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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU :
WBAN MANUAL OF SURFACE OBSERVATIO!

Circular N, 6th Edtition, January 1949
Errata

Circular N, 6th Fdition, vill be corrected as follows and a notation of
action taken will be entered in the Record of Changes,

1,

2,

WBAN Chapters
Page 18, opposite Shallow fog, change reference page number to 22,
Page 19, paragraph 3231, line 4, read ,,,"30 miles an howr,"

Page 90, paragraph 11105, Table 25, Fractional incremente column,
change "1/10" to read "1/16."

Page 91, paragraph 11106,1, line 5, Delete commua after "Tornados."
Page 96, paragraph 11419, 1line 3, read ,.."dry-bulb temperature,"
Pege 101, paragraph 11454,3, Table 35, oppoaite code number 9, read

coe .
8s

Page 104, paregraph 11483, 1inse 3, read "in columm 88 for the day pre-
ceding midnight, and in coluwm 87 ,,..."

Page 112, opposite "Date,” read "June 8-11, 1949,"
Page 113, (a) Sumary of Criteria for Taking Special Observations ,
Item S5a, read ,,."miles per hour,"

(b) Swmmary of Criteria for Taking Local Extra Observations ,
Item 1a, read ..."highest airline mintmm,”

f"age 115, opposite “Celling determination: frequency," read
9320-32, 9370.,"

Page 116, for "Eydrometers,” read "Hydrometeors,”
Prefix chapter mumbers to corresponding titles on index tabs, Cover
the tabs with clear scotch tape,

¥Weather Bureau Addendum

Pafe 45, MJustment of Gain Controls, line 2, read ,,,"detector
galin,



14,
15,
16,
17.

18,

-2-

Page A18, paragraph A554li, Table A2, center colwmn heading, read
ees Wwot-buld 33°F, or lower,"

P A18, paragraph A55h5, (a) 1ine 2, read "29.5 inches or more;"
(:?eline 3, read "less than 29.5 inches,"

Page A19, Example, Computation, first line, read "Enter diagram
1 .A." '

Page A25, paragraph A9120.02, last line, read "(see paragraph
A1l004) °

Page A31, paragraph A11002, (a) line 3, read "First-order stations
will forward the original,,,.” (b) last line, add "Routing procedures
for other than first-order stations will be established by the
Regional Offices."”

Page A4l, paragraph A12114, line 12, for "A11485-,7," read "A11485.,9."

Page Alk, paragraph A12302, line 3, read ..."sums to whole degrees and
averages,,,"

Page A48, paragraph A12361, read "Enter the sum of (a) one-half the
sum ..,., of Form 1130B, and (b) the correction to adjust to 2h-houm
mean,”

Page A51, paragraph 13410, 1line 7, read ,..,"Form 1017 or 1017B."

Page ASh, paragraph A13610, change first sentence to read "Forms will
be changed on thermographs at 0800 local standard time or as soon
thereafter as practicable.”
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CHAPTER 2. VISIBILITY

2000. GENERAL \

. 2010. Visibility is a term that denotes the greatest distance an object of speciﬁéd 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 & chart of

prominent oblects 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 sky. The brilliance of stars near the horizon may also be a
useful indication. Because of their intensity, airway beacons may not be used as visibility markers,
but their degree of brilliance may be used as an aid to indicate whether visibility is greater or less
than the distance of the beacon.  “Course lights” (red or green) of beacons may be used as definite
visibility markers. These and all other lights normally used as visibility markers should be used.
with caution after storms, for their intensity may be reduced by snow or {reezing 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 against terrestrial backgrounds.

2140. SIZE OF VISIBILITY MARKERS. Inorder that visibility values may be Tepresent-
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 %4'*) 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 ogject 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 definite changes in atmospheric conditions; e. g., frequently
the visibility decreases sharply at dawn, owing to the photochemical effect of sunlight 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.

harp 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 indistinct 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 in a 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 decreases. 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 cach 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. For example, if the horizon circle were
divided into 6 sectors and the respective visibility values were 4s, %, %, %, %, 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 horizoncircle. Thisisillustrated in Figure 2.

F1aURE 2.—Visibility in sectors of horizon circlo.
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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. I)éneous 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
&s used in synoptic reports, e. g., Light (Slight).

3100. TORNADOES AND WATERSPOUTS

3110.° DESCRIPTION. These storms occur when meteorological conditions are favorable
for intense thundérstorm 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 cJoud 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

- 3250. 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.

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

(4) Whether hightning 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 ﬁght, 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 _réacedes, 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 1n speed is of short duration. The classification also applies to occasional peals of thunder
during a general rain storm.

! The classification ‘‘)ight (slight)’ s used only in synoptic observations,
19
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3232. MODERATE THUNDERSTORM. Loud peals of thunder occur at briefintervals and
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 accompanied 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 fluctuations 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 %ound 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, etc. 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. CONTINUOUS. Intensity increases or decreases gradually.

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

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

3424. COMBINATIONS. Showers and continuousor intermittent rain may occur 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: 4
(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 intensily 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.
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3433. For approximate determination of the rate of accumulation for liquid forms, the guides
indicated in Table 6 will be used.

TARLE 8.—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 pafttering to gentle swishing; steady small streams
may flow in gutters and downspouts.

Moderate Individual drops are not clearly identifiable; spray is observable just above pavements and other
hard surfaces, puddles form rapidly; downspouts on buildings run 3 to ¥ 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 14 full; visibility is greatly
reduced; sound on roofs resembles roll of drums or distinct roar.

3434. Determine therate of accumulation of sleet and all forms of hail by estimating the accum-
ulating amount on the ground. This applies also to forms of snow when occurring in combination
with hydrometeors and lithometeors. %rizzle will be estimated in accordance with the intensities
indicated in Table 7.

TaRLE 7.— Intensity of drizzle on rate-of-fall 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.

NoTe.— When precipitation equals or exceeds 0.04 inch per hour, there is a strong presumption that the precipita-

tion is rain.
1]

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

TarLn 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 ty{)es 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 criteria 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 ver{ 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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38442.1 FREEZING RAIN. Rain that falls in liquid form but freezes to the exposed surface
of the ground, or to unheated objects on the ground. If the fall is so rapid that run-off occurs, the
formation of ice will usually appear as glaze. '

3442.2 FREEZING DRIZZLE. Drizzle that freezes similarly to rain (see 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). Transp;u'ent, more or less globular, hard grains of ice
about the size of raindrops, that rebound when striking hard surfaces. Its fall may be continuous,
intermittent, or sho_wery. ' : :

3443.2. HAIL. Ice balls or stones, ranging in diameter from that of medium-size raindrops
to an inch or more. They may fall detached or frozen together into irregular, lumpy masses.
They are composed either of clear ice or of alternating clear and opaque snowflake layers. Hail
often accompanies thunderstorm activity. Surface temperatures are usually above freezing when
lﬁag occurs. Determination of size will be based on the diameter, in inches, of normally shaped

ailstones.

3443.3 SMALL HAIL. Semitransparent, round or conical, grains of frozen water. Each

ain generally consists of a smaller grain of soft hail as a nucleus, surrounded by a very thin ice

ayer, 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. v

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

3443.5. SNOW PELLETS (SOFT HAIL). Whi_té, opaque, round or occa;sionally'coni‘cal,
kernels of snow-like consistency, ¥e 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 equivalent of drizzle. They
take the form of minute, branched, star-like snowflakes, or of very fine simple crystals. At times
they have the a}l)lpearance 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—MISCELLANEOUS

3501. FOG. Minute droplets suspended in the atmosphere. These droplets have no visible.
downward motion. Fog differs from clouds in that the base of fog is at the surface and the base
of clouds is above the surface. It is easily distinguished from haze by its dampness and grey color.
It is unusual for fog to form ghen the difference between the air temperature and the temperature
of the dew point is greater than 4.0° F.

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

‘ 3503. SHALILOW FOG. Low-l&ing 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 layer 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 scveral 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 is 32° F. or lower. Air temperatures several degrees 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 vegetation 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.

- 8507. RIME. Rime is classified as soft or hard.

8507.1. Soft rime consists of white layers of ice crystals 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, 1;gra,nular masses of ice deposited chiefly on vertical surfaces in
wet fog at temperatures below 32° 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, Item 20 (d)) since it does not restrict visibilitf' 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 freeczes 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
larg%ly 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 its colors. This veil
has a bluish tinge when viewed against a dark background, such as a mountain; but it has a dirty
yellow or orange tinge against a bright background, such as the sun, clouds at_the horizon, or
snow-capped mountain peaks. When the sun is well up, its light may have a peculiar silvery tinge
owing to haze. These color effects distinguish haze from light fog, whose thickness it may sometimes
attain. NorTe:—Irregular differences in air temperature may cause a8 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 1s 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 shects. :

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

8710. LIGHTNING. A visible electrical discharge occurring in the atmosphere. Lightning
is the only common igneous meteor of importance in metcorology. It occurs as a discharge within
a cloud; from cloud to cloud; or from cloud to ground. Distant lightning is any lichtning that
occurs so 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 phenomena, 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
phenomens are the 46° ring, parhelia, tangent arc, etc.

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 s 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 ca.lletf iridescence.

3840. RAINBOW. A semicircular -arc seen opposite the sun, usually exhibiting all the
" primary colors, with red on the outside. It is cause gy 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 arc, seen oppésite the sun in foi.n Its outer
_margin has a reddish and its inner a bluish tinge. The middle of the band is white. 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 & whitish color but may have various other colors. The lower edges of the arcs and curtains
of the aurors are usually fairly well defined, while the.upper edges are ill-defined.

804519°—48——8
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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. It 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 is expressed to the nearest 0.01 incﬁ; 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 catch of solid forms in:th:’]ﬁa%e
18 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.

(3) 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, it 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 seconds. - 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
ii measured by lining up the top of the catch with the measuring scale on the transparent wall of
the receiver. - :

4041, If the measuring tube of the 8-inch gage is full (this equals two inches of precipitation),
carefully remove it from the overflow container amf emptyit. 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
paragrapbh 4040. To obtain the water equivalent of the precipitation, subtract the amount of
water used to melt the solid forms from the total measurement.

4051. When moderate or strong winds occur during a snowfall, the amount of snow collected
in the overflow container will not be 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,

laze, hail, any combination of these, and sheet ice formed directly or indirectly from Precipitation.

%‘herefore, if snow falls, melts, and refreezes, the depth of ice formed will be included in depth
measurements of snow.

4220. MEASUREMENT OF TOTAL DEPTH. Measurement of total depth will be made
in accordance with the following instructions:

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

4222. DRIFTED SNOW. When the snow is drifted, a reasonably accurate depth 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 measurin
stick to rest on the crust. If different falls of snow are mixe({ by drifting, measure the total dept.
of snow and subtract the previously measured depth. The remainder is 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:

5020.1. 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) Stard as far from the thermometer as is consistent with accurate reading, to prevent
body heat from affecting the instrument.

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

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

5120. DRY-BULB TEMPERATURE. The dry-bulb temperature is the temperature of the
free air taken at & specified location under conditions designed to eliminate 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 precipitation for a few seconds, or longer if necessary, to
permit dissipation of extraneous heat before reading it again. Use this reading for psychrometric
purposes rather than the reading made when lowest wet-bulb reading was taken. ‘

5130. WET-BULB TEMPERATURE. The wet-bulb temperatureis 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 mo’istening 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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5131.1. Moisten the wet-bulb just prior to ventilating the psychrometer. If, however, the
temperature is high and the relative humidity is low, or it is expected that the final temperature of
the wet-bulb will be 32° or less, moisten the wet-bulb thoroughly several minutes before taking a
reading so that a drop of water will have formed on the end of the bulb. This will reduce the tem-
perature of the wet-bulb without prolonged ventilation and the consequent danger of the muslin’s
drying out before the temperature of the wet-bulb will have reached its lowest point.

5131.2, In areas where the temperature is high and the humidity low, it may be necessary to
use pre-cooled water for moistening the wet-bulb to avert premature drying of the muslin. Water
can be precooled for this purpose by storing it in a porous jug in the shelter. Sufficient water will
seep through the jug to cool 1t by evaporation. If this method should not be effective, the muslin
may be extended from the wet-bulb to an open container of water. Between observations, the
endY of the muslin should remain immersed in the water. Continuous evaporation will maintain
the thermometer close to the wet-bulb temperature. When the psychrometer is ventilated, the
muslin must be removed from the water until the wet-bulb thermometer has been read. Regard-
less of the method used, the psychrometer must always be ventilated in accordance with paragraph
5150 before determining the wet-bulb temperature. - :

5131.3. At temperatures of 37° F. or below, use water that has been kept at room temperature
in order to melt completely any accumulation of ice on the wet-bulb. Moisten the bulb thoroughly
10 to 15 minutes before ventilating the psychrometer. This time interval will permit the latent
heat, released if the water freezes, to be dissipated before ventilation is begun. Do not allow excess
water to remain on the wet-bulb, since a thin, thoroughly cooled coating is necessary for accurate
data.

5140. CORRECTIONS. Instrumental calibration corrections are listed on a correction card.
When supplied with each thermometer, corrections will be applied to all thermometer readings
under conditions (1) and (2). An additional correction factor will be applied to all wet-bulb
thermometer readings under condition (3).

(1) Whenever the temperature indicated by the thermometer is above 42° F., and the instru-
mental correction is +0.3° F. or more in the case of mercurial thermometers, or +0.5°
¥. or more in the case of spirit-filled thermometers.

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

(8) Whenever the wet-bulb thermometer has an indicated reading higher than that of the
dry-bulb thermometer. If the reading of the wet-bulb thermometer, after the correc-
tion has been applied, remains higher than the dry-bulb reading, disregard it and use
the dry-bulb value for both temperatures.

5141. Corrections are furnished for intervals not greater than 20°. Add the appropriate cor-
rection algebraically to the reading of the thermometer. .

ExAMPLES: ' » °F.
Reading of the thermometer____ _ ___ ___ . ___ .. 62. 1
Correction to be applied _ _ . _ e - —-0.5

Corrected reading. . . _ . e 61. 6
Reading of the thermometer_____ _ e —8.2
Correction to be applied _ _ - _ e -1.2

Corrected reading._ . _ e e —0.4
Reading of the thermometer____________________________. L e e e e +0. 4
Correction to be applied - e -~1.2

Corrected reading._ . __ . _ —0.8

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

be prepared locally.

5150. PSYCHROMETER. Psychrometers are designed to secure ventilation by means of a
fan, a whirling apparatus, or a sling apparatus. The psychrometer should be so ventilated that
the minimum speed of air passing over the thermometer bulbs is at least 15 feet per second. This
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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 9, and describes standard procedures for evalu-
ating 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 observa-
tional 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 necessary to detemine
whether the problem is one of observations, which would be found in the
first portion of the manual, or of coding, etc., 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 mate:
rial 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."” 1In
some cases, where a given topic might equally well be given two listings,
cross listings have been included.

Taking observations 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 possible, and to file them
in sufficient time for scheduled transmission. Every observation 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 observed: . :

(1) If the decimal to be disposed of is five or greater, the
preceding digit will be increased by one.

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

Algebraic signs will be disregarded - c.g., 1.0 = 25 1.5 = -2, 1
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FOREWORD

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

The manual is supplemented by an addendum issued 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.

m
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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 9, 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, etc., 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 observations 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 possible, 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 observed:

(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) If 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 1s less than 5, the preceding digit will remain unchanged.

1
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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 Circular S and the International Cloud Atlas. Instructions in this chapter are confined to
those necessary for observing clouds and obscuring phenomensa with respect to their amount,
stratification, direction of movement, height, of bases, and the effect of obscuring phenomens 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 & period of several minutes in order to obtain g 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. o

1120.1. When the cloud layer does not extend to the horizon, determine the angular elevation
of the forward and rear edges and the tenths of sky cover corresponding to each elevation. The
difference 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.

TABLE 1.—8ky cover with advancing or receding cloud layers

Angles subtended by sky cover ;ke;tcléigx{ Angles subtended by sky cover ;lke;té%s‘vg:
Lessthan37° . _______._..__ 0.0 !/ 102°~113° 0.6
37°—b2° ... 0.1 {i 114°—126° 0.7
B53°—65° e . 0.2 | 127°—143° 0.8
668°—T77° e 0.3 || 144°—179° 0.9
78°—89° .. 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.

b
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TasLe 2.—Sky cover with cloud layer surrounding station

. Tenths of sky : Tenths of sk
Angular elevation cover Angular elevation cover Y
. 1 !
Tess thantB®_ oo el a - 0.0 || 837°—43° 0.6
6°—11° e 01 44°—52° 0.7
120——16° . e = ‘0.2 |{ 53°—63° 0.8
170280 e eeem 0.3 || 64°—89° 0.9
S — Y | ———— e

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 ternis 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 obscuring 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 directly above the observer, or phenomena, not overhead but thin enough to reveal the
sky through them, are termed thin.

1220. EVALUATION OF MULTIPLE LAYERS. Frequent observation is necessary to
evaluate stratification. A series 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 lag'crs. lgifferences
in the directions of cloud movements are often & valuable aid in observing and differentiating cloud
stratification, particularly when haze, smoke, etc., render de th 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 dense cirrus.

1300. DETERMINATION OF DIRECTION

1310. CLOUD DIRECTION. Cloud direction is the direction from which the cloud ‘bases
are moving. This direction 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 & horizontal or a vertical plane.” When tbe 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 paraﬂel 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

accmiacy by taking several observations & 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 pumerical value when the condi-
tions listed above are not satisfied. At all other times, the ceiling is expressed as & 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 ceiling in terms of cloud height above the surface. (See
par. 1441.2.

1412. SURFACE. “Surface” s used here is a horizontal plane, whose elevation above sea level
equals the field olevation. 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” describesa 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 valué,
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, rovided 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
is computed from the recorder record. . . '

(3) Whenever determined from the known heights of unobscured portions of objects, other

than natural landmarks, within 1% miles of the point of observation.

1432. ATRCRAFT CEILING. A ceiling is classified as an aircraft 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 balloon ceiling when its heigbt is
ascertained by means of a ceiling balloon or 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 (. 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 ceilometer 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 halloon disappears slowly (i. e., more than 10 seconds elapse from the time of
first obscuration to complete disappearance) into a tenuous or an irregular overcast
comprising one layer only. The height at which obscuration begins will be regarded
as the height of the cloud base. '

- (8) 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 complet;eiy 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 obscuYres 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 a 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
condi;;ions 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 layer.

(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 light 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 baselines 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 ficld 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 may 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 penetration of the beam can be used as a guide in evaluating vertical visibility. (Under
these circumstances the ceiling would pe classified as indetinite 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 any given angle,
the height will be proportional to the lengths of the baseline in accordance with the following

equation:
d A b

b
h-—BXH orp=p
where

B=normal baseline

H=height from tables at observed angle with normal bascline

b=normal baseline minus distance paced

h=height determined from short baseline and table for H.
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1441.4. CORRELATION WITH VISUAL OBSERVATION. Dats taken from the
ceilometer or ceiling light must be supported by visual observations to insure that the data are
representative of the (ﬁoud base to which they are ascribed. For example, under condlmon_s of
multiple cloud layers, a cloud height value must not be reported as a ceiling when actually it is
the height of a cloud layer above or below the layer constituting the ceiling.

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

DBase Line Base Line

500" 1,000’ 1,500’ 500’ 1,000’ 1,500’
44 87 131 (| 46 _. 518 1,036 1,554
52 105 167 || 47 .. 536 1,072 1,608
62 123 185 || 48 ________ . 556 1,111 1,667
70 141 211 || 49 ... 575 1,150 1,725
79 158 237 |} 50 e 596 1,192 1,788
88 176 264 || 51__________.__ S 618 1,235 1,853
97 194 201 | 52 o . 640 1,280 1,920
106 213 319 || 53 .. 664 1,327 1,991
116 231 347 || 54 . 688 1,376 2 064
124 249 373 /| 55 714 1,428 2 142
134 268 402 || 56 ____________________ 742 1,483 2,225
144 287 430 |\ 57 ____ 770 1,540 2,310
153 306 459 || 58 __ .. ____ 800 1,600 2, 400
162 325 487 | 89 . . 832 1,664 2 496
172 344 516 || 60.__._________________ 866 1,732 2, 598
182 364 546 |1 61 __________________~ 902 1,804 2,706
102 384 576 || 62 _____________ S 940 1,881 -2 821
202 404 606 | 63____________________~ 982 1,963 2 945
212 424 636 (| 64 ___________________" 1,025 2,090 3,075
222 445 667 || 65 __________________ " 1,072 2,144 3, 216
233 466 699 (| 66.____________________ 1,128 2,246 3,369
244 488 732 || 67 ... 1,178 2,356 3, 534
255 510 765 || 68 _____ .. 1,238 2,475 3,713
266 532 798 \\ 69 . ____ . ______ 1,302 2,605 3 907
277 - 554 81 | 70__________ ...~ 1,874 2,748 4,122
288 577 865 || 71 __ 1,452 2,904 4,356
300 601 901 || 72 ____ 1,539 8,078 4,617
312 625 937 || 78 1,636 38,271 4, 907
324 649 973 | 74_ ... 1,744 3,487 5,231
338 676 1,013 || 75_____________ . ____ 1,866 3,732 5, 508
350 700 1,050 || 76_____________._______ 2,006 4,011 6,017
. 364 727 1,001 || 77 .. 2,166 4,332 6,498
377 754 1,131 || 78 ... 2,352 4,705 7,057
390 781 1,171 | 79 ... 2,572 5145 7,717
405 810 1,215 || 80 oo 2,836 5,671 8 507
430 8390 1,259 || 81__ oo ____. 3,157 6,314 9,471
434 869 1,303 || 82_ oo __._. 3,558 7,115 10, 673
450 900 1,350 || 83 oL . 4,072 8,144 12,276
466 933 1,899 || 84__ . _______ 4,757 9,514 14,211
483 966 1,449 || 85_ . ... 5,715 11,430 17,175
500 1,000 1,500 || 86_ oo 7,150 14, 301 21, 441

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

(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. (See Table 4
for ascensional rate of ceilinf balloons.) Interpolate if necessary.

(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 pienomena. 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. '

TarLr 4.—Height, in feet, determined by ceiling halloon

\ Type of 10-Gram Spherical Type of 10-Gram Spherical
: balloon - Balloon
. For Weather | For Air Force ~ For Weather | For Air Force
Bureau use | and Navy use \ Bureau use land Navy use
Time (45 grams (40 grams Time (45 grams (40 grams
(minutes) free lift)s free 1ift)? (minutes) N free lift)! free lift)?
~
250 250 || BY e e 2, 610 2,110
500 480 2, 720 2, 200
730 670 2, 930 2,470
960 850 3, 140 2, 650
1, 190 1, 030 3, 350 2, 830
.1,-420 - 1,210 3, 560 3,010
1,650 | | 1, 390 3,770 3, 190
1, 880 1, 570 3, 980 3, 370
2, 090 1, 750 4, 190 3, 550
2, 300 1, 930 4, 400 3, 730

4
1 Add 210 feet for each additional ¥ minute after the tenth minute,
3 Add 180 feet for each additional % minute after the tenth minute.

1443. RADIOSONDE. The height may be computed whenever a radiosonde balloon is
observed to enter a cloud base, or diseppears into obscuring phenomensa 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 obtained 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 slope 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 mecasured. 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 swrounding 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 immediately above the station. Estimates of cloud beights 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,
?é)t b}%useii )at; these stations. Heights determined in this manner will be classified as estimated.

ee Fig. 1.
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F1GURE 1.—Diagram for determining hélght'ol convective-type clouds.
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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, sesa
breezes frequently render it inapplicable to clouds formed over land before the onset of the sea

breeze.

1447.2. Obtain the estimated height of a cloud base above the point of observation as follows:

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

(2) Find the height of the convective cloud base above the ground at the scale value (printed
along the right side of the chart) corresponding to the point found in (1).
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is approximsately equal to ome r. p. s. (revolution per second) of the geared (2 to 1 ratio) whirling
psychrometer crank, 2 r. p. ¢. 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 psychrometer should be used as follows:

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

(2) Face into the wind.

(3} Whirl the psychrometer as far in front of the body as possible.

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 clean 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
should 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 effect 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.

§160. MAXIMUM READINGS. The maximum thermometer is a mercurial thermometer
made with a constriction in the bore near the bulb to prevent the mercury from withdrawing into
the bulb when the temperature falls.

5161. To read the maximum thermometer, release the catch on the support and lower the bulb
end slowly until the thermometer is vertical or approximately so, and the mercury column is
resting on the 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. If 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 Fla,ss index is placed in the bore. As the temperature falls, the retreating upper
end of the alcohol column retracts the index, which remains at the position of the lowest 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, gubbles that form in the column may trap the index.
Erroneous readin%s 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 deiee from the thermogram, if one is available, or use the lowest
corrected temperature observed within the observation period.

Nors.—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 linkage to & pen bearing upon a chart that is
mounted on & clock-driven drum. A continuous record of temperature is traced upon the chart,
which is called a thermogram. The temperature-sensitive element is either a bimetallic ther-
- mometer or a Bourdon-tube sssembly. When the thermograph is combined with a humidity
measuring instrument it is called a hygrothermograph.

5211. The teémperature 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 borizontal printed lines of the thermogram.
These lines correspond to the enEmved 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 paragrap 9381.)

5300. 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) %o 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 Ereferably 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 differénces 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.
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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
Wﬁixther 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 & sample of air must be
cooled, while the mixing ratio ! and barometric pressure-remain constant, in order to attain satura-
tion 2 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. It is used with the slide rule and psy-
chrometric tables to make dew point and relative humidity computations.

ExaMmpPLES:
(1) Dry-bulb temperature. .. . eeeeao- 40. 6
Wet-bulb temperature_________ . eaeoo- 32.1
Depression . _ _ ..o 8.5
(2) Dry-bulb temperature._ . ____ o eeeeeaoo- 1.2
Wet-bulb temperature. .. e —0.7
Depression. _ ... 1.9
(3) Dry-bulb temperature. - _ . laeo-- —3.4
. Wet~bulb temperature____ _____ .- .- —4.7
Depression_.______ S ;-__- 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.) '

| MIXING RATIO. The mixing ratio of molst air is the ratio of the mass of water vapor to the mass of dry air with which the water vapor {s

associated,

YSATURATION. Saturation asused 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 baromotric pressure of the sample are the same as those of the surface and the superjacont alr.

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-
erature as given in the vertical column at the left of the table, and (b) the depression of the wet-
Eulb printegl 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 either the air temperature or the depression of the wet-bulb is between the values
given in the tables, find, by single interpolation, the proportional part to be used in
determining the dew point or relative humidity from the tabular values.

(3) When both the air temperature and the depression of the wet-bulb are between the values
given in the tables, double interpolation is required to determine the 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 value
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. Using
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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ExampLE: A small portion of the psychrometric tabples is reproduced below.
Temperature of dew point in degrees Fahrenheit
(Pressure=290.0 inches)

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

0.2 0.4 0.6 0.8 1.0
10 L e e ceeccei e —12 —14 —17 —19 —~23
e U —11 —13 -15 —18 —21
B - U U PSSP —10 —12 —~14 —16 —19

0.5 1.0 1.5 - 2.0 2.5
40 . e 39 38 37 35 34
) e - 40 39 38 37 35
4 e 41 40 39 38 36

Relative humidity, percent—Fahrenhelt temperatures
(Prossure =29.0 inches)

Depression of wet-bulb thermometer (t—t’)
Air temperature
0.2 0.4 0.6 0.8 1.0
90 79 69 58 48
90 80 70 60 51
91 81 72 62 53
0.5 1.0 1.5 2.0 2.5
A0 el 96 92 88 | 84 80
4l e a e m e e ———— 96 92 88 84 80
- S 96 92 88 85 81
COMPUTATIONS
Dry-bulb reading _ - . .- aooa-- —9. 6° —8. 4° 4]. 3° —10.0°
Wet-bulb reading._ - - - oo oo n e —10. 2° —9.3° 39. 9° —10.7°
Depression of wet-bulb_ _ _ _ _ ... 0. 6° 0. 9° 1. 4° o 0.7°
Dew point temperature (ice) - - o ameaa_- —16° —~18° | __.___.__.. —18°
Dew point temperature (water) (See Table 9)._.__.__....__. —21° —23° -38° —23°
Relative humidity ﬁice) __________________________________ 69 Y S 64
. Relative humidity (water) (See Table 10) . _________._______ 55 46 89 51

(Note that the relative humiditi 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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TaBLE 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 Relotionship Between

Dew Point with Respect 1o lce ond Dew Point with Respect to Water (°F)

—50°F —45° —40° —35° —30°F

NN | L .
l]llrl l T l 1 [ 1 I T l T ! 1 I 1 I T l 1 l 1 r 1 B 1 I 1 l 1 l ]
—60°F —55° -50° —45° —40°F

ICE
—20°F -15° -10° -5° O°F
Lo b o b e by L b 1 |
‘[_ll]llll’llllllll]lllll]lIlIllI.l T [ I ] 1 l I l i !
~25°F -20° -15° =~10° ~5°F

WATER

ICE . A
-5F o 5° 10° ‘TOF
VRN N T T SO RS

NN T T e
]lllllll'l]lll]lll|l|].]IIIlllIIll||lll||lll]l

—5°F 0

10°F - 15° 20° 25° 30° . 32°F

Db bl by by b i Lo b by 1 1o 1y '

1 I I I 1 l lj I 1 I I [ ! I 1 I | l 1 ] 1 l 1 l 1 | 1 | L l ¥ l lf ‘ 1 I 1 l i l | I T l T ] I |
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, Goft
Amer. Soc. Heat. and Vent. Eng., vol. 62, p. 95, 1046. Formula for saturation vapor pressure over water assumed to apply from

and 8. Gratch, T¥ans.
—060° F. to 140° F.]
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TaBLB 10A—Relative humidity conversion lable

[Tabular values are relative humidities with respect to water (RH..)t 1forre]:«mond]ing to relative humidities with respect to ioe (RH.) given at heads of
e columns, .
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TaBLE 10B—Relative humidily conversion table

Tabular values are relative humidities with respect to water (RH.)t(rzlorrea;pondl]ng to relative humidities with respect to ice (RH)) given at heads of
¢ columns

. Relative humidity with respect to ice (RHy) Dry Relative
Dry-bulb temp. ( °F) tte)g:b hu:;ltfgty
0% | 2% | %% | 0% | 0% || 0% | 0% | 8% | w% | 100% | € | REWRH,
% 0 % % % % % % % %
6.1 12.3 18.4 24.5 30.7 36.8 42.9 49.0 55.2 61.3 —60 0.6130
6.2 12.3 18.5 24.8 30.8 37.0 43.1 49.3 56. 4 61.8 —59 . 6160
8.2 12.4 18.6 4.8 31.0 37.1 43.3 40.5 55.7 61.9 —58 . 6191
6.2 12.4 18.7 24.9 31.1 37.3 43.5 40.8 56.0 62.2 —b7 .6220
6.3 12.6 18.8 25.0 31.3 37.5 43.8 50.0 56.3 682.5 —56 . 6252
8.3 12.6 18.9 26.1 31.4 37.7 44.0 50.3 56.68 62.8 —56 . 6284
6.3 12.8 18.9 25.3 31.6 37.9 44.2 50.5 56.8 83.1 —b4 .8316
6.3 12,7 16.0 25.4 31.7 38.1 44.4 50.8 57.1 83.5 —53 . 6347
6.4 12.8 19.1 25.5 31.¢ 38.3 44.7 51.0 57.4 63.8 —52 .6379
6.4 12.8 19.2 25.8 32.1 38.5 | - 44.9 51.3 57.7 64.1 —51 . 6412
6.4 12.9 10.3 25.8 32.2 38.7 45.1 51.6 58.0 684.4 -5 . 0444
8.5 13.0 19.4 25.9 32.4 38.9 45. 4 51.8 58.3 64.8 —49 6479
6.6 13.0 19.5 26.0 32.6 30.0 45.6 62.1 58.6 65.1 —48 .8507
8.5 13.1 19.6 26,2 32.7 39.2 46.8 52.3 58.9 85.4 —47 . 6541
8.6 13.2 19.7 28.3 32.9 30.6 46.0 52.6 60.2 66.8 —46 . 6576
8.6 13.2 19.8 26.4 33.1 30.7 46.3 52.9 59. 5 66.1 —45 .6611
6.6 13.3 19.9 268.6 33.2 30.9 46. 5 53.2 50.8 66. 5 —14 . 6646
8.7 13.4 20.0 26.7 33.4 40.1 46.7 53.4 60.1 86.8 —43 + 68677
8.7 13.4 20.1 26.9 33.8 40.3 47.0 53.7 60.4 67.2 —42 .6718
6.8 13.5 20.3 27.0 33.8 40.5 47.3 54.0 60.8 67.5 —41 . 8761
6.8 13.6 2.4 27.1 33.9 40.7 47.5 5.3 6l.1 87.8 —40 .6785
6.8 13.8 20.5 27.3 34.1 40.9 47.7 54.6 81.4 68.2 —30 . 6820
6.9 13.7 20.6 27.4 34.3 41.1 48.0 | * 54.8 817 68.6 —38 . 8858
6.9 13.8 20.7 27.6 34.5 41.4 48.3 56.2 62. 1 69.0 =37 . 6895
6.9 13.9 20.8 27.7 34.6 41.6 48.5 55. 4 62.3 69.3 —-36 . 8928
7.0 13.9 20.9 27.9 34.8 41.8 48.8 55.7 82.7 69.6 —35 . 6965
7.0 14.0 21.0 28.0 35.0 42.0 49.0 56.0 63.0 70.0 —34 . 7002
7.0 14.1 21.1 28.2 36.2 42.2 40.3 56.3 63.4 70.4 -33 ', 7038
7.1 14.2 21.2 28.3 35.4 42.5 49.6 56.6 83.7 70.8 —-32 L7077
7.1 14.2 21.3 28.5 35.6 42.7 40.8 56.9 84.0 71.1 ~31 L7114
7.2 14.3 21.5 28.8 35.8 42.9 50.1 57.2 64.4 7.8 -30 L7162
7.2 14.4 21.68 28.8 36.0 43.2 50.3 57.5 64.7 1.9 —29 L7192
7.2 14.5 21.7 28.9 36.1 43.4 50.6 57.8 65.1 72.3 —28 L7229
7.3 4.5 21.8 20.1 38.3 43.8 50.9 58.1 85. 4 72.7 -27 L7287
7.3 14.68 21.8 29.2 38.5 43.8 51.2 58.5 85.8 73.1 —28 . 7308
7.3 14.7 22.0 20.4 36.7 4.1 51.4 58.8 66.1 73.4 —-26 L7344
7.4 14.8 22.2 20.6 36.9 44.3 51.7 59.1 66. 5 73.9 —24 . 7386
7.4 14.8 22.3 29.7 37.1 44.5 52.0 59.4 86.8 74,2 —-23 L7425
7.5 14.9 22.4 20.9 37.3 44.8 52.3 69.7 67.2 74.0 —22 . 7465
7.6 15.0 22.5 30.0 37.5 45.0 52.6 60.0 67.5 75.0 —-21 . 7504
7.5 15.1 22.6 30.2 37.7 45.3 52.8 80.4 67.9 75.5 —20 . 7546
7.6 15.2 22.8 30.3 37.8 45.8 53.1 60.7 68.3 76.9 —-19 . 7586
7.6 15.3 22.9 30.5 38.1 45.8 53.4 61.0 68.6 76.3 —18 . 7627
7.7 15.3 23.0 30.7 38.3 48.0 563.7 81.3 69.0 78.7 -17 .7
7.7 15.4 23.1 30.8 38.5 46.3 5.0 61.7 69. 4 77.1 -—16 . 7709
7.8 16.5 23.3 31.0 38.8 46.56 | - 84.3 62.0 69.8 77.8 —16 L7761
7.8 15.6 23.4 31.2 30.0 46.8 54.6 62.4 70.1 7.8 —14 L7794
7.8 15.7 23.6 31.3 39.2 47.0 54.8 62.7 70.5 | 78.4 -13 . 7835
7.9 15.8 23.6 31.85 30.4 47.3 56.1 683.0 70.9 78.8 —12 . 7878
7.9 15.8 23.8 31.7 39.8 47.5 55. 5 83.4 71.3 79.2 -1 L7922

NoOTE: 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 (1846). Formula for saturation vapor pressure over water assumed to apply from —80° F. to 140°F.

6200. HYGROGRAPH

6210. GENERAL. The hygrograph provides a continuous record of relative humidity.
To read the relative -humidity from the hy%Eograph, 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 psychrometric 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 convenient 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 barpometers.

(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. ADJUSTABILIE-CISTERN BAROMETERS. The construction of adjustable-cistern
barometers requires that the mercury surface in the cistern be adjusted to the tifp of an ivory point
projecting downward into the cistern. The tip corresponds to the zero line of a scale calibrated
in inches and hundredths. v

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

given below: ' i '

(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 a white background. '

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

(4) Set the vernier (movableé 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 t0 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 inch.

7113. 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 Eroduct 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 t‘ﬁroduct, to the reading obtained in step (1).

(3) Estimate the final thousandths, if any, from

- obtained in step (2).

e proportional parts, and add to the sum

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 equal inlength
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, &
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 aneroid 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
ollows.

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 correction 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. It 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 correction 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 barometer 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 arguments the attached thermometer
reading to the nearest 0.5° C. and the observed reading in millibars and hundredths.

7240. ANEROID BAROGRAPH. A continuous record of station pressure is recorded on a
chart by the aneroid barograph. The 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, & 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 or inates.

(3) Apply the correction established 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 from 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 barogra h 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
osition of a hand on'a graduated dial. ~Aneroids have dials graduated at intervals equivalent to
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, 4-0.01 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 disappearance of the atmospheric conditions
first, associated with them.

7251. To determine station pressure from the aneroid barometer:
(1) Tap the face of the instrument lightly with the finger or the eraser-end of a pencil to bring
the hand to its true position. ' ,
.(2) Read to the nearest 0.005 inch .or 0.1 millibar estimating for values between the scale
graduations.
(3) Apply any necessary correction established in accordance with 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 aneroid barom-
eters will not be used for original determination of pressure unless a correction is established at
g-hourly intervals by comparison with the station pressure determined from the mercurial or
precision-aneroid barometer; or altimeter setting indicator. This correction is the difference be-
tween the station pressure computed from the mercurial barometer reading and the pressure indi-
cated 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
instructions, provided that the indicators are periodically compared with mercurial barometers
as reanired bv instructions issued to stations having both instruments.



Eff. 1-1-49 : WBAN MANUAL OF SURFACE OBSERVATIONS 53

(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 tﬁe side and top of the table the corresponding station pressure to the nearest
0.01 inch.
Note.—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

7810. 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%e reduced to sealevel. 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 elevation as follows:

Station elevation Mean temperature intervals

0— 50 feet : None (constant correction)
51— 500 feet ~10°
501—1000 feet - 5°
1001 feet or more : 2°

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 corres ond 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 interpolation.

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° increments. . ]

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 (fj)lund 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 pressure=24.17
12-hour mean temperature==58.7°

(1) Find the station pressure argument in the table next lower to the actual station pressure.
In the example, 24.10 would be selected as next lower to 24.17.

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

(8) 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 tem erature table of proportional parts appropriate to
the station sea-level table in accordance with paragraph 7322. 1In the example, the
diﬁ‘elrence betv(&ieen 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 garts 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 is 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 TABLES

Mean temperature (° F.) Station pressure (inches)
24. 00 | 24, 10 24. 20 ‘ 24. 30
BB o e e e o m 30. 61 30. 74 30. 87 30. 99
B e e e e e e e e e —mmmmmmmmmmmmee e armamm———————— 30. 60 30. 72 30. 85 30. 98
30. 58 30. 71 30. 83 30. 96
30. 57 30. 69 30. 82 30. 95

FROM PROPORTIONAL PARTS TABLE 1

Vertical tabular differences
(inch)
Temperature increments (° F.)
0.01 0. 02
I R e e 0. 006 0.012
L B o e e e e e mmm e e e mmmmmmmem————————— . 006 . 013
Lo Qe o e e e e e e mmmmmemmmmm e emcmcmmmmm e —————mm———— . 007 . 014
FROM PROPORTIONAL PARTS TABLE 4
Horizontal tabular differ-
ences (inch)
Pressure increments (inch)
0.12 0.13
0.0 e e e e mammmmm—mmmmcmm e emme—mmmmmmmmam—mm o 0. 072 - 0.078
0.07 - e e o o e mmeemmmmmc e mmmcmmccmmm—mmmm—————= e e mmmc— e ——— . 084 . 091
0,08 e e e e m e m e memmm—m e am e e eemmmmemmmme——mmeeamn—mee————— . 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 OF 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 shouid 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?tss 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 agove.
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
80 that height in g.-ft. increases with decrease in pressure. Place the edge of the scale parallel with
and immediately adjacent to the vertical line corresponding to the mean virtual temperature, to the
‘nearest whole degree Fahrenheit. Slide the scale vertically until the tip of the arrow coincides
with the value of station pressure to the nearest 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 5, 290
Station pressure. _ .. . ocoooooocooonos 24, 645
Current temperature (¢)._.._._—-__._ e - 20.3° F
Temperature 6 hours previously (fs) - - - - - e cmcmocmceccc e iamaaeae 33.6°F
(1) To determine temperature argument:
b o e emmmmmmmenicacmcammmm——————————— 29. 3°
e o e e m i m— i ———————— 29. 3°
fon el CIITID 0 33.6°
SUM - - - - oo e e 92. 2°
MEBN . o e e e e e e e e e e e e e emmmm— e mmmmm e ae—cmemmmmmme—————ne 30. 7°
'’ (to nearest whole ® F) ... ________.__.. e mmmm—m————n e emmm = 31°,
¢==Correction from lapse rate and humidity correction table (at intersection of 24.60
ressure line (closest to 24.64) and 30° F temperature column (closest to 31°)_.. +2
tms= Mean virtual temperature argument, nearest whole ® Fo_ e 33°
(2) Pressure argument (station pressure to nearest 0.01 ineb) .. ______ —————— ' 24. 64 inches

(3) To determine the height of the 850-millibar surface above sea level:
Using 24.64 as the pressure argument place the edge of the scale along the 33° temperature line with
the arrow marking the station elevation, 5,200, at the 24.64 inch pressure value. At the intersection
of the scale with the 25.10 inch pressure line (equivalent to 850-millibar) read the height of the 850-
millibar surface above sea level (to nearest 10 g.-ft.). Height equals 4,810 g.-ft. )
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7500. ALTIMETER SETTING

7510. GENERAL. The altimeter setting is a pressure, in inches, used for setting a pressure-
scale type sensitive altimeter in an airplane so that upon landing of the airplane the instrument
will indicate an altitude reading equal or very close to that of the field elevation above sea level.
The altimeter setting is sometimes called the standard atmosphere gea-level pressure, since it is
based on the standard atmosphere. Computation of the altimeter settin is independent of
temperature. Altimeter settings are determined only at stations ‘equippef with an approved
mercurial barometer with whose readings those of any pressure instrument used in determining

the altimeter setting are periodicelly 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 Eressures 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) S R S ) .03 .04
28,80 o eeeceanam 29. 60 29. 61 29. 62 29, 63
28.00 . .o ileaaa- 29. 70 29. 71 29. 72 29. 73

Station elevation, Hy=750.0 feet. Aoctual elevation barometer H,=760.328 feet.

(1) Given: )
Station Pressure 28.825, rounded to the nearest 0.01 inch._ o ooooo- 28. 82
Value from table found in column headed .02__ . e 29. 61
(2) Given: o
Station Pressure 28.927, rounded to the nearest 0.01 inch_ .- . e ———mn 28. 93
Value from table found in column headed .03 . - - i 29. 72

7530. ALTIMETER SETTING INDICATORS. The altimeter setting indicator is & 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 barometric 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
inch 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.
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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 direction is determined with reference to true north,. and is expressed to 16 points of
the compass or nearest 10 degrees. (See Table 11.)

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

Direction C(;r;)igz.ss Degrees Direction c%ﬁ?s Degrees
North_ . e N 349°-11° || South__ . cciecccaaaa S 169°-191°
North-northeast_________... NNE 12 -33 South-southwest. ..o~ SSwW 192 ~-213
Northeast . _ _______ ... _.__._ NE 34 -56 Southwest_ - - oo cmceceaen SW 214 -236
East-northeast_ _____.______. ENE WSW 237 -258
East_ . _ ... E w 2569 -281
East-southeast____._____._.._ ESE WNW 282 -303
Southeast_ _ .. _________..__ SE NW 304 -326
South-southeast. .. __._..._ SSE 147 -168 || North-northwest. . .----—_-_ NNW 327 -348

8120. NONINSTRUMENTAL. When the station is not equipped with wind-indicating
equg)ment 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 &
1-minute interval in accordance with the following instructions for the type of indicator in use.

8131. The lamps of & 4-point indicator are assigned the cardinal directions, North, East,
South, and West. When one S)a,mp 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, East, 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 & l-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 |

Tzl 5T &+ 1.5 T & T v T 3§ J s 1 0 I 0 | TR s T
METERS PER SECOND
0] 5 10 15 20 25 30 _ 35 40
T 77 ; . G | 111 ) SN AN | S D T 1171 1T T 7 T 11 1 mp.s
L]
(11 [T [ 1*#%‘%1“0,,
10 20 30 40 50 60 70 80
NAUTICAL MILES PER HOUR
&AUT&AL MILES PER HOUR
10 20 30 = 40 50 60 . 70 80
T T O T O
SO A O T T (T T o
10 20 30 40 . 50 60 70 80 90
MILES PER HOUR
MILES PER HOUR
10 20 30 40 50 60 70 80 90
Illl llllll LTII ll'l[ l] ll]; llll ll[I”ll] Illlllll] ll ll[llll- ]lllJll ll[l Illllll ll llllllll Illll l”JJ "
! ; ;‘ I3 11 1 l‘ 1 T T3 11 | I m.p.s.
(I) 5 10 15 (o) 25 30 35 40

METERS PER SECOND

8220. NONINSTRUMENTAL. If 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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TABLE 13.— Wind equivalents— Beaufort scale
Beaufort International de- . .
number M. P. H. , Knots scription Specifications
[ Jessthan 1 | Lessthan1 | Calm___.________ Calm; smoke rises vertically.
) 1-3 1-3 | Light air. ____.___ Direction of wind shown by smoke drift; but not
. by wind vanes,
e 4-7 4-6 | Light breeze___..._ Wind felt on face; leaves rustle; ordinary vane
. moved by wind.

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

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

L S, 1924 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-

, graph wires; umbreHlas used with difficulty.

T e 32-38 28-33 | Moderate gale..__| Whole trees in motion; inconvenience felt walking
against wind.

- S 3946 34-40 | Freshgale__._.___ Breaks twigs off trees; generally impedes progress.

Q- 47-54 41-47 | Strong gale____.__ Slight structural damage occurs; (chimney pots,
slates, removed).

10 ... 55-63 48-55 | Whole gale__ __.__. Seldom experienced inland; trees uprooted; con-
siderable structural damage occurs.

)} SR 64-72 56—63 | Storm__.____-.___ Very rarely experienced; accompanied by wide-
spread damage.

12 .. 73-82 . 64-71 | Hurricane- ...

183 .. 83-92 72-80

4 . ... 93-103 81-89

b ¥ S 104-114 90-99

16 .. 115-125 100-108

17 e 126-136 109-118

8230. INSTRUMENTAL. Instrumental measurement of & 1-minute mean speed will be
made by one of the following methods:

8231.

lamp lights or the
Table 14, appropri

Using the %o mile i
buzzer soun

ndicator (statute or nautical),
ds during an exact 60-second interval.
ate to the type of anemometer in use.

count the number of times the center
Apply the correction, from
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TaBLE 14.—Corrections to indicated wind speeds
(}60- or one-mile anemometers)
Speed Indicated
. Corrections
" By 3-cup‘‘S” type ane- By 4-cup anemom- B’;t:;mvlgt;nga%’:& By small airway “SA’ type in whole
mometer, m. p. h. eter, m. p. h. cu h anemometer, m. p. h. miles per
ps. m. p. h. hour
O*to 16______________ O*to 6. _________. 0*to 35 .l +1
17026 .. __. 6tol13. ... 35t0 567 ... 0
27to 35 ... 14to20_._________. (Corrections for higher —1
36to44 _____________ 21 t0 27 . ______... velocities not determined; —2
45t0 52 ____.___._ 28to 34 . ____._ use zero.) -3
53to 61 . _..__ 36to4l_._______.___ —4
62t0 70 oo .. 42t048 . ______. —5
716079 e 49t0 55 .. _____. —6
80t0 87 e 56 to 62 . _____. -7
88to96______ . ___.__ 63t069_ . _________ —8
97 to 105 ... __ 70t0 75 .____ -9
106 to 114_______._.__ 76to 82, ... —10
115to 122____________ 83to89.___.__.______ —11
123 t0 132___ . _..____ 90 to 96, . oo —12
133 to 189 ________ 97 t0 103 ... ___.. —13
140 to 149 ___.__ 104 to 110 .. ___ —14
150 to 187 ______ 111to 117_._____... —15
158 to 166 ... ___ 118to 124 __..___ —16
167 to 174 . __.. 125 to 131._._ - —17
175 to 184 - 132t0 138 ... —18
185 to 192.__. R 139 to 145 ... ___._ —19
193 t0 200 .. __.__. 146 to 152 |- —20
153 to 158 | il —21
159 to 166 _ | e —922
166 to 171 | eeeeaca—a-. —23
172 60 178 o e e —24
104 to 106 ... _.___ 179 to 185, . .| e —25
107 to 110 .. ___._ 186 to 192, o | mecmanaa —26
111 to 114________._ 1983 0 200 - - oo e e —27
116 t0 117 o | e e e —28
118 to 121 e e e ———ma —29
"122 60 125 | e e e e -—30
126 to 128 . | e e em—e————aa —31"-
129 to 132 .| e —32
133 to 136 _ . | e emean —33
137 to 140, . . | e meeemea e —34
141 to 143 _ | e m e —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.

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

A. Tybpe “S”’ anemometer B. Type “SA” anemometer
Uncorrected speed (m. p. h.) '(wggf;fﬁt_g)ﬁl') Uncorrected speed (m. p. h.) (wggféigFi;)C).rix.)
0-59_ e 0 087 - e 0
60-69_ o eeao. -1 88-94__ o ia. +1
70-79_ oo —2 95~100. - ... +2
80-100. - o —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 1-minute period and take the mean of the high and low values of successive fluctuations.
A% ly 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
},he 5—’%1iniute interval immediately preceding the observation and apply the appropriate correction

rom 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. v

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 %usty. Gusti-
ness is termed “fresh’’ or ““strong’’ depending upon the peak speed, as shown in Table 16.

TaBLE 16.—Gustiness

Peak speed

Description
M. P. H. Knots

Fresh e e e mmmmcc—emeeaenn 1924 e 17-21.
SrODg e o e cccccicam——————— More than 24_ . ___ oo _- 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. )

8d312. 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
M. P. H. Knots
Light e o e e Not to exceed 24__ . ..._____. Not to exceed 21.
Moderate . ..o cac e ccceccccameiemmmmmmm—mm————en 2589 e 22-34.
HeAVY .- o ecc oo cevmmmemmmceecccecmmmmm e More than 39_ .o oceaans More than 34.
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8330. WIND SHIFTS. Wind shifts, as defined and used in this manual, 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.
(6) 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 & westerly or north-
erly quadrant, be alert for the characteristic changes accompanying a shift.
accompanying a shift are noted before the wind changes direction or speced, watch for a clockwise
shift of wind direction, an increase in speed, or a'change in direction of low clouds.

If some of the changes

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 areas.

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

TABLE 18.—Intensity criteria for wind shifts

Accompanying phenomena

Intensity

- Light

‘Moderate

Heavy

Both precipitation and a
decrease in cloud heights.

No precipitation nor de-
crease in cloud heights.

Does not, exceed 24 m. p.
h., 21 knots.

Does not exceed 34 m. p.
h., 30 knots.

Exceeds 24 m. p. h. but not
39 m. p. h., 21-34 knots.
Exceeds 34 m. p. h. but not
49 m. p. h., 30-42 knots.

Exceeds 39 m. p. h., 34
knots.

Exceeds 49 m. p. h., 42
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® nressure, 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
) Visibilitgr , , (6) Humidity

(3) Atmospheric phenomena (7) Pressure

(4) Temperature . (8) Wind .

Observation of the elements listed above will be taken in accordance wit?vﬂalpglicable instructions
olsewhere 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, visibilify 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 observations are primarily intended to provide (a) immediate
weather information for aviation interests, and (b) £xta 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-teletype station will
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 _ 57)‘ Temperature

(2) Sky , 8) Dew Point

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

(5) Obstruction to vision (10) Altimeter setting

(6) Sea-level pressure
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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 element (e. g., tornado) or of most
of those included in a record observation. Each of the elements that may be included in a special
observation is listed in paragraph 9134.01 to 9134.10. Following each element is 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. When a change in one or more of
" the clements 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. 1In all cases, remarks will be added as required.

9132. When a change in one of the following elements satisfies the criteria for 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 setting

(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 g‘ksguctions to vision
mn

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 100%, 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 obsorvation not required because of a change in sky condition might nevertheless be required because of an

associated change in cefling. For example, 8 change in total cloudiness from scattered to broken would not reqaire a special observati
with paragraph 9134.02 but if the clouds were 5,000 feet or less, a special observation would be required in accordance m] pamgr?;,h 8,“34"},;‘@““‘““
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(2) The visibility having been five miles or less, increases by 100% or more.
(3) The visibility decrecases to less than:
(a) 3 miles
(b) 1 mile
(c) % mile
(d) ¥ mile}C. A. A. ILS stations only
(e) % mile
(4) The visibility increases to equal or exceed:
(a) 3 miles |
(b) 1 mile
(¢) % mile »
(d) % mile }C. A. A. ILS stations only
(e) % mile
(f) Y4s mile

9134.04. TORNADO.

(1) Is observed

(2) Disappears from sight )

(3) Is reported by the public to have occurred within preceding six hours.

9134.05. THUNDERSTORM.
(1) Begins
~ (2) Increases 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 & 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 & 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 efliciency of aircraft operations will be reported in a special observation,

9140. LOCAL EXTRA OBSERVATIONS. Local extra observations are taken, at desig-
nated stations, for local distribution only. The changesrequiring alocal extra observation are within
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narrower limits than changes requiring & special observation. When a local extra observation
reveals a change in conditions that requires a special observation, the local extra observation will
be classified asa 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 decreases 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 elements requested for aircraft arrivals or
departures will be taken and recorded at designated stations, in &e 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

8. 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 each station to keep informed of scheduled arrivals and departures as well as of
operations involving delayed schedules.

9144. An observation of all elements ordinaril included in & 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 broadcasting will
“determine the time of taking them. The check observation will be taken within 20 minutes of
the scheduled time of local broadcast, preferably as near to the time of the broadcast 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
entered on WBAN 10. . :

9151. The check observations 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 o special 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. Pireps 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 observation is taken by the pilot.

9211. All pilote’ 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 {y Wing and
Group Commanders. When a pilot’s report pertains to ceiling within 13 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,

8. 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; :

¢. 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 & special or local
extra observation with the ceiling classified as aircraft;

b. Redetermine the ceiling value immediately;

c. If the redetermined ceiling value is cla.ssig d 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) Leing -

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

(56) Turbulence

(6) Hail

(7) Electric discharge : .

(8) Any other elements of meteorological or operational importance (e. g., reports of ceiling,
visibility, precipitation, and the presence or absence of fog or clouds &?) through moun-
tain 'a)sses, (b) over mountainous regions and (¢) 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 bg 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

804619°—48——6
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be filed promptly after the change necessitating it occurs. 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
are 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 paragraph 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 carriers 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 hourly airway observations ceiling balloons will be used when-
ever the clouds are estimated to be less than 3,000 feet.

9340. PRESSURE. Station and sea-level pressure data will be derived from readings of
the mercurial barometer, precision 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
pressulze data will be derived from one of these instruments whenever the synoptic observations
are taken. A

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

9350. ALTITMETER 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. Miscellaneous phenomena will be included in
observations whenever the Fhenomena are 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 observation prepared for transmis-
sion will have been observed within the 15 minutes preceding the time of entry on WBAN 10A.
This has particular reference to ceiling classification. 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 evaluated in
accordance with instructions in this manual.

J 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 o 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 observation 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 separate 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 are to be found in paragraphs 10030, and 11002. Reference to
specific instructions for coding are listed beside each item below.

Instructions
Group Element £l
Clement ) paragraph
number number number

I 1 Station identification__ . _ _ . _ - .- 10120
II 2 Type of report 10130, 11101
III 3 Time of report 10140, 11102
IV 4 Ceiling and cloud height. ... _________ ... .. 11103
5 Sky condition . .- .. eeeean 11104
6 Visibility - - - oo e 11105
7 Weather___ . . e 11108
8 Obstructions to vision.._ . . _ . __ o .o __-_ 11106. 2
v 9 Sea-level pressure. _ _ . _ . ..o e e- 11107
10 Temperature_ . - . e e s 11108
11 Dew point_ _ . el 11109

12 Wind L e
a. Direction_____ 11110
b. Speed. _...___ 11111
c. Character_..__ 11112
d. Shifts . e e 11112
13 Altimeter setting_ _ . ____ __ .- 11113
VI 14 Remarks. . - . i 11114

10021. The letter symbol “M” is used to indicate missing data, or data entered in parentheses
(see par. 11020), pertaining to an clement normally included in a report. Elements regularly
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 separate 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 setting 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.

ExampLe: DCA E38Q12 271/74/58«./8/032/CIG VRBL 36 TO 40/ 2002

10040. SPECIAL REPORTS. Special reports invariably include Groups I through III,
and remarks, if required. In addition they contain either 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
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elements 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 & special report they are
separated from each other by slant symbols.

10050. CHECK REPORTS. Check reports are composed of Groups I, II, III, IV, V- 12,
V- 13, and VI. ‘ ,

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

10070. Group VI will contain pertinent %eneral 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 III; if the observation to be corrected is a special, record-special, or local
extra report, the correcting report will also include Group II. If an error in 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 special
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 local
distribution, & corrected observation will be filed. If an error is discovered in a check observation
a corrected observation will be given to the broadcaster. When more than an hour has elapse(i
before an error in a transmitted observation has been discovered at the originating station, a
corrected report will not be transmitted.

10100. CODING FOR TELETYPE TRANSMISSION

10110. GENERAL. Ibstructionsin 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 & three letter symbol -
assigned to the station for use in telegpe transmissions. These symbols are listed in Federal
Airways Manuals of Operations of thg ivil 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 are-identified by the contraction “LC?L.”

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 reﬁort,s 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 time zones and indicato;‘a

Time zone Indicator Time ‘zone Indicator
Eastern_ ..o oo E AlasKan - _ _ e ceeeececeamao A
Central ... emieaias C Bering oo B
Mountain. ..o M Yukon oo Y
Pacific oo meee o ceceeooo P
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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. :

10220. SCHEDULED BROADCASTS. At stations having broadcast facilities, observa-
tions filed for use in scheduled broadcasts will be the most recent and, if practicable, they will have
been taken just prior to the broadcast, 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, etc., to military agencies, 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 réquired 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. 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 PIR , or authorized equivalent (AFREPS, etc.)

(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.

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.

I Notg.—Pilot reports of cloud heights used as a cefling in an airway observation will bo converted to feet above the surface by the observer and
coded in the intervals given in Table 2I. .
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ExampLES: '
The pilot of a Stinson, flying between Seattle and Oakland, reports to Medford that

at 0700 PST he encountered light 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 ICG //—115 MSL F38

1032%. ELECTRICAL DISCHARGE OR LIGHTNING STROKE. Use the word “DIS-
CHARGE.”

ExampLES: ) _
A pilot flying & 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 S DCA 1620E DISCHARGE 50 MSL PBY

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

CHI 1535C RMREPS 15 S 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=Moderate turbulence.
HVY TURBC=Heavy turbulence.

ExaMPLES: ) ) .
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:
MKC 2335C AFREPS 10 NE TYS 2330C HVY TURBC 60 MSL.C54

The pilot of 2 DC-3 flying at 16,000 feet MSL through Donner Summit Pass, Calif.,
reports to Reno, Nev., that light turbulence is being experienced 1050 PST. A

RNO 1055P ALREPS OVR DOS 1050P LGT TURBC 100 MSL DC3.

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 clectrical 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 altitude of 3,500 feet MSL:
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 experienced a discharge:

OMA '1635C PIREPS 15 SW OMA 1628ﬁS§VgCTIIRBC R4-A— 30 MSL DISCHARGE 50
4,

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.

ExampLES:
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 direction 80 degrees:

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

At 1215 OST 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. '

ExampLES:
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”.

ExamrLES:
The pilot of a DC-3 ﬂyin%\/i)ver Washington, D. C. reports at 1110 EST to Washington
that the ceiling is 1,500 feect 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 Kaycece is 14,000 feet MSL. The type of aircraft was not reported, nor the time of the
observation. )

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

11001. 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 tae 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 element of an airway obser-
vation, (See paragraph 10021.)

11030. CORRECTION OF ENTRIES. When incorrect data have been entered, correc-
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. For 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:

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

Standard Time Zone Meridian G'I.‘OC?O,F“:G;&;E_
Atlantic Standard Time._ . ..o e e ccaeeeaaan 60° ‘4 hours.
Eastern Standard Time (JX8T) e midcicao-- 75° 5 hours.
Central Standard Time (CST) . . . .. .o i cicaccamaan 90° 6 hours.
Mountain Standard Time (MST) ) 105° 7 hours.
Pacific Standard Time (PS ) _ . . eiceeaaoo- 120° 8 hours.
Yukon Standard Time (YS ) s 135° 9 hours.
Alaskan Standard Time (AST) . . . . i icecaaoa 150° 10 hours.
Bering Standard-Time (BST) __ e eeaeeiaoan 165° 11 hours.

87
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11100. WBAN IOA

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

designations:

(1) B Record observation. : :

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

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

(4) L Local extra observation.

B) v Cheﬁk observation. (If a check observation requires local extra procedure, enter

(6) 6H Six-h(;urly (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 selected, 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. :

TarLE 21.—Reportable ceiling values

0 t0 5,050 feet_ e To nearest 100 feet, in hundreds of feet.
5,051 to 9,750 feet _ _ _ ___________.___ e e e e e To nearest 500 feet, in hundreds of feet.
Above 9,750 feet_ . . . . . o e To nearest 1,000 feet in hundreds of feet.

TABLE 22.—Ceiling classification symbols

Ceiling reported from aircraft
Balloon ceiling

Estimated ceiling

Measured ceilin

Precipitation ceiling
Indefinite ceiling

SR Ewe

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 1n 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 @, @, 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. . ccaccmacaooox 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. .

O Clear_. e Less than 0.1 total sky cover, or less than 0.6 obscuring phenomena with
clouds not visible.

@O Scattered Clouds.._..________.__ 0.1 to less than 0.6 sky cover.

® Broken Clouds.__.____________ 0.6 to 0.9 sky cover.

@ Overcast__ ... - ____._______ 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,
c. g., 20D, or (2) the symbol is 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.—Ezamples of entries in columns 3, 4, and 14 under various sky conditions

Note:—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 ALONLE VISIBLE

1. Less than 0.1 of sky covered_ .. _|iioooiaaaao-- @ T P
2. 0.1-0.5 of sky covered by one layer_ ... ___ . . |- ... .- 2400  fec oo ceaemcmao-o
3. 0.1-0.5 of sky covered by two layers_...______ . _| . _..___-___.. O18Q 130Q
4. 0.6-0.9 of sky covered by one layer..________.__.___ M65 @ e cm e e cecmacaaan
5. 0.6-0.9 of sky covered by two layers:
a. Lower layer covering less than 0.6 of sky_.._.__ M25 @100  |ccccicmcaceeeciameaoa
b. Lower layer covering 0.6-0.9 of sky ___._______ A27 o0 E50@
6. More than 0.9 of sky covered by one layer..._.___ M26 [+ PRSP
7. More than 0.9 of sky covered by two layers:
a. Lower layer covering less than 0.6 of sky....... M140 . 8350 e emeece—aa
b. Lower layer covering 0.6-0.9. - ... _______ M35 [3oXun} M7560
OBSCURING PHENOMENA ALONE VISIBLE
8. Less than 0.6 of sky.obseured. . —cocccmmocacoafoaoa O BASE K LYR W E20
9. 0.8 or more of sky obscured by one layer: .
a. Sky overhead visible_ - _ - __ e _ooon —-X BASE K LYR E§
b. Sky overhead not visible___ . _______ ... _-----_ P2 X

COMBINATIONS OF CLOUDS8 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

obscuration but visible at horizon_.___.__ w8 oX E50@
(2) Sky or clouds overhead visible through ob-
seuration.. .. ____ ... M45 o—X

b. More than 0.9 of sky covered by combination:
(1) Sky or clouds overhead not visible through

obscuration but visible at horizon_______ w8 BX E30
(2) Sky or clouds overhead visible through ob-
seuration . .o oo M50 B—X | iiio-.

804519°—48-——T
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TABLE 24.—Ezamples of entries in columns‘s, 4, and 14 unider various sky conditions—Continued

Conditions observed _ Col. 3 Col.4 - " Col. 14

COMBINATIONS OF CLOUDS AND OBSCURING PHENOMENA
visiBLE—continued 4

11. Obscuratiop above clouds:
- a. Less than 0.6 clouds:

Elg Obscuration not thin_ . _ . ______________ w25 X10Q BASE K LYR E23
2) Thin obscuration_ ... - _______ | _______.____. —X100 BASE H LYR E50
b. 0.6 or more clouds: : .
ﬁl) Obscuration not thin_ _ . ._.__._._.__._____ E25 X0 BASE H.LYR E48
2) Thin obscuration______________________ M18 —Xo 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 cover less than 0.6._ _ _______________| ... _.__._.____ 45Q LWR XK LYR W
b. Total sky cover 0.6-0.9_ . ___________________ M48 () KLYR N
c. Total sky cover more than 0.9________._______ E180 P KLYRS
13. Obscuring phenomena above clouds with 0.1-0.5
total 8Ky COVer. . oo oo iee oo e 250 " KLYR E80

Note that if summation of obscuring phenomena and lower clouds {5 0.8 or more, an obscuration exists, and item 11 applies.

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

TaBLE 25.— Table of values for recording visibility in columne § and 14

Fractional | I-mile increments when visibility is 8 to 15 miles, inclusive.
increments | 5-mile increments when visibility is more than 15.

0, 1
—;{60‘ Io B’;
%e é%
Ko 2%
% 2%
%
5,
3y

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 prevaiiing visibility is
less than 2 miles, the letter ¢ V’’ will be entered immediately after the visibility value.

11105.2. A plus sign (4) 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
beight 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 recording 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 watérspout).

(2) Thunderstorm. .

(8) Liquid precipitation, in the order of decreasing intensity.

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

5) Frozen precipitation, in the order of decreasing intensity.

(6) Obstructions to vision in the order of décreasing 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.* Use 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 paragraphs below captioned Thunderstorms and Tornados, and Waterspouts.)

TABLE 26.—Symbols for weather

TORNADO or WATERSPOUT (always written out in fusll)

T+ Heavy Thunderstorm Snow

T Thunderstorm SwW Snow Showers
R Rain SP Snow Pellets
RW Rain Showers 8G Snow Grains
L Drizzle I1C Ice Crystals
ZR Freezing Rain A Hail

ZL Freezing Drizzle AP Small Hail

E Sleet Q Squall

11106.11. PRECIPITATION. Precipitation of a showe}iy or intermittent character not
occurring at the time of observation will be reported in remarks-(Table 29, item 19) for a period 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 C%l 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
ap‘%ropriate to its character and form (R—, RW, etc.) and prefixed to the squall symbol, e. g.,
RWQ, S—Q, etc. ,

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.

NoTte.—See Table 29, items 16~19, for additional information concerning weather to be
reported in column 14. '

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

TARLE 27.—Symbols for obstructions to vision

F Fog IF Ice Fog
GF Ground Fog H- Hazeo
BS Blowing Snow : K . Smoke
BD Blowing Dust D Dust

BN Blowing Sand

Nore.—8ee Table 20, items 15 and 20, for additional information concerning obstructions to vision to be reported in column 14.
*See Table 20 for instructions for reporting intermittent and showery preoipitations coourring within 18 minutes prior to the obsgervhtion,
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11107. SEA-LEVEL PRESSURE. (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.—8ee Table 29, items 21 and 22, for reporting pressure data in column 14,

11108. TEMPERATURE. (Col.8) Enter 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

!l North , 1 South

| / North-northeast 1/ South-southwest
2 Northeast /" Southwest’

—/ East-northeast — /' West-southwest
«— East — West

<X East-southeast —\y West-northwest
X Southeast v Northwest

1 N\ South-southeast } \u 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 ldcal standard time zone. Indicate the intensity of the shift after the
time-zone indicator by & plus sigi for a heavy shift, & minus sign for a light shift; the absence of
a sign indicates moderate intensity. For example, if & heavy wind shift occurred from southeast
to northwest in the Central time zone at 1614, the entry in the column would be “~1614C+.”
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. : '

Note.—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 egplpped 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 altimetef setting is the only element reported in a special observati
it will be preceded by the authorized contraction “ALSTG.” P P o

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 coﬁditions.other than those illustrated
occur, the observer will amplify the report with such remarks as he judges to be pertinent to the

meteorological 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.

' TapLe 20.—REMARKS: Instructions and illustraitons

Conditions observed

Instructions for entry in column 14

Illustrations

Cols. 3-7 or 12

Col. 14

CEILING, CLOUD HEIGHTS, 8KY

1. Vafriatble ceiling below 2000
eet.

2. Variable ceiling 2000 feet or
more,

3. Two broken, or overcast and
broken, layers.

4. Two scattered layers___.__.__

5

. Intermediate broken layers
between broken, or broken
and overcast, layers.

6. Several scattered layers be-
low broken (or overcast)
layer.

7. Variable sky condition.__.__

8. Breaks in overcast..__.___._

9. Special cloud types:
a) Towering cumulus______

(b) Cumulonimbus. _____..

(¢) Cumulomammatus_..__._

(d) Altocumulus castellatus.

Less than 0.6 of the sky ob-

z(l:ured and clouds not visi-
e. .

10.

11. 0.6 or more of sky obscured,
base of obscuring phe-
nomenon above surface.

12. More than one layer of ob-
scuring phenomena.

VISIBILITY »
13. Variable prevailing visibility:
(a) Lessthan 2miles_._.___
(b) 2 miles or more__..____

14. Visibility differing in differ-
ent quadrants:

(a) Prevailing visibility less
than 3 miles.

(b) Prevailing - visibility 3
miles or more.

15. At designated stations—visi-

bility differing at level of
control tower from that at
level of usual observation

oint; prevailing visibility
ess than 3 miles from
latter point.

Enter range of variability .. ____ ..
Enter range of variability___.__._._.

Enter classification, height, and
symbol for upper layer.

Enter height and symbol for upper
layer.

Enter classification, height, and
symbol for intermediate layers
following entry for highest layer.
See also item (3).

Enter height and symbol for scat-
tered layers below the two high-
est layers.

Enter corresponding sky condition
symbols, separated by letter V.
Enter contraction BINOVC, fol-
followed, if possible, by location

of breaks.

Enter appropriate abbreviations,
as illustrated, followed by loca-
tion of clouds, if practicable.

Enter nature and location of ob-
scuring phenomenon.

Enter base and nature of obscuring
phenomenon. (Note that if the
obscuring phenomenon is at the
surface the height of the base
will not be entered in column 14.)

Enter character and elevation of
additional layers.

Enter range of variability  _____.__

"Enter visibility in each quadrant

beginning with N or NE.

Enter. visibility in quadrants in
which visibility differs by % or
more or 1009, or more from pre-
vailing visibility. )

Enter visibility at level of usual
ohservation point and height of
visibility restricting phenome-
non.

M4V
M27
MI70 @
M28p @
0270

M478 0@
E75 0550
330
M250

300

460

M550

1200
@)

wW7X

CIG VRBL 2 TO 6
CIG VRBL 25 TO 30
E31 0
E2200
1200

E140QE70 QE60 ®

350200

ovVao
BINOVC W

TWRG CU S

CB NwW
CM OVHD
ACC SW
K LYR E -

BASE K LYR E5

BASE K LYR E5 UP-
PER H LYR E80

VSBY VRBL % to 1%
VSBY VRBL 1% to 3

VSBY N2E214
S11, W2y
VSBY S15W10
VSBY E2

SFC VSBY 2
GFDEP 40
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TasLe 29.—REMARKS: Instructions and illustrationr—Coptinued
Tllustrations
Conditions observed Instructions for entry in column 14
Cols. 3-7 or 12 Col. 14
WEATHER
16. Tornado and waterspout:
(a) Observed from station._| Enter direction toward which tor- | TORNADO MOVG NEWD
nado or waterspout is moving.. w

(b) Reported by public.___

17. Thunderstorm . _.......____......

18. Lightning, with or without
audible thunder.

19. Precipitation:
(a) Hail

(b) Intermittent____..__._._

(d) Fine___._______... S

(e) Variation of intensity__.

(f) Precipitation at a dis-
. tance but not at sta-
" tion.
20. Obstructions to vision:
(a) Fog dissipating (or in-
creasing).
(b) Smokedriftingoverfield.
(¢) Shallow fog (height less
than 6 ft.)

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

(¢) Dustdevils____________

Entire report as a special obser-
vation appears as a remark.
Enter (1) E)cation 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:
él Frequency - «-cc-ceecmveeeame-
2) Type (cloud to cloud, ete.)

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.

Enter appropriate abbreviation
describing rain or snow showers,
or steady precipitation, when
precipitation is very light.

Enter appropriate abbreviation

- describing precipitation in small
drops (as opposed to sparseness).

Enter abbreviation describing rap-
idly variable intensity.

Enterform of precipitationif known
gnd direction with respect to sta~

ion.

Enter appropriate abbreviations.._

Enter agpropria.te abbreviations__.

Enter abbreviations for phenomena
excluded from coding as obstruc-
tions to vision since they do not
restrict visibility to 6 miles or
less at 6 ft. or more above ground.

Enter deséription of phenomenon,
and direction, if possible.

A+

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

T NW MOVG EWD
T+ OVHD MOVG EWD

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

HLSTO 1% INCHES

INTMT R—
R—INTMT

OCNL SPKL
OCNL 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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TaBLE 29.—REMARKS: Instructions and tllustrations—Continued

Illustrations
Conditions observed Instructions for entry in column 14
' Cols. 3-7 or 12 Col. 14
PRESSURE .
21. Asudden marked fall, then | Enter in the next record observa- 665 LOWEST. PRES 631
rapid rise of 0.06 inch or tion lowest sea-level pressure in 1745C RSG 3 MB
more in pressure, shown on tens, units and tenths of milli-
barogram as & V", bars, time of its occurrence in
local standard time, with amount
of rise in millibars since lowest
. pressure. - )
22. Rapidly falling (or rising) | Enter abbreviation: PRESFR (or 821 PRESFR
pressure. PRESRR). :
WIND . )
23. Peak gusts.__.________.__. Enter peak wind speed of strong Nd5+ G75
gusts if station is equipped with
irect-reading wind equipment.

o 11114.2. " Whenever possible, enter remarks in symbols or authorized contractions. Other-
wise, use plain English, _
o 111143, If necessarf’ use additional lines for column 14 to record phenomena. It is not
mtendeéi that the physical limitations of the column shall limit in any way the information to be
reported. ' ’ ' '

111144, 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 tge 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 succeeding record
observation very nearly coincide in point of time, & 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 6-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 recor
observation. The changed values will be entered in parentheses above the entries for the 6-hourl

. observation, and the time of the record observation entered in column 16 in accordance wit}z
paragraph 11416. (See Fig. 5.)
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11300. ENTRY OF PILOT REPORTS ON WBAN 10A

11301. Pilot 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 pireps is
added to an observation. In the Yatter 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 & 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 pa%e. The period covered by each page
will be indicated in the space provided for the date. Pireps for consecutive days will ge
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 arc 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) Entries in 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) Enter station pressurefrom 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,
a mercurial barometer, or altimeter setting indicator. Enter 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° F., 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.)
e

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

sychrometric 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 each 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° %P, enter in column 20 the relative humidity as computed on the
psychrometric 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 phenomensa
are present. }]:]nter 9+4- if breaks in an overcast are Fresent; enter 10 if the sky 1s 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 syno(ftic 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
9+4. 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 columns 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 dat 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, andy 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 columns 28 and 32:

CoLuMmNs 25 AND 29 CoLumMns 28 Anp 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).

v 11422.2, 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.

TaBLE 30.—Cloud types and obscuring phénome'na

Cloud type and obscuring phenomena |Abbreviations || Cloud type and obscuring phenomena Abbreviations
CLOUDS | OBBCURING PHENOMENA—continued
Altocumulus - Ac Precipitation—Continued
ﬁ}:g:&?&}: s castellatus 2: ° Hail (any form and intensity including A
Cirrocumulus__________.___________ Ce AP e :
Cirrostratus_ . _ .. ___________._____ Cs %{:e_ crystals. .. ... d intens ity inoluding Ic
Cirrus. . TTTTTmmmmmmmmm Ci ain (any form and intensity including R
Cumulonimbus_.________________. Cb SleIZtW and ZR)""'""""":::::: E
Cur;n;&)féhnlﬁ:ﬁfm;n ammatus (Mam- Cm Snow (any form and intensity including
Gumulas oo o I Ga SW, SP, and SG)--- oo o oooooo s
Fractostratus I e Hydrometeors other than precipitation
Nimbostratus. . .. _________.__._____ Ns :
Blowing snow_ ________________._______ BS
gg:zg:umulus"::::_--_-____:: gg . Fog (any form, including GF and IF).__ F
OBSCURING PHENOMENA Lithometeors b )
.. . Dust - - e .
Precipitation Heze T TTTTTTTTTmmmmmmmememm H
Drizzle (any form and intensity includ- Sand. oL N
ing ZL) . __ . ... L Smoke._ ... ______ 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:

TaBLE 31.—Cloud direction

from north from south’

from northeast from southwest
from east from west

from southeast from northwest

7N -
/LN o

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. Make 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 observations, 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

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

Unsteady or rising unsteadily. :

| Steady or rising steadily. .

Falling or steady, then rising; or rising, then rising more
quickly.

S, Falling, then rising. ‘ :
[ P Falling, then steady; or falling, then falling more slowly.

Rising, then falling. 1

Barometer now higher than,
or the same as, 3 hours ago.

T e e o Unsteady or falling unsteadily.

- J R Falling steadily.

¢ TP Steady or rising, then falling; or falling, then falling more
quickly. )

Barometer now lower than
3 hours ago.

11440. SYNOPTIC OBSERVATIONS. (Cols. 41-65) Entries for synoptic observations
will be made in columns 41-85, 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 column 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 block captioned “Midnight to . . .,”’ enter the time of the be-
ginning of the first 6-hourly observation after 0000 LST. In the next four blocks below, enter
the time of the beginning of the 6-hourly synoptic observation. The entries will be to the nearest
minute in terms of the 24-hour clock. ‘

11444. PRECIPITATION. (Col. 44) Entries in the 6-hourly spaces will com rise the
total precipitation occurring during the six hours ending with the observation. On the line cap-
tioned ‘“Midnight” enter the amount measured at midnight, i. e., the amount that has occurred
between midnight and the preceding 6-hourly observation. 'On the line ca tioned ‘““Midnight to
. . . ,” enter the amount of precipitation that has occurred between midnight and the succeedin
6-hourly observation. At stations where personnel are not on duty at midnight, this entry an
the one opposite ‘‘Midnight”” will be omitted. Entries 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)
to inches and tenths for the 6 hours ending with the observation. (Entries for 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
oceurring between midnight and the preceding 6-hourly observation. On the line captioned
“Midnight to . . . ,” enter the amount that has occurred between midnight and the succeedin,
6-hourly observation. At stations where personnel are not on duty at midnight, this entry an
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 "
astorisk 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
thpd g_r%un , 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 degtees
and tenths Fahrenheit for the six hours ending with the observation. Take the data from tele-
%sychrometer or maximum and minimum thermometers, if available; if not, from the thermograph.

ote 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 precedin
6-hourly observation. On the line captioned ‘“Midnight to . . .,”” enter the maximum ang
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.

TaRLE 33.—State of ground

Code figures Description
O . Surface of ground dry (no appreciable amount of dust or loose sand).
1 .. Surface of ground moist.
oo Surface of ground wet (standing water in small or large pools on surface).
U Surface of ground bare and frozen.
4 el Glaze on ground but no ice, slush, or snow.
L S Ice, slush, or snow covering less than one-half of ground. :
[ Ice,1 slulsh), or firm or settled snow covering more than one-half of ground (but not com-
pletely).
Y Ice, slush, or firm or settled snow covering ground completely.
e '| Loose dry snow covering more than one-half of surface (but not completely).
T Loose dry snow covering surface completely.

* Figures 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,
when the temperature is below 32° F., enter the words ““‘State of ground—dust’’ or *‘State of ground—loose sand’’ in column 90.

NoTE.—Numbers 0 to 4 apply to representative bare ground and numbers 6 to 9 to an open representative area.

11451,

SEA, STATE AND DIRECTION.!

(Col. 51) State and direction of the sea 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.

ExaMpLE: A rough sea (waves 5-8 feet) from the southwest would be recorded as “5 .7

1 The instructions in paragraphs 11451 to 11454.5 will apply to designated stations only.
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TaBLE 34.—State of sea

Approximate
Code figures Description average wave
height, feet

Flat, 01ly . - - o oo e oo 0
Calm rippled.____ ... .- : 0
Smooth (wavelets) 1
Slight... - . - 1-3
Moderate .o - - - oo-_-- 3-5
Rough. e e mmmmmeean 5-8
Very Rough . - - oo 8-12
High o oo e 12-20
Very high. o e 2040
MoUnNtAINOUS - - o o o o o oo e c e e m e cmm e m—mm— o More than 40

11452. SWELL, HEIGHT AND DIRECTION. (Col. 52) The term “swell”’ is restricted
in usage to the wave motion that underlies the ‘“sea’” raised and driven by the local wind. Swell
usually has traveled over a considerable distance from the point where it was generated by the wind,
z(),nd its) direction and height may often differ widely from those of the local wind-driven waves

“sea’’). '

11452.1. Height of swell is recorded as the estimated average height of swell in the open sea,
measured in whole feet from crest to trough. '

11452.2. Direction of swell is the direction, to eight points of the compass, from which the
swell is coming. It is recorded as an arrow.

ExamrLE: A three-f(;ot swell from the west would be recorded as ‘‘3—.”

11453. SWELL PERIOD. (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, & good aver-
age period may be recorded by taking one-tenth of the value.

11454. SURF. (Col. 54) A five-figure code comprises the “Primary Data Group” of the
combined Surf Code (SURFCO). Enter it every 6 hours at stations (and ships when appropriate)
with means of observing surf condition.

11454.1. PRIMARY SURF DATA GROUP. A five-figure code group, symbol form
H,H,M,P,D,. .

11454.2. SYMBOL H,H,. Average height of waves in foet. 99 indicates average height
impossible to estimate. Two figures to be entered for whole feet.

ExamprLe: 01 for 1 foot, 12 for 12 feet, etc.

11454.3. SYMBOL M,. Difference between height of maximum waves and average waves
in & 5-minute interval. Third figure in group to be entered in accordance with code Table 35.

TasLe 35.—Surf (M,)

Difference between height of maximum Code No Difference between height of maximum

J,
Code No. waves and average waves waves and average waves

0. T e 7 feet.

1 foot. - JN 8 feet.

2 feet. ! DI, Greater than 8 feet except when HsHg
3 feet. is reported as 99, in which case this
4 feet. figure means that an estimate is im-
5 feet. possible,

6 feot.
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114544, SYMBOL P,. Period, i. e., time between passage of successive breakers at a fixed

point. Fourth figure of group to be entered in accordance with code Table 36.
TaBLE 36.—Surf (P,)
Code No. - Time between successive breakers Code No. Time between successive breakers

[ | Nosurf. W B ... 11 or 12 seconds.

1 .. Less than § seconds. ) e____._______ 13 to 15 seconds.

2 . 5or6seconds. M 7___________ 16 to 18 seconds.

[ . 7or8seconds. N8 __________ Greater than 18 seconds.

4 . 9orl0seconds. | 9_____.______ Time impossible to estimate.

1145:'1.5. SYMBOL D,. Angle of breakers with the beach and direction of wave travel (referred
to observer on beach facing the sea.) Enter fifth figure of group in accordance with Table 37.

TaBLE 37.—Surf (D,)

Code No.

Angle of breakers with the beach

Code No.

~

Angle of breakers with the beach °

Calm,

0° up to 10°

10° up to 20° }from the left.

More than 20°

C(in;used, but predominantly from the
eft.

0° up to 10°

10° up to 20°

More than 20°

Confused, but predominantly from the
right.

Not known.

}from the right.

11455. WATER TEMPERATURE. (Col. 55) Enter the water temperature to degrees and
tenths Fahrenheit, on ships and at designated land stations only. ’

11456. SOIL TEMPERATURE. (Col. 56) Enter soil temperature to degrees and tenths
Fahrenheit at designated stations only.

, 11458. STATION PRESSURE COMPUTATIONS. Station pressure computatiqns for the
6-hourly synoptic observations will be entered in accordance with the following instructions:

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.

(Line 60) Enter the temperature of the ther-

mometer attached to the mercurial barometer to the nearest 0.5° Fahrenheit or centigrade. Entries
will be omitted when the pressure readings are taken from precision aneroid barometers.

11461.

OBSERVED BAROMETER.

(Line 61) Enter the uncorrected observed reading

of the mercurial or precision aneroid barometer to the nearest 0.001 inch or 0.05 millibar.

11462. TOTAL CORRECTION.
reduce the observed reading to station pressure.

11463. STATION PRESSURE.

(Line 62

) Enter the sum of all corrections required to

(Line 63) Enter to the nearest 0.001 inch or 0.05 millibar

for mercurial barometer readings, and to the nearest 0.001 inch or 0.1 millibar for precision aneroid

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. BAROGRAFPH CORRECTION.
millibar with proper sign the difference between the station pressure read on the barograph and

(Line 65) Enter to the nearest 0.01 inch or 0.2
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that determined with a mercurial or precision aneroid 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. If for any reason the barogram is changed
after tho 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, respectiveély, as any temperature recorded through the day.

11468. TWENTY-FOUR-HOUR PRECIPITATION. (Col. 68) Enter the total amount
of precié)ita.tion (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 equipment indicates tze total is greater than 0.005 inch (liquid).

11469. TWENTY-FOUR-HOUR SNOWFALL. (Col. 69) Twenty-four-hour snowfall is
the total amount, to tenths of an inch, of unmelted snow, sleet, or hail that falls during & 24-hour
period. (Entries for hail will be followed by an asterisk, and ‘‘ *Hail’”’ recorded in column 90.) If
there are separate snowfalls, each of which melts 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 “T” with a note “Melted
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 “T’’ denoting trace. If none 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 eight 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. o

11477. RIVER GAGE, (Col. 77) The river gage reading will be entered to the ﬁeareét
0.1 foot at stations where a river gage is 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 occurrence 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 beginninﬁ of a 6-hourly
observation, when all beginnings and endings will berecorded. This also 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. 4 ' *1

11484. DURATION. (Cols. 85 and 89) Unless 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, etc., 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. Enter 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, etc.

11485.5. HARBOR ICE. Enter appropriate data on quantity, thickness, character, breaks,
size of floes, persistence, conditions of aircraft landing area, 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
datzi? ’}vﬂi)ll)f? entered at designated station. Example: “SNW SFC TMP —20° C., 0410 GCT,
4.6 . Rt

11485.7. MISCELLANEOQOUS. Phenomens sent in synoptic messages as special phenomena
groups, such as frost, glaze, etc., will be entered also.

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

Nore: 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 “MO0”

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 ‘“80MPH”
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 ceiling of 5,000 feet or less increases by 1009,
or more.

¢. The ceiling decreases to less than 1,500 feet 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 equal to or
higher than the highest air-line operating mini-
mum for the airport.

2. SkY CONDITION:

a. A change in total sky cover from clear 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. VisiriLITY:

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.

¢. The visibility decreases to less than:

4) % mile} C. A. A, ILS station only.
(5) Y4 mile

d. The visibility increases to equal or exceced:
(1) 3 miles
(2) 1 mile

3. VisisiLity—Continued

d. The visibility increases to equal or exceed—Con.
(3) % mile
(4) Y% mile; C. A. A, ILS station only.

(5) ¥ mile
(6) Vm mile
4. TorNADO:

a. Is observed.

* b. Disappears from sight.

¢. 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. PRECIPITATION:

a. Hail begins or ends,

b. Liquid precipitation begins or ends.

¢. Freezing precipitation begins or ends.

d. Sleet begins or ends.

e. Snow begins or ends.

7. Foa: '
a.. Beginning and ending of fog, ground fog, or
ice fog; or a change from one type of fog to
another.
8. SanpsTORM, DUSTSTORM:
a. Is observed within 6 miles of station.
b. Disappears from sight.
9. WiNp aND WIND SHIFTS:

a. Sudden doubling of speed to more than 30
miles” (26 knotls). - - ity

b. Wind-shift.

10. ALTIMETER SETTING:

a. A change in altimeter setting, as shown by a
change in station pressure, at the rate of 0.08
inch or more per hour. (Special observa-
tions taken at 15-minute intervals as long as
this rate of change persists.)

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

SUMMARY OF CRITERIA FOR TAKING LOCAL EXTRA OBSERVATIONS

1. At designated stations at intervals not exceeding
15 minutes, beginning whenever
a. ceiling or visibility decreases to a value equal
+  to or less than the highest air?eaft minimum
applying to the airport. e
b. ceiling decreases to 500 feet or less.
¢. visibility dcereases to one mile 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 conditions do not warrant a special ob-
servation.

3. At any station immediately following any aireraft
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.

113



114

lightning; heavy rain, and possiblﬂ
hail; high winds, exceeding 40 mp

WBAN MANUAL OF SURFACE OBSERVATIONS

INTENSITY CRITERIA FOR
THUNDERSTORMS

Heavy Thunderstorm: Nearly incessant thunder and

of gusts; rapid drop in temperature.

Thunderstorm:

moderate to heav,
(35 knots) at pea

ntensity less than heavy.

INTENSITY CRITERIA FOR
PRECIPITATION

Rate of Fall (hundredths of inch)

Ralnfall Drizz]‘e
Intenstty Per 6-minute P '
interval er hour Per hour
ight. . coeecenn 0.01 orless.......| 0.100orless._..__. Trace to 0.01.
Moderate._...-. Mo're ‘than 0.01- { 0.11-0.30........ M(;).B% . than 0.01~
Heavy..ccoocu-- More than 0.03..| More than 0.30._| More than 0.02.

Visibllity—8now Occurring Alone®

Visibility

Less than 550 y
-| Less than 1100 y
1100 yards or more.

ards

ards but not Jess than 550 yards.

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

Eff. 1-1-49

INTENSITY CRITERIA FOR WIND

Maximum speed of gusts of wind
Intensity
Accompanying
phenomena
Light Moderate Heavy
!

Both precipita- | Does not exceed | Exceeds 24 m. Exceeds 39 m.
tion and a de- 24 m:. p. h, g h. but not . h,
crease in cloud 21 knots. 9 m. p. h, nots.
heights. ) 21-34 knots.

No precipitation | Does not exceed | Exceeds 34 m Exceeds 49 m.
nor decrease in 34 m. p.h. 30 p. h., but not ﬁ h.,, 42
cloud heights, - kaots. 49 mp. h, nots.

30-42 knots. .

]NTENSITY CRITERIA FOR SQUALLS

Maximum speed

of gusts of wind

Description

8peed of gusts

M.P. H.

Knots

Not to exceed 21.

_| 22-34.
More than 34.
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INDEX

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

definition_ . __ . ____ e 7510
determming from altimetfer setting indica~-

tOrS. . 7530
determining from station pressure_.__.____ 7520-1
dissemination. _ - . _________________.____ 10231
requests_ . ..o __ 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.). 301(%3860

Aurora, descnptlon _________________________ 386
Entry on WBAN 10B_._______.________ 11485. 4

Balloon ceiling. (See Ceiling.)

Balloons: .
ascensionalrate______________ ________ Table 4

determining ceiling and cloud 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: .
adjustmentof pen_ ... ________________. 7244
description_. ___ .. ___________ 7240
determining station pressure._.._____..___ 72412
entry of reading on WBAN 10B__________ 11464
time check lines_ .. ._____________._______ 7243
Barograph correction.__ ____.______________.__. 7242
entryon WBAN 10B____________________ 11465
Barometer:
entry of readings on WBAN 10B_________ 11461
Y P8 e e 7010
aneroid:
corrections______ ______________ 7252
description____________________. 7250
reading.___________________.___ 7251-2
mercurial:
adjustable cistern:
correction . _ _____________ 7231
reading__ _.__.__.______.___ 7110-3
fixed cistern:
eorrections.._ - ___._________ 7232
reading__________ ________ 7120-3 |
Baseline, reduced, ceiling observations on.._._. 1441.3
Beaufortseale_ . _._____________.__ e Table 13

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

Buildings, use in determining ceiling and cloud

heights.. - ___.____ e 1445
Ceiling:

definition_ _ . ____ ______ .. _______.____ 1410
changes requiring special observation____ 9134.01
classifieations_________ . ________________. 1430
aireraft_ _ _ _ . ____ . ______.__. 1432
balloon._ . . __ . ____ 1433
estimated__________________________ 1436
indefinite .. ______________________ 1434
measured _ .- _______________________ 1431
precipitation_ - . _____ . ________._.___ 1435

Numbered
Ceiling—Continued section
classification symbols_ .. _._______________ 11103
correlation with visual observation._.____ 1441. 4
determination:
methods_._._________ _________. 1440-7. 2
frequeney. _ . __.__-.______._ 9320~32l, 9370
reportable values.__.___________ el
unlimited. .- _ .. _________. 1410
variable:
definition_ ... ___ . _____________ 1420
indications___________ . ._______ 1441. 1
reporting on WBAN 10A_ _________ 11103. 1
vertieal visibility . . __.________________. 1411
Ceiling light:
USC . e 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
direetion. ... __ . ________.. 11422, 3
height . _________ 11422 4
yPe . - . 11422 2— 21
special, reported in remarks___ Table 29
observation:
amount._________________________ 1100-23
character, dark or thin_ . ____________ 1210
direction_______________ SRR 1310-, 3
height.__ .. ____ . ___________ 1440-7. 2
type_ _ o __ e 1010
Convective cloud diagram, use___.___.________ 1447
Corona, solarand lunar_______ __.__ __ ____. 3830
Corrections to entries on WBAN 10.___.__. 11030-32
transmission. _ . ________________________ 10080
Dark clouds. (See Clouds.) )
Decimals, rule for disposal_____.________ Introduction
Dew, definition______ . __.________________ 3505

Dewpomt temperature.
Direction, clouds.
Dlrectlon obscuring phenomena.

(See Temperature.)
(See Clouds.)
(See Obscur-

ing phenomena )

Direction, wind.

(See Wind.)

Dissemination of observations.____________ 10210-30
Drifting snow. (See Snow.)
Drizzle:
definition_____________________._______ 3441, 2
freezing, definition_ .. _____ ________.____. 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.._ ___________________ . ... 7220
Estimated ceiling. (See Ceiling.)
Freeze. See frost.
Fog bow___ . S S 3850
Fog:
definition_ _ _ . __ . __ . ___ 3501
ground definition___ ____________________ 3502
____________________________________ 3504
shallow, definition_________ . ________.____ 3503
special observations____ . ______________ 9134. 07

temperature and dew point difference during
formation.____.__ . _________________ 01
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Numbered Numbered
section Ob ti i . 1
Form WBAN 10, entries. (See individual ele- segg;égtniz,ngtvr?; ________________________ Sec9(1)1(]30
Frgls?‘,n:z,d eFﬁ;g zc:.lling, visibility, ete.) dissemination:
: CAl - e eemcmeccmmmmnen
fro8t. - - e cmmmam—mmemee = 3506 t(e)al:’cy o LTI 10%3(2)_1-(1)
definition_ -l oo 3506. 1 entry on WBAN 10._._______17 . 11100-15
intensities_______ .- _____.___. 3506. 11—, 12 grouping of elements. _ ... - ____..-_- 10020-70
freeze . order of observing elements_ ___._.__.___-___ 9012
?:tixr]xlsti‘t(i):s ______________ N 3566 2?06.23 29hedufled broadeasts_ __ .- aeooiann- 10220
e 506. 21—, ime of commencing. . - oo cna-- 9013
Frozen ground layer, thickness, entry on WBAN transmission of corrections. . ... 10080
Ghl;(z)?’&ééﬁft'iéﬁ ---------------------------- lé‘é'l/g Obseé}\::ctll{qns, airway, types.. ... ... 9110-60
IGI;,(i)imd fog. (See Fog.) . c{'iteria for taking__ ..o _-__ 9150
: L7 TP 5
definition. . ___._- S 3443. 2 local extra: --en 918
%a::;rﬂ‘lelngél ofsize. .- ______ zggg_g c{iteria for taking. . _______ .. 9140-4
o elements__ - ___ L= 9141. 2
:g}gll, ((ig?:lstxllcz)x; iJ i Es_s _______________ 3443. 3 aircxl'aftlaccident ____________________ 9144
. . i | U
Hailstorms, entry on WBAN 10B______..__. 11485. 1 recorscir:’lg ¢ elemen ' ---- 912
Halo, solar and lunar_ ... __________. 3820 elements. . _.___-__ 9121
Harbor ice, entry on WBAN 10B.__________ 11485. 5 time of tAKING. .. .- . -~ -----_- 9120
Haze, definition o .- ooocomooomaaoooa- 3620 special: T
Heig(};(t);;nsr?&;?ilz) r&laurface: 7410-50 clriteriatfor 17:113) T S 9134~ 11
_________________________ elements. __ oo eeoo__
entry on WBAN 10B____...._ ... 11449 Observation, midnight, evaluation of elements. 938(1)§]i
Humidity, definitions pertaining to, (See also Observations, synoptic:
Relative Humldlty) _____________________ 6010-30 entry on WBAN 10 ... 11200, 11440
HYdlc‘lorgepe?sz ob evaluation of elements_ ... 9380-1
definition._..-.-ooooooooooooooo oo SO OO WBAN I0B._____ .. 114834
precipitation_ - - ____ .. ___ ... 3410-43. 7 repotx;ti]ng of changes in remarks.___.____ Table 29
Hygrograph: symbols_ _ _ oo 11106. 2
YDt IOD - e 6210  Peak gusts_ .o 11471, Table 29
time-check lines. - - ... _______._____. 6220 Pilot reports:
Tee erystals. - _ o woooo oo 3443. 7 COdINg oo mmmm oo oo o e oo m oo oo oo - 10310-27 -
%ce pellets.  (See Sleet.) . dllssemltnatlon_ mmmetommmecoomoo oo 9211, 9215
greous meteors oo oo 3710 elements. ______..---------------o-onoan
Indefinite ceiling. (See Ceiling.) entry on WBAN 10 .. _...—_---- 11300~11. 1
Initials of observer, entry on WBAN 10______. 11115 types...---..------ e 9210
Intermittent precipitation. (See Precipitation.) use in determining ceiling and.cloud heights. . 1444
Landmarks, natural, use in determining ceiling Precipitation:

*and cloud heights . ________________._____ 1446 character . .. oo 3420-4
Layer, definition__ . omma oo 1210 ?Ot?etml'ltotus-t ------------------------ 3421
Layers: . intermittent____ . _ - - 3422

interconnection_ -« o cce oo 1230 showers. .- -.-----ocononooomogs 3423
multiple, evaluation ... __________._ 1220 entry on WBAN S YR TIT T 11106. 11
Lightning: gnttry %n WBAN 10B__ 11444, 11468, 11482,31:1348
definition Of - - - - oo oo 3710 Intensity.-.--.ooo-o-vio-ooonooo-oo g 0-5
entry on WBAN 10B__._._._...... .. 11485. 3 measurement._. .- -----oo-ooo---o- 4010-4230
reporting in remarks. ... - _____... Table 29 BALES -~ oo-ooonooo oo 40
Lithometeors, .-~ ... _.______. 3610-91 e 4020
Local extra observations. (See Observations.) reporting in remarks. . .. .--oooooooo-- Table 29
Lominous Meteors.. - oo oo 3810-60 in special observations_._._.___.__.. 9134. 06
Mensured ceiling. (See Ceiling,) bypes. oo oo 3440-8. 7
Methods of determining ceiling and cloud FECAIME- - oo oo oo oo oo 3442
BOIGNES -~ - e o e oo 1440-7. 2 frozen. - —----cooo-oooo ooy 3443
Missing data: . Pressure: UG- - oo ooom oo e 3441-.2
entry on WBAN 10 .- 11010 it
| definition_ _ ____ . e ie---- 7010
transmission . - - oo oo cce o eeoeen 10021 °
Obscuring phenomena: methods of measurement. .. ..._._-._.._- 7010
ontrs oo WBAN 10: ra.plld fa.{l orrise_ .- ... 7640, Table 29
: sea level:
AMOUNt_ o ooccce e m 11422-. 14 inati
base, reporting 1n remarks. - L. Table 20 Py NSRRI 1 11
g;rieitgon ------------------ 1110373 {1322- 3 _time of determination. . ._._.._._____. 9340
e s 2 e 1 station: -
,8ymbol_ _ o . etermination___._____ . ______.___ 7210-60
. ’w’pte'----fj -------------- 11422. 2, 11422. 21 entry on WBAN 10B.____._._______. 11417
o seg\;ﬁ.oll(;ltoe.v aluating sky cover 1123 entry of computation on WBAN 10B. 11458
directiox,l___-_____.___________::::::: 1320 tendency, determinati f ct isti 65
}txﬁgght (vertical visibility)_____. 1411, 1441, 2 a¥1’d amount_a_ -1c_)1_10~ (_3_123.1-‘8-.0—t-(3-1'l-s—ti(i 7610-40
1 TP 1210 entry on WBAN 10B______________ 11436-7
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Numbered
Psychrometers: section
reading oo 5151—. 5
tyPes. e eeeoeo-- 5150
Psychrometric slide rule, use_ ... ____________ 6120
Psychrometric tables, use. . _._____________ 6130-1. 2
Radiosonde balloons. (See Balloons.)
Rainbow.____ L 3840
in:
definition _ . _ ... .. ____ 3441. 1
measurement__ . ___ . __._____________ 4040-1
freezing:
definition_ ________________________ 3442. 1
measurement___. _______________ 4050-4053
Record observations: see Observations
Relative humidity:
computation_ _ .. _________.___.__ 6120-31. 2
definition_ __ .. _______.________________._ 6030
entry on WBAN 10B_____________._._____ 11420
from hygrograph__._ . ______________._____ 6210
Remarks
entry on WBAN 10A______._________. 11114-. 6
entryon WBAN 10B.________________ 11485, 8
Rime, soft and hard, definition_ _____._______ 3507-. 2
River gage, entry of reading on WBAN 10B___ 11477
Rule for dlsposal of decimals._ . ... ____ Introduction
Sand, blowing, definition_.____._______________ 3680
Sandstorm:
definition_ ___.________________________. 3690
heavy (severe), definition.___.__________.__ 3691
special observation___________________. 9134. 08

Sea, state and direction, entry on WBAN 10B__ 11451

Showers. (See Precipitation.)

Sky condition. (See Sky cover.)

Sky cover:
definition_.________________ . _._.__.___. 1110
entry on WBAN 10A_________ . _________ 11104
estimation:

with advancing or receding cloud layers. 1120

with continuous layer surrounding
station_ - _____ . ___________.____ 1121
with obscuring phenomena___________ 1123
with uneven distribution.____________ 1122
evaluation, with ceiling light____________. 1110
reporting of multiple layers in remarks.. Table 29
special observations required..______.__ 9134. 02
symbols_ _ ___ .. _.___.________________. 11104
S total entry on WBAN 10B__________.___ 11421
eet
deﬁnition _____________________________ 3443, 1
measurement.. ... ________.___________ 4050-3
Smoke, definition. __ ... ______.._. .__._.. 3630
Snow: .
definition_ . _______________.____._._.____ 3443. 4
depth:
entry on WBAN 10B__________ 11446, 11470
measurement________.____________ 4210-30
estimation of water equivalent____________ 4110
measurement___..____.______________.__ 4050-3
blowing, definition______________________ 3509
drifting, definition . __._._______________ 3508
Snow grains_ oo ee . 3443. 6
Snow pellets_ _ . _ ... _._. 3443. 5
Snowfall, entry on WBAN 10B_________ 11445, 11469

Snow. surface temperatures. (See Temperature. )
Special observations. (See Observations.)

8qualls:
definition_ ____ . ________________________ 3310
entry on WBAN 10A________________. 11106. 12
intensity criteria.._ . ___ .. _________... 8320
State of ground, entry on WBAN 10B_._...___ 11450
Statistical data, entry on WBAN 10________ .. 11020
Summary of dav entry on WBAN 10B_____ 11466-77
Sunrise and sunset, character, entry on WBAN
10B__ ... ____. e 11485. 8

Surf,entryon WBAN 10B___. ... .. ___._.__ 11464
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Numbered
Swell: section
height and direction, entry on WBAN
100B ... 11452
period, entry on WBAN 10B_____________ 11453
Synoptic observations, entry on WBAN 10B_ 11440-65
Telethermoscope, deseription___________._.___ 5180
Temperature:
attached thermometer, entry on WBAN
10B._ . 11460
dew point: :
computation_ _ ___________.______ 6120-31. 2
definition_ ___ .. _.________ ... .__. 6020
reporting._ _ ..o o .. 11109
dry-hulb:
, definition._ . ___________ ... ._._.._ 5120
entry on WBAN 10A__.________.___. 11108
entryon WBAN 10B.________._______ 11418
maximum:
entry on WBAN 10B_____.___. 11447, 11467
obtaining__ ______ .. _______.._____ 5161-3
minimum:
entry on WBAN 10B____. ____ 11447, 11467
obtaining . _ - ____________________. 5171-3
seale__ _ .o __ 5010
soil, entry on WBAN 10B_________._._____ 11456
snow surface_ _ __ . _____.__.____._..___ 5310-40
entry on WBAN 10B____________.__ 11485. 6
exposure of thermometer_____________ 5320
water_ _ . oa_-- 5410
entry on WBAN 10B_ __ ____________ 11455
wet-bulb:
definition. . . _ . .. ._ 5130
depression. _ - ____________________ 6110-. 1
entry on WBAN 10B_ ______________ 11419
methods of obtaining__._.__________ 5131-. 3
Thermograph:
deseription__.__ . __________________._.__ 5210
readings _ ___ ____________ . _.___ 5211
time-check lines_ _ . _____ . _________ 5212
Thermometers:
corrections. _ . o oo _________.._ 5140-2
reading._ _ e ____. 5110
Y PeS et - 5020—. 3

maximum, deseription_....__________

minimum, deseription_ ______________ 51
Thickness of ice on wa.ter entry on WBAN 10B. 11474
Thin clouds. (See Clouds)

Thin obscuring phenomena. (See Obscuring
phenomena.)
Thunderstorm:
definition. _ ... _____. 3210
entry on WBAN 10A_________________ 11106. 13
entry on WBAN 10B____________.________ 11482
inbensity _______________________________ 3230
_____________________________ 3233
llght (shght) _______________________ 3231
moderate _ - - .o 3232
observation_ ___________________________ 3220
remarks required____ .. ____._.._.____ Table 29
special observations___________________ 9134. 05
Time:
eonversion to GCT______________________ 11042
entryon WBAN 10A______________._____ 11102
entryon WBAN 10B____________________ 11416
Greenwich Civil Time. . _ ... ____._..____ 11041
Tornadoes:
deseription__ ______ . _______ . ._._.._. 3110
entry on WBAN 10A_______________._ 11108. 14
entry on WBAN 10B_...______._______ 11485, 2
observation_ . _ . . ______ ... ___.____._ 3120
reporting in remarks_____._____.__.___ Table 29
special observations_______.________.... 9134. 04
Transmission, teletype, coding___..________ 10120-40
Type of observatlon abbreviations.__________ 11101

Unlimited ceiling. (See Ceiling.)
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Var{able ct?ll.m.g.. (See Ce]ll'n'g.? ' N‘s‘.f’c‘t?f,’?d Weather: ) N;?t?g;:d
Variable visibility. (See Visibility.) entry on WBAN 10A. (See also individual
Velocity, wind. ... e 8010 elements, e. g, Thunderstorm, Snow, "

i isibility. (See Visibility. €8C.) e e e 08
V?r-tl??l visibility. v intensity symbols____. s 11106.1
Visibility: : Wet-bulb temperature. (See Temperature.)

control tower. .- - e 11105. 3 Wind:

definition . _ _ . .-~ 2010 character:

in a definite direction.____ ... -.-- 2210 P 8310

guides in determining. .. - ----------- 2110-60 entry on WBAN 104, col. 10-12_____ 11112,

nonuniform, determination by sectors..___ 2320 ) 111121

revailing: ' in remarks.__

Y eBMItIOn - oo - e oo nes 2310 direction: Table 29

entry on WBAN 10A______._ 11105, 11105. 2 QBN - - - oo 8110

reportt}ble values. ... Table 25 entry on WBAN 10A_______.._.____. 11110

reporting by quadrants. ... Table 29 instrumental determination.________ 8130-5

specials required-... . ---oooocooooooo- 9134. 03 non-instrumental determination______ 8120

variable: - ' ghifts:

- definition _ _ _ . _ ..o 2310 AOAMION - - oo e 8330

entry on WBAN 10A_____ 11105. 1, Table 29 de8eription. - - - oo ool 8330-5

vertical.  (See also Ceiling and Obscuring intensity CriboTit. - - oo oo 8335
phenomena.) o - ooooeeooeann 1410, 1411 YEPOTEING - - - - oo oomoomo 11112 2
Visibility markers: i special obgervations_ ... ... __ 9134. 09

chart__ . e 2110 speed, definition. .. .. ___._____ 8210

daytime_ - - oo 2130, 2150 Wind, speed: ;

distinctmess._ .- - ooo-ooooeoeooooo 2160 instrumental determination____..____.__. 8230-5

nighttime_ oo 2120, 2150 non-instrumental determination. . _._____ 1 8220

BIZ€ . oo 2140 F@POTHIDG - -~ o -~ = mmm e mmm e 11111
Waterspouts. (See Tornadoes.)

special observations_ . ooo_.__ 9134
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CHAPTER A16. SOLAR RADIATION

A16000, OBTAINING THE RECORD

A16010. General.—Solar radiation is recorded as a continuous trace and, in
some installations, is also integrated on a watt~hour meter. Two types of
recorders are in general use: The roll-chart type (see Fig, A16-1), whose
records are described in par, Al16120; and the circular-chart type (see Fig,
A16-2), whose records are described in par, A16130, Recorders will be left
in continuous operation, except that the chartwdrive switch on the strip-
chart recorder may be turned off during the interval beginning one hour
after sunset and ending one hour before sunrise during seasons when an ap=
preciable saving in paper would be effected, Do not turn off the chart-
drive switch during a standardization cycle (see par, Al6L21).

216020, Time Standard,—-All time and date entries on solar radiation
records and summary forms are in terms of True Solar Time (T.S.T.)e To
convert qtandard zone time to true solar time:

(1) Determine the number of degrees and minutes of longitude
that the station is east or west of its standard meridian;
i.e., the 75th, 90th, 105th meridian, etce

(2) Convert mimites of longitude to quarters of degrees with

Table Al6-1,
TABLE A16-) CONVERSION FROM MINUTES TO DEGREES
Minutes Degrees
0! « 79 0°
8t - 22! 1/4°
23! - 37! 1/2°
38! - 52° 3/k°
53 = 59! 1°

(3) Using the appropriate date and the value of longitude to
degrees and quarters as detemmined in (1) and (2), find
the corresponding tabular value in minutes from Table A6=2,
Interpolate for the fractional degree.

(4) Add algebraically the value determined in (3) to the standard
time to obtain the corresponding true solar time.
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Example
Given: Station Longitude, 77°35'W.

Time, 5:00 asme, 75th meridian time,
Date, Jamary 1.

Determination of true solar time for the station:

(a)
(v)
(e)

(d)

77° 35% mimus 75° 00! equais 2° 35' W,

2° 35% corresponds to 2-1/2° (Table Al6=-l).

The correction for January 1 at 2-1/2° W from
Table Al6w? is =1l mimites,

5300 L,S.T, minus 1k minutes is L:L6 T.S.T.
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Fig. Al6-1l. Roll-chart recorder Fig. Al6-2, Circular-chart recorder
(full length) (full length)



A16-L

Addendum to Circular N, 6th Edition

Equation of time values (Apparent-Mean) based on figures taken from the
1942 American Fphemeris and Nautical Almanac (for Washington Apparent Noon).

Table Al6-2.

Number of minutes to be added algebraically to

local standard time to obtain true solar time,

Number of Degrees EAST of Meridian.

Number of Degrees WEST of Meridian.
6

Date | 8 7 L 3 2 1 0] 1 2 3 L c 6 7 8] Date
Jan, Jan.
1-3 |-36 -32 =28 -2 -20 -16 -12 -8 | -L o] L 8 12 16 20 2L 28] 1-3
45 =37 =33 -29 -25 212 -17 =13 -5 | -5 | -1 3 7 11 15 19 23 27} L-5
6-7 |-38 -34 =30 -26 -22 -18 -1 -10| =6 | -2 2 6 10 14 18 22 26| 61
8-9 |-39 -35 =31 =27 =23 =19 -15 -11| -7 | -3 1l S 9 13 17 21 25| 89
10-12|-Lko -36 -32 -28 -2 -20 -6 -12/ -8 |-L o L 8 12 16 20 2 ﬁoblz
13-15f=l) =37 =33 =29 -25 -1 -17 -13| -9 |-5 -1 3 7 1 15 19 23[13-15
16-18|-k2 -38 -3 =30 =26 ~22 18 <li| -10| -6 =2 2 6 10 1 18 22[16-18
19-21|-L3 =39 =35 =31 <27 =23 ~19 =15| -l1| -7 =3 1l 5 9 13 17 21|19-21
22.25]-4L Lo -36 -32 -28 -24 -20 -16|-12/-8 <4 O 4 8 12 16 20[22-25
26-30]-LS U1 -37 =33 =29 =25 21 -17| -13| -9 &5 -1 3 7 1 15 19|26-30
3 <46 =42 =38 34 =30 =26 -22 -18! -1h4| 10 6 -2 2 6 10 1 18|31
Feb. Feb,
1-23 |-46 =42 =38 34 -30 26 -22 18| -1 -10 =6 =2 2 6 10 14 18( 1-23
24-28|-k5 -l 37 -33 -29 -25 -21 -17|-13|-9 -5 -1 3 7 11 15 19[24-28
Mar. Mar.
1-5 |-hi <40 -36 -32 -28 -2 20 ~16|-12|-8 -4 O k 8 12 16 20| 1-5
6-9 |-43 =39 =35 =31 =27 -23 -19 15| -l1|~7 -3 1 5 9 13 17 21| 6-9
10-13{-42 =38 34 -30 -26 -22 -18 -14| -10| -6 -2 2 6 10 1) 18 22[10-13
1-17]-b1 =37 -33 =29 28 21 =17 13| -9 {-5 -1- 3 7 11 15 19 23[14-17
18-20|-40 -36 -32 -28 -2, -20 -16 -12|-8 |-b O L 8 12 16 20 24)18-20
21-23)-39 -35 =31 =27 =23 -19 -15 -11| -7 | -3 1 5 9 13 17 23 25]21-23
24-27|-38 =34 =30 =26 -22 -18 -1l -10| =6 | =2 2 6 10 14 18 22 26227
28-30|-37 -33 =29 -25 -21 -17 -13 -9 |5 [-1 3 7 11 15 19 23 27|28-30
31 =36 <32 -28 -2 -20 -16 -12 B |4 0 L 8 12 16 20 24 28|31
Apr. Apr.
1-2 |-36 -32 -28 -2, -20 -16 -12 -8 |-L4 | O k 8 12 16 20 2, 28| 1-2
36 |35 31 -27 =23 -19 <15 -11 -7 [-3 |1 5 9 13 17 2 25 29 3-6
7-9 |34 -30 -26 -22 -18 -14 =10 -6 |2 2 & 10 14 18 22 26 30| 17=9
103}33 29 -25 -21 -17 -13 -9 -5 (-1 | 3 7 1 15 19 23 27 31110-13
14-17|-32 -28 24 -20 -16 ~12 -8 L | O L 8 12 16 20 24 28 32]1Lk-17
18-22{~-31 =27 =23 -19 =15 =11 -7 =3 1 5 9 13 17 21 25 29 33]18-22
23-27]-30 -26 -22 -18 <l -10 -6 =2 2 6 10 1 18 22 26 30 34} 23-27
28-30 -26 221 17 <13 =9 =5 -1 3 7 1 15 19 23 27 31 35| 28-30

=29




Eff, 1-1-51

Addendum to Circular N, 6th Edition

Table A16-2 -~ continued.

Equation of tims values (
1942 American Ephemeris and

Number of mimites to be added algebraically to
local standard time to obtain true solar time,

Apparent-Mean) based on figures taken from the
Nautical Almanac (for Washington Apparent Noon).

Number of Degrees WEST of Meridian. Number of Degrees EAST of Meridian.
Date [ 8 7 6 L 3 2 1 | 0] 1 2 3 L 5 6 1 § | Date
May ' May
16 |-29 =26 -22 <17 -13 -9 -5 -1 [ 3| 7 1 15 19 23 27 3l 35 | 1-6
7-21 |28 . -2k -20 -16 -12 -8 -4 O | 4 | 8 12 16 20 24 28 32 36 |7-21
22-31(=29 =25 =21 -17 -13 -9 =5 -l 3 7 1 15 19 23 27 31 35 |22-31
J\mo» ) June
1-6 |-30 26 =22 -18 -1 -10 -6 =2 2 6 10 1 18 22 26 30 3L |16
7.11 |~31 =27 -23 =19 =15 ~l1 -7 -3 1 S 9 13 17 21 25 29 331 7-11
12-16|-32 -28 -2k -20 <16 -12 -8 -4 | ol L 8 12 16 20 24 28 32 |12-16
17-20|=33 =29 =25 =21 =17 =13 -9 <=5 |-l 3 7 11 15 19 23 27 31 |17-20
21-25|-34 =30 -26 =22 -18 -1k =10 -6 |=2 2 6 10 1k 18 22 26 30 {21-25
26-30[|-35 =31 -27 =23 =19 -5 -1 -7 |-3 1 5 9 13 17 21 25 29 [26-30
. July
1-8 |[-36 -32 -28 -24 -20 -16 -12 -8B |-k | O L 8 12 16 20 24 28 | 1-5
6-12 (=37 =33 =29 =25 ~21 -17 =13 -9 -5 | =1 3 7 1 15 19 23 27 | 6-12
13-31|-38 -34 -30 -26 =22 -18 -l -10|-6 | -2 2 & 10 1, 18 22 26 [13-31
Aug. Aug.
1-8 |-38 -34 -30 -26 -22 =18 -1l -10| -6 | -2 2 6 10 % 18 22 26| 1-8
9.1l {=37 =33 ~29 =25 =21 -17 =13 -9 |=5 | =1 3 17T 1 15 19 23 27 | 9=l
15-19|-36 -32 -28 ~24 -20 -6 -12 -8 -l 0 L 8 12 16 20 24 28 [15-19%
20-23|-35 -31 -27 -23 -19 -15 -11 =T |3 1 % 9 13 17 2 25 29 |20-23
2-27|-3 ~30 =26 -22 -18 -1 -10 =6 | -2 2 6 10 14 18 22 26 30 {24-27
28-30|-33 -29 -25 -21 -17 -13 -9 =5 |-1 3 7T 11 15 19 23 27 31 |28-3¢C
31 -32 -28 -2 -20 16 =12 -8 -k 0 L 8 12 16 20 24 28 32 |31
Sept. Septa
1-2 [=32 -28 =24 -20 -16 =12 -8 <~k | O b 8 12 16 20 24 28 32| 1-2
3= [-31 -27 -23 -19 -15 -11 -7 =3 1 S 9 13 17 22 25 29 33| 35
-8 |-30 =26 -22 -18 -1 -10 -6 -2 2 6 110 1, 18 22 26 30 34 | 68
911 |-29 =25 -21 «17 =13 ~9 -5 -1 [ 3 T 11 15 19 23 27 31 35| %1
12-1} ‘-za -2, -20 <16 -12 -8 -4 O L 8 12 16 20 2, 28 32 36 [12-1k
15-17-27 -23 -19 -15 -1 -7 -3 1| 5| 9 13 17 2o 25 29 33 37 ({1517
18-20|-26 -22 -18 -1 -10 -6 -2 2| 6 |10 1, 18 22 26 30 3L 38 1820
1-22}-25 =21 ~17 =13 -9 -5 -1 3 7 |11 15 19 23 27 31 35 39 |21-22
23.25|-2L -20 <16 <22 -8 -4 o L | 8 |12 16 20 2, 28 32 36 L0 |23-25
26-28l-23 19 <15 -11 -7 -3 1 5| 9|13 17 2 25 29 33 37 l1 |26-28
29-30{-22 -18 -1 -10 -6 -2 2 6 |10 |1k 18 22 26 30 3L 38 L2 (29-30




Eff, 1-1-51

A16~6 Addendum to Circular N, 6th Edition

Table Al16-2 - contimued. Number of mimutes to be added algebraically to
local standard time to obtain true solar time,

Bquation of time values (Apparent-tiean) based on figures taken from the
1942 American Ephemeris and Nautical Almanac (for Washington Apparent Noon),

Rumber of De, WEST of Meridian L Number of De T of M

Date | 6 7 T'E%EE"H 3 2 1] o 1 2 3 7 Date
Oct. Oct.
1 =22 -18 -1 10 -6 2 2 6l10714 18 22 26 30 34 38 42 |1
2-5 |21 <17 ~13 -9 =5 =l 3 7111|115 19 23 27 31 35 39 L3 |2-5
6-8 |-20 -16 -12 -8 =4 o] L 8112 |16 20 24 28 32 36 LO L | 6B
%12 |[«19 =15 -11 =7 =3 1 5 911317 A 25 29 33 37 la U5 | 912
13-16|-18 -1, -10 -6 =2 2 6 10 |14 |18 22 26 30 3L 38 L2 L5 [13-16
17-22]|=17 =13 =9 =5 =1 3 7 1|15 |19 23 27 3N 35 39 W L 17-22
23-31{-16 -12 -8 -4 © L 8 1211620 24 28 32 36 Lo Li k8 |23-31
Nov. Nov,
1-1l [<16 =12 -8 =i o} L 8 12|16 |20 24 28 32 36 4O Lk L8 | 1-1h
15-19(-17 =13 -9 -5 =1 3 7. 11|15 |19 23 27 31 35 39 L3 L7 [15-19
20-23]-18 -1 =10 -6 =2 2 6 10 |1k |18 22 26 30 34 38 L2 L6 |20-23
24-26{-19 =15 -11 =7 -3 1l s 9113 |17 24 25 29 33 37 la LS |2b-26
27-29|-20 -16 <212 -8 4 o0 L 8|12 |16 20 24 28 32 36 L0 L |27-29
- 30 «21 217 =13 =9 =5 1 3 7|11 19 23 27 31 35 39 L3 |30 K
M' ’ m.
1-2 |=21 =17 <13 =9 -5 -1 3 7|11 (15 19 23 27 31 35 39 U3 |12
34 |=22 18 -1 =10 -6 =2 2 611014 18 22 26 30 34 38 L2 | 3-h4
5=7 (=23 <19 -15 -1 =7 -3 1l 1 913 17 264 25 29 33 37 L1 | S-7
8-9 |=24 =20 <16 -12 -8 -4 0 L 8|12 16 20 24 28 32 236 Lo | 8-9
10-11/-26 -21 -17 -13 -9 -5 -1 3| 7 (11 15 19 23 27 31 35 39 |io-1
12-13)-26 -22 -18 -1 ~10 -6 =2 2 6 110 1 18 22 26 30 34 38 |12-13
14-15 =27 =23 =19 =15 -1 =7 =3 1 s 9 13 17 20 25 29 33 37 |14-15
16-17[-28 -2 =20 -16 -12 -8 =4 O L 8 12 16 20 24 28 32 36 |16-17
168-19[-29 -25 -21 ~17 ~13 -9 =5 -1 3 7 1 15 19 23 27 31 35 |18-19
20-21 <30 =26 -22 =18 -1 -10 -6 =2 2 6 10 14 18 22 26 30 34 [20-22
22-23]=31 -27 ~23 =19 <15 =11 -7 =3 1 [ 9 13 17 22 25 29 33 |22-23
225 =32 -28 -2, =20 16 =12 -8 4 0 L 8 12 16 20 244 28 32 |24-25
26-27|-33 -29 =25 21 =17 =13 -9 =5 | =1 3 7 11 15 19 23 27 31 |26-27
28-30|-34 =30 =26 =22 -18 -1} =10 -6 | =2 2 6 10 1 18 22 26 30 28/-30
31 35 =31 =27 =23 <19 =15 =11 -7 | -3 1 5 9 13 17 212 25 29 (31 ¢
[
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A16030, Adjustments for Time,~-Check and adjust the chart for time between
sunrise sunset as frequently as necessary to maintain the position of
the pen within + two minutes of the true solar time (see par, A16020).

Time 1ines on roll charts are printed on the chart at ten-minute intervals.
The wider of these lines are spaced thirty mimtes apart, Adjust this type
of chart so that the beginning of an hour corresponds to one of the wider
time lines, Adjust circular charts so that the time of the records corres-
ponds to the appropriately-labeled, radial time line, At each point of ad-
Justment, and at sunrise, or as soon as practicable thsreafter at stations -
where personnel are not on duty at that time, enter a short time check "V'"
and the true solar time, When an adjustment of more than two minutes is
made after the beginning of record each day, enter the amount and sign of
the correction in parentheses,

A16040. Functioning of Equipment.--~Inspect the record daily, and more
often if necessary, to determine whether the trace is satisfactory, Test
for malfunctioning of the equipment or a change in the condition of expos-
ure of the pyrheliometer whenever the pattern described by the trace de-
parts widely from patterns made previously under similar meteorological
conditions, (See Sections A16300 and A416400.)

A16100, EVALUATING THE RECORD

A16110, General.--Observations of total solar and sky radiation received
on a horizontal surface are evaluated in terms of langleys (gram-calories
per square centimeter), Estimations of data for periods of missing or
erroneous record are made in accordance with instructions for the type of
recorder in use. When data cannot be estimated for periods of missing or
erronecus record, entries for these periods will be omitted from the sum-
mary prepared on Form 1091A, Note that an entry may be required later in
accordance with par, A16215,1.

A16111. Erroneous Records,—The following conditions are indicative of
erroneous records: '

(1) A stationary pen as evidenced by a record of unvarying
intensity,

(2) Time lag in the response of the pen to cloud changes
that normally cause an abrupt change in the pen position.

(3) An abrupt increase in the indicated amount of radiation
following the removal of ice or other foreign matter,

When slight accumulations of frost, ice, etce on the bulb make it imprac-
ticable to determine whether an increase in radiation results from cleane
ing the ulb, enter the nature of the conditions and the time of their
beginning and ending adjacent to the questionable record,
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A16120, Roll Charts.—When a portion of the record is unsatisfactory (miss-
ing or appears erroneous,see par, Al6111), estimate the trace corresponding
to the time interval of the unsatisfactory record provided (1) the sky
condition during the interval was substantially the same as it was immedi-
ately preceding and following the interval, and (2) the interval is of two
hours duration or less, Sketch the estimated trace on the chart as a
smoothly interpolated curve connecting the ends of the satisfactory record.
When the period of unsatisfactory record includes the beginning or emnd of
measurable radiation for the day, estimate the normal time of the beginning
or end of radiation from inspection of representative records on preceding
and following days, At this estimated time on the zero reference line on
the chart, plot one end of the estimated trace,

A16121, Hourly Radiation,—Hourly radiation data will be computed fol-
lowing the evaluation of the radiation for each twenty minutes of record.
The record will be evaluated with a transparent evaluator graduated from
0 to 4O in increments of one langley per twenty minutes, The evaluator
may be used directly with records from l0-junction pyrheliometers, When
the evaluator is used with records from 50-junction pyrheliometers, the
readings from the evaluator must be multiplied by a factor obtained as
specified in 6(b) to provide radiation values in tems of langleys per
twenty mimtes, Hourly radiation values in langleys will be computed for
each hour of record (including hours in which all or part of the record is
estimated) as follows:

(1) Lay one side of the evaluator lengthwise along a time
line corresponding to the beginning of a 20-minute
period. Note that the width of this scale 1s such
that when one side coincides with the time line at the
beginning of a 20-minute period, the other side coine
cides with the time line at the end of the period,

(2) Move the evaluator parallel to the two time lines until,
on each side of the 0,0 line of the scale, equal areas
are bounded by the trace, the respective time lines, and
the 0,0 line of the scale, (See Fig. Al6=3).

(3) Draw a line across the entire 20-mimite period, coincident
with the 0,0 line, after adjustment (2) has been made,

(4) With the evaluator in the position described in (2), read
the scale to the nearest tenth of a division at the inter-
section of the scale with the zero~radiation line on the
chart

(5) When a 10-junction pyrheliometer is used, the hourly
radiation is the sam of the three scalar readings for the hour,
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(6) When a 50-junciion pyrheliometer is used, (a) compute the
sum of the scalar readings in each hour, (b) divide the
calibration constant for the 1O-junction pyrheliometer by
the constant for the 50-junction pyrheliometer, and (c)
multiply the quotient obtained in (b) by the sum obtained
in (ag. The result is the radiation for the hour in
langleys, The calibration constants are entered on the
standardization sheet furnished with each instrument,

Example

Given: Sum of the 3 scalar readings during a solar hourj 112,7
Calibration constant for 1l0O-junction pyrheliometer of 2416
Calibration constant for 50-junction pyrheliometer of 6,52

Commntation: 2,16 x 112,7 = 37.3 langleys
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Fig. A16-3.

Roll-chart record (section - with evaluator)
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A16122, Chart Entries (See Fig. Aléml).—-Entries are made as follows:

(1) Between the O-line and 5-line, enter the true solar hour on
the corresponding time line,

(2) Parallel to, and between the 90— and 100-lines, and near each
noon~line, enter the station name and date.

(3) Between the 10- and 20-lines and near the midpoint of each 20
minute interval, enter the appropriate scalar readings. Enter
readings obtained entirely or in part from an estimated record
in parentheses, Make no entry for periods for which radiation )
has not been computed in accordance with par, Al6121.

(4) Between the 5= and 10=lines, and near the midpoint of each
solar hour interval, enter the corresponding value of hourly
radiation, Enter, in parentheses, values that include any
estimated data, When the entry of radiation for one or more
of the 20-minute periods of a given hour has been omitted &8 in
(3), omit the entry of rediation data for the corresponding hour.

A16130. Circular Charts.——When malfunctioning of the equipment is indicated,
data for The days alfected will be regarded as missing. The dally total read
from the watt-hour meter will be regarded as "missing" only if it appears
reasonably certain from the characteristics of the trace that the indicator
reading is incorrect (see par. A16111), When the faulty record results only
from mechanical failure of the pem, such as depletion of the ink supply, the
reading of the meter will be assumed correct.

A16131. Reading the Indicator.——Read the indicator to temths, nightly,
between sunset and sunrise, The indicator consists of four circular dilals
(see Fig, A16-5). From left to right, the four dials indicate thousands,
hundreds, tens, and units, respectively, Tenths are estimated from the
fourth dial, Note that the indexes of the first and third dials rotate
counterclockwise, whereas the indexes of the second and fourth dials rotate
clockwise, When an index is between two numbers, the lower value is taken
as pertaining to the dial readinge A complete revolution of the index on
one dial will advance the index on the left adjacent dial by one division.
When reading the meter, reconcile readings of adjacent dials, esge, if the
index on one dial were close to six and the index on the next dial on the
right close to eight, the reading of the fommer would be five and not six.

A16131.1 To avoid errors in reading the indicator meters, observe the
following pr ecautions:

(1) If practicable, have the reading verified by another observer;
if not, recheck the rpading.
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(2) Compare the data for consistency with data on preceding days
when cloud conditions were similar, When an inconsistency is
noted, examine the recorder record to ascertain whether the
inconsistency was actually caused by variations in radiatien,
or by an erroneous reading,

w T
O (0]
8 /2
7 3
6 4

Reading: 4205.0

Thousands Hundredas Tens Urmits & Tenths
Reading: 3527.8

Fig. Al16-5, Watt-hour meter

216132, Chart Entries (See Fig, A16~6).—Entries are made adjacent to the
midnight time lines as ows?

(1) Concentric with and below the 50-line enter:
éa; The integrating~indicator reading for the day,
b) The difference between the indicator reading
recorded in (a) and the indicator reading
for the preceding day.
(¢) The total solar radiation for the day to tenths
of langleys (see par, A16133 and A1613L).

(2) Concentric with and between reference lines 70 and 0, emter the
station name and date.
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Fig. Al16-6, Circular-chart record

416133, Computation of Total Solar Radiation - 10-Junctdon heliometers,—
When a 10-junction pyrheliometer is in use, obtain the total solar radiation
in langleys by multiplying the difference referred to in par. 216132 (1(b))
by the conversion factor usually stamped on a plate beneath the dials of

the meter. :
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Examgle

Given: Daily reading of 9291,3
Readings on preceding day of 927he7
Conversion factor 6,787

Computation: 9291.3 minus 927h4,7 = 16.6
16,6 multiplied by 6,787 = 112,7 langleys

Chart Entries: 9291.3
16.6
112,7

M6134, Computation of Total Solar Radiation = S0-Junction Pyrheliometers,-—-
When a 50-junction pyrheliometer is in use, obtain the total solar radiation

in langleys as follows:

(1) Multiply the difference referred to in par. 416132 (1(b))
by the conversion factor specified in par. A16133.

(2) Multiply the product obtained in (1) by the calibration con-
stant of the 10=junction pyrheliometer,

(3) Divide the result obtained in (2) by the calibration constant
of the 50-junction pyrheliometer, The quotient is the total
solar radiation in langleys.

Note: The calibration constant is entered on the standardization sheet furw
nished with each pyrheliometer,

Examgle

Given: Daily reading of 7647.2
Reading on preceding day of 75L6.2
Conversion factor of 6,243
Calibration constant for 10-junction pyrheliometer of 2,16
Calibration constant for 50-junction pyrheliometer of 6,52

Computations: 76L7.2 minus 754642 = 1010

—%!%g multiplied by 6305 = 208.9 langleys

Chart Entriess 764742
10,0
208,9
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A16200, SUMMARY DATA

A16210, General.——Solar radiation data will be entered on Form 1091A, Solar
and Sky Radiation Measurements, Entries will be made with a 3H drawing

pencil or equivalent and the form will be prepared in triplicate, The entries
are grouped into periods of seven days, except that the summary for December
and, during leap year, for June, will comprise data for three seven-day peri-
ods and one eight-day period.

A16210,1. Mean Datas=—When the computation of the mean value of a group of
entries is required, compute the sum of the entries in the group and divide
the sum by the number of entries in the group. Include entries of estimated
data in the computation of mean values, Mean values that include estimated
data will be entered in parentheses, Mean values of hourly radiation that
are also entered as estimated hourly radiation for hours of unsatisfactory
record in accordance with par, A16215,1 will not be entered in parentheses
when entered as mean values, When means cannot be computed because of miss—
ing data, enter an "M" in lieu of a numerical entry.

A16210,2, ht-Day Periods.—Entries for the eighth day of an eight-day
period will e en‘EerEcI on the line labeled "Means", Enter the date in the
space labeled "Means"” and delete "Means", Label the next lower line "Means®
and enter the mean data for the period on that line,

A16210,3, Verification of Computations,——At stations equipped with roll
chart recorders, verily each computation of the mean value of totalwdaily-
radiation entries by computing the sum of the corresponding entries of mean
hourly radiation,

A16211, Station Name and Date,—Enter the station name and the dates of
the first and 1ast entries in the spaces provided at the top of the form,

A16212, Dates of Entries,~—The periods covered by the summaries accord
as nearly as possible with calendar months, The date of the first entry
on each summary form will be determined from Table Al6e3,

Table Al6=3 - Starting Dates of Summaries

Month Date of First Entry | Date of Firast Entry
(Common Years) (Leap Years)
Jan, Jan, 1 Jan, 1
Feb, Jan, 29 Jan, 29
mr. Feb. 26 F‘b. 26
Apr. Apr, 2 Apr, 1
May Apr. 30 Apr. 29
June June 4 June 3
July July 2 - July 2
Aug, July 30 July 30
Sept, Sept, 3 Sept, 3
Oct, Oct. 1 Octe 1
Nov, Octe 29 Octe. 29
Dec. Dec, 3 Dec, 3
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A16213., Hourly Radiatione~-Hourly radiation entries are made at stations
equipped with roll-chart recorders. In the spaces provided, enter the date
and, to tenths of a langley, the corresponding hourly radiation values from
the evaluated record charts (see par, Al6122) for the hour ending at the
time indicated at the top of each column, Inter estimated data in paren-
theses, Omit entries for hours for which data are missing except as spec-
ified in par, A16215,1, If the data for an entire day are missing, enter
the reason for the missing data in lieu of the data,

A1621), Daily Total Radiation,—At stations equipped with roll=chart re-
corders, enter, to tenths, under the caption "Daily Total", the sum of all
the hourly data (recorded and estimated) for each day, If the sum for any
day contains more than three percent estimated data (i.e,, hourly data
entered in parentheses) enter the sum in parentheses, When hourly radia-
tion entries for any portion of a day are omitted in accordance with

par, A16213, enter an "M" in lieu of a daily total,

A16214,1, At stations equipped with a circularwchart recorder and an
integrating indicator, enter daily-totale-radiation values s to the nearest
tenth of a langley, in chronological order under the caption "Daily Total";
and enter the corresponding dates similarly under the caption "Dates", If
the daily total is missing, enter an "M" (see par. A16130) and the reason
for omission of the total,

A16215. Means of Hourly Radiation.--Means of hourly radiation w1l be
computed only for such periods as satisfy the following conditionss

(1) Form 1091A must include numerical entries of daily total
radiation for four or more days of the period,

(2) Total daily radiation pertaining to each of at least four
days must not include more than three percent of estimated
hourly data (as entered in parentheses) for any single day.

A16215.1, If sufficient data are available for the computation of means,
but hourly radiation values for a portion of one or more days are missing,
and cannot be estimated in accordance with par, A16120, enter, in lieu of
an hourly radiation value, the mean for that hour, and enclose the value
in parentheses to indicate that it is estimated,

A16216, Means of Dally Totals,—-Compute the mean of all the daily totals
for each period in which each of four or more daily totals contain not
more than three percent of estimated data (i,e,, bhourly values entered in
parentheses), Enter the mean on the line titled "Means" and under the

caption "Daily Total",

A16217, Computers and Verifiers Initials,—To the right of the "Daily
Total" entrlies, enter the InitIals of the computer, aslant, and the
initials of the verifier of the dally entries and of the means,
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416220, Distribution of Forms,--Assemble recorder records for the period of
record of each summary in chronological order with the earliest date on top
and forward to the Central Office, attention C&HS Record Section, Roll-
charts for each day will be separated before submission, and will cover the
period from one hour before sunrise to one hour after sunset, The separated
portion may be folded for mailing,

416221, The original copy of Form 1091A will be mailed not later than the
tenth of the following month to:

Weather Bureau Office
Solar Radiation Field Testing Unit
Boston 9, Massachusetts

One carbon copy will be forwarded to the Central Office, attention Scien-
tific Services Division, while the second carbon copy will be retained at
the station, Stations outside continental United States will airmall their
copies to the Boston Office, _

A16300, PYRHELIOMETER

A16310. General.--Solar radiation installations for the measurement of
total solar and sky radiation consist of a pyrheliometer installed in

a suitably exposed position and a recorder usually installed in the office,
Any abnormal functioning of the equipment that camnot be corrected in
accordance with the following instructions will be reported promptly to
the Reglonal Office,

A16320, Types.—Thermoelectric 180° pyrheliometers are used in measuring
total solar and sky radiation, Two types are in use: a "10-junction"”
type in general use (Fig, Al6=8), and a more sensitive "SO=~junction® type
used at selected northern stations (above approximately S5°N, latitude)
during months when solar radiation is less intense (see par, A1632L),

A16321, Exposure.—The ideal exposure site for the pyrheliometer is one
that is free from any obstructions above the horigontal plane of the sen-
sing element, and that is readily accessible for maintenance of the instru-
ment, If it is impossible to obtain such an exposure, the site must be as
free from obstructions as possible, especially in the northem hemisphere,
from east-northeast through south to west-northwest; or in the southern
hemisphere, from east-gsoutheast through north to west-southwest, If
practicable, the pyrheliometer should be so located that (1) a shadow will
not be cast on it at any time, (2) it is not in proximity to light-colored
walls or ether objects likely to reflect sunlight directly on the sensing
element of the pyrheliometer, and (3) it is not subject to radiation from
other sources,

A16322, Installation,—~The pyrheliometer is mounted on a pedestal, the top
of which 1s horlzontal, Orient the pedestal so that the pyrheliometer
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retaining screw is located directly south of the center of the pedestal,
Center the pyrheliometer on the pedestal, and secure the instrument lightly
with the retaining screw., Level the instrument with the leveling screws
and with the spirit level that is mounted on the south leg of the instru-
ment, Tighten the retaining screw, but not sufficiently to change the
level setting of the instrument, When properly exposed, the sensing element
is horizontal and the leads emerge from the north side of the instrument,
At northern stations where the 50-junction pyrheliometer is used in winter
to replace the 10-junction instrument (see par, A1632L), care must be exer-
cised to obtain a permmanent copper-to-copper junction between the short
leads from the pyrheliometer and the cable to the recorder; i.e., a Junction
that will not introduce thermal effects resulting either from temperature
differences between the two connections or from gradual growth of an oxide
£ilm between the spliced wires, When disconnecting the pyrheliometer, melt
the solder and remove as much of it as possible by striking the hot joint
sharply against a firm object, Carefully straighten and separate the
stranded leads, repeating the heating and striking process as necessary to
separate the strands and to remove all but a thin film of solder, When
connecting the pyrheliometer, scrape the strands to be twisted and soldered
until a clean copper-to copper union is possible, Solder each splice with
a minimum of free-running solder, Tape each splice, first with rubber tape
and then with friction tape, and then tape the two together with friction
tape. Replace the pedestal condulet cover, being careful not to pinch the
splices, and tighten the gland mut on the squeeze connector.

A16323, Obstructions Above Free Horizon,—WB Form 1092, "Obstructions to
Pyrheliometer or Illumination Cell® will be prepared (15 when the pyrheli-
ometer is installed, (2) whenever the location of the instrument is changed,
or (3) if a significant change occurs in the surrounding obstructicns; i,e,,
obstructions likely to cast a shadow or reflected light on the pyrheliometer
for even a brief period of the day, The form will be prepared in triplicate
in accordance with the following instructions and in the manner illustrated
in Fig, A16-9:

(1) Enter the elevation of the instrument to the nearest whole
meter, msl,

(2) Plot the angular elevation above the pyrheliometer and the
angular range in arimuth of all obstructions throughout the
full 360° around the pyrheliometer, Obtain the elevation
and range data by means of a theodolite set up as closely
asg possible to the pyrheliometer,

(3) On the same form, plot the path of the sun across the sky
at the winter and summer solstice, The path of the sun
is interpolated from a plot of the elevation and azimuth
angles of the sun at (a§ sunrise, (b) sunset, and (c) at
hourly intervals between sunrise and sunset measured in
whole hours from true solar noon, The time interval
between the true solar noon and the time corresponding
to a particular position of the sun is temmed the "hour
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angle" of the sun, During a.m, hours, the azimuth angle
is said to be east and is obtained directly from Table
A16<4. During pem, hours, the azimuth angle is said to
be west and is obtained by subtracting the east agimuth
angTe Tor the corresponding hour angle from 360 degrees.
In table Al6=l, only angles in azimuth are given for sun-
rise and sunset, since the altitude angle is zero regarde
less of the latitude, For hour angles between zero (true
solar noon) and either sunrise or sunset, tabular values
are given in pairs, The upper value is the solar altitude
and the lower value is the east agimith angle for any given
set of arguments, The horizontal arguments are the hour
angles to the nearest whole hour; the vertical arguments
are values of latitude to. the nearest five degrees,
Tabular values are given to the nearest whole degree, Use
as arguments latitude to the nearest whole degree and hour
angle to the nearest whole hour. Interpolate as ne-
cessary to obtain values of solar altitude and azi-

muth to the nearest whole degree.

A16323.,1. Values for 0° to 4© south latitude are identical with those for
corresponding northem latitudes, except that azimuth values are computed
from south instead of north and, in the case of the solstices, the seasons
are reversed, For instance, in determining the solar altitudes and solar
azimuths for the hour angles on the day of the southern winter solstice,
consult the table for the corresponding hour angles for the day of the
northern summer solstice,

A16323,2, The following example of the determination of the elevation and
azlmuth angles at a given hour angle at a northern latitude station is taken
from the data shown in Fig, A16~9:

Example: Station latitude « 38°56'N (39°;. Time «~ 1500 T.S.Te
(hour angle three, west azimuth) at the time of the
northern summer solstice,

(1) From Table Al6=h, the altitude and east azimuth angles
corresponding to a latitude of 39°N and an hour angle
of three are 49°; and 99°, respectively,

(2) The west azimuth angle is obtained by subtracting 99
from 360; i.e,, 261 degrees,

A16323,3, The hour angles and corresponding altitudes, and the east and west
azimuth angles, are entered in the appropriate space on Form 1092, For each
hour angle, plot the position of the sun on the chart and complete the path

of the sun between sunrise and sunset by interpolation, On the chart, solar
altitudes are represented by concentric ordinates, and east and west azimuth
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angles (measured clockwise from zero) are represented by radial ordinates.
A16323.,4. As soon as the form is completed, mail the original copy to:

Weather Bureau Office
Solar Radiation Field Testing Unit
Boston 9, Massachusetts

Forward one carbon copy to the Central Office, attention Scientific Services
Division and retain the other copy. Airmail copies from stations outside
the continental United States.
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Table Al6-L. Solar Altitudes and Agzimuths at the Time of the SUMMER Solstice
(Expressed to the nearest whole degree)

4 Hour Angle Sunrise or
Lati~ Sunset,
tude Hour Asgimuth

0 1 2 3 L 5 6 7 8 9 10 11 12 | Angle Angle
(he m.) |(degrees)
o |67 62 53 4o 27 1 { o 6300 67
o 31 L9 58 63 66 |67
s | 72 67 56 L3 29 16 2 6109 66
0 37 S5 62 66 67 |67
10|77 70 58 45 3 18 L 6117 66
0 s 6 67 69 68 |67
15 | 82 74 61 L7 33 19 6 6126 66
0 57 6% T2 72 70 |67
20 | 87 76 62 L8 35 21 8 6337 65
0 73 T 17 15 T2 |68
21 |88 76 62 L8 3% 21 8 6139 65
o 77 79 18 715 72 |68
22 |8 76 62 Ly 35 22 | 9 6340 65
0 81 8 79 76 72 |68
23190 76 62 L9 35 22 9 6:L3 64
Z 8 83 8 77 73 |68
2L | 89 76 63 L9 36 22 9 6:lS 64
180 8 85 8 78 73 |68
25 | 88 76 63 L9 36 23 |0 6347 &4
180 93 87 82 78 74 |69
30 | 83 75 63 50 37 24 |11 6158 63
180 113 97 88 82 76 |69
35 (78 73 62 L9 3n 25 |13 2 7:10 é1
180 127 106 9k 86 78 |70 62
bo 173 69 60 49 37 26 |15 L 7325 59
180 138 11k 100 89 80 |72 63
ks | 68 65 57 LB 37 27 {16 7 7343 S6
180 145 122 w05 93 83 |73 63
50 | 63 61 55 L6 37 27 |18 9 1 8305 52
180 151 128 110 97 85 |7k 64 53
ss |58 57 S1 L 36 28 {19 11 4 8133 46
180 155 133 115 101 88 {76 65 53
60 | 53 52 48 42 35 28 |20 13 7 1 9:1h 37
180 157 137 119 104 90 |78 65 53 Lo
65 | 48 k7 Wy 39 3L 27|22 15 0 S 1 O 10:h2 20
180 160 140 123 107 93 [80 67 S la 27 O
70 [ k3 L3 W 37 32 27 |22 17 13 9 6 kL 3| -~ -
180 161 U3 126 110 96 (82 68 55 W1 28 Wy O
75 | 38 38 36 3 30 26 {23 19 15 13 10 9 8| »= -
180 163 145 129 113 98 |8y 69 56 L2 28 14 0
80 [33 33 32 30 28 26 {23 20 18 16 15 1 13| -~ = -
180 16 147 131 116 101 {8 T, 57 43 28 14 O

Interpolate for values of solar altitude and azimuth oorresponding to the nearest whols

degree of latitude.

The upper value of each pair of tebular values is the solar altitude

and the lower value is the east azimuth angle, To find a west aziwuth for a given hour

angle, subtract the corresponding east azimuth angle from

degrees,

east in the moming and west in the afterncon, North = 0°; Z = senith,

Agimuths are
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Al6- 25

Table A16~li (contimed),

Solar Altitudes and Azimuths
at the Time of the WINTER Solstice

(Expressed to the nearest whole degree)

Hour Angle Sunrise or
. Sunset
iﬁg:‘ Tour | Azimuth
0 1 2 3 L S Angle | Angle
(he m.) | (degrees)
o 67 62 53 Lo 27 1l 6300 113
130 1L9 131 122 117 11k
[4 62 58 L9 38 25 12 5:51 11

180 153 135 125 119 15

10 s7 c3 46 35 23 9 5:h3 14
180 157 139 128 121 116

15 52 Ls L2 32 20 7 Si3k 11
180 159 1,2 130 122 117

20 L7 Lk 38 28 17 5 5123 115
180 161 145 133 12} 117

25 L2 39 33 25 1 3 5:13 116
180 162 147 13k 125 118

30 37 35 29 21 11 0 5102 117
180 163 148 136 126 118

35 32 30 25 18 8 L50 119
180 164 150 137 127

Lo 27 25 21 1L S L235 121
180 165 151 138 127

L5 22 20 16 10 2 Ls17 12}
180 165 152 139 127

50 17 15 12 6 3:55 128
180 166 152 139

55 12 11 7 3 3127 13k
180 166 153 140

60 7 6 3 2:45 142
180 166 153

65 2 1 1:26 160
180 166

Interpolate for values of solar altitude and azimuth corresponding to the nearest whole
The upper value of each pair of tabular values is the solar altitude

degree of latitude,
and the lower value is the east azimuth angle,

To find a west azimuth for a given hour

angle, subtract the correspon nding east azimuth angle from 335—degrees. Azimuths are

east in the morning and west in the afternoon,

North = 0°,
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w.8. FORM 1092 U.S. OEPARTMENT OF COMMERCE, WEATHER BUREAU

OBSTRUCTIONS TO
PYRHELIOMETER OR ILLUMINATION CELL .

STATION_ Nameville, State LATITUDE 38 ° 56 'NORTH
DATE _ February 15,1950 LONGITUDE __77 ° 05 'WEST
ELEVATION OF INSTRUMENT_IO METERS, MSL.

NORTH
360°_ 0 10
340° s 20°
3302 e ) 30°
3205 ) 40°
310", Te s0°
300° (7 60°
290, 70°
280° ¢ 80°
! 20 3B 4 s (3
w. l l L N o 7 Z E
u
26C 100°
25 110°
24 120°
4)
230 ! 130°
220 (5) '400
SUMMER SOLSTICE 210° 150" WINTER SOLSTICE
Hr | Alti- Azimuth 200 (o4 Hr | Alti- Azimuth
L | tude | Eost | West 190° 180° 170° £ | tude | East Wonl
o) 7¥4 1 /80 | 180 SOUTH ol 2 /po | /o
1] 2o | /26 22¢ 26 | /5] /55
z 40 /2| 248 LIST OF OBSTRUCTIONS 22| 75(1 209
3] #9 | 9726/ \ _ANTENNA POLES (S| (381 22
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A1632L, Chan Pyrheliometers,~-At northern stations supplied with both
50-junction and 10~junction pyrheliometers, the 50-junction pyrheliometer
will be used during the fall, winter and spring, In the fall, after the
sun has reached a low solar altitude such that the maximum deflection
(amplitude) of the recorder pen at noon on a clear day is small, remove
the 10-junction pyrheliometer and install the 50-junction instrument., The
exchange should be made when the maximum deflection has decreased to a
scalar reading of less than the ratio of the calibration constant for the
10-junction instrument to the constant for the 50-junction instrument
multiplied by a factor of 100, eege, if the constant for the 10-junction
instrument is 2,5 and the constant for the 50-junction instrument is 7,5,
the 50-junction instrument would be installed after the maximum amplitude

of the trace on a clear day has decreased to less than (1——-3——-00 2l 2°5), or

33.3 units as read on the graduated chart. In the spring, the 10-junction
instrument will be installed after the maximum amplitude of the 50-junction
trace reaches 90 to 95 units on a clear day. Fnter the date and the true
solar time of each exchange as a note on the records Regardless of whether
the 10- or S0-junction instrument is in use, the calibration dial on the
recorder will not be changed from the calibration value in millivolts
appropriate to the 10-junction instrument (see par, A16411),

A16325, Maintenance,—Clean the bulb daily or more frequently if pollution
is excessIve or frost or ice accumulates on the bulb, Use a soft, clean
cloth and water if necessary, Remove froat or ice-coatings with warmed
cloths or any other device that will not scratch the glass, Wipe the glass
dry immediately following the removal of the ice,

A16325,1, Stations in areas where sandstorms occur are furnished with covers
to protect the bulb of the pyrheliometer from sandblasting. The covers are
equipped with drawstrings, which enable the cover to be tightly fitted to the
bulb, Place the cover over the bulb at the beginning of each storm, During
the season when storms are likely to occur at night, the cover will be left
on all night and removed before sunrise,

A16L00, RECORDERS

A16410, General.~—Two types of Brown recorders are in general use: (1) a
roll-chart type and (2) a circular-chart type which is used with a four-
diel wattehour meter as an integrating indicator, An I&N (Leeds and
Northrop)} recorder is also used at a few stations, All recorders are of
the modified, commercial, self-balancing potentiometer type, EKEach recorder
is calibrated by a technician to record over a range of 0 to 2,0 gm, cal./
8q. cm./min. corresponding to the range of the individual 10-junction
instrument to be used with it. The recorder is not recalibrated when a
50-junction is substituted for a 10-junction instrument (see par, A1632}).
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Al16l11. The circular calibration dial inside the recorder will be set by the
technician to the value in millivolts indicated by the calibration sheet ac-
companying the station 10-junction pyrheliometer, Once set, the dial will be
adjusted only by technicians during subsequent calibrations,

"A16412, The location of the recorder should conform with the requirements
stated in the mamufacturer's manual of instructions that is supplied with
each instrument, Any unavoidable changes that tend to make the location
unsatisfactory, e.g., excessive dustiness, ambient temperatures above
110°F. or below 32°F, will be reported to the Regional Office,

Al6l13. Each observer should become familiar with the characteristics of the
trace normally obtained under various meteorological conditions. The trace
will vary constantly in amplitude between sunrise and sunset, The changes
may be smooth or abrupt, but periods of record of 10 to 15 mimutes or more
without any change in amplitude, or a series of step-like changes in amplitude
(brief periods of no change followed by abrupt increases or decreases),
generally indicate malfunctioning of equipment. The slight curvature cf

the trace obtained near noon on a clear day should not be mistaken for a
trace in which there is no change of amplitude. - If faulty operation of a
Brown recorder is suspected because of abnormalities in the trace or for
other reasons, substitute spare tubes, one at a time, for the two 7F7 and
the two 7N7 tubes in the recorder amplifier, One set of spare tubes should
be kept available for replacement purposes, and used tubes should be re-
tained for disposition by a technician,

A16l20, Operation of Roll-Chart Type Recorder (Brown ElectroniK Recorder -
See Fige ALO~10).—

(1) To start the recorder:

(a) Swing the chassis out of the case and turn on the power
switch on the back of the chassis,

(b) After the amplifier tubes have warmed up for two mimutes
or more, turn on the chart-drive switch,

(¢) Standardize the dry cell manually (see manufacturer!s
manual of instructions).

() Check the legibility of the trace.
(2) To stop the recorder:

(a) Turn off the chart-drive switch, CAUTION: If the re-
corder is in a standardization cycle, do not turn off
the switch until the cycle is completed,
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(b) If use of the recorder is being discontinued for
servicing, or for more than 24 hours, turn off
the power switch located on the back of the chassis,

A16L421, Standardization,—-When the recorder is in operation it initiates a
standardization cycle automatically every thirty minutes, The cycle lasts
for about thirty seconds, To avoid turning off the recorder chart-~drive
during a standardization cycle, standardize the instrument manually in
accordance with the manufacturer's instructions until the audible and

visual indications that accompany each cycle become familiar, A charac-
teristic sound occurs during the cycle and another at the end of the cycle,
Frequently, instability of the pen will be observed Jduring the cycle as
"plps™ on the trace. These are brief changes in amplitude of about 30
seconds duration followed quickly by return of the pen to approximately the
amplitude at the beginning of the cycle, The amplitude and direction of the
change will depend upon the condition of the dry cell (see manufacturer's
manual of instructions), Frequently a very slight readjustment in the ampli-
tude of the trace will result from the standardization process,

A16422, Maintenance,—-

(1) Dry-Cell Renewal.--Instructions for installing the dry
cell (a l,5-volt, Columbia Gray Label dry cell or
equivalent) are given in the manufacturer's manual of
instructions, The special flexible-resistor type lead
from the negative "BAT" terminal must be handled care-
fully and must not be replaced except with the same
type of lead. The dry cell should be renewed at
least every eight months and whenever the red, dry-
cell-condition index drops to the "Renew" line, or
the net change in the amplitude of the trace dur-
ing the standardizing cycle becomes greater than normal,

(2) Slidewire.~-The slidewire will be serviced by a technician,

(3) Chart Renewal.—-Each roll of chart paper has a life of
about thirty days of continuous operation at the chart-
feed speed of two inches per hour, Renew the paper
between sunset and sunrise in accordance with the manu-
facturer's manual of instructions when it becomes
evident that the remaining paper is not sufficient for
for the following day, or at any other time if necessary
to avoid loss of record,

(L) Pens.—Refill the pen whenever the chart is replaced, and
more frequently if necessary to avold loss of record.
Clean the pen as frequently as necessary to insure a
legible, uninterrupted record, Further instructions
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for installing, filling, and cleaning the pen are contained
in the manufacturert!s manual of instructions,

(5) Lubrication and Cleaning.--Clean and 0il the recorder each
month in accordance with the manufacturert!s manual of in-
structions under "Monthly Maintenance,"

(6) Continuous Balance Unit.--Instructions for adjusting the
sensitivity of the unit, and instructions supplementary
to those in pare, A16l413 for replacing defective amplifier
tubes, are furnished by the manufacturer,

A16430, Operation of the Circular—Chart Type Recorder (Brown ElectronikK
Recorder - See'Fig, A16-1l).——

(1) To start the recorder:

(a) Turn on the instrument power switch on the lower
left side of the face plate,

(b) After the amplifier tubes have warmed up for two
or three minutes, standardize the dry-cell current
in accordance with the mamifacturer's manual of
instructions for "Standardizing the Battery Current",

(¢) Re-standardize the dry-cell current after the instru-
‘ment has been operating approximately two hours,

(2) To stop the recorder, turn off the power switch on the lower
left side of the face plate (the recorder should be stopped
. only for servicing, or when it is to be out of operation for

2L hours or more).

A16431, Routine Standardization,—Standardize the dry-cell current at
approximately eight-hour intervals between sunrise and sunset, The cell
should be standardized at sunrise, or as soon as practicable thereafter, in
accordance with the manufacturer's mamal of instructions,

A16432, Maintenance (See Fige Al6-12),.--

(1) Dry-Cell Renewal,~Instructions for installing the dry
cell (a 145=volt Columbia Gray-Label dry cell or
equivalent) are given in the manufacturer's manual of
instructions, The special flexible~resistor type lead
from the negative "~BAT" terminal must be handled care-
fully and must not be replaced except with the same type
of lead. Replace the dry cell at least every eight months
and whenever the current can no longer be standardized.
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(2) Slidewire,—-The slidewire will be serviced by a technician.

(3) Chart Renewal,~-Circular charts will be replaced daily in
accordance with the manufacturer's instructions,

(L) Pens.—-Fill the pen each day at the time the chart is re~
placed, Clean the pen as frequently as is necessary to in=
gure a legible records, Clean and fill the pen in accordance
with the mamufacturer's manual of instructions using ink
provided for this instrument,

(5) Lubrication.~-Cil the recorder each month in accordance
with the manufacturer!s manual of instructions under
#Menthly Maintenance,"

(6) Continuous-Balance Unit,-~Instructions for adjusting the
sensitivity of the unit, and instructions supplementary
to those in par., Al6L13 for replacing defective amplifier
tubes, are specified in the manufacturer's mamal of
instructions.
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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) Visibilitgf (6) Humidity

(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 leveFof 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 observations are primarily intended to provide (a) immediate
weather information for aviation interests, and (b) d%.ta. 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-teletype station will
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

(5) Obstruction to vision (10) Altimeter setting

(6) Sea-level pressure
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9130, SPECIAL OBSERVATIONS, A special observation is taken to provide in-
formation 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 reporteds The special observation may consist of only
one element (e.gs, tornado) or of most of those included in a record obser-
vation, Each of the elements that may be included in a special observation
is 1isted in paragraph 913L4,01 to 9134.,10. Following each element is listed
the magnitude or nature of the change in it that would require a special ob~
servation, Any element listed in paragraph 9132 may be reported alone as a
special observation, When 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. In all cases, re-
marks will be added as required.

#9132, When a change in one of the following elements satisfies the criteria
for a special observation, it may be reported alone as a special observation,

(1) Tornado or waterspout

(2) (Cancelled)

(3) (Cancelled)

(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:

Elemerts, a specified change in any All elements below to be reported
one of which requires a special with any element in opposite
observation, column,

(1) Ceiling Ceiling

(2) Sky Sky

(3) Visibility Visibility

(k) Weather Weather

(5) (Cancelled) Obstructions to vision

Wind

913l,, 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) (Cancelled)
(2) (Cancelled)
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(3) The ceiling decreases to less than 1,500 feet, or increases
to 1,500 feet or more.

(L) The ceiling decreases to less than 1,000 feet, or increases
to 1,000 feet or mores

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

(6) A ceiling below 500 feet changes by 100 feet or more. t

(7) The ceiling decreases to a value 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 airporte *

#9134402, SKY CONDITION,.

(1) (Cancelled)
(2) A layer is observed below:
(a) 1,000 feet or
(b) the highest airline operating minimum for the
airport, no layer having been previously reported
below this altitude, 7

#9134,03, VISIBILITY,

(1) (Cancelled)
éZ; (Cancelled)
3) The visibility decreases to less thant
(a) 3 miles
(b) 1 mile
(¢) 3/L mile
(d) 1/2 mile} t
(e) 1/L mile
(4) The visibility increases to equal or exceed:
(a) 3 miles
(b) 1 mile
(c) 3/L4 mile
(@) 1/2 mile} t
(e) 1/L mile
(£) (Cancelled)

9134;,0L4, TORNADO.

(1) Is observed

(2) Disappears from sight

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

t Effective only at stations having scheduled air-carrier operations.
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9134405, THUNDERSTORM.

(1) Begins
(2) 1Increases in intensity
(3) Ends, (Special observation 15 mimites after thunder is

last heard at station,)
#91344,06., PRECIPITATION.

(1) Hail begins or ends,or changes in intensity.

(2) (Cancelled)

(3) Freezing precipitation begins or ends, or changes in
intensity,

(L) Sleet begins or ends, or changes in intensity. (Beginning
or ending of other types of precipitation will be reported
in remarks in the next succeeding record observation, but
will not be reported by means of special observations;
€eZe , "RWBLSELS" in remarks will indicate that rain shower
began at L5 minutes past the previous hour and ended at
15 mimutes past the current hour,)

(5) (Cancelled)

#913L4.07. FOG., (Cancelled)
#9134,08, SAND-STORM, DUST-STORM, (Cancelled)

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,

#913),10. ALTIMETER SETTING. (Cancelled)

#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, At mili-
tary stations, additional criteria may also be specified by military directive,

61,0, LOCAL EXTRA OBSERVATIONS., Iocal extra observations are taken, at
designated stations, for local distribution only. The changes requiring a
local extra observation are within

(Continued on next page)
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narrower limits than changes requiring a special observation. When a local extra observation
reveals a change ig 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 & value equal to or less than the highest airline minimum
applying to the airport.
(2) The ceiling decreases to 500 feet or less.
(8) The Visibiﬁty 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 elements requested for gircraft arrivals or
departures will be taken and recorded at designated stations, in t(ixe 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 each station to keep informed of scheduled arrivals and departures as well ‘as of
operations involving delayed schedules.

9144. An observation of all elements ordinaril in(;luded 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 westher are made. The local schedule of broadcasting will
determine the time of taking them. The check observation will be taken within 20 minutes of
the scheduled time of local broadcast, preferably as near to the time of the broadcast 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
entered on WBAN 10.

9151. The check observations 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 g special observatlon is also required, a local extra observation of the one or more elements requested will be filed, after which the other elements
re_qulred for tho special observation will be evaluated, and the speclal filed.
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CIRCULAR N, 6TH EDITION

INTERPRETATIONS -- SERIES NO, 1

Note: This is the first of a series of interpretations to be issued in
accordance with Circuler Letter No, 103-48, Interpretations will be
bound in Circular N immediately following the Record of Changes. The
number of the interpretation will be entered in the left-hand margin
opposite the reference paragraph in Circular N; e.g., "1/1" will be
entered in the margin opposite paragraph 1010,

1/1. Par, 1010. When instructions in Circular S and the 1932 edition
of the International Cloud Atlas disagree, the instructions in
Circular S will be followed. A new edition of the Intermational
Cloud Atlas is being prepared.

1/2. Tabdle 4, The 45-gram free 1ift pertains to balloons inflated with
helium, and the 40-gram 1ift pertains to bdalloons inflated with
hydrogen, The TS5-gram free 1lift previously authorized for use with
helium will no longer be used,

1/3. Par, 5140, Corrections to thermometer readings should invariably
be applied in accordance with these instructions in order to avoid
large errors in psychrometric computations, Many stations have
found it useful to prepare graphs of these corrections, In the

future, it may be possible to issue the correction cards in graphical

form, Example of possible resultant error (28" pressure):

Dry-bulb temperature 7.6°F,
Correction 4+0.6°
Corrected dry-buld temperature 8.2°
Wet-buldb temperature 6.8°
(wick ice-covered)
Correction -0.5°
Corrected wet-bulb temperature 6.3°
Using corrected temperatures: Dev point -7°
(t - t' =1,9° Relative Humidity 50%
Using uncorrected temperatures: Dew point o°
(t - t* = 0.8°) Relative Humidity T1%
Error: Dew point

7.
Relative Humidity 21%



1/4,

1/5.

1/6.

1/7.

1/8,

Par, 7260, When an altimeter metting indicator. is used in accord-
ance with these instructions, the mercurial barometer need not be
read for 6-khourly synoptic observations, but a reading will be made
weekly ss required by Instructions for Altimeter Setting Indicators,
dated August 8, 1947, The corrected altimeter setting is either
(a) the actual resding when the correction at the weekly comparison
does not exceed ,03 inch, or (b) the remding corrected as indicated
by the aforementioned instructions when daily comparisons are
necessary.

Par, 7410, Summaries of 850-mb, swrface data, formerly required by
Circular Letter No, 30-47, are no longer necessary.

Par, 8320, Whenever squalls are reported, gusts must also be re-
rorted since the peak speed of gusts is the intensity criterion for
squalls, Squalls may be reported when precipitation is not ocour-
ring, since the occurrence of squalls (a wind phenomenon) is inde-
pendent of the eccurrence of precipitation or other atmospheric
phenomens ,

Par, 8335, The second category in Table 18 should be used when
(1) precipitation occurs without a decrease in cloud heights, (2)
a decrease in cloud heightes occurs without precipitation, or (3)
neither of these phenomena occurs, The wind speeds indicated in
this table are the peak gusts.

Par, 11105,3, Visibility at the usual point of observation is that
existing in a horizontal plane at this point, and is not necessarily
the visibility at ground level, Examples of visibility at different
levels:

Observed: Ground visibility zero; control tower visibility

miles; ground fog 20 feet deep; sky condition from control
tower level is clear, but sky condition from the ground 1s X,
Recorded: Col, 4: -X; Col, 5: 40; Col, 6: no entry; Col, 1k:
8FC VSBY O GFDEP 20,

Observed: Ground visibility 1/4 mile; visibility from the
roof (the usual point of observation) is 10 miles; ground fog
10 feet deep, ‘

Recorded: Col. 5: 10; Col, 6: no emtry; Col, 1k: SFC VSBY 1/4
GFDEP 10,



1/9. Par, 11465. The barograph correction should be determined from
the pressures entered in colums 63 and 64 of WBAN 10B, These
pressures should not be changed to hundredths before the correc-

tion is determined, For example:
Station Pressure (Col, 63) 29,956

Correct Method Barograph (Co1, 6L) 29,965
Correction (Col. 65) - .01
Station Pressure (Col, 63) 29.956 (29.96)
Incorrect Barograph (Cox, 64) 29,965 (29,96)
Correction (Co1, 65) .00

1/10. Add to note following par. 11485.8.

Fig. 4, 1ine 13, 0428 observation, Col, 14t Correct "0000" to
resd "////."

Fig. 4, line 38, 1028 observation, Col, 14: Correct "5076/2" to
read " 5076."

Fig. 2, 1007 observation, Col, 64: Correct "29,943" to read
"29.9 5 ."

Fig, 9, line 7, Col, 21: Correct "7" to read "10,"
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INTERPRETATIONS - SERIES NO, 3

(To be bound in Circular N following Series No, 2 dated May 23, 1949)

3/1, Paragraph A6120, When making psychrometric computations, it is
important to use the correct face of the calculator (i.e., the
low temperature range when the wet-bulb temperature is less than
32°F,, and the high temperature range when the wet-buldb tempera-
ture is 32°F, or more),

The psychrometric calculator is based on the Psychrometric For-
muile given on page 9 of W,B, No, 235, Psychrametric Tables , where
t = dry-bulb temperature, and t' = wet-bulb temperature. In the
design of the scales, the term (1 + %;3-3_?. ) was based on the

constant value t' = 55°F., for the high temperature range, and

t' = 14°F, for the low temperature range, These repregsent mean
values for the respective range of wet-buld temperature of each
face, As a result of the different values of this term on the two
faces, significant discrepancies in computed dew points may result
if the high temperature side is used when the wet-bulb tempera-
ture §e below 32°F, and the depression is large (see example
below) .

Example

Given: Dry-buldb temperature = 42,9°F,
Wet-bulb temperature = 30,4°F,
Depression = 12,5°F,
(Pressure = 30,00")

Computation:
Correct Procedure Incorrect Procedure
(low temperature side) (high temperature side)
Dew Point -7 03 °Fo '908°Fo (error = '205°F-)

Relative Humidity 11% 10% (error = 1%)
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3/2.

3/3.

3/k.

3/5.

Paragraph 7242, When the barograph correction is entered in
colum 64 of Form 1130B, posting of the barograph correction in
the mammer indicated in pa.ragra.ph 7242 is not required,

Paragraph 7260, For convenience in obtaining station pressure
from the altimeter setting indicator, a table of .station pres-
sures may be prepared, using as arguments altimeter setting
readings, Such a table is, of course, the reverse of the present
altimeter setting table from which altimeter settings are ob-
tained, using as arguments station pressures. Although the
Central Office is unable to prepare such tables for all stations
at the present time, preparation by field personnel is recommended
at those stations using the altimeter setting indicator for sta-
tion pressure determinations, These tables should be carefully
verified, and a copy furnished the Central Office for review,

Paragraph 8311, The peak gust is the highest speed momentarily
indicated by the pointer on the direct reading indicator, regard-
less of the period during which this peak speed 1s maintained,.
The regiirement that the indicator be observed for a period of
one minute perteins only to the average wind speeds, which are
entered in column 11 of Form 1130A, and does not pertain to peask

gusts,

Paragraph A9012, (a) The instructions in this paragraph concern-
ing control tower vislbility observations apply also at locations
vhere official weather observations are taken by CAA commmnications
personnel, Arrangements should therefore be made at these loca-
tions for visibility observations from the control tower whenever
the visibility at the usual point of observation is less than 3
miles,

(b) Use of Form 1130A is not mandatory at control towers taking
only visibility observations, If the control tower does not have
a telautograph, and if Form 1130A is not sultable, visibility ob-
gervations may be recorded on a tabulation sheet in the control
tower, The minimm data to be entered on this sheet are:

l, Date and time of observation,

2, Prevailing visibility.

3. Remarks (such as visidility in different quadrants).
4, Obeervers' initials, .

These observations should be fwrnished immediately to the Weather
Bureau Office (or the CAA obs®rving station) and recorded there
on Form 1130, The tebulation sheets prepared in the control
tower may be destroyed after ninety days.



3/6.

3/7.

3/8.

3/9.

3/10,

-3-

Paragraph A9120,02, If the sky condition chenges during a pibal
from scattered tc overcest (cx cleer to broken) with clouds
above 10,000 feet, the belloon should not be abandoned for the
purpoae of fi]ing e. special obgervation, However, a special
should be filed after the balloon is no longer visible, provided
the change in sky condition still exists,

Paragraph A9216, The log of differing weather cbservations
should be kept by all stations, including CAA observing stations,
No special format 1s prescribed for this log, but the log should
contain all information that, in the Judgment of the observer,

is pertinent to any subsequent investigation of differing weather
observations,

Paragraph 11001, (a) . The monthly preparation of Form 1130D is
not required from CAA observing stations, provided there has been
no change in instrumental equipment or exposures since the pre-
vious rendition of the form, However, annual renditions will be
made by these stations effective December 31 of each year,

(b) Preparation of Form 1130B is not required from stations that
would ordinarily record on this form only dry- and wet-buldb
temperatures in colunns 18 and 19, and total sky cover in column
21, Such stations should use only Form 1130A, entering dry- and
wet-bulb temperatures in columns 14A and 14B, and total sky cover
in column 14 immediately adjacent to column 144, Note that this
requirement will apply to most SAWRS, but will not apply to any
statlion reporting pressure data,

Paragraphs A11005 and A12011, Stations equipped with triple
registers, and at which only a limited staff can be provided on
Saturday, have reported difficulty in completing the required
computations on Forms 1017 and related forms in sufficient time
to mail Forms 1130A and B or 1001B on Saturdey., Under such

'circumstances, it will be satisfactory to defer malling Forms

1001B or 1130A and B for the week ending with Friday, until the
following Monday, 1if necessary in order to compute and check the
data obtained from Form 1017, However, 1t is ilmportant that
all forms for the month be mailed not later than the second
working day of the following month,

Paragraph 11422, (a) Separate entries will not be made in
columns 4 or 22-35 of Form 1130A and B to describe cirrus
attached to cumulonimbus, even though the cirrus may cover 1/10
or more of the sky, This procedure is in acccrdance with in-
structions in Circular S, which preclude ccding M6 or H3 for
altocumulus or cirrus attached to cumuwlonimbus, Under such



.

circumstancee, when 6/10 or more of the eky is covered by the

bage of a cumulonimbus in combinstion with the tops and sides of
the same cloud, the ceiling will be considered as the height of
the base, since observation of separate layers 1s impossible,

and appropriate remarks will be made to indicate that a gignifi-
cant part of the sky is aleo obscured by the tops and sides of the
cloud, Also, only one cloud layer will be reccrded in cclumns
22-35 unless, of course, there are additional layers that are ccm-
pletely detached from the cumulonimbus,

le
Given: 9+ sky covered by one cumulonimbus cloud; approximately
4/10 of the sky is covered by the base, while the remain-
der of the sky is covered by the sides and tops; the height
of the base is estimated at 5,000 ft, and the top at
18,000 ft,

Entries on Form 1130A and B:

3/11.

(1) Ceiling end sky conditions (column 3 and 4): ESCOD
(2) Remarks (column 14): CB BASE NW TOP SE E180 BINOVC
(3) Clouds and obscuring phenomena (columns 22-35):
(1) Amount (column 22): 9+; (11) Type (column 23):
CB; (11i) Height (cclumn 24): E50, (Note that no
additional cloud layers will be recorded in succeeding
cclumns since geparate cloud layers detached from the
cumulonimbus were not observed,)

(b) The celling classification designators defined in paragraphs
1431-1436 are primarily associated with layers constituting a
ceiling, and are therefore defined in terms of ceiling measure-
ments, However, these designators are also used in columns 2k,
27, 31, and 35 to indicate heights of cloud layers that may not
constitute a ceiling, Under such circumstances, the letter which
is most nearly appropriate, in the opinion of the observer, should
be selected, For example, in prefixing a symbol to the height of
the base of a thin obgcuration, which of course does not consti-
tute a ceiling, the symbol "M' may be selected if the height of
the base is determined from the known height of unobscured obJjects;
"E" may be selected if the height of the base is determined from
natural landmarks; "W" 1f the description in paragraph 1434(3)
most nearly describes the method of determination, etc,

Paragraph Al1438. In entering hourly precipitation in column 38,
congider the hour identified as "00".in column 16 as beginning at.
0000 LST and ending at 0059 LST; the hour identified as "01" as
beginning at 0100 and ending at 0159, etc, When precipitation

is reported as ending by a special observation filed on or after
the hour, the amounts of precipitation entered in colum 38 should-
be ascribed to the howr during which the precipitation actually



3/12,

3/13.

3/1k,

3/15.

3/16.

3/17.

fell, even though the special reporiing the ending of the pre-
cipitation was filed during a gubsequent hour, For example, if
the ending of rain was reported in a special filed at 1701, pre-
cipitation should be entered for the period identified by the
figure 17 in column 16 only if precipitation actually fell after
1659. (See also paragraph 11L482.)

Paragraph 11444, If no rain has fallen during the 6 hours pre-
ceding the actual time of the 6-hourly precipitation observation,
but if rain begins shortly thereafter and before the coded
eynoptic observation is filed, "T" should be entered in columm Ly
for the aynoptic observation and a trace of precipitation coded
in groups TRRRys and appRR, If the 6-hourly observation con-
cerned is the first one following midnight, "T" should also be
entered in column 44 wnder the caption "midnight to," This pro-
cedure will be followed regardless of the type of precipitation
gage in use at the station, or the intensity or amount of the
precipitation,

Paragraph A11485(c), Excessive precipitation will be camputed
only at stations using the tipping ducket as the official precipi-
tation gage; it will not be computed from weighing gages,

Paragraphs A12107, A12316 and A12317, (a) The average hourly sky
cover will be entered in whole numbers at the bottam of column 7
of Form 1001B, The average daily sky cover will be entered to one
decimal place at the bottom of columns 16 and 17 of Form 1001C
(see figures AS and A6),

(b) "9+" will not be used as an average sky cover on Form 1001C.
The entries of "9+" in columns 16 and 17 of figure A6 should be
changed to "10;" the totals increased to 255 and 2i3; and the means
changed to 8,2 and 7.8, respectively.

Paragraphs A12310 and A12311, At statlons taking one to 23 hourly
observations daily, entries should be made in colums 10 and 11 of
Form 1001C only if the station is equipped with a multiple regis-
ter, )

Paragraph A12361, The monthly average station pressure should be
entered to thousandths on Form 1001C.

Paragraph A13010, Gust recorder charts completed during the
month should be included with the shipment of other recording
instrument forms listed in this paragraph. The station name and
date should be entered on the charts near the termination of the
trace,
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3/18.

3/19.

Paragraph A13610, At stations entering hourly temperatures on
Form 1001B and 1130B, as obtained from the thermograph, the
thermograph may be changed on Saturday in order that these forms
may be completed and forwarded to WRPC's on the prescribed dates,

Paragraph A13720, At stations where recorde from the weighing
rain gage must be evaluated before hourly precipitation values
can be entered on Forms 1001B or 1130B, the rain gage chart may
be changed on Saturday in order that these forms may be forwarded
to the WRPC's on the prescribed dates,
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2/1.

2/2,

2/3.

2/4.

Paragraph 1210(a)Clouds covering less than 1/10 of the sky should
be reported in remarks whenever their presence is considered sig-
nificant. Since clouds covering less than 1/10 of the sky do not
constitute a layer, their presence above a lower layer will not
be reflected by means of the sky condition symbols.

Example

Given: 9/10 stratocumulus clouds, height estimated
5,000; less than 1/10 altocumulus castellatus
clouds, height estimated 10,000.
Reported: Column 3,4— E 500
Colum 14 — FEW ACC E100

(b)In the case of multiple layers, the upper layer may obscure
the sun, moon, or stars, and thus prevent use of these criteria
in determining whether the lower layer should be classified
"thin', Under such circumstances, if the beam from the ceilo-
meter or ceiling light projector completely penetrates the
lower layer and casts a clearly visible spot on the upper layer,
the lower layer should be classified "thin."

Paragraph 1447.2. The dew-point temperature lines in Figure 1 are
with respect to ice at dew-point temperatures below freezinge

When using this diagram, convert sub-freezing dew-point tempera-
tures with respect to water to their equivalent values with respect
to ice by mesans of Table 9, page 44, and use this converted value
as indicated in Step (1) of the reference paragraph.

Paragraph 9134.02., Item (2) refers only to a change in sky condi-
tion belaw 1,000 feet, and does not refer to total sky cover. For
example, if 2/10 stratus appeared at 500 feet beneath a previously
reported overcast at 2,500 feet, a special would be required

because the clouds below 1,000 feet increased from none to scatterede.

Paragraph 9150. Check observations are to be taken in accordance
with this paragraph at all Weather Bureau and CAA stations where
scheduled broadcasts of local weather are made. This requirement
applies even though there has been no significant change in
weather conditions since the previous record observation.
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2/5. Paragraph 9211, Note that, unless the currently reported ceiling
value is classified "measured,” pilots' reports of ceiling will be
accepted as the official ceiling value and immediately disseminated,
regardless of indications of instrumental equipment, Since there
have been several recent indications that this basic principle for
dissemination of pilots' reportis of ceiling might not be completely
understood, observers are requested to review the reference para-
graph and the amplifying instructions in Circular Letter 83-48,

2/6. Paragraph 10230. When a single airport communications system is
available, such as the telautograph system described in Circular
Letter 47-49, observations will usually be distributed over this
single system only, This does not preclude, of course, replying
to gpecial requests for particular observations by means of tele-
Phone, etc,

2/7. Paragraph 11105.3. Requirements for reporting variable visibility
and visibility differing in various quadrants pertain both to the
vielbility at the usual point of observation and to that at the
control tower level,

Example:

Given: (a) At control tower level: prevailing visibility 1 1/2
miles; visibility variable from 1 to 2 miles,
(b) At usual point of observation: prevailing visi-
bility 1 1/2 miles; visibility variabdble 3/k to
2 1/2 miles
Reported: Column 5 -- 1 1/2V
Column 14 -- VSBY VRBL 1 TO 2 SFC VSBY
VRBL 3/4 TO 2 1/2

(Note: With reference to Item 1/8 on Interpretations, Series No, 1,
concerning control tower visibility reports, it should be noted
that the sky condition would be properly reported as -X only if
gome other obscuration in addition to the ground fog were present
If ground fog only were present, the sky condition could not be
reported as -X since, by definition, ground fog covers less than
6/10 of the sky.)

2/8., Paragraph 11106, If the visibility value entered in column 5 1is
T miles or more, obstructions to vision will not be recorded in
colum 6,

2/9. Paragraph 11422,1, Data pertaining to clouds or obscuring pheno-
mena entered in columns 22-27, 29-31, and 33-35 are required for
climatological purposes and should represent the actual tenthe of
clouds in each layer. In entering data Pertaining to layers that
are partially obscured by a lower layer, it is not necessary that
all data be observed at the actual time of the observation, but



2/9. (cont.)
an estimate should be made, based on any preceding observatlions

that are still considered representative, such as pilots' reports,
Note that these procedures are not followed in entering swumation
totals in columns 21, 28, and 32, or in reporting sky condition in
column U4; data entered in these columns are primarily for opera-
tional purposes, and must reflect the sky condition as actually
visible at the time of the observation,

2/10. Paragraph 11422,11, When higher clouds are seen through breaks in
a lower overcast, but it is not possible to identify them as to
type, "U" may be entered in colwmns 25, 29, or 33, even though the
presence of the higher clouds has been reported in column 14,

2/11, Paragraph 11445, Since ice crystals are a form of frozen precipi-
tation, snowfall and enow depth data entered in columns 45, 46, 69,
and 70 will include data pertaining to ice crystals,

2/12. Paragraph 11458, When the altimeter setting indicator is used to
determine the station pressure for the synoptic observation,
entries will be omitted in columns 60-62, The time of reading the
altimeter setting indicator will be entered in column 59; and the

* station pressure, determined in accordance with paragraph 7250,
will be entered in column 63 to the nearest hundredth,

2/13. Paragraph 11482, The time of ending of precipitation or thunder-
storms, recorded in column 84, should be the actual time of cessa-
tion of the phenomenon, rather than, for example, fifteen minutes
after thunder was last heard.

Example:

Given: Thunder heard at lOl8E, but not heard in succeeding
fifteen minutes,
Reported: (a) Record observation at 1028E continued to report
thunderstorm,
(v) Special observation at 1033E reported ending of
thunderstorm,
(c) Time of ending of thunderstorm recorded in
column 84%: "1018"

2/14, Paragraph 11483, Entries in columns 86-88 refer only to obstruc-
tions to vision prevailing at the usual point of observation.
Data pertaining only to phenomena occurring at the control-tower
level will not be recorded in these columns,
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2/15. Paragraph Al12319, Visibility values recorded in column 19 of Form
1001C will be based on the values recorded in column 5 of Form
1130A, regardless of whether these values pertain to the usual
voint of observation or to the control tower level.
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4/1.

4/2.

4/3,

4/4.

Paragraph 1210, The instructions in Interpretation 2/1 apply
also when several cloud fragments at more than one level are
observed, each covering less than 1/10 of the sky, even though
the total amount of sky covered is 1/10 or more. For example,
if 1- altocumlus and 1- cirrus were noted, with a total sky
cover of 1/10, the sky condition in colum 4 would still be
reported as clear, since neither of these cloud fragments
constituted a layer. If the presence of such cloud fragments
appears significant, a remark such as "FEW AC AND CI® should be
included.

Paragraph 3435, As a convenience in using Table 8, it is
suggested that the equivalent values in statute miles be entered
in this Table. These values are 5/8 of a mile for 1100 yards and
5/16 of a mile for 550 yards. Similar entries should be made in
the Condensed Table of Critical Values.

Paragraph 3501. The statement in this paragraph concerning the
improbability of fog formation if the temperature-dew point

spread is more than 4° is intended only for guidance of observers
in detecting fog, If, in the observer's opinion, fog is beginning
to form, it will be reported even though the temperature-dew point
spread is more than 4°,

Paragraph 4030. Note that, at stations having both a shielded
weighing gage equipped with the proper gears and an unshielded
8-inch gage or tipping bucket, the weighing gage will be used for
all official precipitation measurements except excessive precipi-
tation, since it is the only shielded gage at the station. The
statement in the legend bensath Figure A9 refers only to stations
having both a tipping bucket and a shielded weighing gage equipped
with suitable gears and was not intended to imply that excessive
precipitation would be computed from weighing gage charts.
Simlarly, Interpretation 3/13 referred only to stations equipped
with one or the other type of gage » not with both.
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4/5.

4/6.

Paragraph 6010. If the dry- and wet-bulb temperatures are out-
side the renge of the psychrometric calculator, WB Form 235 will
be used to obtain relative humidity and dew point, and the
corrections indicated in Tables 9 and 10 applied as necessarye.

Paragraphs 9134-9134.11, and 9145.
(a) Special observations will be taken at SAWRS only under the

following conditions:

(1) To report changes in ceiling and visibility in accord-
ance with paragraphs 9134.01 and 9134.08 during the
period beginning one hour before the expected time of
an aircraft's arrival and ending one hour after the
aircraft's departure.

(8) To report changes in meteorological conditions that, in
the opinion of the observer, are of importance to the
safety or efficiency of impending aircraft operations.

(3) Whenever requested by operational interests.

(The above items correspond to the instructions in Circular
Letter 91-48, with the exception that the paragraph
references to Circular N have been changed to correspond
to those of the 6th edition.)

(b) When a sliding scale of minimmms applies to an alrport, the

®highest airline operating minimum® refers to the highest

ceiling and visibility values used as minimums by any air

carrier operating at the field, even though the respective
values for ceiling and visitility are not companion values
on the sliding scale.

Example:
Given: The following sets of minimms for an airport:
Operator No, 1 Operator Noe 2
400 - 1 500 - 1 1/2
600 - 3/4 700 - 1 1/4

1000 - 1/2 1000 - 1



4/6. (cont.)

Procedure: The highest airline operating minimum in the
above case is 1000 feet and 1 1/2 miles. A
special observation would therefore be required
at this airport when the ceiling decreased to
1000 feet or less or increased to 1000 feet or
more. This provision applies only to the
highest minimum, and a special observation would
not be required by this rule if the ceiling
decreased from 700 to 500 feet. However, local
extra observations would be required in accord-
ance with paragraph 9143.

(¢) A special observation should be taken whenever a sandstorm
or duststorm is no longer in sight within 6 mlles of the
station. A special observation is not necessary when a
sandstorm more than 6 miles from the station completely
disappears from sight.

(d) At stations not taking airway observations throughout a 24-
hour period, special observations as required by these
paragraphs should usually be begun following the first
scheduled record observation for the operating period. For
example, if the station is taking observations only during
the period 0400-2000, special observations will be taken,
whenever required by these instructions, following the first
record observation at 0430. An exception to this procedure
should be made if, during the period 0400-0430, any meteoro-
logical condition believed to be of importance to the safety
and efficiency of aircraft operations is observed, in which
case a special observation should be filed immediately.

4/7. Paragraph 9213. Pilots' reports of ceiling more than 1 1/2 miles
from the boundaries of the field will be disseminated immediately
in accordance with item (8) of this paragraph. Since such reports
cannot be used for official ceiling values, they should be
distributed immediately even though the ceiling at the
airport is classified "measured."

4/8. Paragraphs 10322 » 10325. Contractions currently authorized by
the CAA manual of contractions should be used even though they
differ from those in Circular N illustrations. For example, the
currently authorized CAA contraction for Navy pilot reports is
NAREFS, and this abbreviation should be used in current weather
reports rather than NYREFS, which is used in the illustrations
in these paragraphs.
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4/9.

4/10.

4/11.

4/12.

Paragraphs 11001, A11001. The monthly preparation of Form 1130D
is not required for SAWRS and other second-order airway stations.
The instructions in Interpretation 3/8 apply to these stations,
as well as to CAA observing stations.

Paragraph A11050s As a result of the introduction of automatic
scanning procedures on all Service A circuits, two or more
special observations may frequently be available for trans-
mission during a scanning periode. Under such circumstances,
only the latest observation will be tranasmitted during the
scanning period on Service A, and observations not transmitted
will be marked "FIBI¥ in accordance with this paragraph. For
example, if special observations were taken at 1340 and 1348,
only the observation at 1348 would be transmitted during the
scaming period beginning at 50 minutes past the hour,

Paragraph 11105.2. At stations where there are no intermediate
visibility markers, it may not b2 practicable to estimate
visibility in the intermediate ranges. For example, at certain
stations in mountain areas, the only visibility markers beyond
the immediate vicinity of the station are sometimes distant
mountain ranges approximately 100 miles away which are visible
only under very unusual meteorological conditions. Estimations
of visibility in S5-mlle incremsnts in the ranges from 15 to 100
miles are therefore not practicable. In such cases, if the
visibility is estimated to be more than 15 miles but a more
precise estimation cannot be made because of lack of suitable
markers in the intermediate ranges, the visibility should be
recorded as 15+,

Paragraph 11106,

(a) If rain or any other form of precipitation is recorded in
column 6, it is not necessary that an obstruction to vision
(Table 27) be recorded, even though the prevailing visi-
bility is six miles or less. However, if the visibility is
poor and the precipitation very light, the observer should
be alert to detect formation of some additional obstruction
to vision, such as fog.

(b) If squalls are observed, they will be reported following
items (1) to (5) in this paragraph, and preceding item (6)
(obstructions to vision.)



4/13.

4/14,

4/15.

4/16.,

Paragraph 11114. The instructions in item 6 of Table 29
apply also if three scattered layers are reported, i.e., the
lowest of the three layers will be reported in remsrks. Note
also that, in the case of multiple layers, the first sky
condition symbol represents the total amount of sky covered.

Examples;
Given:
lst layer 2nd laver 3rd layer Total
(1) 1Cu ER5 1 Ac E85 1Ci E150 1
(2) S5 Cu E25 1 Ac E8S 1Ci E1SO 6
(3) 9 Cu E25 1 Ac ES8S 1Cci EX50 9
Reported:
Ceiling and Sky Remarks

(1) o850 150 ©25 @

(2) E85 QU , E1500 250

(3) E25 QO E1500 E85®

Paragraph 11417. Readings from precision anercid barometers,
which will be made to the nearest 1/10 of a millibar if the
baromster is graduated only in millibars, will be converted to
thousandths of inches before entry in column 17. If a precision
aneroid barometer is available, hourly and 6-hourly station
pressures will be obtained from this instrument rather than from
an altimeter setting indicator or a microbarographe A special
table for converting temths of millibars to thousandths of
inches is being furnished stations having precision aneroid
barometers,

Paragraph 11450, State of the ground observations should be
omitted at stations having only concrete, macadamized, or other
similar hard surfaces in the vicinity of the station. Under
such circumstances, a dash should be entered in column 50,

Paragraphs 11461-11465.

(a) The instructions to enter pressure readings to the nearest
+001 of an inch or .06 of a millibar apply only to readings
from mercurial barometers. At stations equipped with
precision aneroid barometers graduated in millibars,
entries in columns 61-63 should be t0 the nearest tenth of
a millibar, with the entry in column 61 being the un-
corrected reading of the precision aneroid, the entry in
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4/16.

4/11.

4/18.

(cont.)
colum 62 being the established correction, and the entry
in column 63 being the corrected station pressure. (The
entry in colum 63 should be converted to the nearest one-
thousandth of an inch, before emtry in column 17.)

(b) If the precision aneroid barometer is graduated in inches
or in both inches and millibars, entries in column 6)
should be to the nearest .005 of an inch.

(¢) If a precision aneroid is available, entries in these
colums will invariably be obtained from this barometer,
rather than from an altimeter setting indicator or a
mercurial barometer.

(d) The value entered in column 63 will be used in establishiizy
the barogram correction for column 65. Barograph readings
will be entered in column 64 to the nearest five~thousandth
of an inch at all Weather Bureau stations; the provisions
for entering these data in millibars apply only to military
stations (where the microbarograms are graduated in
m‘lllibars).

Paragraphs 11482, 11483, Obstructions to vision not restrict-
ing the visibility at the usual point of observation, and
therefore not recorded im colum 6, should not be entered in
colums 86-88. This procedure will be followed even though
distant obstructions to vision are recorded in column 14 (e.ge,
WK LYRS E," WGF NW,% etc.). Similarly, precipitation will not
be entered in columns 82-84 unless precipitation is also
reported in column 6. Entries will not be made in these columns
to report distant precipitation.

Paragraph A12010., City offices preparing Form 1001C in accord-
ance with the instructions in this paragraph, but not preparing
Form 1001B, will enter data as follows on Form 1001C:

(1) Columns 27 will be completed from autographic records.

() Columns 20-22 will contain the maximum and minimum
temperatures (to the nearest 0,1°F) and precipitation,
respectively, for the 24-hour period preceding the time
of the climatological observation. (These data will be
obtained from autographic,records for days on which no
climtological observation was taken.)

(83) Temperature and precipitation summaries will be enteread
at the bottom of the form.

(4) Entries in all other columns will be omitted.
( These correspond to the instructions in C. L. 102-49)



4/19.

4/20.

4/21.

4/22.

Paragraph A12352. Instructions in paragraph 12343, concerning
the entry of "greatest amount of precipitation® if the 24-hour
period begins on the last day of one month and ends on the
first day of the following month, apply also to snowfall.

Example:

Given: (1) 5.0 inches of snow fell on March 31-April 1, with
2.0 inches falling on March 31 and 3.0 inches on
April 1.

(2) With the exception of the snowfall on March 31,
the greatest snowfall in March was l.5 inches on
March 15.

(3) The greatest amount of snowfall in April was 5.5
inches on April 5. .

Entries on Form 10010 - "Snowfall -~ Greatest in 24 Hours"

(1) For March, "1.5 inches on March 15.7 (Note that,
although two inches fell on March 31, the total
precipitation on March 31 must be ascribed to
April 1 in accordance with paragraph 12343.)

(2) For April, "5.5 inches on April 5.%

(3) In both instances, explanatory notes should be
entered at the bottom of Form 1001C indicating that
5 inches of snow fell during the period March 51
to April 1, with 2 inches falling on March 31 and
3 inches on April 1.

Paragraph A12353. If the greatest depth of snow on the ground
during the month is a trace, I" will be entered in the space
provided for this datum.

ParagraphA13720. The instructions in this paragraph concerning
the tims of changing charts should be followed by CAA and other
second-order stations as well as by first-order Weather Bureau
stations insofar as practicable. ILocal exceptions to this
procedure may be made if personnel are not normally scheduled
on duty at these periods.

Paragraph A14330. The permanent file of Forms 5066 will be
retained at the Regional Office only if the Regional Office is
also hsadquarters for the field aide customarily visiting the
station concerned. Otherwise, the permanent file of completed
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4/22. (cont.)
Form 5066 will be sent to the field aide's headquarters and

ineluded in the permanent inspection folder. In the latter
case, Regional Offices are requested to furnish verifying
stations the addresses to which completed Forms 5066 should be
sent. Completed copies of Form 5066 may be destroyed by field
aides after two years from the date of preparation.

4/23. Paragraph A15312.2. In the coded message, the AZRAN group
should be "27/100" rather than "27/10."

4/24. SectionAl5500.

(a) In Figure Al2 for "No change in tendency," read "Tendency -
no change.”

(b) In Figure A1l9 in the 3rd line of the coded message,
deleste "no."
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INTERPRETATIONS - SERIES NO, 5

(Note: Inspection reports have indicated that some stations
have overlooked the entry of marginal notations opposite
appropriate paragraphs in accordance with the note preced=-
ing Interpretation 1/1, Station officiale are requested
to review these instructions to insure that such numbers
are entered for each item,)

5/1. Paragraphs 1431, 1434, Inspection reports have indicated that
many low ceilings are being classified "indefinite," posaibly
because of the greater angular penetration of the ceilometer or
ceiling light beam into low clouds as compared with higher
clowds. This relatively greater beam penetration into lower
clouds is not a valid criterion for determining ceiling clasei-
fication, As indicated in paragraphs 1431 and 1434(1), the
determination of a ceiling classification of "measured” or
"indefinite" must be based on whether the beam penetration 1is
normal for that usually experienced with the particular cloud
height, For example, a penetration of 5% into a cloud base at
7500 feet would usually require a ceiling classification of
"sndefinite"” because this penetration is in excess of that nor-
mally experienced for clouds at this height; while a penetration
of 5° into a clowd base at 500 feet would usually require a
classification of "measured” because this penetration is normal
for clouds at this height,

Investigations are being conducted to establish objective cri-
teria for determining ceiling classifications that will not
depend largely on obgerver experience and Judgment, In the
meantime, station officials are requested to review classifi-
catione assigned locally to ceilings below 1000 feet, If

most of the ceilings that are determined by a ceilameter or
ceiling light are not classified "measured," it is probable that
the above procedures for determining ceiling classification are
not understood by all observers, and local action should be taken
accordingly to insure that proper techniques are being used,
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5/2.

5/3.

Paragraph 1442, The authorized free lifte for ceiling and pilot
balloons are given in the following table, No other free lifts
are authorized for these balloons when used for ceiling-measuring
purposes, Ordinarily, only 10-gram balloons will be used for
ceiling-measuring purposes, with 30-gram balloons furnished
selected stations only., Inflation nozzles, rather than balances,
will be used in inflating both types of balloon,

Type of Balloon Gas Total Free Lift
Ceiling (10-gram) Helium 45 grams
Ceiling (10-gram) Hydrogen 40 grams
Pilot Balloon (30-gram) Helium 139 grams
Pilot Balloon (30-gram) Hydrogen 125 grnms

The following ascensional rates apply to 30-gram balloons inflated -
with either of the above lifts, Heights corresponding to intermediate
time intervals should be obtained by interpolation,

Min, Rt. Min. Ft. Min, Ft.
1/2 350 3 1/2 2320 81/ 4130
1 710 L 2630 7 1430
11/2 1030 L 1/2 2940 7 1/2 4720
2 1360 5 3250 8 5020
2 1/2 1680 5 1/2 3540 8 1/2 5320
3 2010 6 3840 9 5610
Paragraph 6120, Inspection reports have indicated that pro-

cedures for computing dew-point temperatures when the wet-bulb
temperature is below 32°F, are not understood at all stations,
The following important points are, therefore, being re-emphasized:

(a) Whenever the wet-bulb temperature is less than 32°F., the
index of the D-scale on the psychrometric calculator will
invariably be set opposite the wet-bulb temperature on the
T, scale, regardless of the current dry-buldb temperature,
I? the wet-bulb wick is not obviously ice-covered, ice
ehould be caused to form on the wick by touching it in
accordance with paragraph AS5131.1,

(b) The dew-point temperature is always read on the T, scale
(1.e., with respect to water) regardless of the current
dry- or wet-bulb temperatures,



5/4.

Paragraphs 8110, 11114, Magnetic directions should be entered
on Form 3024B (or the telautograph record) in parenthesis follow-
ing the last element of the observation, except that this entry
may be omitted at stations not needing it for broadcast purposes.
(For example, the entry will not be necessary at stations vhere
communications personnel obtain wind directions directly for all
broadcast purposes from separate indicators in the communications
gtation,) Megnetic wind directions will not be entered on Form
1130 unless this form is used directly for bdroadcast purposes,

in vhich case these directions may be recorded in column 14 in
parenthesis,

Magnetic directions are determined in accordance with the follow-
ing instructions:

A, From wind direction indicatore calibrated in degrees:

(1) If the magnetic declination is west, add it to the
true direction,

(2) If the magnetic declination is east, subtract it
from the true direction,

B. From wind direction indicators not calibrated in degrees:

Declination Conversion Procedure
East:
0-11° Ko conversion necessary,
12°-34° The first compass point (on a 16-point

scale§ in a counterclockwise direction
from the true direction (as obgerved on
the 9-1ight indicator)

35%-56° The second compass point in a counter-
clockwige direction from the true dirsc-
tion,
Weat:
0-11° No conversion necessary,
12°-34° The first compass point {on a 16-point

scale) in a clockwise direction from the

trus direction (as observed on the 9-
lignt indicator) .

35°-56° The second compass point in a clockwise
direction from the true direction,

(Apply correspond ing increments for larger
declinations,)



5/5.

5/6.

5/7.

5/8.

EXAMPLES

(1) True wind direction: NW
(2) Magnetic declination: 15° West
(3) Wind direction (magnetic compass): NNW

(1) True wind direction: SE
(2) Magnetic declination: 35° East
(3) Wind direction (magnetic compass): E

Paragraph A8233, Wind speeds below 2,5 miles per howr are not
indicated on the Electric Speed, Inetrument Corporation, or
Weather Bureau-Design wind equipment, At stationse using this
equirment, wind speeds below this value should be estimated by
observing the relative apeed of rotation of the cups,

Paragraph 8311. A new type of direct-reading wind equipment,
the Fill Wind System, has been recently distributed to selected
field stations, Although this equipment physically resembles
the condenser-discharge type of squipment, 1ts performance
characteristics are different, Peak spased of gusts should be
determined directly from the FLll Wind System in the same mammer
as for other types of direct-reading wind equipment. Zero cor-
rections apply throughout the entire scale range,

Paragraph 9012, The Instructions in this paragraph concerning
the use of control tower visibility observations for coding
purposes apply only to the coding of airway observations and
associated summaries, The visibility at the usual point of
obgervation, rather than at the control tower level, will be
coded in the synoptic observation, (These instructions are
being included in a forthcoming revision of the synoptic code,)

Paragraph 9144, Local arrangements should be made for the con-
trol tower, communications station, or airport operations office
to inform the observing station of aircraft accidents in order
that the local extra observation required by this paragraph may
be taken promptly. If notification of such an accident is not
received immediately, the observation should be taken immediately
after notification, unless there has been an intervening record
obgervation, An explanatory note should be entered in column 90
of Form 1130B whenever this observation has been delayed,



5/9.

5/10.

5/11,

5/12.,

5/13.

Paragraphs 9213, 11300-11311.1. In accordance with Circular
Letter 142-49, PIREPS will be entered on Service A in summary
form only, with the exception of those entered by Weather Bureau
stations that operate Service A send-receive facilities and have
no meane other than Service A to communicate with the ARTC or an
adjacent INSAC, All pilots' reports, regardless of whether they
are entered directly on Service A at the station of origin or
are forwarded to ARTC for inclusion in the summary prepared by
FAWS, will be recorded on Form 1130 by the originating station in
accordance with Section 11300, The term "local extra" as used in
Circular Letter 142-49 refers only to the type of distribution to
be given these PIREPS, and does not alter the manner in which
these observations are recorded on Form 1130, A supplementary
form must still be used for PIREPS more than 1 1/2 miles from the
boundaries of the field, as prescribed in Section 11300; elements
will be entered in the order indicated in paragraph 10320, using
the abbreviations listed in the following paragraphs, etc,

Paragraph A10080, Inspection reports have indicated that the pur-
pose of Form 3069 may not be understood at all stations and that
this form is therefore not being systematically rendered. Form
3069 is extensively used at the WBAN Analysis Center, as well as
at some fileld forecast stations, for correcting manuscript maps
in historical filea. Since Form 5066 is not generally available
to these offices, 1t 1s important to the accuracy of historicel
maps that Form 3069 be forwarded promptly in accordance with in-
structions in paragraph A10080,

Paragraph A11005.2. The authorization for field aides to destroy
retained carbon copies of Form 1130 applies at CAA as well as at
other second-order stations,

Paragraph 11202, This paragraph was generally applicable at all
stations before the scheduled tranamission time for synoptic
obgervations on Service C was advanced to 35 minutes past the
hour, Since synoptic observations are now usually transmitted
following the record observation, the procedures outlined in this
paragraph now apply only at those few stations where special
arrangements have been made for earlier transmission of synoptic
observations by telephone or telegraph,

Paragraph 11445, Entries in column 45 of Form 1130B are obtained
by actual stick measurements, in accordance with paragraph 4230,
and are not the sum of hourly values,(Hourly snowfall measurements
are made at designated stations only.)



Exgggle:

Given: Hourly measurements for the period 0115 to 0715 EST
totaled 9.3 inches; no melting occurred, but stick
measurement at 0715 indicated total depth on ground
of new snow aince 0115 to be only 7.2 inchee,

Entry in colwm 45: 7.2 (i.e., the 6-hourly stick measure-
ment, rather than 9.3, the sum of hourly values for
the preceding 6 hoursf.

5/14 ., Paragraph Al12316, Observations of sky cover that are made after
sunget will not be considered in computing average sky cover
entries in column 16 of Form 1001C. For example, if sunset
occurs at 1722 EST, an observation of sky cover made at 1727 will
not be included in the daily average for this colum,

5/15. Paragraph A12362, At high altitude stations, the lowest (or
highest) station pressure indicated on the barograph may not repre-
gent lowest gea-level pressure because of the temperature
factor involved in the sea-level reduction, At such stations,
the hourly computations of sea-level pressure should be inspected,
in addition to the barograph charts, to determine that the low-
est (or highest) gea-level pressure has been selected,

5/16. Paragraph A13110 At stations west of the 135th standard meridian
time zone, missing record may result if the barometer charts
are changed at 1830 GCT as specified in this paragraph. At such
stations, the charts should be changed at the standard synoptic
time (0030 GCT, 0630 GCT, etc,) nearest to noon, local standard
time,

CORRECTINS

(1) Table A2, following paragraph A5544, colum headed "Tele-
psychrometer Dry-Bulb Higher Than 20°F., Wet-Bulb 33°F, or
Lower," line headed "Relative Humidity' --- change "from
telepaychrometer dry-bulb and standard psychrometer wet-bulb"
to read "from telepsychrometer dry-buldb and standard psychro-

meter dew-point.,”

(2) Figure 5, second line, column 23 --- prefix a minus sign
(_) tO "F.'_'



(3) (a) Paragraph A15120, Item 1(a), change "0110GCT" to read
"0135GCT "

(b) Paragraph A15511, delete "between 27 and 30 minutes
past each hour, Additional observations may be trans-
mitted at 10 minutes of, or 10 minutes past, each hour,'

(The cnanges in (3) above have been necessitated by the recent
revision of scheduled transmission times for SW reports on
Service A, Revised pages of Circular N will be forwarded for
these and other changes at a later date.)
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CHAPTER Al5. RADAR METEOROLOGICAL OBSERVATIONS

A15010, GENFRAL. Radar (radio direction and ranging) equipment con-
sists essentially of a directional radio transmitter and a radio
receiver that picks up the transmitted energy reflected by meteorologi-
cal and non-meteorological phenomena, The types of radar equipment
commonly used for meteorclogical observations employ a wave length of

3 cm, or 10 cm, The received impulses are presented in typical patterns
upon an oscilloscope (termed "scope" in these instructions), The search
for meteorological phenomena is termed "scanning,” The reflected energy
ae presented on the scope is termed an "echo," Echoes are evaluated in
terms of range, or distance from the station; azimuth bearings; inten-
sity; tendency; height; width; and direction and speed of movement,
These data are entered upon forms and coded either in the modified
plain language RAREP code used at land stations, or the standard RAREP
code used at ocean stations,

Al15011, It should be noted that most radar scopes novw used for weather
gearch are calibrated in nautical miles, Conversion to statute miles
prior to entry on the forms will therefore be required in these cases,

Al15012, Radar equipment aseists the surface observer to evaluate meteo-
rological situations within the range of the set, Limitations of the
equipment must be understood when evaluating and using radar data,
Certain forms of precipitation and lithometeors may be detected by radar
but wind and pressure systems associated with tornadoes, hurricanes, and
thunderstorme cannot be detected, Correlation of the radar indicatione
with the existing synoptic situation must therefore be carefully done,
Furthermore, the absence of radar indications will not Justify the in-
ference that precipitation is not occurring, for water on the radar dome
and precipitation may exclude indications of more distant precipitation
areas, especially if 3 cm, radar ies used,

A15013., The following paragraphs contain instructions for evaluating
the echoes observed on the scope and for entering data on Form 3200A,
"Radar Weather Observations," and Form 3200B, "Marine Radar Weather
Observations,” Most of the material in this section applies to Form
3200A, Observers aboard ocean station vessels will follow theso in-

" structions to the extent that they are applicable to Form 3200B, Addi-
tional instructions for entry of data not directly bearing on the ob-
servation are included in Section A15400, together with instructions for
disposition of the completed forms,
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A1501%, The Central Office is interested in obtaining photographs,
drawings or sketches of unusual echoes, especially those of precipi-
tation areas associated with hurricanes, frontal systems, tornadoes
and thunderstorms, The following suggestions are offered to persomnel
who wish to attempt to photograph the radar scope:

(1) Use fast £ilm, similar to Kodak Super XX or Agfa Super Pan
Press,

(2) Mount the camera on a tripod or other firm mount as close
to the scope as the camera can be accurately focused,

(3) Exclwde as much extraneous light as possible from the
camera lemns,

(4) Make a time exposurs, using an aperture of Fi 5 or 7.6,
The duration of the time exposure should dbe the exact num-
ber of seconds required for one complete revolution of the
radar antenna,

The Central Office will be glad to develop the film and retwrn it with
prints to the photographer, The material will be most useful if a
complete airway observation, taken at the time of the echo, is forvarded
with the £ilm or drawing., All material should be identified with refer-
ence to the exact time and date of occurrence, location of the observing
station, type of radar equipment, range setting and orientation,

A15100, OBSERVATION SCEEDULE

Al15110, GENERAL, Radar equipment is a valuable observational facility
that will be used to the greatest possible extent whenever echoes are
obgerved on the scope, and especially when hurricanes and other distur-
bances of unusual severity are forecast or reported in the vicinity,

The scope will be cbserved for a minimum of three minutes, After echoes
have been initially detected, the equipment will be maintained in oper-
ating or standby position until echoes are no longer observed, Unless
otherwige specified, "echoes" as used in these instructions will refer to
those having their origin in meteorological phencmena,

Al15120, TIME OF OBSERVATIONS, Depending upon the prevailing meteorolo-
gical situation, observations will be taken as follows:

1., (a) Land stations - at 0110 GCT and every three hours
thereafter.

(b) Ocean stations - immediately after each three-howrly
observation,
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2. In addition to (1) above, when echoes are observed, and
when frontal activity or precipitation is occurring or
forecast, observations will be taken at ten minutes past
each howr,

3. In addition to (1) and (2) above, additional observations
will be taken when:

(a) Echoes are noted on a previously clear scope.

(b) Speed of movement, after increasing by twice or more
since the previous observation, equals or exceeds
thirty miles per hour,

(c) Direction of movement changes by 45° or more since
the previous observation,

() Scattered echoes become a s0lid line or a solid line
changes to scattered echoes,

(e) The scope becomes clear,
A15200, PREPARATION OF RADAR FOR USE

A15210, GENFRAL, The radar equipment will be twrned on and operated
in accordance with instructions appropriate to its type. The follow-
ing inetructione concern ad justments of the controls and evaluation of
scope patterns to secure optimum performance for weather search,

A15220, TUNING PROCEDURE, Direct the antenna by manual control to a
known ground obstruction that will retwrn an echo, Adjust the antenna
in azimuth and elevation for marimum return, and reduce the gain of the
receiver until the echo is Just discernidble on the scope, This point is
termed the "threshold level."” Turn the A.F.C.-manual switch (automatic
frequency control) to the manual position, Retune the receiver and
reduce the gain as necessary to maintain the signal at the threshold
jevel., Turn the A .F.C.~manual switch to the A F.C., position, If an in-
crease in echo intensity is noted, repeat the above proocedure, When no
difference is noted, the equipment is correctly tuned, and the switch
will be left in the A.F.C. position while taking the observation, Any
decrease in signal strength vhen the switch is turned from manual to
AF.C. indicates malfunctioning of the equipment, vhich will be reported
immediately to the technician,

A15221, After adjustments have been made in accordance with the previous
paragraph, increase the gain of the receiver to as high a point as is
consistent with prevailing interference, Tilt the antenna to about 3°
above the horizon or to an angle that yields the dest results for the

station at the range being used,
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A15300., DETECTION AND EVALUATION OF ECHOES

Al15301. GENERAL,., A map of permanent obstructions through 360° around
the station will be prepared to aid in distinguishing echoes of meteo-
rological from those of non-meteorological origin, It is recommended

that a transparent insert, upon which are plotted echoes of all perma-
nent obstructions in terms of azimuth and range, be constructed to fit
over the face of the scope. One insert should be made for each range.

Al15302. SCANNING. Scan all ranges, starting with the longest, through
several angles of antenna tilt during each obgervation, To obtain the
most accurate and the best defined presentation of an echo, use the
shortest range which will include 1it.

Al15303. SPURIOUS ECHOES. Spurious echoes may occasionally be received
when meteorological conditions are such that the normal range of the
ground pattern is greatly extended. Thig condition is often associated
with inversions and is manifested by echo patterns not typical of the
synoptic situation, Spurious echoes will be noted on Forms 3200 but
will not be transmitted,

A15304, CHARACTER. Classify the echoes in accordance with the follow-
ing 1ist and enter the corresponding contraction on Form 3200A,

Character Contraction
Scattered echoes SCTD
Solid echo SLD
Line of scattered echoes LINE SCTD
Solid line of echoes SLD LIRE
Spiral band SPRL BRD

Al15305, POSITION, The shape and size of each echo will be evaluated
in terms of range, or distance from the station, and azimuth bearings.
To facilitate observing in these terms, the echoes will be visualized
in one of the typical patterns:

(1) Azimuth and range of ellipse pattern (see Figures Al2 and Al3)
(2) Azimth and range of circular pattern (see Figures All and Al5)

(3) Azimuth and range of combinations of
individual echoes (see Figures Al7 and A18)

(4) Azimuth and range of spiral bands (see Figures Al19 and A20)
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The echoes will be evaluated in terms of whichever pattern fits best.
Each pattern is discussed below, After the azimuth and range have
been obgerved in accordance with the following instructions, enter the
data on Form 3200A under the captions Azimuth and Range., Enter azimuth
to the nearest ten degrees and range to the nearest whole statute mile,
The azimuth and associated range will be entered in adjacent columns,
As many additional data as are necessary will be entered similarly.

A15305.1. ELLIPSE, The scope pattern will be evaluated in terms of
an ellipse when the major axis (length) through an echo or group of
echoes ie two or more times the minor axis (width), provided that the
distance between adjacent echoes in a group is the same as or less than
the distance through the largest echo,

A15305.11, Read the azimuth, and corresponding range, of lines extend-
ing fram the center of the scope to each end of the major axis,

A15305.2., CIRCLE. The scope pattern will be evaluated in terms of a
circle when an echo or group of echoes is so situated that the major
axis could lie in more than one position through the area, provided
that the distance between adjacent echoes in a group is the same as
or leass than the distance through the largest echo,

A15305.21, Read the azimuth and corresponding range of a line extend-
ing from the center of the scope to the center of the circle,

A15305.22, When precipitation at the station causes a bright, diffuse
echo that completely covers the central portion of the scope, make
range readings to the edges of the echo at several points, No azimuth
readings are required, The range values will not be entered on Form
3200A, but will be used for a later determination of the width of the
area (see Figure Al6)

A15305,3, INDIVIDUAL ECHOES, If, in a group of echoes, the distance
between adJjacent echoes 1s greater than the distance through the
largest echo, the echoes will be desoribed individually.(see Figure AlT)

A15305,.,31, When an individual precipitation area is the same size as,
or smaller than, the width of the radar beam, the echo will appear as
a short line. In this case, the major and minor axes will not be
determined. The azimuth and range of the echo will be reported in
terms of the azimuth and range of the center of the echo with respect
to the station (see Figure A18)

A15305.4, SPIRAL BANDS, Echoes reflected from precipitation areas
associated with typhoons and hurricanes often approximate spiral bands.
No attempt should be made to classify these echoes as ellipses or
circles, Rather, azimuth and range readings will be recorded for as
many points (usually at least three) on the center line of the echo as
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are necessary to define its extent accurately. When multiple bands
exist, separate azimuth and range readings will be recorded for each
band (see Figures Al9 and A20)

A15305.41, Information pertaining to the eye of the storm will be
reported in remarks. (See paragraph A15312,2,)

A15306. INTENSITY, Observations of intemsity will be made only at
stations equipped with 10 cm, radar, Whenever available, an A-gcope
will be used to observe intensity. When an A-scope is not available,
intensity will be estimated from careful observation of the PPI scope,

A15306.1. Enter on Form 3200A, under the caption "Intensity,” the
appropriate contraction selected from the following list:

Intensity Contraction
Weak WK
Moderate Mor
Strong STRG

A15306.2, Usge the following table to relate the appearance of the
A-scope to the intensity,
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TABLE A6 - RELATION OF THE APPFARANCE OF A-SCOPE TO INTENSITY

A15-T

Appearance of A-scope

Intensity

Echo can be detected at or near the
noise level,

Weak if range is less than 50 miles,
Moderate if range ies more than 50 miles.

Echo easily distinguished above noise
level but fails to reach or exceed
paturation,

Moderate if range is less than 50 miles,
Strong if range is more than 50 miles,

Echo completely saturates scope,

Strong if range is more than 20 miles,
Moderate or strong if range is less than
miles.
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A15307. TENDENCY, The tendency will be based upon consecutive ob-
gervations of intensity. Enter on Form 3200A, under the caption
"Pendency,” the appropriate contraction selected from the following

1list:

Tendency Contraction
Increasing INCRG
Unchanging NO CHG
Decreasing DCRG
Slowly SLOLY
Rapidly RPDLY

A15308, WIDTH., The width of scope patterns will be described in terms
of the diameter of a circle, the length of the minor axie of ellipse,
or the mean width of spiral bands, whichever is appropriate, Enter the
width to the nearest whole statute mile under the caption "Width" on
Form 3200A.,

A15308.1, The width of scope patterns, when the size of the precipita-
tion area is equal to, or less than, the width of the radar beam, will
not be recorded, .

A15308,2, Determine the width of a circular pattern by reading the
range of the nearest point of the circle and of the most distant point,
Subtract the nearer from the more distant value, The remainder is the
width,

A15308,3, When the minor axis of an ellipse is parallel or nearly so
to a radial line from the center of the scope, determine the width
similarly to that of a circle, Otherwise, estimate the distance by
comparison with the distance between range markers. (see Figure Al3)
Note that the minor axis is equal to the maximum width of the ellipse.)

A15308 .k, When a roughly circular bright echo completely covers the
central portion of the scope (as described in paragraph A15305,22) s
the width will be reported as the diameter of the circle and a remark
will be added at the end of the report to indicate that the echo is
centered at the station,

A15308,5, The width of the spiral bands characteristic of the precipi-
tation areas associated with hwrricanes will be reported as the mean
width of each band,



Eff. 8-1-49 Al5-9

Al5309, DIRECTION OF MOVEMENT, Direction of movement is expressed in
terms of the direction from which the echo 1s moving, and 1is based
upon two consecutive observations taken about fifteen minutes apart,

A15309,1, To determine the direction of movement, plot the location
of the center of the echo at each observation on a. plotting board nr
an aerocnautical chart covered with transparent material, Draw a line
through the centers of both echoes, Determine the bearing from the

second position to the first, This bearing is the direction of move-

ment,

A15309.2. Enter on Form 3200A, under the caption "Direction," the
direction of movement to the nearest ten degrees from true north,

Al15310, SPEED OF MOVEMENT, The apeed at which an echo moves will be
expressed in miles per hour by dividing the distance in statute miles
between the centers of the plotted echoes by the elapsed time between
observations,

Al5310,1. When the movement of the echo patterns is not uniform,
adjust the antenna and receiver gain controls until all but the strong-
est or largest echoes have been excluded from the scope, A more uni-
form rate of movement will usually be obtained by tracking and plot-
ting these echoes,

Al15310.,2, Enter the speed on Form 3200A under the ocaption "Speed" to
the nearest vhole statute mile per hour,

A15311, HEIGHT, The height of echoes will be determined at stations
supplied with equipment appropriate to the purpose, All values of
height refer to the uppermost limit of visible moisture that may be
detected by radar. Therefore, it will not be assumed that height data
refer to the tops of clouds, Moreover, height data at long ranges
are inaccurate because the elevation angles are very small, and
corrections are not made for the curvature of the earth and for devia-
tions of the radar beam from normal propagation, At very close ranges,
the vanishing point of an echo may occur at the leading edge of a
storm, whereas the actual top of the storm is higher in the center,

To limit the magnitude of these inaccuracies, determinations of height
will be made only between the ranges of 15 to S0 miles,

Al15311.,1, If the vertical angle of the antenna beam can be varied,
determine the apparent height of the echoes as follows:

(1) Using manual control, center the antenna on the most
intense portion of the echo,

(2) T11t the antenna and read the angle when the echo first
disappears,
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(3) Subtract half the vertical beam width from the angle
read in (2).

(4¥) Multiply the sine of the angle found in (3) by the range.
The product will be the height in nautical miles,

(5) Convert the value found in (4) from nautical miles to
feet by multiplying the value by 6080, Add to the con-
verted value the height of the station above mean sea
level,

A15311.2. Enter the height on Form 3200A under the caption "Height"
to the nearest hundreds of feet; e.g., 25,000 would be entered as

250,

Al5312, REMARKS., Enter under "Remarks" such data as will support
and amplify the observation and such additional data as has not been
reported by a surface obgervation station, Authorized contractlons
will be used so far as possidle in making entries, Remarks vhich are
not tranemitted will be entered in parentheses,

Al15312,1, Enter data pertaining to unusual echo formations, e.g.,
inversions, precipitation areas centered at station, etc,

Al15312.,2, Enter data pertaining to echoes characteriestic of the pre-
cipitation areas associated with hurricanes, The azimuth to the
nearest whole degree, range, direction and speed of movement of the
apparent eye will be recorded, If the eye of the storm is off the
edge of the scope (out of range of the radar set) ;. 1O attempt will be
made to give the position of the eye, The terms "hurricane," "tropi-
cal storm,” etc., will not be used in descridbing the echoes, either in
public contacts or tranamitted reports,

Example

Observed data: Thunderstorm reported 10 miles west of Washington
National Airport moving from the southwest, Strong
echo identified as tornado, azimuth 270 degrees,
range 100 miles, moving from 135 degrees at 25
miles per hour,

Entry under
Remarks: TSTM RPRTD 10 W DCA MOVG FM SW STG ECHO IDNFYD AS
TORNADO AZRAN 27/10 MOVG ™M 135/25
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A15400, FORMS

A15410, GENERAL, Thie section concerns instructions for entry of
jdentification data on Form 3200A, "Radar Weather Observations," and
for entries on Form 3200B, "Marine Radar Weather Observations.”

Al15411, Enter the month, inclusive dates for all observations entered
on the form, and year, in the appropriate space in the upper right
corner of the form, e.g., June 1k-17, 1949,

Al15412. Enter the name of the station in the space in the upper left
corner of the form,

A15420, FORM 3200A., This form will be started at 0000 LST on the
first day of each month, Data pertaining to more than one day may be
entered on a single form. The following paragraphs are captioned to
correspond with similarly captioned columns on Form 3200A, When echoes
are observed but data required by the captions on Form 3200A are miss-
ing or unknown, omit entries. If the equipment is inoperative, all
entries will be omitted between the reports of cessation and resumption
of operation,

Al5421, DATE, ZEnter the date of the observation,

A15422, TIME. In the blank space at the head of the column, enter a
letter to indicate the standard of time in use, Enter the time of

completing the observation, to the nearest minute, in terms of the 2k
hour clock,

Al15423, RAREP NUMBER, The first radar report (RAREP) of the day will
be numbered "1." The second will be numbered "2," etc. A new series
of numbers will be started at 0000 LST,

Al15L42l4 . OPERATIONAL STATUS. Enter a contraction pertaining to the
operational status of the equipment as required by the table below.
In the following list, "PPI" refers to the scope (plan position indi-
cator); the additional letters refer to "no echo" (NE) , "out of
service for maintenance"(OM), etc, These contractions may be used
separately or in combination with echo reports.

Status Contraction
Equipment performance normal, echoes not PPINE
obgerved,
Equipment out of service for maintenance, PPICOM

(Follow the contraction with a figure to
indicate the number of hours that equipment
18 expected to be inoperative,)
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Status Contraction
Equipment inoperative owing to breakdown, ' PPINO
Normal operation is resumed, PPIOK
Observation omitted for a reason other PPINR

than those above,

A15425, INITIALS, The observer's initials will be entered in this
column,

A15430, FORM 3200B, Entries on Form 3200B, "Marine Radar Weather Ob-
gervations,” will be in terms of numbers taken from appropriate tables
of the Standard Radar Storm Detection Code, A new form will be started
at the beginning of each month and at the beginning of each patrol, If
equipment is inoperative, all entries will be cmitted dbetween the reports
of ceasation and resumption of operation,

Al15431, To determine the position of echoes in terms of latitude and
longitude rather than of azimuth and range, plot the ranges and corres-
ronding bearings from the station on an aeronautical or navigational
chart, The unites used - nautical or statute miles - must be the same as
those upon which the scale of the chart is based.

Al15432, When echoes are obgerved but data required by the captions on
Form 3200B are miseing or unknown, enter "X" or "9," as taken from the
code tables,in the corresponding columns,

A15433, Enter the width of the echo in statute miles.
A1543Lk, Enter the speed of the echo movement in statute miles per hour.

A15435, When performance of the equipment is normal but no echoes are
observed, enter "No echoes" in the remarks column of Form 3200B,

Al15440, DISPOSITION OF FORMS., At the end of each month (or each pat-
rol), mail the completed forms to the Central Office, attention SF¥MO
Divigion,

A15500, TRANSMISSION OF RADAR REPORTS

A15510, FORM 3200A. RAREPS (radar reports) will be tranemitted to
report (1) echoes and associated data regarding location, height, in-
tensity and movement, and (2) reports of inoperative equipment and
resumption of service, When the scope becomes clear after one or more
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RAREPS, transmit "no echoes" (PPINE), A RAREP will not be transmitted
thereafter until echoes are observed or the equipment fails, When the
equipment falils, transmit the appropriate contraction once only; when
operation is resumed, tranamit the contraction "PPIOK" once only,

A15511, TRANSMISSION SCHEDULES, Regular RAREPS will be tranamitted on
the SW teletype collection of Service A, between 27 and 30 minutes past
each hour. Additional observations may be transmitted at 10 minutes of
and 10 minutes past, each hour, The reports will be filed for trans-
mission on Form 302be or a suitable message blank,

Al5512, ORDER AND CONTENT, The content of RAREPS will vary with the
meteorological situation being reported. Data will be reported and
transmitted in the order listed below to the extent that they are
available, The arrangement of material in a RAREP indicates the nature
of the data; therefore, the omission of data will not be explained by
code groups or special devices, All required entries in the following
1ist will be taken from Form 3200A on vhich the necessary data will
have been recorded in units and phrase contractions appropriate to
direct use in the code; e.g., data entered in statute miles will be
coded in statute miles, and data entered in hundreds of feet will be
coded in hundreds of feet, etc., Only such remarks as have not been
reported by a surface observing station will be included in the trans-
mitted report. A sample RAREP follows to illustrate the spacing and
separation of the elements:
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DCA 080240E RAREP3 SLD LINE MDT SLOLY INCRG AZRAN 27/25 19/20 15 MOVG FM 27/25 240 PPIOM3

10,

11,
12,

13.

Breakdown of this message for ldentification follovs:

CORTENTS OF RAREP
Station identificationec--ce-
Date and time, L. 8.T,--=-v-=~
The term "RAREP" followed by
a serial number-«~--ececccae-a-
Character of the echo-«------
Intensity of the echoe~--caw-
Tendency of fhe ochO~eweec-cna

Jdentification of data-------

Aziputh and range, separated
by a slant, to each end of
major axis of the ellipse---

The direction from which, and
speed with vhich, the echo is
moving, Direction and speed
s+parated by a slant, ----cw--

A contraction to report in-
operative equipment or resump-
tion of POrvice--cccmccccmcao

CODED DATA
DCA
080240K

RAREP3

8LD LINE

SLOLY INCRG

27/25 19/20

15

MOVG M 27/25

EXPLANATION
Washington National Airport

Fighth day of month, 2:40 AM,,
Eastern Standard Time

To identify the observation as
the third radar report of the
day.

S0l14 line of echoes
Moderate intensity
Slowly increasing

Contraction to identify imme-
diately following data as azimuth
(bearing) and range (distance)
of the echo from the station,

Azimuth 270°, range 25 statute
miles to one end of major axis;
190°, 20 miles to other end.
Note that if the scope pattern
had bdeen circular instead of
elliptical, only one azimuth-
range datum (which would refer
to the center of the circle)
would be coded,

15 statute miles as width of
ellipse (or diameter of circle,
if circle was coded in immedi-
ately preceding group) .

Moving from 270° at 25 mph,

24,000 feet MSL
Ae appropriate, see par, Al5312

Equipment out of eervice for main-
tenance for next three hours,
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Al15520, FORM 3200B, RAREPS will be transmitted from ocean stations
in accordance with current instructions,
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Fig, Al2

The solid echo line is visualized as an ellipse, Ragged edges are not
enclosed., The range is the distance from the center of the scope to

each end of the major axis of the ellipse, The width is the length of
the minor axis, When the direction and speed of movement, and the type

of radar in use, permit measurement of intensity and height, this echo
would be evaluated as:

Solid line of moderate echoes, no change in tendency; azimuth
and range readings (AZRAN) to the ends of the echo 120 degrees,
47 miles, and 170 degrees, 78 miles; width 22 miles, moving
from 140 degrees at 20 miles per hour; height of the tops of
the echoes 28,000 ft, MSL.

This would be coded as:

DCA 150810F RAREP3 SLD LINE MDT NO CHG AZRAN 12/4T 17/78 22 MOVG
M 14/20 280,
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Fig. Al3

The line of scattered echoes is visualized as an ellipse, since the
distance between adjacent echoes in the group is less than the distance
through the largest echo, and since the major axis is more than twice
the minor axis, The azimuth bearings are recorded to the nearest 10
degrees and range readings to the nearest statute mile, The report of

this echo would be evaluated as:

Line of scattered echoes of moderate intensity; tendency - increas-
ing slowly; azimuth and range readings (AZRAN) 250 degrees 45 miles,
350 degrees 69 miles; width 15 miles; moving from 310 degrees at

30 miles per hour; top of echoes 20,000 ft., MSL; Remarks, pilot of
a DC-3 reports line of thunderstorms 40 miles northwest of the sta-

tion at 1430C.

This would be coded as:

TCT 201510C RAREP2 LINE SCTD MDT INCRG SLOLY AZRAN 25/45 35/69
15 MOVG FM 31/30 200 PIREP 1430C LINE TSTMS 40 NW STN DC-3.,
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The single echo is visualized as a circle, since the major axis might

lie in several directions., The azimuth and range pertain to the center
of the circle. This report would be evaluated as:

Solid, weak echo; tendency - decreasing; azimuth and range 240
degroes 25 miles; diameter 16 miles, moving from 120 degrees
at 15 miles per hour, height of tops of echo 12,000 ft, MSL.

This would be coded as:

TICH 010910C RAREP6 SLD WK DCRG AZRAN 24/25 16 MOVG FM 12/15 120
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Fig. Al5

The echo is visualized as & circle,

the group is less than the distance through the largest echo, and the
major axis could lie in several directions through the group. Ragged

edges of the echo may extend beyond the circle. This echo would be
evaluated as:

The distance between the echoes in

Scattered echoes of moderate intensity; tendency - increasing rapid-
ly; azimuth and range 50 degrees, 22 miles; diameter 20 miles;

moving from 60 degrees at 25 miles per hour; height of tops of the
echo 30,000 ft, MSL,

This would be coded as:

AOE 100410C RAREPS SCTD MDT INCRG RPDLY AZRAN 05/22 20 MOVG FM
06/25 300.
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Fig. Al6

The echo is typical of one observed at a station equipped with 3 cm,
radar when heavy precipitation is occurring at the station, It is
possible that more distant echoes are blocked from the radar view by
attenuation from moisture on the radome and by the precipitation, The
circle in this case includes all the echo except the ragged edges,
This echo would be evaluated as:

Solid echo; width 40 miles; centered at the station,

This would be coded as:

LGA 211112E RAREPL SLD WDrH 40 CNTRD AT STN.
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Echoes A, B, and C are visualized as ellipses; and echo D is visualized
as a circle, These patterns must be evaluated separately, since the
distance between them in each case is more than the distance through
the largest echo,

This report would be coded as:

CRP 141310C RAREP3 SCTD MDT NO CHG AZRAN 26/15 28/06 3 SLD MDT
INCRG 31/12 34/14 2 SCTD STRG NO CHG 05/16 06/11 2 SLD STRG NO
CHG 10/09 2 MOVG FM 24/20 SCTD SHWRS VSBL NW AND KE QUADS.

(see Figures Al2 through Al5 and paragraph A15512 for decoding
instructions)
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Fig. A18

The short dashes at A and B are the echoes of small, isolated pre-
cipitation areas having a dimension the same as, or less than, the

width of the radar beam, The bearing and range to the center of the
echo are obaserved, Width is not observed,

These echoes would be
evaluated as:

Solid weak echo; intensity - decreasing; azimuth and range 260
degrees, 170 miles, So0lid weak echo; intensity - decreasing; azi-
muth and range 10 degrees, 120 miles,

This would be coded as:

AOE 312347C RAREP2 SLD WK DCRG 26/170 SLD WK DCRG 01/120,
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Fig. A19

Echoes of spiral precipitation bands similar to these sometimes re-
sult from typhoons or hurricanes, The position, diameter, direction

and speed of movement, of the center, or "eye" of the storm, are
reported in Remarks,

This echo would be coded as:

BRO 100510C RAREP9 SPRL BND STRG NO CHG AZRAN 26/23 25/26 29/2h
32/06 3 SCTD SPRL BND AZRAN 26/33 27/35 30/28 1 SCTD SPRL BND
AZRAN 27/37 29/37 31/32 1 SPRL BND STRG no NO CHG AZRAN 01/20
08/17 16/22 4 (NTR AZRAN 262/27 DIA 8 MOVG FM 22/30 %00,

(See paragraph A15512 for decoding instructions.)
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Fig. A20

Echoes of spiral precipitation bands similar to these sometimes re-
sult from typhoons and hurricanes, The center may not be as well

defined as this; however, the apparent center is observed if it is
on the scope,

This echo would be coded as:

BRO 201115C RAREP12 SPRL BND STRG NO CHG AZRAN 06/40 04/50 06/50
5 SPRL BND AZRAN 06/38 03/50 04/65 06/61 6 SCTD SPRL BND AZRAN
06/25 02/50 0O4/75 08/55 5 SCTD SPRL BND AZRAN 04/18 01/50 02/80
8 SCTD SPRL BND AZRAN 00/18 35/55 00/79 5 SCTD SPRL BND AZRAN

08/68 12/56 3 SPRL BND 09/70 12/68 5 CNIR AZRAN 054/48 DIA T MOVG
™ 12/28 450,

(8ee paragraph A15512 for decoding instructions.)



