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preface

HE beginning of all meteorology, weather forecasting, and

climatological studies lies with the original observations of

weather and other atmospheric factors. To establish a firm
foundation for these sciences a basic and uniform system of observ-
ing has been adopted by the International Meteorological Organi-
zation. Observing weather is in most countries the responsibility of
the government. Observer training has been conducted as an ““in-
service”” program, and all official observing instructions are issued
by the government. Most of the official government documents
are directed to the experienced observer and are on an “opera-
tional” plane.

This book was written for high-school and college courses in
clementary meteorology and weather observing. It may also be
used by the layman who wants to take up the hobby of weather
observing.

Because of the requirement of uniformity in practices of observ-
ing, the text follows closely the various United States Weather
Bureau instructions on observations.

I wish to express my appreciation to Mr. A. J. Crowshaw for
his invaluable assistance in editing the book and to Mr. L. F.
Hafer for his assistance in preparing the illustrations. Considerable
technical assistance was also given by Mr. L. P. Harrison and Mr.
A. V. Carlin.

To Dr. F. W. Reichelderfer, Chief of the United States Weather
Bureau, I express gratitude for his interest and encouragement in
the preparation of this book.

B. C. Haynes
Washington, D. C.

November, 1947
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Chapter 1

THE ATMOSPHERE

DEFINITION OF METEOROLOGY

Meteorology or, more commonly, weather, is the science, or
branch of physics, treating of the atmosphere and its phenomena.
There are many kinds of meteors, and they may be classed as
follows: (a) acrial meteors, such as winds and tornadoes; (b) hydro-
meteors, such as rain, hail, and snow; (c¢) lithometeors, such as
dust and smoke; (d) luminous meteors, such as rainbows and halos.
These also include the igneous meteors, lightning and “shooting
stars.” Thus the word meteor is not confined to “shooting stars”
or meteorites.

WEATHER OBSERVER

Like chemistry, physics, and other sciences, the study of the
atmosphere must begin with known facts. These facts must be
determined as accurately as possible and expressed in terms reduc-
ible to worldwide standards. The person who makes the original
observations of facts concerning the state of the atmosphere is
called the weather observer. Actually, many elements other than
weather may be observed, and aerographer, the name used by the
United States Navy for this type of observer, seems more appro-
priate than weather observer. As a science progresses, additional
facts are determined. Usually, as new facts are determined, more
and more skill is required of the observer, who must be as highly
trained as a skilled laboratory technician.

DIRECT AND INDIRECT OBSERVATIONS

Of all the natural sciences, meteorology comes closest to affect-
ing directly the lives of all people. Even a very young child knows
some of the facts about the atmosphere—for example, when it is

1



2 The Atmosphere

hot or when it is cold. As we grow older, we observe that clouds
obscure the sun and that rain or snow usually occurs when it is
cloudy. But such general observations as very hot, very cold, a
strong wind, or a great amount of rain have little scientific appli-
cation. In order to describe the atmosphere with sufficient accu-
racy and detail for meteorologists to derive the physical laws and
make forecasts of weather conditions, a quantitative or numerical
description, called an observation, must be made. The usual
quantitative method states the ratio of the observed data, in terms
of size, weight, or temperature, to some accepted standard. The
standard is called the unit. A unit of weight in the Iinglish system,
for example, is the pound. As each of the clements are tuken up
in later chapters, the units of measurement will be discussed in
detail.

Some observations are made by dircet measurements; that is,
they are made by comparing the quantity with a unit of the same
kind. This is done when we place a ruler in a container of water
and measure the depth of the water in inches. In this case, the
inch is the accepted standard unit. But most measurements are
indirect; for example, the wind spceed maw be found by measuring
the number of miles (units of distance) of wind which pass a fixed
point in 1 hour (unit of time) to obtain speed in miles per hour
(units of speed). Other observations must be ‘“reduced” or cor-
rected by certain standard procedures to obtain values which may
be compared with similarly corrected observations of the same
element made at other stations throughout the country or through-
out the world.

GENERAL STRUCTURE OF THE ATMOSPIHERE 25 *

To understand the scope and magnitude of the observer’s work,
and some of the variable factors affecting the elements he observes,
one must have a knowledge of the structure of the atmos-
phere.

The atmosphere is principally an ocean of gas which envelops
the earth. Air, the basic material composing the atmosphere, is
highly elastic and compressible; and, although it is extremely
light, it has weight and exerts a pressure on all objects it touches.
The weight of unconfined air in a column of unit area that extends

* See numbered refcrences beginning on page 197.
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4 The Atmosphere

from the point of measurement to the top of the atmosphere is
also the pressure of the air at that point. If the point is at sea
level, the weight is normally about 15 pounds per square inch.
The corresponding units of pressure used in meteorology are dis-
cussed in the chapter on pressure. A given volume of air contains
78 per cent nitrogen, 21 per cent oxygen, and about 1 per cent of
other gases. The proportions of this gaseous mixture are, for all
practical observational purposes, the same in all parts of the world
and at all elevations up to at least 12 miles. The atmosphere also
contains water, ice clouds, and water vapor, the total varying in
amount from 0 to 5 per cent by volume. The atmosphere, even
when clear, contains an enormous number of particles or impurities,
such as dust particles, smoke particles, and salt particles from sea
spray. The density of air continuously decreases with altitude
to the upper limit of the atmosphere, the exact height of which is
not known. One-half of the atmosphere lies below 18,000 fect
(314 miles), and 90 per cent of the air is contained in a layer only
10 miles deep.!?

Normally, the temperature decreases ypward from the ground,
or through the troposphere, to the base of the stratosphere. The
dividing line is called the tropopause. Upward through the strato-
sphere the temperature remains constant or gradually increases.
The height of the tropopause varies from day to day, but the
average is 55,000 feet over the equatorial regions, and 20,000 feet
over the poles.

VARIATIONS IN THE ATMOSPHERE !’ 2

Most of the time the air is in motion over the greater part of
the earth. The direction and speed of movement arc expressed
as wind velocity. For the most part, the motion is the result of
uneven heating and cooling of ocean and land surfaces, which pro-
duce the horizontal differences in air temperature. Over the
oceans and vegetation-covered land areas, the air absorbs moisture.
As the air is cooled by various processes, its moisture, which is
usually in the invisible vapor state, condenses out to form fogs and
clouds from which rain or snow may fall.

Over the oceans or large land areas of the earth, large, slowly



Variations in the Atmosphere 5

moving bodies of air become warm and moist, or cool and dry.
These bodics of air are referred to as air masses. They retain
some of their propertics as they move away from their source
regions, which are usually either polar or tropical. The bound-
arics separating different, contiguous air masses arccalled “fronts.”
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Fig. 2. Diurnal variations of temperature, dew point, relative humidity,
and station pressure. Normal curves for Washington, D. C.

They form sloping surfaces that are produced as the lower, colder
air mass pushes under the warmer air mass somewhat in the fash-
ion of a flat wedge.

Storm areas in the middle latitudes are the result of interactions
between air masses along front:. These storm areas are usually
associated with areas of low pressure, whose wind systems blow
counterclockwise around the center in the northern hemisphere,
and clockwise in the southern hemisphere. These low-pressure
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areas, called cyclones, are usually about 1,000 miles in diameter.
Their counterparts are areas of high pressure, called anticyclones,
about which winds blow clockwise in the northern hemisphere
and counterclockwise in the southern hemisphere. The anti-
cyclones are usually areas of good weather, and their diameter
averages 2,000 miles.> 7

There are several types of cyclonic storms ranging in size from
a diameter of a few hundred yards, as in a tornado, to about
200 miles for the tropical cyclone or hurricane, and up to the
cyclone of 1,000 miles in diameter found in the middle latitudes.
The cycloni¢ storms usually move with the general air stream,
which is west to east in middle latitudes, and east to west near the
equator.

UseEs oF WEATHER OBSERVATIONS

The foregoing illustrates the scope of the problem which the
meteorological observer or aerographer faces. The student who
desires to go further into the causes and laws of meteorology
should, of course, study textbooks on theorctical meteorology,
forceasting, and climatology. With an understanding of the
principles of meteorology and a knowledge of the correet techniques
of weather observing, the student may derive much personal
benefit and enjoyment by observing the weather.

There are two basic reasons for establishing a weather observa-
tory where regular observations may be made: (a) forecasting of
future weather conditions; (b) study of past conditions to deter-
mine climate. Under (a¢) may be listed those observation sta-
tions that are established to give up-to-the-minute observations
for aviators; under (b), all weather obscrvers who keep records
are included.

TyrEs oF WEATHER STATIONS 18

The International Congress of Metcorologists, assembled at
Vienna in 1873, established the first classification of weather obser- -
vatories. This classification is still used today.

First-Order Stations of the International Classification

NORMAL METEOROLOGICAL OBSERVATORIES, at which continuous
records are kept of hourly readings of pressure, temperature (dry-
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and wet-bulb), wind, sunshine, precipitation (rain or snow) with
cye-observations of the amount at fixed hours, form and motion
of clouds, and notes on the weather.

Second-Order Stations

NORMAL CLIMATOLOGICAL STATIONS, at which are recorded daily,
at two fixed hours at least, observations of pressure, temperature
(dry- and wet-bulb), wind, cloud, and weather, with the daily
maxima and minima of temperatures and the daily amount of
precipitation and remarks on weather. At some stations the dura-
tion of bright sunshine is also recorded.

Third-Order Stations

AUXILIARY CLIMATOLOGICAL STATIONS, at which observations of
the same kind as those at the normal climatological stations are
taken, but arc (1) less full, or (2) taken once a day only, or (3)
taken at other than recognized hours.

In addition to the above stations, there are two classes of sta-
tions which measure conditions in the upper air. These are:

Winds-aloft stations, which obtain the direction and velocity
of the wind at standard levels up to above 20,000 feet.

Upper-air sounding stations, which obtain temperature, pressure,
and humidity up to 70,000 feet or higher.

STANDARD OBSERVATION TIMES

In order that weather maps may be prepared, synchronous
observations are made throughout the country and world. Stand-
ard observation times for four daily surface observations have
been chosen.  These times for United States zones are:

1 2 3 4
1:30 a.m. EST 7:30 a.m. EST 1:30 p.m. EST 7:30 p.m. EST
12:30 a.m. CST 6:30 A.m. CST 12:30 p.m. CST 6:30 p.m. CST
11:30 p.m. MST 5:30 a.M. MST 11:30 A.M. MST 5:30 p.M. MST
10:30 p.M, PST 4:30 a.m. PST 10:30 a.m. PST 4:30 p.M. PST

In addition to the above, some stations take intermediate, 3-hourly
observations, and hourly observations are taken between the hours
specified above.
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The full observation is usually made within the 20-minute
period just prior to the time specified as observation time.

Upper-air observations are made either twice or four times a
day. In the United States these times are:

1 2 3 4
5:00 A.mM. EST 11:00 a.m. EST 5:00 r.m. EST 11:00 r.M. EST

In meteorology it is convenient to use the 24-hour clock, 0000
being midnight, or the beginning of the new day. Then 0600
would be 6:00 a.M., and 1800 would be 6:00 p.m.; 2400 is not used
to denote midnight.

It is desirable also to refer all observation times to the meridian
of Greenwich, England, which is on the zero meridian. This time -
is referred to as Greenwich Civil Time, G.C.T. For the United
States the four time zones may be referred to G.C.T. as
follows:

1. Eastern Standard Time—add 5 hours to obtain G.C.T.
2. Central Standard Time—add 6 hours to obtain G.C.T.
3. Mountain Standard Time—add 7 hours to obtain G.C.T.
4. Pacific Standard Time—add 8 hours to obtain G.C.T.

.. ELEMENTS AND METHODS Uskp IN WEATHER OBSERVING

The general scope and nature of the problem confronting the
meteorological observer have been indicated. Let us now be more
specific about the elements that must be observed to determine
the facts concerning the state of our cver-changing atmosphere.
There are two general classes of surface observations, that is,
observations that may be made by an observer on the ground
without the aid of the usual sounding devices. Together with
instruments or aids used, these may be listed as follows: 10

Visual Observations

OBSERVATION OF

1. Clouds (types By comparison with I'nternational At-
and amount) las types, and by eye
2. Visibility By eye, objects at known distances

3. Weather Definitions of hydrometeors



Elements and Methods Used in Weather Observing 9

Instrument Observations

OBSERVATION OF INSTRUMENTS

1. Cloud direction Nephoscope

2. Cloud height Ceiling light, projector and clinometer
Seiling balloon
Ceilometer

3. Temperature Thermometer
Thermograph

4. MMumidity Wet- and dry-bulb psychrometer
Hygrometer
Hygrograph

5. Wind direction Wind vane

6. Wind speed Anemometer

7. Pressure Mereurial barometer
Ancroid barometer
Barograph

8. Precipitation Rain gage

Snow depth Measuring stick

In addition to the above surface observations, upper-air observa-
tions may be made by ground observers by means of sounding
balloons, which are usually free balloons sent high into the air.

The first type of free balloon observation is for obtaining the
direetion and speed of the winds aloft. These are called pilot-
balloon observations, and the instruments used are:

I. A rubber balloon, filled to a given free lift with helium or
hydrogen (the ascensional rate is assumed to be constant).

2. A theodolite, similar to a surveyor’s transit, through the
telescope of which the balloon may be observed.

3. A clockwork time signaler.

4. A radar direction device, if a metallic target is attached to
the balloon.

The second type of free balloon observation is the radiosonde
observation. A radiosonde is a meteorograph and radio transmit-
ter used in conjunction with a ground radio receiver and recorder.
The elements measured are (1) pressure, (2) temperature, (3) hu-
midity. In the following chapters, techniques for observing each
of the above elements will be fully discussed.



Chapter 11
THE WEATHER OBSERVATORY

SELECTION OF THE SITE

Meteorological observations are of greatest use when they are
made under conditions comparable with those of observations
made at all other locations. They must therefore be made accord-
ing to uniform procedures and with accurate instruments. But
merely to satisfy this essential condition is not sufficient. Varia-
tions of exposure and location of instruments often produce a
greater difference in observations than minor inaccuracies in instru-
ments. A surface observation should measure the true conditions
that represent the state of the atmosphere in the vicinity of the
observatory. Heat from buildings may influence air temperature
readings. Wind and precipitation measurements are affected by
proximity to buildings.10. 18

Selection of a site and the proper exposure of instruments are
the first steps in the establishment of the weather observatory.
Selection of a site may depend upon the reasons for setting up an
observation station. If observations arc required at an airport
and the observer must be located in or near an administration
building, the choice of site will, of course, be limited. If a physics
or science department of a school wishes to establish an observa-
tory, the location of instruments indoors and outdoors will be
limited to the facilities and grounds at the disposal of the school.

There may be occasions to set up observatorics for special agri-
cultural purposes, as for fruit-frost work, at points that would be
considered undesirable for general climatic or synoptic pur-
poses.

If the observation station is set up to obtain the most repre-
sentative measurements of the state of the atmosphere near the
ground, then the site chosen for exposing the outside instruments

10



Selection of the Site 11

should be the most unrestricted area possible. An open space
300 or 400 feet square without buildings or trees and without large
areas of concrete bordering the site (as in the case of an airport)
would afford the ideal location.

To prevent the direct rays of the sun from falling on the ther-
mometers used for air temperature measurements, a screen, or
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Fia. 3. Typical plot for metceorological instruments showing wind tower with
anemometer and wind vane, instrument shelter, rain gages, and comb
nephoscope.

instrument shelter, is required. It should be placed near the
center of a plot covered by short, level grass, with a minimum
area of about 20 feet by 20 feet. The grass cover reduces reflec-
tion of radiation and does not become locally heated as a concrete
surface might. The rain gage should be placed about 10 feet from
the shelter. The plot should be in an area of level ground. A
steep slope or a sheltered hollow where air drainage would make
the observation not representative should be avoided.

There should also be space inside a building for the observers to
work and for the installation of the interior instruments. Nor-
mally, a room 10 feet by 10 feet will suffice if the work is to be
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confined to observing. Classroom demonstration observations
may require multiple sets of instruments so that a number of
student observers may make nearly simultaneous observations.

LOCATION AND ELEVATION OF OBSERVATORY AND PosITION OF
INSTRUMENTS

Climatic studies require detailed knowledge of the exact location
of the observation point. The location of the observatory should
be given as follows:

Number, street, city, county, and state; and latitude and
longitude to degrees and minutes.

There are a number of elevations which must be established in any
observatory in order to make the observations comparable with
those made at other stations. A standard official “reference
plane” may be determined by using a bench mark established by
the United States Coast and Geodetic Survey, the United States
Geological Survey, the Lake Survey, the Mississippi River Com-
mission, or the Engineer Corps. The city or county engineer, or
once of the above agencices, will be able to locate a convenient bench
mark. The elevation of the bench mark in feet and tenths or hun-
dredths of feet is referred to as the “reference plane” cle-
vation,

A line of levels should be run from the bench mark to the build-
ing in which the observatory is located, and a secondary bench
mark, or “fixed point,” should be established on the stonework of
the building. Further clevations may then be determined by
reference to the “fixed point.”” The elevations to be established
are:

(a) Actual elevation of barometer (II,) is the elevation of the
ivory point or zero point of the barometer scale.

(b) Official elevation of station (/1) is the height of the ground
above sea level at the station.

(c) Field elevation (Hj) is the elevation above sca level of the
average of all possible landing points at an airport.

(d) At airports, elevation of 8-foot plane above field (Hjg) is the
elevation above sea level of the plane 8 feet above ‘“field eleva-
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tion” (Hy). This is the average height of altimeters in airplanes
on the ground at the individual airport.

(e) Station elevation (H) is the elevation above sea level
adopted for a station as the basis to which all pressure observa-
tions at the station are correlated. For stations located on air-
ports, it is convenient to use the “clevation of the 8-foot plane” as
the “‘station elevation.” Some older observatories refer to the
“height of the barometer” as ‘“‘station elevation.” Once this
elevation is fixed, it should remain the same for reference purposes,
even though the barometer may be moved. If the barometer is
moved, a removal correction is usually applied to the pressure read-

ings in order that the original reduction tables may continue to be
used.

ORIENTATION AND SPECIFICATION oF DIRECTIONS

In meteorology all directions are based upon true north. A
number of instruments, including the wind vane and nephoscope

270° 24+ w ET08 90°

Fig. 4. Azimuth dircctions from point of obscrvation.

for observing cloud direction, must be oriented correctly with
respect to directions. Direction is specified by cardinal points of
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the compass, or degrees from true north measured in a clockwise
direction. Figure 4 shows the two methods of measuring
direction.

The direction of an object with reference to the observation
point is called its “bearing.” The bearings of a number of promi-
nent objects, such as towers, spires, or hills, may be determined
for reference purposes. True north may be established by refer-
ring to a standard survey map. If this method is used, the obser-
vation point should be accurately located on the map and bearings
to prominent features should be noted. From these bearings, a
true north point may be located.

A second method of determining north is with a pocket or sur-
veyor’s compass. A magnetic compass reads magnetic north and
must be corrected for declination since the magnetie pole is not
the same as the geographic pole. Airway maps contain lines
(isogonic lines) showing magnetic declination that may be used
to correct the compass readings.

A third method is based upon the position of the Pole Star. In
northern latitudes the North Star, or Polaris, may be located
casily on any clear night as the last star in the “tail’”’ of the con-
stellation known as the Little Bear (Ursa Minor). It may also be
located by following a straight line projected across the two bright
stars farthest from the tail of the Great Bear or “big dipper.” By
sighting on the North Star and then dropping vertically down to
the horizon, a point close to true north may be located.

WEATHER REcOrRD Forms

The weather observatory should have on hand a stock of forms
upon which to record observations. A well-kept and unbroken
record of observations is often an invaluable asset when climatic
studies are made of the area in which the observatory is located.
Several types of record forms are suggested, including the forms
now in use by the Weather Bureau, Army, and Navy.!
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18 The Weather Observatory

DESCRIPTION OF TOPOGRAPHY AND EXPOSURE OF INSTRU-
MENTS AT WEATHER REPORTING STATIONS

Stationandstate ——  County ____ Date
Date established —___ Direct supervising station
Type of station. First order: Second order:

EXPOSURE AND INSTALLATION OF INSTRUMENTS

Instrument shelter: Height of floor above roof ft., above ground __
ft., height of dry bulb above shelter floor ft. Lighted from: ( ) 110-v.
source, ( ) other. Forms used: Thermograph, No. —__________ Hygrograph,
No. —____ Hygrothermograph, No. ___ Explain briefly any
local influences which might affcct temperature values. Evaluate the char-
acter of exposure as excellent, good, fair, or not representative.

Wind instruments: Anemometer cup-wheel ____ ft. above roof, ft.
above ground; wind vane ft. above roof, ___ ft. above ground.
Cable ft., number of conductors , gage — ., () lead covered,

( ) braid. Describe wiring and installation; give direction and distance
of nearby objccts obstructing the free movement of wind. Evaluate ex-
posure. If direct-reading dial wind indicators are in use, describe the type
and indicate ownership.

Pressure-measuring instruments: Elevation of ivory point above sea level

ft.
Mercurial, station: Madeby —_ Type ——__ Scale
Mercurial, extra: Madeby —_____ Type______ Scale
Barograph: Made by Scale ( ) 4day, ( ) 7-day.
Uses Form No.

Aneroid: Madeby —______ Scale_______ Describe fully any special
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instruments, and explain any unusual features in the installation or mounting,
ete.

Ceiling light projector: Made by ——_________ Model or type
Diameter of cover glass ____ in., diameter of primary reflector in.
Electric current: () AC, () DC, cycle , volts at service box , at
transformer primary —_, at lamp socket . Cable: Length, —__ ft.,
—__ gage, conductor, type . Lamp: volts, watts,
— bulb, —________base. If two projectors are in service repeat the infor-

mation itemized above for the second projector. Describe any special fea-
tures such as relays, mark-time switches, pilot lights, ete. Is the control
switch near the observation point? How is it mounted? If there is a day-
time projector or ceiling alarm device in operation, describe installation and
equipment.

Rain and snow gages:

8-tn.: () copper, ( ) galvanized. Top of gage __ ft. above roof,
ft. above ground.

Tipping bucket: Make — Top of gage —_ ft. above roof,
ft. above ground.

Weighing gage: Make —__ Model | () single, ( )
double, () triple traverse, uses Chart No. , top of gage ft. above

roof, ft. above ground. Describe installation, and list the distance and
height of any local obstructions which might affect cateh. Evaluate the ex-
posure as excellent, good, ete.  Describe any special equipment such as towers,
snow shields, ete.

Pilot balloon equipment:

Theodolite: Make Serial No.

Observation platform: () ground, ( ) roof, () shielded by windbreak,
() revolving dome.

Inflation room: () separate building, () space in office building, ____ ft.
high, ____ ft. wide, ___ ft. long. Dimensions of door through which balloons
are taken ft. high, ____ ft. wide. Gas: ( ) helium, ( ) hydrogen,
( ) cylinders stored in inflation room, ( ) gas piped to room. Number of
regulators required ____. Telephone to observation platform, () yes, ()
no. Balloons: ( ) 10g, ( ) 30g, ( ) 100g, ( ) raob. Give angular dimen-
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sions of objects which may obscure balloon in flight; evaluate the observation
point as excellent, good, ete. Describe any special features or instruments.

Sunshine recorder: Describe installation and exposure.

EXPOSURE AND INSTALLATION OF INSTRUMENTS

Miscellaneous, exhibition, and special instrumental equipment: Give de-
tails of exposure and installation of any special equipment such as solar radi-
ation, evaporation, snow density tubes, nephoscopes, ete.

Wiring: If wiring is not distinctly marked and easily traced, keep working
diagrams of instrument circuits, power circuits to equipment, and charger and
battery circuits. Describe and use diagrams in sufficient detail to enable one
not acquainted with station circuits to make necessary repairs quickly and
efficiently.

Battery charger: Manufacturer Style
Amp. hr. cap.

Storage hatlery: Make Type volts.
Amp. hr. cap.

Voltmeter: Make ( )AC, ( ) DC. Scule
volts to volts.

Primary batteries: Number cells in wind-direction circuit ___, anemometer
circuit , sunshine and rain-gage circuit . Average number of re-

charges per annum

GENERAL DESCRIPTION OF STATION

Describe the surrounding terrain and its relation to the site of the station.
Is the country generally level, rolling, hilly, or mountainous? Indicate the
elevation and location of any hills or mountains; the location of any bodies
of water; describe any pronounced topographical influence on the weather
such as fochn cffect, formation of fog due to air drainage, upslope winds, ete.
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Chapter 111

CLOUDS #- 1

TuE FormaTiON oF CLOUDS

Clouds form when the invisible moisture in the air condenses
in the form of water droplets or ice erystals. The cloud particles
remain in suspension in the air in the form of a colloid. The air
currents and turbulent eddies are sufficient to sustain the small
cloud droplets. 1f, however, the droplets grow to such a size and
weight that they can no longer be held aloft by the turbulence of
the air, they will fall from the cloud as rain or snow. The direct
condensation from water vapor to liquid may take place even at
temperatures below 32° F, When water vapor changes directly
into ice crystals, the process is called sublimation. This will form
a cloud of ice erystals. Pure ice erystal clouds are usually formed
at temperatures well below 32° F.

There are a number of ways by which the air may be
cooled to bring about saturation and cloud formation, and
these are the bases of textbooks in weather forecasting and theoret-
ical meteorology.

Cloud observations should be made accurately with respect to
the type, the amount, the direction of movement, and the height,
as the first step in providing the forecaster with information upon
which to base forecasts of cloud growth or dissipation.

CrLoup CLASSIFICATION

A system of classification, based upon the forms and relative
altitudes of clouds, has been selected. This system is discussed
below. Some of the physical processes producing clouds are also
considered. Classification of clouds under a uniform system

22



Cloud Classification 23

throughout the world was one of the most progressive steps in
modern meteorology.

In 1929 the International Meteorological Organization met in
Copenhagen, Denmark, and adopted the present cloud code and
definitions of cloud forms. The organization published their
results in the International Atlas of Clouds and States of the Sky, of
which the third edition was published in Paris, France, in 1932,

MEAN MEeanN
Lowrr Urprr ABBRE-
FaMmiLy LEVEL * LEVEL * GeNUS ForM  VIATION
- Sheets o,
. 1. Cirrus ]‘ ﬁlamt’{z{s CI
A. High 6,000 m'T .| 2. Cirrocumulus J le. CC
clouds 20,000 ft. Tropopause or scales
L 3. Cirrostratus }(‘(mtmu- CcS
ous sheet
] Heap cloud
4. Altocumulus J Silament  AC
B. Middle 2,000 m. 6,000 m. sheels
clouds 6,500 ft. 20,000 ft. Vo
5. Altostratus } Continu AS
L ous sheet
[ ] Heap cloud
6. Stratocumulus J filament  SC
Near 2,000 m. sheet
C. Low clouds ground 6,500 ft. | 7. Stratus Continu- ST
L 8. Nimbostratus } ous sheet NS
D. Clouds with 500 m. 6,000 m.
. . ’ 9. Cumulus Heap CU
srtical de- 1, . 20,000 ft. { }
vertical de- 1,600 ft. 20 10. Cumulonimbus} clouds CB

velopment

* Above ground.

The United States Weather Bureau in 1938 adopted the interna-
tional system of classification and issued a circular to their ob-
servers entitled Codes for Cloud Forms and States of the Sky. This
circular was intended for observers who report clouds in synoptic
telegraphic messages in the International Numeral Weather
Code.® 16

Clouds could also be classified according to the method of for-
mation. Clouds formed by cooling due to gradual upslope motion
and expansion of air along fronts might be classed as frontal clouds.
Clouds formed by cooling due to expansion of air in strong, rising
currents might be classed as one type of air mass cloud. This
method of classification is, however, not suitable for universal
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observations, as it would require the observer to have a knowledge
of the physical processes that were taking place in the atmosphere.

Clouds may appear in the following forms: (a) isolated, heap
clouds with vertical development during their formation and a
spreading out when they are dissolving; (b) sheet clouds, which
are divided into filaments, scales, or rounded masses, and which
are stable or in the process of disintegration; (¢) more or less con-
tinuous cloud shecets, often in the process of formation or
growth.

The international system classified clouds in four families and
ten genera. The table on page 23 gives the mean heights above the
general ground level of the cloud, applicable to middle latitudes.

Hica CLoubps
Cirrus

Jirrus clouds are defined as detached clouds of delicate and
fibrous appearance, without shading, generally white, often of a
silky appearance.

Cirrus appears in the most varied forms: isolated tufts, lines
drawn across a blue sky, branching featherlike plumes, curved
lines ending in tufts, etec.; they are often arranged in bands which
cross the sky like meridian lines, and which, owing to the effect of
perspective, converge to a point on the horizon, or to two opposite
points (cirrostratus and cirrocumulus often take part in the forma-
tion of these bands).

Cirrus clouds are always composed of ice crystals, and their
transparent character depends upon the degree of separation of the
crystals.

As a rule when these clouds cross the sun’s disk they hardly
diminish its brightness. But when they are exceptionally thick
they may veil its light and obliterate its contour. This would
also be true of patches of altostratus, but cirrus is distinguished
by the dazzling and silky whiteness of its edges.

Halos are rather rare in cirrus.

Sometimes isolated wisps of snow seen against the blue sky
resemble cirrus; they are of a less pure white and less silky than
cirrus; wisps of rain are definitely gray, and a rainbow, should
one be visible, shows their nature at once, for a rainbow cannot
be produced in cirrus.



Iigh Clouds 25

Before sunrise and after sunsct, cirrus is often colored bright
yellow or red. These clouds are lit up long before other clouds
and fade out much later; some time after sunset they become gray.
At all hours of the day cirrus near the horizon is often yellowish;
this color is due to distance and to the great thickness of air trav-
ersed by the rays of light.

Cirrus, being in gencral more or less inclined to the horizontal,
tends less than other clouds to become parallel to the horizon,
under the effcet of perspective, as the horizon is approached;
often, on the contrary, it seems to converge to a point on the
horizon.

Among the principal species one may note:

Cizrus riLosus. More or less straight or irregularly curved
filaments (neither tufts nor little hooks and without any of the
parts being fused together).

Cirrus UNcINUS. Cirrus in the shape of a comma; the upper
part either ends in a little tuft or is pointed.

Cwrus pENsUs. Clirrus clouds with such thickness that with-
out care an observer might mistake them for middle or low
clouds.

Cirrus NotHus. Cirrus proceeding from a cumulonimbus and
composed of the debris of the upper frozen parts of these clouds.

Ordinary cirrus may appear in many very different varieties.
One may particularly note the forms floccus and vertebratus which
are really aspects of the varieties cumuliformis and undulatus
radiatus, respectively.

Cirrocumulus

Cirrocumulus clouds are defined as a cirriform layer or patch
composed of small white flakes or of very small globular masses,
usually without shadows, which are arranged in groups or lines,
or more often in ripples resembling those of the sand on the sea-
shore.

In general, cirrocumulus represents a degraded state of cirrus
and cirrostratus, both of which may change into it. In this event
the changing patches often retain some fibrous structure in places.

Real cirrocumulus is uncommon. It must not be confused with
small altocumulus on the edges of altocumulus sheets. There are,
in fact, all states of transition between cirrocumulus and alto-
cumulus proper, as is only to be expected since the process of for-
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mation is the same. In the absence of any other criterion the
term cirrocumulus should only be used when:

1. There is evident connection with cirrus or cirrostratus.

2. The cloud observed results from a change in cirrus or cirro-
stratus.

3. The cloud observed shows some of the characteristics
of ice crystal clouds which will be found enumerated under
cirrus.

Clear rifts are often seen in a sheet of cirrocumulus.

Cirrostratus

Cirrostratus clouds are defined as a thin whitish veil which does
not blur the outlines of the sun or moon but usually gives rise to
halos. Sometimes it is quite diffuse and merely gives the sky a
milky look; sometimes it more or less distinetly shows a fibrous
structure with disordered filaments.

A sheet of cirrostratus which is very extensive, though in places
it may be interrupted by rifts, nearly always ends by covering the
whole sky. The border of the sheet may be straight edged and
clear cut, but more often it is ragged or cut up.

During the day, when the sun is sufficiently high above the
horizon, the sheet is never thick enough to prevent shadows of
objects on the ground.

A milky veil of fog (or thin stratus) is distinguished from a veil
of cirrostratus of a similar appearance by the halo phenomena
which the sun or the moon ncarly always produces in a layer of
cirrostratus.

The following are the principal halo phenomena: A circle of 22°
radius around the sun or moon—roughly, the angle subtended
by the hand placed at right angles to the arm when the arm is
extended ; this halo is sometimes, but rarely, accompanied by one
of 46° radius. Parhelia, paraselenae (mock suns or mock moons),
luminous patches, often showing prismatic colors, a little over
22° from the sun or moon and at the same elevation. A luminous
column, e.g., sun pillar, extending vertically above and below the
luminary. _

Often only small fragments of these appearances are visible but
they are none the less characteristic of high clouds.

What has been said above of the transparent character and
colors of cirrus is true to a great extent of cirrostratus.
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Cirrostratus has two principal aspects which correspond to the
two following species:

CIRROSTRATUS NEBULOSUS. A uniform nebulous veil, sometimes
very thin and hardly visible, sometimes relatively dense, but
always without definite details and usually with halo phenomena.

CIRROSTRATUS FILOSUS. A white fibrous veil, where the strands
are more or less definite, often resembling u sheet of cirrus densus
from which indeed it may originate.

MipprLr CLoubs

Altocumulus

Altocumulus clouds are defined as a layer (or patches) composed
of laminae or rather flattened globular masses, the smallest ele-
ments of the regularly arranged layer being fairly small and thin,
with or without shading. These clements are arranged in groups,
in lines, or waves, following one or two directions, and are some-
times so close together that their edges join.

The thin and translucent edges of the elements often show
irisations which are rather characteristic of this class of cloud.

From the definition it follows that altocumulus comprises the
subgenera:

ALTOCUMULUS TRANSLUCIDUS. Altocumulus formed of ele-
ments whose color—from dazzling white to dark gray—and whose
thickness vary much from one example to another, or even in the
same layer; the elements are more or less regularly arranged and
distinet. In the definition of the elements it is the variation in the
transparency of the layer, variable from one point to another, that
plays the essential part. There appears in the interstices either
the blue of the sky, or at least a marked lightening of the layer of
cloud due to a thinning out.

AvrocuMuLus orAcUs. An altocumulus sheet which is con-
tinuous, at least over the greater part of the layer, and consisting
of dark and more or less irregular clements, in the definition of
which transparency does not play a great part, owing to the thick-
ness and density of the layer; but the elements show a real relief
on the lower surface of the cloud sheet.

The limits within which altocumulus is met are very wide.

At the greatest heights, altocumulus made up of small elements
resembles cirrocumulus; altocumulus, however, is distinguished
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by not possessing any of the following characters of cirrocumulus:

1. Connection with cirrus or cirrostratus.

2. An evolution from cirrus or cirrostratus.

3. Properties due to physical structure (ice crystals) enumerated
under cirrus.

At lower levels, where altocumulus may be derived from a
spreading out of the tops of cumulus clouds, it may easily be mis-
taken for stratocumulus; the convention is that the cloud is alto-
cumulus if the smallest, well-defined, and regularly arranged ele-
ments which are observed in the layer (leaving out the detached
elements generally seen on the edges) are not greater than 10 solar
diameters in their smallest diameters, i.c., approximately the
width of three fingers when the arm is held extended.

When the edge or a thin semitransparent patch of altocumulus
passes in front of the sun or moon a corona appears close up to
(within a few degrees of) them. This corona is a colored ring with
red outside and blue inside; the colors may be repeated more than
once. This phenomenon is infrequent with cirrocumulus, and
only the higher forms of stratocumulus show it.

Irisation, mentioned above, is a phenomenon of the same type
as the corona; it is characteristic of altocumulus as distinguished
from cirrocumulus or stratocumulus.

Altocumulus clouds often appear at different levels at one and
the same time. Often, too, they are associated with other types
of cloud.

The atmosphere is often hazy just below altocumulus clouds.

When the elements of a sheet of altocumulus fuse together and
make a continuous layer altostratus or nimbostratus is the result.
On the other hand a sheet of altostratus can change into alto-
cumulus. It may happen that these two aspects of a cloud sheet
may alternate with each other during the whole course of a day.
1t is also not rare to have a layer of altocumulus coexisting with a
veil resembling altostratus at a height very little less than the
altocumulus.

It is interesting to note that one may often observe filiform
descending trails to which the name virga has been given.

Among the principal species one may note:

AvrocuMuLUs cUMULOGENITUS. This is an altocumulus cloud
formed by the spreading out of the tops of cumulus, the lower
parts of the cumulus clouds having melted away; the layer in the
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first stages of its growth has the appearance of altocumulus
opacus.

An important variety of altocumulus should be noted, namely,
altocumulus cumuliformis, which has two different aspects:

AvrocumuLus FLoccus. Tufts resembling small cumulus clouds
without a base and more or less ragged.

ArTocuMuLus CASTELLATUS. Cumuliform masses with more
or less vertical development, arranged in a line, and resting on a
common horizontal base, which gives the cloud a crenelated
appearance.

The caps or hoods which form above a cumulus by the uplift
of a damp layer, and which may be pierced by the tops of the
cumulus, are considered a detail of cumulus and denoted by the
term pileus attached to the name cumulus; but in reality they are
aberrant forms of altocumulus translucidus. Moreover, the for-
mation of similar clouds, independent of cumulus, can be effected
by a current of air rising over a mountain or any obstacle. They
are then named altocumulus, and they are classed, on account of
their form, with the variety lenticularis.

Altostratus

Altostratus clouds are defined as a striated or fibrous veil, more
or less gray or bluish. This cloud is like thick cirrostratus but
without halo phenomena; the sun or moon shows vaguely, with a
faint gleam, as though through ground glass. Sometimes the
sheet is thin, with forms intermediate with cirrostratus. Some-
times it is very thick and dark, sometimes even completely hiding
the sun or moon. In this event differences of thickness may cause
relatively light patches between very dark parts; but the surface
never shows real relief, and the striated or fibrous structure is
always seen in places in the body of the cloud.

Every form is observed between high altostratus and ecirro-
stratus on the one hand, and low altostratus and nimbostratus on
the other.

Rain or snow may fall from altostratus (altostratus precipi-
tans), but when the rain is heavy the cloud layer will have grown
thicker and lower, becoming nimbostratus; but heavy snow may
fall from a layer that is definitely altostratus.

From the definition of altostratus it follows that there are three
subgenera:
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ALTOSTRATUS TRANSLUCIDUS. A shect of altostratus resembling
thick cirrostratus; the sun and the moon show as through ground
glass.

ALTOSTRATUS oPACUS. An opaque layer of altostratus of vari-
able thickness which may entircly hide the sun, at any rate, in
parts, but shows a fibrous structure in some parts.

ALTOSTRATUS PRECIPITANS. A layer of opaque altostratus
which has not yet lost its fibrous character, and from which there
are light falls of rain or snow, cither continuous or intermittent.
This precipitation may not reach the ground, in which case it
forms virgae.

The limits between which altostratus may be met with are fairly
wide (about 5,000 to 2,000 meters).

A sheet of high altostratus is distinguished from a rather similar
sheet of cirrostratus by the circumstance that halo phenomena
are not seen in altostratus, nor are the shadows of objects on the
ground visible.

A sheet of low altostratus may be distinguished from a some-
what similar sheet of nimbostratus by the following characteristics.
Nimbostratus is of a much darker and more uniform gray, and
shows nowhere any whitish gleam or fibrous structure; one cannot
definitely see the limit of its undersurface, which has a wet look,
due to the rain (or snow), which may not reach the ground.

The convention is that nimbostratus always hides the sun and
moon in every part of it, whereas altostratus hides them only in
places behind its darker portions, but they reappear through the
lighter parts.

Careful observation may often deteet virgae hanging from alto-
stratus, and these may even reach the ground, causing slight pre-
cipitation. If the sheet still has the character of altostratus it
will then be called altostratus precipitans, but if not it has become
nimbostratus.

A sheet of altostratus, even if it has rifts in places, has a general
fibrous (or ground-glass) character. A cloud layer, even a con-
tinuous one, which has no fibrous structure, and in which rounded
cloud masses may be scen, is classed as altocumulus or strato-
cumulus according to circumstances.

Altostratus may result from a transformation of a sheet of alto-
cumulus, and on the other hand altostratus may often break up
into altocumulus.
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Low CLoups

Stratocumulus

Stratocumulus clouds are defined as a layer (or patches) com-
posed of laminae, globular masses or rolls; the smallest of the
regularly arranged elements are fairly large; they are soft and
gray, with darker parts.

These elements are arranged in groups, in lines, or in waves,
alined in one or in two directions. Very often the rolls are so close
that their edges join; when they cover the whole sky they have a
wavy appearance.

From the definition it follows that stratocumulus comprises
two kinds:

STRATOCUMULUS TRANSLUCIDUS. A not very thick layer; in the
interstices between its clements either the blue sky appears, or
at any rate there are much lighter parts of the cloud sheet, which
here is thinned out on its upper surface.

STRATOCUMULUS OrACUS. A very thick layer made up of a con-
tinuous sheet of large dark rolls or rounded masses; their shape is
seen not by a difference in transparency, but they stand out in
real relief from the under surface of the cloud layer.

There are transitional forms between stratocumulus and alto-
cumulus on the one hand and between stratocumulus and stratus
on the other.

The difference between stratocumulus and altocumulus is dis-
cussed under altocumulus.

It should also be noted that the cloud sheet called altocumulus
by an observer at a small height might appear as stratocumulus
to an observer at a greater height.

1t often happens that stratocumulus is not associated with any
clouds of the second or third families; but it fairly often coexists
with clouds of the fourth family.

The clements of thick stratocumulus (stratocumulus opacus)
often tend to fusc together completely, and the layer can, in cer-
tain cases, change into nimbostratus. The cloud is called nimbo-
stratus when the cloud elements of stratocumulus have completely
disappeared and when, owing to the trails of falling precipitation,
the lower surface has no longer a clear-cut boundary.

Stratocumulus can change into stratus, and vice versa. The
stratus being lower, the elements appear very large and very soft,
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so that the structure of regularly arranged globular masses and
waves disappears as far as the observer can see. The cloud will
be called stratocumulus as long as the structure remains visible.

Among the principal species may be mentioned:

StrATOCUMULUS VESPERALIS. This name is given to flat, elon-
gated clouds which are often seen to form about sunset as the final
product of the diurnal changes of cumulus.

STRATOCUMULUS CUMULOGENITUS. Stratocumulus formed by
the spreading out of the tops of cumulus clouds, which later have
disappeared; the layer in the early stages of its formation looks
like stratocumulus opacus.

The cloud called roll cumulus in England and Germany is desig-
nated stratocumulus undulatus; its wave system is in one dircc-
tion only. It must not be confused with flat cumulus clouds
ranged in line. Stratocumulus often has a mammatus (festooned)
character; that is to say, there is a high relief on the lower surface
where pendant rounded masses or corrugations are observed,
which at times look as though they would become detached from
the cloud. Care must be taken not to confuse this cloud with
some kinds of altostratus opacus whose under surface may appear
to be slightly corrugated or mammillated; altostratus opacus is
distinguished by its fibrous structure.

Stratus

Stratus clouds are defined as a low uniform layer of cloud, resem-
bling fog, but not resting on the ground.

FracrostraTus. When this very low layer is broken up into
irregular shreds it is designated fractostratus.

A veil of true stratus generally gives the sky a hazy appearance
which is very characteristic, but which sometimes may cause con-
fusion with nimbostratus. When there is precipitation the dif-
ference is manifest; nimbostratus gives continuous rain (sometimes
snow), precipitation composed of drops which may be small and
sparse, or else large (at least some of them) and close together,
whereas stratus only gives a drizzle, that is to say, small drops
very close together. Precipitation falling from upper clouds may,
however, fall through a layer of stratus under frontal conditions.

When there is no precipitation a dark and uniform layer of
stratus can easily be mistaken for nimbostratus. The lower sur-
face of nimbostratus, however, always has a wet appearance
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(widespread trailing precipitation, ‘“virga”); it is quite uniform,
and definite details cannot be made out; stratus, on the other
hand, has a drier appearance, and however uniform it may be it
shows some contrasts and some lighter transparent parts, that is,
places less dark where the cloud is thinner, corresponding to the
interstices between the rolls and globular masses of stratocumulus,
but considerably larger, while nimbostratus seems only to be feebly
illuminated, as though lit up from within.

Stratus is often a local cloud, and when it breaks up the blue
sky is seen.

Fractostratus sometimes originates from the breaking up of a
layer of stratus; sometimes it forms independently and develops
until it forms a layer below altostratus or nimbostratus, the nimbo-
stratus sometimes being visible through the interstices.

A layer of fractostratus may be distinguished from nimbostratus
by its darker appearance and by being broken up into cloud
elements. If these eclements have a cumuliform appearance
in places the cloud layer is called fractocumulus and not
fractostratus.

Nimbostratus

Nimbostratus clouds are defined as a low, amorphous, and rainy
layer, of a dark gray color, usually nearly uniform; feebly illu-
minated, scemingly from inside. When it gives precipitation it is
in the form of continuous rain or snow.

But precipitation alone is not a sufficient criterion to distinguish
the cloud which should be called nimbostratus even when no rain
or snow falls from it.

There is often precipitation which does not reach the ground;
then the base of the cloud is usually diffuse and looks wet on
account of the general trailing precipitation, virga, so that it is not
possible to determine the limit of its lower surface.

The usual evolution is as follows: A layer of altostratus grows
thicker and lower until it becomes a layer of nimbostratus. Be-
neath this layer there is generally a progressive development of
very low ragged clouds, isolated at first, then fusing together into
an almost continuous layer, through the interstices of which the
nimbostratus can generally be seen. These very low clouds are
called fractocumulus or fractostratus according as they appear
cumuliform or stratiform.
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Generally the rain falls only after the formation of these very
low clouds, which are then hidden by the precipitation or may
even melt away under its action. The vertical visibility then
becomes very bad.

Under certain conditions the precipitation may precede the for-
mation of fractocumulus or fractostratus, or it may happen that
these clouds do not form at all.

Rather rarely a sheet of nimbostratus may form by an evolution
from a stratocumulus.

CrLouDps WITHT VERTICAL DEVELOPMENT
Cumulus

Cumulus clouds are defined as dense clouds with vertical de-
velopment; the upper surface is dome shaped and exhibits rounded
protuberances, while the base is nearly horizontal.

When the cloud is opposite the sun the surfaces normal to the
observer are brighter than the edges of the protuberances. When
the light comes from the side, the clouds exhibit strong contrasts
of light and shade; against the sun, on the other hand, they look
dark with a bright edge.

FracrocumuLus. True cumulus is definitely limited above
and below; its surface often appears hard and clear cut. But one
may also observe a cloud resembling ragged cumulus in which the
different parts show constant change. This cloud is designated
fractocumulus.

Typical cumulus, over land areas, develops on days of clear
skies and is due to the currents of diurnal convection; it appears
in the morning, grows, and then more or less dissolves again toward
the evening,.

Jumulus, whose base is generally of a gray color, has a uniform
structure; that is to say, it is composed of rounded parts right up
to its summit, with no fibrous structure. Even when highly
developed, cumulus can produce only light precipitation.

Cumulus, when it reaches the altocumulus level, is sometimes
capped with a light, diffuse, and white veil of more or less lenticu-
lar shape, with a delicate striated or flaky structure on its edges;
it is generally shaped like a bow which may cover several domes
of the cumulus and finally be pierced by them. This cloud, which

does not constitute a species, is given the name pileus, a cap or
hood.
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The clouds which form below altostratus or nimbostratus and
which can develop into a complete layer, through whose inter-
stices the altostratus or nimbostratus is generally scen, are usu-
ally fractostratus; but if they have a cumuliform appearance they
should be classed as fractocumulus.  They rarely have this appear-
ance during or soon after rain; on the other hand it is frequent at
the beginning of the formation of the low cloud and when it breaks
up.

Among the principal species one may note:

Cumurus HuMILIS. Cumulus with little vertical development,
and scemingly flattened. These clouds are gencrally seen in fine
weather.

CumuLus coNGEsTUS. Very distended and sprouting cumulus,
whose domes have a caulifiower appearance.

Cumulonimbus

Jumulonimbus clouds are defined as heavy masses of cloud,
with great vertical development, whose cumuliform summits rise
in the form of mountains or towers, the upper parts having a
fibrous texture and often spreading out in the shape of an anvil.

The base resembles nimbostratus, and one generally notices
virga. This base has often a layer of very low ragged clouds below
it (fractostratus, fractocumulus).

Jumulonimbus clouds generally produce showers of rain or
snow and sometimes of hail, and often thunderstorms as well.

If the whole of the cloud cannot be seen the fall of a real shower
is enough to characterize the cloud as a cumulonimbus.

Even if a cumulonimbus were not distinguished by its shape
from a strongly developed cumulus its essential character is evi-
dent in the difference of structure of its upper parts, when they
are visible (fibrous structure and cumuliform structure). Masses
of cumulus, however heavy they may be, and however great their
vertical development, should never be classed as cumulonimbus
unless the whole or a part of their tops is transformed or is in
process of transformation into a cirrus mass. '

Although the upper cirriform parts of a cumulonimbus may
take on very varied shapes, sometimes they spread out into the
form of an anvil. To this interesting feature the name incus is
given.

In certain types of cumulonimbus, which are especially common
in spring in moderately high latitudes, the fibrous structure ex-
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tends to nearly the whole cloud mass, so that the cumuliform
parts almost wholly disappear; the cloud is reduced to a mass of
cirrus and of virga.

The veil cloud pileus is seen with cumulonimbus clouds as with
cumulus.

When a cumulonimbus covers nearly all the sky the base alone
is visible and resembles nimbostratus, with or without fracto~
stratus or fractocumulus below. The difference between the base
of a cumulonimbus and a nimbostratus is often rather difficult to
make out. If the cloud mass does not cover all the sky, and if
even small portions of the upper parts of the cumulonimbus appear,
the difference is evident. If not it can be made out only if the
preceding evolution of the clouds has been followed, or if precipi-
tation occurs; the precipitation of a cumulonimbus is violent and
intermittent (showers) as opposed to the relatively gentle and con-
tinuous precipitation of a nimbostratus.

The front of a thunder cloud of great extent is sometimes accom-
panied by a roll cloud of a dark color in the shape of an arch, of a
frayed-out appearance, and circumscribing a part of the sky of a
lighter gray. This cloud is named arcus and is nothing more or
less than a particular example of fractocumulus or fractostratus.

Fairly often a mammatus structure appears in cumulonimbus,
either at the base, or on the lower surface of the lateral parts of
the anvil.

When a layer of menacing cloud covers the sky and both virga
and mammatus structure are scen it is a sure sign that the cloud
is the base of a cumulonimbus, even in the absence of all other signs.

Cumulonimbus is a real factory of clouds; it is responsible in
great measure for the clouds in the rear of disturbances. By the
spreading out of the high parts and the melting away of the under-
lying parts, cumulonimbus can produce thick sheets of altocumulus
or stratocumulus (spreading out of the cumuliform parts) and
dense cirrus (spreading out of the cirriform parts).

Among the principal species may be noted:

CuMULONIMBUS CcALVUS. Cumulonimbus characterized by the
thunderstorm or the shower that it causes, or by virga, but in
which no cirriform parts can be made out. Nevertheless the freez-
ing of the upper parts has already begun; the tops are beginning
to lose their cumulus structure, that is, their rounded outlines and
clear-cut contours; the hard and “caulifiower” swellings soon
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become confused and melt away so that nothing can be seen in
the white mass but more or less vertical fibers. The freezing,
accompanied by the change into a fibrous structure, often goes on
very rapidly.

CumuLONIMBUS CAPILLATUS. Cumulonimbus which displays dis-
tinet cirriform parts, having sometimes, but not always, the shape
of an anvil.

PrincipAL Varieties or CLOUDS

The chief varieties common to different genera are as follows:

Fumulus

At all levels, from cirrus to stratus, a very thin veil may form,
so delicate that it may be almost invisible. These veils seem to
be most frequent on hot days and in low latitudes. Occasionally
they may be observed to thicken rapidly, forming clouds easily
visible, especially cirrus and cumulus. The clouds thus produced
seem unstable, however, and usually melt away soon after their
formation.

Cirrus fumulus must not be confused with cirrostratus nebu-
losus, which is much more stable and does not show the phenom-
cnon of the formation and subsequent rapid disappearance of
cirrus clouds.

Lenticularis
Clouds of an ovoid shape, with clean-cut edges, and sometimes

irisations, especially common on days of strong, dry winds in rough
country. This form exists at all levels from cirrostratus to stratus.

Cumuliformis

The rounded form resembling cumulus which the upper parts
of other clouds may sometimes assume. This may be seen at all
levels from cirrus to stratus.

Mammatus

This description is given to all clouds whose lower surfaces form
pouches. This form is found especially in stratocumulus and in
cumulonimbus, either at the base, or even more often on the lower
surface of anvil projections. It is also found, though rarely, in
cirrus clouds, probably when they have originated in the anvil of a
dispersing cumulonimbus,
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Undulatus

This term is applied to clouds composed of elongated and parallel
clements, like waves of the sea. There is sometimes an appear-
ance of two distinet systems, as when the cloud is divided into
rounded masses by undulations in two directions.

Radiatus

This term is applied to clouds in parallel bands (polar bands),
which owing to perspective seem to converge to a point on the
horizon, or to two opposite points if the bands eross the whole sky.
The point is called the radiant or vanishing point.

Chief Casual Details

The chief casual varieties are the following:

Virga.  Wisps or falling trails of precipitation; applied prinei-
pally to altocumulus and altostratus.

U S WL photoyraph by 1. T, Floreen.

Fra. 7. Cumulus of fine weather.,

Piwus. A ceap or hood; applied principally to cumulus or
cumulonimbus.

Incus.  Anvil; upper part of cumulonimbus.

Arcus,  Arch cloud; usually associated with cumulonimbus,
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Photograph by C. E. Deppermann at Manila,

Ira. 80 Heavy and swelling cumulus without anvil top.

U.S.W.B. photograph by P. A. Miller at Washington, D. C,

Fig. 9. Cumulonimbus,
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U.S.W.B. photograph.

Fia. 10, Stratocumulus formed by spreading out of cumulus.

U.S.W.B. photograph.
F1a. 11.  Layer of stratocumulus.
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U.S.W.B. photograph.

Fia. 120 Layer of stratus.

U.S.W.B. photograph.

F1a. 13. Low, ragged, dark gray clouds of bad weather.
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T'1a.

U.S.W.B. photograph by Pan American Airways.

1. Acrial view of heavy and swelling cumulus.

Fia. 15,

U.S8.W.B. photograph by C. E. Deppermann,

Heavy cumulus or cumulonimbus and stratocumulus.



U S W, photograph,

6. 16, Cumulonimbus with underlying low, ragged clousls of bad weather,

U.S.W.B. photograph.

F1G. 17. Typical thin altostratus.

48
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U.S.W.B. photograph.
F1a. 18.  Typical thick altostratus.

U.S.W.B. photograph by J. W. Johnson.

T16. 19. Sheet of altocumulus at one level.
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U.N.W.B. photograph.

Fra. 20, Altocunmulus in small isolated patehes more or less lenticular in
shape.

USW.BL photograph by Willard S, Wood.

I'tg, 21, Altocumulus arranged in parallel bands spreading over the sky.
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U.S.W.B. photograph.

Ia. 22, Altocumulus formed by spreading out of the tops of cumulus.



C.S WIS photograph.

Fra. 23, Altocumulus associated with altostratus,

&

I'ia, 24, Altocumulus castellatus,
i




U.S.W.B. photoyraph.

I'ra. 25, Altocumulus at different levels.

U.S.W.B. photoyraph by I1. T. Floreen.

Fig. 26. Delicate cirrus not forming a continuous layer.
48



U.S.W.B. photograph by Pan American Airways.

TFi1G. 27.  Dense cirrus derived from an anvil.

U.S.W.B. photograph by F. Ellerman.

TFra. 28. Delicate cirrus in the form of hooks ending in a little claw or up-
turned end.

49



(.S W5, pholograph by A J. Weed.

11, 29, Cirrus and eirrostratus not higher than 45° above the horizon.

U.S.W.B. photograph.

Fra. 30.  Cirrostratus showing a 22° halo.

50



U.S.W.B, photograph by Lowise A. Boyd.

I'ra. 31, Clirrostratus covering all the

U.S.W.I3. photograph.

1716, 32, Cirrostratus not inereasing in amount, and not covering all the sky.
* 5
124
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1S W .B. photograph.

Fia. 33, Cirrocumulus predominating associated with the cirrus mass.

Asprer oF THE SKY

Before considering methods of determining the proportion of
the sky covered by clouds, it is necessary to discuss something of
the apparent shape of the sky.? The shape of the sky has been

I'16. 34, Perspeetive effeets with seattered cumulus elouds (after Humphreys).

deseribed as a great dome; when covered by high clouds, it appears
to be low and flat. To the observer, the clouds directly overhead
at the zenith position may spread out in all directions to vanish
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from sight on the circular rim of the horizon. Narrow bands of
clouds in a blue sky may stretch from one horizon up over the dome
and down to the other horizon. Although the bands of clouds
may be parallel, they will appear to converge at the horizons.
This is due to perspective, which is easily illustrated by the con-
verging rails as one looks down a long, straight railroad track.

Another effect due to perspective, when scattered cumulus
clouds are observed against the sky, is the appearance of complete
cloud cover at a distance and scattered clouds with blue sky areas
nearly overhead. The more distant clouds may also appear to be
lower, although the bases of all are at the same height.

AmounT oF Croups (Sky CoVER) 10

Definition

The proportion of the sky covered by clouds is based upon a
scale from 0 to 10 and is given in tenths. A sky completely filled
with clouds, with no blue sky visible, is said to have 19{¢’s cloud
cover. With 19{¢’s clouds, the sky is overcast. The United States
Weather Bureau has adopted the following terminology for use in
airway weather reports:

Clear When there are no clouds present, or less than 1o of the sky is
covered by clouds.

Scattered When from i to 3{¢’s, inclusive, of the sky is covered by clouds.
1 Yy

Broken When more than 5{4’s of the sky but not more than %{y’s of the
sky is covered by clouds.

Overcast  When more than 2{¢’s of the sky is covered by clouds.

The total amount of cloud cover is obtained by viewing the sky
and projecting the clouds against the dome of the sky. This pro-
jected amount of clouds compared to blue sky visible, or, at night,
star-filled clear areas, represents the sky cover. The sum of the
number of tenths of cloud cover plus the sum of the number of
tenths of open sky should always equal 197¢’s.

Method of Estimating Sky Cover

In estimating the sky cover, the sky dome may be mentally
divided into quadrants by means of diameters at right angles to
each other. The number of tenths of each quadrant may be esti-
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mated separately, and the mean of the four values may then be
taken as the total sky cover. Selection of quadrants may be based
upon the distribution of clouds in the sky so that each area may
be easily estimated. It is recognized that broken cumulus clouds
will give an appearance of running together at a distance because
of viewing the sides as well as the bases. The rule of projection
against the dome of the sky should, however, still be used.

When a number of layers of clouds are present, each layer should
be projected against the sky separately. Frequently the upper
layer must be observed through breaks in a lower layer. Under
these conditions it is necessary to spend sufficient time watching
the upper layer through the moving clear spaces between the
lower clouds to determine the number of tenths covered. It is
possible to determine that a higher overcast exists above a layer
that covers as much as ¢{¢’s or 7{¢’s of the sky. Ior example,
we may observe 19{¢’s AS above 8{¢’s CU.

If the sky is being watched carefully, an observer may be able
to see a lower deck of clouds move in or actually form below an
upper deck. During and immediately following frontal passages,
clouds may appear in many levels, and the whole appearance of
the sky is chaotic. If in this event the cloud masses do not cover
sufficient area in themselves to be accurately estimated, they may
be grouped together to determine the total sky cover and may be
described as numerous layers.

Observation of cloud layers may be simplified by studying the
cloud motions, as it is rare to have clouds at all levels moving at
the same speed and in the same direction.

Croup Hercur ¥

Definition

Cloud height is the distance from the ground to the base of the
cloud. The United States Weather Bureau has used the term
ceiling to define a value which involves a number of layers of clouds.
It may be defined as follows: Ceiling is the height above ground
of the lowest clouds reported as broken or overcast. In other
words, ceiling is the lowest height above the ground at which all
cloud layers at and below that level cover more than half of the
sky. The Weather Bureau defines unlimited ceiling as: (1) no
broken or overeast layer is reported; or (2) the base of the lowest
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reported broken or overcast layer is higher than 9,750 feet above
ground.  Ceiling zero is reported when the ceiling is 50 feet or
less.

Methods of Measuring Cloud Ieight
Present-day methods for measuring cloud height are: ceiling

balloon, ceiling light projector, clinometer, and the ceilometer.
Other methods for obtaining the height of clouds are by airplane,
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I1a. 35, Ceiling light and clinometer determination of eloud height.

triangulation, range finders; pilot balloons; intersections with hills
or towers, and estimating by application of the dew-point
formula.

CEILING LIGHT PROJECTOR AND CLINOMETER. Making ceiling
measurements by the ceiling light method requires a point for ob-
servation, usually near the observatory, and a scarchlight located
500 feet or 1,000 feet from the observation point.  The projector
is usually north of the observer (in the northern hemisphere) to
avoid interference by moonlight.

The projector is a small searchlight which projects a narrow
beam of light of less than 3° spread onto the base of the cloud. It
may be pointed vertically or at an angle to the vertical toward
the observer.  Theeptical method is used in the United States.
The angular efévation of ¥he light spot on the cloud base is meas-
ured by gAlinometer or andlidade. The clinometer is a sighting
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tube with cross wires placed at the outer end. A quadrant scale
graduated in degrees from 0 to 90 is mounted on the side. A
weighted pendant, which hangs vertically when free, slides along
the arc of the quadrant scale. When the clinometer is pointed up
to the spot the observer may clamp the pendant to the scale by
means of a clutch head screw. The angle above the horizontal
may then be read on the scale. The method of computation is by
simple triangle as shown in Fig. 35 or

Height = Base line X tan 6

If the base of the cloud is uneven or if it gradually thins out near
the base, the spot may not be clearly reflected. With thin clouds
there may be considerable penctration by the light beam before
it is lost. The point of first entry, or low spot, is usually taken as
the cloud base. When the base of the cloud is ragged, hanging
cloud masses may interfere with the line of sight and it may be
necessary to watch the cloud until a clearly defined spot is ob-
served. Also, it may be desirable to average the high and low
angles to obtain a representative figure for the cloud base height.
Under these conditions further description of the character of the
cloud base may be given.

The accuracy of measurement by ceiling light projector methods
depends upon the length of base line, the accuracy of reading the
clinometer, and the evenness of the base of the cloud. Using a
500-foot base line and with a clinometer reading which is uncertain
to 2° for a cloud height of 1,800 feet, the error would be 230 fect;
for a 1,500-foot base line the error would be 130 feet.

With projectors used by the United States Weather Bureau
cloud heights may be obtained under ideal conditions up to 15,000
feet. The errors of measurement become large, however, at the -
higher clevations. With a 1,000-foot base line an error of 1° in
reading the clinometer will give an error of about 2,000 feet at
10,000 feet, and an crror of over 3,000 feet at 15,000 feet
clevation.

THE CEILOMETER. A new device now being installed at Weather
Bureau airport stations for cloud-height measurement is the ceilom-
eter. The principle is identical to that of the ceiling light projec-
tor and clinometer except that a light modulated to a known
frequency is projected onto the base of the cloud. Instead of the
clinometer, a receiver uses a photoelectric tube as the seeing eye.
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The photoelectric element is mounted in a reflector behind the
diaphragm at the focal point. The receiver is mounted so that
it may be rotated in a vertical plane and the angle from the hori-
zontal read on an arc similar to the clinometer. Because of the
modulated light, a selective electronic unit reacts to any light,
direct or reflected, which the projector sends up. In this way the
ceilometer may be used in the daytime as well as at night. The
accuracy of measurements by this unit is of the same order as the
ceiling light method. Cloud heights to 10,000 feet may be meas-
ured during the daytime and to 20,000 feet at night.

CrEILING BALLOONS. Balloons weighing about 10 grams are
inflated with hydrogen gas to a free lift of 40 grams or with helium
gas to a free lift of 45 grams. When released, these balloons rise
at an average rate shown in Table IIT-1. The balloon is observed,
and the time from release to entry into the cloud base is noted.
The height of the cloud base is then the time multiplied by the
ascensional rate. Cloud heights up to 2,000 or 3,000 feet may
be measured in this way. The ascensional rate of ceiling balloons
varies considerably, however, and the results obtained from a
single measurement are not too reliable. Table 111-1 shows the
variation under ideal cloud conditions with complete overcast.
When the clouds become scattered or even broken, the vertical
motions in the lower atmosphere make the ascensional rate
of the balloons very ecrratic, and this® method should not
be used.

The equipment necessary for this work consists of: (1) com-
pressed hydrogen or helium gas in cylinders, usually containing
200 cubic feet; (2) hydrogen or helium regulator; (3) Brady free-
lift device; (4) timepiece, indicating seconds.

The balloons are usually furnished in two colors, red and purple.
In general, the darker color is best seen against a dark back-
ground.

A specially constructed inflation room is usually located as con-
veniently as possible to the place of observation. This room
should contain a rack for helium tanks and a shelf for inflating
the balloon. The tank is fitted with a shutoff valve and a reducing
valve, or regulator, having two gages, one registering the amount
of pressure in the tank and the other the pressure of the gas flow-
ing into the balloon. A low-pressure valve on the regulator regu-
lates the flow of gas. A 14-inch rubber tube leads from the regula-
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tor to a three-way petcoek. A small, Lé-inch rubber tube leads to
the Brady free-lift device. (See Fig. 36.)

The Brady device is placed on a shelf large enough to permit the
small rubber tubing to rest thereon.

The neck of the balloon is streteched over the inflation nozzle.
All air is expelled by opening the three-way peteock and rolling
the balloon to force the air out through the petcock. The infla-

L 5t

Fra. 36, Ceiling balloon and Brady free-lift. device.

tion is then begun by slowly turning the regulator handle to the
right until a steady flow is maintained. The balloons should be
inflated slowly until the device is just lifted from the supporting
surface.  When removing the balloon from the device, the neck
should be twisted several times and secured by soft cotton twine
or by a cireular band cut from the end of the neck of the
balloon.

The inflated balloon should be released from a point free from
obstructions, such as houses or trees.  Keep the balloon in sight
during its aseent.  The interval of time between the releasing of
the balloon and its disappearance in the clouds should be accu-
rately determined.
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Table III-1 shows the average height of oval and spherical
ceiling balloons at the end of each half minute of elapsed time.

TABLE 111-1

Altitude, feet

r

Spherieal ball
QOval balloon S..')h( rieal bafloons

Time, (45 grams 75 grams 45 grams 40 grams
minutes free lift)! free lift ! free lift ! free lift 2

% 205 280 250 250
1 410 560 500 480
114 615 840 730 670
2 820 1,120 960 830
213 1,005 1,400 1,190 1,030
3 1,190 1,680 1.420 1.210
313 1.375 1.945 1.650 1.390
4 1.560 2.210 1.880 1.570
415 1,745 2,175 2.090 1.750
5 1,930 2.710 2.300 1,930
54 2.115 3.005 2.510 2.110
6 2,300 3.270 2,720 2.290
613 2.185 3.545 2,930 2.470
7 2.670 3.820 3.140 2.650
7% 2,855 4,095 3,350 2.830
8 3,040 4,370 3,560 3,010
814 3.225 4,645 3.770 3.190
9 3.410 4,920 3,980 3.370
914 3.595 5,195 4,190 3.550
10 3.780 5.470 4,400 3,730

1 Inflated with helium. 2 Inflated with hydrogen.

There are many factors, such as the shape of balloon, free lift,
turbulence, and cloudiness, which affect the ascensional rates of
ceiling balloons. Consequently, ceiling heights obtained by such
means cannot be considered ‘“‘measured” heights. The observer
must use judgment in accepting the height indicated by balloons
as the true cloud height. From a number of double theodolite
observations on ceciling balloons, it has been established that, if a
large number of balloons were relcased, the average ascensional
rate would closely approximate the averages given in Table III-1.
However, any individual balloon can depart from the average
values by a considerable amount, as shown in Tables III-3



TABLE III-2
ling-Height Table for the Two Types of Ceiling Balloons in General Use.
Based on Average Ascensional Rates as Shown in Table I11-1
: Range in Time
Report- — —

able Oval balloon Spherical balloon
Height, (45 grams free lift) (75 grams free lift)
feet From To From To
0 o 0” o 77 o 0" 0o’ 5”7
100 o 8” 0'21” 0 6” 015"
200 0’ 22”7 0’ 36” 0’ 16” 0’ 26”
300 0’ 37" 0’ 51” 027" 0’ 37”7
400 0’ 52”7 1" 67 0’ 38” 0’ 48”
500 1 7” 1/ 20” 0’ 49” 0’ 58”7
600 121" 1’ 35” 0’ 59” 1 9”
700 1’ 36” 1’ 49” 110" 1’ 20”
800 1’ 50” 2" 5" 1721”7 131"
900 2" 6" 2' 21”7 1/ 32” 141"
1,000 2/ 227 2' 37" 17 427 1/ 52”7
1,100 2' 38” 2' 53” 1’ 53" 2 3”
1,200 2’ 54” 3’ 10” 2" 4" 214"
1,300 311”7 3’ 26” 2/ 15” 2/ 24”
1,400 327" 3’427 2/ 25” 2’ 35”
1,500 3'43” 3’ 58” 2’ 36" 2/ 46”
1,600 3’ 59” 4’ 15” 2" 47" 2/ 57"
1,700 4’ 16” 4’ 31”7 2" 58” 3’ 8”
1,800 4’ 32” 4' 47" 39 319”7
1,900 4' 48" 5 3 3’ 20” 3’ 30”
2,000 5 4" 519”7 3’ 31” 3’ 42"
2,100 5’207 535" 3’ 43”7 3’ 53"
2,200 5’ 36” 5' 52" 3’ 54” 4 47
2,300 5 53" 6’ 8” 4’ 5" 4' 15"
2,400 6’ 9” 6’ 24” 416" 4’ 27"
2,500 6’ 25" 6’ 40” 4’ 28” 4’ 38"
2,600 6'41” 6’ 57”7 4’ 39” 4' 49"
2,700 6’ 58” 7' 13” 4’ 50” 5 0”
2,800 7' 14" 7' 29" 5 1”7 512"
2,900 7' 30" 7' 45" 513" 5’ 23"
3,000 7' 46" 8 1” 524" 5’ 34”
3,100 8 2”7 817”7 5’ 35” 5’ 46”
3,200 818" 8'34” 5' 47" 5 57"
3,300 8’ 35” 8’ 50” 5’ 58” 6’ 8”
3,400 8’ 51” 9 6” 6’ 9” 6’ 19”7
3,500 9 77 9 227 6’ 20” 6’ 30”
3,600 9’ 23” 9’ 39” 6’ 31” 6’ 41”7
3,700 9’ 40” 9’ 55" 6’ 427 6’ 527
3'8m 91 56” 10’ 11” 6[ 53” 7/ 3”
3,900 10’ 12”7 10’ 277 7 47 7' 14"
4,000 10" 28" 10" 43" 715 725"

60
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and III-4.
ter X111.)

(For notes on estimating cloud height see Chap-

TABLE III-3

Percenlage of Observations within Specified Departures from Average Altitudes
Using Oval Balloons with 45 Grams Free Lift

Average
Min- Altitude,
ute feet =100 =200 £300 £400 +£500 +£600 £700 =800 =900
1 410 77 97 100 .. .
2 820 42 78 94 98 100 .. R
3 1,190 39 69 87 93 98 99 100 .. .
4 1,560 34 69 83 93 96 99 99 99 100

TABLE I11-4

Percentage of Observations within Specified Departures from Average Allitudes
Using Spherical Balloons with 75 Grams Free Lift

Average

Min- Altitude,

ute feet +100 £200 +300 =+400 +500 +600 £700 800

1 560 92 100 ..

2 1,120 67 96 98 100

3 1,680 58 88 98 100 ...

4 2,210 44 88 93 98 100

5 2,740 46 73 89 95 95 100 ..

6 3,270 47 72 83 89 92 97 97 100
DirEcTION AND SPEED OF MOVEMENT OoF CLOUDS

Durection

The direction of cloud movement is the direction from which
the cloud appears to be coming and may be given to 8 or 16 points
of the compass. In order to determine the direction accurately,
an instrument called the nephoscope may be used. There are two
types of nephoscopes, direct-vision and mirror-vision. The sim-
plest type to construct is the direct-vision Besson’s comb nepho-
scope. It consists of a 9-foot vertical rod with a horizontal cross
piece 314 feet long fixed to its top. Along the cross piece equi-
distant vertical spikes are fixed. The vertical rod is mounted on
a pole in such a manner that it may be rotated by means of two
ropes attached to another short cross piece fixed to the rod at the
lower end. A disk with directions marked off is also fixed to the
rod. The height should be adjusted so that a fixed mark on the
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U.S.W.B. photograph by
Professor Talman.

Fia. 37. Besson's comb nephoscope.

z feet

I'ta. 38, Determination of speed of clouds using comb nephoscope.
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rod is at the eye level of the observer. To observe the cloud direc-
tion, the observer moves about the rod until the cloud to be ob-
served lies in a straight line with the central vertical spike. The
rod is then turned by means of the two ropes until the cloud appears
to travel along the line of spikes. The direction is then read off
on the disk.

Speed of Clouds

In order to determine the speed of the cloud it is necessary to
know the height (Z) of the cloud. If ais the distance between the
spikes and b is the distance from the upper cross piece to the eye-
level mark on the rod, and ¢ is the time it takes for the cloud to
move from one spike to the next (Fig. 38), then by similar triangles

A-B _a
Z b
If we divide each side by ¢ and multiply by Z we have
A—B

a .
. VA i Velocity
The left-hand side is the distance in feet traveled by the cloud in
t seconds or velocity in feet per second. To convert to miles per
hour,

1 foot per second = 29 miles per hour
p 14

For example, 88 feet per second can be converted to miles per hour
by dividing by 44 and multiplying by 30, thus

88 % 30 = 60 miles per hour

ExaMPLE
a = distance between spikes = 1 foot
b = distance from cross piece to eye level = 7 feet
Z = height of cloud = 4,000 feet

t = time for cloud to move between two spikes = 12 seconds

30 1 _ 4,000
V=—X-X "~

44 X 7 12
A convenient ratio for the distances @ and b is 1 to 6.81. This makes the

value

= 32 miles per hour

30 1
447 681
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Clouds

The factor 0.1 or 1{o may be substituted to obtain

_1z
10 ¢

if Z is reported in feet.  Multiply the time in seconds by 10 and divide
into the cloud height in feet. 1f Z = 4,000 feet and ¢ = 10 seconds

4,000

0 X%

= 40 miles per hour
10

A Norwegian modification of the Besson nephoscope is the Grid
nephoscope (Fig. 39). In using these nephoscopes it is important

IF16. 39.  Grid nephoscope.

to keep the eye in a fixed position
while observing the motion of the
cloud. This may be done by holding
a pointed stick firmly in a vertical
position on the ground with the point
just above eye level and between the
nephoscope and the eye.

The second method of observing
cloud motion is by mirrored vision of
the cloud. The mirror nephoscope
consists of a black circular glass mirror
with directions engraved at its outer

perimeter. .\ vertical pointer and eye picce is attached to the

central column supporting

the mirror. The distance and height

Fig. 40.

i/S Ii/ ﬁ pl;o[numplu

Mirror nephoscope.
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above the mirror of the eye piece may be adjusted. The directions
marked off are opposite the true directions so that the reflected
vision will move toward the graduation indicating the direction
from which the cloud is moving. Cloud speeds may be obtained
as with the Besson nephoscope as shown by Fig. 38.

The aceuracy of any of the foregoing methods is limited by the
changes in cloud structure which may occur during the observa-
tion period. It is not always possible to know that the same point
is being followed.



Chapter 1V
VISIBILITY

DEriNiTION AND Usks

Visibility as used in meteorology might better have been called
“visual range.” As defined by the United States Weather Burcau,
visibility (visual range) in a definite direction is the maximum
distance that prominent suitable objects like trees or houses,
located in that direction and viewed against the horizon sky, are
visible to an observer of normal eyesight under existing conditions
of atmosphere, light, ete.

Ordinarily only one visibility value is included in a weather
report, and under nonuniform conditions a value called the pre-
vailing visibility is used. Under these conditions, the prevailing
visibility is the greatest value of visual range that satisfies the
condition that visual ranges equal to or greater than that value exist
over at least half of the horizon.*®

Visibility is used in two ways: (1) the pilot or navigator of an
aircraft wishes to know how far he can see so that he may be able
to identify objects along the flight path; (2) the meteorologist or
forecaster uses the visibility or the transparency of the atmosphere
as an indication of the distribution of haze, dust, smoke, or other
impurities in the air.

NATURE OF VISIBILITY 4 2

Visibility is one of the most complicated of all meteorological
elements. A number of visibility instruments have been developed,
but none has been considered sufficiently practical to replace
observations made by the unaided eye.

When we measure visibility we are dealing with the turbidity
of the atmosphere. Turbidity is a measure of the lack of trans-

66 .



Nature of Visibility 67

parency of the atmosphere, depending on the amount of foreign
particles in the atmosphere. The turbidity may affect visibility
as follows:

(a) The strength of light traveling through the atmosphere is
reduced by absorption and scattering by the air molecules and by
minute particles of matter suspended in the air. These particles
are of numecrous kinds: spores, bacteria, dust, smoke, fog, and ice
crystals.

(b) The amount by which the light is lost depends upon the
kind, sizes, and quantity of suspended particles. The color of
light which is most scattered and that which is most transmitted
depends upon the size, kind, and color of particles in the air at any
particular time.

(¢) Air molecules are of such a size that blue light is scattered
about 10 times more than red light. The sun at sunset is red for
this reason. The sunlight at sunset must travel through a long
path of air. Along this path, the blue portion of the sunlight is
scattered in all directions, so that mostly the red light is left by
the time the direct light reaches us at the end of the path.

(d) Haze, composed of extremely small salt or dust particles,
also scatters blue light more than red, though these colors do not
appear as “pure’” in haze as they do when the light is scattered
by air molecules.

(e) The size of fog droplets can vary over a large range; and,
since the color of light that is most scattered depends upon the
size of the particles, we may expect that different types of fog will
scatter colors in different degrees.

(f) Clean, pure fog droplets smaller than 1 micron in radius
scatter blue light more than red, just as haze particles do. If the
droplets are between about 1.5 and 5 microns in radius, however,
they scatter red light more than blue. Droplets of more than
5-micron radius (the most common fog) scatter all colors about
equally. (One micron equals 0.001 millimeter, equals 0.00004
inch.)

(9) The amount of attenuation of light thus depends upon the
amount of scattering and absorption of light by the air molecules
and foreign particles in the air. A measure of this ability to scatter
and absorb light is called the extinction coefficient.

It is evident that visibility is related to the extinction coefficient.
Visibility is inversely proportional to the amount of light absorbed
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and scattered. Although visibility also depends upon a number
of other factors, let us attempt to understand why an object may
be visible or invisible, depending upon its distance from us.

DAYLIGHT VISIBILITY

For an object to be visible, we must be able to distinguish it
from its surroundings. In other words, the object must be con-
trasted with its background. If no contrast were perceptible, we
would not be able to distinguish the object from its surroundings
and it would be “invisible.” This is one of the principles applied
in camouflage.

For purposes of discussing daylight visibility, the principal con-
trast that enables us to distinguish an object is the contrast in
brightness. Brightness is the luminous intensity per unit area
normal (perpendicular) to the line of sight. The luminous inten-
sity is usually expressed in candlepower, which represents a certain
definite rate of flow of light energy. If the difference in brightness
between an object and a brighter background is made less and less
by increasing the brightness of the object, a point is finally reached
where we no longer can distinguish a difference between the two.
As a matter of fact, however, there is actually still some differ-
ence, but, since our eyes are not perfect instruments, the difference
is not apparent to us. Now, if the actual brightnesses of object
and background are measured when the object is just visible, their
actual contrast can be found. The contrast is calculated on a rela-
tive basis by dividing the difference in brightness by the brightness
of the background. This contrast is called the ‘“threshold of
brightness contrast.” It is obvious, therefore, that, since all
people’s eyes are not the same, this value varies from person to
person, within certain limits, and depends also on the adaptation
of the eyes to cxisting light conditions.

The threshold of brightness contrast is related to visibility in
the following way: Suppose that we look at a black object in the
daylight against a completely cloudless sky. As we move the
object farther and farther away from us, toward the horizon, it
appears to become lighter and lighter, its apparent brightness
becoming more and more the same as that of the sky. Finally,
at some certain distance, the object becomes no longer visible,
because we can discern no contrast between it and the sky.
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The reason why the object appears lighter as its distance from
the observer increases is easy to understand. Sunbeams from the
window, slanting across a room, are made visible by the dust
particles in the air. The path seems “lighted up.” In the same
way, though not so spectacularly, since the light is not broken up
into separate beams outdoors (except in crepuscular rays), the air
between an observer and an object is “lighted up” as the result of
scattering. The longer the air path, the more ‘“‘air-light”’ there is
between the observer and the object. Thus, the farther away the
object, the brighter it appears.

It is obvious that, by moving our black object farther and farther
toward the horizon, the contrast will diminish until it has the value
of the “threshold brightness contrast.”” At this point the object
will just be visible. This distance from the observer to the object
is the “visibility.”

This certain distance at which the object becomes visible is
related to the extinction coefficient, which becomes greater as the
distance becomes less.  As the number of foreign particles in the at-
mosphere (in the form of smoke, dust, fog, ete.), increases, the value
of the extinction coefficient increases, and the visibility decreases.

Facrors WHicH INFLUENCE VISIBILITY 4 2

The concept of visibility implies a visible object. It is in the
choice of a reference object that our difficulties multiply. We
find that visibility depends (apart from individual differences in
visual acuity) upon various properties of the object, surroundings,
and lighting. These are, principally:

Refleeting power and color of object.
Reflecting power of background.

Amount of cloudiness.

Position of sun.

Angular size of object.

Nature of terrain between objeet and observer.
Bright light points in the ficld of view.

Let us consider these factors:
The Ideal Object and Background

It is found that the visibility of a black object against a sky
background (with either a cloudless sky or a completely overcast
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sky) can easily be computed by knowing the extinction coefficient

and the “threshold” values. The position of the sun in this in-
stance makes no difference.

Effect of Different Objects and Backgrounds

To make the above ideas concrete, let us take some numerical
examples. In Table IV-1 it is assumed that the same atmospherie
conditions prevail, that the sky is uniformly overcast, and that
the objects are of the same angular size.

TABLE 1V-1
Visibility,

Object Background miles
Black Sky 3.0
Gray (reflecting 159 light) Sky 2.9
White Sky 2.5
Black Snow 2.3
Gray (reflecting 159, light) Snow 2.1
Black Ground 0.9

This table shows that: (1) gray objects may be used, but they
should be dark; the darker the better; (2) white objeets should not
be used; (3) the sky should be the background for the objects.

Position of Sun

The above points are further emphasized when we consider the
effect of the position of the sun relative to the observer and object.

TABLE IV-2
Visibility, miles

r Y

Sun Sun Directly to Sun
before Right or Left behind

Object Background Observer of Observer Observer
Black Sky 3.00 3.00 3.00
Gray (reflecting

159, light) Sky 2.97 2.97 2.43
Black Ground 0.72 1.11 2.91
Gray (reflecting

159, light) Ground 0.36 0.63 2.22

Table IV-2 will illustrate this effect. The sky is assumed to be
clear, and the sun is at an elevation of 20°.
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Color of Objects

It has already been stated that if the objects are colored the
situation becomes complex. It can be shown, however, that, if
the colored objects are not oo bright, they will behave about the
same as gray objects. This fact is significant, for we see that
dark-colored buildings (dark red brick, etc.) may be used as refer-
ence objects, always keeping in mind what has been said about the
background, together with further considerations as to size, which
will be discussed later.

As the distance of a colored object approaches the limit for visi-
bility its color seems to disappear and it looks gray, so it may be
treated as a gray object. Table IV-3 shows the visibility under
the same atmospheric conditions, but using objects of different
colors as reference points. It illustrates the fact that the colored
object acts nearly the same as a gray object with the same reflect-
ing power.

TABLE 1V-3

Color Reflecting Power, ¢ Vigibility, miles
Gray 13 9.18
Red 13 9.10
Gray 30 8.95
Blue-green 30 9.05

Angular Size of Objects *

The angular size is the angle subtended by the object at the
observer’s eye. It is found that, for objects subtending angles less
than 1°, the visibility deereases rapidly as the angle becomes less

Angular size

I'16. 41.  Angular size of objects.

and less. Above 1° to about 5° there is very little variation, as
is shown in Fig. 42, in which the angle subtended by the object is
plotted against visibility.
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The graph, Fig. 42, shows, for instance, that, if an object sub-
tending 3° is just visible at 3 miles, then, under the same condi-

4 I 1 1 I T
Variation of visibility with angular
size of object v all objects are
o black against sky background
=3
E L
£
F Extinction coefficient = 1.3
52 - :
s
—/ . ]
1
0 1 2 3 4

Angular size of object, degrees

Fia. 42.  Angular size of objects vs. visibility in miles.

tions, an object subtending only 0.3° could not be seen beyond
1.6 miles.

Effect of a Bright Light in the Field of View

The dazzling effect of looking toward a bright light is a common
experience. If such a “dazzle source” is close to the line of sight,
the object being sighted on is more difficult to sece. The visual
range will appear less than it actually is, because the threshold
brightness contrast increases owing to the dazzling effect in the eye.

Observers unconsciously correct somewhat for this by shading
their eyes with their hands when determining visibility in direc-
tions near the sun.

Effect of Terrain between Observer and Object

If the terrain between the observer and the object is highly
reflecting (such as lakes, white sand, or snow) there will be an
appreciable addition of ‘“‘air-light” in the space between observer
and object, causing the object to be less visible, of course, than it
would be if the intervening terrain were dark soil or grass.

Effects of Moonlight, Starlight, and Twilight

It is well known that the visual range of objects in the subdued
light of moonlight, starlight, or twilight is not so great as in day-
light. The reason is obvious. As an example of the magnitude of
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this effect, suppose that the visibility were such as to permit an
object to be just visible at 214 miles in daylight; in bright moon-
light the object would not be visible at more than about 0.6 mile.

In twilight the same sort of effect is noticeable. However, in
twilight the illumination and the brightness of the sky vary with
direction, so that the visibility will depend on the direction of the
object.

VISIBILITY AT NIGHT

Visibility at night, of nceessity, is determined mostly by the
visual range of lights rather than by objects. Therefore, only
unfocused lamps should be used to determine visibility, since
focused beams and beacons can naturally be seen farther than
ordinary lights. It is evident that, since the distance at which
lights can be seen depends upon their candlepower, this distance
has no relation to the visibility determined by objects in the day-
time. Candlepower is the amount of light per unit spherical angle.
If the proper candlepower lamp is chosen, however, there will be a
1:1 correspondence between the visibility determined in daylight
and the visibility determined at night by means of the lamp.
Thus, under similar conditions, when the visibility in daylight is
3 miles, it would take a 225-candlepower lamp to be just visible
at 3 miles at night.

In the discussions which follow, for the sake of clearness, we will
arbitrarily define “visual range’” as the distanee at which a dark
objeet subtending 2°-3° is just visible against the horizon sky,
during daylight. The distance at which an electric lamp is just
visible at night will be called “lamp range.” The term “visibility”
will remain as defined at the start of the chapter.

Variation of Lamp Range with Candlepower ¥ 2

The candlepower is not only dependent upon the design of the
lamp and the direction in which it is turned but also upon the
voltage impressed upon it.

For instance, suppose that the visual range were 3 miles; then
a 60-candlepower lamp would be just visible at 2.3 miles at night
(lamp range).

Now suppose that the line voltage of 110 volts is reduced by
18 per cent. The lamp would now be giving only about 31 candle-
power. The lamp range would be 2 miles.
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If the line voltage had increased by 18 per cent, the lamp would
give about 106 candlepower. Now the lamp range would be
2.6 miles.

In the foregoing example, the transparency of the atmosphere
was held constant, so that the visual range would have been
3 miles. Suppose now that the atmosphere becomes clearer, giving
a visual range of 10 miles. What would be the behavior of our
lamp range?

At 60 candlepower, the lamp would be just visible at 4.6 miles.
If the voltage to the lamp were reduced by 18 per cent, the lamp
would then be visible at no greater distance than 3.8 miles. If
the voltage increased by 18 per cent, the lamp range would be
5.2 miles.

Not only, therefore, are most lamp ranges different from the
visual range under the same atmospheric conditions, but changes
in line voltage cause changes in lamp range. Thus, considering
only lamps of ordinary candlepower (about 60 cp.): for poor
visual range, changes in line voltage have only small (perhaps
negligible) effects; for good visual ranges, 10 miles, the effect is
greater. Also, for poor visual ranges the difference between visual
range and lamp range is less than for good visual range.

Suppose, however, that we use a much stronger lamp, say one
of 750 candlepower, at a voltage of 110. If the visual range were
10 miles, this lamp would be (under the same atmospheric condi-
tions) just visible at night at 8 miles. If the voltage dropped by
18 per cent, the lamp range would be about 7 miles. If the volt-
age increased by 18 per cent, the lamp range would be about
9 miles.

Now if the atmospheric conditions were such that the visual
range is 34 mile, and a 750-candlepower lamp at 110 volts were
used, the range would be about 1.4 miles. If the voltage dropped
by 18 per cent, the lamp range would be only about 1.2 miles. If
the voltage increased by 18 per cent, lamp range would be about
1.4 miles.

It is thus evident that, if a system of lamps is to be used for
determining lamp ranges, and their voltage is not kept constant,
lamps of high candlepower are better than lamps of low candle-
power.
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The following table shows the approximate relationships be-
tween the various factors already discussed.

TABLE 1V-4
(Distances rounded to nearest tenth of a mile)

Candlepower at Candlepower at Candlepower at
110 volts = 110 volts = 110 volts =
60 candlepower 100 candlepower 750 candlepower
Distance Lamp Distance Lamp Distance Lamp
Visual Is Visible at Is Visible at Is Visible at
Range, Voltages of Voltages of Voltages of
miles 90 110 130 90 110 130 90 110 130
i1 0.9 0.9 1.0 0.9 1.0 1.1 1.2 1.4 1.4
3 2.0 2.3 2.6 2.2 2.6 2.9 3.3 3.6 4.0
6 3.0 3.5 4.0 3.4 4. 4.4 5.2 5.8 6.4
10 3.8 4.6 5.2 4.4 5.2 6.0 7.0 81 9.0

If it were desired to relate lamp range to visual range, a factor
table could easily be computed for any system of lamps.

Flashing Lights

The visual range of flashing lights may, for practical purposes,
be considered the same as that for steady light, as long as the
duration of each flash is several seconds. If, however, the flashes
last. for much less than 0.2 second, the light will not be visible as
far as a steady light. As an example, suppose that a certain steady
light is visible at 314 miles; then if the same light were to flash on
and off so that cach flash on lasts only 0.02 second, the light would
be visible at only 2 miles. Since flashing lights of such small
intervals are rarely used in practice, this consideration may be
ignored with respeet to visibility determinations made by weather
observers.

Effect of the Brightness of the Background of Lamps

If a white lamp is seen against a background that is not black
but has a certain brightness, it is known that the lamp cannot be
seen as far as it could be if it were against a black background.
To illustrate this, let us assume the following: The visual range
is 3 miles. A lamp of 225 candlepower, against a black back-
ground, can be seen at 3 miles. A similar lamp, against a back-
ground of moonlit snow, would have to be at about 2.8 miles to be
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visible. Evidently, then, at least for lower visibilities, the effect
is not very important. If we examine the situation for higher
visibilities (say 10 miles), we find that a lamp which can be seen
at 8 miles against a black background would have to be moved to
about 7.6 miles to be visible against moonlit snow. Again it
appears that the difference in the visual range of the lamp is not
of too great magnitude. For red lamps, the background brightness
(within reasonable limits) has no effect.

Effect of Fog

All the preceding discussion was based on night visibility condi-
tions of over 14 mile and in the absence of fog.

If fog exists, the lights no longer act as point sources. The fog
particles scatter the light and form a more or less large luminous
area surrounding the lamp. The light from this luminous arca is
diffused light. According to Langmuir and Westendorp (“Light
Signals in Aviation and Navigation,” Physics, 1:273-317, 1931),
the eye is 7,000 to 170,000 times more sensitive to light from a
point source than to diffuse light, depending upon background
brightness. Therefore the diffused light caused by the fog around
a lamp cannot be secn as far as the light from the same lamp not
surrounded by fog.

As an illustration of the relative sensitivity of the eye to point
and diffuse sources, consider this: Compare the candlepower
necessary to make visible at 6 miles, first, a flash from a point
source (a lamp), and then, second, light reflected from a cloud.

In the first case, if a candlepower of 250 is sufficient, then nearly
3,250,000 candlepower will be necessary in the second case.

Effect of Color

The effect of color of a light source on visibility is substantially
the same in fog as in clear air. Red lights, including neon, of the
same candlepower as white lights cannot be seen any farther than
the white lights in a fog. For this reason it is satisfactory to use
red obstruction lights as visibility markers.

PrEPARING A VISIBILITY CHART

The point of observations should be chosen so that a view of
the entire horizon may be had. If this is impossible, sufficient
vantage points near the observatory may be selected to enable an
observer to view the horizon in all directions.
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Suitable objects should be chosen in all directions and at vary-
ing distances in accordance with the previous sections of this
chapter. On a map of the surrounding area and with the observa-
tory as the center concentric circles should be drawn and
labeled in terms of their distances from the observatory.
The various objects should also be listed so that they may be
recognized.

PROCEDURE FOR IDETERMINING PREVAILING VISIBILITY

Under nonuniform visibility conditions a representative value
may be obtained as follows: Divide the circle of the horizon into a
suitable odd number (such as 3, 5, or 7) of equal sectors. The
sectors should be chosen so that the visual range for each sector is
approximately uniform and can be represented by a single value.
Write down the value of the visual range for each sector, and
arrange the values in the order of increasing numerical value.
The value that lies in the middle of the series will be the prevailing
vistbility.

Many observatories are so located that smoke or fog may be
prevalent in some particular direction. It is then desirable to
report the visibility in each direction. For example: N 2 miles,
E 115 miles, S 14 mile, W 114 miles.

ESTIMATING VISIBILITY

The observatory may be so located that the farthest visible
objeets on all horizons are so close that true visual range may not
be obtained for conditions of excellent visibility. Under these
conditions, the observer should estimate the visibility by noting
the transparency of the atmosphere. Small objects should be
observed, and the sharpness with which they stand out may serve
as a guide for selecting the visibility. When the more distant
objects stand out sharply with little blurring of color, the air may
be considered to be free of haze and the visibility quite high. If
objects are blurred or indistinet and seem to have a gray or purplish
hue, the presence of haze or other obstructions and a reduced
visibility are indicated. As was indicated on page 71, the size
of the object is important in estimating low visibilities. Small
objects should be chosen for low visibility conditions.
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VISIBILITY AND AVIATION

One of the most important factors in the safety of aviation is
good visibility. A pilot may navigate “blind” through the course
of his trip, but apparatus which will permit him to land through a
region of zero visibility has not, as yet, been put into universal
use, although considerable progress has been made with experi-
mental installations. Visibility conditions must therefore be
accurately forecast and observed so that the pilot may know
actual conditions to expect.

T1a. 43. Comparison of vertical and slant visibility from aircraft at different
altitudes through a ground haze laycr.

Meteorological reports on visibility will include only horizontal
visibility from the surface. This is of greatest importance in
landing and take-off but must be supplemented by a knowledge of
conditions as viewed from above, especially if the pilot is relying
on contact flying as the principal means of navigation, or if bomb-
ing, photography, or observation is involved.

The surface air may occasionally be relatively free from visual
obscuration while a layer of haze aloft will prevent the pilot from
viewing the ground. At other times, with a shallow layer of fog,
the pilot may be able to view the ground quite clearly from above
but finds that visibility decreases markedly when coming in for a
landing. In Fig. 43 it will be seen that airplane A will have a much
clearer line of vision to point C than airplane B, which is at a
lower altitude.
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Here the visibility from the ground is of major importance,
rather than the visual range of the pilot in the air. It is possible
to see a greater surface area by climbing; in fact, the range of
visibility will be directly proportional to the height, as shown in
Iig. 44. At point B aloft, the pilot can see from points A to C.

Fic. 44, Visual range from aireraft at different altitudes with a haze layer near
the ground.

By climbing higher to elevation D, he will be able to see from A
to E. It will be seen that the distance CE is directly proportional
to BD. 1t must be assumed, however, that the air above the haze
layer is relatively clear and free from pollution in both cases.

The principal use of ground observers' visibility reports is in
landing. On the final glide the aircraft enters the lower layer of
air through which the visibility is being determined, and the pilot’s
visibility becomes approximately the same as the ground observer's
visibility.



Chapter V

HYDROMETEORS

INTERNATIONAL DEFINITIONS

International meteorology requires that cach meteorological
phenomenon be represented by a single symbol which has the same
meaning in all countries. It is, therefore, necessary that the
description of the phenomenon represented by a symbol be the
same in all countries. It is also desirable that a name or term
used to designate a given phenomenon be as widely understood as
practicable without ambiguity. This last requirecment is not
always realized. In this text we shall follow closely the United
States Weather Bureau’s “Definitions of Hydrometeors and Other
Atmospheric Phenomena” which was adopted November 18, 1938.

Certain names have been adopted in England and the United
States to designate different phenomena. So far as practicable,
it is desirable to discontinue the use of such names in meteorolog-
ical literature and records. Those terms which in American usage
have not been clearly defined in the past or which have been applied
to different phenomena contrary to international usage are thus
objectionable. A term in this category is mist. It has been em-
ployed in the past in the United States generally to designate
drizzle and occasionally light rain, as defined in this chapter. In
England the term mist refers to thin fog, similar to damp haze as
defined here, and similar to light fog, but possibly somewhat more
attenuated at times. To avoid the possibility of confusion the
terms mist and misting are not used in United States Weather
Bureau records.

Another term which has different meanings in England and
North America is sleef. In North America sleet generally refers to
ice pellets, i.e., frozen raindrops, or ice pellets formed by freezing
of melted or partially melted snowflakes. In England sleet refers
to rain and snow mized. Some people in North America also use
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the term sleet in this sense. In United States Weather Bureau
records sleet is the name applied to ice pellets.

VISIBILITY AND INTENSITY

Visibility is used as a criterion for estimating the degree of in-
tensity of certain (not all) phenomena among which may be men-
tioned fog, ice fog, smoke, dust and dust storm, sand and sand
storm, drifting and blowing snow, snow, drizzle, and exceptional
visibility.

Restrictions to visibility produced by particles not falling
from aloft out of clouds may be of two types: (a) lithometeors;
(b) hydrometeors.

OBSTRUCTIONS TO VISION (NOT INCLUDING PRECIPITATION)

Dry Haze oo

Dust or salt particles which are dry and so extremely small that
they cannot be felt or discovered individually by the unaided eye;
however, they diminish the visibility and give a characteristic
smoky (hazy and opalescent) appearance to the air.

These lithometeors produce a uniform veil over the landscape
and subdue its colors. The 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. It
is thus distinguished from grayish = (light fog), the thickness of
which it may sometimes attain. When the sun is well up, its light
may have a peculiar silvery tinge due to haze.

Irregular differences in air temperature may cause a shimmering
veil over the landscape, and this is called “optical haze.”

Damp Haze &8

Microscopically small water droplets or very hygroscopic par-
ticles suspended in the atmosphere, but the horizontal range of
visibility is 114 miles or more, usually considerably more. Similar
to a very thin fog, but the droplets or particles are more scattered
than in = (light fog), and presumably also smaller.

This hydrometeor is usually distinguished from dry haze (see
“haze’” above) by its grayish color, the “‘greasy” appearance of
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clouds seen through “damp haze” as though viewed through a
dirty window pane, and the generally high relative humidity. It
is commonly observed on scacoasts, and in southern states, most
frequently with onshore winds and in the vicinity of tropical dis-
turbances. A common mode of formation of “damp haze” is the
carrying up to high levels of particles from salt-water spray in
windy weather. In contrast, light fog is more commonly observed
when there is little movement of the surface air.

Light Fog =

Microscopically small (minute) water droplets or very hygro-
scopic particles, too small to be seen individually by the unaided
cye, suspended in the atmosphere. The horizontal range of visi-
bility is 34 mile (3,300 fect), or more, because the minute water
droplets arc much smaller and more scattered than in = (fog).

This hydrometeor is similar to = (fog), except that the droplets
are smaller and more scattered so that the horizontal visibility is
not reduced to less than 3§ mile (3,300 feet). At temperatures
above the freezing point, the relative humidity in = (light fog)
generally ranges from 90 to 97 per cent. Light fog = always looks
more or less grayish.

Fog =

Minute water droplets suspended in the atmosphere, reducing
the horizontal range of visibility to less than 3§ mile (3,300 fect).

If fog does not obscure the sky in all directions, record the sky
conditions and add notes regarding distribution of the fog, such
as = SE, etec.

This hydrometeor is easily distinguished from haze, dust, or
smoke by its essential wetness. At temperatures above the freez-
ing point true fog is characteristically accompanicd by a relative
humidity greater than 97 per cent. Consequently the air fecls
clammy and humid when fog is present, and on close examination
one may even see the individual droplets floating past the eye.
True fog generally looks whitish, except in the vicinity of indus-
trial regions where it may be a dirty yellow or gray. The symbol
= (fog) is to be recorded only when the fog reduces the horizontal
visibility to less than 5§ mile (3,300 fect). Fog will always be
recorded as at obscrvational elevation. Proper notations should
be recorded as to whether different conditions prevail at other



Obstructions to Vision (Not Including Precipitation) 83

clevations. When fog and smoke or any mixture of fog and dust,
etc., oceurs simultaneously record as “=,” or according to proper
lithometeor.

Intensities

Moderate When fog is present and the visibility is 3{ ¢ mile (1,650
feet) to (but not including) 3¢ mile (3,300 fect).

Heavy When fog is present and the visibility is less than 3{g
mile (1,650 feet).

IeFogo
The occurrence of fog in the form of ice crystals or spicules.
This phenomenon occurs more frequently in higher latitudes.
Sun is usually visible, but horizontal visibility is considerably
restricted. It is colloquially termed “frost in air,” “frozen fog,”
which in some western parts of the United States and in Alaska
is called “Pogonip.”

Intensities

Light When ice fog is present and visibility is 5 mile (3,300
feet) or more (see Ice crystals).

Moderate When ice fog is present and the visibility is % ¢ mile
(1,650 feet) to (but not including) 53¢ mile (3,300
feet).

Heavy When ice fog is present and the visibility is less than
516 mile (1,650 feet).

Smoke <

The presence in the air of particles of foreign matter resulting
from combustion. In light amounts it may be confused with haze
or fog but usually can be differentiated from them by its odor.

Sun’s disk at sunrise and sunset is very red and during daytime
has a reddish tinge. Smoke from a distance, as from forest fires,
usually is of a light grayish or bluish color and evenly distributed
in the upper air. City smoke may be brown, dark gray, or black.

Intensities

Light When smoke is present and visibility is 5§ mile (3,300
feet) or more.

Moderate When smoke is present and the visibility is 3¢ mile
(1,650 feet) to (but not including) 5¢ mile (3,300
feet).

Heavy When smoke is present and the visibility is less than
1{ ¢ mile (1,650 feet).
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Dust &

Dust in the air to an extent that diminishes the visibility, but
not less than %4 mile (3,300 feet).

Dust in upper air from great distances may give a grayish
appearance to the sky and reduce its blueness. Occasionally the
dust aloft may be of a brownish or yellowish hue. Depositions of
dust may be observed on shiny surfaces, and, when rain or drizzle
occurs, a muddy residue on car finishes, windows, cte., may be
noticed.

Imdensities

Light When dust is present and visibility is #¢ mile (3,300
feet) or more.

Moderate When dust is present and the visibility is 5{¢ mile
(1,650 feet) to (but not including) %¢ mile (3,300
feet).

Drifting Snow

Snow raised from the ground and carried by the wind, so that
the horizontal visibility becomes less than 8§ mile (3,300 feet),
although no real precipitation is falling. The snow is drifting so
low above the ground that the vertical visibility is not appreciably
diminished.

Intensities

Light When drifting snow is present and visibility is 5§ mile
(3,300 feet) or more.

Moderate *  When drifting snow is present and the visibility is 3{¢
mile (1,650 fect) to (but not including) %¢ mile (3,300
feet).

Heavy * When drifting snow is present and the visibility is less
than 3{¢ mile (1,650 fect).

* Intensities referred to as “moderate” or “heavy’” conform to international
definition which limits the visibility to 5§ mile (3,300 feet) for these phe-
nomena; the “light” is added for greater visibilities.

Blowing Snow 4

Snow raised from the ground and carried up by the wind so
that the horizontal visibility becomes less than 54 mile (3,300 feet),
although no real precipitation is falling. The snow is carried so
high up from the ground that the vertical visibility is reduced
considerably.
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If it cannot be distinguished whether or not precipitation of
snow is also occurring, use the symbol X4, to represent what is
commonly called “blizzard.”

Intensities

Light When blowing snow is present and visibility is 3¢ mile
(3,300 fect) or more.

Moderate * When blowing snow is present and the visibility is 3{¢
mile (1,650 feet) to (but not including) ¢ mile (3,300
feet).

Heavy * When blowing snow is present and the visibility is less
than %, ¢ mile (1,650 feet).

* Intensities referred to as “moderate