of the
icing at 11,500 MSL, base unknown (note that AF stations use GCT.):

SRF 1731Z AFREPS MTNS N BUR 1725Z HVY 1CG //—115 MSL F38

10322. ELECTRICAL DISCHARGE OR LIGHTNING STROKE. Use the word “DIS-
CHARGE.”
ExamprLES!
A pilot flying a PBY between Richmond, Va., and Washington, D. C., reports to
Washington that at 1620 EST his aircraft experienced an electrical discharge 20 miles
south of Washington at an altitude of 5,000 feet MSL:

DCA 1629E NYREPS 20 8 DCA 1620E DISCHARGE 50 MSL PBY

The pilot of a Flying Fortress enroute from St. Louis, Mo., to Chicago, Tll., reports to
Chicago that at 1515 OST his plane experienced an electrical (hscharge over the Kankakee
River at an altitude of 2 ,500 feet MSL:

CHI 1535C RMREPS 15 5 JOT 1515C DISCHARGE 25 MSL B17

10323. TURBULENCE. Use the contraction “TURBC” followed by an indication of in-
tensity as illustrated in the following list:

LGT TURBC=Light turbulence.
MDT TURBC=DMModerate turbulence.
HVY TURBC=Heavy turbulence.

ExamrLEs:

A pilot reports to Kansas City, Missouri, that his C-54 encountered heavy turbulence
at 2330 CST, 10 miles northeast of Knoxville, Tenn., at 6,000 feet MSL:

MEKC 2335C AFREPS 10 NE TYS 2330C HVY TURBC 60 MSL Cs4

The pilot of a DC-3 flying at 10,000 feet MSL through Donner Summit Pass, Calif.,
reports to Reno, Nev., that light turbulence is being experienced 1050 PST.

RNO 1055P ALREPS OVR DOS 1050P LGT TURBC 100 MSL D(C3.

10324. HAIL. Use the authorized teletype symbol for hail and indicate the intensity in the
same manner as in weather reports of hail. Use the symbol “U”" to indicate unknown intensity.

Nore: It is quite possible that a pilot report of hail will be added to a report of turbulence
and electrical discharge. All these phenomena may be included in the same ““ Pireps”.

ExampLEs:

The pilot of a DC—4 reports to Omaha, Nebr., at 1617 CST that he is flying through
moderate hail 10 miles south at an lehtude of 3 000 feet NSL:

OMA 1619C PIREPS 10 S OMA 1617C A 35 MSL DC4.

At 1628 CST the same pilot reports that he is flying in light hail and heavy rain, with
heavy turbulence at 3,000 feet MSL, 15 miles southwest of Omaha and that at 5, 000 feet
MSL his plane had e\perlen-eed a dlschnrge

OMA 1635C PIREPS 15 SW OMA 1628C HVY TURBC R+A— 30 MSL DISCHARGE 50
MSL DC4.

10325. WINDS ALOFT EXCEEDING 60 MILES PER HOUR OR 52 KNOTS. Code
winds aloft reported to exceed 60 mph or 52 knots as follows:
(1) Use the contraction “WND”,
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(2) Code true direction from which the wind is blowing in 3 figures representing the degrees
of the compass, to the nearest 10 degrees.
(3) Use figures to code the wind speed in miles per hour or knots.

ExavpLEs:
At 0845 CST the pilot of an F-80 reports to Bismarck, N. Dak., that he is encountering
an 82-knot wind west of Bismarck at 6,000 feet MSL, wind dircction 80 degrees:

BIS 0850C AFREPS W BIS 0845C WND 080 82 KNOTS 60 MSL F80

At 1215 CST the pilot of a PBY reports to Madison, Wis., that he is encountering a
72-knot wind from 240 degrees, 20 miles southeast of the station, at 8,500 feet MSL.
MSN 1225C NYREPS 20 SE MSN 1215C WND 240 72 KNOTS 85 MSL PBY

10326. TOPS OF OVERCAST. Use the contraction “TOVC”.
Nore:—Intervals used in reporting ceiling heights are not applicable to pilot reports of tops of
overcast.

Examrres:
The pilot of a B-24 flying over Navasota, Tex., at 0613 CST reports to Houston that the
_top of the overcast is at 8,500 feet MSL:

HOU 0618C AFREPS OVR AVS 0613C TOVC 85 MSL B24
If the planc had been 15 miles southeast of Navasota when the pilot determined the height
of the top of the overcast, the coded report would read:

HOU 0618C AFREPS 15 SE AVS 0613C TOVC 85 MSL B24

10327. CEILING HEIGHTS. Use the contraction “CIG”.

ExampLEs: A
The pilot of a DC-3 flying over Washington, D. C. reports at 1110 EST to Washington
that the ceiling is 1,500 feet MSL:

DCA 1118E PIREPS OVR DCA 1110E CIG 15 MSL DC3
A pilot flying between Casper and Sheridan, Wyo., reports to Sheridan that the ceiling

over Kayvcee is 14,000 feet MSL. The type of aircraft was not reported, nor the time of the
observation.

SHR 1850M PIREPS 65 8 SHR CIG 140 MBSL
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CHAPTER 11. ENTRIES ON FORM WBAN 10 (REVISED)
11000. GENERAL

11601. Form WBAN 10 revised, consisting of parts A, B, and D, will constitute the basic
original record of surface observations at all stations at which the form is prepared. A new WBAN
10A-B will be started for recording each day’s observations, beginning with the first observation
at or following 0000 local standard time, as defined below. One page of WBAN 10B and as many
pages of WBAN 10A as are needed will be used for each day. WBAN 10D will be prepared monthly
in accordance with instructions on the form.

11002. Enter observations as legibly as possible in chronological order, restricting data, so
far as possible, to the columns appropriate to them as indicated by the column headings. Ditto
marks will not be used. At stations where tne form is used by the communications operator
directly, slants to separate data in the airway code may be used as specified in Chapter 10.

11003. The name of the station and date will be entered in the spaces provided.

11010. MISSING DATA. The symbol “M” will be entered only for missing data normally
recorded. Appropriate notes explaining the missing data will be entered in column 90.

11020. STATISTICAL DATA. Data entered in parentheses are for statistical purposes
only (see pars. 11109 and 11419) and are not to be transmitted as an clement of an airway obser-
vation. (See paragraph 10021.)

11030. CORRECTION OF ENTRIES. When incorrect data have been entered, corrcc-
tions will be made as follows:

11031. If the error is discovered before the report is transmitted, the erroneous entry will be
erased and correct entry made.

11032, If an error is discovered in an observation after the report is transmitted, a red line
will be drawn through the erroneous entry only and the correction entered in red immediately
above it. If a correction is transmitted, enter the phrase “CQN (Time)” in red in column 14 of
the erroneous observation. Carbon copies, if prepared, need not be corrected in red.

11040. TIME. TFor the purpose of securing a uniform understanding of time for use in Form
WBAN 10, certain definitions are established as follows:

11041. GREENWICH CIVIL TIME. Greenwich Civil Time (G. C. T.) is sometimes called
“universal time”’ because time used in most other parts of the world is derived from G. C. T. Green-
wich Civil Time is the local civil time, standard time, and zone time within the time zone of Green-
wich (0° longitude).

11042. LOCAL STANDARD TIME. In the United States, standard time zones have
been established by law, and the time within these zones is the mean solar time at the meridians
in Table 20. The time based upon any of the standard time meridians can be converted to G. C. T.
by adding one hour for each 15° of longitude west from Greenwich. A conversion table follows:

Tarry 20.—Meridians of standard time zones and conversion to G. C. T.

Standard Time Zone Meridian ‘ GFI_‘OC?QF:?S (ioo_
|

Atlantic Standard Time____ . . ‘ 60° 4 hours.
Eastern Standard Time (EST) __ . ___ ____ ________ . _________ e 1 75° 5 hours.
Central Standard Time (CSTY o _______ ! 90° 6 hours.

Tountain Standard Time (MST) _ _ _ _ _ . ___________. 105° 7 hours.
Pacific Standard Time (PST)_._________ o IR 120° 8 hours.
Yukon Standard Time (YST) _ . - __ ‘ 135° 9 hours.
Alaskan Standard Time (AST) ____ o ______ 150° 10 hours.
Bering Standard Time (BST)__ o _____ : 165° 11 hours.
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11100. WBAN 10A

11101. TYPE. (Col. 1.) The type of report will be indicated by one of the following

designations:

(1) B Record observation.

(2) 8§ ({ollowed by serial number) Special observation. Serial numbers are assigned con-
secutively for each day. Number 1 is the first special (or record-special) filed for
transmission on or after 0000, LST, of a given day.

(3) RS (followed by serial number) Record-special observation.

(4) L Local extra observation.

(5) v/ Check observation. (If a check observation requires local extra procedure, enter
“IJ.”)

(6) 6H Six-hourly (not applicable to AF stations).

11102. TIME ENTRIES. (Col. 2.)) The time ascribed to an observation is that of the
last entry on Form WBAN 10. Entries will be in local standard time to the nearest minute in
terms of the 24-hour clock. The first two figures will indicate the hour, and the last two the
minutes. For example, 0000 indicates the beginning of the day; 0235 indicates 2:35 A. M.; 1346
indicates 1:46 p. m.; 2359 indicates the end of the day.

11103. CEILING. (Col. 3.) Enter the ceiling as required by Table 21. When a value
is half-way between two reportable values; the lower value will be sclected, e. g., 50 feet will be
entered as ““0.”” Prefix an. appropriate classification symbol selected from Table 22 to each ceiling
value..~ All heights pertaining to symbols for sky condition (see par. 11104) are with reference to

“height above surface, not above sea level, except heights that may be recorded in Column 14 as a
part of a pireps.

TarvLe 21.—Reportable ceiling values

0 to 5,060 feet_ _ _ oo __. To nearest 100 fect, in hundreds of feet.
5,051 to 9,750 feet .. To nearest 500 feet, in hundreds of feet.
Above 9,750 feet  _ _ _ .. To nearest 1,000 feet in hundreds of feet.

TarLE 22.—Ceiling classification symbols

A Ceiling reported from aircraft
B Balloon ceiling

E Estimated ceiling

M Measured ceiling

P Precipitation ceiling

A% Indefinite ceiling

11103.1. Whenever the ceiling is observed as variable, the range of variability will be recorded
in column 14 (see Table 29, items 1-2). If the variable ceiling is less than 2,000 feet, the letter V
will be entered immediately after the ceiling value.

11103.2. An entry is required in column 3 when 0.6 or more of the sky is covered by obscuring
phenomena not classified as thin and by clouds. Note that the height ascribed to obscuring
phenomena for entry in column 3 is the vertical visibility into the phenomena and not the base of
the phenomena.

11103.3. If a thin obscuration is present, an entry will be made in column 3 only if
(1) Clouds are visible above the thin obscuration, or
(2) Clouds cover more than 0.6 of the sky below the thin obscuration. (See Table 24.)

Nore.—See Table 24 for illustrations of entries in column 3; see Table 29, items 3-6, 10-12,
for instructions for recording in column 14 heights of cloud layers not recorded in column 3, and
bases of obscuring phenomena above the surface,

11104. SKY. (Col. 4) Record state of the sky in terms of the standard teletype symbols,
or combinations* of them, listed in Table 23. See Table 24 for illustration of entries in column 4

*The symbol for clear will not be used in combination with any other sky condition symbol.
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under various sky conditions., See Table 29 for instructions on reporting in column 14 cloud
layers not reported in column 4.

11104.1. The symbols @O, @, and © may be modified by the prefixes plus (+) and minus (—)
for dark and thin clouds respectively. The symbol X may be modified by the prefix minus (—)
for thin obscuration.

TABLE 23.—Sky-condition symbols

Symbol and meaning Explanation

X Obscuration_ _________._.____._ 0.6 or more of the sky obscured by precipitation or obstructions to vision

either alone or in combination with lower clouds, and irrespective of higher

clouds.

C CQlear.____ . ____ Less than 0.1 total sky cover, or less than 0.6 obscuring phenomena with
clouds not visible.

O Secattered Clouds______________ 0.1 to less than 0.6 sky cover.

@® Broken Clouds________________ 0.6 to 0.9 sky cover.

P Overeast_____ . . _________ More than 0.9 sky cover.

11104.2. HEIGHT OF SCATTERED CLOUDS. The height of scattered clouds immediately
precedes the sky condition symbol to which it applies whenever (1) the symbol appears alone,
e.g., 200D, or (2) the symbol 1s the second in a combination of sky condition symbols, e. g., ©200].
In all other cases the height of scattered clouds is reported in column 14. (See Table 29.)

TaBLE 24.— Hxamples of eniries in columns 3, 4, and 14 under various sky condittons

Norke:—This table illustrates conditions requiring not more than two sky-condition symbols. (See Table 29 for
instructions on reporting additional symbols in column 14.)

: ‘ \
Conditions observed | Col. 3 ‘ Col. 4 | Col. 14

CLOUDS ALOXNE VISIBLE ‘

1. Less than 0.1 of sky covered ___.________________ . o C e
2. 0.1-0.5 of sky covered by one laver_____._________. e 24000 el il
3. 0.1-0.5 of sky covered by twolavers_____._______________________ D180 1300
4. 0.6-0.9 of sky covered by one layer________ - M65 ) U U
5. 0.6-0.9 of sky covered by two layers: :
a. Lower layer covering less than 0.6 of sky_______ M25 Q0D .
b. Lower layer covering 0.6-0.9 of sky___________ A27 (Y] E50 @
6. More than 0.9 of sky covered by one layer. _______ M26 < o T
7. More than 0.9 of skyv covered by two layers:
a. Lower layer covering less than 0.6 of sky_______ M140 D350 el
b. Lower layer covering 0.6-0.9_ _ _______________ M35 DO M7568
OBSCURING PHENOMENA ALONE VISIBLE
8. Less than 0.6 of sky obscured.- .. _____.___.___._ (R O BASE K LYR W E20
9. 0.6 or more of sky obscured by one layer: i !
a. Sky overhead visible_ _ ____._.________________ [ . —X BASE K LLYR E5
b. Sky overhead not visible_.___________________ | P2 X | o i
|
COMBINATIONS OF CLOTUDS AND OBSCURING PHENOMENA |
VISIBLE
10. Obscuration beneath clouds:
a. 0.9 or less of sky covered by combination:
(1) Sky or clouds overhead not visible through
obseuration but visible at horizon_______ ! w8 oX E50
(2) Sky or clouds overhead visible through ob-
seuration ______ . __ . _______________ M45 ®—X e
b. More than 0.9 of sky covered by combination:
(1) Sky or clouds overhead not visible through
obscuration but visible at horizon______._ w8 DX E308
(2) Sky or clouds overhead visible through ob-
seuration._. . __ .o oo on M50 Dd-X ..

804519°—48——7
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TasLE 24.—Ezamples of entries in columns 3, 4, and 14 under various sky conditions—Cortinued

Conditions observed Col. 3 Col. 4 i Col. 14

COMBINATIONS OF CLOUDS AND OBSCURING PHENOMENA |

VISIBLE—continued

11. Obscuration above clouds:
a. Less than 0.6 clouds:

(1) Obscuration not thin___________________ W25 X100 BASE K LYR E23

(2) Thin obscuration_________________.____._! e — X100 BASE H LYR E50
b. 0.6 or more clouds: ? i

(1) Obscuration not thin. - ___._____________ ! F25 X BASE H LYR E48

(2) Thin obscuration_ . ____________________ \ M18 —X0 BASE H LYR E50

12. Obscuring phenomena at the same level as, or be-
neath, clouds with obscuring phenomena alone
covering less than 0.6 of sky:

a. Total sky coverlessthan 0.6__ ______________ | _____________ 450D LWRKLYR W
b. Total sky cover 0.6-0.9__ . ______________.____ M48 () KLYRN
c. Total sky cover more than 0.9 . _ . . _ E180 o) KLYRS
13. Obscuring phenomena above clouds with 0.1-0.5
total sky cover._ _ . 250 | K LYR E80

Note that if summation of obscuring phenomena and lower clouds is 0.6 or more, an obscuration exists, and item 11 applies.

11105. VISIBILITY. (Col. 5.) ZEnter the prevailing visibility, selecting the closest corre-
sponding value from Table 25. When the prevailing visibility is exactly half-way between two of
the values, select the lower value.

TasLE 25.— Table of values for recording visibility in columns 5 and 1/

Fractional | 1-mile increments when visibility is 3 to 15 miles, inclusive.
increments | 5-mile increments when visibility is more than 15.

=3 =

NPT L 0 N O 00 i
PR N e i e N
@

11105.1 VARIABLE VISIBILITY. Whenever the visibility is variable, the range of
variability will be recorded in column 14 (See Table 29, item 13). If the prevailing visibility is
less than 2 miles, the letter ““V’’ will be entered immediately after the visibility value.

11105.2. A plus sign (+) will be entered following the figure 15 when the visibility is esti-
mated to be more than 15 miles and the most distant visibility marker is 15 miles or less.

11105.3. CONTROL TOWER VISIBILITY. When the visibility at the usual level of
observation is less than 3 miles, the visibility at the control tower level will be recorded in column
5 at Weather Bureau stations participating in the control tower visibility program. The visi-
bility at the usual point of observation, when it differs from that at control tower level, and the
height of the restricting phenomena, when known, will be recorded in column 14. (See Table
29, item 15.)

11105.4. See Table 29, item 14, for rccording visibility differing in various quadrants in
column 14.

11106. WEATHER AND OBSTRUCTIONS TO VISION. (Col. 6.) Entries of weather
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and obstructions to vision will be made in accordance with Tables 26 and 27. 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 the order of decreasing intensity.

(4) Freezing precipitation, in the order of decreasing intensity.

(5) Frozen preclpltatlon in the order of decreasing intensity.

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

Note that an entry is required in column 6 whenever the visibility is less than 7 miles.

11106.1. WEATHER AND INTENSITY. Enter the character of hydrometeors and other
phenomena occurring at the time of observation in printed letter symbols in accordance with
Table 26.¥ TUse a plus sign after symbols for precipitation and squalls to indicate a heavy degree
of intensity and a minus sign to indicate a light degree; the absence of any sign indicates moderate
intensity. {(See also para‘gra‘phs below captioned Thunderstorms and Tornados, and Waterspouts.)

TasLe 26.—Symbols for weuther

TORNADO or WATERSPOUT (always written out in full)

T+ Heavy Thunderstorm S Snow

T Thunderstorm SW Snow Showers
R Rain SP Snow Pellets
RW Rain Showers SG Snow Grains
L Drizzle IC Ice Crystals
ZR Freezing Rain A Hail

ZL Freezing Drizzle AP Small Hail

E Sleet Q Squall

11106.11. PRECIPITATION. Precipitation of a showery or intermittent character not
occurring at the time of observation will be reported in remarks (Table 29, item 19) for a penod not
exceeding 15 minutes after cessation of active precipitation.

11106.12. SQUALLS. A squall observed within 15 minutes of the observation will be
reported in the symbol Q.  When precipitation occurs at the time of observation and squalls occur
at the same time or within 15 minutes prior to it, the precipitation will be coded in the symbols
appropriate to its character and form (R—, RW, etc.) and prefixed to the squall symbol, e. g.,
RWQ, S—Q, ete.

11106.13. THUNDERSTORMS. Thunderstorms will be reported if 15 minutes or less
have elapsed since thunder was last heard. Thunderstorms are reported as either heavy or mod-
erate; that is, all thunderstorms not classified as heavy are reported as moderate.

11106.14. TORNADOS AND WATERSPOUTS. The direction of a tornado or waterspout
from the station will immediately follow the term TORNADO or WATERSPOUT. (See Table
29, item 16, for entries in column 14.) Tornados and waterspouts will be reported without indica-
tion of intensity.

Nore.—Sce Table 29, items 16-19, for additional information concerning weather to be
reported in column 14.

11106.2. OBSTRUCTIONS TO VISION. ZEnter obstructions to vision in printed letter
symbols in accordance with Table 27.

TarLE 27.—Symbols for obstructions to vision

¥ Fog IF Ice Fog
GF Ground Fog H Haze
BS Blowing Snow K Smoke
BD Blowing Dust D Dust

BN Blowing Sand

NoTE.—See Table 29, items 15 and 20, for additional information concerning obstructions to vision to be reported in column 14,

*Xee Table 29 for instructions for reporting intermittent and showery precipitations occurring within 15 minutes prior to the observation,
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11107. SEA-LEVELPRESSURE. (Col.7) Theinitial*“9”’ or*‘10” of the sea-level pressure
will be omitted and the pressure will be entered as three figures (without a decimal point) repre-
senting tens, units, and tenths of millibars; e. g., 1013.2 would be entered as 132.

Note.—See Table 29, items 21 and 22, for reporting pressure data in column 14,

11108. TEMPERATURE. (Col.8) ZEnter the dry-bulb temperature to the nearest whole
degree Fahrenheit. Prefix a minus sign to temperatures below zero.

11109. DEW POINT. (Col. 9) Enter the dew point temperature to the nearest whole
degree Fahrenheit. . Prefix a minus sign to dew point temperatures below zero. Whenever the
air temperature is below —35° F., the wet-bulb temperature will be regarded as the same as the
dry-bulb temperature. Determine the corresponding dew point, with respect to water (see par.
6010.1), and enter this value in col. 9 in parentheses. (See par. 11020.)

11110. WIND DIRECTION. (Col. 10) Enter the wind direction to sixteen points of the
compass by means of one or two short arrows, as shown in Table 28,  When the wind is calm, make
no entry in this column.

TaBLE 28.—Wind direction symbols

} North 1 South

| v/ North-northeast 1/ South-southwest
 Northeast ’ /' Southwest

«—,/ Last-northeast — /" West-southwest
«— Fast — West

N East-southeast —N, West-northwest
= Southeast i Northwest

TN South-southeast Ly North-northwest

11111.  WIND SPEED. (Col.11) Enter the wind speed in units specified by the individual
Services. If the wind speed is estimated, enter the letter E immediately following the speed.
Enter C for calm.

11112. WIND CHARACTER AND SHIFTS. (Col. 12) Entries will be made without
spaces to separate the data. The data will be entered in the following order.

11112.1. CHARACTER. When gustiness is present, enter in column 12 a minus sign to-
indicate fresh gusts, and a plus sign to indicate strong gusts (Table 16). When gustiness and a
wind shift occur together, record the wind shift immediately following the intensity of the
gustiness, without a space.

11112.2.  WIND SHIFTS. Enter the direction of the wind before the shift to sixteen points
of the compass with short arrows followed by the local standard time of the shift (24-hour clock)
and a letter denoting the local standard time zone. Indicate the intensity of the shift after the
time-zone indicator by a plus sign for a heavy shift, a minus sign for a light shift; the absence of
a sign indicates moderate intensity. For example, if a heavy wind shift occurred from southeast
to northwest in the Central time zone at 1614, the entry in the column would be “~N1614C+.”
Since the space provided in column 12 is not sufficient for wind shift data, distribute all wind data
evenly among columns 10, 11, and 12.

Norte.—See Table 29, item 23, for instructions on reporting peak speed of gusts in column 14.

11113. ALTIMETER SETTING. (Col. 13) Entries will be made in this column only at
stations equipped with a mercurial barometer that is used to establish corrections for an altimeter
setting indicator, barograph, or precision aneroid. Record the altimeter setting as three figures
without a decimal point to represent units, tenths, and hundredths of inches. For example: 29.92
would be entered as 992.

. 11113.1. When the altimeter setting is the only element reported in a special observation,
it will be preceded by the authorized contraction “ALSTG.”

11114. REMARKS. (Col. 14) Certain conditions require the addition of explanatory
remarks to the report. Instructions concerning conditions that require further explanation, or
exclusive reporting, in column 14, together with examples of their use, have been condensed in
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Table 29. The examples are not exhaustive, and when conditions other than those illustrated
occur, the observer will amplify the report with such remarks as he judges to be pertinent to the
metcorological situation and useful to the users of the data.

11114.1. When intensity of phenomena remote from the station cannot be determined, the
symbol “U” will be placed after the symbol for the phenomena to indicate intensity unknown.

Tarre 29.—REMARKS: Instructions and illustrations

Tllustrations
Conditions observed Instructions for entry in column 14 | |
FCols, 3~7 or 12 C'ol. 14
CEILING, CLOUD HEIGHTS, SKY ‘
1. Variable ceiling below 2000 | Enter range of variability________ M4V CIG VRBL 2 TO 6
feet.
2. Variable ceiling 2000 feet or | Enter range of variability.________ M27 i CIG VRBL 25 TO 30
more.
3. Two broken, or overcast and | Enter classification, height, and Mi70 @ ! E31®
broken, layers. svinbol for upper layer. M28& @ E2209D
4. Two scattered layers________ Enter height and symbol for upper ®270 1200
layer.
5. Intcrmediate broken lavers | Enter classification, height, and MATH D E140QET0 0 E60 D
between broken, or broken svinbol for intermediate lavers
and overcast, layvers. following entry for highest layer.
See also item (3).
6. Several scattered lavers be- | Enter height and symbol for scat- ET505350 350200
low broken (or overcast) tered lavers below the two high- ‘
laver. est lavers.
7. Variable sky condition______ Enter corresponding sky condition 330 ovVao
symbols, separated by letter V.
8. Breaks in overcast.___._____ Enter contraction BINOVC, fol- M258 BINOVC W
followed, if possible, by location
of breaks.
9. Special cloud types: ‘
(a) Towering cumulus______ Enter appropriate abbreviations, 300 ! TWRG CU S
as illustrated, followed by loca~ i
tion of clouds, if practicable.
(b) Cumulonimbus_____.___ 460D CB NW
(¢) Cumulomammatus_____ M55P CM OVHD
{(d) Altocumulus castellatus_! 1200 ACC SW

10. Less than 0.6 of the sky ob- | Enter nature and location of ob- O K LYR E
scured and clouds not visi- scuring phenomenon.
ble.

11. 0.6 or more of sky obscured, | Enter base and nature of obscuring W7X BASE K LYR E5
base of obscuring phe- phenomenon. (Note that if the
nomenon above surface. obscuring phenomenon is at the

surface the height of the base
will not be entered in column 14.) |

12. More than one layer of ob- | Enter character and elevation of —X BASTE K LYR E5 UP-

seuring phenomena. additional layers. PER H LYR E80
VISIBILITY

13. Variable prevailing visibility:

(a) Lessthan2miles_______ Enter range of variability . ________ 1v VSBY VRBL % to 13
(b) 2 miles or more________ 2 VSBY VRBL 1% to 3

14. Visibility differing in differ- ‘

ent quadrants:
(a) Prevailing visibility less | Enter visibility in each quadrant 215 VSBY N2Ii214
than 3 miles. beginning with N or NE. S11W214
(b) Prevailing visibility 3 | Enter visibility in quadrants in 4 VSBY S1%WI0
miles or more. which visibility differs by % or 3 VSBY E2
more or 1009, or more from pre-
vailing visibility.

15. At designated stations—uvisi- | Enter visibility at level of usual 3 SFC VSBY 2
bility differing at level of ohservation point and height of GFDEP 40
control tower from that at visibility restricting phenome-
level of usual observation non.
point; prevailing visibility
less than 3 miles from
latter point.
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TaBLE 29.—REMARKS: Instructions and tllustrations—Continued
Iustrations
Conditions ohserved Instructions for entry in column 14
Cols. 3-7 or 12| Col. 14

16.

17.

18.

19.

20.

WEATHER

Tornado and waterspout:
(a) Obhserved from station__

(b) Reported by publie. ___

Thunderstorm___________ ______

Lightning, with or without
audible thunder.

Precipitation:
(a) Hail

(b) Intermittent

(e) Sparse_______._________

(d) Fine

Enter direction toward which tor-
nado or waterspout is moving.
Entire report as a special obser-
vation appears as a remark.

Enter (1) location with respect to
weather-reporting station or a
city or town, (2) direction toward
which tornado is moving, (3)
time tornado was observed.

Enter direction, if observable:

(1) with respect to station._...
(2) direction toward which
storm is moving.

¢ Enter, if observed:

(1) Frequeney . ooooooooo.._.

(2) Type (cloud to cloud, etc.)

P

. Enter diameter in inches of largest

| hailstones.
| Enter intermittent character of
precipitation:
(1) not occurring at time of
observation
(2) occurring at time of ob-
servation.
Eunter appropriate abbreviation

describing rain or snow showers,

or steady precipitation, when

precipitation is very light.
Enter appropriate abbreviation |

(e) Variation of intensity___!

(f) Precipitation at a dis-
tance but not at sta-
tion,

Obstructions to vision:

(a) Fog dissipating (or in-
creasing).

(b) Smokedriftingoverfield_’

(e) Shallow fog (height less

than 6 ft.)

(d) Snow drifting but not
obseuring vision at 6
ft. or more above
ground.

(e) Dustdevils.___________

iEnter abbreviations for phenomena

describing precipitation in small |
drops (as opposed to sparseness). |
Enter abbreviation deseribing rap-
idly variable intensity.
Enterformof precipitationif known
and direction with respect to sta-
tion.

Enter appropriate abbreviations._ .

Enter appropriate abbreviations___

TORNADO
W

A+

excluded from coding as obstrue-
tions to vision since they do not

restrict visibility to 6 miles or
less at 6 ft. or more above ground. :

Enter deseription of phenomenon,
and direction, if possible.

MOVG NEWD

UNCONFIRMED TOR-
NADO 15 MIS W DCA
MOVG N 1600E

T NXW MOVG EWD
T+ OVHD MOVG EWD

OCNL LTNG CLD TO
CLD; LTNG CLD TO
CLD AND TO GXD;
FQT LTNG CLD TO
GND NW; OCNL
LTNG N

HLSTO 1% INCHES

INTMT R-—
R—INTMT

OCNIL SPKL
OCNI SPKL
OCNL SNW FLRY
PCPN VERY LGT
R VERY FINE

R— OCNLY R+
PCPN WINTSTY UNK
RU OVR RIDGE N

F DSIPTG

F INCRG
K DRFTG OVR FLD
SHLW F 2 FT DEEP

DRFTG SNW

DUST DEVILS NW
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Tasre 29.—REMARKS: Instructions and tllustrations—Continued

INustrations
Conditions observed Instructions for entry in column 14 | 1
i Cols. 3-7 or 12 Col. 14
— ! ‘ |
PRESSURE L
21. A sudden marked fall, then l‘ LEnter in the next record observa- 665 LOWEST PRES 631

rapid rise of 0.06 inch or 1745C RSG 3 MB
more in pressure, shown on ! tens, units and tenths of milli-

| tion lowest sea-level pressure in
; s p il
barogram as a V. r bars, time of its occurrence in }
| 1
|

local standard time, with amount |
of rise in millibars since lowest

pressure.
22. Rapidly falling (or rising) | Enter abbreviation: PRESFR (or 821 PRESFR
pressure. i PRESRR).
WIND I
23. Peak gusts________________ LEnter peak wind speed of strong ! Nt5 - G75

gusts if station is equipped with

i
1 direct-reading wind equipment.
\

]

|
; !

11114.2. Whenever possible, enter remarks in symbols or authorized contractions. Other-
wise, use plain English.

11114.3. If necessary, use additional lines for column 14 to record phenomena. It is not
intended that the physical limitations of the column shall limit in any way the information to be
reported. :

11114.4. Raob stations will enter RAFRZ, RAICG, and 700-mb. data in column 14.

11114.5. Additive data groups, transmitted by designated stations with record observations
at 3- and 6-hourly periods, will be entered after “Remarks.”

11114.6. (Cols. 14A and 14B) Dry- and wet-bulb temperature readings taken for specialized
purposes will be entered in these columns.

11115. OBSERVER’S INITIALS. (Col. 15) The observer taking the observation will

enter his initials in this column.

11200. ENTRY OF DATA AT 6-HOURLY SYNOPTIC PERIODS

11201. Data pertaining to 6-hourly observations will be entered on both WBAN 10A and
10B, similarly to the airway hourly observations to the extent that 6-hourly and hourly obser-
vations contain the same data. Since the 6-hourly observation and the next succceding record
observation very nearly coincide in point of time, a single set of entries will suffice for both obser-
vations unless a change is observed in reportable values of ceiling, sky, visibility, weather, or
obstructions to vision. If a single set of entries represents both a 8-hourly and a record observation,
R will be entered in column 1 and the time of the record observation in columns 2 and 16,

11202. If a change is observed in reportable values of ceiling, sky, visibility, weather, or
obstructions to vision, 6H will be entered in column 1 and the time of the 6-hourly in column 2.
A separate record observation will be entered on the next lower line of WBAN 10A. On WBAN
10B, the values pertaining to the 6-hourly observation and entered in columns 21 through 35,
will be changed to agree with the corresponding entries in columns 2 to 5 pertaining to the record
observation. The changed values will be entcred in parentheses above the entries for the 6-hourly
observation, and the time of the record observation entered in column 16 in accordance with
paragraph 11416. (See Fig. 5.)
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11300. ENTRY OF PILOT REPORTS ON WBAN I0A

11301. DPilot reports of weather within 1% miles of the boundaries of the field will be entered

on WBAN 10A in accordance with the following instructions:

(1) Column 2. Record the time of entry of the pilot report on the form, unless the pircps is
added to an observation. In the latter case, record the time of entry of the complete
observation.

(2) Column 14. Enter the term “pireps,” or authorized equivalent, followed by the report
coded in accordance with instructions in Chapter 10.

11310. All pireps pertaining to weather more than 1% miles from the boundary of the field
and filed with observing units, and all pireps filed with FAWS, will be entered on a supplementary
WBAN 10A distinct from that used for official observations. This supplementary form will be
treated in all respects as part of the observational record. When a pireps of weather more than
1% miles from the boundary of the field is transmitted in the remarks portion of an observation,
an appropriate note will be entered in parentheses following the pireps on the supplementary form
to identify the observation with hich the pireps is transmitted (e. g., “sent with 1028 obs.”).

11311. The supplementary WBAN 10A for pireps will be started the first of each month,
and pireps for as many days as possible entered on each page. The period covered by each page
will be indicated in the space provided for the date. Pireps for consecutive days will be
separated by a line space and the date pertaining to the succeeding entries will be entered in this
space near the center of the form. Dates will not be entered for days on which pireps are not
received.

11311.1. Entry of pireps on the supplementary form will not be confined to column 14, but
may extend across the entire form.

11400. WBAN 10B

11416. TIME. (Col.16) Entriesin this column will be in chronological order, to the nearest
minute. The times will be the same as times of corresponding record observations. (See par.
11102.) Note that the first two figures of the time group are printed on the form.

11417. STATION PRESSURE. (Col.17) Enterstation pressure from mercurial or precision
aneroid barometers to the nearest 0.001 inch, and from altimeter setting indicators to the nearest
0.01 inch (see par. 7260 for instructions for determining station pressure from altimeter setting
indicators). The station pressure for other than 6-hourly observations may be taken from a
barograph at stations equipped with one, provided a correction applicable to the barograph has
been established within the preceding 6 hours, by comparison with the reading of a precision aneroid,
& mercurial barometer, or altimeter setting indicator. KEnter values taken from a barograph to
the nearest 0.005 inch. At stations not equipped with a mercurial barometer, all entries will be
omitted from this column.

11418. DRY-BULB. (Col.18) Enter the temperature of the dry-bulb to the nearest degree
and tenth, Fahrenheit, supplying minus signs as required.

11418.1. At stations equipped with telepsychrometers, when the dry-bulb is above 20° ¥, but
the wet-bulb is 33° or less, the dry-bulb temperature obtained from the telepsychrometer will be
entered in column 18; the wet- and dry-bulb temperatures obtained from mercurial thermometers
and used in computing the dew point will not be recorded.

11419. WET-BULB. (Col. 19) Enter the temperature of the wet-bulb to the nearest degree
and tenth, Fahrenheit, supplying minus signs as required. At air temperatures below —35° F.,
the dry-blulb temperature from col. 18 will be entered in parentheses in col. 19. (See par. 11020.)

11419.1. At stations equipped with telepsychrometers, when the wet-bulb is 33° F. or less and
the dry-bulb is above 20° F., enter in column 19 the wet-bulb temperature as computed on the
psychrometric diagram,* using (1) the dry-bulb temperature obtained from the telepsychrometer,
and (2) the dew point obtained from mercurial thermometers.

*Relating dew point, dry- and wet-bulb temperatures.
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11420. RELATIVE HUMIDITY. (Col. 20) Enter relative humidity for cach record obser-
vation unless the air temperature is below —35° F. (See par. 11010.)

11420.1. At stations equipped with telepsychrometers, when the wet-bulb is 33° F. or less
and the dry-bulb is above 20° F., enter in column 20 the relative humidity as computed on the
psvehrometric slide rule, using 1) the dry-bulb temperature obtained from the telepsychrometer,
and 2) the dew-point temperature obtained from the mercurial thermometers.

11421. TOTAL SKY COVER. (Col. 21) At each record hourly and each 6-hourly synoptic
observation, enter total tenths of sky covered by clouds or obscured. Enter zero if neither clouds
nor obscuring phenomena are present. Enter 1— if less than 0.1 clouds and obscuring phenomena
are present. FEmter 94 if breaks in an overcast are present; enter 10 if the sky is completely
overcast or obscured. Note that visible sky plus “total sky cover” equals ten-tenths.

11422, CLOUDS AND OBSCURING PHENOMENA. (Cols. 22-35) Entries will be made
in columns 22-35 for each 3- and 6-hourly synoptic observation to provide information of clouds
and obscuring phenomena. Data will be entered in appropriate columns for clouds and obscuring
phenomena in ascending order of height with respect to their distribution in space. When they
are present at more than four levels, data for levels above the 4th will not be entered here, but
the presence of these levels will be indicated by the entry for total sky cover (column 21). Addi-
tional information concerning these levels will be recorded in column 90.

11422.1. AMOUNT AND SUMMATION TOTAL. (Cols. 22, 25, 28, 29, 32, 33) Enter to
the nearest tenth the amount of clouds and obscuring phenomena observed at each level. Amounts
of obscuring phenomena will comprise the amount of clouds or sky actually obscured by the
phenomena and will not include that portion of the phenomena through which sky or clouds are
visible. (Note that the amount of thin obscuring phenomena therefore cannot exceed 9--.)
Enter less than 0.1 of clouds or obscuring phenomena as 1—; more than 0.9 but less than 1.0 as
94-. Since a series of frequent observations or pilot reports often indicates the extent or existence
of cloud layers above a layer of broken or overcast clouds, the sum of the number of tenths entered
in columus 22, 25, 29 and 33 may exceed ten-tenths. However, the entries in columns 28 and 32
will be a summation of the amount of sky covered by clouds or obscured at and below the eleva-
tions reported in columns 27 and 31 respectively, and will not exceed 1.0. For example: If 0.4
clouds are visible at 1000 feet and a pilot reports 1.0 clouds at 3000 feet, the summation total
entered in column 28 would nevertheless be only ten-tenths.

11422.11. When an observation of higher layers is impossible because lower cloud layers or
obscuring phenomena cover more than 0.9 of the sky, a “U” will be entered in the amount columns
and entries will be omitted in the type, height, and summation columns pertaining to higher layers
unless a pilot report of a higher layer is available.

11422.12. When (1) clouds or obscuring phenomena are not present at any level, or (2)
higher layers are not visible and 0.1 or more of the sky is visible, enter zeros in the appropriate
amount columns and omit any entry in type and height columns.

11422.13. Entries will be made as follows in columins 28 and 32:

CorLumMmns 25 AND 29 CoLumns 28 AND 32
a. “U” entered in columns 25 and 29. No entries in columns 28 and 32.
b. Numerical entry in column 25; “U” in  Numerical entry in column 28; no entry in
column 29, column 32.

c¢. Numerical entries (including zero) in  Numerical entries in columns 28 and 32.
columns 25 and 29,

11422.14. When two or more types of clouds or obscuring phenomena occur at the same level,
their combined amounts will be entered in the appropriate column captioned “Amount’” (par.
11422.21).

114222, TYPE. (Cols. 23, 26, 30, and 34.) Enter the appropriate abbreviation selected
from Table 30 for clouds or obscuring phenomena observed. A minus sign (—) denoting thin will
be prefixed to the abbreviation for any obscuring phenomena thin enough to reveal the sky directly
above the observer,
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11422.21. When two or more types of clouds or obscuring phenomena are observed at the
same level, the predominating type will be recorded.

Tarre 30.—Cloud types and obscuring phenomena

Cloud type and obzcuring phenomena Abbreviations |  Cloud type and obscuring phenomena  Abbreviations
|

CLOTDS ‘ ! OBSCURING PHENOMENA—coOntinued |
i | o . |
Altocumulus . - _________________ Aec 1 Precipitation—Continued
5 stellatus . . . . .
’tﬁg%}?ﬁ}}“ castellatus____.._.___. ‘2?0 Hail (any form and intensity including ‘
P = s AR AP »\
Cirrocumulus_____________________ Ce T T TT T TTTmmmmmm e :
Cirrostratus___ Cs ‘ Lee erystals- . R 1C
Cirrus Ci il Rain (any form and intensity ineluding
S S T : ! Wand ZR) .o _________
Cumulonimbus. ____.___._ R Ch 1 Qlelit “ ZR) ﬁ
3 < — vy e - St o e
Clg?;?gféggﬁﬁiq;nammatlh (Mam Cm ¢ Snow (any form and intensity including
Cummprumte) oo o COSW,SPand SG)o 8
s i
Fractocumulus_ __ . _____ . _________ Fe 1 Hudrometeors other th ecipitati
Fractostratus 7T Fs ; ydrometeors other than precipitaiion
Nimbostratus_ - . _________________ | N's I B }
Stratocumulus 3 Se ‘ Blowing snow. i LT TATT IITTIITC BS
Stratus. T ! St Fog (any form, including GF and IF)___ F
tratus_ ... S
OBSCURING PHENOMENA : ; Lithometeors ‘
Precipitation ; Dusto D
p 1 D Hazeo oo ___________.. S, H
Drizzle (any form and intensity inelud- ; Sand__ .. N
ing ZL) . . ____ : L Smoke.. ..o - K

11422.3. DIRECTION. (Cols. 23, 26, 30, and 34) Enter the direction from which the clouds
and obscuring phenomena are moving. When the direction is unknown, omit the entry. When
motion is not discernible, enter “C” for calm; otherwise, enter an arrow denoting the motion to
eight points of the compass immediately above the abbreviation as follows:

TasLe 31.-——Cloud direction

from north from south

from northeast from southwoest

from east from west

T
/
N

TN -

from southeast from nerthwest

11422.4. HEIGHT. (Cols. 24, 27, 31, 35) Enter height of clouds and the vertical visibility
ascribed to obscuring phenomena not classified as thin in columns captioned ‘““height.”” Enter the
height of the base of obscuring phenomena classified as thin. Alake all entries in hundreds of feet.
Enter heights to the nearest 100 feet from the surface to 5,000 feet; to the nearest 500 feet between
5,000 and 10,000 feet; and to the nearest 1,000 feet above 10,000. Prefix an appropriate classifica-
tion letter selected from Table 22 to the height entries.

11436. PRESSURE TENDENCY. (Col. 36) This entry will be made for 3- and 6-hourly
synoptic observations at stations equipped with a barograph or microbarograph. Enter a single
code figure, taken from Table 32 for pressure tendency during the 3-hour period ending at the
time of observation.

11437. NET THREE-HOUR PRESSURE-CHANGE. (Col. 37) Entries will be made in
this column at stations where pressure tendencies are entered in accordance with instructions for
column 36 above. At the time of the 3- and 6-hourly obscrvations, the net change in station
pressure for the preceding three hours will be entered to the nearest 0.005 inch or 0.2 millibar,
depending upon whether the barograph sheet is graduated in inches or millibars.
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TaBLE 32.—Pressure tendencies

Code figure \ Description
i
\

Rising, then falling.
i Rising, then steady; or rising, then rising more slowly.

_| Unsteady or rising unsteadily, Barometer now higher than,
I Steady or rising steadily. or the same as, 3 hours ago.
Falling or steady, then rising; or rising, then rising more
quickly.

_i Falling, then rising.
i Falling, then steady; or falling, then falling more slowly,

.. Unsteady or falling unsteadily. Parometer now lower than
_| Falling steadily. 3 hours ago.
9 i Bteady or rising, then falling; or falling, then falling more
quickly,

11440. SYNOPTIC OBSERVATIONS. (Cols. 41-65) Entries for synoptic observations
will be made in columns 41-65, in accordance with instructions in paragraphs 11441 through 11465.
Entries in columns 44-56 will pertain to the synoptic periods and portions of synoptic periods indi-
cated by entries in eolumn 42.  Entries on the first and sixth lines of these columns will be made at
the time of the first synoptic observation after midnight and at midnight, LST, respectively.

11441, TIME. (Cols. 41 and 42) Entries in column 41 will be omitted unless otherwise
instructed.  In column 42 in the bleck captioned “Midnight to . . ., enter the time of the be-
ginning of the first 6-hourly observation after 0000 LST. 1In the next four blocks below, enter
tho time of the heginning of the 6-hourly synoptic observation. The entries will be to the nearest
minute in terms of the 24-hour elock.

11444, PRECIPITATION, (Col. 44) Entries in the 6-hourly spaces will comprise the
total precipitation occurring during the six hours ending with the observation. On the line cap-
tioned “AMidnight”” enter the amount measured at midnight, 1. ¢., the amount that has occurred
between midnight and the preceding 6-hourly observation. On the line captioned “Alidnight to
.. .,/ enter the amount of precipitation that has occurred between midnight and the succceding
6-hourly observation. At stations where personnel arc not on duty at midnight, this entry and
the one opposite “Midnight” will be omitted. Entrics will be in inches and hundredths, thus,
0.06.  When precipitation has occurred in amounts of 0.005 inch or less, enter “T"” denoting trace.
When precipitation has not occurred, enter 0.00.

11445. SNOWFALL. (Col. 45) Enter the depth of snowfall, sleet, and hail (unmelted)
toinches and tenths for the 6 hours ending with the observation. (Entriesfor hail will be followed
by an asterisk and “*Hail” will be recorded in column 90.) When snow, sleet, or hail has fallen
in amounts of 0.05 inch or less, enter “T"’ denoting trace. When none has occurred, enter 0.0.
When snow, sleet, or hail melted as it fell, enter “T" with a note ““Melted as it fell”” under “Remarks,
Notes, and Miscellaneous Phenomena.” On the line captioned “Midnight” enter the amount
occurring between midnight and the preceding 6-howrly observation. On the line captioned
“Midnight to . . . ,” enter the amount that has occurred between midnight and the succceding
6-hourly observation. At stations where personnel are not on duty at midnight, this entry and

the one opposite ‘“ Midnight”’ will be omitted.

11446. SNOW DEPTH. (Col. 46) Enter the depth of snow, sleet, hail, and ice on the
ground at each 6-hourly observation to the nearest inch. (Entries for hail will be followed by an
asterisk and ““ *Hail” will be recorded in column 90.) When snow, sleet, hail, or ice is on the ground
and the depth amounts to 0.5 inch or less, enter “T”” denoting trace. When none of these are on
the ground, enter 0. In the column captioned “Midnight’”” enter the amount on the ground at
midnight.
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11447. MAXIMUM AND MINIMUM TEMPERATURES. (Cols. 47 and 48). These
data will be entered only at stations equipped with maximum and minimum thermometers, tele-
psychrometers, or thermographs. Enter the maximum and minimum temperatures to degrees
and tenths Fahrenheit for the six hours ending with the observation. Take the data from tele-
psychrometer or maximum and minimum thermometers, if available; if not, from the thermograph.
Note that these temperatures must be as high and low respectively as any temperature recorded in
the preceding 6 hours, including the current temperature. On the line captioned ““Midnight”
enter the maximum and minimum temperatures occurring between midnight and the preceding
6-hourly observation. On the line captioned “Midnight to . . .’ enter the maximum and
minimum temperatures occurring between midnight and the succeeding 6-hourly observation.
Note that these are not necessarily the maximum and minimum temperatures for the 6-hourly
observation. At stations where an observer is not on duty at midnight, the data will be taken
from the thermograph, if available; otherwise, the entry will be omitted.

11449. HEIGHT OF 850-MILLIBAR SURFACE. (Col. 49) At stations designated to
compute this datum, the height of the 850-millibar surface above sea level will be entered in feet
to the nearest ten g-feet.

11450. STATE OF GROUND. (Col. 50) Entries for the state of ground will be made
in accordance with Table 33.

TarrLe 33.—State of ground

Code figures 1 Description
O l Surface of ground dry (no appreciable amount of dust or loose sand).
1 Surface of ground moist.
2 Surface of ground wet (standing water in small or large pools on surface).
b J Surface of ground bare and frozen.
4 . Glaze on ground but no ice, slush, or snow.
L5 S Ice, slush, or snow covering less than one-half of ground.
6 .. Ice, slush, or firm or settled snow covering more than one-half of ground (but not com-
pletelyv).
Vo SR Ice, slush, or firm or settled snow covering ground completely.
*R . Loose dry snow covering more than one-half of surface (but not completely).
*¥Q . Loose dry snow covering surface completely.

* Tigures 8 and 9 may be used to indicate dust or loose sand on the surface of the ground in the proportions indicated. Under these conditions,
. ) I Y (G L S en vy 3 ’
when the temperature is below 32° F., enter the words “State of ground—dust’” or “State of ground-loose sand’ in eolumn 90.

NoreE.—Numbers 0 to 4 apply to representative bare ground and numbers 5 to 9 to an open representative area.

11451. SEA, STATE AND DIRECTION.' (Col. 51) State and dircction of the sca refer
only to the condition of the sea surface resulting from the action of winds prevailing in the immediate
local area. It should be noted that it is possible for a ‘“flat, oily” sea to co-exist with a “light,”
“moderate,” or even ‘“heavy’ swell.

11451.1. The state of the sea will be recorded as a code figure in accordance with Table 34.

11451.2. The direction of the sea is the direction, to eight points of the compass, from which
the sea is coming. It is recorded as an arrow.

Exampre: A rough sea (waves 5-8 fect) from the southwest would be recorded as “5 7.7

1 The instructions in paragraphs 11451 to 11454.5 will apply to designated stations only.
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Tasre 34.—Siate of sea
Approximate
Code figures Description average wave
height, feet
O . Flat, oily o e 0
1 . Calm rippled_ ____ o __ 0
2 _____ Smooth (wavelets) ______ . ______________.___. o 1
O Night - .. T e 1-3
4 __ Moderate_ ___ .. 3-5
D .. Rough._ _ o ol__ 5-8
6______. B, Verv Rough_ _ . ___________ e 8-12
oI High oo T 12-20
s Very high L iloo... 20-40
S e ll_ Mountainous. - - _ e . More than 40

11452. SWELL, HEIGHT AND DIRECTION. (Col. 52) The term “swell” is restricted

in usage to the wave motion that underlies the

(49

sea” raised and driven hy the local wind.

Swell

usually has travcled over a considerable distance from the point where it was generated by the wind,
and its direction and height may often differ widely from those of the local wind-driven waves

(“sea’).

11452.1.

measured in whole feet from crest to trough.

Height of swell is recorded as the estimated average height of swell in the open sea,

11452.2. Direction of swell is the direction, to eight points of the compass, from which the

It is
Exawvrrir: A three-foot
11453.

swell is coming.

SWELL PERIOD.

recorded as an arrow.
swell from the west would be recorded as “3—."

(Col. 53) Swell period is the average time between successive

crests, measured to the nearest second. The swell period usually can be observed best by watching

the rise and fall in the swell of a patch of foam or other floating object.

When the elapsed time,

measured by a stop watch, of ten successive rises of such an object has been obtained, a good aver-
age period may be recorded by taking one-tenth of the value.

11454. SURF.

combined Surf Clode (SURFCO).

with means of observing surf condition.

11454.1.
HHAMP.D,.

11454.2. SYMBOL H.H.. Avcrage height of waves in feet.

impossible to estimate.

11454.3. SYMBOL M,.

in a 5-minute interval.

Two figures to be entered for whole feet.

Exaarre: 01 for 1 foot, 12 for 12 feet, ete.

(Col. 54) A five-figure code comprisecs the “Primary Data Group’ of the
Enter it every 6 hours at stations (and ships when appropriate)

PRIMARY SURF DATA GROUP. A fivefigure code group, symbol form

99 indicates average height

Difference between height of maximum waves and average waves

Third figure in group to be entered in accordance with code Table 35.

Tasre 35.—Surf (M)

| ey v . : . . .
~ i Difference between height of maximum ‘ T Difference between height of maximum

Code No. ‘ waves and average waves \ Code No. waves and average waves

| |

0 .. .. ' 0. T o 7 feet.
1o 1 foot 8 ... 8 feet.
2 . 2 feet P9 .. Greater than 8 feet except when H.H.
3. 3 feet, is reported as 99, in which case this
4. 4 feet figure means that an estimate is im-
S .. 5 feet. possible.
6___.___ ____ | 6 feet
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11454.4. SYMBOL P,. Period, i. e., time between passage of successive breakers at z fxed

point.

TasLe 36.—Surf (P)

Fourth figure of group to be entered in accordance with code Table 36.

Code No, i Time between successive breakers ‘ Code No. | Time between successive breaiers
| | |
O . No surf. I S 11 or 12 seconds.
1. Less than 3 seconds. i 6. _ _____ 113 to 13 seconds,
2.0 ____ Hor G seconds. S S _ ,,,( 16 to 18 sceonds.
[ 7 or 8 zeconds, [ P -___| Cireater than 18 seconds.
4. | 9 or 10 secondas. [ ' Time impossible to estimate,
[ i
11454.5. SYMBOL D.. Angle of breakers with the beach and direction of wave travel (sferred

to observer on beach facing the sea.) Enter fifth figure of group in accordance with Table 37.

TarrLe 37.—Surf (Dy)

Code No. l Angle of breakers with the beach i Code No. Angle- of Hreakers with the Beach
- } } — -
G ... ___' Calm. R S | 0°up to IH® '[
) 0° up to 10° ] | 6. [ 10° up to. 20° from the rizhs.
2. . 10° up to 20° from the left. | 7o - More thaw 20° |
3. More than 20° | R T Confused,, but predominantiy frovn the
4 Confused, but predominantly from the ! right.
| left. D9 _.... Notkrgwn
J J I . -
11455. WATER TEMPERATURE. (Col. 55) Enter the water tetrperature to» degrees and

tenths Fahrenheit, on ships and at designated land stations only.

11456, BOIL TEMPERATURYE.
Fahrenheit at designated stations only.

(Col. 5®) Tnter soil temperatare 1o deoress and tenths

11458. STATION PRESSURE COMPUTATIONS, Station pressure computations for the

6-hourly synoptic observations will be entered in accordance with the following instructio

11459. TIME. (Line 59) Enter the time of reading the barometer. (Note that this time

will usually differ from that ascribed to the observation in columns 2 and 16.)

11460. ATTACHED THERMOMETER. (Linc 607 Enter the temperature of the ther-
mometer attached to the mercurial barometer to the nearest 0.5° .Fjahrenhmt. or gentigrade. Entries
will be omitted when the pressure readings are taken from precision aneroid harometers,

11461. OBSERVED BAROMETER. (Line 61) Enter the uncorrected observed reading
of the mercurial or precision ancroid barometer to the nearest 0.901 inch or 0.05 millibar.

11462. TOTAL CORRECTION. (Line 62) Enter the sum of all corrections requived to
reduce the observed reading to station pressure.

11463. STATION PRESSURE. (Line 63) Enter to the nearest 0.001 inch or 0.05 millibar
fov meveurial barometer readings, and to the nearest 0.001 inch or 0.1 millibar for precision ancroid
readings.

11464. BAROGRAPH READING. (Line 64) [Enter to the nearest 0.005 inch or 0.2 milli-
bar. When the barogram is changed at the time of the 6-hourly observation, take the barograph
reading from the new barogram.

11465. BAROGRAPH CORRECTION. (Line 65) Enter to the nearest 0.01 inch or 0.2
millibar with proper sign the difference between the station pressure read on the barograph and
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that determined with a mercurial or precision ancroid barometer. When the barogram is changed
at the time of the 6-hourly observation the barograph correction is based on the indicated station
pressure after the new barogram has been installed. 1f for any reason the barogram is changed
after the time of the 6-hourly observation, enter the new barograph correction in column 90 and an
asterisk in column 65 preceding the correction established at the time of the 6-hourly observation.

11466. SUMMARY OF DAY. (Cols. 66-81) Midnight to midnight refers to the interval
0000 to 2359 local standard time.

11467, MAXIMUM AND MINIMUM TEMPERATURES. (Cols. 66-67) Enter these
data in whole degrees Fahrenheit. Note that the maximum and minimum temperatures must be
at least as high and low, respectively, as any temperature recorded through the day.

11468. TWENTY-FOUR-HOUR PRECIPITATION. (Col. 68) Enter the total amount
of precipitation (water equivalent of solid types) to the nearest 0.01 inch. If precipitation has
occurred in amounts of 0.005 inch or less, enter “T" denoting trace. If precipitation has not
occurred, enter 0.00. The sum of any number of “T’" observations will be regarded as a trace
unless recording cquipment indicates the total is greater than 0.005 inch (liquid).

11469. TWENTY-FOUR-HOUR SNOWFALL. (Col. 689) Twenty-four-hour snowfall is
the total amount, to tenths of an inch, of unmelted snow, slect, or hail that falls during a 24-hour
period.  (Entries for hail will be followed by an asterisk. and ¢ *Hail”’ recorded in column 90.) If
there are separate snowfalls, cach of which mielts before the following occurs, the total for the day
will be the sum of the maximum depth of each fall. Record the amount of snowfall (unmelted)
in inches and tenths. When snow, sleet, or hail melts as it falls. enter “T7 with a note “‘AMelted
as it fell” under “Remarks, Notes, and Miscellaneous Phenomena.” If snow, sleet, or hail has
fallen in amounts of 0.05 inch or less, enter “T7 denoting trace. If nonc has fallen, enter 0.0.

11470. SNOW DEPTH. (Col.70) This entry will be taken from the 0030 GCT snow depth
entry, column 46.

11471. PEAK GUST. (Cols. 71-73) This datum will be entered only at stations supplied
with gust-recording equipment. The peak gust is the highest velocity of wind recorded during
the 24 hours. Enter (1) the direction to 16 points, if suitable recording equipment is available;
otherwise to cight points; (2) the speed to nearest mile; and (3) time to nearest minute.

11474. THICKNESS OF ICE ON WATER. (Col. 74) This datum will be entered only
at designated stations, to the nearest 0.1 inch.

11475. FROZEN GROUND LAYER. (Cols. 75-76) This datum will be entered only at
designated stations, to the nearest whole inch.

11477. RIVER GAGE. ({(Col. 77) The river gage reading will be entered to the nearest
0.1 foot at stations where a river gage 1s read.

11480. (Cols. 82-90) Authorized teletype symbols and contractions, and plain English only,
will be used in making entries in columns 82, 86, and 90. Since there will always be a time lapse
between the oceurrence or cessation of phenomena and their reporting, it will not be necessary to
reconcile this difference in time with the time entries pertaining to the observations reporting
their occurrence or cessation,

11482. PRECIPITATION AND THUNDERSTORMS. (Cols. 82-85) Enter times of
beginnings and endings, to the nearest minute, of thunderstorms, precipitation, changes in forms
and character of precipitation (e. g.. rain to rain shower) and changes in intensity of thunderstorms
and precipitation. Intervals of 15 minutes or less between the time of ending and recommencement
need not be recorded unless occurring within one hour previous to the beginning of a 6-hourly
observation, when all beginnings and endings will berecorded. Thisalso applies to changes in inten-
sity that do not last more than 15 minutes. When any of these phenomena is occurring at mid-
night, enter “cont.” in column 84 for the day preceding midnight, and in column 83 for the day
following midnight.
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11483. OBSTRUCTIONS TO VISION. (Cols. 86-89) Enter the times of beginnings and
endings of each obstruction to vision. When any of these phenomena is occurring at midnight,
enter “cont.” in column 84 for the day preceding midnight, and in column 83 for the day following
midnight.

11484. DURATION. (Cols. 85 and 89) TUnless otherwise designated, make no entries in
these columns.

11485. REMARKS, NOTES, AND MISCELLANEOUS PHENOMENA. (Col. 90) All
pertinent information will be entered concerning severe storms, floods, and miscellaneous hydro-
meteors, ete., and, when required, snow surface temperature data.

11485.1. HAILSTORMS. Enter all available information, including the diameters of the
largest and average sized hailstones, damage caused, etc.

11485.2. TORNADO OR WATERSPOUT. Enter as complete information as possible on
time, path, size of storm, its appearance, direction of movement, damage, etc., and source of infor-
mation.

11485.3. LIGHTNING. ZEnter notes on approximate duration, distance, direction, fre-
quency, etc., of lightning observed when a thunderstorm is not in progress at the station; i. e.,
when thunder is not heard.

11485.4. AURORA. Enter appropriate notes on extent, color, duration, ete.

11485.5. HARBOR ICE. Enter appropriate data on quantity, thickness, character, breaks,
size of floes, persistence, conditions of aircraft landing arca, conditions affecting the transfer of
passengers from craft of all types, and any other conditions worthy of note.

11485.6. SNOW SURFACE TEMPERATURE. Snow surface temperature and related
data will be entered at designated station. Example: “SNW SFC TMP —20° C., 0410 GCT,
4.6 ¥T. DIF.”

11485.7. MISCELLANEOUS. Phenomena sent in synoptic messages as special phenomena
groups, such as frost, glaze, ete., will be entered also.

11485.8. SUNRISE AND SUNSET. Character of sunrise and sunset will be entered in
the spaces provided, as clear, cloudy, foggy, hazy, dusty, or smoky, at stations equipped with triple
registers.

Norxr: Correct Figures 5, 8, and 10 as follows:
Figure 5, second line, column 23: Correct “GF”’ to read “F”
Figure 5, second line, column 24: Correct “0” to read “M0”

Figure 5, eleventh line, column 26: Correct “Cs” to read “Cs”

Figure 8, tenth line, column 14: Delete “FILED”

Figure 8, 29th line, column 14: Correct “set” to read ‘“‘sent”

Figure 10, third line, column 10: Correct “080MPH" to read “SOMPH"
Figure 10, third line, column 14: Correct “P38” to read “F38”
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SUMMARY OF CRITERIA FOR TAKING SPECIAL OBSERVATIONS

1. CeiLiNG:

a. The ceiling after decreasing by 509 or more is
5,000 feet or less.

b. A cciling of 5,000 fcet or less increases by 1009,
or more.

c. The ceiling decreases to less than 1.500 fect or
increases to 1,500 feet or more.

d. The ceiling decreases to less than 1,000 feet, or
increases to 1,000 feet or more.

e. The ceiling decreases to less than 500 feet, or
increases to 500 feet or more.

f. The ceiling increases from zero to 100 feet or
more,

g. The ceiling decreases to a value equal to or
lower than the highest air-line operating mini-
mum for the airport.

h. The ceiling increases to a value cqual to or
higher than the highest air-line operating mini-
mum for the airport.

2. 8y CONDITION:

a. A change in total sky cover from elear to broken
or overcast, and vice versa; or from scattered
to overcast, and vice versa.

b. A change in sky cover from clear to scattered
(1) below 1,000 feet, or
(2) at or below the highest air-line operating

minimum for the airport.
3. Visirmriry:

a. The visibility after decreasing by 50% or more is
5 miles or less.

b. The visibility having been 5 miles or less, in-
creases by 1009, or more.

c. The visibility decreases to less than:

(1) 3 miles
(2) 1 mile
(3) 34 mile
(4) 15 mile; C. A. A, ILS station only.
(5) i mile

d. The vizibility inereases to equal or cxceed:
(1) 3 miles
(2) 1 mile

3. VisiiniTy—Continued
d. The visibility increases to equal or exceed—Con.
(3) % milel
(4) % mile! C
3) mile
4T (6) e mile
. TorNADO:
a. Is observed.
b. Disappears from sight.,
c. Is reported by the public to have occurred
within preceding six hours.
5. THUNDERSTORM:
a. Begins.
b. Increases in intensity.
c. Ends. (Special observation 15 minutes after
thunder is last heard at station.)
6. PrREcIPITATION:
a. Hail begins or ends.
b. Liquid precipitation begins or ends.
¢. Freezing precipitation begins or ends.
d. Sleet begins or ends,
Snow begins or ends.

. A. A, ILS station only.

e.
7. Foa:

a. Beginning and ending of fog, ground fog, or
ice fog; or a change from onc type of fog to
another.

8. SaNDsTORM, DUSTSTORM:
a. Is observed within 6 miles of station,
b. Disappears from sight.

9. Wixp anp Winp SHIFTS:

a. Sudden doubling of speed to more than 30
miles (26 knots).

b. Wind-shift.

10. ALTIMETER SETTING:

a. A change in altimeter setting, as shown by a
change in station pressurc, at the rate of 0.08
inch or more per hour. (Special observa-
tions taken at 1j-minute intervals as long as
this rate of change persists.)

11. In addition. any meteorological situation of im-
portance to the safety or efliciency of aircraft
operations,

SUMMARY OF CRITERIA FOR TAKING LOCAL EXTRA OBSERVATIONS

1. At designated statious at intervals not exceeding
15 minutes, beginning whenever
a. ceiling or visibility decreases to a value equal
to or less than the highest aircraft minimum
applying to the airport.
b. ceiling dcereases to 500 feet or less.
¢. visibility decreases to one niile or less.

Local extra observations discontinued when values
above these minimums have been reported. Record or
special observations coming within 15-minute interval
also serve as the local extra observation.

2. Upon request for one or more elements for aireraft
arrivals or departures at any station, even though

weather couditions do not warraut a special ob-
servation.

3. At any station immediately following any aircraft
accident in the vicinity of an airport at which a
weather-observing station is situated.

4. Ceiling or visibility changes to a value above, equal
to, or below
a. the minimum prescribed for the airport, or
b. any air carrier minimum applicable to the local

airport.
This requirement is applicable only when takeoffs and
landings impend.
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INTENSITY CRITERIA FOR
THUNDERSTORMS

Heavy Thunderstorm: Nearly incessant thunder and
lightning; heavy rain, and possiblv moderate to heavy
hail; high winds, exceeding 40 mph (35 knots) at peak
of gusts; rapid drop in temperature.

Thunderstorm: Intensity less than heavy.

INTENSITY CRITERIA FOR
PRECIPITATION

Rate of Fall (hundredths of inch)

Rainfall Drizzle
Intensity Per bominit
er 6-minute
interval Per hour Per hour
Light ________. 0.0l orless._____. 0.10 or less_______| Trace to 0.01.
Moderate______.{ More than 0.01- | 0.11-0.30______.__ Aore than 0.01-
0.03. 0.02,
Heavy.  ___.__. More than 0.03..| More than 0.30..; More than 0.02.
Visibility—Snow Occurring Alone*
Intensity Visibility
Heavy_ . ... Less than 550 vards.
Moderate. Less than 1100 yards but not less than 550 yards.
Light_ . __________ 1100 yards or more.

*Rate of accumulation is intensity criterion for snow oceurring in combi-
nation with lithometeors and other hydrometeors.

WBAN MANUAL OF SURFACE OBSERVATIONS

Eff. 1-1-49

INTENSITY CRITERIA FOR WIND

SHIFTS

Maximum speed of gusts of wind

Intensity
Accompanying _
phenomena
Light | Moderate ‘ Heavy
' ;

Both precipita- | Does not execed } Excecds 24 m. | Exceeds 390 m.

tion and a de- 24 m, p. h,| p h butnot| p. h., 34

crease in clond 21 knots. 39 m. p. h, knots.

heights.

No precipitation
nor decrease in
cloud heights.

21-34 knots.
Exceeds 34 m.

Does not exceed Exceeds 49 m.

34 m. p. h. 30 p. h., but not p. h, 42
knots. 49 mp. h., | knots.
30-42 knots.

INTENSITY CRITERIA FOR SQUALLS

Maximum speed of gusts of wind

Deseription

Speed of gusts

M. P. H. Knots

Not to exceed 24.. ...
5

Not to exceed 21.
22-34

More than 34,




INDEX

Numbered
section
Aircraft accident, taking local extra for________ 9144
Aircraft ceiling. (See Ceiling.)
Altimeter setting:
changes requiring special observations... 9134. 10

definition______________ ... 7510
determining from altimeter setting indica-
tOTS_ oo _____ 7530
determining from station pressure____ ___ 7520-1
dissemination_ - . _____._________________ 10231
requests_ _ . _____ . ____ . ___________._____ 9350
reporting on WBAN 10A_________ 11113, 11113.1
Altimeter setting indicators, determining station
pressure from__ _______  ________________ 7260

Aneroid barograph. (See Barograph.)

Aneroid barometer. (See Barometer.)

Atmospheric phenomena (See also individual ele-
ments, e. g., thunderstorm, smoke, ete.). 3010-3860

Aurora, description_ . __ _________________.____ 3860
Entry on WBAN 10B_________________. 1148354
Balloon ceiling. (See Ceiling.)
Balloons:
ascensional rate___________ e Table 4
determining ceiling and eloud heights with
pilot and ceiling balloons_ . ____ 1442
determining ceiling and cloud heights with
radiosonde balloons____________________ 1443
limitations in determining ceiling and cloud
heights_ . ... __ 1442.1
Barograph: '
adjustment of pen._. ___________________ 7244
description.____ ________________________ 7240
determining station pressure_ . _________ 7241-2
entry of reading on WBAN 10B____._____ 11464
time check lines_ __ __________ . _________ 7243
Barograph correction.___ ____________________ 7242
entry on WBAN 10B_____________.__ . ____ 11465
Barometer:
entry of readings on WBAN 10B_________ 11461
Ty PeS o _. 7010
aneroid:
corrections_____________________ 7252
description______________ ______ 7250
reading_ ______________________ 7251-2
mercurial:
adjustable cistern: N
correction__________________ 7231
reading. . _______________ 7110-3
fixed cistern:
corrections__ . ______________ 7232
reading______ I 7120-3
Baseline, reduced, ceiling observations on______ 1441.3
Beaufort seale_ . _________________________ Table 13

Blowing dust. (See Dust.)
Blowing sand. (See Sand.)
Blowing snow. (See Snow.)

Buildings, use in determining ceiling and cloud

heights._ _ ___ _____ ________________.__.__ 1445
Ceiling:

definition .. _ _______ __ __________ ____ 1410
changes requiring special observation_.___ 9134.01
classifications_ . _________ . _________.__.____ 1430
aireraft. . _.___ . ________ .. 1432
balloon. - ___________ . _______._. 1433
estimated__________________________ 1436
indefinite . _ __ _ __ _______________.___._ 1434
measured - .- _ o ____________._. 1431
precipitation_ . . ____________________ 1435

Numbered

Ceiling—Continued scetion
classification svmbols_ ___________________ 11103
correlation with visual observation______. 1441. 4
determination:

methods. _ . __________________. 1440-7. 2

frequenev__________________ 9320-325, 9370
reportable values_..____________ . __..__._. 11103
unlimited. ... ______ 1410
variable:

definition_ . ____________.___________ 1420

indieations______ . ... ______ 1441. 1

reporting on WBAN 10A___.______ 11103. 1
vertical visibility - ____________________. 1411

Ceiling light:

US€ . 1441
use in evaluating sky cover__ ____________ 1110
use with reduced baseline___.___________ 1441. 3

Clouds: entry on WBAN 10:

amount____________._.____.______ 11422 14
character, dark or thin____________ 11104, 1
direction.._______________________ 11422, 3
height_______________________ . __ 11422 4
type_ oo ____ S 11422, 2— 21

special, reported in remarks___ Table 29

observation:

amount___.__________ __________ 1100-23
character, dark or thin. ________ ____ 1210
direction.. .. _________ . ____ ______ 1310-. 3
height . . ______________ 1440-7. 2
type L _.__ 1010

Convective cloud diagram, use___ . ________ 1447

Corona, solarand lunar_______ . ____ 3830

Corrections to entries on WBAN 10________ 11030-32
transmission_ .o ___ . __________ 10080

Dark eclouds. (8See Clouds.)

Decimals, rule for disposal ___________ _. Introduection

Dew, definition_. __.______ ______.__________ 3505

Dewpoint temperature. (See Temperature.)

Direction, elouds. (See Clouds.)

Direction, obscuring phenomena.
ing phenomena.)

Direction, wind. (See Wind.)

(See Obscur-

Dissemination of observations_____________ 10210-30
Drifting snow. (See Snow.)
Drizzle:
definition_ . __________________________ 3441, 2
freezing, definition______________ IS 3442, 2
Dust:
blowing, definition.______________________ 3660
definition_ _ . ________________________._ 3640
Dust devil, definition________________________ 3650
Duststorm:
definition_ .. __________________ . _________ 3670
heavy (severe), definition_________ _______ 3671
special observations.___ . __________.___ 9134. 08
Elevation:
field, use as reference plane_. . __________ _ 1412
station__ ... _____.__ S, 7220

Estimated ceiling., (See Ceiling.)

Freeze. See frost.

Fog bow_ L. 3850

Fog:
definition . _ . ___________________________ 3501
ground, definition.._____________________ 3502
lee_ - 3504
shallow, definition_______________ . 3503
special observations. . _________________ 9134. 07
temperature and dew point difference during

formation_ . ___ . __ . _______ 3501
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Numbered Numbered
section Observations, airway: section

Form WBAN 10, entries. (See individual ele- corrections_ _ . ___ . _.._ 9160

ments, ¢. g., ceiling, visibility, ete.) dissemination:

Frost and Freeze: local . ... 102301
frost e _ 3506 teletype_ - _____ 10210

definition_ __ . ____________________ 3506. 1 entrv on WBAN 10__________________ 11100-15
intensities____________________ 3506, 11— 12 grouping of elements_________________ 10020-70

frecze order of observing elements______________ 9012
definition___ . __________ . 3506. 2 scheduled broadeasts . _____________ 10220
intensities__________________.. 3506, 21—, 23 time of commeneing____ _________________ 9013

Frozen ground layer, thlcl\ne% entr\ on WBAN transmission of corrections. _ __ . __________ 10080
108 . 11475 Observations, airway, types._ ______ e 9110-60

Glaze, definition . ________ _____ ___________ 3510 check: :

Ground fog. (See Fog.) criteria for taking________________.___ 9150

Hail: elements__________ . _______________. 9151
definition_____.______________________ 3443. 2 local extra:
determination of slze__ ________ ______.___ 3443. 2 criteria for taking ... ________ 91404
measurement______________.___________ 4050-3 elements_____ . _____________ 9141. 2
small, definition. ______________________ 3443. 3 aircraft aceident  __________________ 9144
soft.  (See Snow pellets.) single element__ . ______________ 9142

Hailstorms, entry on WBAN 10B___________ 11485. 1 record:

Halo, solar and lunar________________________ 3820 elements. _._ . _ e A 9121

Harbor ice, entry on WBAN 10B._ 11485. 5 time of taking____________ S 9120

Haze, definition_____________________________ 3620 special:

Height, 850-mb surface: criteria for taking________________ 9134-. 11
computation_ _____________ . 7410-50 elements. _____ _________ _ ________ 9131
entrv on WBAN 10B____________________ 11449 Observation, midnight, evaluation of elements_ 9390—1

Humidity, definitions pertaining to, (See also Observations, svnoptic:

Relative Humidity) _____________________ 6010-30 entrv on WBAN 10 _____ 11200, 11440

Hvdrometers: evaluation of elements_______.._________ 9380-1

“udefinition 3410 Obstruetions to vision:
miseellaneous. . oo ____ 3501-10 entry on WBAN 103 _____ . ..___ 11483-4
precipitation_ __ . ___________________ 3410-43. 7 reporting of changes in remarks________._ Table 29
Hygrograph: symbols_ _ . _____ 11106.-2
" deseription oo 6210 Peak gusts _________ ... . __ 11471, Table 29
time-check lines_ . ___ _____ .. __________._ 6220 Pilot reports:

Tee erystals_ _ - _ o _____ . 3443.7 coding ... 10310-27

Ice pellets. (See Sleet.) dllgfgglllxtnatlon 77777777777777777777777 9211, 3%}%

Igneous meteors________________ . .~ 3710 e R e T

Indefinite ceiling. (See Ceiling.) entry on WBAN 10 .. 11300‘2).]- 1

Initials of observer, entry on WBAN 10_____. o 11115 EVpes. e 210

Intermittent precipitation. (See Precipitation.)
Landmarks, natural, use in determining ceiling

and cloud heights. . ____.____._ ___________ . 1446
Layer, definition_ o oo ________ 1210
Layers:

intereconneetion_ - _ oo ______.__ 1230

multiple, evaluation___ ... ____________ 1220
Lightning:

definition of __________________ .. ___ 3710

entrv on WBAN 10B_________________ 11485. 3

reporting in remarks____ .. ____________ Table 29
Lithometeors __________________ . 3610-91
Local extra observations. (See Observations.)
Luminous meteors________________ 3810-60
Measured ceiling. (See Ceiling.)
Methods of determining ceiling and eloud

heights_ oo oo 1440-7. 2
Missing data:

entry on WBAN 10 _____.______ 11010

transmission_ - _ . _ . ________________.__ _~ 10021

Obsecuring phenomena:

entry on WBAN 10:
amount_________ .. ________ 11422-. 14
base, reporting in remarks_________ Table 29
direction. .. ... 11422. 3
height __ . ____ 11103. 2, 11422. 4
thin, symbol_ _._____._ . __________ 11104. 1
t¥pPe . 11422. 2, 11422. 21

observation of:
amount, evaluating sky cover________ 1123
direction___.__________ . ___ 1320
height (vertical visibility)_____._ 1411, 1441. 2
thin. . _______ 1210

use in determining ceiling and cloud heights_ = 1444
Precipitation:

character_ _ __ . ________________ 34204
continuous. .. _ . _____________. 3421
intermittent__________________.______ 3422
showers_______.__ . __ I I 3423

entry on WBAN 10A T 11106. 11

entry on WBAN 10B__ 11444, 11468 11482, 11484

intensitv______ _________________ . __ 3430~

measurement ________________ I 4010-4230
BAGOS_ o 4030
untt of - _ . ___ 4020

reporting in remarks_ ________________. Table 29
in special observations.____________ 9134. 06

types____ . __ . ___ e 3440-3. 7
freezing. . ____.____ _______ 3442
frozen_ ____ _____________ [, 3443
Hguid_ .. _____._ I 3441 2

Pressure:

definition_ _ _ . ____ __ _________________.__. 7010

methods of measurement_ ______ 7010

rapid fall orrise_ - . _____________ 7640, Table 29

sea level:
determination________ ____________ 7310-24
entry on WBAN 10A_______ _________ 11107
time of determination . ____________ 9340

station:
determination_ . __________________ 7210-60
entrv on WBAN 10B__.__ _________. 11417
entry of computation on W BAN 10B_ 11458
65

tendency, determination of characteristic
and amount_____..__.__________._ 761040
entry on WBAN 10B______________ 11436-7
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Numbered Numbered

Psychro meters: section Swell: section
reading__ . ______._______ e 5151 5 height and direction, entry on WBAN
Ay Pes oo 5150 10B .. 11452

Psychrometric slide rule, use . _ . ____ 6120 period, entry on WBAN 10B_____________ 11453

Psychrometric tables, use__. ... ______.____ 6130-1. 2 Synoptic observations, entry on WBAN 10B . 11440-65

Radiosonde balloons. (See ‘Balloons.) Telethermoscope, description____._________.__ 5180

Rainbow_ . 3840 Temperature:

Rain: attached thermometer, entry on WBAN
definition_ _____________________ . ____ .. 3441. 1 10B. ... 11460
measurement_ .. ___ . ________________ 4040-1 dew point:
freezing: computation_ ___________ IR 6120-31. 2

definition_ - _____________________ 3442, 1 definition_ . ______________________ 6020
measurement___________________ 4050—4053 reporting _ _ _ ... 11109

Record observations: see Observations dry-bulb:

Relative humidity: definition_ __________________.____._ 5120
ecomputation_ __.________._______..__ 6120-31. 2 entry on WBAN 10A___________.____ 11108
definition_ ______ ____ .. ______ 6030 entry on WBAN 10B________________ 11418
entry on WBAN 10B_.__________________ 11420 maximum:
from hygrograph____ _________ ... ______ 6210 entry on WBAN 10B__________ 11447, 11467

Remarks: obtaining.. . ________________ e 5161-3
entry on WBAN 10A_ _______________. 11114-. 6 minimum:
entry on WBAN 10B____________ . ____ 11485~-. 8 entry on WBAN 10B___ .. ____ 11447 11467

Rime, soft and hard, definition_ ____________ 3507 2 obtaining _ . . ... _._ 5171-3

River gage, entry of reading on WBAN 10B__.. 11477 scale________._ . _______ e 5010

Rule for disposal of decimals . ... Introduetion soil, entry on WBAN 10B______ . _____. 11456

Sand, blowing, definition___________.__________ 3680 snow surface_ _ ___ . ___ . ____.___ 5310-40

Sandstorm: entry on WBAN 10B______________ 11485. 6
definition_ ___ __________________. e 3690 exposure of thermometer_____________ 5320
heavy (severe), definition. . _________.____ 3691 water_ _ . ..__ 5410
speecial observation . ___ . __________ - 9134. 08 entry on WBAN 10B_ ______________ 11455

Sea, state and direction, entry on WBAN 10B__ 11451 wet-bulb:

Showers. (See Precipitation.) definition_ - _ . ___________________ 5130

Sky condition. (See Sky cover.) depression. .. ________._________ 6110-. 1

Sky cover: entry on WBAN 10B______ [ 11419
definition_ . _ . _ . 1110 methods of obtaining_. ____________ 5131-. 3
entry on WBAN 10A______ . __. e 11104 Thermograph:
estimation: deseription___ __ ... _________________ 5210

with advancing or receding cloud layers. 1120 readings . . ... __.. 5211

with continuous layver surrounding time-check lines_ . ___ . _________.___ 5212

station_ _ ______ . ____...___. 1121 Thermometers:

with obscuring phenomena___________ 1123 COTTeCtIONS _ - oo 5140-2

with uneven distribution_____ ________ 1122 reading . _ __ ... 5110
evaluation, with ceiling light - ____._______ 1110 by PeS. s 5020-. 3
reporting of multiple layers in remarks__ Table 29 maximum, description____.__________ 5160
special observations required ._____.___. 9134. 02 minimum, description. - _._.___________ 5170
symbols_ _ . ____________ ... 11104 Thickness of ice on water, entry on WBAN 10B_ 11474
total, entry on WBAN 10B__ __________. 11421 Thin clouds. (See Clouds.)

Sleet: Thin obscuring phenomena. (See Obscuring
definition_ . _____________________ ... 3443. 1 phenomena.)
measurement .. _ .. ___________________ 4050-3 Thunderstorm

Smoke, definition. .. ______._________. _____. 3630 definition_______ ... 3210

Snow: . entry on WBAN 10A_________________ 11106. 13
definition_ . _ __ o ______ 3443. 4 entry on WBAN 10B____________________ 11482
depth: intensity____ .. _______ 3230

entry on WBAN 10B__________ 11446, 11470 heavy .. 3233
measurement ____ . ____ 4210-30 Light (slight) . _ . _______________ 3231
estimation of water equivalent____________ 4110 moderate. . ________ . ____ - ___ .- .. 3232
measurement___...___ [ 4050-3 observation_ _______ . _____________..___ 3220
blowing, definition_ .. ___._________.____ 3509 remarks required__.__________________ Table 29
drifting, definition_ _ __._____.___________. 3508 speecial observations_ . ________.________ 9134. 05

Snow erains__ . _ .. .. 3443. 6 Time:

Snow pellets_ _ - o ... 3443, 5 conversion to GCT__ . _________.__. 11042

Snowfall, entry on WBAN 10B_________ 11445, 11469 entry on WBAN 10A____________________ 11102

Snow surface temperatures. (See Temperature.) entryon WBAN 10B_________ __________ 11416

Special observations. (See Observations.) Greenwich Civil Time . ________ 11041

Squalls: Tornadoes:
definition_ __ . 3310 description____ . _ ___ . _______ 3110
entrv on WBAN 10A_________._______ 11106. 12 entry on WBAN 10A_________________ 11106. 14
intensity eriteria________________________ 8320 entry on WBAN 10B_________________. 11485. 2

State of ground, entry on WBAN 10B___.__.___ 11450 observation  __ . __ . ______ . __.___ 3120

Statistical data, entry on WBAN 10_______.__ 11020 reporting in remarks_________..___.___. Table 29

Summary of day, entry on WBAN 10B_____ 11466-77 special observations__________._________ 9134. 04

Sunrise and sunset character, entry on WBAN Transmission, teletype, coding_____________ 10120-40

0B . . I 11485. 8 Type of obcervatlon abbreviations____________ 11101

Surf, entry on WBAN 10B________.__________ 11454

Unlimited ceiling. (See Ceiling.)
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Variable ceiling. (See Ceiling.) Nux?rbcred
2ection

Variable visibility. (See Visibility.)

Veloecity, wind_________ _____________________ 8010
Vertical visibility. (See Visibility.)

Visibility:

control tower_____.____________________ 11105. 3
definition____ . ____________________._ 2010
in a definite direction____________________ 2210
guides in determining_ _ . ___________ 2110-60
nonuniform, determination by sectors.____ 2320
prevailing:

definition___ . __._________________. 2310

entry on WBAN 10A________ 11105, 11105. 2
reportable values_____________________ Table 25
reporting by quadrants_______________ Table 29
specials required__ . ________________ --- 9134, 03
variable:

definition_ _________________________ 2310

entry on WIBAN 10A_____ 11105. 1, Table 29
vertical. (See also Ceiling and Obscuring

phenomena.) ____________________ 1410, 1411
Visibility markers:
chart ________ __ _________________. .. 2110
daytime_ __.______________ [ 2130, 2150
distinetness . . _________________________ 2160
nighttime_________________________ . 2120, 2150
slze_ . __..__ 2140
Waterspouts. (See Tornadoes.)

[p——
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Numbered
Weather: section
entry on WBAX 10A. (See also individual
elements, e. g., Thunderstorm, Snow,
otC) o .. 11106

intensity symbols. . ____ . __ . 11106.1
Wet-bulb temperature. (See Temperature.)
Wind:
character:
gustiness______ .. ___ . ______ 8310
entry on WBAN 10A, col. 10-12_____ 11112,
11112, 1
in remarks_ _ Table 29
direction:
definition_ . ___ _ ____ 8110
entry on WBAN 10A  _____________ 11110
instrumental determination_ _ _____ __ 8130-5
non-instrumental determination__ . __ 8120
shifts:
definition_____._____________________ 8330
description_____._______________ ___ 8330-5
intensity eriteria________________ ____ 8335
reporting_ ________ . 11112. 2
special observations______________ 9134. 09
speed, definition__ . __________________. __ 8210

Wind, spsed:

instrumental determination_ . ___________ 8230-5
non-instrumental determination_ _________ 8220
reporting.. . ______________ ________ _____ 11111
special observations_._______________ .. 9134




