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AN APPRECIATION 

With the development o£ navigation of the sea and air, the need 
of weather observations from the oceans is constantly increasing. 
Immediate communication o£ the observations by radio to meteoro­
logical centers has opened a vast field o£ daily service. For ocean 
weather studies and summaries, the more detailed reports which 
are forwarded by mail at the end of the voyage are becoming in­
creasingly important. In all of this work the mariner is giving full 
cooperation to the meteorologist. 

Having these greater opportunities for service in mind the 
Weather Bureau issues this seventh edition o£ Instructions to Marine 
Meteorological Observers. 

In issuing this new editiol!.l the Weather Bureau extends its sincere 
thanks to the masters and omcers who contribute so effectively to the 
maintenance of the ocean weather service. 

VI 

F. w. REICHELDERFER, 
Oh.ief of Buremt. 



PART I. THE OCEAN WEATHER SERVICE 

The ocean meteorological program of the Weather Bureau has two 
separate and distinct parts. First, there is the daily service by radio. 
Owing to the need for brevity, the radio reports contain a limited 
amount of essential information. The daily weather reports from 
ships and islands reveal the conditions over the ocean; when assem­
bled on a map, including continental reports, they give a picture of 
weather conditions existing momentarily over a large region. A 
collection of observations is immediately returned to the mariner by 
radio broadcast so that he may draw his own weather mal? on ship­
board. By this process, the weather at the earth's surface IS mupped 
and much can be inferred as to conditions above the surface. Forma­
tion and movement of storms are reveuled; ad vices and warnings 
of storms and forecasts of wind and weather ure included in the 
broadcasts for the benefit of the mariner. For this first part of 
the Weather Bureau's program, observations are secured by radio 
from certuin areus of the Pacific and Atlantic (including the Gulf of 
Mexico and the Caribbean Sea). This service is of great value to 
agriculture and commerce as well as navigation; the daily weather 
forecasts for land areas depend to a considerable extent upon the 
ocean weather observations. To a very large degree ships' weather 
reports form the basis of warnings of the destructive storms that 
sometimes move from the ocean into coastal areas. 

As the second part of thejrogram, the 'Veather Bureau uses more 
complete reports, forwarde by mail at the end of the voyage, in 
order that the weather of the oceans may be studied in greater 
detail. Results of these studies are the wind roses and weather data 
in other forms, as they appear on the pilot charts, also weather sum­
maries for all purts of the oceans published for the information of 
the navigator. The life histories of important storms at sea are 
determined and recorded from ships' weather observations. Infor­
mation regarding weather conditions at sea is furnished for use jn 
admiralty cases. Observations are used in connection with land 
data for the construction of weather maps of world areas. Since the 
oceans influence the weather of the continents, the study of ocean 
temperatures is one of the imr.ortant lines of work of the Bureau. 

For these purposes the detailed entries of the mail report are of 
great value. It is a world-wide problem, hence mail reports are 
desired from every/art of the oceans. 'Vhile radio reports of the 
weather are require twice or even four times daily, the observations 
that are sent only by mail are required once each day at Greenwich 
mean noon, with appropriate notes in the Daily Journal as to condi­
tions between observations. 

Since 1929, meteorological services of maritime nations have made 
much progress in standardizing their methods of reporting ocean 
weather, particularly by radio. The International Figure Code is 
used in radio weather messages that are easily understood by seamen 
of all nationalities. These developments have facilitated the prepa­
ration of weather maps on shipboard and have been helpful to the 

1 



2 INSTRUCTIONS TO MARINE METEOROLOGICAL OBSERVERS 

mariner in applying a foreknowledge of the weather to the problems 
of navigation. 

It is inevitable that developments of this nature cause some in­
crease in the demands upon the mariner for weather observations, 
both as to quantity and detail. However, it is the aim of the na­
tional weather services of the world to keep the mariner's meteoro­
logical work at a minimum consistent with the requirements of 
navigation and general weather service and to return to him1 in 
p�bhcations . 

and m weather broadcasts, a service that fully justifies 
his cooperatiOn. 

The ship's officer who avails himself of the radio weather broad­
casts, and constructs and studies weather maps as a regular feature 
of his work, will find that the science of meteorology is not dull, but 
on the contrary, full of interest. His meteorological work will cease 
to be a routine duty; his own observations will fit into the picture 
that comes to him on the weather map; the weather map will fit into 
the momentary picture of the circulation of the earth's atmosphere 
and its attendant phenomena. 

In order that the marine weather observer may make a beginning 
in the serious study of meteorology, if indeed he has not already 
done so, a list of publications that will be helpful in decoding radio 
weather broadcasts, analyzing the map, drawing inferences as to the 
weather of the future, and gaining a more thorough knowledge of 
world meteorology, is included with these instructions. 

PART 11. GENERAL INFORMATION FOR THE MARINE 
OBSERVER 

A'N'angements for report-ing.-Any master or officer will be wel- · 

corned as a weather reporter. He may write to the Weather Bureau 
Office at Washington or he may visit, or write to, any of the port 
offices of the Bureau in the list given on page 4. Forms, charts, 
envelopes, and other material will be furnished to him. Thereafter, 
he may secure additional forms, publications, and supflies by writ­
ing his, request on the reports sent in, or he may cal for them in 
person. On visiting one of the port offices of the Bureau he is in­
vited to discuss any features of his meteorological work in which he 
may need advice or assistance. 

When the shipmaster or one of the officers begins reporting to the 
Weather Bureau, immediate action is taken to secure a comparison 
of the ship's barometer, which is used for records of atmospheric 
pressure. The precedure necessary to insure accurate barometer 
readings is described in the section beginning on page 9. 

No charge is made for any of the services rendered by the Bureau 
to ships' officers in testing meteorological instruments or in supply­
ing forms, publications, and supplies. Franked envelopes are pro­
vided so that it will not be necessary to pay postage if the reports 
are mailed in accordance with instructions contained in this manual. 

If the shipmaster wishes to send observations also by radio, he 
should so state when visiting, or writing to, the Weather Bureau 
Office. The number of ships that are authorized to send daily reports 
by radio is limited by the funds available for payment of radio and 



INSTRUCTIONS TO MARINE METEOROLOGICAL OBSERVERS 3 
telegraph tolls, because the observations are sent at Government 
expense. The chief considerations in selecting a ship for radio re­
porting are, first, whether the ship's usual route is likely to result in 
reports from areas where observations are needed; second, ·whether 
the ship has long-range radio equipment that will insure transmis­
sion to shore radio stations from the distant and less traveled areas 
where there is often a scarcity of radio reports. For these reasons, 
the shipmaster should not begin forwarding daily reports by radio 
until he has first consulted the Weather Bureau. However, radio 
reports are desired from any ship when an intense storm, particu­
larly one of tropical origin, is encountered. 

Inst'l'li;TMnts . .::_since the essential meteorologiCal instruments, the 
barometer and thermometer, form a part of the equipment of every 
well-found vessel, the Weather Bureau does not, as a r&gular pro­
gram, provide marine observers with instruments. It does recom­
mend, however, that instruments recognized to be of reliable manu­
facture be used, that they be properly exposed on shipboard, and 
that barometers, in particular be regularly compared with standard 
instruments of the Weather Bureau or some other national metero­
logical organization. Advice regarding the specifications for instru­
ments to be purchased will be gladly furnished by Weather Bureau 
officials, and instruments will be tested at time of purchase if desired. 

Forwarding reports by mail.-It is highly desirable that reports be 
forwarded promptly by mail at the end of each voyage, or upon 
arrival at a port of call if the voyage be a long one. The mail reports 
are used in writing monthly summaries of weather conditions over 
the oceans and in preparing accounts, including tracks, of unusual 
storms for publication. The material goes to press regularly at the 
close of the month following that in which the weather conditions 
are experienced and recordea, hence early receipt of the reports is 
very helpful. This applies also to ships that report by radio. The 
observations on forms sent by mail contain more detailed information 
1 han the radio messages · furthermore, mistakes sometimes occur in 
transmission by radio and telegraph; hence the mail forms make cor­
rections possible. 

Mail reports should be in closed in envelopes provided by the Weather 
Bureau. In a foreign port, the envelopes should be addressed to the 
United States Weather Bureau, Washington, D. C., and handed to 
the United States Consul, who is under instructions to forward them 
with his official mail, free of expense. If the reports are put directly 
in the mail at any port out..c;;ide of the United States and its possessions, 
postage is necessary at regular letter rates. Franked envelopes do not 
require postage when mailed in the United States, Hawaii, the Philip­
pines, Puerto Rico, Panama (Canal Zone), Virgin Islands, Guam 
Island, Tutuila Island, or Midway Island. 

Pilot charts.-Monthly pilot charts of the North Atlantic, North 
Pacific, and Indian Oceans, and Central American waters, and quar­
terly charts of the South Atlantic and South Pacific Oceans are sent 
free to shipmasters who regularly contribute data to the Weather 
Bureau. The data appearing on the pilot charts are furnished jointly 
by the United States Weather Bureau and the United States Hydro­
graphic Office; the charts are printed and distributed by the 
Hydrographic Office. 



4 INSTRUCTIONS TO MARINE METEOROLOGICAL OBSERVERS 

"Weather on the Ooeans."-The Monthly Weather Review issued 
by the Weather Bureau contains weather summaries :for the Atlantic 
and Pacific Oceans, including selected maps for the Atlantic Ocean, 
also accounts of tropical storms and other articles of interest to the 
mariner. This material is reprinted as a monthly separate, entitled 
"Weather on the Oceans", which is distributed free to shipmasters 
cooperating with the Weather Bureau. 

Location of lV eatlter Bureau offices: 
Portland, Maine, First National Bank Building, 57 Exchange Street. 
Boston, Mass., Post Office Building, Post Office Square and Milk Street. 
New York, N. Y., Whitehall Building, 17 Battery Place. 
Philadelphia, Pa., Customhouse Building, Second and Chestnut Streets. 
Baltimore, 1\Id., Customhouse Building, Gay and Water Streets. 
Norfolk, V a., Post Office Building, 600 .Grnnby Street. 
'Vilmington, N. C., Custombouse Building, Water Street, between Market and 

Princess Streets. 
Chnrleston, S. C., Customhouse Building, 200 East Buy Street. 
Savannah, Ga., Post Office Building, Bull, State, and York Streets. 
Jacksonville, Fla., Post Office Building, Juliu, Monroe, Pearl, and Duval Streets. 
Key West, Fin., Weather Bureau Building, Eaton and Front Streets. 
San .Juan, P. R., 'Veather Bureau Building, Stop 4, Puerta de Tlerra. 
Tampa, Flu., Post Office Building, Florida A'·enue and Zack Street. 
Pensacola, Fin., U. S. Post Office and Courthouse Building, northeast corner 

Palnfox and Chase Streets. 
Mobile, Ala., United States Court House and Customhouse, corner of St. Joseph 

and St. Louis Streets. 
New Orleans, La., Post Office Building, Camp and Lafnyette Streets. 
Port Arthur, Tex., Post Office Building, Austin Avenue and Fifth Street. 
Galveston, Tex., Trust Building, Twenty-third Street and Avenue E. 
Houston. Tex., Federal Office Builcling, Fannin Street and Franklin Avenue. 
Corpus Christ!, Tex., Post Ofiice Building, Broadway and Starr Street. 
Seattle, Wnsh., Federal Office Building, First Avenue and 1\larion Street. 
Portland, Oreg., Customhouse Building, Eighth and Broadway Streets. 
San Francisco, Calif., Federal Office Building, Market and Fulton Streets. 
Los Angeles, Ca!if. U. S. Post Office and Courthouse Building, 312 North Spring 

Street. 
San Pedro, Calif., U. S. Customl1ousc and Post Office Building, Beacon Street 

between Eighth and Ninth Streets. 
San Diego, Calif., Lindbergh Field, Municipal Airport. 
Honolulu, Hawaii, Post Office Building, King, Mililunl, and Rlchards Streets. 

Condensed instructions for taking and recording observati()'IUj.­
On the inside of the front cover of the observation form,..WM., there 
nre condensed instructions :for recording weather observations. The 
experienced marine meteorological observer will find these condensed 
instructions adequate for entering daily weather reports on the 
:fo11ns. Parts Ill, IV, and V of this manual are designed to fur­
nish information in detail re<Yarding the most modern and desirable 
�ethods of taking _weather <?hservatwns on shipboard .. The_ instru.c­
twns and explanatiOns therem are based upon the speCificatiOns laid 
down by the International Meteorological Organization and should 
eventually become universal. The general. use of t�1e International 
Code in ships' weather report.<; sent. by radio m��;kes It necessary that 
the international methods of recordmg observatwns be followed. 

When questions arise in connection with any phases .of the o�serva­
tional work,;� the observer should consult the appropriate sectwns of 
parts Ill, I v , or V ; however, the experienced observer, as well as the 
beginner, should re�� thr�ugh tJ:em carefully at his leisure in order 
that he may be familiar with their contents. 
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The condensed instructions which follow, in French, German, 

Italian, Dutch, and Japanese, are intended for observers who cannot 
read the English text. 

INSTRUCTIONS AUX OBSERVATEURS 

L Prendre les observations journulleres du temps selon le temps local corre­
spondunt ll midi moyen Greenwich. 

2. Registret· la direction vrnie du vent, pus la direction magnetique. Qunnd 
votre nnvire s'est mis en route, se rendre compte de sa course et vitesse. Se 
servlr des tables a In page 110. 

3. Registrer le barometre et le thermometre exactemE>nt comme lus; quund les 
ruppot·ts seront r�us, le Weather Bureau uppliquera les corrections necessuires. 
Si le Weather Bureau n'aura pus avis sur la correction pour le burom�tre, l':! 
muitre de navire sera nssez bon de trunsmettre une serie d'indlcations pour la 
comparuison. Trois indications en port se desirent, de preference aux Etnts­
Unis. Pour telles compuraisons, formule No. 1202 sera fournie sur demande. 

4. Les temperatures inserees dans les colonnes pour temperature d'air (bulbe 
sec) et pour temperature de bulbe mouille devraient l;tre obtenues de pre­
ference ll l'aide d'un psychrom�tre portntif. 

5. Les colonnes reglees appellent un expose precis des conditions meteorolo­
giques qui r�gnent au temps d'observation vrui. Les conditions qui precedent 
et qui suivent l'heure d'observation, le cuructere general du temps, chnngements 
de vent, rnfales, etc., devrnient (ltre tous notes dnns le "Dally Journal." 

6. Se servir des "Gale or Storm Reports" et des "Fog Reports," copinnt 
clu llvre de loch s'll le faut. 

7. Commencer une feuille d'observntions nouvelle qunnd le nnvire passe d'une 
mer ll une autre, comme nussi au debut d'un mois nouvenu. 

8. Les feuilles d'observntions completees devruient .(ltre expediees sans retard. 
Des enveloppes, sur lesquelles est imprimee une list de Iocnux: du 'Venther 
Bureau, seront fournies il. cct effet; elles devraient 8tre addresses au plus pro­
chain bureau de poste ou nu local il. Washington, D. C. Dun les ports 
etrnngers, In poste peut �tre expGdlt�e franche de port en In donnnnt au Consul 
americnin. 

ANWEISUNGEN FUR BEOBACHTER 

1. Tllgllche Wetterbeobachtungen zu der mlttleren Mittngshohe von Green­
wich en tsprechenden Ortszeit. 

2. Aufnnhme der wirklichen, nicht der mngnetischen Windrichtung. Bel 
fuhrenden Schiffen sind Kurs und Geschwindigkeit in Betrncht zu zlehen 
Heranziehung der Tnfein nuf Selte 110. 

3. Gennue Aufnnhme des wirkllchen Barometer- und Thermometerstandes; 
die Weather Bureau nimmt selbst die notigen Korrekturen nnch Elngnng des 
Berichts vor. Falls der Weather Bureau ltclne Korrekturen fUr den Baro­
meter-stand vorliegen, wird der Knpltiln des Fuhrzeugs freundlichst crsucht, 
eine Gruppe von Lesungen zum Vergleich einzusenden. Es werden drei Hnfen­
lesungen gewUnscht, vorzugswelse in den Vereinigten Stnuten. Formulur No. 
1202, steht fUr dergleichen Vergleiche nuf Wunsch zur Verfilgung. 

4. Die In die Spnlten fUr Lufttemperntur eingetrngenen 'l.'emperaturen-werte 
(trockne Kugel) und feuchte Kugel Temperatur sind, wenn moglich, mit einem 
trngbaren Psychrometer zu erlaugen. 

5. Die Unlierten Spnltnn verlnngen gennue Angnbcn der zur Beobnchtungs­
zelt wirllch herrschenden Wetterzustllnde. Der Beobo.chtungsstunde vornuf­
gehende oder folgende Wetterzustllnde, der nllgemeine Churakter des Wetters 
Windverllnderungen BQen u. s. w. sind in dem "Daily Journal" zu verzeichnen. 

6. Hernnziehung der "Gale or Storm ;Reports" und " Fog Reports," wenn 
notig, init Hilfe des Schlft'slogbuches. 

7. Gebrnuch eines neuen unbenutzten Beobachtungsbogens, wenn dns Fnhr­
zeug eincn nndern Ozenn berUhrt; desglelchen zu Beginn eines neuen Mounts. 

8. Die nusgefiillten Beobnchtungsbogen sind unverztiglich einzusenden. 
Briefumschlllge mit einer gedruckten Liste der Zweigstellen der Weather 
Bureau stehen nuf Wunsch zur Verfilgung ; dieselben sind an die nllchste 
Zwelgstelle odcr an die Weather Bureau zu Washington, D. C., zu addres­
sieren. In auslllndischen Hlifen J.ronnen dieselben franko durch dns nmeri­
kanische Konsulnt besorgt werden. 
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DIREZIONI PER OSSERVATORI 

1. Prendete le osservnzlonl giornnlierl dell'orn locale corrcspondente a Green­
wich mezzogiorno medlo. 

2. Registrate In direzione vera del vento e non del mngnetleo. Quando In 
vostra nave e in cammino, In corsa e velocltA di lei devono essere considerate. 
Usate le tavole a paglna 110. 

3. Registrate 11 barometro e 11 termometro esnttamente come letto; il Servi­
zlo Presngl (U. S. Weather Bureau) applicherA le correzioni necessarie quando 
i rnpporti sono rlcevuti. Nel caso cbe il Servlzlo Presngi non e stnto avvertito 
in quanto a la correzlone pel barometro, il capltnno di nave placerA spedlre unu 
serie dl letture a proposlto dl comparazione. Tre letture in porto sono con­
shlerate, u preferenza negli St:Hti Unit!. La forma numero 1202 per tall com­
pnrazioni sarit fornita per ricblesta. 

4. Le letture inscrltte nelle colonne per la temperaturu dell'aria (termo­
metro asclutto e termometro bagnato) devono essere ottenute a preferenzu 
con un psicrometro portnblle. 

5. Le colonne Uneate ricbiedono un'esposizlone preclsa delle condizionl metco­
rologlcbe prevalenti al tempo uttuale di osservazione. Le condizlonl, prece­
dent! e seguentl l'orn dl osservuzione, 11 curuttere generale del tempo, 1 salt! 
del vento, le rafficbe del vento, etc., tutte queste condizloni devono essere notate 
nel "Daily Journal." 

6. Usate i rapport! di temporale e di burruscu e I rapport! di nebbla, coplando 
dui libro dl bordo quando necessario. 

7. Incomlnciute un nuovo foglio di osservazlone quando la nave pnsserA da 
un oceano al altro; anche al prlmo glorno d'un mese nuovo. 

8. I fogli dl osservazlone, quando finiti, senza rltardo de�·ono essere spedltl 
])Cl' posta. Le buste, sopra le quail e impressa uua lista di uffici di Servlzlo 
Presagl (U. S. Weather Bureau), snrnnno fornite a proposlto di spedlzione 
)ler posta. Le buste, sopra le quali e impressa una Usta di uffici di Servlzio 
Washington, D. C. Quando nei port! strnnleri, ll corrlere postale puO essere 
mundato frunco dl posta, nel caso che c dnto nelle mani del console degli Stati 
Unitl. 

AANWIJZINGEN VOOR WAARNEMERS 

1. Verrlcht de dagelijksche wuurnemingen op ltet oogenbllk overeenkomende 
uwt den mlddelbaren middng te Greenwich. 

2. Vermeldt de ware richtlng van den wind en niet de magnetlsche. Bij 
varend scbip met koers en vuart rekening houden. Gebrulk hiervoor de taf.:)]S 
op bldz. 110. 

3. Vermeldt den barometer en thermometer precies zooals deze afgelezen 
worden; het \Veather Bureau zal de noodlge correctles aanbrengen nu ontvangst 
der staten. Indien het Weather Bureau niet bekend is met de correcties van 
den barometer, moet de gezagvoerder een serie aflezingen inzenden voor ver­
gelijk. Drle uftezlngen In een haven zljn gewenscht, licfst In de Vereenlgtle 
Staten. Formulier 1202 voor dit vergt>lijk wordt op verzoek toegezonden. 

4. De temperaturen, opgegeven In de kolommen voor lucht temperatnur 
(droge bol) en nutte boltemperaturen, moeten blj voorkeur met een psycbrometer 
bepaa!d. worden. 

5. De diverse kolommen zljn bestemd voor een julste opgave van de meteo•·o­
logische toestunden, zooals dt>ze zijn op het oogenblik van wanrneming. 
Toestanden voor en na het oogenbilk van waarnemlng, algemeen karakter 
van het weder, veranderingen in wlndrlchtlng, windvlagen, enz. moeten be­
schreven worden In het "Daily Journal." 

6. Gebruik de "Gale or Storm Reports" en "Fog Reports." Deze lmnnen nit 
bet scbeepsdngboek overgenomen worden. 

7. Begin een nieuwe stnat als het schlp van een ocennn In eeu nndere over­
gnat, ook bij bet begin van een nieuwe maand. 

8. Ingevulde staten moeten onverwijld opgezonden worden. Enveloppen, 
waarop een Iijst van \Ventber Bureau kuntoren gedrukt is, worden verstrekt 
voor verzending. Zij moeten nun bet nuaste kantoor of ann het hoofd-kantoor 
to Washington, D. C., gericbt worden. In buitenlandsche havens kunnen zlj 
aan den Consul der Vereenigde Staten ter hand gesteld worden ter frnnco 
verzending. 
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PART Ill. INSTRUMENTS AND INSTRUMENTAL 
OBSERVATIONS 

Few ships carry meteorological instruments other than barometers 
and thermometers. Readings of the barometer, showing the atmos­
pheric pressure and its changes, are of tha highest importance. 
Readings of thermometers, showing the air and water temperatures, 
and also the depression of the "wet bulb," from which the humidity 
is determined1 are of great value. 

The followmg instructions relate to the care, exposure, and read­
ing of barometers and tlw.rmpmeters and their comparison with 
standard instruments. Additional information regarding the proper 
methods of making weather observations on shipboard with mstru­
ments will be found in part IV, where the preparation of the com­
plete . wea�her report, including noninstrumental observations, is 
explamed m detaiL : : · '. . c 

' 

MERCURIAL BAROMETERS 

Mercurial oetrOmeter of nwrine t]lpe.-The difficulties encountered 
in the use of the ordinary type o:f mercurial barometer on ship­
board, owing to motions of the ship, have been overcome in a form 
of instrument known as the Kew, or marine, barometer. Its dis­
tinguishing characteristics consist in substituting for the simple 
straight tube of uniform bore commonly employed in land barome­
t�rs, a tube having a wide bore for 6 or 8 inches of the upper por­
twn only. Below this the tube has thick walls with a small capil­
lary bore only a few hundredths inch in diameter. Near the bottom 
end the bore of the tube is again enlarged to form an air trap, all 
as shown in figure 1. If small quantities of air chance to enter the 
open end of the tube they are not likely to enter the small point of 
the inner tube, but lodge instead in the surrounding space, as indi­
cated, where the air must remain and does not affect the barometric 
�eadings. It may even be removed from the trap when the barometer 
1s undergoing repairs. 

The flow of mercury through the capillary bore takes place oo 
slowly that the column cannot surge up and down the tube seriously 
with the relatively quick motions of the ship. At the same time 
the height of the column adjusts itself to the slow changes of atmos­
ph�ric pressure, and thus more or less perfectly answers the desired 
obJects. 

Figur� 2 shows a hig�-grade mercurial �arometer. adaJ?ted to all 
the reqmrements of marme use� together w1th a speCial gunbal sup­
porting bracket and wooden lJox, into which the barometer and 
�racket are folded and thoroughly protected and secured when not 
muse. 

The glass tube and boxwood cistern, all as shown in figure 2, are 
secured inside the bronze-metal jacket provided at the top with a 
long, slotted opening through which the top of the glass tube and 
mercurial column can be seen. A scale of graduations is fixed beside 
the opening and a vernier is arranged to slide up and dm:n so as to 
enable accurate measurements of the height of the mcrcul'lal column 
to be made. 
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FIGURE 1.-Tube nod cistern of 
mnrlne barometer. ll'IGURI!l 2.-Marlne barometer and box. 
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For marine use it is necessary that the barometer be free to hang 
in a vertical line despite the rolling and pitching of the vessel. For 
this purpose the well-known arrangement of gimbal rings is formed 
upon the outer extremity of a hinged bracket and secured to the 
barometer at a point some inches above the middle. · 

In the positiOn shown in the picture the barometer is ready for 
reading, and the tube will swing on the gimbals so as to remain 
nearly or quite vertical. After a reading ha,s been taken the barom­
eter must not be left exposed, as it is very liable to injury by violent 
oscillations in heavy weather. In the equipment of the standard 
Weather Bureau design the whole bracket, barometer, and all are 
arranged to :fold up compactly within the small mahogany case, the 
lid of which closes with a s'pring clasp, and not only secures the 
barometer from accidental damage but from undue exposure to 
atmospheric influences as well. 

Standard types of both land and marine mercurial barometers are 
found in offices of the Weather Bureau at the principal United 
States ports1 and seamen are invited to visit such offices for the pur­
pose of :familiarizing themselves with these and other meteorological 
mstrumen ts. 

Explanation of scale of marine barometer. All marine barometers 
are of the fixed-cistern type, a,s it is called, and the only setting 
required is to brinO' the lower edge of the vernier accurately to the 
l�vel of. the top of the mercurial column, whereupon the scale reading 
�Ives directly the observed or uncorrected air pressure. This result 
Is realized by shortening the graduations on the scale so that instead 
of representing true standard inches, millimeters, or millibars, as 
the case may be, the graduations have such a value as to eliminate or 
take account of the slight rise and :fall of the level of the mercury in 
the cistern as the column ri,ses or falls. 
. If, for example, the column of mercury in the tube falls, say, 1 
mch, there will be a rise of the mercury in the cistern, but the 
amount will be small because the area of the cistern is so much 
greater than that of the tube. For example, in the barometer from 
which the illustration in figure 1 was prepared, the rise of the 
mercury in the cistern for a fall of 1 inch m the tube amounts to 
on.ly about three-hundredths of an inch (0.03}. Consequently, in 
this barometer, ·an observed fall of 1 inch in the tube means a fall 
of 1.03 inches in the pressure. If, now1 we prepare a special scale 
for this barometer so that each true mch of space on the scale 
represents 1.03 inches of the arbitrary scale values, and, if we set 
this scale so that the barometer reading at any one point of the ,scale 
agrees exactly with the reading of a standard barometer alongside 
of it, then the readings should agree closely at all other points of the 
scale. Slight irregularities in the bore of the tube and diameter 
of the cistern may introduce small errors; otherwise, the contract�d­
scale barometer, with settings made only at the top of the mercurial 
column, i,s ca£able of yielding pressure readings of great accura?y, 
and this artifice is universally employed in the ordinary marme 
barometer. 

Errors of mm·curial barometera.-No matter how carefully a 
barometer may be made, certain errors due to various causes can 
hardly be eliminated. In the first place, if any air or other gaseous 

300658-41-2 



12 INSTRUCTIONS T O  MARINE METEOROLOGICAL OBSERVERS 

matter remains in the top of the barometer tube, the column of 
mercury will be prevented from rising as high as it should. It is 
known, likewise, from physical laws, that the capillary forces acting 
between the free surface of mercury and the glass walls at the top 
of the column also operate to prevent the mercury from rising as 
high as it should in the tube. Still other errors arise from faults 
in the graduation of the scale and from failure to place the scale 
and vernier at exactly the positions they should occupy. 

It is not practicable, nor is it necessary, as a rule, to determine 
these errors separately. When an instrument is completed, its re!td­
ings are carefully compared with those of a standard barometer. 
The difference found in this way represents the combined effect of 
the several errors mentioned and is commonly called the "correction 
for instrumental error and capillarity." 

Another source of considerable variation in the readings of mer­
curial barometers is the influence of temperature, a rise of tempera­
ture expanding both the metal scale and the mercurial column. I£ 
both mercury and scale expanded the same amount, n0 correction 
would be necessary, but the mercury expands much more than the 
metal scale, so that a large co1Tection is required, as will be explained 
more fully on page 15. 

Location of the num::urial barometer.-!£ the ship carries a mer­
curial barometer, it should invariably be employed in the meteoro­
logical work of the Weather Bureau. It should, therefore, be so · 

located as to be readily accessible. 
It should be hung in a place where the temperature is fairly uni­

form ; that is, at some distance from any source of heat, such as 
steam pipes, stove, or lamp, and where there is a good light. It 
should be at such a height from the deck as to admit of the observer's 
eye being brought opposite the level of the mercury in the tube. It 
should also be free, so far as possible, from the jar of the machinery. 

Any simple method of suspension may be employed, so long as 
the instrument is secure. An excellent device i.s a stout bracket 10 or 12 inches in length, firmly attached to the bulkhead, at the outer 
extremity of which is a ring swung- on gimbals, in which ring the 
barmheter is clamped at about one-half of its length from the top. 
(Figure 2.) A spiral check spring or a strong rubber band, carried 
from the grommet at the top of the barometer to the deck above, 
serves to prevent the cistern from collision with the bulkhead or 
other object during heavy weather. At the moment of observation 
it is absolutely essential that the barometer be vertical, as any devia­
tion from the plumb line will make the reading too high. At this 
moment, therefore, and only at this moment, the check sprin"' should 
be detached, and the tube allowed to swing freely, not ev�n being 
steadied by the hand. In order that this interval be as brief as 
possible, the following method of procedure should be followed : 

1. Read anu record the temperature of the attached thermometer. 
2. Bring the lower edge of the vernier to coincide with the top of the arched 

surface of the mercury, as nearly as the pumping will permit. 
3. As the ship is approaching an even lwel, release the check spring from the 

grommet ut the top of the tube ; with a touch of the set screw once more bring 
the edge of the vernier to the top of the mercurial surface, and immediately 
uttach the check spring. 

4. Read and record the position of the vernier. 
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In setting the vernier, the eye of the observer should be brought 
to the same level as the top o£ the mercury. A piece of clean white 
paper placed immediately behind the tube will be found of great 
assistance in the .final adjustment. When observing at .night, a 
strong light should be thrown on this paper. 

TILe principle of the vernier' cmd the method of Teading it.-The 
vernier is a device by which one is able to ascertam accurately much 
smaller fractional subdivisions of a graduated scale than could 
otherwise be observed by the eye without the aid of a microscope. 
For example, with a scale having only 20 subdivisions to the inch a 
vernier enables us to ascertain accurately the one-thousandth part 
of an inch. The name of the device is derived from its inventor, 
Pierre Vernier. 

30.00 

l�IGURE 3. 

30.15 

FIGURE 4, 
30.277 

FIGURE (i, 

VERNIERS 

30.034 
l<'IGURE G. 

30.177 
l�IGURE 7. 

A vernier consists, essentially, of a small graduated scale, the 
spaces upon which are just a certain amount smaller or larger than 
those on the main scale. "\Vhen two such scales are placed together 
some particular line of the one will always be coincident, or very 
nearly so, with a line on the other, and from this circumstance the 
position of the zero line of the vernier in reference to the scale can 
be very accurately determined, as will be readily understood from a 
study of the following figures and explanation : 

Figure 3 exhibits the manner of graduating a vernier so as to sub­
divide the s:paces upon the scale into tenths. In tJ1e figure, b is the 
scale and a Is the vernier. The lower edge of the vermer, which in 
this case is also the zero line, is exactly opposite to or coincident with 
30 on the scale. The tenth line on the vernier is coincident with the 
ninth line above 30-that is, a s:pace of 9 divisions on the scale is 
divided into 10 spaces on the vermer, so that each space on the latter 
is one-tentJ1 part shorter than a space on the scale. In the present 
case the spaces on the scale represent inches and tenths ; hence the 
difference between the length of a space on the vernier and one on 
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the scale is ¥1_0 of YI_ 0 = ¥1_00 of an inch. This princiJ?le of matching 
two scales having spaces of slightly different magnitude is always 
followed in the construction of verniers, though, of course, the num­
ber of spaces embraced by the vernier is vaned to suit the circum­
stances and the degree of minuteness desired. Moreover, in some 
instances, the vernier embraces one more space on the scale, instead 
of one less, than the number of its own subdivisions-that is, 10 spaces 
on the vernier may be made to correspond to 11 spaces on the scale. 

If, as we have seen, the spaces on the vernier are one-tenth smaller 
than on the scale, then, in the adjustment shown in figure 3, the first 
line above the zero on the vernier is one-tenth part of the space, the 
next line two-tenths, the next three-tenths, etc., distant from the line 
next above on the scale. When, therefore, we find the vernier in 
such a position as shown in figure 4, where the fifth line on the ver­
nier is coincident with a scale line, it is very clear that the zero line 
of the vernier must be just five-tenths above the scale line next below. 
Now, since we imagine these scales to represent inches and tenths, 
then figure 4 will read, 30.15 inches. 

In many cases it will happen that no single line on the vernier will 
be exactly coincident with a scale line, but that one line will be u 
little above while the next line on the vernier will be a little below 
the corresponding scale lines. 

In the case shown in figure 5 the seventh and the eighth lines on 
the vernier are each nearly in  coincidence, but neither one is exactly · 

so. This indicates that the reading is somewhere between 30.27 and 
30.28. Moreover, we can clearly see that the eighth line is nearer 
coincidence than the seventh. We, therefore, estlmate that the true 
reading is about 30,277. We might, probably, with as great accuracy 
have selected 30.278. 

If the scale and vernier are accurately graduated, such readings 
by a practical observer will rarel;r be in error by more than 0.002 
inch. It is important in estimatmg the fractions that the eye be 
exactly in front of the lines being studied. 

In figures 6 and 7 are shown verniers applied to a barometer 
seal� having 20 parts to the inch. In this case 24 parts on the scale 
are divided into 25 J?arts on the vernier. By the principle which has 
already been explamed, the value of the subdivisions affected by 
such a vernier, or, as it is most frequently expressed, the ]east 
count of the vernier, will be ¥25 of ¥20 = ¥500  of an inch. In reading 
the vernier, therefore, each line will represent 0.002 inch, so that the 
fifth, tenth, fifteenth, twentieth, and twenty-fifth lines will repre­
sent one, two, three, four, and five hundredths of an inch respec­
tively, and are so numbered. 

As already stated, the lines in this kind of vernier also may not 
be exactly in  coincidence ; but in such a case, owing to the smailness 
of the spaces, it is not of any special advantage in making our esti­mate to consider whether coincidence is nearer one line than the other. In ordinary practice we simply take midway between. Thus in fig­
ure 7 the reading is between 30.176 and 30.178 ; we therefore adopt 
30.177 as the proper reading. 

When the zero line of this style of vernier is next above one of the shorte�t li!les on the sc�le, as was the case in the example above, some attentiOn 1s necessary m order to take off the correct reading. For 
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example, in figure 7 we find that coincidence on the vernier is between 
lines designated 26 and 28, which corresponds to a reading of 0.026 
or 0.028, or, taking midway between, 0.027. On the scale itself, 
�owever, we see the graduation next below the first line of the vernier 
1s 30.150. The complete reading is found by adding the parts thus : 
30.150+ 0.027=30.177. It frequently happens with beginners that 
the 0.050 represented by the short line on the scale is overlooked and 
omitted entirely-that is, the above reading might be called 30.127. 
Whenever readmgs are made with a scale and vernier of this charac­
ter special pains must be taken not to omit adding 0.050 to the vernier 
readmg when the first line below the zero of the vernier is a short 
one. 

In recording the height of the mercury always use two whole num­
bers and two decimals, even though the final is zero. Thus, 30 inches 
should be recorded 30.00. 

· 

001'7'ection a'IUi redluction of barorneter readings.-The readings of 
a mercurial barometer are affected by four conditions-temperature, 
gravity, elevation, or height above sea level, and imperfections in 
the instrument. The last two of these influences are more or less 
constant as affecting barometers on board vessels and corrections 
therefor are embodied in a so-called barometer correction, obtained 
in the manner described on pages 22 to 24. 

Other things being equal, the mercury will stand higher in the 
tube when it and the metal scale are warm than when they are 
cold, owing to expansion. To eliminate this effect, and for the 
purpose of comparison, all observations of mercurial barometers 
must ultimately be reduced to a standard temperature. The standard 
universally ' adopted is the freezing point of water, corresponding 
to 32° on the Fahrenheit scale and to 0° on the Centigrade scale. 
�he appro:(>riate corrections to be applied to reduce barometric read­
mgs to th1s standard temperature have been determined and ex­
pressed in tabular form. Table 1, pages 106 and 107, gives the value 
of this correction for each degree Fahrenheit. 

The following will elucidate the nature of the gravity correction 
as applied to barometric observations-an important matter that is 
often but indifferently considered in the ordinary textbooks of 
meteorology. 

By the well-known principle of hydrostatics, on which the action 
?f the mercurial barometer 1s based, the pressure of the atmosphere 
Is equal to the pressure of the column of mercury that it will support. 
But this latter pressure is only another name for the weight of the 
m�rcury, and for columns of equal section the weight varies both 
With the height of the column and with the force of �ravity. 

The force of gravity varies with latitude and altitude ; therefore 
the height of the barometer, even when corrected for temperature 
and instrumental error, does not give us a true measure of the at­
mospheric pressure unless we first eliminate the small variations that 
are due to gravity ; that is, observations taken over a widely extended 
region to be strictly comparable must be reduced to a standard force 
of_gravity. 

The standard gravity adopted by physicists is that at the level of 
the sea in latitude 45°. 

A table corrections for gravity is given on page 108. 
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As an example, let the observed reading of the mercurial barometer 
on board a vessel i n  the Caribbean Sea, midway between Colon and 
the Windward Passage, be 29.95 inches and the temperatu re as g iven 
by the attached thermometer, 74° F. 

We then h ave-
Inches 

Observed height of the mercu ry-------------------------------------- 29. 95 
Correction for temperature, 74° ( table 1 )  - ----------------- - ---- - -- --- -0. 12 

29. 83 
Correction for gravity, latitude 15° ( table 3) ------ ------ ------ --- ----- -0. 07 

29. 76 
Correction for height above sea level a n d  i nstrumental error, assumed, 

( Barometer Tag )  - - - - ---- ----- - -- -- ---- - -- -- - - - - - --------- - - - - - - - +0. 06 

Corrected barometer reading_________________________________________ 29.82 

FIGUUE 8.-AncroiU barometer. 

ANEROID BAROMETERS 

Figu re 8 represents one of the more i m portant types of aneroid or 
holosteri c  barometers, showi ng, principally, the in ternal mechanism. 
The essent ia l  feature cons ists of the smal l metal l ic  box or cel l ,  111, 
the upper and lower walls of which are made of very th i n  circular 
sheets of corruga t ed German si l ver, which a re soldered to o ·eth r on 
their o uLer edge · , form i ng a very short cyl i nder. The a i r is thorough l y  
exhausted from this cel l through a t ube at o n e  side, which, when the 
vacuum i s  as perfect as desired, is pinched tightly together, cut off, 
and hermeticaJly sealed w i t h  solder, producu.1g the projection seen 
at c. The flexible corru rrated . udaces, w h ich tend to be collapsed by the pressure of t he outside a i r, are forci bly held apart by t he action of  
a strong steel spri ng, R. As the pressure of the a i r  increases the ·pring 
is compressed a n d  the corrupat ed su rfaces approach each other sl ightly, 
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returning again or  separating still farther with diminution of  pres­
sure. To measure the changes in atmospheric pressure, it is only ne�-
essary to measure the minute movements of tlus flexible cell. . 

In the common aneroid a lever, l, · attached directly to the sprm�, 
connects by a link, m, with a very short arm of a sort of bell-crank 
lever, r, t, having a horizontal axis on pivots at each end. 

The longer arm, t, of this bell-crank lever is connected by means 
of a wire, s, with a very fine chain, the other end of which winds 
around a small wheel or drum on the axis, a, uyon which is mounted 
th� han.d as seen. At b is shown a small spira steel spri�1g, like the 
hau'Sprmg of a watch, which serves to take up the slack m the loose 
connections of the numerous joints, levers, and links. . 

At r is shown, also, a small counterpoise weight attached to the 
bell-crank lever to aid in securing a more stable position of the index 
when the barometer is placed in different positions ; that is, whether 
the dial is horizontal, or vertical, or turned to one side or the other. 

The point of attachment of the link, m, to the bell-crank hwer is 
sometimes adjustable so that the movements of the hand can be made 
to correspond to the value of the scale O'raduations. 

The steel spring, R, is also slightly ad'justable by means of a screw !rom the underside threaded into the part, N. This permits adjust­
mg �he hand to any particular point of the scale to give correct 
readmgs. 

Eft'ects of tmnpcratu1'e.-The steel spring and the feebler elastic 
reaction of the composition metal of the vacuum chamber are ap­
pr�ciabl;y weakened by increase of temperature, so that in some cases 
a rrse of the pressurb may seem to occur which is really caused by the 
weakening, of the SJ?ring. In some <;uses eft:OI�s are made to compen­
sat� for tlus by leavmg a small quantrty of au· m the vacuum chamber, 
whrch when heated increases its pressure upward and tends to offset 
the weakenjng effect upon the springs. A better plan is to make 
the lever, l, of two different metals, viz, brass anu iron, firmly brazed 
together. The differential expansion of these two metals with tem­
perll:ture changes produces flexure in the lever. By filing and ad­
JUstmg the bimetallic bar the flexure due to temperature can be made 
very �ea!lY to bala!lce the effect of temperature on _the sprin�. The 
anerord Is then sard to be "compensated" and this word rs often 
found on the uial. In many cases this word is there when the 
compensation is very imperfect. 

A neroUi barograpl!.S'.-Extremely simple and portable baro�raphs 
ar� constructed upon the aneroid principle, of which that of Richard, 
bemg widely used, is here described ( fig. 9) . 

It c<;msists of a cylinder, A, on which the recording pap�r is 'you_nd, 
revolvmg once a week by means of a clockwork contamed msrde. 
A series of corrugated metallic shells, B, eight in nm�ber, joined _ one 
a_bove the other and exhausted of air, forms an anerord system erght 
�rmes as sensitive as a single chamber. The movement of the sh�lls Is still further greatly ma!Tilified and is transmitted to the recordm� 
pen, 0, by a series of co1�1ecting levers. The pen may be. releasect 
from contact with the paper by pushing the leve�, D, t? the rrght . . 

The corrugated shells are the same as use� m ordma_ry . anerords, 
the steel sprmgs .for disten�ing the shells bemg placed msrde. The 
shells ·are made mto a vertrcal colmnn by screwmg one to another. 
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Tl1e lower base of the column being fixed, the UJ?per end rises and 
fal Js  with every variation in  the atmospheric pressure, by a quantity 
which is the sum of the dispJacements of the elementary shells. 

The compensation for tempei'ature is accompl ished by leaving a 
sufficient quantity of air in  one of the ·heJ l s, ascertained by experi ­
ment when the instrument is made, so that with a rise of temperature 
the tendency of the barometer to register too low on account of the 
weakening of the springs and the expansion of the levers and other 
parts is counteracted by the increased pressu re of t he air in the shel l .  
However, the instrument shou ld  be kept at a un iform tem1 e�rature 
as far as possible. 

FJGUH!il !l.-Richard's anct·oid lJnro�;mph. 

Read'ing of anm·oid baTometers.-The. ·e instruments are usually 
graduated to every two-hundredths of an i nch, an l reading of them 
to hundredths is, therefore, easy. Care, lwwever, should be taken not 
to confuse the tenths divisions with those :for hundredths. Figure 
10 is a reproduction of a portion of the d ia l  of a common type of 
aneroid barometer, to which has been affixed a series of imaginary 
positions of the needle marked "a," "b," "c," etc. The following are 
the correct readings corresponding to these positions : 

(a) 28.75 i nches. (d) 29.56 inches. 
( b )  29.06 inches. (e )  30.00 inches. 
(c) 29.20 i nches. (f) 30. 10 inches. 

D€Pfects in aneroids.-Thete are many sources of mechanical de­
fects in aneroid barometers. This is especia l ly true of t hose of in­
expensive manufacture and of those which do not have the dealer's 
guaranty of good performance. Aside from the defects induced by 
l�mg usage an� stress of w�ther on s�1 ipboard, severa l may be men­
twne4. For mstance, sprmgs and lmkage may be too tight and 
sluggish, so that response to pressure changes, great or small, is  slow 
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or incomplete. In other words, the hand sticks, and if it finally suc­
ceeds in pointing to a very low pressure, it may fail to return prop­
erly to indicat� the following much higher pressure. Likewise, it 
may fail, except partly, to indicate any change in pressure. · 

Other aneroids, due to poor construction of adjusting parts, are 
so erratic in  action that, for meteorological purposes, they are 
practically worthless. 

Then there is the "creeJ?ing" error, which troubles many aneroids, 
and produces a gradual mcrease in the correction until it assumes 
large proportions. Creeping may be due to one or more causes. 
There may be porosity in the metal box inside the instrument which 
admits minute quantities of a ir  into the vacuum space and thus 
gradually destroys the power to respond to the pressure of the at-

FIGURJ.J 10.-lllustrntlng six different reudlngs of the unerold barometer. 

mosphere ; or, the heavy spring which opposes the air pressure may 
be crystallizing slowly and thus more and more preventing the 
vacuum element from responding to the outer-air pressure. An 
ane�oid with creeping trouble may become worthless in time, but 
until that stage occurs, if the change in error is very slow, frequent 
comparisons will keep pace with it and the instrument may be service­
able for a considerable period. 

Some aneroids do not correctl,Y register considerable changes in 
pressure, though they may contmue reliable under ordinary pres­
sures. Let the pressure fall to a low value, as in  a deep cyclonic 
storm, such instruments either fail to keep pace with the change, or 
come to a dead stop at some point while the pressure is still falling. 

Compensation for temperature.-Another defect, and a very com­
mon and important one, is entire lack, or insufficiency, of a tempera­
ture-compensating device in the instrument. 

All aneroid barometers that are properly manufactured with the 
purpose of giving correct pressure readings are fitted with a means 
m the mechanism which automatically compensates for the effects 
of temperature changes upon the dimensions and elasticity of the 
Parts of the instruments. This device, therefore, when perfect, not 
only corrects the errors which would otherwise arise when expansion 
of the parts occurs during rising temperature, but also those due to 
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the contraction which takes place when the temperature falls. When 
the device is imperfect there is only partial compensation for tem­
perature and the readings of the instrument suffer in accuracy on 
account of it. The aneroid may continue to be serviceable, however, 
but its value as a meteorological recorder has been distinctly lessened. 
·when there is no compensating device-and there are many of these 
instruments which lack it, or have it so inadequately developed that 
it is useless-readings from such aneroids can never be depended 
upon for accurate pressure indications. 

Measures for remedying defects.-Aneroid barometers that are de­
cidedly erratic, because of one or more of the defects mentioned, are 
subject to one of two remedies, viz, repair or replacement by a better­
performing instrument. This is in justice to the Weather Bureau, in 
the interest of accurate observations, and of benefit to the ship, in 
the possession of a satisfactory navigating instrument. 

Some aneroids, after becoming disordered, may be satisfactorily 
repaired. If the trouble is due to gumminess in the works which 
condition may occur in the aneroid on a tanker, cleaning wih effect 
the desired result. Tightness or looseness in the springs and linkage 
may be relieved. "\Vhen, however, there are defects in manufacture, 
the results of attempted repairs are doubtful. Much more fre­
quently than otherwise, as shown by actual experience, they are 
fruitless. Such delicate work as the repair of an aneroid barometer. 
should be entrusted to the makers of the instrument or their repre­
sentatives, or to a repairman who is fully equipped for such work. 
This rule applies also to the resetting of an aneroid, since many a 
barometer has been impaired by resetting and has had to be subse­
quently recalibrated before its readings could be trusted. 

Testing of aneroids.-8ome aneroid tests may be made simply and 
without resort to apparatus. For instance, the freedom of move­
ment of the hand of an aneroid can be quickly tested by tapping 
the instrument on the side or bottom with the fingers or knuckles, 
or perhaps better by lifting the instrument about one-fourth of an 
inch from a table or cane-seated chair and placing it back again 
somewhat sharply. Under this treatment, if the joints and levers 
are perfectly free, the hand will jump away and then return quickly 
with a vibratory movement to its original position. If the instru­
ment is defective, the hand in some cases will not respond to the 
slight knocks, or will do so without exhibiting any vibratory move­
ment, or upon being disturbed it may move a little, but will not 
return to its original position . 
. When aneroids .fail, or appear. to fai�, to register correctly con­

siderable changes m pressure, as m passmg through a deep cyclonic 
storm, they should be tested for the real or apparent defect. The 
"\Veather Bureau maintains apparatus in its offices at New York 
New Orleans, and San Francisco for this purpose. The instrument 
to be tested is placed under a bell jar connected to an air pump 
and the air is gradually removed from the jar. If the aneroid is � 
good one, it should register the same falling pressure chan()'es as are 
indicated by the attached column of mercury, during the 

0
period m 

which the jar is being exhausted of air. 
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Aneroids suspected o f  temperature trouble may likewise b e  tested, 
and shipmasters are cordially invited to avail themselves of the op­
portunity of having their barometers given the benefit of this test, 
which may be had free of charge at the following Weather· Bureau 
port offices : 

Boston, New York, Philadelphia, Baltimore, New Orleans, Port 
Arthur, San Pedro, San Francisco, Portland, and Scuttle. 

Special temperature-testing boxes have been devised, and are in 
use at most of the foregoing-named stations. Each box contains 
a copper tank for holding ice-salt mixture, and i s  also e9uipped 
with a thermometer and with 50-watt and lOO-watt electric light 
bulbs. By means of these cooling and heating arrangements, box 
temperatures as low as 40° F. and as high us noo F. may be arti­
ficially produced. This assures a good thermal range to which the 
aner01ds may be exposed at 10° to 20° intervals of temperature 
change during the period of the test. 

In cold weather a partial test at high and low temperatures may 
be secured by obtaining the reaction of the aneroid at the arti­
ficially heated room temperature, then, after exposing the instru­
ment to the chilled outer air until thoroughly cooled to this outer 
air temperature, again comparing the barometer with standard at 
the same elevation. 

I£ the shipmaster cannot avail himself of the opportunity to 
have his aneroid tested for temperature at a Weather Bureau office, 
the instrument division of the Bureau suggests a test method that 
lllay be given readily to an aneroid on shipboard. Choosing the 
early morning of a fair day, simply carry the barometer to the cold­
s�orage room of the ship, being careful to han(J' i t  in the same rcht­
tlve position as on the bridge, and allow an hour or more for all 
parts of the instrument to reach the same temperature. With due 
regard to the actual change in the barometric pressure, and with 
allowance for a rise of 0.01 inch for each 10 feet change to a lower 
level, the effect due to change in temperature of the instrument 
should not exceed 0.02 to 0.04 inch in a well-compensated aneroid. 
A similar test for high temperature may be made by carrying the 
barometer to the engine room. The test as indicated should be made 
during a period of practically stationary atmospheric pressure, and 
�ot during a period of sharp barometer change when the errors, 
If any, due to temperature would be overshadowed by the natural 
pressure rise or fall. If a second barometer is available, allowance 
through comparisons may readily be made for the change in general 
conditions during the test. This test, i t  should be understood, is 
not for the purpose of obtaining a working- correction for the in­
�tt:ument, but merely to show if the reading mdicated by the aneroid 
Is mftuenced to any degree by temperature. 

Replacement of defective aneroids.-When aneroids are shown to 
be defective and giving- misleading data, i t  is important to all con­
cerned that they be discarded for better instruments without hesi­
tation. 

Man� ships' companies have adopted the commendable /ractice 
of havmg their reserve stock of aneroids thoroughly teste ut the 
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nearest Weather Bureau office to prevent, as far as possible, the 
issuance of untrustworthy barometers to ships of the1r lines. In 
many instances barometers are now purchased subject to replace­
ment by dealers if found unreliable. The tendency, therefore, is 
in favor of a stricter attitude toward the replacement of old and 
erratic or usage-worn barometers by new instruments on shipboard, 
and toward an insistence that new barometers be proven satisfactory 
before acceptance for installation. 

This action has resulted in a decided betterment in marine baro­
metric equipment and in an equally positive improvement in the 
accuracy of marine meteorological observations. 

BAROMETER COMPARISONS 

Notwithstanding that the greatest care may be taken in the con­
struction and handling of barometers certain errors due to various 
causes can hardly be ehminated. In the case of mercurial barometers 
the errors are usually small and fairly constant. In aneroids, how­
ever, the instrumental error may be qmte large and undergo irregular 
changes. 

In order to obtain satisfactory readings of barometers it is neces­
sary to find the error of each instrument and apply a correction of 
the opposite sign. The errors are determined by comparison w ith a 
standard instrument. In order to obtain such a comparison it is only · 
necessary to make and record several readings of the ship's barome­
ter when in some port where a standard instrument is located, the 
readings being made at the same hours at which the latter is read. 
In Umted States ports the barometer is read each day at 7 :  30 a. m.  
and 7 : 30 p. m. , 75th meridian time. In European ports observations 
are made generally at 7 and 18 hours, Greenwich mean time. Such 
observations ultimately reach the Weather Bureau and are available 
for use in checking comparative readings. 

In making comparisons it is desirable that at least three readings 
of the ship's barometer should be made at uniform intervals of 12 
or 24 hours. During the comparison the instrument should hang 
in its accustomed place aboard ship. If possible the readings should 
be made by the officer charged with the duty of making the meteoro­
logical observations. 

Blank cards, known as barometer comparison cards (Form No. 
1202--Mari�) , for recording comparative readings are supplied by 

"the Weather Bureau. A sample card, filled out and with corrections 
made, is shown on page 24. · 

The successive readings of the barometer, at the hours selected by 
the observer, ar� entered in column 1 of the barometer comparison 
card. The readmgs of the attached thermometer will be entered in 
the adjacent column. The curd should then be dispatched to the 
nearest office of the Weather Bureau. 

At the Weather Bureau office the readings of mercurial barom­
eters are corrected for temperature and reduced to standard gravity 
(latitude 45° ) ,  the results being entered in column 2. In column 3 
are given the corresponding readings of the standard Weather Bu­
I'eau barometer, likewise corrected for temperature and reduced to 
standard gravity, as well as to sea level. 
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The differences between the simultaneous readings of the two 

�arometers are entered in  column 4, and the mean of these differences, 
If accepted, is adopted as the instrumental error of the ship's barom­
eter. This is at once inscribed upon a barometer tag (E.Qrm No. 
1203-Marine or 1203A-Marine ) ,  a Weather Bureau identification 
number is given to the barometer, and the tag mailed to the observer. 
A sample of the tag used for aneroid barometers, properly filled out, 
JS given below. A similar tag (Form No. 1203A-Marine) is used 
for mercurial barometers. 

Form No. 1 203-Marine 

U. S. DEPARTMENT OF COMMERCE 
U. S. WEATHER BUREAU BAROMETER TAG 

VESSE L American S .  S .  QUIRIGUA 
·--- - -------<:NatTiiilail iy >----- -----------< R iiidY-------------------<N"a ffi"ef------------ -- · 

Aneroid  Barometer No ................ ��-�!?________  W. B. List 

COMPARED 

Piace ________________ l'J .. � .. ! .. X .. <?E .. �-------------- Date ........ � .. :P..�-�-- -�-?.::·}_�! ....  } .. ��-?: __ _ 

To determine sea-level (corrected) readings-

Add_____________________ Su btract.... .... : .. �-�----- _ ____ _ 

!SEE RE\"EUSE SIDE OF TniS TAUI 

Lack of agreement in the observations.-In case the range be­
tween the largest and the smallest individual corrections in the series 
of compamtive readings is more than 0.10 inch, the card is returned 
to the observer with the statement that the several observations do 
not agree sufficiently well among themselves to furnish a reliable 
l'Orr�tion for the instrument and with a request for another set of 
readmgs. 

In some instances differences indicated by comparative readings 
are. due to errors on the part of observers, but more often are oc­
c'!-sioned by defects in the instrument. The true source of such 
dlffe�ences is �enerally revealed by a second set of comparative 
readmgs, and 1f these indicate that the instrument is unreliable, it 
should pe repaired or replaced in the interest of safe navigation. 

Frequency of oomparison.-On account of the severe usage a 
barometer is subjected to aboard ship its instrumental error is hkely 
to change. Observers should, therefore, take advantage of every 
opportunity to obtain a comparison with a standard instrument. 
Alioard steam vessels such a comparison should be made at least 
once in 3 or 4 months. If the performance of the barometer all­
pears to be questionable, more frequent comparisons are desirab e. 

No attempt should be made to adjust a barometer. Such attempts 
are likely to increase the irregularities of the instrument. It is 
Preferable to allow the errors to accumulate, the amount to be 
determined by frequent comparison, as explained on page 19. 
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Form No. 1202-Marlnc. 
----

u. S. WEATHER BUREAU BAROMETER CoMPARISON CARD 

Vessel, Amer. S. S . .Argonne. Captain C. P. Snyder. 

In port of San Francisco. Observer, G. A. Bryan. 
W. B. List Barometer No. 3430. Mercurial or Aneroid? Mercurial. 
Address tag to U. S. Transport Service, San Francisco. 

The obscr.·er Is requested to make at least three barometer readings In order that a 
reliable correction may be obtained. In Un ited States and Canadian ports please make 
the readings on three successi ve days, at 7 :  ao a. m., 75th meridian time, or If In a 
United States port for a shorter period, make three readings as many hours apart as 
possible. In European ports make the readings at 7 a. m., Greenwich time. 

A tag will be furnished showing the Instrumental error of the ship's barometer If the 
range between the largest and smallest Individual corrections In column 4 does not exceed 0.10 Inch (2.5 mlllimeters, or 3 millibars) .  

Date, 1923 Time (local) Ship's ba· Attached 

rometer thermom· 

(as rend eter 

off) 

Observers will leave these 
columns blank 

2 3 

Reduced Standard 
Correc­

tion 
--------- 1 --------- --- --- --- --- ---
Sept. 17 . . . . .  __ _ _ _ _ _ _  _ _ _ _ _ _ _ _ 7:30 a. m .  _ _ _ _ _ _ _ _ _ _ _ _  _ 

Sept. 18 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - · · · - - 7:30 a. m _ _ _  - · · - _ _ _ _ _ _  _ 

Sept. 19 . . . . . . . . .  _ .  _ _  - · - · - - · ·  7:30 a. m . - · - _ _ _ _ _ _ _ _  . . 

29. R3 
30. 06 
30. 16 

75 
67 
66. 5 

29. 68 
29. 94 
30. 01 

29. 71 
30. 00 
30. 07 

In Unltecl States ports no postage Is required; In foreign ports hancl to United States consul. 

+. 03 
+. 0(\ 
+. 03 

Ohange in barometers.-Ordinarily only a barometer bearing an 
identification number assigned by tl1e ·weather Bureau should be 
used in the regular meteorological work £or the bureau. This number 
should be stated in every 1V eather Report and on every Barometer 
Comparison Carcl. If for any reason, anothe� barometer is used, t�e 
£act should be made clea.r in order that no mistake may be made m 
applying corrections. I:f a new barometer is used comparative read­
ings should be furnished with the first report, or as soon thereafter 
as possible. 

THERMOMETERS 

Thermometers should be o£ reliable manufacture and should have 
the graduations etched upon the glass stem. For some years after 
a thermometer has been manufactured the glass in the bulb con­
tracts and, notwithstanding that a certain period of "curing" is al­
lowed by good manufacturers, this contraction not infrequently re­
sults in  appreciable error in the readings. On this account it is 
necessary to compare the readings of a thermometer with those o£ a 
standard instrument to ascertain if any error exists and, if so, the 
proper correction to be applied to the readings. Ordinarily no 
thermometer should be employed the indications of which at any 
point on the scale differ by more than 1 o from the true temperature 
given by a standard instrument . 

. Use of thermometers in _meteorologica_l obse1'vations.-The prin­
cipal use of therm�:m?-eters m meteorological observations is for the 
p:urpose o£ determmmg the tempera�m:e and _humidity of the free 
mr. The _actual temperature of the air �s .obt:;med from the reading 
of . an ordmary thermometer. The humidity. Is determined by meas­
m;mg the so-called temperatu�e of evar.oratwn and comparing this 
w1th the temperature of the air. The temperature of evaporation" 
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is given by the reading of a thermometer whose bulb is covered with 
thin musiin and moistened with water. If two thermometers, one 
with its bulb moistened, the other with its bulb completely dry, are 
e::x:posed to a rapidly moving current of air, the thermometer with 
moistened bulb (the so-called wet-bulb thermometer) will show a 
lower temperature than the dry bulb, or ordinary unmoistened ther­
mometer. The difference between the two bears a known relationship to the humidity, the latter being obtained with the aid of appropriate 
tables. 

Thermometers are also employed in obtaining the temperature of 
the ocean surface. This is an important element in all meteorological 
observations made at sea . 
. Ewposure of tkermometers.-The free air is nearly always in mo­tion and therefore is so thoroughly intermixed locally that within a .small area no appreciable temperature differences are l ikely to 

mnst. When any portion of the air is confined, however, so that it 
cannot intermingle freely with the general air currents, its tempera­
ture will be influenced to a marked extent by the local surroundings 
v.nd will not be a free-air temperature. 

These ideas show us at once that if we aim to make accurate ob­
servations of the air temperatures our instruments must, if possible, 
he placed in an open space where the circulation of the air is entirely 
u_nobstructed. It will not do, however, to place the thermometers 
Simply in the open air, exposed freely to the sky and the direct rays 
of the sun. Tlie sunshine would cause the thermometers to register 
tho high, and even if the instrument were not exposed directly to 
t e sun it could not be depended upon to indicate the true air tem­
perature. To, overcome these difficulties, it is customary to employ 
some sort of shelter. The form adopted by the Weather Bureau for �he use of its observers on land is a box with louvered sides and a 

�uble roof, made in such a way that the air can move through it  
With. the greatest possible freedom. To minimize the effects of in­
sol!lhon and conduction of heat, shelters should be made of wood and �hnted. white. This is an essential condition for proper exposure. 

e obJect of the shelter is simply to screen off the direct and re­fi
h
ect.ed sunshine and the radiation to and from the sky and to keep t e mstruments dry. 
Although a thermometer shelter can easily be set up in a suitable pe�maifent position on land, experience has shown that on shipboard lt Is .VIrtually impossible to mount a shelter in a convenient, fixed loca.twn in such a way that its exposure is not appreciably affected at times (particularly in the case of a following wind) by radiation from the deck or some nearby portion of the ship's superstructure Tnd by currents of '"ann air issuing from the interior of the vessel. . hese undesirable effects m ay be eliminated to a large extent if use 1� made of a portable shelter, which can be suspended on the weather Slde before the observation is taken, in a position where it is freely exposed to the wind and unaffected by artificial sources of heat. fi. However, even a portable shelter has serious draw-backs. In the :?t place, it possesses the undesirable feature common to all types 

0 . shelters, namely, that it affords little, if any, protection from flying spray. If it is allowed to stand continuously out of doors, the thermometers inside it, unless they arc cleaned from time to time 
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will become coated with a thin deposit of salt. Thus the wet bulb, 
though pure water be applied to it, will in reality be moistened by 
a weak salt solution. Since dissolved salt has the effect of decreasing 
the rate of evaP.oration, the temperature indicated by the wet-bulb 
thermometer will be somewhat higher than the true wet-bulb tem­
perature. Furthermore, the problem of subjecting thermometers t�at 
are housed in a shelter (portable or otherwise) to the proper ven�lla­
t ion necessary for accurate humidity measurements presents obvw�s 
difficulties. Finally, there is always the danger that the she�ter I�­
self may be smashed or carried away in  heavy weather, espeCially 1f 
it is mounted (as it ought to be, in order to secure true air tempera-
tures) in  an exposed position. . 

The conclusion is that a thermometer shelter, though it serves .1ts 
purpose satisfactorily on land, is not well suited for use on slup­
board. Therefore, it is desirable, whenever possible, to employ so�e 
special type of instrument whose readings of air temperature w1ll 
not be affected by direct exposure of the thermometers to sunshine 
and rain. 

The aspiration thermometer.-The instrument hest adapted to the 
accurate measurement of air teml?eratures at sea is the p�rtable 
aspiration thermometer. Its essential features arc (1 )  protectiOn �f 
the thermometer bulb from radiation (direct sunshine or deck radi­
ation) by means of a tubular shield, made of a good reflecting and 
insulating substance ; (2)  artificial ventilation 0f the thermometer · 

bulb, whiCh is produced by a mechanically driYen fan attac�ed. to 
the top of the Instrument. The chief advantages of the aspiratiOn 
thermometer are three-fold. Exposure to direet.. sunshine will not 
affect its readings. Consequently, there is no necessity for placing 
it in the shade at the time an obserYation is made. 'Vhen not in 
use it may be hung in the chart room or other convenient place 
where it will be protected from the effects of fog, rain, and spray. 
Finally, when an observation is made, the observer can readily select 
the most suitable exposure under the conditions prevailing at any 
gi�en hour of observation and make the reading directly at that 
pomt. 

For the measurement of temperature alone there is available a 
type ?f aspiration thermometer (dry bulb only) that is rugged and 
espec1ally constructed for use at sea. This instrument is compara­
tively inexpensive. 

PSYCHROMETERS 

From the foregoing considerations it follows that, purely from the 
standpoin� of accuracy, the ideal �e!hod of �btaining simultaneously 
the true air temperature and humidity on sh1pboard is the use of an 
aspirating instrument that is equipped with two thermometers--one 
a dry �ulb1 the other a wet bulb. Such an instrument is known as 
an asp1rah�n psychrol!leter. H?wever, the type now available is 
both expensn:e and dehcat�. It 1s _also r�ther heavy and difficult to 
handle, espeCially on a ship that 1s rollmg or pitching. Further­
more, .to keep it m proper .condition re�}Uires a great deal of cnre and 
attentiOn. From a practical standpomt, therefore it is not really 
suitable for making routine observations at sea. 

' 
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The slin,q psychronwte1·.-There is another anc1 well-known type 
o� portable ventilated instrument called the �ling })sychrometer, 
With which it is possible to measure both air temperature and 
humidity at sea with a reasonable degree of accuracy, at least . with 
greater accuracy than can be secured tlirou�h the use of st ationary 
thermometers in a shelter. The sling psycnrometer has the disad­
vantage that the two thermometer bulbs are not afforded protection 
from rain and direct sunshine, but errors arising from the latter 
source are, to a large extent, overcome by the strong ventilation to 
':hich the apparatus may he subjected. The instrument is compara­
t?vely inexpensive, l ight, and easy to handle. Although it is de­
�Igned especially for measuring both dry- and wet-bulb temperatures, 
It �an, of course, he used to measure the air temperature alone, i n  
whwh case a reading of the wet-bulb thermometer is not necessary. 
If the ship is equipped with a sling psychrometer, the observer will 
always be able to measure the air temperature :1t the point which 
happens to provide the best "free-air" exposure under the existing 
conditions. The point of observation should ahfnys be on the wind­
ward side of the ship and preferably near the bow or the stern, 
depending upon whether the appun:,nt wind is forward of or abaft 
the beam. It will usually be most convenient, howt>ver, to make the 
observation on the wing of the bridge. The iustrnment should then 
be held outside the ra1l and on the WPathcr side. But if spray is 
continually being blown nft from the bows, it will be necessary fot· 
the observer to seek a more favoruble location. 

It. is highly desirable that ships carry some form of portable, 
ventilated psychrometer as part of their regular meteorological equip­
m�nt. A comparatively rugged type (Bm·enu of Mines type) of 
�hng psychrometer, and one that is well fitte(l for use on shipboard, Is sh?wn in figure 1 1 .  In this instrument the thermometer bulbs are 
partial ly protected by a rectangular frame wh ich encloses the other 
parts. of the apparatus. 

It �s very difficult to describe efl'ectually the movements incident to sk?llful whirling and stoppin•r of the sl iug psychrometer. 'fhB 
�rm IS held with the forearm about horizontal, and the haud wel l 
m front. A peculiar swing start s the thermometers whirHng, and 
aft�rward the motion is kept up by only n sl ight but very regular 
•T't

cbon of the wrist, in harmony with the whirli !1g thermometers. 
h� ra�e should be a natuml mw, so as to be e11S1ly and regularly 

�amtamed. If too fast, or irregular, the thermometers m ay be 
Jerked about in a violent uncl dan •rerous manner. 

The stopping of the psychrometer, even ut the very highest rates, 
can be perfectly accompl ished in a single revolution, when one has 
learned .the ln;ack. This is only acquired by practice, and con�ists 
?f � qmck swmg of the .forearm by which the hand also clescnb�s 
a cu·cu�ar path, and, as 1t were, follows after the thermometers m a pecuha1: manner that wholly overcomes their circular m�>tion with­out the slightest shock or jerk. The thermometers m ny, without v�ry 
great danger, be allowed simply to stop tlwmselws ; the final motwn 
�n such a case will generally be quite jerky, hut, unless tl.lC . instrument 
Is allowed to fa ll  on the arm or strikes some object. no lllJUl'Y should 
result. ' · 

300658---4 1--3 
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It is importa n t that th e m usJ i n cove ri ng for tl1e wet b u l b  be kept 
i n  good cond ition. The evaporation of the w ater from the m us� m 
a lwa ys l eave i n  i t s  n1.eshes a sma l l  q u a n t i ty o f  so l i d  m at �rial , ·w h 1 ch 

ooner or . la ter somewh at stiffens t he mus l i n  so t ha t  1 t  does not 
read i ly take up water. On this acount  it is des i ra b l e  to use a s  l?m·e 
water as possible ,  an d a l so to ren ew t h e m l l  ·] i n  from bme to t 1 me. 
New m usl i n  sh ould a l ways be washed to remo ve s iz ing,  etc.,  before 
be i ng used.  A smaJ l yecta ngula r l)i ece w i de enough to go : tbout O l l C  
a n  l one-L h i rd t i mes a ro u n d  t he bu l b ,  and ]ono· enongh to cover the 
bulb a n d  t h a t  pa rt of the stem be l o "· 1 h e m etal ba c k , is  cut out,  

: - '. ).'  . .  •- .� 
._ · ·: •.. ·:��:::� - , I - • • • • 

FIGUHI•: 1 1 .-SI i n .:;  psych rom c t c e  ( B u r0a u of M i nes type) . 

t horoughly wett ed i n  cl e a n  water, a n d  neatly fi tted a ro u n d  the ther­
m omet er. I t  is t ied first a round the bulb at th e top, usi ng a. mod­
erately strong t h read. A l oop of t h rea d to Jo rrn a k not is next. placed 
a rou n d the bott om of the b u l b, just where i t  beg in s to rou nd . off. 
As t h i s knot is d rawn t igh ter a n d t igh te r the tln·ead sl i ps off the 
rou n ded end of t h e  bulb and n ea tly st retches t h e  m u s l i n· cove l ' ing 
w i th it , ut t he sam.e time securing the l att er �tt th e bottom . 

Certa i n  p reca ut ions mu st be observed in p repur ino· and f-itbno· the 
m usl i n  cove ring of t h e  wet bulb a .. Jol l ows : 

o o 

( 1 )  . Fi 1:1e, p refe�·ably l oosely woven,  musl i n  i .  t l 1e best,  a n d ,  i :l'  n e w  
matenal  J S  used , 1 t  m ust first be  thorough l y  washed w i t h  water to 
remove a l l  siz i n g  as far as po. ·s i b l e. 

· 

(2 ) The cover i n g must be can i c  l up on the stem o f  t h e  t hermom ­
eter above t h e b u l b  a d i st a n ce ·o t h at t he stem near t he b 1 1 l b  as wel l 
as the bu l b i tsel f ,  is coo l ed by th e eva pol 'a ! i on . 

' 
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(3) The muslin must be thoroughly wetted when a new p iece is 

to be applied to the bulb, and fitted in the manner already explained. 
The psychrometer should at all times be handled with great care, 

and when not in use it should always be kept in the case provi.ded 
by the manufacturer of the instrument. The fact that the ther­
mon�eter bulbs project below the metal back makes them v�ry �us­
cep�lble to breakage. Consequentlybwhen the psychrometer 1s bemg 
wlurled, the utmost caution should e exerted to make sure that the 
thermometers have plenty of room in which to swing clear of all 
obstacles. 
BUCKET AND INTAKE METHODS OF OBTAINING OCEAN SURFACE 

TEMPERATURES 

. Experience has shown that numerous difficulties exist in the mak­lllg of accurate observations of the temperature of the seu surface. BC!th the bucket and intake methods commonly employed on steam­slups have their own peculiar disadvantages and sources of error. It Js the temperature of the sea surface that is desired, but the con­denser-intake method rrives temperatures at some distance below the �a11·face. This is not objectionable, however, since the water between the surface and intake depth is almost always so well stirred by wa"\'e action that its tm�perat.ure is e�sentially m.1iform to t.hat deptl.L 
1 1�e bucket met ho<l 1s always a tune-consmumg operatiOn and 1s  J >art�cularly troublesome on large ships. It is not an easy matter to d�p out a sizable sample of wil.ter with IL bucket when the ship is b10Ymg rapidly. Often the bucket can be only partially filled, even 

Y .the most skillful handling. ( Some vertical stiffening of the ordmary canvas 'bucket and an extra middle ring, to prevent collapse on entering the water, are desirable.) Further difficulty is encount­ered '�·hile the sample is being hauled up to the deck-the force of tlfe WJnd, which is often consHlerably augmented by the movement 0
f 

the ship, may cause the bucket to swing about and strike the side 0 the vessel , therebv spillino- a l arge part of the water. In addition to t11e difficulties of obtaining a satisfactory sample by the bucket method, there exist a number of influences tendmg t o  change the original temperature of the sample. These are, no­tably : ( 1 )  The bucket itself is not likely to have the snme initial }ernperature as the sea surface ; (2)  a small quantity of water left /orn a previous observation and having a temperature different rorn that of the sea may be in the bucket when the dip is made ; 
(3 ) the w��:ter s'!'mple being hauled up is usually cooled by evapora­! 1011, especially m the case of a canvas bucket ; (4) the thermometer blserted is seldom at the same temperature as the wnter in the 

c· uc�et ; ( 5) while the th.ermometer is resting in the bucket further 
�oolm�, or perhaps heatmg, of the water may take place, and (6)  

b
ometune� the temperature of the water drawn up has been nffected 

t Y th� discharge through ejection pipes. However, it is possible 0 avoid these undesirable effects to some extent. How this may be accompl ished.is described on pages 49 and 50. 
tl 

If observatiOns by the condenser-intake method are carefully made, le only source of error of any consequence arises from imperfect 
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installation of the intake thermometer. If the latter is at a point in 
the injection pipe where the circulation is loca1lv reduced and where 
pockets of warmed water can collect, the readings wil� be high�r 
than the true ocean temperature. However, errors on t1ns score w1ll 
he avoided if the thermometer is mounted on the centrifugal pu!nE 
(lr at some point on the intake pipe between the pump and the ship s 
side. It has been found by experiment that the best method of 
installation iR to fit the thermometer in a stainless steel tube: the 
lower end of which is bathed by the incomin� sea water. This lower 
end of the tube should he filled with enoug;h mercury to sunound 
t he bulb of the thermometer completely, thus nssuring good conduc­
tion of heat between the sea water and the bulb. 

The pract'leal disadvanta�es peculiar to the condenser-intake 
method can be serious. In the first place, there is the difficult� of 
finding a place of installation for the thermometer which combmes 
the desirable qualities of proper exposure and accessibility. In the 
1-:econd place, there is the ever-present danger of error o£ parallax in 
reading the thermometer. It is not often possible to install the 
thermometer in a place which affords :L su itable exposure and at t1.1e 
"'ame time permits the eye to be on a level with the top of the flmd 
without the observer assuming an awkward or uncomfortable postt�re. 
In the third place, there is the necessity of securing .the cooperat�on 
of the engineer on duty at the time that meteorological observatiOn . is made. The engineer should realize that a greater degree of accu­
racy is required in obtaining the ocean temperature for the weather 
rep

'
ort than in noting the approximate temperature of the water 

circulating through the cooling system. 
The condenser-intake method is the simpler and shorter means of 

obtaining the water temperature. It is the more cert ain method and 
the more accurate, where the required standards of installation and 
of careful observation are met. Howe\'er, circumstances vury ·greatly 
on different ships, and the selection of the method to be used should 
be left to the jud�ment of the individual observer. He shoul d  make 
the choice after a careful consideration of the conditions existing on 
his ship. That method which will consistently gi\'e the most satis­
factory results should, of com·e, be employed. 

An entry should be made in the appropriate space on Form 1210A 
to show which method is used in securing sea-water temperatures. 

PART IV. INSTRUCTIONS FOR TAKING AND RECORDING 
WEATHER OBSERVATIONS 

For many years, wind and weather and cmHlition of the sea have been subjects of da�ly entries in the ship's log, hence the taking of systematic obser\'abons for the 'Veather Bureau does not involve �mich additional time. However, weather conditions are recorded 
m somewhat more detail than in the ship's loO" · moreover the read­ings of the har01�eter and thermometer are u;;,ed 'in prepari�g weather map�, hence their errors must be known so that corrections may be apphed. The prop�r methods of installing, reading, and caring for tlie meteorologi�al mstruments are fully described i n  part III. The observatiOns are recorded on special forms (�210A-Marin� 
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provided by the ·weather Bureau. Ships reporting by mail enter 
only one observation a day, at Greenwich mean noon. Also on ra.dio­
reporting ships, when outside the areas from which daily radio reports 
az:e sent, the observations are entered only once each day at Green­
Wich mean noon. On all ships cooperating with the "\Veather Bureau, 
by radio or mail , it is desired that appropriate entries be made in the 
spaces for "Daily Journal" and also m the spaces for "Gale or Storm", 
and "Fog" reports. -
. �e forms provide for 16 observations on each sheet. However, 
�t Is requested that the observer begin n new record sheet upon cross­
Ing from one ocean to another, and on the first of a new month. The 
reason for this request is that the forms are filed at the Weather 
Bureau in  separate compartments for the oceans and months, hence 
special compartments must be provided for forms which contain ob­
servations for more than one ocean or more than one month. It is 
also highly desirable that the forms be mailed at the end of a voyage, 
even if a sheet is not filled ; a new sheet should be started at the 
beginning of the next voyage. 

The various columns ou Form 1210A are grouped in such a way 
that all the so-called Universal Data wlTl be recorded exactly in the 
order specified by the International Raoio "\Veather Code. The col­
Uinns for these data are boxed off from the other columns on the form 
by heavy black l ines. However, in obtaining and entering the data 
ut the time of an observation the observer does not necessarily proceed 
across the sheet from left to right. It is most natural to enter simul­
t aneously the data relating to the day, the hour, and the shiJ?'s geo­
graphical position. The actual weather observations, likewise, are 
�ntered in a grol)p. Therefore, in  the following paragraphs detai�ed 
m_structions for the taking and recording of a complete observ11t10n 
Will be given us nearly as possible in the order usually :followed, and 
not strictly in order from left to right on the form. \Vhen a new form is begun the first step is to fill in the blank spaces 
at the top of the sheet. This entails the entry of the vessel's name, 
ctc.1 and of details relating to the character of the instrumental 
equipment. 

Notes on instrwments wed.-The kind of barometer, whether aneroid 
o�· mercurial, should be given, with · the identification number fur­
mshed by the Weather Bureau. 

The same barometer should be employed continuously. If for any 
reason it becomes necessary to use another instrument, the fact sh_ould 
?e stated, the reasons given, and the second instrument fully des�l'lbed., 
111 m:der that the readings of the latter may not be confused with the 
renrhngs of the barometer listed by the "\Veather Bureau . .  

The error of the barometer should be entered us determmed by the 
last �omparison with a standard instrument ; also the place and date 
of this last comparison in the space provided. 

If it is a mercurial barometer, the scale of the attached thermom­
e
b
.ter employed, whether Fahrenheit, centigrade, or absolute, should 
e stated. 
Space is provided at the top of the form for indicatiiw how tl.lC 

sea-surface temperature is measured. It is desirable to know tlus, 
because the temperature of a sample of sea water obtained by means 
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of a bucket is, within a very few minutes, apt to become somewha.t 
different from the true temperature of the ocean surface, and a 
thermometer installed in  the condenser intake may be affected by the 
heat of the engine room. 

It is important also to state whether the temperature of the air 
and also the wet-bulb temperature are measured with stationary 
thermometers or with a psychrometer ( i . e., a pair of ventilated ther­
mometers) ,  because statiOnary thermomet�rs, as pointed out in part 
Ill, give much less accurate results than the psychrometer. Furth�r­
more, the formula employed for determining the relative humid1ty 
from the readings of a psychrometer is  not applicable to the readings 
of a stationary wet-bulb thermometer. 

TIME AND POSITION 

Day of month.-The date given in the column ut the left of each 
page should be the civil day, beginning at a given midnight and 
ending at the following midnight. 

In crossing the 180th meridian, observers aboard westward-bound 
vessels sometimes make the mistake of dropping a day from the 
record of the Greenwich mean noon observations, and conversely 
of using the same date twice when eastward bound. This is in­
correct. In crossing the date line, 24 hours are dropped or repeat.E:d 
as the case may be, in local time reckoning, but not, of course, m 
the dates of the Greenwich noon observations, which should run 
eonsecutively. To avoid any confusion regarding the da.tes of ob­
servations, the observer should remember that when Greenwich noon 
observations are taken regularly there should never be two of the 
same date and never any date without an observation. 

'Vhen radio observatiOns are taken regularly at Greenwich midnight 
there may be two midnight observations on the same local date, or 
none at all: depending on the vessel's course, whether eastward or 
westward when crossing the 180th meridian. The Greenwich date 
of the midnight observations is always the day just beginning at 
Greenwich. 

· 

Local ship's time.-The small chart given on page 114 shows the 
local time corresponding to Greenwich mean noon for each 15° of 
longitude east and west, i .  e., the local ( ship's) time at which the 
daily observations should he taken to the nearest hour. The exact 
local time at which the . observation in any longitude, east or west, 
s�ould be taken may easily be. found fro� the table of longitude .and 
tune (table 9) . In east longitude, the Greenwich noon observation 
should always be taken during the afternoon hours local time · i n  
west lon�itude, during the forenoon hours. 

' ' 
Da1J of weelc ( Y) .-One figure only should be entered in this column 

to indicate the day. The appropriate code figures for each day of the 
week are given in the table for Y. The observer should be careful to 
record the day of the week at Greenwich and not that at the ship 
unless the Greenwich day and local day happen to be the same. 'Vhe1� 
an observation is taken at 0000 G. C. T. (Greenwich midnight) the 
day of the week should be coded as the duy just beginning and not the 
day just ended. 
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Code table for Y ( day of the week ) 

Day 

Sunday _ _  - - - - _ _ _ _  - - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Monday _ _  - - - - - - - - - - - - - - - _ _ _ _ _  - - - - - _ _ _ _ _ _ _ _ _ _ _  _ 

Tuesday _ - - - - - - - - - - - - - - - - - - - - - - - - - - - _ _ _ _ _ _ _ _ _  _ 

Wednesday _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Thursday - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Friday __ - - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _  - - - - - - - - - - - - - - - -

Saturday _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - _ _  - - - - - -

Code 
figures 

I 
2 
3 
4 
5 
6 
i 

_Octant of globe ( Q ) .-The correct entry in this column is deter­
nuned by the position of the ship with respect to the equator and to 
the meridian of Greenwich. The proper code figure is obtained from 
the accompanying table. 

Code table for Q ( octan f of tllc !Jlobc) 

I Longltud� I ll���gs I 
[ _______ ___________ . ___ . 

North latitude: I 
g�,'�\· .1�o9?�o�"\\·�:: : : : : :  : : : : : : : : : : : : : : : :

-
:
- 1 ? 

Sou���i�;��o;;� : : : : : : : : : : : : : : : : : : : - : : : : : : : /  i 
��o

'�v.
t�o�;o�\,��: : : : - : : : : : : : : : : : : : : : : : : : - 1  � 

��ol·t����;,�: : :� ::�: :_:�: : : : :: : :�: : : :j_ 
___ _ _  � --

Lrttitude ( LLL) and lon-r;itude ( lll) .-In these columns should �e recorded the latitude and longitude of the vessel ut the actual time of the meteorological observation. Three figures should al­
ways be entered in each column. No code table is necessary for these entries. 

�n the LLL column the first two figures to be recorded are the lat1tude in whole degrees. If the latitude is less than 10° , a 0 ( zero) should be entered as the first figure. The third fiam·e is the fraction of a .degree of latitude, which is recorded in tentiTs of a degret>, nnd n�t m minutes of arc. The tenths are obtained by dividing the }1l�Jutes of arc by 6 and neglecting the remainder. ( Examples : (a) , atltu�e 42°38' N. is coded 426 ; (b)  latitude 10°20' N. is coded 103. ) 
Jhe differentiation between north and south latitude is shown by the gure for Q in the preceding column. . In the Ill column the lonuitude is recorded in degrees and tenths 
m the same manner as for tlw latitude. If the longitude is 100°, �r 
ll1ore, the first figure, 1 ,  should be dropped. ( Examples : (u )  longJ­
t�de �6°22' ·w. is coded 463 ;  (b)  longitude 123 °41' W. is coded 236. )  1 he d1fferentiation between lonaitudes less than 100° and greater than looo an� also between east anl'west longitude is shown by the figure entered 111 the Q column. The columns for latitude and longitude should always be filled out to the best of the observer's ability, even though astronomical observations or radiocompass bearings have not been obtained. 
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·when the position is doubtful, a note should be made to that effect. 
Green'Wich civ·il time ( GG) . In this column the Greenwich time 

of the observation should be recorded to the nearest whole hour. 
Two figures should be entered, according to the scale 00 to 24. When 
observntions are reported by mail only they are entered once daily 
at 12 hours G. C. T. All observations to be sent by radio are entered 
on Form 1210A. Radio weather reports taken at 00, 06, 12, and 18 
hours G. C.  T. ,  an� desired throughout the year from ships so 
authorized, if practicable. 

WIND 

Wind direction (DD) .-The direction of the wind to be recorded 
is the true direction, not the ma6rnetic. Its dir£•ction as given �y 
the compass should, therefore, be corrected for the magnetic varia­
tion and for the deviation, if this is large, as is :;ometimes the case. 

The direction of the wind is best ascertained by making use of 
the fact that the crest lines of the smallest ripple� on the sea surface 
are perpendicular to the direction of the wind. These ripples, as 
every seaman knows, are very sensitive to sudden changes in the 
character of the wind. Accentuation of them by a localized increase 
in wind velocity produces an apparent darkening of the sea surface, 
which serves to show the rate of travel of individual gusts or puffs. 
With wind forces of 6 (Beaufort) or more the ·wind direction may 
also be correctly estimated from the direction of the streaks of foam 
which are then formed. At night, however the observer may not 
be able to dif;tinguish the ripples on the surface, or, if it is raining 
very hard, the pattern of the wind ripples may be obliterated. In 
these circumstances use may be made of the "appar�nt" wind (sec 
p. 37) properly corrected for the movement of the ship. 

The direction of the win<l may be entered in the appropriate col­
umn on Fonn. 1210A either directly in terms of compass points or in 
code, accordmg to fl1e scale 01-32, in which 08= E, lu=S, etc. 
However, inasmuch as the wind direction must be coded in figures 
whenever an observation is transmitted by radi0, it is customary 
for most observers to enter the code number, and this procedure is 
preferred by the 'Veather Bureau. Therefore, observers who have 
been accustomed to recording the wind direction nirectly in terms of 
compass points are urged to make a practice of using the numerical 
scale instead. This scale is given in the code table for DD shown on 
the following paO'e. 

Occasionally the observer is confronted by a peculiar problem 
w�en . making an ?bservation. If. a squall _l1ap:pens to pass over the 
sh1p JUst at the tlme of observatwn the d1rectwn of the wind may 
suddenly change by an appreciable amount. The observer may not 
be able to tell whether the change represents a. definite and wide­
spread. shift _or simply a local di:;;tur�anc�, after the passage of which 
the wmd w1ll revert to the lhrectwn It had maintained prior to 
the s.q�all. If he b�liev_es that it represents a local and temporary 
cond1twn, he may tlunk 1t proper to record the wind direction which 
had l?revailed before the squall. The correct procedure in such a 
case I� . as follows : Record the 'Wind 

_
direction that happens to be 

pre1;azhng at the moment of observatwn, even if it may appear to 
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be 011ly temporary,- in coding the radio message, add the number 
67 to the code number appropriate to tlw obse1vved wind di1·ection. 
:rhis will indicate to the person receiving the mP.ssage that a squall 
Is occurring at the time of observation or has occurred during the 
preceding hour, and that any apparent peculiarity i n  the wind direc­
tion is to be regarded as having purely local significance. As a 
matter of fact, the number 67 should be added to t.he number for the 
wind direction whenever squalls have occurred during the hour pre­
ceding the observation, even if these squalls did not appreciably 
cl!ange the wind direction. More details in this connection are 
given in the section containing instructions for recording "present 
weather." -

Code table for DD ( wind direction) 
[Direction from which wind is blowing] 

������s I True directions � -���
-
�
-
��
-
·s
- I--

T
-
ru
_
o
_
d
_
lr
_
er
_
u
_
on
_
s
_1 

;;;;---�- Calm. 
01 N. by E. 
02 NNE. 
03 NE. by N. 
0_4 NE. 
05 NE. by E. 
06 ENE. 
07 E. by N. 
08 E. 
ou E. by s. 
10 ESE. 
11 SE. by E. 
12 sg. 
13 SE. by S. 
14 SSE. 
10 s. 

17 
18 
19 
20 
2-l 
22 
23 
2* 
25 
26 
27 
2L 
20 
:10 
31 
32 

S. by W. 
ssw. 
SW. by S. 
SW. 
SW. by W. 
wsw. 
W. by S. 
w. 
W. by N. 
WNW. 
NW. by W. 
NW. 
NW. by N. 
NNW. 
X. by W. 
N. 15 s. by E. I -' -------- --------- - --

Rapid and pronouneed changes of the wind should be noted under 
the heading "Daily Jom'l!_.al" on Form 1210A. In recording any 
large change the observer should SPecify the time at which 1t oc­curred, the direction of the change, and the force on the Beaufort 
S
scale ; for example, "at 10 a. m. wmd veered from SE, 3, through , to W, 8." 

Observers sometimes fail to distinguish bet-ween shifting winds 
n�d v.ariable winds. The term "shifting" applies to winds whose direction is changing in accordance with the movement or develop­
ment of some well-marked cycl onic or anticyclonic system. The t�rm ."variable" applies to weak winds ( force 3 or less) whose direc­�Ion 1s indefinite, coming in feeble puffs, first from one point, then rom another. The term "variable" should be applied also to the strong but short-lived winds which are associated with local squalls. 

Wind force (F) .-To an experienced observer the appearance of the sea surface serves as the best means of estimating the true wind 
fo_rce, just ns it affords the best means of ascertaining correctly the 
Wmd direction. However, the appearance and the roughness of the sea obviously depend upon a number of factors and not solely on the 
btrenB"th of the wind locally. The length of ti

'
me the wind has been 

. lowmg and the rate at which it is changing its direction and veloc-
1�Y are some of the more important influences. Consequently it is VIrtually impossible to lay down reliable criteda w11ich will be valid 
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at all times ; a precise knowledge of the relation of wind force to 
the appearance of the sea must be gained by experience. . 

In recording the force of the wind, the scale devised by Ad!mr!!-1 
Sir Francis Beaufott is employed . According to this scale, wlnch Is 
contained in the code table :for F below, the wind varies from. O, a 
calm, to 12, a hurricane, rated as the highest force ever attamed. 
"When a weather report is to be transmitted by radio, the proper code 
number for the wind force in the radio message is the same as the 
Beaufort number on the :form, provided that the wind force is not 
greater than 9. Since the lntemational Radio '"eat her Code per­
mits the sending of but one figure :for the wind force, winds of 
rrreater strength than force 9 m1ist be reported by radio in a special 
�anner. The procedure in such cases is as follows : If the w-ind 
force w 10, 11, or 12, Beaufort, the force .slwUld be reported in the 
-radio mesi:Jage as 9, but at the end of the report a word, "gale," 
"storm," or "hurricane,'' respecti1)ely, should be added in plain lan­
guage. However, the figure 9 should not be entered on the obser­
vation form for forces of 10, 1 1 ,  or 12. The higher :foree should be 
recorded there exactly as observed. 

Code ta ble (o1· P ( wind forc·c, Reaujo1·t .�cnle)  

.-----------.,-----·-- ---------- ---
B<•nufort number 

Zero . . . . . . . . . . . . . . . . . . . . .  Clllm .. . . .. .. . . . .. . . . . .. . . . . .. . . . _ _ _  - · - - - - · - - ·  
Ont• . . . . . . . . .. . . . . . . . . . . . .  Light airs . . . . . .. . . . . .. . . .. . . . . . . . . .  _ _ _ _  _ 

Two. . . .  . . .. . .. . . . . . . . . . . J,!�ht br<'Cze. _ . . . . . . . . .  . . . . . . . . . . . 
Three . . . . . .. .. . . . ... . . ..  Ocntlc breeze . _ . . . . . . . . .  .. . . . . . . . . . . . . . . 
Four . .. . . . . . . . . . . . . . . . . .  Moderatc brcczc . . . .. . . . .. . . . . . . . . . . . . . . . .  . 

Five . . .  - . . . ..  . . . . . . . . . . .. . :Fresh breeze. _ __ .. - - - - - - . .. . . . . . . . .. . .. .. _ _  . . .  . 
flix . . . .. . . . . . . . . . .. . . . . . . .. . Strong breeze. - - - - - - - - - . .. . . . . . . . . . . . .. . . . .  . 

fleven. _ . .. . . . . . . . . . . . . . . .  High wind (moderate gale) . . . .  _ . . . .. . . .  _ . .  . 
Eight. . . .. . . . . . ..  - - - - - - . . ..  Galo (fresh gale) _ _ _ _ _ _ _ _  .. . . . . . ..  _ . .  _ _ _ _ _  . - - �  
�!�� : : : : : : : : :  : : : : : : : : : : : ����� ::lg-.---� : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
����c-.:: : : : : : : : : : : : : : : :  I fi��rlc�nl!i_-: : :  : : : : : : : : : : : : : : : : : : : : : : : : : : : I 

Code 
figures 

0 
I 
2 
:1 
4 
5 
0 
7 
8 
9 
9 
9 
9 

• When lorce is in excess of strong !(ale the observer uses eodc figure 9 and adds word 
."gale,'' "storm,' '  or "hurricane" (as the case may be) to the end or tho tncssage. 

Assuming that the ship is in the open sea where there is an ab­
sence of appreciable current, and that the wind direction and force 
have remained essentially constant for a sufficient length of time so 
that the sea surface is in equilibrium, so to speak, with the ,yjwl, the 
following conditions usually are observed. W"ith force 0 (calm) the 
surface of the se..'t is glassy ; with force 1 the sea tends to be rippled 
in patches. ·with force 2 the entire surface of the sea is rippled and 
miniature waves several inches in height are :formed. One o:f the 
principal distinctions between force 1 a·nd force 2 is afforded by the 
distinctness w ith which the sea horizon may be seen on clear days. 
With :force 1 the horizon pre£ents an indefinite line whereas with 
:force 2 the horizon is quite sharply delineated. A '�ind force of 3 
produces a definite wave :formation with scattered incipient white­
caps making their appearance. Force 4 is characterized by numerous 
well-developed whitecaps, which give the ocean a spotted appearance. 
Force 4 produces a distinct sea which is easily distinguished from 
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any swell that may be prevailing. The difference in the appearance 
of the ocean surface between forces 4 and 5 is principally one of 
degree. However, with force 5 spume t�nds to be blown from the. 
breaking wave crests, whereas no such tendency is noticeable · with 
force 4. No attempt will be made here to describe the appearance 
of the sea surface with winds of greater strength, because these occur 
usually in the neighborhood of cyclonic storm centers where the rapid 
changes of direction and velocity do not permit the sea to reach a 
state of equilibrium with respect to the wind at any given time. 

The motion of the air is never perfectly uniform, hut is subject 
to incessant variations in direction and velocity. These variations 
are designated as "turbulence" or "gustiness." The occurrence of 
un�ua) gustiness should always be noted in the weather report. Un­
usual gustiness is reported in the radio message by adding 33 to the 
appropriate code number for the wind direction.. It should not be 
reported by describing or coding the state of weather us ''squally." 
Gusts are distinguished from squalls by their brief duration, by the 
absence of any special accompanying cloud formation and by the fact 
that the wind. does not vary appreciably from its average 'direction. 
Unusual gustiness may be defined us tlie condition prevailing whe.n 
the wind temporarily exceeds its average force by a full figure or 
more on the Beaufo1:t scale but continues essentially (i. e., to within 
two points) from the same direction. Cure should be taken that the 
average force of the wind is recorded, and not its force during the 
gusts. 

Tlw apparent and tlw true direction and fm•ce of tlw wind.-The 
apparent direction and velocity of the wind is the resultant of two 
lrloti.Qns, that , of the vessel ai1d that of the air. A,s an example 
of this, take the case of a vessel steaming westward 20 knots, and 
let the true direction of the wind be due north, or 8 points off the 
starboard bow, its true velocity 20 knots. Let A D (fig. 12) , repre­
sent the true direction and velocity of the wind ; B JJ the direction 
(we�t) and the velocity (20 knots) of the wind created by the 
lll?tiOn of the steamer. Then C D, the resultant of A D and B D, 
Wtll be the apparent direction and velocity of the wind as observed 
aboard the steamer ; i. e., the wind, while its true direction is due 
ll<?rth ( 8 points off the starboard bow) , and its true velocity 20 knots, h1ll apparently be N1V. ( 4 points off the starboard bow) , and will 

ave an apparent velocity of 28 knots. 

b 
The true direction of the wind is thus always farther from the 

ow than the apl?arent direction. 
The true veloctty of the wind is greater than the apparent as long 

as the apparent direction is aft of the beam. 
The true velocity of the wind is less than the apparent as long as 

the true direction is forward of the beam. 
. Haying observed the apparent force and direction of the wind, 
ln pomts off the bow, the true force and direction may be taken from 
the table on pages 110 and 111. 

The following examples will serve to illustrute the manner of using 
the table : 
. 1. Let the true course and speed of the vessel be SSW., 20 knots, the npparenl 1 orce of the wind, 0 ( deud cui m ) .  'l'he true direction of the wind is NNE. 

( 16 Points o!'f the bow) ; Its true force Is 5. 



38 INSTRUCTIONS TO MARINE ME'l'EOROLOGICAL OBSERVERS 

2. Let the true course and speed be WSW., 15 knots, and let the apparent 
wind be NW. (6 points off the bow ) ,  force 1 ;  referring to the table we see that 
the true direction of the wind in this case is 15 points off the bow (NE. by E. ) , 
and that Its true force is 4. 

3. Let the true course and speed be E., 10 knots, the apparent wind SW. 
( 12 points off the bow ) ,  force 3. The true direction of the wind is 14 points oti 
the bow ( WSW. ) ,  the true force is 5. 

4. Let t11e true course and speed be NE., 20 knots, the apparent wind SW. 
( 16 points off the bow) , force 6, the true direction is still S,V. ; the true force, 

however, is 9. 

20 IS 

Nor#! 
,t1 20 

IS 

S A? IS 20 

I.V�st 8>-----�----�----L--E�·� - - .L - - - .L - - - .1. - - -)', 81 Easl' - I 
LJirect'ion and �locitv or 
the Mi7o' due m #le n?olion 
or the //esse/ 

11 ' "" I '<. I 
�s ', I 
I '<� I 
I 

, 
I 

!r/O .... 
,� l 

11 ' , "" I .(0 
r$ ' I 
I ' I 

, �,_ I I < I H'' t_ _ _ _  - - -· - - - - - - -�C' 
Jbuth 

Flm:nH 12.-True direction and velocity of the wind determined from the uppnrent wind 
nnd motion of vessel. 

WEATHER 

In the column headed "Present weather" ( ww) on Form 1210A, the 
state of the weather must be indicated by entry of one of the num­
bers (00 to 99) in the following code table for ww. Figures are 
necessary in preparing the radio message,s. Only one number (two 
figures) can be sent, but more than one number for weather may 
be entered on the form, if appropriate. If two or more numbers 
are entered, they should be separated by dashes or written one above 
the other. 

1Vhen two or more numbers are entered to describe the state of 
the weather, the observer should be guided by the instructions which 
follo\v in q,e next section a� to which number is the more important 
for the radio message ; provided, of course, that the vessel is scheduled 
to send a report by radio. 
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Code table for ww (present weather) 

ADDIU."'VIATED DESCRITYl'IO:\' OF SKY AND SPECIAL PHEN010:NA 

00 Cloudless. 
01 Partly cloudy. 
02 Cloudy. 
03 Overcast. 
04 Low fog, ou ground or over sea. 
05 Haze ( visibility 1,000 m., 1,100 yards or more ) .  
06 Dust devils seen. 
07 Distnnt lightning. 
08 Light fog (visibility between 1,000 and 2,000 m., 1,100 and 2,200 yards ) .  
09 l•'og at a distunee, but not a t  the ship. 
10 Precipitation within sight. 
11 Thunder, without precipitation at the ship. 
12 Dust storm within sight, but not at the ship. 
13 Ugly, threatening sky. . 
14 Squally weather. 
15 Hea,·y squalls } 16 Waterspouts seen in last 3 hours. 
17 Visibility reduced by smoke ( industrial, grass or forest fires ) ,  or voicani<' 

ashes. 
18 Dust storm (visibility gt·eater than 1,100 ynrds ) .  
lfl Si�ns of tropical storm ( hurricane) .  

PJU:CIPJTATION l:\1 LAST HOUR llL"l' NOT AT T I M I!l  m• OBSERVATION 

20 l'recipltution ( ruin, drizzle, lmll, snow, or sleet) 
21 Drizzle } 
22 Rain 
23 Snow other thun showers 
24 Ruin and snow, mixed �-)� Ruiu shower �s) 

u Snow shower ( s )  27 Hail or rain and hail shower ( s )  
28 Slight thunderstorm 
2fl Heavy thunderstorm 

In last hom· but not ut t ime 
of observation. 

!lUST STOR M S  ANJJ S'J'Ol!l[S OF DRIFTING SNOW 

(Vfslb111ty less than 1 ,000 m., 1 , 100 yards) 
30 Dust or sund storm. 
31 Dust or sand storm lllls decreased. 

� g�=� �� ���� :����· ���s ����:���-
e change. 

34 Line of dust storms. 
35 Storm of drifting snow. 
37 Heavy storm of drifting snow generally low. 36 Slight storm of drifting snow � 
38 Slight storm of drifting snow 
30 Heavy storm of drifting snow generally high. 

�·oo 

(VIsibility less thun 1,000 m., 1,100 yards) 
40 Fog. 
41 :\Ioderate fog in last hour} . 
42 'l'hlck fog in last hom· but not ut tune of observation. 
43 Fog, sky discernible } 1 . 
44 Fog, sky not discernible has become thinner <luring lust JOUL 

:g ���: =�: ���c������lble }no appreciable chunge during last hour. 

!� ���: :�� ��t�i�����ible}lJUs begun or become thicker dlll'ing last hour. 

49 Fog in patches. 
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DIIIZZ!.E 

GO Drizzle. 
( Preclpltntlon conslstlns; of numerous m inute drops) 

51 Intermittent} . 
i\2 Continuous shght drizzle. 

G3 Intermittent} 
fi4 Continuous moderate drizzle. 

55 Intermittent} . 
[i(l Continuous thick dr1zzle. 

57 Drizzle and fog. 
fi8 Slight or modemte '\...., 1 1 d i 59 '.rhick sur zz e nn rn 11.  

00 Rain. 
til lntermittent}"ii  •ht . 1 
<12 Continuous ·· g 1 a n. 

�� g������������lt }moderate rain. 
(i!i I ntel:mittent}t.eaV'' rnin (i(j Con tmuom; J • 
li7 Ra in and fog. 

RAIN 

(i8 Slight or molh•rnte} . .  
(i!J Hein·�· 1 um und snow, mi xPll. 

H:'>OW 
70 Snow ( or snow and rain,  mixed ) .  
7 1  Intermittent} . 
7� Continuous slight :,;now 111 Hakes. 
77

4
3 1< �tett:mittent}mollct·atc snow in flakt>s . . on ·muous 

7!i Intel:mittcnt}lteavy snow in tlulws. 76 Contmuous · 

77 Snow and fog. 
78 Gru1!1s of snow ( fi"07A•n dt·izzle) .  
79 Ice crystals ; or frozen raindrops (slcet-U. s. definition ) .  

SHOWEit ( S )  
E-O Shower ( s ) .  
81 Showe1· ( s )  of slight or modcrute } rain 82 Shower ( s )  of heavy · 
sa Shower ( s ) of slight or moderate lsnow 1-:4 Shower ( s) of heavy · 
85 Shower ( s )  of slight or moderate ruin and snow. 86 Showet· ( s )  of heavy 
87 Shower ( s )  of snow pellets ( soft hail ) .  
88 Shower ( s )  of slight o r  modemte}huil ot· ruin and hull. 
89 Shower ( s) of heavy ' 

THUNDEHSTOII!I[ 
!)() Thunderstorm. 92 Snow, or ruin and t hnnde1·storm clnring last hour, but not a t  time of 
91 Ruin ut time l 

snow, mixed, at observation. 
time 

93 'l.'hunderstorm, slight without hail, but with rain (ot· snow) ) 
94 Thunderstorm slight with hail 
Uri Thunderstorm moderate without hail, but with ruin ( or snow) t ti 

f 
00 Thunderstorm moderate with hail u me 0 

li7 Thunder:>torm heavy without hail, but with ruin ( or snow) observation. 

98 Thunderstorm combined with dust storm 
00 Thunderstorm heavy with hail 

Situations may occur, however, in which it is especially difficult to 
decide what is the proper number for the radio message. If the 
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observer has entered more than one number for present weather and, 
after referring to the instructions, is still in doubt as to which one 
to send in �the radio message, he; should send the highest n�m?er · 

e�tere<U I< or example, with entries of 02, 10, 25 (cloudy, pre<;)q)}ta­
tiOn within sight, ram showers in last hour) he should send the num-
ber 25 by ra�io. . . . I,n the Daily Journal the weather may be descnbed briefly m 
plam language, abbreviations, Beaufort notation, or by number� preceded by "weather" or "wea." For example, "wea. 03, 10, 14, 1!> 
\�'ould indicate "overcast, precipitation within sight, squally weather, 
�;Jgns of a tropical storm." 
. ErJJplanatory rema1'lcs on the code table for "Present weather" and 
zn�t:uctwm as to its use.-Since t he publication of the previous 
edition of this manual, the application of new methods of analyzing 
well;ther reports for purposes of forecasting and making meteoro­logical studies has served to emphasize the great value of accurate "present weather" observations from ships. This applies p articu­larly .t? the correct identi fication of the various precipitation forms. ProvisiOn has been made in the Intemationul Code for a l arge nmn­her of "present weather" descriptions, as is obvious from a glance at the code table . 

. The. table is u ivided into 1 0  "decades," i. e., in to  1 0 groups, each of wh�ch contains 10 ll l1111Ut\l'S. These decades, which correspond to 
] () nuun types of weat.hel', are nmuhel'ed 0 to n. The first digit of any number in the table indicates the decade to which that particular number beJongs. 
I 

After the observer has selected the docade which best applies to t le prevailing weather conditions,. he should pick out from that particular decade the number which most correctly describes .the '!:e�ther ut the tim� of observation or ?uring the h<?ur prece�mg. 
N either when sele.-etmg the decade nor m the determmntwn of the 
co�plete number must account be taken o£ weather phenomena 
winch occurred more than 1 hour prior to the time of observation 
(except in cases ww = l5 or 16) . Occusionnlly it will be appropriate 
to select numbers from two or moi·e different decades for entry on 
the observation form, us illustrated above. However, in selecting the P

b
roper decade and number for transmission in the radio message, the 0 se�ver should remember that correct and explicit information re­

gardmg types of precipitation is of the most value, both to the Gov­
ernment forecaster and to the mariner who is constructing his own 
':eather chart. An accurate report of hydrometeors (i. e., precipita,­
twn forms) not only tells what kind of air mass is present but also 
what kind of thermodynamic process is taking place aloft, the 
knowledge of both of which is of great assistance i n  drawing an in­
fere,nce as to the weather of the future. Therefore, as fa.r as the 
1'adw n�s�age is concerned, monbers 00-18 should be 1t8ecl only when 
no P?'e�pz�ation ltas occurred d!ztring the preceding lwwr, and also no 
P1'ecnl!�tat�on �tt the tirne of obsel'vation. . . 

,It IS rnost unportant that the number 19 be sent when It upphes. 
'" hen .the ship is in tropical or subtropical waters . of the N01;th 
Atlantic Ocean, the Caribbean Sea, the Gulf of Mexico, or the I a-

1 Exceptlonul cuscs In which this rule does not hold wfll be noted Inter. 
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cific Ocean off the coast of Mexico or Central America, and there it> 
evidence of the formation of a tropical disturbance, the number 19 

from the "present weather" table should be sent in the radio mes­
sage. Even if the ship is not scheduled to send daily radio re�<?rts, 
a SPE'£ial observation should be sent by radio to "Observer, Was mg­
ton;' when on the Atlantic side and to "Observer, San Franoisco" 
when on the Pacific side. The Government will pay the toll charges 
on the message. 

In selecting the proper number from the table for "Present 
weather" the following will be of assistance : (a) A number from decade 2 (numbers 20-29) may be used �n 
combination with a number from some other decade for entry m 
the observation fonn, but a number from 20 to 29 should be included 
in the radio message only in the case of p1·ecipitation dwring the "f:ast 
hour{ never when precipitation is occurring at the time of observat1on. 

(b J Decade 3 ( munbers 30-39) will apply only very rarely, since 
the numbers contained in it refer to phenomena that occur primarily 
over land. 

(c) Decade 4 ( numbers 40-49) should be recorded only in the case 
of moderate, thick, or dense fog without actual precipitation. The 
horizontal visibility must be less than 1 kilometer ( 1,100 yds.) . Fog, 
together with actual precipitation, should be reported by one of the 
numbers 57, 67, or 77. 

(d) Decade 5 ( numbers 50-59) should be recorded only in the case 
of drizzle, i. e. fairly unifonn precipitation ( with or without fog) 
consisting of tiny and extremely numerous droplets which appear 
almost to float in the air. Drizzle usually falls out of a continuous, 
dense and low layer of stratus cloud. It should always be carefully dis­
tinguished from tine rain. Small raindrops falling from broken 
shower-type clouds should never be cla&c;ified as drizzle. Two criteria 
which may be helpful in diRtinguishing drizzle from Hght rain are : (1 )  Drizzle droplets falling on absolutely calm water do not produce 
notic-eable ripples when they strike the surface ; (2)  drizzle is charac­
teristically accompanied by a horizontal visibility of less than 2 
nautical miles. 

· 

If 'precipitation is not occurring at the time of observation but there 
has been drizzle in the preceding hour, one of the numbers in decade 
2 should be used. If ordinary rain falls simultaneously with drizzle 
at the time of observation, one of the numbers 58 or 59 should be 
used. If fog occurs simultaneously with drizzle, the number 57 should 
be used. (e) Decade 6 (numbers 60-69) should be used only in the case of 
f�irly continuous precipitatior: of ?rdinary raindrops from a con­
tmuous cloud sheet. The sky m this case IS, as a rule covered with 
a layer of rain clouds forming from an altostratus system or with 
a _uni�ormly gray but .relatively high c�nopy of clouds, generally 
with formless masses of cloud below (which may even be present :in 
such quanti�y �hat tl�e upper clou_ds are completely hidden ) .  

If no ram IS fallmg at the time of observation but has fallen 
during the f.r�cedin� ?our, one of t�1e numbers in 

'
decade 2 should 

Le used. I , m additwn to the ordmary or large raindrops there 
are also considerable amounts of very small drops one of th� num­
bers 58 or 59 of the preceding decade should be {lsed. 
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( f) Decade 7 (numbers 70-79) should be used only in the case of 
o!dinary snow l grains of snow, or ice particles ; that is, fairly con­
tmuous precip1tation in solid form from a continuous cloud s;heet. 
The sky in this case is generally covered with a layer of snow 
clouds formin� from an altostratus system, or with · a uniformly 
gray but relatively high canopy of clouds, generall� with formle�s 
�asses of cloud below ( which may even be present m such quanti­
ties that the upper clouds are completely hidden ) .  Sometimes, how­
ever, as when isolated snow crystals or small snowflakes fall, the sky may be covered with a layer of stratus of stratocumulus. 

Numbers 71 or 72 should be used only when isolated snow crys­
tals. fall without causing the horizontal visibility to become les� than 4 lnlometers (2lh miles) . Numbers 73 to 77 should be used m the 
case of ordinary snowfall. The numbipr 78 should be reserved for 
granular snow (see Glossary) . 

'rhe number 79 should be used for ice crystals or for frozen rain­
drops (grains of ice) . These two phenomena, which are rarely, if yer, observed at sea1 are qu1te unlike in char:tcter. Furthermore, t �ey do not occur Simultaneously. The recipient of the message Will be able to judge which one is meant. I� no snow is famng at the time of observation, but has fallen dunng the lrecedin� hour, one of the numbers in decade 2 should be. used. I t in addition to the precipitation i n  solid form, ordinary 
br

am also falls, the numbers 68 or 69 of the prececling decade should 
e used. 

(g) Decade 8 (numbers 80-89) should be used only in the case �! precipitation of a showery chamcter, but no thunderstorm, at the 
IIle of observation. The showery character is distinguished not bn � by �he rapid beginning and cessation of the precipitation, and 
Y Its Widely varying intensity, but also, and primarily, by the ap­

I.Jearance of the sky-rapid alternation between clark threatening s 10Wer: clouds and short bright periods, often with deep-blue sky. �ometm�es there is no definite bright period between showers, which s due mther to a layer of high cloud (often the forerunner of n. fii:t 
d

rain area) or to the spaces between the shower clouds being 
t e u� !fit� low but lighter clouds. It may also happen that he . preCipltatwn never completely ceases between the showers ; the a�nhal of a shower cloud is then manifested by a sudden darkening 
to 

t� e sky and by a sudden increase in the intensity of the precipi­a Ion. 
(h) De<:ade 9 (numbers 90-99) should be used only in the case �.f a t�understorm ; that is, precipitation at the time of observn-IO(� With thunder at the same time or during the preceding hour. 1) When precir?itation has been going on for a long time, the �bserver �as no difficulty in deciding whether it is of the shower /Pe, contmuous type, or intermittent type, but when the precipita­

'
Iln has �nly recently begun the observer may often find it diffi­

cu t to decide to which type the precipitation belongs . 
. �ec�mmendations regarding the procedure :for reporting pre­��pit�tiOn that has recentld. begun are as follows : If the precipita­

i 
Ion 1s not clearly of the 'shower" type, the observer should report t by one of the numbers of the appropriate decades, according as �096158--41-4 
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it is "drizzle," "rain " or "snow." In determining whether the pre­
cipitation is of the ,

z
continuou,s" or "intermittent" type, the observer 

should be guided by the character of the precipitation during the 
period since it began and by his experience of the weather of the 
last three hours. (j) Use of the numbers 20, 30, 40, 50, 60, 70, 80, 90 must be 
avoided if possible. The descriptions accompanying these numbers 
are not specific enough to be of any great value. 

_The null!bers 
have been introduced m the table solely to meet certam except10nal 
case.s, such as when the observer is unable, because of darkness, to 
determine which number in the complete scale should be us�d. It 
is desirable that their use be strictly confined to unusual circum­
stances of this sort. 

(k} When the choice o:f a number :for the radio message is defi­
nitely limited to the selection of either 02 or 03, it is important to 
make a careful distinction between a �ky that is 10/10 covered with 
clouds (overcast} and one more than 9/10 covered but less than 
overcast. Therfore, 03 (overcast) should be reported only when 
an unbroken cloud sheet covers the sky ; that is, a cloud layer with­
out anr openings. 

(l) Observers should not send the number 14 ( squally weather) 
for "present weather" in the radio me.ssage.2 "Squally weather" 
has too general a meaning ; it does not give a sufficiently accurate 
description of the state of the weather. Close examination of vessel 
weather reports indicates that observers sometimes describe the 
state of weather as "squally" if the wind is unusually gusty (as 
is frequently the case when it is blowing hard) . At other times 
"squally" is used to describe the occurrence of isolated, definite 
squalls or heavy showers associated with cumulonimbus (Cb) clouds, 
which pass over the ship at most once or twice an hour. 

The two phenomena are quite different and should not be con­
fused. A distinction between them is incorporated in the Interna­
tional Code for recording wind direction (DD ) .  The phenomenon 
of unusual gustiness is indicated by the addition of 33 to the appro­
priate number for the true wind direction. That of isolated squalls 
IS · indicated by the addition of 67 to the appropriate number :for 
the true wind direction, if the squalls have occurred at the time of 
observation or during the hour preceding it. To illustrate, for a 
west-southwest wind the observer will use the number 22 in the wind 
direction code table, but if the wind is unusually gusty he will add 
33 ; consequently he should use the number 55 for the wind direc­
tion. Another example : For a north-northwest wind the observer 
will "?se the number. 30 in the table, but if � squall is occurring at 
the time of observatiOn, or has occurred durmg the preceding hour, 
he will add 67 ; consequently, he should use the number 97 fur the 
wind direction. 

BAROMETRIC PRESSURE 

In the column headed "Barometer as read," which is :found near 
the left margin of Form 1210A,. the observer should record the ba­
rometer exactly as read (i. e., without application of any corrections 

• With this exception : In the tropics during the hurr!cance season the number 14 maY 
be used when the weather appears to be abnormally squally. Such a condition may lndl· 
cate that a tropical storm Is forming. 
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whatever) to the nearest hundredth of an inch, tenth .of a millimeter, 
or tenth of a millibar Particular care must be taken to make cer­
tai� that the reading · obtained is correct, as even the most consci­
entiO.us observer is prone on occasions to misread the barometer by 
0.10 mch or 10 millibars (depending upon the scale .of the barometer) 
or multiples thereof. Errors of this sort, usually committed wh�n 
a hurried observation is made, can be eliminated i f  the observer will 
make it a practice to verify the original observation by taking a check reading. Since the accurate reading of the barometer depends large!y upon a familiarity with the construction and adjustment of 
�he mstrument, detailed instructions for its reading have been 
mcluded in part HI. When the barometer is pumping the observer should take two or three pairs of readings. Each pair should contain one of the highest and one of the lowest readings obtainable. The reading to be recorded is that which is obtained from averaging the whole set. 

4ttached thermometer.-!£ the reading is obtained from a mer­c
h
uria� barometer the temperature indicated by th� small th�rmometer 

t at Is affixed to the barometer must be entered m the adJacent col­unm to the left, headed "Attached thermometer" ;  this is necessary in order that the height of the mercury in the barometer tube may be properly corrected for temperature. The reading shown by the at­tached thermometer represents the temperature which the instru­ment, as a whole, has assumed. It should be obtained before the bctual barometer reading is made, because heat from the observer's od:y may, after a moment or two, cause the attached th�rmometer to rise shghtly and to indicate a temperature somewhat h1gher than that of the mercury in the barometer. , 
_ If the barometer is an aneroid, with attached thermometer, the 
!e�perature should be entered. If there is no attached thermometer It Is desired, when practicable to make an entry in the "Attached thermometer" column of the r�ading of a thermometer in the same room. ' 

Bar,0'11'feter co1'1'ected.-A third column is provided near the left margm m which should be entered the reading of the barometer after fll �ecessary corrections have been applied, including the correction or ms�ru�ental error furnished by the 'Veather Bureau. This last clrrectJ?n mcludes reduction to sea level when the barometer em­p oyed IS an aneroid. The observer need not make an entry in this column, unless the observation is to be transmitted by radio, in which case he must, of course, apply the corrections himself. However, �hen a mercurial barometer equipped with a Gold scale is used in tak-1£g �he_ observations, the corrected as well as the uncorrected readings F t e mstrument should always be entered in the spaces p rovided on . or.m, 1210A, as the Weather Bureau does not attempt to establish m1;v1dual corrections for mercurial barometers with Gold scales. arometer as coded (PP) .-When the barometer reading is to be beporte.d by radio, the observer must use the code table for PP 
t 

e�lw If the scale of his barometer is graduated in inches. This a e enables one to convert inches to millibars. The proper way to hse the �able is as follows : Find in the table ( in one of the columns ea
d
d�d lllches) the value which is closest to the corrected barometer rea mg. In the column just to the right will be found the equivu.-
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lent value in millibars. In the column just to the left will be found 
the proper code number. This number should be entered on Form 
1210A under the heading "PP Barometer as coded." It will be seen 
that the code number always 

'
consists of the last two figures of the 

reading as expressed in millibars. Consequently, observers who have 
barometers with the millibar scale do not need to refer to the code 
table for PP. In this case the last two figures of the co�rected 
barometer reading to the nearest whole millibar are entered directly 
in the "Barometer as coded" column on Form 1210A. 

Code 
llgures 

---

25 
26 
27 
28 
211 

30 
31 
32 
33 
34 

35 
36 
37 
38 
39 

40 
4 1  
4 2  
43 
44 

45 
46 
47 
48 
4\l 

50 
51 
52 
53 
54 

65 
50 
57 
58 
60 

60 
61 
62 
63 
64 

65 
66 
67 
68 
6\l 

Code table for PP ( Corrected barometer reading) 

[In millibars and Inches] 

Inches Mllll· Code 
Inches Mill!· Code Inches bars llgures bars figures 

--- --- --- --- --- --- ---

27. 32 1125 70 28.64 1170 15  211. 97 27.34 ll26 71 28. 67 1171 16 30. 00 
27. 37 1127 72 28. 70 972 17 30. 03 27. 40 1128 73 28. 73 ll73 18 30. 06 27.43 11211 74 28.76 1174 Ill 30. 0\l 
27. 46 1130 75 28.7\l ll75 20 30. 12 27.4\l 1131 76 28. 82 1176 21 30. 1.� 27. 52 1132 77 28.85 1177 22 30. 18 27. 65 033 78 28. 88 1178 23 30. 21 27. 68 034 711 28.\ll 11711 24 30. 24 

27. 61 935 80 28.94 ll80 25 30. 27 27. 64 1136 81 28.U7 1181 26 30. 30 27. 67 937 82 211. 00 082 27 30. 33 27. 70 938 83 211. 03 ll83 28 30. 36 27. 73 11311 84 211. 06  1184 211 30. 311 
27. 76 040 85 211. 00  1185 30 30. 42 27. 79 041 86 211. 12 1186 31 30. 45 27. 82 042 87 211. 15 1187 32 30. 47 27. 85 043 88 211. 18 ll88 33 30. 60 27.88 044 811 211. 21 118\l 34 . 30. 53 
27. \ll 045 llO 211. 23 000 35 30. 56 27. 04 046 Ill 211. 26  lllll 36 30. 6\l 27. 00 047 92 211. 29  llll2 37 30. 62 27. \lll 048 113 211. 32 llll3 38 30. 65 28. 02 9411 04 211. 35 904 39 30. 68 
28. 05 1150 115 211. 38 006 0 40 30. 71 28. 08 1151 ll6 211. 41 llll6 41 30. 74 28. 1 1  1152 ll7 211. 44 007 42 30. 77 28. 14 1153 118 211. 47 llll8 43 30. 80 28. 17 1154 00 211. 50 000 44 30. 83 
28. 20 1155 00 211. 53 1, 000 45 30. 86 28. 23 056 01 211. 56 I, 001 46 30. 89 28. 26 ll57 02 211. 59 1, 002 47 30. 112 28. 29 1158 03 211. 62 1 , 003 48 30. \lS 28. 32 9511 04 211. 65 1, 004 40 30. 118 
28. 35 ll60 05 211. 68  I, 005 60 31. 01 28. 38 001 00 211. 71 1 , 000 lil 31. 04 28. 4 1  1162 07 211. 74 1, 007 ! li2 31. 07 28.44 003 08 211. 77 1, 008 53 31. 10 28. 47 004 00 211. 80 I,  OOil 54 31. 13 
28. 50 005 1 0  211. 83  I, 010 55 31. 15 28. 53 ll66 I !  211. 85 I, O i l  56 31. 18 28. 56 007 12 211. 88 1, 012 67 31. 21  28. 58 ll68 13 211. 111 I, 0!3 58 31. 24 28.61 ll6ll 14 211. 04  I ,  014 60 31. 27 

Mill!-
bars 

---

1, 015 
1, 016 
I, 017 
1 , 018 
1, Olll 

1, 020 
1, 021 
1 , 022 
I, 023 
1, 024 

1 , 025 
1, 026 
1, 027 
1, 028 
I, 02ll 
1 , 030 
1, 031 
1, 032 
I, 033 
I, 034 

I, 035 
I, 036 
I, 037 
1, 038 
I, 039 

1, 040 
I, 041 
I ,  042 
I, 043 
I, 044 
I, 045 
1, 046 
1, 047 
1, 048 
1, 04\l 

I, 050 
1, 051 
I ,  052 
1, 053 
I, 054 

1 , 065 
1, 056 
1 , 057 
1, 058 
I, 059 

It will be �een also that the .co�e figures ma;y represent two values of barometenc pressure, but th1s 1s true only w1th a very high or very low barometer reading. For example, the code figures 48 may be used :for barometer readings of 28.00 and 30.95. In such cases the 



INSTRUCTIONS 'fO MARINE ME'l'EOROLOGICAL OB8ERVERS 47 

!ecipient of the radio message will be able to decide which value is Intended. 
If the observer's barometer is graduated according to the milli­met�r scale it will be necessary for him to refer to the table, "Co'n­Yerswn of millimeters to millibars," on page 109 of this manual. 
Observers who are not scheduled to transmit weather reports by radio need not enter any figures in the "Barometer as coded' column. 

VISIBILITY 

O�servations of visibility (V) should be made in accordance with 
�e International scale, which is given in the code table for V, below. n1 e code figure from this table s�o�ld be ente�ed in the "Vi�ibility" C? umn on Form 1210A. When It IS not possible to determme pre­c��ly what figure in the scale most accurately describes the con-
t
d
hi

tion, the entry should be made according to the best judgment of e observer. 

Code 
figures 

0 
I 
2 
3 
4 
5 
6 
7 
8 
0 

Code table for V (visibility) 

Vislblllty 

Dense fog. (Objects not visible at 50 yards.) 
'fhlck fog. (Objects not visible at 200 yards.) 
Fog. (Objects not visible at 500 yards.) 
Moderate fog. (Objects not visible at H nautical mile.) 
Thin fog. (Objects not visible at 1 nautical mile.) 
Poor vislbUity. (Objects not visible at 2 nautical miles.) 
Moderate visibility. (Objects not visible at 6 nautical miles.) 
Good visibility. (Objects not visible at 10 nautical miles.) 
Very good visibility. (0bj6<'ts not visible at 30 nautical miles.) 
Excellent visibility. (Objects visible at mora than 30 nautical miles.) 

t h Horizontal visibility is often very useful as an indicator of the 
· . e.b�'!-1 s�ructure of the lower atmosphere. As a general rule, the 

�ISI Ihty Is good when the air temperature is lower than the sea 
f�mper.at�re and very poor when the reverse holds true. The reason 
t r this IS that when the air temperature is lower than the sea 
1 emperature there is a transfer of heat from the sea to the lowest 
t}{ers of the atmosphere. This will tend to make the atmosphere 
te edmally unstable and favor active vertical mixing, which in turn 
t1 

s to disperse haze or fog particles that may have accumulated � ow1 Ievels. An unstable atmosphere is characterized by cumuli-orrn c ouds and a showery type of weather. 
t 

On the other hand, when the sea temperature is lower than the air 
1 ernperature it follows that there is a transfer of heat from the lowest 
a�yers of the atmosphere to the sea. This will tend to make the 
w�ohp�ere thermally stable and prevent active vertical mixing, 
c I� In turn favors the accumulation of haze at low levels. The 
a�ohng of the surface air also favors the production of fog. A stable 
sumo�phere is, therefore, characterized by poor visibility and, if it is 

T 
c�ently moist, by fog, low stratus clouds, and drizzle. 

t his shows that an accurate report of visibility may often serve 
r
o supplement the description of the character of the weather as e
}orted in the "present weather" column. 

sh slands or mountains, whose distance from the observer is known, ould be used whenever possible as objects on which the estimate 
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of visibility may be based. Otherwise, use may be made of another 
ship or the horizon. The latter, when viewed from the level of the 
bridge (30 to 40 feet above sea level) ,  appears at a distance of 6 to 7 
nautical miles. · 

Table 10 on page 113 gives the distance of visibility of objects at 
sea. 

When isolated showers are within sight, but are not occurring; at 
the ship, the obse�vati<;m of visibility should

. 
be ma�e . in . a direc­

tion where the horizon IS not obscured by fallmg preCipitatiOn. 

TEMPERATURES 

Temperature of the air (TT) .-Air temperatures prevailing at 
sea are far more representative of the general thermal conditions in 
the lower layers of the atmosphere than the temperatures observed 
at land stations, where local mfluences must be taken into account. 
Accurate reports of air temperature from ships are a valuable aid 
in forecasting, especially when they are used in conjunction with 
observations of water temperature. Because of their representative­
ness, they are indispensable to all studies of large-scale fluctuations of 
climate. For these reasons it is most important, when taking an 
observation, to make sure that the true value of the air temperature 
is obtained. 

In order to obtain the true temperature of the air, it is necessary 
that reliable thermometers be employed and that they be properly 
exposed and accurately read. When practicable, thermometers should 
be compared with a standard instrument, and if an appreciable error 
is shown to exist a correction should be applied to the readings. 
Compario;;ons may be made at any ·weather Bureau office. The 
Weather Bureau will gladly furnish information regarding the pur­
chase of reliable thermometers. 

Proper exposure of thermometers is absolutely essential. If a 
thermometer is simply fastened to the deck house or to a, bulkhead 
it will rarely, if ever, register the true air temperature. In this 
position the instrument may give readings that are 20° F. or more 
too high in the presence of sunshine and absence of wind. It is, 
therefore, strongly recommended that a portable thermometer be used. 
It will then always be possible to measure the air temperature on the 
weather side of the ship, where the thermometer will be freely ex­
posed to the wind and unaffected by artificial sources of heat. A de­
tailed treatment of the problem of thermometer exposure on board 
ship is contained on pages 25 to 27, wh ich observers are asked to 
I'ead carefully. 

Care must be taken to read the thermometer correctly. It may 
happen that the observer glances at the instrument rather hastily 
and fails to m.ake an accura�e mental note of the positions of the 
numbers opposrte the graduations of the scale. This sometimes leads 
to an error of an even 5° or 10° in recording the temperature. 

The air temperature should be read and entered on the form to 
the nearest tenth ?f .a degree, Fahrenheit (or Centigrade) , if possi­
ble. 'Yhen the ship I S  scheduled to send. a meteorological observation 
by radi? to the Weather Bureau, �he air temperature should be re­
ported m whole degre�, Fahrenhmt, according to the scale 00 to 99. 
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Temperatures below 0° F. or above 100° F. may be encountered 
on very rare occasions, but only when the ship is extremely close 
to the land, in which case it is not necessary to send a radio report. 
Consequently, no provision is made herein for the reporting of tem­
peratures outside these limits. 
. If temperatures on the Centigrade scale are converted to readings 
� n  degrees Fahrenheit for entry on Form 1210A, care should be taken 
1n the use of the conversion table. Observer8"sometimes take tem­
peratures from the wrong line, thus obtaining Fahrenheit readings 
that are jn error by the equivalent of 1° ,  5°,  or even 10° C. ; for 
example, the reading 15.6 is by mistake converted to degrees Fahren­
heit when the actual reading Is 5.6 C. 

1'emperature of the ocean surface.-The temperature of the ocenn 
su.rfacc has a more or less marked effect upon the weather and the 
C�Imate of adjacent land areas, depending upon the relative posi­
hon of water and land with respect to the prevailing winds. It 
exerts, also, a considerable influence upon the character of the 
weather experienced at sea. The general and accurate observance 
of the temperature of the surface water of the oceans, particularly 
of the principal currents, is, therefore, a matter of greatest im­
portance. In order to obtain the true temperature. of the sea surface 
It is necessary, just as in measurin� the temperature of the air, that 
a reliable thermometer be employed and that it be properly exposed 
and accurately read. · 

The sea-surface temperature may be obtained either by measuring 
the temperature of a sample of water hauled up from the sea in a 
bucket or by measuring the tempe1:nture of the water that flows 
through the injection pipe to the cooling system in the enwne room. 
When the bucket method is used, the observer should follow the 
instructions given below in order to attain the greatest possible 
accuracy. 

1. Use a dry bucket, or at least empty all residual water before a 
throw. 

2. From as far forward as possible, - heave the bucket overboard ; 
if the bucket is warm from exposure to sunshine or contact with 
steam pipes, give it time to cool off before hauling it up. · '  

3. Haul up the bucket as  quicldy as is  consistent with getting 
most of its contents safely on deck without spilling. 

4. Carry the bucket immediately to a sheltered place where wind 
or sunshine cannot affect the original temperature of the sample. 

5. Plunge the thermometer into the bucket and stir the water with 
it until the thermometer has taken on the temperature of the water. 
This will be indicated when the instrument shows a constant tem­
perature. A thermometer with a cylindrical bulb responds more 
readi!J to temperaiure changes than one with a spherical bulb. 

6. Read the thermometer, but in so doing do not rem0ve it . from 
the bucket. Tilt  it within the bucket so that the scale can be viewed 
squarely, but make sure that the bulb of the thermomet�r remains 
under water. At night the entire buclcet should . be CIU?'Ied to �he 
nearest deck light (unless the observer has provided hi!ns�l£ with 
a. flashlight) ; the thermometer should be read there while Its bulb 
is still in the water. 
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7. After every observation, leave the bucket upside down in order 
that all the water may drain out. 

When the condenser-intake method is employed, the observer will 
be obliged to secure the reading by telephoning to the engine room. 
In this case he should make sure that the reading reported to him 
by the engineer on duty is the temperature of the water flowing 
through the injection pipe at the time of the meteorological observa­
tion and not the last entry made in the engine room log. He should 
satisfy himself, also, that the en�ineers are sufficiently interested in 
the mereorological work to reabze the importance of reading the 
intake thermometer accurately to a fraction of a degree, if possible. 

In the column on Form 1210A, headed "Temperature of water," 
the reading obtained mtuJt be entered to the nearest whole degree 
Fahrenheit or half degree Centigrade as a minimum standard of 
precision. Better still, if circumstances assure the possibility of 
securing greater accuracy, the reading to the nearest tenth of a 
degree -Fahrenheit or Centigrade should be entered. A common 
practice has been to read the thermometer to the nearest even-num­
bered Fahrenheit degree or nearest whole Centigrade degree. Such 
readings are practically useless. 

If the severity of the weather is such as to exclude the possibility 
of making a bucket observation on any particular daY:� ollservel'S m 
the habit of using the bucket method should leave tne space for 
water temperature blank. A condenser-intake reading shoula not be 
recorded as a substitute unless it is so labeled. 

The various problems and difficulties connected with the taking of 
sea-surface temperatures are outlined in more detail on pages 29 to 
30. Observers are urgently requested to study those paragraphs in 
order that they may acquire a full appreciation of the care which 
must be exercised if the desired standards of accuracy in the making 
of ocean-temperature measurements are to be attained. Tt»n�p_erat'Ure of the wet bulb.-The temperature of the so-called 
"wet-bulb" thermometer is necessary in determining the amount of 
moisture present in the atmosphere, as previously indicated. Just 
as in the case of the air temperature, the wet-bulb temperature should 
be obtained correctly to the nearest tenth of a degree Fahrenheit, if 
possible, and so entered in the column headed ''Temperature of wet 
bulb" on � 1210A. Such exaCtness is necessary because the 
ditfe'1'6'Me \V� the air and wet-bulb temperatures must be deter­
mmed as accurately as possible. An error of 1 o F. in recording the 
true depression of the wet bulb results, at ordinary temperaturest in 
an error of from 5 to 10 percent in the computation of the humidity. 

In the past the wet-bulb temperature has usually been obtained 
on shipboard from the readin� of a stationary thermometer whose 
bulb is tightly fitted wit.h a p1ece of muslin, to which one end of a 
cotton wick IS attached. The other end of the wick is allowed to 
stand in a reservoir of water. This arrangement keeps the muslin 
moist, with the result that evaporation is continually taking place 
around the thermometer bulb. 

In order to obtain the most nearly correct results, the muslin should 
be thoroughly saturated, but not coated, with a superfluous film of 
water. If too much water surrounds the thermometer bulb, the in­
dicated wet-bulb temperature will be too high. Similarly, if the mus-
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lin is only J2artially moistened, the reading will ag�in .be too hi.gh. 
Trouble ofe1ther sort can usually be remed1ed by adJust�ng the wick. 
The water that is supplied to the muslin must at all times b.e p�re, 
and free from dissolved substances, such as sea salt ; ot�erwiset n�­
correct wet-bulb temperatures will be indicated. To this end �t IS 
necessary. that the water supply be renewed and the w�ck washed at 
fr;quent mtervals. . . 

rhe results obtamed through the use of statiOnary thermom�ters 
:tre. unsatisfactory and to meet the needs of modern weather science 
It Is advisable to

' 
employ a more reliable type of apparatus. An 

alternative and more accurate method of measuring wet-bulb tempera­tures on shipboard is afforded through the use of the sling psy­
chrometer1 a full description of which is given on pages 27 to 29 . . In makmg an observation with the psyc�rometer the first ste.p �s to satur11te the muslin-covered wet bulb �1th pure water. Th1s JS 
mo�t easily_accomplished with the aid· of an eye-dropper or small syringe. When this operation has been completed, the observer 
s�ould take up his station at some well-exposed point on the weather Slde 0� the ship and hold the rsychrometer at a.rm's length, O�tside 
tte ral] whenever possible. I the apparent wmd at tile pomt of 0 Bel'Vation is force 4, or greater, the natural ventilation thereby 
�roduced is ample and the mstrument need not be whirled. It may SlD1ply be held station11ry .and freely exposed to t�e �vind. �o'Yeve;, when the apparent wind 1s less than force 4, art1fic1al ventilatiOn 1s required. The thermometers are then whirled rapidly for at least ?O seconds ; stopped and quickly read, the wet bulb first. This read­
mg is kept in mind, the psyc.hrometer immediately whirled again, 
,
and a .second reading t�;tken. 'l11is .is repeate� three o_r four times, or 
more If necessary, until at least two success1ve readmgs of the wet 
�ulb are found to agree closely, thereby showing that 1t has reached Its lowest temperature. Two minutes or more 1s generally required to secure the correct temperature . 

. When the air temperature is at or below the freezing point, or even �hghtly above it, it very often happens that the wet-bulb tempera­f:.re will fall below the freezing point before the water actually 
ee�es. This phenomenon of supercooled water may always be rec­ogmzed when it occurs, since the sinking mercury does not stop at th� freezing point but falls rapidly below it. No error results on th1s account, provided the minimum temperature is reached. How­ever, after a longer or shorter interval the water suddenly begins to f�eeze, heat is liberated, and the temJ?erature of the wet bulb instantly l'Ises to 32° F. (0° C.) .  It will remam at this value until all the water t

f
h

1
at covers the wet bulb has frozen. Subsequently it will begin to a I. again. In such cases it is necessary to continue the ventilation Until the ice-covered bulb has reached a minimum temperature . . 'While the psychrometer will give quite accurate indications, even In bright sunshine, yet observations so made are not without some �rror. Therefore, it is desirable to hold or whirl the psychrometer In the sh11de, yrovided that this can be done without sacrificing the essential reqmrement of a good windward exposure. The observer s

,
ho�l� also remember that the instrument is quite sensitive to slight \ ar1at10ns in temperature, such as those resultmg from the proximity of the observer's body or of some object which has bee!) · strongly 
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heated by sunshine. The observer should, therefore, face the wind, 
holding or whirling the psychrometer in front of his body, and 
should also stand to windward of any overheated objects whose 
presence might cause the thermometers to indicate false vnlues. 

CLOUDS " 

Amount of clouds.-The proportion of the sky covered by clouds, 
irrespective of type, should be recorded on Form 1210A in the space 
:for total amount according to the scale 0 to 10. In tlus scale 0 rep­
resents a sky that is cloudless at the time of observation, 1 a sky 
that is less than one-tenth covered, and so on to 10, which represents 
n sky completely overcast. The amount of clouds should agree in 
general with the state of weather ; that is, a sky with less than one­
tenth of cloud covering is clear, 1 to 5 tenths is partly cloudy, 6 to 9 
tenths is cloudy, 10 tenths is overcast. 

In the thin types of "mackerel" clouds there are almost always 
gaps or spaces through which clear sky can be seen. When these 
conditions prevail, therefore, the amount of cloud should never be 
recorded as greater than 9, even though such clouds are spread 
all over the sky. 

In case the sky is completely obscured by dense fog, it should 
be described as overcast, and ten-tenths of dense fog, without di­
rection of movement, should be entered in the space for cloud 
amount. However, should the ship be enveloped in fog (or haze) 
which allows blue sky, sun, moon, or stars to appear through and 
there is no trace of cloud above the fog (or haze) , the cloud amount 
should be recorded as 0. On the other hand, if clouds are visible 
above the fog, an attempt should be ma<le to estim'ate the total 
amount of cloud, and this should be recorded as though no fog 
were present. 

Kind of clouds.-In recording the kind of clouds, observers should 
conform strictly to the international system of classification, a :full 
description of which will be found, commencing on page 63 accom­
panied by illustrations to aid observers in identifymg the' various 
cloud forms. 

In determining the kind of cloud, attention �hould be directed 
mainly to the neighborhood of the zenith. Near the horizon the 
appearance of the clouds is much n.ffected by perspective. 

Names of clouds should be entered on the observation form by 
abbreviations, for example, Ci. for Cirrus, Cu. for Cumulus. The 
proper abbreviations are shown in the condensed instruction on the 
m side front cover of J[orm 1210A. 

Direction of cloud movement.-The direction of cloud movement 
is always the direction from which the clouds are moving. This is 
frequently v�ry difficult to determine. on . shipboard. Observers 
should be gmded by the remarks contamed m the followino- para-
graphs : . t::> 

1. The direction of cloud motion sl�ould be determined by using 
some heavenly body as a reference pomt. If the sky is completely 

• A classlflcotlon of clouds , lnstru�tlons for <'OdlnJr, detn lled descriptions of the vnrlous 
forms. nnd n sel�ctlon of nhoto<'ranhs are conta ined In Clrculnr s "Code for Cloud l�orms 
nfHl Stn tes of the Sky," Is nvnllnhle to cooperntlng mnrlne observers on request to port 
offi<'es ot the Bureau or on nppllcntlon to Chief, U. S. Wenther Bureau, Washington, D. c. 
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c9ver�d with thick clouds, it is best not to attempt to ascertain the 
directiOn of cloud motion. 

2. When there are two or more cloud sheets with openings so 
that cloud movement at more than one level is visible, the absolute 
movement of each layer should be ascertained if possible. This 
can be done only when the cloud layers are so thin or broken that 
the sun (or moon) is plainly visible from time to time. The mis­
take should not be made of determining the direction of motion of 
one cloud layer with reference to another. 

3. In estimating the true (not the magnetic )  direction from which 
the clouds proceed, the course and speed of the vessel should be 
ta�en into account, precisely as in the case of the wind. This ap­
phes especially to the determination of the motions of low clouds, 
because their rate of movement is usually less than that of high 
clouds. The following example · shows how wide, in the case of 
sl.owlJ: moving clouds, the variation between apparent and true cloud 
direction can be : If the clouds are actually moving from NE. at a 
speed of 12 knots and the ship is steaming due W. at 20 knots, the 
clouds will appear to be moving from about N,V, by W. The slower 
the actual rate of cloud movement the more the apparent direction 
will differ from the true direction, except when the true direction is 
from dead ahead. 

Since the observer ordinarily has no way of knowing the exact 
velocity of the clouds, it is qmte impossible to make a really accu­
rate allowance for the movement of the ship. However, it should 
be remembered that the lower clouds usually are floating within the 
same air current as prevails .at the sea surface. Therefore, in most 
cases the true speed and direction of the lower clouds will be 
roughly the same as those of the wind at sea level. In the case of 
upper clouds, this is seldom true. However, if the upper clouds 
display a clearly noticeable motion, their actual speed must be large 
compared with that of the ship. It is then unnecessary to make 
much allowance for the ship's movement. On the other hand, if the 
upper clouds appear to be almost motionless, it is advisable not to 
attempt to ascertain the true direction of their movement. 4. Finally, and in general, when there is any doubt about the 
direction of cloud movement, it is better to enter a question mark 
or a dash, since no observation at all is preferable to an incorrect 
one. 

Cloud notes in Daily J ournal.-In addition to the records of clouds 
as a part of regular observations, notes in the Daily Journal should 
briefly describe important changes in the amount and kind of clouds 
between observations. 

SEA AND SWELL 

When a light wind blows over a water surface it :produces at 
first a series of ripples, moving with the wind. As the rlpp!es move 
forward with the wind they mcrease in size. A strong wmd pro­
duces larger waves and, if it continues, a heavy sea results. 

After a wave moves beyond the influence of the �inds which 
caused it there is a change in its form. The most rap1d change at 
first is a decrease in height. Finally the wave becomes a relatively 
low, undulating movement of the sea surface, known as a swell. In 
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recording observations in accordance with the :following scales, swell 
is wave motion produced by winds at some distance from the point 
of observation. 

The swell is distinguished by two features · first, its relatively 
smooth, undulating form, without the steep and ragged crests char­
acteristic of waves actively driven by local winds and, second, the 
movement of winds and waves in different directions, indicating 
that the waves have been formed elsewhere by winds :from another 
quarter. Ordinaril,r, then, waves which are moving with the wind 
constitute the "sea, ' while a relatively low, undulating sea surface, 
with motion in a direction different from the local wind, is the 
"swell." 

These definitions are not entirely satisfactory. Usually, the ocean 
surface is disturbed by both forms of wave motion, with the swell 
from distant winds crossing the local sea. The combined effect is 
the "sea," while the well-defined ridges of waves moving in a different. 
direction from the local wind are the "swells." 

State of sea.-The following scale should be used in classifying the 
character of the sea disturbance. In recording observations in ac­
cordance with this scale, "sea" may be considered to be composed o£ 
swells, combined with waves produced by the winds at the place 
of observation. 

State of sea 

Scale Description Height of wave crest to trough 

o Calm . . . . . . . . . . .  _ - - - - - _ _  - - - - - - - - - - - 0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - - - - _ - - - - - - - - - - - - - -
1 Smooth __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - - _ __ Less than I root . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - - - - - - -

� ���!re.i&�::: : :  : : : : : : : : : : : : : : :::::: � �g � �=�= :: : : : :  : : : : : : : : : : : : : : : : : : : : : : : : : :  
4 Rough__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  5 t o  8 feet . - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

� ti�g;�����::::: : : :: : : : : : : : :: : : : : : :  �i�o1�Jfek:: : : : :  : : : : : : : : : : : : : : : : : : : : :: : :  
7 Very high _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - - - - - - - 20 t o  40 feet. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . . .  _ _ _ _ _ _ _ _ _ _ _  _ 
8 Precipitous_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Over 40 feet_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - - - - - - - -
9 Contused. - - - - - _ _ _ _  - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - . -

Abbreviation 

Calm. 
Sm. 
81. 
M. 
R. 
VR. 
H. 
VH . 
P. 
Con. 

The seal!} of sea disturbance is .approximate, based roughly on the 
observer's Judgment as to the he1_ght of waves. Accurate estimates 
of wave height are not easily made on shipboard. For large waves 
with the slup on an even keel in the trough of the wave, the ob� 
server's height above the water line where he sees the crest of the 
wave coincide wit!: the. horizon, is taken as the height of the wave. 

Character and dzrectwn of swell.-The character and direction of 
the swell should be entered in the appropriate columns of Form 1210A 
according to the following scales : 

Scale 

0 1 2 
3 
4 

Character of swell 

Description Smle --

No swell. 5 
Low swell, short or average length. 6 
Low swell, lonf." 7 
Moderate swel , sbort. 8 
Moderate swell, average length. 9 

Description 

Moderate swell, long. 
IIeavy swell, short. Heavy swell, average length Heavy swell, long. 

• 

Confused swell. 
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True direction 

Direction of swell 
[Direction from which swell Is moving] 

Scale 

0 
1 
2 
3 
4 

True direction Scale 

SW_ - - - -- - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - 5 
w_____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  6 
NW----- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 7 
N- - - - - - - - - - - - - - - - - - - - - - - - - -- -- - - - - - - - - - - - - 8 
All directions or no definite direction__ _ _ _ _  9 

Period of swells.-Observations of length and height of the swell 
are not so valuable as the period. The number of swells that pass 
a given point in one minute may be taken as the period. On ship­
board this may be calculated by watching the rise and fall of a patch 
of foam and noting the time interval. 

In so doing, rise and fall due to the true swell, and not the smaller 
Waves, should be noted. A series of such observations will give a 
good approximation of the time interval in seconds or the period 
expressed in number of swells in a minute. 

Observations of swell period, especially in connection with tropical 
storms, will be appreciated. They should be written in the "Daily 
Journal" or under "Remarks.'' The entries should show clearly 
Whether they give the average interval in seconds or the number of 
waves per minute. 

GALE, STORM, AND FOG REPORTS 

Gales and storms.-A summarry of every gale encountered should 
be entered in the spaces provided on the form. Gale, or storm, re­
ports are desired for winds reaching force 8, Beaufort scale, except 
that in tropical seas reports for winds of force 6 or higher are re­
quested. Special accounts of storms may be prepared on a separate 
s��et and attached to the form. The report should especially include 
s�ufts of wind, lowest barometer, highest wind force, and also the 
tu�e and ship's position and course when each occurred. Reports of 
this character are very useful in determining the intensity of the ftorm and the exact course of the center, and particularly valuable 
or storms of tropical origin. 

Fogs.-The local date and hour of entering and emerging from 
�og should be given in the Fog Report, togE�ther with other sRecial 
Information, as indicated by the headings. Under the heading 'Gen­ehal character of fog" should be entered a word, or words, to mdicate c aracter, whether dry, wet, light, dense2 low, spotted, or in banks. In case no fog is observed during the perwd covered by the report, a statement should be made to that effect. Negative mformation is sometimes of much value. 

SUPPLEMENTAL DATA FOR RADIO MESSAGES 

th
All observations sent by radio contain the four Universal groups, 
e symbols for which are-

YQLLL lllGG DDFww PPVTT 
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Radio weather reports forwarded to the Weather Bureau should 
contain supplemental data. The data groups may be sent in four 
forms, as indicated by the first figure of the first figure group. The 
first form, which has only 3 groups, is preferred from ships reporting 
to the Weather Bureau ; the first figure of the first group is always 3. 
The order of symbols 4 is as follows : 

3CLC .. C aN T4KD x.WNb d.v.app 

The second form, with two groups, is sometimes used in sending 
radio reports to meteorological services of certain other nations. 
Here the first figure of the first group is always 6. The order of 
symbols 4 is as follows : 

6KDKCN Tdd.AWCH 

A third form is occasionally required, the first figure of the first 
group of which is always 9. The order of symbols 4 is as follows : 

9SKD x.W CNNbATd 

A fourth form can also be used, the first figure of the first group 
is always 4. The order of symbols 4 is as follows : 

4CLC .. hN . T4KDx.WNh 

No matter what form of supplemental data is used, it is always 
preceded by the four Universal Groups. 

If one or more figures o£ a group cannot be given, owing to lack 
of observation, or to failure of, or damage to, instruments, each miss­
in� figure should be replaced by the letter X. 

fhe following information will serve as a guide to the obtaining 
and reporting of supplemental data : , 

Barometric tendency (A) .-This quantity, representing the approx­
imate amount and general charucter of the change of the barometer 
in the 3 hours prior to the observation, is expressed in the radio 
message by a single figure, in accordance with the table given below. 
It is obtained either from the record traced out by a barograph or 
from two readings of a barometer made at the hour of observation 
and 3 hours prior to it, respectively. The amount of the tendency is 
simply the. difference b�tween the barometric readings observed at 
these two mstants of �1!lle. The clu1;racter of th� tendency is de­
scribed as " steady," "nsmg," or "fallmg," dependmg upon whether 
the net change is zero, positive, or negative. 

Symbol A-Barometric tendency and anwunt of chanoe ·in last 3 hours 

Code 
figures 

0 
1 
2 
3 
4 
5 
6 
7 
8 

Barometric tendency 

Barometer steady. (Has not fallen or risen more than 0.01 1nch (� millibar) 
Barometer rising slowly. (Has risen 0.03 to 0.04 Inch (1 to ·1� millibars) • 
BMometer rising. (Has risen 0.06 to 0.10 Inch (2 to 3� miJJI ars) 

· 

Barometer rising quickly. (Has risen 0.12 to 0.18 1nch (4 to 6 mllilbars) 
Barometer rising very rapidly. (Has risen more than 0.18 1nch (6 miJ!Ibars) 
Barometer falling slowly. (Has fallen 0.03 to 0.04 Inch () to 1� millibars) · 
Barometer falling. (Has fallen 0.06 to 0.10 Inch (2 to 3� millibars) 

· 

Barometer falling quickly. (Has fallen 0.12 to 0.18 1nch (4 to 6 �ilitbars) 
Barometer falling very rapidly. (Has fallen more than 0.18 1nch (6 millibars). 

• For meani ng of these symbols , see headings of sections which follow. 
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Oharactcristw of changes of the barQ'ITI,Cter in the last 3 howrs 

(a) :-The character of the variation· of pressure during the 3-hour period preceding the observation is expressed by a single figure in �he radio message. It must be determined from a barograph that 
Is properly compensated for temperature. The barograph should 
be elastica11y suspended in order that it may not be affected by shocks 
and vibration incident to the motion of the ship. Singularities in 
the run of the curve, obviously due to defects in the instrument 
( friction, backlash, etc. ) or to external effects other than rapid changes in atmospheric pressure, should be disregarded. 

The use of barograph sheets with 3-hour divisions is recommended. 
The character of the 3-hour pressure change is described in the 

ta�le below, and graphically illustrated in figure 13. The appro­
Priate code number for each distinc:tiv� type of curve is also given. 

Symbol a-(Jharaoteristio of changes of barometer in tlte last 3 hours 

Code 
figures Description 

----1---------------------------------------�-------------- l 
0 
I 
2 
3 
4 
5 
6 
7 
8 
9 

�����: ��=� ���koi,-ri8inu�-tiienriiinu-iririre-ii(iwiv�=====: :�== : ==== �Barometer now higher 
Unsteady_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - than or the same as 
���� '�'/J�!��;.; -t-ti6ii ·,:isli!ii; -oi i-iiinu:itiin-,.-liiiia-moie-2uickiv = : : :  :: 3 

hours ago. 

������: t�=� ��.fy;-oijaiiirig-.-th�niaitinumore-8iowt£/_�::: : : :==:= : :: 1 Barometer now lower 

¥��f:��:::::= = : : = : ::= : = = : : � : : : :: : :  : : : ::==: := : : : : : : : :  : : :: : =:::: :=:: f than 3 hours ago. 
Steady or rising, then falling; or falling, then falling more quick tu- _ _ _ _  , 

I 
In regions where there is a marked regular diurnal variation of t �e barometer the fi�ures 2 and 7 may be used when the regular dturnal variation is mterrupted in such a way that the term "un­steady" gives the best description of the character of the curve. 

0 = /' 
1 = /f"' 

2= r M.  
3 = / -
4 = ../../.J 

5 � '\.. 
6 = \._\..... 
7 = 'to.  
8 = \ 
9.= "\""\ � 

l•'wurm 13.-Chnractcrlstlcs of chnnges of the bnrometer In the Inst three hours. 

When unusually rapid changes of the barometer occur between 
regular Greenwich noon observations, a note is desired in the Daily 
� ournal describing the changes. If an unusual barometric change 
18 ac.companied by winds of force 8 or higher ( force 6 or higher m 
�r

G
op1cal seas) , the facts should be incorporated in the space headed 

ale or Storm Reports." 
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Baromete'T' chatnge (pp) .-This quantity, which represents the exact 
amount o£ the v�riat!on o£ pressu�e during the 3-�0lfr period p:eced­
ing the observation, 1s expressed ut fifths of a mtllibar accordmg to 
the scale 00 to 99. Thus, if the pressure variation were 3.4 millibars, 
"pp" would be coded as 17 ; if it were 11.6 millibars, "pp" would be 
coded as 58. The conversion table, giving the code numbers for 
different values of pressure variation, follows. 

Code 
figure 

---

01 
02 
03 
04. 
05 

06 
07 
08 
09 
10 

1 1  
1 2  
13 
14 
15 

16 
17 
18 
19 
20 
21 
22 
2.3 
24 
25 

26 
27 
2S 
29 
30 
31 
32 
33 
34 
35 

Symbols pp-Barometer change 

[Amoun(oC rise or Call o(the barometer:tn;th(lastithree hours] 

Amount or rlso Amount or rtso Amount or rise 
or Call or fall or Call 

Code Code 
figure Mill!· figure MUII-

I 
Mill!· Inch Inch Inch bars bars bars 

-- --- ---- -- --

0. 2 0.01 36 7. 2 0. 22 7 1  14. 2 0. 43 
. 4  . 01 37 7. 4 . 22 72 14. 4 . 43 
. 6  . 02 38 7. 6 . 23  73 14. 6 . 44 
. 8  . 02 39 7. 8 . 23  74 14. 8  0 44 

1. 0 . 03  40 8. 0 . 24  75 15. 0 . 45 

1. 2 . 04.  41 8. 2 . 25  76 15. 2 . 46 
1 . 4  . 04.  42 8. 4 . 2 5  17 15. 4 0 46 
1.  6 . 05 43 8, 6 . 2 6 78 15. 6 . 47 
1 . 8  . 05 44 8. 8 . 2 6  79 1 5. 8  . 47 
2. 0 . 06 45 9. 0 . 2 7  80 16. 0 . 48 

2, 2 , 07 46 9 .  2 . 28 81  16. 2 . 49 
2. 4 . 07 47 9. 4 . 28  82 16. 4 . 49 
2. 6 . 08  48 9. 6 . 29 83 16. 6 0 50 
2. 8 . 08  49 9. 8 . 29 S4 16. 8 0 50 
3. 0 . 09  50 10. 0 . 30  85 17. 0 0 51 
3. 2 . 10 51 10. 2 0 31 86 17. 2 0 52 
3. 4 . 10 52 10. 4 . 31 87 17. 4 0 0 52 
3. 6 . 1 1 53 10. 6 0 32 R8 17. 6 . 53  
3. 8 . 1 1 54 10. 8 . 32 89 . 17. 8 . 53 
4. 0 0 12 55 11. 0 . 33 90 18. 0 . 54  
4 . 2  . 13 li6 11.2 . 34 91 18. 2 0 55 
4. 4 . 13 57 1 1 . 4 0 34 02 18. 4 0 55 
4. 6 . 14 58 1 1. 6  . 35 93 18. 6 . 56  
4. 8 . 14 59 1 1. 8 . 35 94 18. 8 0 56 
5. 0 . 15 60 12. 0 • .  36 05 19. 0 0 57 
5. 2 . 16 6 1  12. 2 . 37 96 10. 2 . 58  
5. 4 . 16 62 12. 4 0 37 97 19. 4 . 58  
5. 6 . 17 63 12. 6 . 38 98 19. 6 0 50 
5. 8 . 17 6 4  12.8 0 38 00 19. 8 0 50 
6. 0 . 18 65 13. 0 0 30 

6. 2 . 19 66 13. 2 , 40 
6. 4 . 19 67 13. 4 . 40 
6. 6 . 20  68 13. 6 . 41 
6. 8 . 20  69 13. 8 . 41 
7. 0 0 21 70 14. 0  . 42 

Should the value of the variation be 20.0 millibars or more "pp" 
should be reported as 99., and the actual amount o£ the tendency 
without regard to sign, should be given at the end o£ the report 1� 
plain language, e. �·' "Tendency 23.8 millibars." 

Form of 'P'!�tkmz1Ulting clou{l (9) .-When two or more layers of 
clouds are VlStble, �he predommatmg cl?uds are those which cover 
the large�t proportion o£ .th� sky. The1r form is to be determined 
by referrmg to. th� descriptiOns and p�o�graphs in part V. The 
table b�lowz whiCh IS to be used when th1s mformation IS transmitted 
bl' rad10, g�ves the code numbers corresponding to the various forms 
o clouds. 
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Sym'bol C-Form ot predominating cloud 

Code Form of cloud I 
Code Form of cloud tlguros 

, 
tlgu� 

------------
I Cirrus. 

I 
6 Stratocumulus. 

2 Clrrostratus. 7 Nimbostratus. 
3 Clrrocumulus. 8 Cumulus or fractocumul:__j 
4 Altocumulus. I 0 Cumulonfmbus. 
5 Altostratus. 0 Stratus or fractostratus. 

Form of lower clouds (CL) .-The form of the lower clouds is 
��tered in the appropriate space on For!Jl. 1210A. The table below gives the rudio code numbers corresponding to tile" various forms of 
lower clouds. 

Symbol CL-Fol'm. of lo?tCI" clouds 

_ tl����s I Form ()f cloud
_
s
_
· -

-
-

--
-

0 ::--lo lower clouds. 
I Cumulus of fine weather. 
2 Cumulus heavy and swcfflng, without anvil top. 
3 Cumulonlmbus. 
4 Stratocumulus formed by tho flattening of cumulus clouds. 
5 Layer of strntus or stratocumulus. 
6 Low broken-up clouds of bad weather. 
7 Cumulus of fino wcuthcr ant\ strntocumulus. 
8 Heavy or swelling cumulus, or cumulonimbus, and stratocumulus. 
U Heavy or swelling cumulus (or cumutonimbus) and low ragged clouds 

of bnd weather. 

Form of middle clouds (CM) .-The form of the middle clouds is 
Cfoitered in the appropriate space on Eorm 1210A.4-- The table below glVes the radio code numbers corresponding to the various forms of 
middle clouds. 

Sym bol CM-F'onn ot m iddle clouds 

Code / Form of clouds 1\gurllS --/ 
0 'I :!': o middle clouds. 
1 Typical altostratus, thin. 
2 'l'yplcal altostratus , thick (or n!mbostratus) .  
3 Altocumulus, o r  high strntocumulus, sheet a t  one level only. 
4 1. Altocumulus In small  Isolated patches; individual clouds oHcn show 

signs of evaporation and aro more or less lenticular In shape. 
5 ·Altocumulus arranged In moro or less parallel bands, or an ordered ' layer ad vancing over sky. 
fl I Altocumulus formed by a spreading out of tho tops of cumulus. 
7 Altocumulus associated with altostratus, or nltostratus witl1 a par· 

tlally nltocumuJus character. 
8 I Altocumulus castcllatus, or scattered curuullform tufts. 
0 Aitocumulus in several sheets at ditioront levols, generally associated 

with thick llbrous vclls of cloud and a chaotic appearance of the sky. 

Form of upper clou<l8 (CH) .-The form of the upper clouds is 
CJ?tered in the app1·opriate space on Form 1210A. The table below 
grves the radio code numbers corresponding to the various :forms of 
upper clouds. 

309658-41--5 
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Code 
figures 

Symbol en-Form of upper clouds 

}'orm of clouds �I 
0 No upper clouds (no high clouds). j 1 Cirrus, delicate, not increasing, scattered and isolated rnas.'\Cs. 
2 Cirrus, delicate, not increasing, nbundnnt but not forming n contln, 

uous layer. 
l'irrus of anvil clouds. usually dense. 
Cirrus, inerensinJ?, generally in the form of hooks ending In a point 

or In a small tuft. 
5 Cirrus (often in polar bands) or cirrostratus advancing O\'rr the sky 

but not more than 45° above the horizon. 
0 I Clrrug (oft<'n In polar bands) or clrrostratus ndvancin(: over the sky 

and more than 45° above the horizon. 7 1  VI'IJ of Cirrostratus COVl'ring tho whole sky, 
H f'irrostrntus not lncre.asing and not COVI'rinl! the whole sky. 
0 Cir,rocumuh1s predominating, associated with n small <tunntlty of 

CITrUS. 

Total amount of all clouds (X) .-In coding total amount of clouds 
for the radio message, use the code figure (see table below) which 
corresponds to the entry in the column for total amount of cloud on 
Form 1210A ;  instructions for this entry appea r on page 52. 
� 

Sym bol N-Total amou n t  of all clouds 
I Hegnrdless of kind of clouds) 

Code 
figures 

� I t.ss than 0 . 1 .  
2 : 0. 1 .  
:1 r 0.2 t o  0.3. 
1 I 0.4 to O.fi. 
(J 0.7 to 0.8. 

Proportion of sky covered (in tenths) 

, :!\tore than O.ll but with openin�s. 
r. I 0.9. 

S Sky completely covered with clouds. 
P Sky obscured by fog, dust storm, or other phenomenon

_

. ____ _ 

Code figure 0 is to be used only when the sky is completely free 
from douds. 

Code figure 8 is to be used only when the sky is completely covered 
with clouds, so that no blue sky is visible. 

Code figure 9 should be reported only if the sky is invisible, owing 
to fog. 

Amownt of lower clouds (N11) .-The total amount of lower clouds 
is coded according to the scale and table used in reporting the total 
amount of all clouds ( N ) .  

Temperature difference between air anrl 'Water ( Td ) .-This quan­
tity is the decisive factor in the stratification of temperature and 
humidity in the lower layers of the atmosphere over the sea, and 
hence, to a large degree, for the state of the weather and the visi­
bility. Since the difference between air and sea temperatures rarely 
amounts to more than 10° F. over the open ocean, the utmost care 
must, therefore. be taken to obt.ain aceurate values of these quantities, 
ft·om which "T,1'' iR calculated. This is especially important when 
the air and sea have nearly the same temperature. 
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The table below gives the code numbers t o  b e  used in reporting 
various values of "Td." 

Symbo� T a---Temperature difference ( air and water) 

[Ditrcrcnce between temperature of air and temperature of water at or near surface) 

�Code '1 , _n�ur�� 
_ I 0 I Morc than 0° F - - - -- - - - - - - - - - - - - - - - - - - - - � 

1 · no to go _ _ _ _ _  . _ .  _ _ _  . _ .  _ . . . .  _ .  _ _ _  . . . .  _ _ _ _ Air temperature same as or 
2 3° to no _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  · - · - - - - - - - - - - - · - ' higher than sea tempera-
3 I 0 to :l0 _ .  _ . •  - . - . . . - . .  - - . • • . . . . . - . - .  _ tu re. 
4 .Ko ditTererH·e or less than 1° F. higlwr . .  

r, Less than I 0 L _ .. _ _ _  . . . . .  _ _  . _ _ _  . . . . . . . .  l li 1 .1 : to a:- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Air t c m p f' rn t u r c  IowPr 

I 

7 •1• to n . .
.

. .  - - - - - - - - - - - - - - - - - - - - - - - - - - - - -J than S('ll tempt•rature. 8 6 to 0 _ _ _ - . . . - - - . - . - - - - - _ .  _ . - - - . - - _ - - . . I 0 More than 0° . . . - - - - - - . . . .  _ _  - - - - - _ _  - - -·- - i 
-- --- L_ ------ ---

Pwst 'Weather (\V) .-This part of the message calls for a descrip­
Lion of the state of the weather during the 6 hours preceding the 
observation. The code table to be used in reporting "W" is given 
below. 

Symbol lV-Pa.�t wea-ther 

� - --------
---- --��

a
�;:- ---- -- - -- - -- -��do - -

1 , figures 

'I_ ;air (cl�-nr or slightly clouded) . _ _ _ _ _  . .  _ _ _ _ _ _ _ _  . : �-- _-_ --- --�-
Vnriahle sky.  _ _ _ _ _ _ _ _  . . . .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . I 
:\1ainly ov�rcast. _ _ _ _ _ _ _ _ _ _  . _ _ _ _  • . . . . . . . . .  _ _ _ _  2 
Sandstorm or duststorm, or storm or drifting snow . _ . 3 
Fog or thick dust haze (visibility less than 1,000 lll<'t.ers [ 1 , 1 00  

rarrls]) . . .  _ _ _ _ _ _ _ _  . . . .  _ _ _ _ _ _ _ _  _ _ _ _  . .  _ _ _ . .  _ _ _ _ _ _ _ _ _ _  , 1 
Driult� --

-
_ _ _ _  _ _  _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _  . . .  _ _ _  _ _ _ _  _ _ 5 

HaJrL . . . . .  _ - - - - - - - - - - - - - · - . . . . . . - - - - - - - - - - - - - - - - · - - · - · · fl 

:__�_�_t�_:c_Jc_�/_s�c-oer_�_: :_: __ :_: :_:_ 
-: :_: :_:_ -

: :_: : 
_

_
_ 
: :_: :_:_: :_: :_:_: :_: :_:_: :_: : __ :_: :_: :_:_: :_: :---'--

. ' --� _I 

. Should the type of weather undergo a complete change during the 
Interval i n  question, the figure chosen should be the one which de­
scribes the weather conditions existing before the change to the type 
of weather that prevails at the hour of observation, so that "W" 
and "ww" together give as eomplete a description as possible of the 
Weather in the time interval concerned. 

Should more than one figure of the "W" scale be applicable to the 
Past weather, the higher figme should be selected. When the past 
Weather has been characterized chiefly by the presence of broken 
clouds, with showers occurring within sight of the ship, it is im­
portant that the figure 8 (showers) be sent in the message rather 
than 1 (variable sky) , even if no showers have passed directly over 
the ship. In general, the occurrence of any form of precipitation 
should be given preference i n  the report of past weather. 

State of sea ( S ) .-Instructions for the recording and coding of 
observations of the state of the sea have been given on page 54. 
. Character of swell (IC) .-Instructions for the recording and cod­
Ing of the character of the swell have been given on page 54. 
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Direption fTom 1.phich swell i� mo_ving (DK) .-Instructions for the 
t•ooordmg und codmg of the directiOn of the swell have been given 
on page 55. 

Ship's course (d.)  .-The direction toward which the ship is mov­
ing is recorded and coded according to the scale 0-8, in which l = NE., 
2 = E., etc. 

Sym!JO� d.-Dil"celion totua rd tc·hich shiJ> is mo'l:iii!J 

I True dire�·�,=--··----- --
��:-

., fi�ures I. 1--. ------
Ship at anchor or hove to-- . . . . . . . . . . . 0 
1\" E . . .  . . .  . . . . . . . .  . . . . . . . .  I E . . . . . . . . . . . . . . . . . . . . . . . . . 2 
S E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  :! 
S.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
S W . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
\\' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
NW. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
N . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .  8 

Ship's speed (v. ) .-This part of the message calls for the average 
speed of the ship during the 3-hom period preceding the observa­
tion. The table below g1ves the radio code numbers corresponding 
to various speeds. 

Sym bol v .-Ship's speed 

Code Speed I 
Code Speed 

figures fl�ures ----
0 Ship stopped. 5 13 to I5 knots. 
I 1 to 3 knots. 6 16 to I8 knots. . 
2 4 to 6 knots. 7 10 to 2I knots. 
3 7 to 9 knots. 8 I 22 to 24 knots. · 
4 10 to I2 knots. 9 1 11-!ore than 24 knots. 

Hei_qht of base of alo1.td (h) .-The height of base of cloud 1s 
recorded and coded according to the following table. 

S11mbol h-Height o{ base of clourl ----
Code llcight in fc'Ct 

Code lleight in lcet 
figures figures 

Zero to 150. 
I 5 2,000 to 3,000. 0 I 

1 150 to 300. i l 6 3,000 to 5,000. 
2 300 to 600. 7 5,000 to 6,500. 
3 000 to I ,ooo. 8 6,500 to 8,000. 
4 1,000 to 2,000. 1 1  9 1\:o low cloud below 8,000. 

MISCELLANEOUS PHENOMENA 

The occurrence of such phenomena as h alos, coronas, waterspouts, 
mirages, and meteors should be recorded on separate sheets if there 
is insufficient space on the forms. 

Observation of meteors.-Owing to the exceptional opportunities 
afforded for the purpose at sea, it would be of great scientific value 
if the officers of ships would record the paths of brilliant and excep-
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tional meteors and fireballs seen by them. The data needed include 
the approximate position of the ship at the time the object appeared 
and the civil Greenwich mean time of its appearance, certainly to 
t�1e nearest five minutes. If any other time than Greenwich mean 
time is used, it should be so specified. For the object itself the angu­
lat· coordinates of its points of appearance and disappearance are 
desired. These are preferably expressed in right ascension and 
declination, which can readily be read off from a star map if the 
Path is plotted thereon, or by the altitudes and azimuths if more 
convenient. Notes giving the brightness, calor, character of train, 
a�1d particularly the estimated number of seconds the object was 
VIsible are desired. If an explosion is either seen or hearrl, It should 
be recorded, especially the time interval between these features if 
both are observed. . 

Records of brilliant objects, regularly made, would in a short time 
furnish data for the calculation of many real heights and orbits for 
such bodies-data which possess definite meteorological as well as 
astronomical value, since they aid in the determination of the height 
of the atmosphere . 

. In addition to the foregoing, which it is desirable that all should be 
Willing to cooperate in securing, it is hoped that a few persons, 
e�pecially interested in astronomy, will wish to make regular observa­
tions at certain periods of the year when meteors are most abundant.G 
These are : 

Radiant In-

Urss Major _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Lyra _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Aquarius _ _ _ _ _  - - - - - - - - - - -

A quarius. - - - - - - - - - - - - - · ·  
Pcrseus _ _ _ _ _  - - - - - - - _ _ _ _ _  _ 

Orlon ..... . . . . . . . . . . . . . .  . 
Leo . . . . . .  - - - - - - - - · · · · · · · ·  
OcmlnL . . . . . . . . . . . . . . .  . 

Epoch 

Jan. 1-3 . _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Apr. 17-22 .. . . . . . . . .  _ . .  

May 1-8 . . . .  - - - - - - - - - -
July 27-31.. . . . . . . . • . . .  
Aug. 8-14 . . . . . . . • . • . . .  
Oct. l4-27 _ _ _ _ _ _ _ _ _ _ _ _  _ 

Nov. 13-10 . . . . . . . .  _ . .  . 
Dec. 8-15 . . . . . . . . . . . . .  . 

PART V. CLOUDS 6 

Maximum 

Jan. 2. 
Apr. 20. 
May 4 .  
July 28 .  
Aug. 11,  12. 
Oct. 111-22. 
Nov. 14 .  
Dec. 12. 

In general, a cloud. differs from fog only in its location. Both besu�t from the cooling of air to a temperature below its dew point, 
ut ln the case of the cloud, this cooling usually results from upward rovement of the air, and hence the cloud is nearly always separated 

. r�m the earth, except on mountain tops. Fo�, on the other hand, 
lS lllduced by cooling of the air at and near tne surface, and COJ?­
monly extends quite to the surface, at least during the stage of Its 
development. In short, fog consists of water droplets or ice spicules 
condensed from and floating in the air near the surface cloud, of 
Water droplets or ice spicules condensed from and floating in the 

hi ' 'l'o anyone who en res to make observn tlons of some of these showers, regular charts, 
to 

ar�ks, and full I nstructions for making the observations will be furnished on application 
n bus. 1'. Ollvler, Director l!'Jower Observatory of University of Pennsylvania, Upper 
tiu

rby, Pa., who has charge of tills work for the American Meteor Society. Other observa-
�ns should be enrorecl In the Weather Ueport. 

fo A class!llcatlon of clouds, Instructions for cocllng
j 

detalled descrl\ltlons of the varlou� 
a �ms, and a selection of photographs are con tulned n Circular S, "Code for Cloud Forms 0� States or the Sky," Is a vallable to coopern tlng marine observers on request to port ces of the Bureau or on application to Chief, U. S. Weather Bureau, Washington, D. C. 
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air well above the surface. Fog is a cloud on the earth ; cloud a fog 
in the sky. 

Classification of clouds.-The classification of clouds is based upon 
their form and appearance. However, there is a general relationship 
between the form of clouds and their height, as shown by aetual 
measurements, so that a classification rrccording to form rrnd appear­
ance is also, in effect, one according to height. 

The classification and descriptions which follow are taken from the 
abridged edition of the International Cloud Atlas, published in 1930. 

The heights given are for temperate latitudes and refer not to sea 
level but to the general level of the land in the reaion. It should 
be noted that, in certain cases, there may be large 'aepartures from 
the given mean heights, especially as regards cirrus, which may be 
fmmd as low us a,ono meters ( 10,000 feet) in temperate latitudes 
::md in polar regions even almost as low as the surface. 

CLASSIFICATION OF CLOUDS 7 

HIGH CLOUDS 

( !\lean lower level, G.OOO meters, 20,000 feet. ) 
Cirrus. 
Ci rrocumulus. 
Cirrostra tus. 

MIDDLE CLOUDS 

( Mean upper !en•!, 6,000 meters, 20,000 feet ; mean lower level, 2,000 meters, 
G,fiOO feet. ) 

Altoeumulus. 
Altostratus. 

l.OW CLOUDS 

( Mean upper level, 2,000 meters, G,GOO feet ; mean lower level, close to the 
sm·face. ) 

Strutocumulus. 
Stratus. 
Niml.>ostrntus. 

CLOUDS WITH VERTICAL DEVELOP:\I ENT 

( Meap upper level, that of the cirrus ; mean lower level, 500 meters, 1,000 
feet. ) 

Cumulus. 
Cumulonlml.>us. 

DEFINITIONS AND DESCRIPTIONS OF THE FORMS OF CLOUDS 

Cirr'U.S'.-Detached clouds of delicate and fibrous appearance, with­
outshading, generally white in color, often of a silky appearance. 

Cirrus appears in the most varied forms, such as isolated tufts, 
J ines drawn across a blue sky, branching feather-like plumes (fia. 14) 
�urved lines .ending in tufts (�g. 15) , .et.c. ; t�1ey are oftm� arr"'anged 
m bands winch cross the sky hke mend1an lmes, and wlnch1 owmg 
to the effects of perspective, converge to a point on the horizon or 
to two opposite points ( cirrostratus and cirrocumulus often take part 
i n  the formation of these bands) . 

Cirrus clouds are always composed of ice crystals, and their trans­
parent character is due to the state of division of the crystals. 

7 Abbreviations for entry of cloud names on weather reports will be found in the con­
densed instructions on the Inside of the front cover of Form 1210A, 
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. As a ru le the c clouds c ross t he s u n 's d isc w i thout d i m m i n g  i ts 
hght. But iYhen they a rc cxccp t i on n D y  th ick th ey may ve i l  i ts l ight 
and obli terate i ts con t ou r. Th is wou l d  a l  o be the case w i t h pa t ches 
of a ltostm tus, but  c i rrt ls  is cl i t i ngu i heel by i ts dazz l i n g  wh i teness 
and s i l ky eel o·es. 

Halos n re rat her  ra re i n  c i rr u  . 
Oirrocw7mdus.-A c i rri form l ayer, or pa tch com posed of small 

wh i te fl akes or of very sma l l  gl obu la r  masses, without shadows, 
"I:': h i  eh arc a rranged i n  groups or l i nes, or more oft en i n  ri pples re­
sem b l i ng t h ose of t h e a n d  on L h c . cash orc ( fig. 16 ) .  

FlCUHI� 1 � .-Cirrus, plu mc-l il<e form . 

. I n  gen�:: t ·n l ,  · i iTocumul l ls  I'C p resenl ::: a degraded state of ci nu and 
c nTost rat us, bot h o-f w h i c h  may ha ngc into  it.  I n  th is  ea c t h e  
cha ng i n g  pa t c h e. often ret a i n  some f ibrous st ru t u  r e  i n  pl aces. 

Real c i uocum u lus is  u ncom mon . It m u st not be con fused w ith 
l sma l l  a l t ocu m u l us patches on i he edges of a l t ocum u l us heets . 

. Oi1·rost1'atrus.-A t h i n ,  w h i t i sh vei l , which does not blur t he out­
hnes of t he sun or moon,  but gi ves rise L o  halos. Somethnes it  is  
quit e diffuse a nd m e1·eJ_y gives L hc sky a m i l ky look ; som L i mes i t  
more o r  le. s d i st i nct ly shows a fibro us tmct u rc w i th d isordered 
filament s  ( fig. 17 ) . 

A milky vei l  of fog is dist i nguished from a ve i l  of i rrostratus of 
n s i m i la r  a.ppenra nce by t he h a l o  phenomen a ,  iYh ich t he u n  or t h<� 
moon n ea1·ly a lways produce i n  a. hycr o£ ci rrostmt us. 

AltocwnwlA.tS.-A laye r, o r  pat ches, compo eel of l a m i na or rn t her 
fla,ttenecl globu l a r masses ( fig. 18) , the sma. l le t elemen ts of t he 
tegu l a rl y· u rrangetl l ayer be i n g  fa i r ly Sl l l a . J l  a n d  t hi n ,  w i t h Ol'  w i l hout 
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shading. These �lements are, arran�ed i.n groups, in lines, or waves 
( fig. 19) , followmg o_ne or t'Y� dn·echons, and are sometimes. so 
close together that then· edges JOlll. 

The thin ancl semitmnsparent edges of the elements often show 
irisations, which are rather characteristic of this class of cloud. 

At the lower levels, where altocumulus may be derived from a 
spreading out of the tops of cumulus clouds it m ay easily be mistaken 
for stratocu mulus ; the convention is that tl1 � cloud is altocumulus i f  
the smal lest well-defined and regul arly arranged elements which are observed in the laye.r ( leaving out the detached elements which 
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are generally seen on the edges) are not greater than 10 solar 
diameters i n  their sma llest diameters. 

w·hen the edge of a thin sem itransparent patch of altocumulus 
passes in front of the sun or moon a corona appears close up to them ; 
this is a colored ri ng, with red outside and blue ins ide ; the colors 
�nay be repeated more than once. This phenomenon i i nfrequent 
111 the case of cirrocumulus, and only the h igher forms of strata­
cumul us can show it. 

FJG U TIEl 10.-Cirrocumulus, unduln. tccl form. (E. E. Barnnrd . )  

11-isation, mentioned above, is a phenomenon of the ame type a� the corona ; it is a sure mark of altocumulus as d ist inguished from 
CllTocumulus or stratocumulus . 
. Altost?·attts.-Strit'tted or fibrous vei l ,  more or le s grey or b l u ish 
In color. This cloud is l ike th ick c i rrostratus but without halo 
phenomena ;  the sun or moon shows vaguely, with a faint gleam, as 
though through ground glass (fig. 20) .  Sometimes the sheet is thin, 
with forms i ntermedi ate 'vith cirro tratus. Sometimes it is very 
thick and dark, sometimes even completely hiding the sun or moon. 
In thi s  case di fferences of thiclmess may cause relatively l ight patche 
between very dark parts ; but the sm·face never shows relief, and the 
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stri ated or fibrous structu re i s  n lways seen i n  plnce. · i n  the body of 
t he cloud. 

Every form is observed between high al tost rat u s  and c i rrostra.tus 
on t h e  one hand and Jo"· a l tostmtu. and n i mbostrat us on the other. 

� 0 o; .0 
"' ::I 

] 
U> t 
i.J 
I 

,..: rl 

Ra i n  or snow may fall from a l to. tratus, but when the ra i n  is heavy 
the cloud l ayer wi l l  have grown th icker and l ower, becom i ng n im bo­

tratus ; but heavy snow may fa l l  from a layer that is defi n itely 
a l t ostratus. 

The l i mi ts between which al totratus may be met w ith are fairly 
wide ( about 5,000 to 2,000 meters ) .  
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A sheet of h igh altost ratus is disti ngn ished from a rather simi lar  
sheet of ci rrostratus by the conven t i on t hat h a l o  p h  nomena are not 
· ·een in altostratus. 

A heet of low altost rat us may be d i  l i n O'uishcd from a sommvh at 
s im i la r  sheet of n imbost ratus  by the fol l owing cha r::t  t er : N i mbo-

stratus is o:f a much darker and more n n i form grn,y and shows no­
where any whit ish gleam or fibrous structure ; one ca n not definitely 
see t he l imit  of i ts u ndersurface, whi ·h has a ''soft" look, due to the 
1·ai n , which may not reach the O'l'Ound. 

The convention js nJ.  o made cl ta t  n i mbostrutus ::t l ways h i  les  the 
sun a n d  moon in evm·y part of it , while a ltostratus o n ly hides them 



70 L�STRUCTIONS '1'0 MARlNE METEOROLOGICAL OBSERVERS 

i n  places beh i nd its darker portions, but they reappear throuo-h the . l 
"' 

hg 1ter parts. 
Stratocumulus.-A layer or patches composed of lam i n a ,  or o-lobu ­

l a r  mas es ; the sma l le t of the regu la l'ly arranged elements are fa irly 
large ; they are soft and gray, with chu·ker parts ( fig. 21 ) .  

These elements a re ananged i n  gro ups, i n  l ines, or i n  waves 
ali ned in one or two d i recti ons. Ve ry often the rol ls  are so clos� 
that thei r edges join together ( fig. 22) ; when they cover the whole 
sky, as on t he cont inent, espec i a l ly i n  w i nter, t h ey have a wavy 
appearance. 

The elements o-E th ick stratocu mulus often tend to fu ·e tocret her 
com pletely, and the layer can , i n  certa i n  cases, change i n t o  n i mbo­
st ratus. The cloud is  · a l led nimbost m l us when t he cloud e lemen t. ; 

FIGUJH!l 10.-Altocumulus, und ulated form. 

of strat oc u m u l u s  h ave complet ely disappeared and when, o w j ng to 
the t ra i ls of :fal l ing� precipitation , the l o,ve r  su rface h as no longer 
a c l ea r-cut bou nda ry. 

Stra t oc u m u l u s  can change i n to stratus, and vice versa. The 
stratus bei ng lower, the e lements appear very l arg and very soft, 
so that the struct u re of 1·egulady ananged gl obu lar masses and 
waves disappears as fa r as the observer ca n see. The cloud wil l  be 
call ed stratocumul us as l ong as the structure remains visible. 

Stmtus.-A u n i form l ayer of cloud, resembling :fog, but not rest­
i np: on the ground ( fig. 23 ) .  

·when thi s  very low layer is broken u p  i n to i rregular sh reds it is 
designated fractostratus. 

A vei l of true stratus generally gives the sky a hazy appearance, 
wh ich is very cha racter istic but wh ich , in cer t a i n  cases, may cause 
confusion with nimbos tra t us. "\Vhen there is prec ipitation, the dif­
ference is manifest-nimbostratus g.ives continuous rain ( sometimes 
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snow) ,  precipi tation com posed o f  drops which may be small and sparse, or else large ( a t  least some of t hem ) and close together, while 
stru,tns m1ly gives a drizzle, that i s to say, small drops, very close 
together. 

·when there i n o precipi t ation , a d n rk and tmiform l ayer of stratus 
can easily be mistaken for n imbostratus. The lower surface of nim­
?ostratus, however, has a lway a soft appearance ( widespread, trail­
lug precipitation, "virga") ; 1t  is quite uniform and it is not possible 
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to make out defin i te deta i l ;  stratus, on the other hand , h as a "drier" 
appearance, and h o wever uniform it  m ay be, it shows some con trasts 
and some l ighter t ranspa rent parts. 

Fractost ra tus sometimes originates from t h e  br aking u p of a l ayer 
of stra t u s ;  somet i mes it forms i ndependent ly and devel ops t i l l  it 

iorms a l ayer below nimbost rat us, which l atter may be seen in the 
interstices. 

A layer of fractostratus may be distingu ished from nimbostratus 
by i ts da rker appearance, a n d  by bei ng broken up into cloud el e­
ments. If these elements h ave a cmn uhform appea rance in places, 
t he c loud layer is cal J ed fractocum u l us a n d  not fractost ratus. 
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Nimbostmttts.-A low, amorphou , ! l l 1d rainy layer, of a dark grey 

color and nearly t m j form ; feebly i l l u m i n ated, seem i n gly f1·om i nsi de 
(�g. 24) . When it give precipitat ion i t  is i n  t he form of cont inuous 
ram or snow. 

But precipitation alone is not a suffici n t  criterion to d istin gu ish 
the cloud which should be called n imbost ratus, even when no ra1n or 
snow falls from it .  :rh ere is  oft en pre i p i t a t i on which does not reach the groun d ; in  Lh 1s c a  .. e th  base of the cloud i s  a l ways d i ffuse and looks "weL ' 
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�:m . account o.£ the o·eneral. traili ng P.recip�tation ( "viro·a" ) , so that 
1t I S  not poss1ble to determme the l nm t Ot ItS lower SUrfuce. 

!he usu a l  evol uti01: �s as fol lows : A layer. of altostratus grows thicker and lower u n t l l it becomes a l ayer of mmbostratus. Beneath 

the latter there is gen eral ly a p rogressi ve development of very low, 
ragged clouds, isolated at fir t, t hen fusing together into an almost 
continuous layer, in the interstices of which � however, the nimbo­
stratus can generally be seen. These very low clouds are called 
fractocumulus or fractostratus, according as to whether they appear 
more or less cumuliform or stratiform. 
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Owmulus.-Thick clouds with vertical development ; the upper 
�urface is dome shaped and exhi b i ts protuberanccs, wh i l e  t h e  base 
Js nearly horizontal  ( fig. 25 ) .  

Fraonm 24.-Nimbostratus (nbove) with frnctocumulus roll nlong horizon. 
(.John C. lJaga n . ) 

F!GUIIE 25.-Cumulus. ( A .  J. Henry.) 

·when t he cloud is opposite  to the sun Lhe s urfaces normal to the 
observer are brighter than t h e  edges of the protuberances. ·when 
the l ight comes from t he ide, the c louds exhibit strong contrasts 

309658-41--G 
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of l ight aml shade ; against the sun, on the ot her hand, they look 
dark with a brigh t  edge. 

True cum u l us is defin i tely l im ited above and below ; its surface 

often appear hard and  clear cut. But one may nlso observe a 
cloud 1·esembl ing rag�ed cum� lus i �1 wh ich 

.
the different parts sho'v 

constant change. Th 1s  cloud 1s des Jgnated fracLocnmulus. 
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Cumulus, whose base is generally of a grey color, has a uniform 

structu re ; that is to say, it is composed of rounded parts right up 
to its summit w ith no fibrous structure. Even when h igh ly devel­
oped, cumu l us can only produce l ight precipi tation. 

Cumul us, whon it reaches t he a ltocum n l us leve l ,  is sometimes 
car peel with a light, di ffuse, ancl wh ite vei l  of more or l ess lent icul ar 
shape, with a delicate L ri ated or flaky st ruct ure on its edges ; it is 
genera l ly shape l l i ke a bow, wh ich may cover several domes of the 
cum u l us a nd fin a l ly be pierced by them. 
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Owmulonimous.-Heavy masses of cloud, with great vertical de­
velopment, whose cumuliform summits rise in the form of mountains 
or towers, the upper parts having a fibrous texture and often spread­
ing out in the shape of an anvil (fig. 26) . 

The base resembles nimbostratus, and one generally 110�ices virga. 
This base has often a layer of very low ragged clouds below It. 

Cumulonimbus clouds gcncraily produce showers of rain or snow 
and sometimes of hail or soft 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 (fiO'. 27) .  

Even i f  a cumulonimbus were not distinguished by its si1ape from 
a strongly developed cumulus, its essential character is evident in 
the difference of structure o:f its upper parts, when these are visible 
(fibrous structure and cumuli form structure) . Masses of cumulus, 
however heavy they may be and however great their vertical devel­
opment, should never be classed as cumulonimbus unless the whole, 
or a part of their tops, is transformed or is in process of transfor­
mation into a cirrus mass. 

'Vhen a cumulonimbus covers nearly all the sky the base alone 
is visible and resembles nimbostratus, with or without fractostratus 
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, or if even small 
portions of the upper parts of the cumulonimbus appear, the dif­
ference is evident. If not, it can only be made out if the preceding 
evolution of the clouds has been followed, or if precipitation occurs ; 
its character is violent and intermittent (showers) in the case of 
cumulonimbus, as opposed to the relatively gentle and c6ntinuous 
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 grey. This cloud is named "arcus" and is nothing more or 
less tha? a particular case of fractocumulus or fractostratus. 

DEFINITIONS OF IMPORTANT HYDROMETEORS 

[ Adapted from the International Atlas of Clou!ls and of States of the Sky. Paris, l!l:l2 ] 

Rain.-More or less continuous precipitation consisting of :fairly 
large drops falling from an unbroken deck of clouds. The sky is 
covered either with a layer of so-called rain clouds that has formed 
from an altostratus system, or with a uniformly gray, but relatively 
high, canopy of clouds, generally with shapeless masses of cloua 
below. The latter may even be present in such quantities that the 
upper clouds are completely �idden. · ·  . . . . . 

Snow.-More or less contmuous preCipitatiOn consistmg of solid 
particles mainly in the :form of hexagonal crystals falling from an 
unbroken deck of clouds. The appearance of the sky is the same 
as in the case of rain. 

Soft hail.-White, opaque, round pellets of sno�-like structure and 
about 2-5 mm. in diameter. The. pellets are cnsp and easily com­
pressible ; they rebound when fallmg on hard surfaces, and thereby 
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often burst. Soft hail occurs mainly at temperatures near the freezing 
point and mostly on land, often before or together with ordinary snow. 

Hail.-Irregular lumps of ice varying in size from that of peas to 
that of a man's fist. They are either completelY. transparent or 
formed of alternating clear and opaque, or snow-like, layers. Hail 
falls almost exclusively during severe or protracted thunderstorms 
and never with temperatures below the freezing point. 

Drizzle.-More or less uniform precipitation consisting of numerous 
tiny droplets (diameter generally less than lj2 mm.) which seem almost 
to hover in the air and share its slightest movements. Drizzle falls 
from an unbroken, dense, low layer of stratus clouds. Drizzle can 
sometimes yield considerable amounts of precipitation, even as much 
as 20 mm. ( 0.80 inches) in 24 hours, particularly along coastlines and 
on mountain ranges. 

Sho'Wer.-Of the above-mentioned hydrometeors, rain, snow, soft 
hail, and ordinary hail may fall in showers. A shower is character­
ized not only by the quick onset and cessation of the precipitation 
or its rapid changes of intensity but also, nnd more especially, by 
the appearance of the sky. Showery weather is characterized by a 
rapid alternation of dark, threatening shower-clouds and bright 
periods of short duration. Deep blue skies are often observed to 
accompany the latter. If there is absence of definite clearing be­
tween the showers it is due either to the presence of a layer of high 
cloud (which is often the forerunner of furthe1' precipitation) or. to 
the . fact that the spaces between the shower-clouds are filled with 
low though lighter clouds. It may even happen that the precipita­
tion never completely stops, the arrival of a shower being marked 
in such cases by a sudden darkening of the sky and by a sudden 
increase in the intensity of the precipitation. 

Fog.-Microscopic droplets of water, which appear to float in the 
air, and which cause a sensation of cold and dampness. If watched 
carefully the water droplets may, under certain circumstances, be 
seen almost to pass in front of one's eyes. On the whole fo�; appears 
white, except near industrial regions; where it becomes dn't� gray 
or yellow. During a true fog, which is not dispersing, the horizontal 
visibility is less than 1 km. ( 1,100 yds. ) .  

Mist.-Light fog, in which the ho:t:izontal visibility i s  greater than 
1 lrm. ( 1,100 yds. ) .  It does not cause a raw or damp sensation 
because the water droplets are too small and far apart. Mist often 
has a grayis!1 appea�ance in distinction fro!? actual fog.8 

. H�e.-Tmy particles of dust or salt, winch al'e dry and so extraor­
dmarily small that they are neither felt nor perceived by the naked 
eye, but which give the air a characteristically smoky appearance. 
Haze casts a completely uniform veil over the landscape and dulls its 
colors. Against a dark background this veil has a bluish color but 
against a light background (such as clouds on the horizon, snow­
covered mountain tops, or the sun ) it has a dirty or reddish yellow 
color. Haze may be distinguished by this characteristic from grayish 
mist, which it sometimes equals in intensity.9 

I 8 In North America the term "mist" Is commonly applied to precipitation of small 
ntenslty : hence lt Is used synonymously with drizzle or fine rain. 

• In North Amerlca'"lhe term "hnze" refers to a lack of transparency In the atmosphere, 
the cause of which is not specified. 
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PART VI. OPTICAL PHENOMENA 

The material appearing under this heading has been taken, with 
some modifications, from the work, Physics of the Air, by "\V. J. 
Humphreys, of the "\Veather Bureau. It is, of necessity, very much 
abridged from the original and consists principally of definitions 
and descriptions. 

Many curious and beautiful phenomena, of which the mirage, the 
rainbow, the halo, the azured sky, and the twilight glow are some 
of the more conspicuous, are due to the optical properties of the air 
and the foreign substances suspended i n  01' falling through it. All 
or nearly all, of them have been the objects of innumerable obser­
vations and many careful studies, the results of which, fortunately, 
have been summarized and discussed by various authors, of whom 
perhaps the best known are Pernt�r and Exner. 

Most optical phenomena attract the attention of observers, some 
by their beauty, others on account of the rarity of occurrence. 
Many of them are more or less closely connected with the weather. 
All are of importance for one reason or another and call fol' careful 
observance and accurate description. 

PERSPECTIVE PHENOMENA 

Apparent stair-step ascent of clouds.-The stair-step appearance of 
the echelon cloud is perhaps the simplest sky phenomenon due to 
perspective. The clouds producing th1s effect on the eye of the ob­
server are more or less evenly spaced, flat-bottomed cumuli of the 
same base elevation-flat-bottomed and of constant level because of 
the approximately uniform horizontal distribution of moisture. 

Since the clouds are at a higher level than the observer, each suc­
cessive cumulus, as the distance increases, is seen at a lower angle 
than its predecessor ; and the dark bases of any two adjacent clouds 
appear to be connected by the liffhter side of the farther one, thus 
forming the alternate "tread" and riser" of the stair-step. 

App'arent arching of cloud bands.-The arching of narrow cloud 
bands in a curve resembling the conchoid, is an optical illusion due 
entirely to the projection of the cloud (abO\·e the observer's level ) 
upon the sky. The amount of arching i ncreases with the closeness 
(and elevation ) of the cloud. 

Apparent dimer,qence and con,vergence of crepuscular rays (8un­
beams) .-Everyone is familiar with the beautiful phenomenon of the 
"sun drawing water,'' in which sunbeams, finding their way through 
rifts in the clouds, are rendered luminous by the dust in the.

Ir courses 
in the same manner as when passing through a window into a room : 
Equally familiar and equally beautiful are also those streaks and 
bands of pearly Hght (when the lower atmosphere is i lluminated) 
and azure shadows (where only the upper atmosphere is illumi: 
nated) , that often at twilight and occasiOnally at dawn radiate fur 
out :from the re�ion of the sun, and at times even converge towar(l 
the opposite pomt of the horizon. These, too, are only beams of 
sunlight and shadow bands caused by broken clouds or irregular 
horizon. Coming, as they do, from the. sun, some 93,000,000 miles 
flway, necessarily the beams are practically parallel. Their up-
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parent divergence, convergence, and arching are all illusions due to 
perspective, j ust as in the ease of the seeming convergence of rails on 
a long straight track. 

Other phenomena due to perspective are the apparent divergence 
of auroral streamers ; the apparent flattening of the dome of the sky 
( more notie;euble when the sky is covered with high cirrus clouds) ; 
the change, with elevation, of the u:ppurent size of sun and moon, and 
a similar change in the apparent distance between neighboring stars. 

REFRACTION PHENOMENA 

Refraction phenomena are due to irregularities in the density of 
the atmosphere. Some, such as the scintillation or twinkling of stars, 
have been observed and studied since remote times, certainly since the 
days of A�istotle, (38�322 .B. C.) ,  who. noted the �act that stars 
twmkle, while planets shme with comparatively steady hght. 

It is true that on account of their sensible disks the scintillation 
of planets is much less than that of fixed stars, but under favorable 
circumstances it is quite perceptible. Even the rims of the sun and 
moon boil or "scintillate" while, of course, any fine marking on either 
or on a planet is quite as unsteady as the image of a fixed star. 

It is well known that the atmosphere, generally, is so stmtified that 
with increase of elevation many more or less abrupt changes occur in 
t emperature, composition, density, and therefore, refrangibility. As 
Buch layers glide over each other, billows are formed, and the adja­
cent layers thereby corrugated. The several layers frequently also 
heat unequally, largely because of disproportionate vapor contents, 
and thereby develop, both day and night, and at various levels, in­
numerable vertical convections ;  each moving mass differing, of 
course, in density from the surrounding air, and by the changing 
velocity being drawn out into dissolving filaments. Optically there­
fore, the atmosphere is so heterogeneous that a sufficiently bright star 
�hining through it would produce op the earth a somewhat streaky 
pattern of light and shade. 

Shadow bands.-A striking proof of the optical streakiness of the 
atmosphere is seen in the well-known shadow bands that at the time 
of a total solar eclipse appear immediately before the second, and 
after the third, contact. 

Terrestrial scintillation.-A bright terrestrial light of small size, 
such as un o:r;>en electric arc, scintillates when seen at a great distance, 
quite as distmctly as do the stars and for substantially the same rea­
sons ; that is, optical inequalities due to constant and innumerable 
vertical convections or conflicting winds. 

SMnvmering.-The tremulous a ppearance of objects. The common 
phenomenon of shimmering, seen through the atmosphere immedi­
ately over any heated surface, is another manifestation of atmospheric 
refraction, and is due to the innumerable fibrous convections that 
always occur over such an area. 

Optical haze.-The frequent indistinctness of distant objects on 
warm days when the atmosphere is comparatively free from dust, 
and ascribed to optical haze, is due to the same thing, namely, optical 
heterogeneity of the atmosphere, which causes that unsteadiness 
or dancing of star images that so often interferes with positional 
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and other exact work of the astronomer. Both are but provoking 
manifestations of atmospheric refraction. 

An interesting and important result of astronomical refraction is 
the fact that the sun� moon, and stars rise earlier and set later than 
they otherwise would. For places at sea level the amount of eleva­
tion of celestial objects on the horizon averages about 35', and there­
fore the entire solar and lunar disks may be seen before ( on rising) , 
and after (on setting) , even their upper limbs would have appeared, 
in the first case, or disappeared, in the second, if there had been 
no refraction. This difference i n  time of rising, or setting, depends 
on the angle or inclination of the path to the horizon. 

Green flash.-As the upper limb of the sun disappears in a clear 
sky below a distant horizon its last starlike point often is seen to 
change rapidly from pale yellow or orange to green and finally blue, 
or, at least, a bluish green. The vividness of the green, when the 
sky is exceptionally clear, together with its almost instantaneous ap­
pearance, has given rise to the name "green flash" for this phe­
nomenon. The same gamut of colors, only in reverse order, occa­
sionally is seen at sunrise. 

TerTestrial refraction.-The curving of rays of light is not confined 
to those that come from some celestial object, but applies to those that 
pass between any points within the atmosphere, whether at the same 
or different levels. This latter phenomenon, known as terrestrial 
refraction, causes all objects on the earth or in the atmosphere to 
appear to be at greater altitudes than they actually are, except when 
the surface air is so strongly heated as to cause an increase of density 
with elevation. 

The distance to the horizon, corresponding to a given altitude, there­
fore obviously depends upon the rate of vertical density decrease. 

Looming.-When there is an increase over the normal rate of verti­
cal density decrease1 such as often happens over water in middle to 
high latitudes, it gives rise to the phenomenon known as looming, 
or the coming into sight of objects normally below the horizon. 

Towering.-This phenomenon is similar to looming, and sometimes 
is so designated. It occurs, as occasionally happens, when the inver­
sion layer is so located that rays to the observer from the top of an 
object are more curved than those from the bottom. The effect is to 
make the top appear more elevated-it will tower and seem to draw 
near. 

Sinlcing.-A phenomenon, exactly the reverse of looming, also fre­
quently observed at sea. It is caused by a decrease below the normal 
in the rate of vertical density decrease of the atmosphere. 

Stooping.-The reverse of towering. Occasionally rays from the 
base of an object may be curved downward much more rapidly than 
those from the top, with the obvious result of apparent vertical con­
traction, and the production of effects quite as odd and grotesque as 
those due to towering. 

REFRACTION BY WATER DROPS 

Rainbow.-The ordinary rainbow, seen on a sl�eet of water drops­
rain or spray-is a group of circul�r or nearly. circular arcs of colors 
whose common center is on the lme connectmg the observer's eye 
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with the exciting light ( sun, moon, electric arc, etc. ) ,  or rather, except 
rarely, on that hue extended in the direction of the observer's shadow. 
A very great number of rainbows are theoretically possible and doubt­
less all actually occur, though only three ( not counting supernumer­
aries) , certainly have been seen on sheets of rain. 

Rainbows are produced by a complicated J?rocess of refraction of 
sunlight as it enters and passes out of the ramdrops, internal reflec­
tion of the light within the drops and interference of the rays after 
leaving the drops (Davis ) .  

The records o f  close observation o f  rainbows soon show that not 
even the colors are always the same ; neither is the band of any col or 
of constant angular width ; nor the total breadth of the several colors 
at all uniform ; similarly the purity and brightness of the different 
colors are subject to large variations. The greatest contrast, per­
haps, is between the sharply defined brilliant rainbow of the retreat­
ing thunderstorm and that ill-defined, faintly tinged bow that 
sometimes apl?ears in a fog-the "white bow" or "fog bow." 

All these differences depend essentially upon the size of the drops, 
and therefore inequalities often exist between even the several por­
tions, especially top and bottom of the same bow, or develoiJ as the 
rain prog�esses. Additional complications occasionally resul� from 
the reflectiOn of bows and from bows produced by reflected Images 
of the sun, but though unusual and thus likelJ to excite wonder and 
comment, such phenomena are easily explained. 

Rather narrow bands of color, essentially red, or red and green, 
often appear parallel to both the primary and the secondary bows, 
along the inner side of the first and outer of the second. These also 
differ greatly in purity and color, number visible, width, etc., not only 
between individual bows but also between the several parts of the 
same bow. No such colored arcs, however, occur between the prin­
cipal bows. 

REFRACTION BY ICE CRYSTALS 

The cirrus clouds and others formed at teml?eratures considerably 
below 0° C. usually consist of small but relatively thick snowflakes 
with flat bases, or ice spicules with flat or, rarely, pyramidal bases, 
always hexagonal in pattern and detail. 

Light from the sun, for instance, obviously takes many paths 
throu�h such crystals and produces in each case a corresponding and 
pecuhar optical phenomenon. Several of these phenomena, the halo 
of 22° radius, the halo of 46° radius, the circumzenithal arc, parhelia, 
etc., are quite familiar and their explanations definitely known. 
Others, however, have so rarely been seen and measured that the 
theories of their formation are still somewhat in doubt. Finally, 
many phenomena, theoretically possible, as results of refraction by 
ice crystals, appear so far to have escaped notice. The more common 
forms of halos as well as some phenomena less frequently observed, 
are illustrated in figures 28 and 29. 

The most frequent of the numerous phenomena caused by the pas­
sage of light through ice crystals, of which the halo of 22° is an ex­
ample, are occasioned by prismatic refraction between the sides of the 
hexagonal spicules, forming angles of 60 ° with each other. The less 
numerous phenomena, among which is the halo of 46°, are caused 
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by refraction between the sides and bases of spicules, forming angles 
of 90° with each other. 

Pmrhelia of 22°.-Whenever the air through any de.Pth or at any 
level contains innumerable hexagonal snow crystals with their sides 
vertical ( the position about which relatively broad crystals oscillate) ,  
two colored bright spots, known as parhelia, or sun dogs, appear ut 
22° ,  or more, from the sun, one to the right, the other to the left. 
Each bright spot is in the direction of maximum light or minimum 
refraction, and has the same altitude as the sun. 

Zenirll 

FIGUitFJ 28.-l'erspectlve view of the sky, showing the sun ( S ) ; ordinary halo of 22° (u) ; 
�rent halo of 46° ( b ) ; upper tangent arc of the halo of 22° (c ) ; lower tangent arc ol' 
halo of 22 ° (d )  ; ordinary pnrhella of 22 ° (e. e' ) ; Lowltz arcs ( f, f' ) ; parhelln of 
46° (g, g' ) ; clrcumzenlthal arc ( h ) ; lnfrnlnternl tangent arcs of the halo of 46° ( I ) ; 
the parhellc circle (m ) ; a paranthellon of ooo (q )  ; plane of the horizon ; the observer ( 0 ) .  

Halo of 22°.-When the refracting edges o f  the ice crystals are 
vertical, as they tend to be in the case of relatively thin snowflakes 
falling through still air, parhelia are produced, as just explained. 
But, m general, these edges lie in all directions: especially at the 
windy cirrus level and when the crystals are of the short columnar 
type ; and as refracted light reaches an observer in every plane 
through his eye and the sun ( or moon) , to which the refracting edges 
are approximately normal, it follows that the effect produced by for­
tuitously directed snow crystals must be more or less symmetrically 
distributed on a�l sides o! the exciting lu.minary. There may7 how­
ever, be a maximum bnghtness both directly above and directly 
below the sun, since ice needles tend to settle with their refracting 
edges horizontal. 

This condition gives rise . to the h�lo of 220, the. most frequent and 
best known of the halo family. Its mner portiOn IS red, because light 
of that color is least refracted. Other colors follow, with increase of 
distance, in the regular spectral sequence, but with decrease of wave­
length they so rapidly fade that even green is indistinct and blue 
seldom detected. 
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When the sun is within 10° of the horizon, the halo of 22° and 
the parhelia of 22° are practically superimposed. At greater alti­
tudes they become distinctly separated. 

Tangent arcs of the halo of 22° are the well-known and fairly 
common arcs that occur above and below the circular halo. These 
arcs change with the elevation of the sun. Portions below the natural 
horizon can only be seen from sufficient height. The horizontal tan­
gent arcs are produced by crystals whose principal axes are horizon­
tal, which is the position in which ice spicules or needles tend to float. 

I•'IuunFJ 29.-Perspcctlve view of the sky, showin�: the ol>sct'\'er ( 0 )  ; his horizon, nnu his 
meriuiun ( 0  S zenith, n) ; the parlwllc circle ( m ) ; ordinary parnnthella of 120° ( ll ) ; the puruuthellon of 00 (q') ; the oblique urcs of the untlwllou ( r, r') ; and the 
anthellon (n) . 

A1·os of Lowitz.-On rare occasions oblique extensions of the par­
helia of 22°, concave toward the sun and with red inner borders, are 
seen. These are known as the arcs of Lowitz, after the astronomer 
who described them as seen in the famous Petersburg halo complex 
of July 18, 1794. 

Produced by crystals whose principal axes oscilate in that par­
ticular vertical plane that passes through the sun, they are nearly 
always too faint to be seen, because, in part, this unique attitude can 
only rarely be assumed by any considerable proportion of the crystals 
present. 

Parhelia of 46° .-Similar to the parhelia of 22° ,  but due to refrac­
tion between the sides and ends of snow crystals, having an angle of 
intersection of 90° ,  when the intersection is vertical. 

Halo of 46° and 90°.-The image of the sun produced in the prin­
cipal plane of a 90° refracting angle of an ice crystal, as seen by the 
observer, is 45°44' from the sun itself. Hence it follows that when 
such crystals are very abundant and set at random in all directions 
the innumerable images so produced must together assume the shape 
of a ring about the sun of radius 45°44'. This is the well-known 
though not very common, halo of 46°. 
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Occasionally a faint white halo, sometimes called the halo of 
Hevelius, is seen at 90° from the sun. 

OirCJUmzenitluil a:nd circumhorizontal arcs.-Occasionally, an arc of, 
perhaps, 90°, having its center at the zenith, and, therefore, known as 
the circumzenithal arc, is seen some 46°, or a little more, above the 
sun. It generally lasts only a few minutes, about five on the average, 
but during that time often is so brilliantly colored, especially along 
that portion nearest the sun-red on the outside, to violet inclusive­
as to be mistaken by persons unfamiliar with it for an exceptionally 
bright rainbow. It occurs most frequently when the altitude or the 
sun is about 20° and at times when the parhelia of 22° are conspicu­
ous ; presumably, therefore, when the principal axes of a large por­
tion of the crystals are practically vertical. 

Kern's arc is so-called from the name of the first person to report it. 
It occurs exactly opposite the corresponding circumzenithal arc and 
on the same circle. It might, therefore, also be called the anticircum­
zenithal arc. 

A colored arc, red on the upper side, of perhaps 90° in extent, 
occasionally seen parallel to the horizon and about 46° ,  or a little 
more, below the sun is called a circumhorizontal arc. 

Tangent arcs.-Just as flat-topped crystals with vertical sides pro­
duce a circumzenithal arc when the altitude of the sun is between 
0° and 32°12', so, too, similar crystals whose axes are horizontal and 
directed toward any point whose solar distance is between 90° and 57° 
48', or between 0° and 32°12', produce a colored arc-red next the 
sun-about this directive point as a center. And as there are two 
such points corresponding to each solar distance, one to the right, the 
other to the left, of the solar vertical , it follows that arc� formed in 
the above manner are symmetrically situated with respect to this 
vertical. Further, when the solar distance of the directive points is 
67°52' or 22°8', the resulting arc is tangent to the halo of 46° ,  and 
as always some, at least, of the innumerable crystals are turned to­
ward this point, except when the altitude of the sun is greater than 
thesE) values, respectively, it follows, with the same exceptions, that 
the blend of the numerous arcs produced by the various directed 
crystals is �lways tangent to the halo of 46°, and also that except 
near the pomt of tangency only the red of tlu•se blends is reasonably 
pure. 

Infralateral tangent arcs of the halo of 46° are produced when the 
altitude of the sun is less than 67°52'. 

When the altitude of the sun is 57°48', or a little greater, the two 
tangent arcs, springing from a common point on the solar vertical, 
form a wide V. 

When the solar altitude equals 67°52', the two arcs, now merged 
into a smooth continuous curve, are tangent to the halo at its lowest 
point. 

Finally, for altitudes of the sun greater than 67°52', the arcs still 
appearing as a single curve, are slightly separated from the ci�cular 
halo even at its lowest and closest point. 

When the altitude of the sun is less than 22°8', superlateral tan­
gent arcs similar to the infralateral are produced . 

. Unusual luzlos.-:-Halos of various radii
, 
other than those already 

given have occasiOnally been reported. They can readily be ac-
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counted for on the assumption that the columnar ice crystals have 
certain pyramidal bases that afford the appropriate refraction angles. 

Obviously, each bright spot of the primary halo phenomena, espe­
cially the upper and lower points of the 22° circle and its parhelia, 
must in turn be the source of secondary halos. Doubtless, the 22° 
halos of the lateral parhelia contribute much to the flaring vertictd 
column through the sun that occasionally has been seen ; and, per­
haps, the brilliant upper and lower points of the halo of 22° may 
produce faint secondary parhelic circles. In general, however, very 
few of the secondary halos are ever bright enough to be seen even 
when carefully looked for. 

A few halos not included in any of the above classes have been 
once reported. No satisfactory explanations of them have been 
offered. Clearly, though, since the . ice crystal appears in many 
modified forms-with flat tabular, and pyramidal ends, for instance­
and even in orderly clusters, it is obv10us that although only a few 
halos are well known, u great many are possible. 

DIFFRACTION PHENOMENA 

CoronM.-Coronas consist of one or more sets of rainbow-colored 
1 ings, usually of only a few degrees radius, concentrically surround­
ing the sun, moon, or other bri(J'ht objects when covered by a thin 
cloud veil. They differ from haios in having smaller (except in rare 
cases) , and variable radii, and in having the reverse order of colors : 
that 1s, blue near the sun, say, and red farthest away. 

Clearly, then, coronas are caused by diffraction or the distribution 
of effective (nonneutralizing) , quantities of light off the primary 
path, resulting from the action of cloud particles on radiation from 
a distant source. 

"Then coronas are seen in clouds whose temperature is above 0° C., 
or in which halos do not form, it is certain that they are due to 
d�oplets. The most brilliant coronas, however, are formed by very 
lugh clouds, whose temperatures often must be far below freezing, 
from which it has been assumed that these coronas must be due to 
the diffractiv� action of ice needles. There are reasons, however, 
for believing that they are due instead to very small undercooled 
Water droplets of approximately uniform size. 

Iridescent clouds.-Thin and perhaps slowly evaporating cirro­
stratus and cirrocumulus clouds occasionally develop numerous iri­
descent borders and patches of irregular shape, especially of red 
and green, at various distances from the sun up to 30° or more. A 
brilliantly colored iridescent cloud of considerable area is justly re­
garded as one of the most beautiful of sky phenomena. Imperfectly 
explained until recently, it is now believed that these colored patches 
are only fragments of unusually large and exceptionally brilliant 
coronas, formed as described in the preceding paragraph. 

MIRAGE 

The mirage is a refraction phenomenon occasioned when the air is 
ealm and the change of density with increase of height unusual. 
(It includes looming, towering, sinking, and stooping, previously de­
scribed under the heading "Refraction phenomena.") When the den-
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sity of the air decreases from tho ground upward more rapidly than 
the normal rate, as it does when the ground is covered w1th a layer 
of very cold air, the rays of light are bent more than normally 
toward the earth and the mirage is seen raised above the object, which 
may be below the horizon at the time. This form of the phenome­
non, in which the mirage appears as if reflected from an overhead 
plane mirror, is known as the superior mirage. 

If, on the other hand, the density increases from the ground up­
ward, as it does over highly heat�d deserts, the rays are bent upward 
and the image appears as 1f reflected from a plane mirror below the 
observer. This is the inferior mirage, common in flat desert regions, 
especially during the warmer hours of the day. The phenomenon 
closely simulates, even to the <J.Uivering of the images, the reflection 
by a quiet body of water of obJects on the distant shore, the "water" 
being the image of the distant low sky. -

In addition to these simpler forms of mirage, there is one of com­
plex displacements and distortions known as the Fata Morgana, · 

which apparently results from the coexistence of the temperature 
disturbances peculiar to both the superior and inferior mirage. The 
name Fata Morgana has become generic for all such multiple images, 
wherever they occur. 

AURORA POLARIS 

The aurora polaris is a well-known but imperfectly understood 
luminous phenomenon of the upper atmosphere. 

· 

"Thile no two auroras are exactly alike, several types have been 
recognized, such as arcs, bands, rays, curtains or draperies, coronas, 
luminous patches, and diffuse glows. The arcs normal to the mag­
netic meridian, often, but not always, reach the horizon. Their under 
edge is rather sharply defined, so that by contrast the adjacent por­
tion of the sky appears exceptionally dark. The rays� sometimes 
extending upward from an arch, at other times isolated, are parallel 
to the lines of magnetic force. Many auroras are quiescent, others 
exce�dinaly changeable, flitting from side to side like wandering 
searchligl\ts, and in some cases even ·waving like giant tongues of 
flame. 

The aurora of the N 01·thern . Hemisphere occurs most frequently, 
about 100 per year, at the latitudes 60° (over the North Atlantic 
and North America) to 70° (off the coast of Siberia) . Its frequency 
appears to be less within this boundary, while with decrease of lati­
tude it falls off so rapidly that even in southem Europe it is a rare 
phenomenon. At the same latitude it is distinctly more frequent in 
North America than in either Europe or Asia. 

The distribution of auroras in the Southern Hemisphere is not so 
well known, but it appears to be similar, in general, to that of the 
Northern. 

It is well established that on the average auroras are more numer­
ous during years of sun-spot maxima than during years of spot 
minima. They also appear to be more numerous before midniaht 
than after. Relations of frequency to phase of the moon, seas�1s 
etc., have also been discussed, but with no conclusive results. ' 

Color.-Many auroras are practically white. Red, yellow. and 
green a�e also commol? auroral colors. Some .streaks and bands 
are reddish through their lower (northern) ,  portwn, then yellowish, 
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and finally greenish through the higher portions. Much of the light 
is due to nitrogen bands, but the source of the prominent green hne 
of the auroral spectrum is oxyo-en. 

There is good evidence that t'fii s  green light, the light that produces 
the "auroral line," is always present in the sky, though whether 
wholly of auroral origin, or due in part to bombardment by meteoric 
dust, or to some other cause, is not known. 

Height.-The problem of the height of auroras has often been in­
vestigated, but only recently solved. By simultaneously photograph­
ing the same aurora from two stations against a common background 
of stars, many excellent height measurements have been secured. 
The upper limits of the auroral light vary from about 100 kilometers 
to over 500 kilometers ; and the lower limits from perhaps 85 kilo­
meters to 170 kilometers, with two well-defined maxima, one at 100 
kilometers, the other at 106 kilometers. 

Cause.-The fact that brilliant shifting auroras are accompanied 
by magnetic storms renders it practically certain that they, and pre­
sumably therefore all auroras, are due to electrical discharges ; and 
!he further fact that they vary in  frequency with the sun-spot period 
lndicates that this current either comes from or is induced by the sun. 

PART VII. PREPARATION OF WEATHER MAPS ON 
SHIPBOARD 10 

If the shipmaster desires to have weather maps prepared at sea 
he must secure observations by radio and, since they are in code, he 
must have them deciphered before making entries on the map. The. 
observations may be secured by either of two methods. He may 
exchange weather reports with other ships in the region to be. 
�apped. However, this practice, if followed generally, would result 
�n much confusion by crowding radio communication channels un<l 
�nvolving a great deal of unnecessary labor for all concerned. It 
lS the only method possible in regions that are not covered by reguhr 
?roadcasts of weathe.r data by a national meteorological service ; it 
Is very heJpful when the ship is in the vicinity of a severe storm, 
even when regular broadcasts are available, since special reports col­
lected in this manner serve to supplement the broadcast data and also 
provide information during intervals between the broadcasts. 

The practice of copying the daily broadcasts of clat!t arranged 
especially for preparatiOn of weather maps is recommended, when­
ever feasible. One transmission by radio then serves all ships in the 
urea with selected reports favorably distributed over the region. 

CODE USED 

The International Figure Code is now used quite generally in the 
weather broadcasts, hence the problem of deciphering the observa­
tions has been greatly simplified. The reports are considerably ab­
breviated by use of code, hence much less time is consumed in trans­
mission than in individual exchanges in plain language. 

1• 10 A detailed description nnd Instructions nre contained In Circular R, "Preparation and ·Be of Weather 111nps nt Sea," nnd Is nvnllable to cooperating murine observers on requeRt }o port offices ot the Burenu or on nppllcntlon to Chief, U. S. Weather Bureau, Wnsh­
ngton, D. C. 
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RADIO BROADCASTS 

The principal radio bulletins broadcast by the Weather Bureau 
for the benefit of ships at sea are known as Major Marine Bulle­
tins. Separate bulletins are broadcast for Pacific and Atlantic 
oceans and central American waters. Each of these bulletins con­
I ains forecasts, warnings, and pressure synopses, which are followed 
by land-station reports and ships' observations suitable for preparing 
weather maps. 

Many other local and special broadcasts are made by the 'Veather 
Bureau for the benefit of mariners. A description of the bulletins 
and local broadcasts, with schedules and explanations of the codes 
used, is contained in Radio Circular No. 1, issued by the Weather 
Bureau. The bulletins are subject to change from time to time, and 
the revised editfons are distributed to mariners and others. 

Schedules and frequencies of brondcasts containing forecasts, 
warnings, and meteorological data from the weather services of oth�r 
countries and briefly, the contents of the broadcasts, are given in 
one or more of the following publications : Radio 'Veather Aids to 
Navigation, issued by the Hydrographic Office, United States Navy 
Department, ·Washington, D. C. ; 'Vireless 'Veather Messages, M. 0. 
252, issued by the Meteorological Office, Air Ministry, London, Eng­
Jand ; and Les Messages Synoptigues du Temps, issued by the Inter­
national Meteorological Orgamzation, Rue Etraz 5, Lausanne, 
Switzerland. 

USE OF THE WEATHER MAP 

The subjects of map analysis and weather forecasting, and their 
use as an aid to navigation, do not come within the scope of this 
publication, which is confined in the main to weather observations. 
However, the w·eather Bureau is desirous of assisting the mariner 
in analyzing the completed weather map and in drawmg inferences 
as to the weather of the future. Meteorologists at port stations of 
the Bureau will be glad to confer with ships' officers regarding any 
features of the work. Publications on this subject that are available 
for distribution will be supplied to cooperating officers on request. 

PART VIII. GLOSSARY 

A. TECHNICAL TERMS 

Ab.wlute tempera tut·c.-The temperature of the centigrade thermometer, ln­
CJ'eased by 273 °, more properly called the temperature on the absolute or thermo­
dynamic scale. On the Fahrenheit scale the absolute zet·o is approximately 459° 
below the Fahrenheit zero. 

· 

Actinometer.-An Instrument for measuring the Intensity of radiation received 
from the sun. 

Adiabatic.-The word applied In the science of thermodynamics to a process 
during which no heat is communicated to or withdrawn from the body or system 
concerned. .Adiabatic changes of atmospheric temperature are those that occur 
only in consequence of compression or expansion accompanying an Increase or 
a decrease of atmospheric pressure. Such changes are also described as dynamic 
heating and cooling. 

Advection.-The process of transfer by horizontal motion, particularly applied 
to the transfer of heat by horizontal motion of the air. The transfer of heat from 
low to high latitudes Is the most obvious example of advectlon. 
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Advcction {og.-Fog resulting from the transfer o f  warm, humid a i r  ove1· a 

told surface, especially a cold ocean surface, or ( comparatively rarely) from 
the transport of air that is relatively very cold over an ocean surface that is 
relatively very warm. 

Aerology.-The study of the free a tmosphere Uu·oughout i ts vertical extent, 
ns distinguished from investigations confined to the layer of the atmosphere 
adjacent to the earth's surface. Aerological investigations are made directly 
With pilot balloons, sounding balloons and by means of radiosondes. They are 
nlso made indirectly by visual obscrYations from the ground. Included in the 
latter are observations of clouds, meteor trails, the aurora, etc. 

Afterglow.-'l"hc glow in the western sky after sunset. 
A ir mass.-A term applied hy meteorologists to an extensive body of air  

Within which the conditions of temperature and moisture i n  a horizontal plane 
are essentially uniform. 

Air mass property.-A ny quality or quantity the nature or value of which 
can be used in a characterization of the physical state or condition of an air 
mass. 

Alto�umulus.-A form of cloud. ( See pa�t V. ) 
Altostratus.-A form of cloud. ( See part V. ) 
Anemogram.-The record traced by a self-registering anemometer. 
Anemometer.-An instrument for measuring the force or speed of the wind. 
A1wmo.�cope.-An instrument for inuicnting the existence of win<l and 

showing its direction. 
Aneroid barometer. ( See part I!.) 
Anomaly.-The difference between the mean of any meteorological element, 

or phase of that element, ovct· a given time at a particular place, and the 
mean of the same element or phase over the same time for allL other points on 
the same pamllel of latitude. 

Antltclion.-A rare species of halo, consisting of a brilliant, usually white, 
image of the sun opposite the latter In azimuth. ( This term has also been 
applied to the glory, q. v. ) .  

A ntiL-rcpu8cular ra1J8.-The continuation of the crepuseulnr rays, convel·g­
ing toward a point in the sky opposite to the sun. 

Anticyo/ogene.�fs.-The term appliecl to the process which creates or de­
Velops u new anticyclone. The word is applied also to the process which 
produces nn Intensification of a pre-existing anticyclone. 

Antic1JC/.one.-An area of high baromett·ic pressure and its attendant sys­
tem of winds. ( Cf. Cyclone. ) 

An.Utrades.-The term applied to the westerly winrls which are observed 
nt high elevations above the trade winds. 

Antitwilight m·oh.-The pink or purplish zone of Illumination bordering the 
!!hadow of the earth ( dark segment ) ,  In. the part of the sky opposite the sun 
nfter sunset and heforc sunrise. 

A queou.� va.por.-Water vapor. ( Cf. Humidity. ) 
Arcs of Lowitz.-A pair of rare halo phenomena. These arcs are directed 

obliquely downward from the parhelia of 22° on either side of the sun toward 
the halo of 22°. 

Arctic front.-The line of discontinuity between very eold air flowing directly 
from the Arctic regions and polnr maritime air that has movC'd nway from its 
source region in a more or less circuitous path and been warmed through 
eontact with the ocean surface. 

A tmosphere.-The whole mass of nlr surl"Ounding the earth. 
A urora.-A luminous phenomena due to electrical discharges in the atmos­

I>here ; probably confined to the tenuous air of high t.ltitudes. It Is most 
commonly seen In sub-Arctic und sub-Antarctic latitudes. Cnlle<l aurora bore­
nl!s or aurora australis, according to the hemisphere In which it occurs. Ob­
llervntions with the spectroscope seem to indicate that a faint "permanent 
n urora" is n normal feature of the sky In all parts of the world. 

J.Jack.-Of t h e  wind, to shift in a countcrclockwise direction ; opposite of 
Veer. In scientific practice this definition now applies to both hemispheres. 

Rar.-A unit of pressure equal to 1,000,000 dynes per square centimeter . 
.A. bar=lOO ccntibars=l,OOO millibars. A barom<�tric pressure of one bar is 
sometimes called a "C. G. S. atmosphere," and is equivalent to a pressure of 
29.531 Inches of mercury at 32° F. and In latitude 45°. 

Baro�11clonometer.-One of the several instruments t1w.t have been devised 
for locating tropical hurrleanes without the ald of a weather map. 

300658-41--7 
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Bat"Ogram.-Thc continuous record made by a self-registering barometer. 
Barograph.-A self-registering barometer. 
Barometer.-An Instrument for measuring the pressure of the atmosphere. 

The two principal types are the mercurial and the aneroid. The mlcroba­
rometer Is used to show very small changes of pressure. 

Barometric tendency.-The change of barometric pressure within a specif!.ed 
time ( usually three hours) , before the observation. 

Beaufort scale.-The scale of wind force devised by Admiral Sir Francis 
Beaufort In 1805. 

Bishop's ring.-A large corona due to fine du'lt in the atmosphere. It has 
been seen after certain great volcanic eruptions, especially that of Krakatoa, 
in 1883. 

BUzzard.-A violent, intensely cold wind, laden with snow. 
Bright segment.·-The broad band of golden light that, in clear weather, 

borders the western horizon just a fter sunset and the eastern just before 
sunrise. 

Buys Ballot's lMV.-In the Northern Hemisphere, if you face the wind the 
atmospheric pressure decreases toward your right and Increases toward your 
left. In the Southern Hemisphere the reverse Is true. The law is useful in 
locating centers of cyclones and anticylones. 

C'aUbration.-The name ordinarily given to the process of ascertaining the 
corrections to be applied to the indicated readings of an instrument in order 
to obtain true values. 

C'alm.-Absence of appreciable wind. 
C'alms of Cancer; calms of C'apricorn.-The belts of high pressure. lying 

north of the northeast trade winds and south of the southeast trade winds, 
respect! vely. 

C'a.scade.-The name applied to the mass of spray or dense vapor thrown 
outward from around the base of a waterspout. Also known as "bush", or 
"bonfire." 

C'entcr of action.-.Any one of several large areas of high and low barometric 
pressure, changing little In location, and persisting tlhrough u season or 
through the whole year ; e. g., the Iceland low, the Siberian winter high, etc. 
Changes in the Intensity and positions of these pressUI'e systems are associated 
with widespread weather changes. 

C'entibar.- ( See Bar. ) 
Oentigradc.-A thermometric scale on which o• denotes the temperature of 

melting ice, and 100• the temperature of boiling water, both under standard 
atmospheric pressure. 

C'hinoolc, or chinook wind.-A foehn blowing down the eastern slopes of the 
Rocky Mountains over the adjacent plains, in the United States and Canada. 
In winter, this warm, dry wind causes snow to disappear with remarkable 
rapidity, and hence it has been nicknamed the "snow-eater" (Cf. Foehn ) .  

C'ircum3cribed halo.-A halo formed by the junction of the upper and lower 
tangent arcs of the halo of 22• , when the luminary is about 40• or more above 
the horizon. As the altitude of the luminary increases, the circumscribed 
halo gradually assumes an elliptical form and finally merges into the halo 
of 22•. 

C'ircumzenithal arc.-A rainbow-tinted halo, often very bright, convex to the 
luminary, and 46• or a llttle more above it. It Is sometimes called the upper 
quasi-tangent arc of the halo of 46• ,  but the clrcumzenlthul arc and the halo 
of 46• are rarely seen at the same time. 

C'irrocumUl1tB.-A form of cloud. ( See part V. ) 
C'irrostratus.-A form of cloud. ( See part V.) 
C'irrus.-.A form of cloud. ( See part V. ) 
Olimate.-The prevalent or characteristic meteorological conditions of any 

place or region. 
Olimatology.-The study of climate. 
C'loua banner.-A bunnerllke cloud streaming off from a mountain peak. 
C'loud-burst.-A sudden and extremely heavy downpour of ruin ; especially 

in mountainous regions. 
C'loua cap.-A cuplike cloud crowning ( 1 )  a mountain summit, or (2) 

another cloud, especially a mass of cumulonimbus. 
C'oZ.-.A neck of relatively low pressure between two anticyclones ; also culled 

n saddle. 
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Cold air mass.-Broadly speaking, an air mass that is cold relative to 

neighboring air masses. The term implies that the air mass originated in 
higher latitudes than those in which it now finds itself and that it is, there­
fore, colder than the surface over which it is moving. 

Cold tront.-The discontinuity at the forward edge of an advancing cold air 
mass which is displacing warmer air in its path. 

Oola wave.-A rapid and marked fall of temperature during the cold season 
of the year. The United States Weather Bureau applies this term to a fall of 
temperature In 24 hours equallng or exceeding a specified number of degrees 
and reaching a specified minimum temperature or lower ; the specifications 
"arying for different parts of the country and for different periods of the 
year. 

Conservative tJroperty.-Any air mass property the nature or value of which 
is affected comparatively little by the various modifying influences to which 
a moving body of air is exposed. 

Continental olimate.-The type of climate characteristic of the interior of a 
continent. As compared with a marine climate, a continental climate has a 
large annual and daily range of temperature. 

Conveation.-The upward or downward movement, mechanically or thermally 
produced, of a limited portion of the atmosphere. Convection is essential to the 
formation of many douds, especially of the cumulus type. 

Converuenae.-The condition that exists when the distribution of winds within 
a given area is such that there is a net horizontal inflow of air into the area. 
The removal of the resulting excess is accomplished by an upward movement 
of air ; consequently areas of convergent winds nre regions favorable to the 
occurrence of precipitation. 

Corona.- ( See part VI. ) 
Corposant.-( See St. Elmo's fire. ) 
Oountertraaes.- ( See Antitrades.) 
Counter sun.- ( See Anthellon. )  
Crepuscular 1·ays.-( See part VI ; see also "Sun drawing water.")  
Cumuliform.-A general term applied to all clouds having dome-shaped upper 

surfaces which exhibit protuberances, the bases of such clouds being generally 
horizontal. Cumullform clouds are clmracteristically distinct and separated 
from one another by clear spaces. 

Cumulonillnbus.-A form of cloud. ( See part V. ) 
Oumulus.-A form of cloud. ( See part V . )  
Cyclogenesis.-The term applied to the process which creates o r  develops a 

new cyclone. The word is applied also to the process which pt·oduces an inten­
sification of a pre-existing cyclone. 

Oyclone.-An area of low barometric pressure with its attendant system of 
winds. The cyclones occurring within the Tropics ( tropical cyclones) are 
smaller, on an average, than those of higher latitudes and in many cases are 
the most violent of all storms, except tornadoes. Those occurring in higher 
latitudes ( extra-tropical cyclones) whether originating there or in the Tropics, 
usually bring about marked changes of weather and temperature during their 
passage ; their winds may be high or otherwise. Tropical cyclones are also 
called hurricanes ( when violent ) ,  typhoons, or baguios. Extra tropical cyclones 
are commonly known as lows or barometric depressions. 

Dark segment.-The shadow of the earth which, in clear weather, rises from 
the eastern horizon at sunset and sinks below the western horizon at sunrise. 

D�bacle.-Breaking up of the ice in the spring in rivers and seas. 
Deepening.-The occurrence of decreasing pressure in the center of a moving 

pressure system. 
Depression.-A cyclonic area, or low. 
Deviation ot the wind.-The angle between the direction of the wind and 

the direction of the pressure gradient. ( Cf. Inclination of the wind . )  
Dew.-Atmospheric moisture condensed, in liquid form, upon objects cooler 

than the air, especially at night. . 
Dewpoint.-The temperature at which, under ordinary conditions, condensa­

tion begins in a cooling mass of air. It varies with the specific humidity. 
The dewpoint Is a conservative air mass property. 

Disaontinuity.-The term applled in a special sense by meteorologists to a 
zone within which there is a comparatively rapid transition of the meteorologi­
cal elements. 
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Distwrbance.-A local dcpartm·e from the normal or average wind conditions 
of any part of the world, 01·, in other words, a feature of what is sometimes 
culled the "secondary" circulation of the atmosphere, us distinguished from the 
general circulation. In everyday usage disturbance has come to be synonymous 
with cyclone and depression. 

D ivergence.-The condition that exists when the distribution of winds within 
a given area is such that there is a net horizontal flow of air outward from the 
region. The resulting defici t  Is compensated by a downward movement of air 
from aloft ; consequently areas of divergent winds are regions unfuvornble to 
the occurrence of precipitation. 

Do/4rums.-The equatorial belt of calms or light variable winds, lying 
between the two trade-wind belts. 

Dl·izz/e.-Preeipitution consisting of numerous tiny droplets. Drizzle origi­
nates from stratus clouds. ( See also part V. ) 

Drought.-A protracted period of dry weather. 
Dry adiabatic lapse rate.-A rate of decrease of temperature with height 

approximately equal to P C. per 100 meters ( 1.8° 1�. per 328 feet, ) This Is 
elose to the ra te at which an ascending body of unsaturated a i r  will cool due 
to acllabatic expansion. 

D1·y bu�b.-A name given to an ordinary thermometer used to determine the 
temperature of the air, in order to distinguish it from the wet bulb. 

Dry fog.-A haze due to the presence of dust or smoke in the air. 
Dust counter.-An Instrument for determining approximately the number of 

dust particles or condensation nuclei per unit volume i n  a sample of a i r. 
Dynamic meteorology.-The branch of meteorology that treats of the motions 

of the atmosphere and their relations to other meteorological phenomena. 
Bdd1f.-A more or less fully developed vortex in the atmosphere, constituting 

a local i rregularity in a wind. All winds near the earth's surface contain 
eddies, which at any given place produce 'gusts" and "lulls." Air containing 
numerous eddies is said to be "turbulent." 

Bquiva�ent potential temperatw·e.-'l'he temperature that a given sample of 
air would have If It were brought adiabatically to the top of the atmosphere 
( i. e., to zero pressure) so that along its route all the water vapor present were 
condensed and precipitated, the latent heat of condensation being given to the 
sample, and then the remaining dry air compressed adiabatically to 'a p1·essurc 
of 1,000 millibars. The equivalent potential temperature ut any point Is there­
fore determined by the values of absolute t emperature, pressure and humidity. 
It is one of the most conservative of air mass properties. 

Bvaporimcter.-An instrument for measuring the rate of evaporation of water 
Into the atmosphe1·e. 

Ea:posure.-In meteorology the method of presentation of an instrument to 
that element which l t  is destined to measme or record, or the situation of the 
station· with regard to the phenomenon or phenomena there to be observed. 

E!tC of the storm.-A calm region at the center of a tropical cyclone or a 
break in the clouds marking Its location. 

Fallrenheit.-A thermometric scale on which 32° denotes the temperature 
of melting ice, and 212° the temperature of boiling water, both under standard 
atmospheric pressure. 

Fall-wind.-A wind blowing down a mountnlnsicle ; or any wind having a 
strong dowmvn1·d component. Fall-winds include the foehn, mistral, born, etc. 

False cirrus.--Ci rruslike clouds at the summit of a thunder cloud ; more ap­
propriately called "thunderstorm cirrus." 

Fata. Joforgana.-A complex form of mirage, churncter!zed by mnrkerl dis­
tortion of lmnges. 

F'e.�toon clmtd.-1\Iammatocnmulus. 
F'illing.-'fhe occunence of incrPaslng pressm·e in the center of a moving 

pressme system. Filling Is the opposite of deepening. 
Foehn.-A dry wind with strong downward component, warm for the season , 

chnracter)st:c of many mountainous regions. The air is cooled dynnmlcally 
In ascending the mountains, but this lends to condensation, which checks the 
fall in temperature through the liberation of latent heat. 'J'he wind deposits 
Its moisture ns rain or snow. In descending the opposite slope It is strongly 
heated dynamically and arrives in the valleys beyond as a warm and very 
dry wind. Some writers apply this term to any wind that Is dynnmlcnlly 
heated by descen t ; e. g., the slnldng air of an anticyclone. 
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l•,og.-A cloud at the earth's surface. Fog consists o f  numerous droplets 

of water, which are so small that they cannot readily be distinguished by the 
naked eye. In ordinary speech the term "fog" generally implies an obscurity 
of the atmosphere sufficiently great to interfere with marine and aerial 
navigation. ( Sec also part V. ) 

Pogbow.-A rainbow, colorless or nearly so, formed in a fog. 
Fog drip.-Moisturc that is deposited on terrest1·ial objects by fog and drips 

from them to the ground. 
Fraotoc::umulus.-A form of cloud. ( See part V. ) 
FrU-Ctostratus.-A fonn of cloud. ( See part V. ) 
Front.-A surface of discontinuity between two juxtaposed currents of air 

possessing different densities, or, more simply, the boundary between two 
different air masses. 

Frcmtogenesis.-'l'he term used to describe the process which creates a front 
I. e., produces a discontinuity in a continuous field of the meteorological ele­
ments ; also applied to the process which l ncrea�es the intensity of a pre-existing 
front. Frontogenesis is generally set up by the horizontal convergence of air  
currents possessing widely different properties. 

Frcmtolysis.-The term used to desc1·ibe the process which tends to destroy a 
pre-existing front. Frontolysls Is generally b1·ought about by horizontal mixing 
and d ivergence of the air within the frontal zone. 

Prost.-Atmospheric moisture deposited upon terrestrial objects in the form 
of lee crystals. Also called hoarfrost. 

Frost smoke.-A fog produced by apparent steaming of the sea in the presence 
of air  having a temperature much below freezing. Also called "Arctic sea 
smoke." 

Gale.-Wind with an hourly velocity exceeding some specified value. In 
American practice a wind of or exceeding force 8 on the Beaufort scale is 
counted a gale. 

Glaze.-'l'crm applied by the United States Weather Bureau to a smooth coat­
ing of ice on terrestrial objects due to the freezing of rai n ; often popularly 
ealled sleet. In Great Britain such a deposit is called glazed frost. A deposit 
of glaze on an extensive scale constitutes an "lee storm." 

GlorJJ.-A series of concentric colored rings seen around the sl!Udow of the 
observer, or of his head only, cast upon a cloud or fog bank. It is due to the 
diffraction of reflected l!gh t. 

Gmdient.-change of value of n meteorological element per unit of distance. 
The gmdients commonly discussed In meteorology are the horizontal gradient of 
pressure, the vertical gradient of temperature, and the vertical gradient of 
electric potential. .Meteorologists now prefer the term "lapse-rate" to "vertical 
gradient." 

Gradient wind.-A wind of the velocity which is necessary to balance the 
pressure gradient. The direction of the gradient wind is along the Isobars, and 
the velocity Is so adjusted that there is equlllbrium between tJ1e force pressing 
the a i r  toward the region of low pressure, and the centrifugal action to which 
the moving air Is subject In consequence of i ts motion. 

Granular snow.-A form of precipitation consisting of small nontransparent 
grains of snow. 

Green flash.-A bright green coloration of the upper edge of the sun's disk, 
sometimes seen when the rest of the disk is below the horizon at sunrise or 
sunset. 

Gust.-A sudden brief I ncrease in the force of the wind. Most winds near 
the earth's surface display alternate gusts and lulls. 

Haa.-Balls or irregular lumps of ice, often of considerable size, having a 
complex structure ; large hailstones generally have a snow like center, surrounded 
by layers of ice, which may be alternately clear and cloudy. Hull falls almost 
exclusively in connection with thunderstorms. ( Cf. �leet. ) 

Halo.-A generic name for a large group of optical phenomena caused by ice 
crystals In the atmosphere. The commonest of these phenomena is the halo of 
22° ( i. e., of 22° radius ) ,  surrounding the sun or moon. The halo of 46° and 
the rare halo of 90° ,  or halos of Hevellus, also surround the luminary. Other 
forms of halo are the tangent arcs, parhella ( or paraselenae) ,  parhellc ( or 
puruselenic ) circle, anthellon, etc. 

Haze.-A lack of transparency In the atmosphere raused by the presence of 
dust or of salt particles left by evaporated ocean sprny. At u certain distance, 
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depending on the density of the haze, all details of landscape and of color 
disappear. ( See also part V.)  

High.-An area of  high barometric pressure ; an anticyclone. 
H oa.rfrost.- ( See Frost. ) 
Hot wave.-A period of abnormally high temperatures. It has sometimes been 

defined, in the United States, as a period of three or more consecutive days 
during each of which the maximum temperature Is oo• F. or over. 

Humidity.-The degree to which the air is charged with water vapor. This 
may be expressed in several ways. Absol11te humidity expresses the weight of 
water vapor per unit volume of air ; relative humidity is the ratio of the actual 
vapor pressure to the vapor pressure corresponding to saturation at the prevail­
Ing temperature, or simply the percentage of saturation ; specific humidity 
expresses the mass of water vapor contained In a unit mass of moist air. 
Specific humidity is the only truly conservative air mass property of the three. 

Hurricane.-A tropical cyclone ; especially one of the West Indian re�lon. ( A  
cyclone originating in  this region and passing northward into the Temperate 
Zone is often called 'll "West India hurricane," even after it has assumed the 
character of an extra-tropical cyclone, and if sufficiently severe, justifies the 
display of "hurricane warnings" at ports of the United States. "Hurricane" 
Js also the designation of the highest wind force on the Beaufort scale. 

Hydrometeor.-A generic term for weather pbenomen'll such as rain, cloud, 
fog, etc., which mostly depend upon modifications in the condition of the water 
vapor in the atmosphere. 

Ht;drograph.-A self-recording hygrometer. 
Hygrometer.-An Instrument for measuring the humidity of the air. 
Iceberg.-A large mass of ice that breaks from the tongue of a glacier run-

ning into the sea and floats aW'Ily. 
Iceblink.-A white, luminous appearance near the horizon caused by the 

reflection of light from Ice. 
Ice needles.-Thin crystals or shafts of Ice, so light that they seem to be sus­

pended In the air. ( See also part V. ) 
Ice rain.-1. A rain that C'lluses a deposit of glaze. 2. Falling pellets of 

clear ice (called sleet by the United States Weather Bureau. ) 
lee storm.- ( See Glaze. ) 
Inclination of the wina.-The angle which the wind direction mak!'S with the 

direction of the Isobar at the place of observation. Over the ocean the angle 
Is usually between 20• and so•. ( Cf. Deviation of the wind. ) 

Insolation.-Solar radiation, as received by the earth or other planets ; also, 
the rate of delivery of the same, per unit of horizontal surface. 

InstabiUty.-A state in which the vertical distribution of temperature is 
such that an 'air particle, if given either an upward or a downward impulse, 
will tend to move away with Increasing speed from its original level. (In 
the case of unsaturated air the lapse rate for instability will be greater than 
the dry ndiabatic lapse rate ; in that of saturated air greater than the saturated 
adiabatic lapse rate. ) 

Instrument sheltm·.-The American name of the cage or screen in Which 
thermometers and sometimes other instruments are exposed at meteorological 
stations. Called thermometer screen in Great Britain. 

Intertropical f1'ont.-The boundary between the tr'llde wind systems of the 
northern and southern hemispheres. It manifests Itself as a fairly broad zone 
of transition commonly known as the Doldrums. 

Inversi.on.-An abbreviation for "Inversion of the vertical gradient of tem­
perature." The temperature of the air is ordinarily observed to become lower 
with lncre'nsing height, but occasionally the reverse is the case, and when the 
temperature increases with height there is said to be an "inversion." 

Irisation.-Irregular patches or fringes of iridescence sometimes seen in 
clouds (called iridescent clouds) ,  not corresponding in location with the ordi­
nary corona or the known forms of halo ( such as parhelia ) .  They are prob­
ably fragments of coronns of unusual size, produced by exceedingly fine cloud 
particles. 

Isobar.-A line on a chart or diagram drawn through places or points having 
the same barometric pressure. ( Isobars are customarily drawn on weather 
ch'arts to show the horizontal distribution of atmospheric pressure reduced to 
sea level or the pressure at some specified altitude. ) 

Isouram.-A line drawn on a chart or diagram to show the distribution of 
some physical condition In space or time ( or both ) ,  by connecting points cor-
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responding to equal values of the phenomenon represented. Most of the !so­
grams used in meteorology are drawn on geographical chnrts, and show the 
distribution of a meteorological element in space only. A special form of 
1sogram, known as the iaopleth, shows the variation of an element i n  relation 
to two coordinates ; one of the coordinates representing the time of the year 
(month ) ,  nnd the other usually the time of the day ( hour ) ,  but sometimes 

space ( especially altitude) .  The following list includes the most Important 
meteorological isograms : Aniaalloba.r, isogram of rise of barometric pressure 
in a given time ; iaalloba.r, isogram of the amount of change in barometric 
pressure within a specified period ; isanomal, or isanomalotts line, isogram of 
anomaly, I .  e., of the departure of the local mean value of an element from 
the mean pertaining to the latitude ; i80bar, isogram of barometric pressure ; 
isotherm, isogram of temperature ; katisallobar, isogram of fall of barometric 
pressure in a given time. 

Isotllerm.-A line on a chart or diagram drawn through places or points hav­
ing equal temperatures. 

Isotllermal laycr.- ( See S tratosphere. ) 
Land and sea breezes.-The breezes that, on certain coasts and under cer­

tain conditions, blow from the land by night and from the water by day. 
Lapse rate.-The rate of decrease of temperature in the atmosphere with 

height. 
Lenticular cloud.-A cloud having approximately the form of a double­

convex lens. Clouds of this sort may be formed at the crests of standing waves 
in the atmosphere such as are often induced by mountain ranges ; usually 
they represent a transitional stage in the development or disintegration of one 
of the more well-known cloud types. 

Lightning.-A disruptive electrical discharge in the atmosphere, or, gen­
erally, the luminous phenomena attending such 'a discharge. 

Light pillar.-A form of halo, consisting of a column of light, vertical or 
nearly so, extending from or through the sun or moon. Called a sun pUlar, 
or a moon pillar, as the case may be. 

Line squall.-A more or less continuous line of squalls 'and thunderstorms 
marking the position of an advancing cold front. 

Loominu.-An apparent elevation of distant objects by mirage. 
Lmv.-An area of low barometric pressure, with its attendant system of 

winds. Also called a barometric depression or cyclone. 
Mammatocumttlua.-A form of cloud showing pendulous sack-like protu­

bernnces. 
March.-Tlle variation of any meteorologlcnl element In the course of 'a dny, 

year, or other llJterval of time ; e. g., the diurnal march of temperature ;  the 
'annual march of barometric pressure. 

Marine climate.-A type of climate characteristic of the ocean and oceanic 
Islands. Its most prominent feature is equability of temperature. 

Ma0imum.-The highest value of any element occurring during a given period. 
Meniscus.-The curved upper surface of a liquid in 'a tube. 
Jfcteorograph.-A self-registering apparatus which records simultaneously 

the values of two or more meteorological elements. Certain types of meteoro­
�raph are connected, electrically or otherwise, with some of the standard in­
struments at meteorological stations. These record conditions 'at the earth's 
surt'nee only. Otbez· types are carried aloft by airplanes and free balloons. 

Jfeteorology.---,The science of the atmosphere. 
Microbarograph.-An instrument designed for recording small and rapid 

varintions of atmospheric pressure . 
.Millibar.-( See Bar.) . . 

Minimum.-The lowest value of any element occurrmg during a g1ven 
period. 

Mirage.-An apparent displacement or distortion of observed objects by 

abnormal atmospheric refraction. Sometimes the images of objects are in­

verted, magnified, multiplied, raised, or brought ne'arer to the eye than the 

object. Refraction layers in the ntmosphez·e often assume the appearance of 

fog. ( See Refraction Phenomena, pages 81 and 82.) 
Miat.-A very thin fog, in which the hOrizontal visibility is greater than 1 

ldlometer, or approximately 1,100 yards. ( This Is the definition laid down 
by the International Meteorological Organization.) In North America the word 
is often used synonymously with drizzle or fine rain. ( See also part V. ) 

Mock tou.-A simulation of true fog by atmospheric refraction. 
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Mook sun.-( See Parhelion.) 
Monsoon.-A wind that reverses i ts direction with the season, blowing more 

or less st�dily from the interior of a continent toward the sea in winter, 
and in the opposite direction in the summer. 

NepltOscope.-An inst1·umcnt for measuring the movement of clouds. 
Neutral point.-The te1·m applied in a special sense to any point at which 

the axis of a wedge of high pressure intersects the axis of a trough of low 
pressure. Also called "saddle point." 

Nimbostrattts.-A form of cloud. ( See part V . )  
N octilucent clouds.-Luminous, cirrus-like clouds sometimes visible through­

out the short nights of summer ; supposed to be clouds of dust ut great alti­
tudes shining with reflected sunlight. Such clouds were observed during 
several summers after the eruption of Kralmtoa ( 1883 ) ,  and are still occa­
sionally reported. 

Normal.-The average value which in the course of years any meteorological 
element is founll to have ou a specified date or during a specified month or other 
portion of the year, or during the year as u whole. Also used us an adjective 
in such expressions as "normal temperature," etc. Thus, for any station a t  
which records have been maintained for years, w e  may compute the normal 
temperature of January 1, the normal pressure of February, the normal rainfall 
of the year, etc. The normal serves as a standard with which values occurriiJg 
in a particular year may be compared in order to determine the departure from 
normal. 

Nucleus.-A particle upon which condensation of water nlpot• occurs in the 
free atmosphere in the form of a water drop or an ice crystal. 

Oblique aros of the anthclion.-A rare form of halo, consisting of Intersecting 
arcs, usually white, passing through the anthelion or the place where the anthelion 
would occur if visible. 

Occluded front.--The front that Is formed when and where the cold front 
overtakes the warm front of a cyclone. This front marks the position of the 
surface front. 

Occlusion.-The term used to denote the l)rocess whereby the air In the 
warm sector of a cyclone Is forced from the surface to higher levels. The 
process is accompanied by an Increase In the inteusity of the cyclone. 

Ozone.-An allotropic form of exygen which occurs translently in small quan­
tities In the lower atmosphere and is supposed to be ]Jermauently present and 
relatively abundant a t  high a tmospheric levels. 

· 

Paranthelion.-A halo phenomenon similar to a parhellon, but occurring at 
a distance of 90° or more in azimuth from the sun. The solar distance of the 
ordinary paranthella is 120°. ( Analogous phenomena produced by the moon 
as source of light are called parantlselenre. ) 

Paraselene ( plural paraselenre. ) - ( See Parhelion. ) 
Paraselenic circle.-( See Parhelic circle. ) 
Parhelic circle.-A halo consisting of a white circle passing through the 

sun and parallel to the horizon. A similar phenomenon In connection with the 
moon i s  called a paraselenlc circle. 

Parhelion ( plural parhella ) .-A mock sun, ot· sun dog ; a form of halo con­
sisting of a more or less distinctly colored Image of the sun at the same altitude 
as the latter above the horizon, and hence lying on the parhellc circle, If present. 
The ordinary parhelia are 22° from the sun In azimuth, or a l ittle more, accord­
ing to the altitude of the luminary. Parhella lun·e occasionally been seen about 46° from the sun. Analogous phenomena seen in connection with the moon are 
called paraselenre, mock moons, or moon dogs. 

Pilot balloon.-A small free balloon the drift of which, ns observed from the 
ground, Indicates the movements of the air aloft. 

Polar continental air.-Th e  term used to describe any air mass that originates 
over land or frozen ocean areas in the polar regions. Polar continental air is  
characterized hy low temperatures, low specific lmmllllty and a high degree or 
vertical stability. 

Polar tront.-The surface of discontinuity separating an air mass of polar 
origin from one of tropical origin. 

Polar maritime air.-The term used to describe any air mass that ol"iglnally 
came from the polar regions but has since been modified by reason of Its passage 
over a relatively warm ocean surface. Polar maritime air is characterized by 
moderately low surface temperatures, moderately high surface specific humidity 
and a considerable degree of vertical instability. 

' 
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Potential tempcratun3.-The temperature that a specimen of air or other gas 

would assume if brought a diabatically to a standard pressure, now usually 
selected as 1,000 millibars. 

Previpitation.-The collective name for deposits of atmospheric moisture in 
liquid and solid form, including rain, snow, hail, dew, hoarfrost, etc. 

Pressure.-An elliptical expression, current in meteorological literature, for 
atmospheric pressm·e, or barometric pressure. 

Pressure gradient.-'l'he decrease in ba rometric pressure per uni t horizontal 
distance in the direction in which the pressm·e decreases most rapidly. 

Prevailing westerlies.-The belts of winds lying 011 the polewnrd sides of the 
subtropical high-pressure belts. 

Psycltrometer.-Ail instrument for measuring atmospheric humidity, consist­
ing usually of a dry-bulb thermometet· and a wet-bulb thermometer. The for­
mer is an ordinary mercurial thet·mometet·. The latter has its bulb coYered 
with muslin o t· other fabric, which is either permanently wet or is wetted 
before use. In some psychrometers there is only one thermometer, readings 
being taken both before and after moistening the bulb. In the aspiration 
psychrometer the air ls drawn past the bulb by a revolving fan. 

Pumpinu.-Unsteadlness of the mercury In the barometer caused by flue· 
tu�tions of the uit· pressure producetl by a gusty wind, or due to the oscil­
lahon of a ship. 

Purple light.-The purple or rosy glow obset"I"Cd ovet• a large area of the 
western sky after sunset and the eastern sky before sunrise ; It l ies above the 
bright segment that borders the horizon. 

Pyrhcliomcter.-An instrument that measures solar radiation by its heating 
effects. 

Radiation too.--Fog chamcteristlcally resulting from the radlational cooling 
of air near the surface of the ground on calm clear nights. 

llain.-Drops of water falling from the sky. ( See also part V. ) 
Rainbow.-A luminous at·c formed by the refraction and reflection of light 

in drops of water. ( See part VI. ) 
Rainfall.-A term sometimes synonymous with rain, but most frequently used 

in reference to amounts of precipitation ( Including snow, hail, etc. ) 
Rain gage.-An Instrument for measuring rainfall. 
Reduction.-As applied to meteorological observations, genemlly means the 

substitution for the values directly observed of others which are computed 
thert>from, and which place the results upo_n a compat·nble basis. 

Rcfraction .-Astronomica1 refraction, change In the apparent position of a 
heavenly body due to atmospheric refraction ; tetTestrlal refraction, change in 
the apparent position of distant terrestrial objects due to the same cause. 

Relative humidity.- ( See Humidity. ) 
Representative observation.s.-Those which give the true or typical meteoro­

logical conditions prevaillng In an air mass ; hence they must be relatively 
unlnfluenced by local conditions. 

Reseau.-A collection of meteorological stations operating under a common 
direction or In the same territory. An international r�seau Is a group of sta­
tions in different countries cooperating for any purpose. The resenu mondial 
is a world-wide system of selected stations, the observations of which may be 
utillzed In studies of the meteorology of the globe. 

Ridge.-A relatively nut·row extension of an anticyclone or high-pressure 
area as shown {)n a weather churt. 

Rim.e.-1. Hoarfrost. 2. A rough or feathery coating of lee deposited on 
terrestrial objects by fog. ( The second meunlng Is the one now used i n  
technical literature ) .  

Saddle.- ( See Col . )  
St. Elmo's {ire.-A luminous bruslJ discharge of electricity from elevated 

objects, such as the masts and yardarms of ships, lightning rods, steeples, etc., 
occm·ring In stormy weather. Also called corposant. 

Saturated adiabatic lapse rate.-A rate of decrease of temperature with 
height equal to the rate at which an ascending body of satum ted n l r  will cool 
during adiabatic expansion .  The value of the latter, unlike the case for ll;n­
snturated nir, Is not the same under all conditions. However, under no c z r­
cumstances is it greater than the dry adiabatic rate. It varies Inversely with 
the temperature. 

-

Saturation.-The condition that exists in the atmosphere when the partial 
pressure exerted by the water vapor present is equal to the maximum vapor 
pressure possible at the prevalllng temperature. 
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Scarf cloud.-A thin cirrusllke cloud which often drapes the summits of tall 
cumulonimbus clouds. 

Sea breezes.- ( See Land and sea breezes. ) 
Secondary.-A small area of low pressure on the border of a large or "pri­

mary" one. The secondary may develop into a vigorous cyclone while the 
primary center disappears. 

Semicircle.-The "dangerous semicircle" of a cyclonic storm at sea is the 
half of the storm area in which rotary and progressive motions of the storm 
reinforce each other, and the winds are also directed in such a way as to 
drive a vessel running before the wind across the storm track ahead of the 
advancing center. The other half is called the "navigable" semicircle. 

Shower.-A fall of rain, of short duration but often of considerable inten­
sity, and usually consisting of relatively large drops. Also a similar fall of 
snow, sleet, or hail. Showers characteristically fall from isolated clouds 
sepat·ated from one another by clear spaces. They occur typically In air masses 
that possess a high degree of instability. ( See also part V. ) 

Sleet.-1. Frozen or partly frozen rain ; frozen raindrops in the form of 
particles of clear ice. (The official definition of the United States Weather 
Bureau. ) 2. Snow and rain falling together. (The British use, and the one 
occurring in publications of the International Meteorological Organization. In 
popular and engineering use in the United States the word is often applied to 
a coating of glaze on trees, wires, rails, etc.) 

Snow.-Precipitation in  the form of small ice crystals, falling either iep­
arately or in loosely coherent clusters (snowflakes) .  ( See also part V.) 

Soft haiE.-White, opaque, round pellets of snow. ( See also part V.) 
Solar con.!tant of radiatwn.-The intensity of solar radiation outside the 

earth's atmosphere at the earth's mean distance from the sun. Recent inves­
tigations indicate that this intensity may vary and that its mean value i s  1.94 
gram-calories per minute per square centlmeter of area lying normal to the 
incident solar ray. 

Sounding balloon.-A free, unmanned balloon carrying a set of self-register­
Ing meteorological Instruments. 

Source reown.-An extensive area of the earth's surface characterized by 
essentially uniform surface conditions and which Is so placed in respect to 
the general atmospheric circulation that air masses may remain oyer it long 
enough to acquire definite characteristic properties. Examples of source re­
gions are the Ice-covered polar regions and the broad expanses of uniformly 
warm tropical oceans. 

Specter of the Brocken.-The shadow of an observer and of objects in his 
immediate vicinity cast upon a cloud or fog bank ; sometimes attended by a 
series of colored rings, called the glory or Brocken-bow. 

Squall.-1. A sudden storm of brief duration ; closely akin to a thunder­
storm but not necessarily attended by thunder and lighting. 2. A sudden 
brief blast of wind, of longer duration than a gust. 

Stability.-A state in which the vertical distribution of temperature is such 
that an air particle will resist displacement from Its level. In the case of 
unsaturated air the lapse rate for stability will be less than the dry adiabatic 
lapse rate ; In that of saturated alr less than the saturated adiabatic lapse 
rate. 

Static.- ( See Stray. ) 
Storm.-A marked disturbance in the normal state of the atmosphere. The 

term has various applications, according to the context. It Is most often ap­
plied to a disturbance In which strong wind is the most prominent char­
acteristic, and sometimes specifically to a wind of force 11 on the Beaufort 
scale. It is also used for other types of disturbance, Including thunderstorms, 
rainstorms, snowstorms, hailstorms, dust storms, sand storms, magnetic 
storms, etc. 

Stratiform.-A general term applied to all clouds which arc arranged in 
unbroken horizontal layers or sheets. 

Stratocumulus.-A form of cloud. (See part V. ) 
Stratosphere.-The upper region or external layer of the atmosphere, In 

which the temperature Is practically constant in a vertical dir('ction. The 
stratosphere Is free from clouds ( except occasional dust clouds) and from 
strong vertical air currents, In other words, active convection. The height of 
Its base ( see Tropopause) varies In regular fashion with latitude and with 
the seasons over the earth as a whole and fluctuates irregularly from day to 
day over any particular place . 

.. -;. '· � 
�· : . .  
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Btratus.-A form ot cloud. ( See part V.) 
Stray.-A natural electromagnetic wave in the ether. The term is used 

in reference to the effect of such wave in producing erratic signals in radio­
telegraphic receivers. Strays are also known as atmospherics, and collectively, 
as static. 

Bubsidence.-The word used to denote a slow downward motion of the air 
over a large area. Subsidence accompanies divergence in the horizontal motion 
of the lower layers of the atmosphere. . 

Bun pillar.- ( See Light plllar.) 
Sunahine recorder.-An instrument for recording the duration of sunshine ; 

certain types also record the intensity of sunshine. 
Burge.-A general change in barometric pressure apparently superposed upon 

cyclonic and normal diurnal changes. 
Synoptic chM't.-A chart, such as the ordinary weather map, which shows 

the distribution of meteorological conditions over an area at a given moment. 
Synoptic meteorology.-Tlle branch of meteorology that deals with the anal· 

ysis of meteorological observations made simultaneously at a number of points 
in the atmosphere ( at the ground or aloft) over the whole or a part of the 
earth, and the application of the analysis to weather forecasting and other 
problems. 

Tangent arc.-Any halo that occurs as an arc tangent to one of the heliocen­
tric halos. 

Thcrmogram.-Tllc conthJUous record of temperature made by a thermo-
graph. · 

Thermograph.-A self-registering thermometer. 
Thermometcr.-An instrument for measuring temperature ; in meteorology 

generally the temperature of the air. Maximum and minimum thermometers 
indicate, respectively, the highest and lowest temperatures occurring between 
the times of setting the instrument. A wet-bulb thermometer is used in 
measuring humidity. ( See Psychrome_ter. )  

Thermometer screen.-A construction designed t o  screen a thermometer from 
the direct rays of the sun and from other conditions that would interfere with 
1 he registration of the true air tempernture ; usually a wooden cage with 
louvered sides. In the United States commonly called the Instrument shelter. 

Thundcr.-The sound produced by 'llghtning discharge. 
Th!MUlerstorm.-A storm attended by thunder and lightning. Thunderstorms 

are local disturbances, often occurring as episodes of cyclones, and, in common 
with squalls, are marked by abrupt variations in pressure, temperature, and 
wind. 

Tornado.-1. A violent vortex in the atmosphere, attended by a pendulous, 
more or less funnel-shaped cloud. 2. In West Africa, a violent thundersquaU. 

Trade-winds.-Two belts of winds, one on either side of the equatorial 
doldrums In wbich the winds blow almost constantly from easterly quadrants. 

Trajectory.-The path traced out by a small volume of air in its movement 
over the earth's surface. 

Transiticn zone.-The relatively narrow region occupied by a front wherein 
the meteorological properties exhibit large variations over a short distance and 
possess values intermediate between those characteristic of the air masses on 
either side of the zone. 

Tropical disturbancc.-The name used by the Weather Bureau for a cyclonic 
wind system of the tropics that is not known to have sufficient force to justify 
the use of the · words "storm" or "burlcane." 

Tropical maritime air.-The term used to describe any air mass that orig­
Inates over an ocean area In the tropics. Tropical maritime air is characterized 
by high surface temperatures and high specific humidity. 

Tropopause.-The point in the atmosphere nt  which the fall of temperature 
with Increasing height abruptly ceases. This point marks the base of the 
stratosphere. Over most of the earth it Is located, on the average, at elevations 
of between 10 and 15 kllometers ( 6 and 0 miles) above sea level. Its normal 
level over the polar regions is somewhat below 10 kllometers and over the 
equator is somewhat above 15 kllometers. 

Traposp_here.-The lower region of the atmosphere from the ground to the 
tropopause, in which the average condition Is typified by a more or less regular 
decrease of temperature with increasing altitude. 

Trouuh.-An elongated area of low barometric pressure. 
Turbulence.-Irregular motion of the atmosphere produced when air flows 

over a comparatively uneven surface, such ns the surface of the earth. or when 

G34 8 9  
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two currents of air flow past or over each other in different directions or at 
different speeds. The existence of turbulence in the atmosphere is made ap­
parent by the character of the trail of smoke from a ship's funnel and by gusts 
and lulls in the wind. 

Twilight.-Astronomical twilight is the interval between sunrise or sunset 
and the total darkness of night. Civil twilight is the period of time before 
sunrise and after sunset during which there Is enough daylight for ordlnaz·y 
outdoor occupations. 

Typhoon.-The name applied in the Far East to a tropical cyclone. 
Ulloa's ring.-1. A glot·y. 2. A halo ( also called Bouguer's halo ) ,  sunound­

ing a point in the sky diametrically opposite the sun ; sometimes described as 
a "white rainbow." 

· 

V-shapecl depression.-A trough of low barometric presure bounded, on the 
weather map, by V-shapcd isobars. 

Vane.-A device that e:hows which way the wind blows ; also called weather 
vane or wind vane. 

Vapor p1·es.�ure.-The pressure exerted by a vapor when it is in a confined 
space. In meteorology vapor pressure refers exclusively to the presure of water 
vapor. When several gases or vapors are mixed together In the same space 
each one exerts the same pressure as it would if the others were not present ; 
the vapor pressure is th·at part of the total atmospheric pressure which is due 
to water vapor. 

Variabilit1J.-Interd!urnal variability Is the mean difference between succes­
sive dally means of a meteorological element. 

Vccr.-Of the wind, to shift in a clockwise direction ; opposite of "back." In 
scientific practice this definition now applies to both hemispheres. 

Vernier.-An auxlllary scale for estimating fractions of a scale division when 
the reading to the nearest whole division on the main scale is !not sufficiently 
nccurate. 

Visibility.-The transparency and llluminatlon of the atmosphere as affecting 
the distance at which objects can be seen. It is usually expz·essed on a numerical 
scale. 

Warm air mass.-Broadly speaking, an air mass that is warm relative to 
nelghboring air masses. The term implies that the air mass originated in 
latitudes lower than those in  which it  now finds itself and that it• is therefore, 
warmer than the surface over which it is moving. 

Warm fr0'11 t.-The discontinuity at the forward edge of ·an advancing cur-
rent of relatively warm air which is displacing a retreating colder air mass. 

Warm sector.-The area bounded by the cold and warm fronts of a cyclone. 
lVaterspout.-A tornadolike vortex and cloud occurring over a body of water. 
lVave d.isturbance.-A localized deformation of a front, which travels along 

the, front as a wave-shaped formation, and which generally develops into a 
well-marked cyclone. 

lVedge.-1. A wedge-shaped area of high barometric pressure as shown on a 
weather chnrt. Synonymous with "ridge". 2. Applied to an air mass whose 
advancing forward portion, from a three-dimensional standpoint, is shaped like 
a wedge. 

Wet bulb.- ( See Psychrometer.) 
Wi.lliwaw.-A sudden blast of wind descending from a mountainous coast to 

the sea. ( Especially applied to such blasts in the Straits of Magellan. ) 
lVind.-Movlng air, especially a mass of air having a common direction of 

motion. The term is generally limited to air moving hol"izontally, or nearly 
so ; vertical streams of air are usually called "currents". 

Wind rose.-1. A diagram showing the relative frequency and sometimes also 
the average strength of the winds blowing from different directions In a specified 
region. 2. A diagram showing the average relation between winds from dlffet·ent 
directions and the occurrence of other meterologlcal phenomena. 

Zodiacal light.-A cone of faint light in the sky which Is seen stretching along 
the zodiac from the western horizon after the twilight of sunset has faded and 
from the eastern horizon before the twlllght of sunrise has begun. 

B. COLLOQUIAL TERMS 

"Barkstays of the sun."-A sailor's name for crepuscular rays extending down­
ward from the sun. 

Baguio.-The name current in the Philippines for n tropical cyclone. 
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Bora.-A cold wind of the northcm Adriatic, blowing down from the high 
plateaus to the northward. Also, a similar wind on the northeastern coast of 
the Black Sen. 

/Jrare west u:inds.-The boisterous westerly winds blowing over the ocean 
between latitudes 40° and 50° S. This region is known as the "Roaring Forties." 

BuZZ's eye.-1. A patch of clear sky at the center of a cyclonic storm ; the 
"eye of the storm." 2. A small Isolated cloud seen at the beginning of a bull's­
eye squall, marking the top of the otherwise invisible vortex of the storm. 

Bult's-eye squall.-A squall forming in fair weather, characteristic of the 
ocean off the coast of South Africa ; so culled on nccount of the peculiar appear­
ance of the small isolated cloud that marks the top of the Invisible vortex of 
the storm. 

Callinn.-A Spanish name for dry fog. 
Gat's paw.-A slight and local breeze, which shows itself by rippling the 

t:.urfacc of the sea. 
Chubasco.-A violent squall on the west coast of tropical and subtropical 

North America. 
Cordonazo; in full, cordonazo de San ji'ranoisco ( "lash of St. Fruncis" ) .-A 

lmrricane wind blowing from a southerly quadrant on the west coast of :\Iexico 
as the result of the passing of a troplcnl cyclone off the coast. 

Devii.-'J'he name applied to n dust whit·lwlnd In India. The term Is also 
current In South Africa. 

"Dof'for."-A colloquial name for the sea breeze In tropical climates. The 
name Is sometimes applied to other cool, invigorating breezes. 

Bte8ians.-Northerly winds blowing in summer over the eastern 1\Iediter­
ranenn. 

Ganla.-A wet fog of the west coast of South America. 
Grcga/e.-The northeast wind on the 1\ledit erruneun ; especially a stormy 

northeast wind at Mnltn. 
lfannattan.-A d z·y, dusty wind of the 'Vest Coast of Africa, blowing from the 

deserts. 
IIor.�e latitudcs.-The regions of calms and variable winds coinciding with 

the subtropical high-pt·essure belts lying on the poleward sides of the trade 
winds. ( 'l'he term has generally been Hl1plied only to the northern of these two 
regions in the North Atlantic Oc:!nn, or to the portion of it near Bermuda. )  

Indian .�urmner.-A period of mild, calm, hazy weather occurlng i n  autumn 
c.r early wintez·, especially In the United States and Cnnnda ; popularly regut·ded 
HS n definite event in the calendar, but weather of tltis type is really of i rregular 
and intermittent occurrence. 

J(hamsin.-A hot, dry, southerly wind occurring in Egypt during the spring. 
Lcste.-A hot, dry, easterly wind of the Madeira and Canary Islands. 
Levanter.-A stz·ong eustcrly wind of the Mediterranean, especially in the 

�traits of Gibraltar, where it is attended by damp or foggy weather. 
Mackerel Blcy.-An urea of sky covered with clrrocumulus ot• ultocumulus 

douds ; especially when the clouds resemble the pattet·ns seen on the backs of 
muclcerel. 

Ma1·cs' tails.-Cirrus In long slender streaks . 
. Mistml.-Along the Mediterranean coast, from the mouth of the Ebro to the 

Gulf of Genoa, a stormy, cold northerly wind, blowing down from the moun­
rains of the Interior. ( The name is sometimes applied to northerly winds on 
the Adriatic, In Greece, and in Algeria . ) 

Moon dog.-A parnselene. ( See Pnrhellon. ) 
Mountain and ?;alley brcezcs.-The breezes that in mountainous regions nor­

mally blow up the slopes by day (valley breeze ) ,  and down the slopes by night. 
Norther.-A northerly wind ; especially strong northerly winds of sudden 

onset occurring during the colder half of the year over the region from Texas 
t:.outhwnrd, including the Gulf of Mexico and the western Caribbean .  

Pampero.-A southwest squall blowing over o r  from the pampas o f  South 
America. OIT the coust of Argentina these squalls ure most prevulcnt from 
July to September. 

Papagayo.-A strong to violent northeasterly wind, somewll!lt simi lm· to the 
Tehunntepecer, which blows during the colder months in the Gulf of Pnpugayo, 
on the northwest coust of Costa Rica, and in adjacent Pa.clftc coastal waters. 

Roaring tortieB.- ( See Brave west winds.) 
Scud.-Shreds or small detached masses of cloud moving rapidly below u 

!'Olld deck of higher clouds. Scud mny be composed of either fructocumulus 
(,r fractostratus clouds. 
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Shamal.-A northwesterly wind of Mesopotamia and the Persian Gulf . 
• "{imoom.-An intensely hot and dry wind of Asian and African deserts ; often 

described us a sand storm or dust storm, but certain authorities state that the 
typical simoom is free f1·om sand and dust. 

Sirocco.-A name applied to various types of warm wind In the Mediterranean 
region. Some of these siroccos are foehns. The term is also used as the 
generic name for winds blowing from a warm region toward an urea of low 
pressure in an normally colder region. 

Sundop.-A mock sun or parhellon. 
"Sun drQIWing water."-The sun is popularly said to be "drawing water" when 

crepuscular rays extend down from it  toward the horizon. The sun's rays, 
passing through interstices in the clouds, are made visible through llluminatlon 
of particles of dust in the atmosphere along their paths. ( See part VI. ) 

Tablecwth.-A sheet of cloud that sometimes spreads over the fiat top of 
Table Mountain, near Cape Town. 

Tehuantepecer.-A strong to violent northerly wind of Pacific waters otr 
southern Mexico and northern Central America, confined mostly to the Gulf 
of Tehuantepec, and occurring during the colder months. 

WiZly-willy.-A violent storm of wind and rain on the northwest coast of 
Australia. ( The name is also applied in some parts of Australia to a local 
dust whirl.) 

Woolpack.-Cumulus� 
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PART X. TABLES 

TABLE I.-Correction of mcrcuTial baTomctc1· to1· tcmpcratm·c (English meas1tTC8 ) 

ADD 

Observed reading (inches) 

'femp. 0 F. 
28. 5  29.0 29.5 30.0 30. 5 -- -- -- --

0 . - - · - - · · - · - - - 0. 07 0. 08 0. 08 0. 08 0. 08 
!. ... . . . . . . . . .  . 07 . 07 . 07 . 08 . 08 
2 .. .. . . . . . . .  - - . 07 . 07 . 07 . 07 . 07 
3 . . . . . . . . . . . . .  . 07 . 07 . 07 . 07 . 07 
4 . . .. . . . . . . . .. . 00  . 00  . 07 . 07 . 07 
5 .... . . . . . . . . .  . 06  . 00 . 00  . 00  . 07 
n. _ _ _ _ _ _ _ _ _ _ _ _  . on . 06  . 00  . 06  . 06  
7 .... . . . . . . . . .  • Oil . 00  . 00  . 00  . 06 
8 .... . . . . . . . . .  . 05 . 05 . 06 . 00 . 00  
9 .. . . . . . . . . . . .  . 05 . 05 . 05 . 05 . 05 
10 ...... . . . . . .  . 05 . 05 . 05 . 05 . 05 
1 1  . .  _ _ _ _ _ _ _ _ _ _  . 05 . 05 . 05 . 05 . 05 
1 2  . . . . . . . . . . . .  . 04  . 04 . 04 I . 04  . 05 
13..  .. . . . . . . . .  1 . 04 . 04 . 04 

I 
. 04 . 04 

14 . . . . . . . . . . . .  . 04  . 04  . 04  . 04 . 04 
15 .... . . . . . . . .  , . 04  . 04 . 04  . 04  . 04  

Temp. 0 F. 

I I 16 . . . . . . . . . . .  
17 . . . . . . . . . . .  
18  . . . . . . . . . . .  
19 . . . . . . . . . . .  
20 . . . . . . . . . . .  
21. . .. . . . .. . .  
22 .. . . . . . . . . .  
23 . . . . . . . . . . .  
24 . . . . . . . . . . . 
25 _ _ _ _ _ _ _ _ _ _ _  

26 . . . . . . . . . . .  

i 
27 . . _ _ _ _ _ _ _ _ _  

28 . . . . . . . . . . .  
20 . . . . . . . . . . .  
30 . . . . . . . . . . .  

I 

Observed reading (inches) 

28.5 

0. 03 
. 03 
. 03 
. 02 
. 02 
. 02 
. 02 
. 02 
. 01 
. 01 
. 0 1  

- - -- - - -
- - -- - - -
- - -- - - -
- - - - - - -

29.0 29.6 -- --
0. 03 0. 03 

. 03 . m  

. 03 . 03 

. 02 . 03 

. 02 . 02 

. 02 . 02 

. 02 . 02 

. 02 . 02 

. 0 1  . 0 1  

. 01 . 01 

. 01 . 01 - - - - - - - - - - - -- -- - -- - - - -- - - - - -

30.0 1 30.5 --- ---
0. 03 0. 04 

. 03 . 03  

. 03 . 03 

. 03 . 03 

. 02 . 02 

. 02 . 02 

. 02 . 02 

. 02 . 02 

. 01 . 01 

. 01 . 01 

. 01 . 0 1  - - - - -- - - --- ---- - -- - - - - - - - -- -- - -- - - - : : : : : :r====: - - -- - - -
- - -- - - - - - - - -- -
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TABLE 1.-Correction of mercuria� barometer (o1· temperature (English 

measures ) -Continued 

SUBTRACT 

Observed reading (inches) Observed rending (inches) 
'l'emp. 0 1?. 'l'cmp. o F. 

29.5

1� 
28.5 29.0 29.5 30.0 30.5 28.5 29.0 

-- -- --
31. . . . . . • . . . .  o. 0 1  o. 0 1  o.  01 0. 01 o. 01 66 . • • . . . . . . . . 0. 10 0. 10 0. 10 
32 . • . . . . . . . . .  . 01 . 01 . 01 . 0! . 01 67 - - - - - - - - · - - . 10 . 10 . 10 
33 . . . . . . . . . . .  • 0 1  . 01 . 01 . 0 1  . 01 68 . • • . . . . . . . .  . 10 . 10 . 10 
34 • • . . . . . . . . .  . 01 . 01 . 01 . 02 . 02 00 . . . . . . . . . . . . 10 . 1 1 . 1 1 
35 . • • . . . . . . . .  . 02 • 02 . 02 . 02 . 02 70 . . . . . . . . . . .  . 1 1 . 11 . 11 
36 . . . . . . . . . . .  . 02 . 02 . 02 . 02 . 02 7 1 .  . . . • . . . . . .  . 1 1 . 1 1 . 11 
37 . . . . . . . . . . .  . 02 . 02 . 02 . 02 . 02 72 . . . . . . . . . . .  . 1 1 . 1 1 . 1 2 
38 . . . . . . . .. . .  • 02 . 02 . 02 . 03 . 03 73 . . • . . . . . . . .  . 1 1 . 12 . 12 
30 . . . . • . . . . . .  . 03 . 03 . 03 . 03 . 03 74 • • • • • • • • • • .  . 12 . 12 . 12 
40 . • • . . . . . . . .  . 03 . 03 . 03 . 03 . 03 75 . . • . . . . . . . .  . 12 . 12 . 12 
4 1 .  . . . . . . . . . . . 03 . 03 . 03 . 03 . 03 70 . . . . . . . . . . .  . 12 . 1 2 . 13 
42 . . . . . . . . . . .  . 04 . 04  . 04 . 04  . 04  77 . . • . . . . . . • • . 12 . 13 . 13 
43 . . . . . . . . . . .  . 04 . 04 . 04 . 04  . 04 78 . • • . . . . . . . .  . 13 . 13 . 13 
44 . . . . . . . . . . .  . 04 . 04  . 04 . 04 . 04 79 • . • . . • . • • . .  . 13 . 13 . 14 
45 . . . . . . . . . . .  . 04 . 04 . 04  . 04 . 04 80 . . . . . . . . . . .  . 13 . 14 . 14 
46 . .  · · · · · · · · ·  • 04 . 05 . 05 . 05 . 05 8 1 .  • • • . . . . . . .  . 14 . 14 . 14 
47. · · · · · · • • · ·  , 05 . 05 . 05 . 05 . 05 82 • . . . . . . . . • •  . 14 . 14 . 14 
48 . . . . . . . . . . .  . 05 . 05 . 05 . 05 . 05 83 • • . . . • • . . . .  . 14 . 14 . 14 
49 . . . . . . . . . . .  . 05 . 05 . 05 . 06 . 06 84 . . . . . • . . . . .  . 14 . 14 . 15 
50 . . • . . . . . . . .  . 06 . 06 . 06 . 06 . 06 85 . . . . . . . . • . .  . 15 . 15 . 15 
51. . • . . . . . . . .  . 00 . 06 • OG . 06 . 06 86 . . . . . • . . . . .  . 15 . 15 . 15 
52 . . . . . . • . . . .  . 06 . 06 . 06 . 06 . 06 87 . . . . . • . . • . . . 15 . 15 . 16 
53 . . . . . . . . . . .  . 06 . 06 . 00 . 07 • 07 88 . . . . . . . . • . . . 15 . 16 . 16 
54 _ _ _ _ _ _ _ _ _ _ _  . 06 . 07 . 07 . 07 . 07 80 . . . . . . . ....  . 16 . 16 . JH  
55 _ _ _ _ _ _ _ _ _ _ _  . 07 . 07 . 07 . 07 . 07 00 . . . . . . . . . . .  . 16 . 16 . 16 
56 . . . . . . . . . . .  . 07 . 07 . 07 . 07 . 08 9 1 .  . . . . . . . . . .  . 16 . 16 . 17 
57 . . . . . . . . . . .  . 07 . 08 . 08 . 08 . 08 92 . . . . . . . . . . .  . 16 . 17 . 17 
liB . . . . . . . . . . .  . 08 . 08 . 08 . 08 . 08 03 . . . . . . . . . . .  . 17 . 17 . 1 7 
50 _ _ _ _ _ _ _ _ _ _ _  . 08 . 08 . 08 . 08 . 08 04 . . . . . . . . . . .  . 17 . 17 . 17 
60 . . . . . . . . . . .  . 08 . 08 . 08 . 08 . 00 95 . . . . . . . . . .. . 17 . 17 . 18 
61. . . . . . . . . . .  . 08 . 08 . 09 . oo . 09 96 . . .........  . 17 . 18 . 18 
62 . . . . . . . . . . .  . 00 . 00 . 09 . 00 . 00 97 . . . . . . . . . .. . 18 . 18 . 18 
63 . . . . . • . . . . .  . 00 . 09 . 09 . 09 • 10 08 . . . . . . . . . . .  . 18 . 18 . 18 
04 . . . . . . . . . . .  . 09 . 09 . 10 . 10 • 10 99 . . . . . . . . . . .  . 18 . 18 . 19 
65 . . . . . . . . . . .  . 09 . 10 . 10 . 10 • 10 100 . . . . . . . . . .  . 18 . 10 . 10 

TABLE 2.-Reduction of barometric reading to mean sea ZeveZ 

[Reading, 30 inches. The correction Is always to be added] 

0. 10 
. 10 
. 11 
. 1 1 
. 1 1 
. 12 
. 12 
. 1 2 
. 12 
. 13 
. 13 
. 13 
. 13 
. 14 
. 14 
. 14 
. 14 
. 15 
. 15 
. 15 
. 16 
. 10 
. 16 
. 16 
. 17 
. 17 
. 17 
. 17 
. 18 
. 18 
. 18 
. 18 
. 19 
. 19 
. 10 

r--�------ ------------------------------------------------. 
Temperature of air (dry bulb) 

Height _ --- ,.----..,.-----..----.,-----.-----:-----,-----,-----,----
In feet I I � w • • w � r � • • 

----- ---- --- --- --- ----- --- ----,---- --- ---
5 

1 0  
15 
20 
25 
39 
35 
40 
t5 
50 
65 
60 
65 
70 
75 
80 
85 
96 
95 

lOO 

0. 01 
. 01 
. 02 
. 02  
. 03 
. 04 

' . 04 
. 05 
. 06  
. 06  
. 07 
. 07 
. 08  
. 09  
. 09  
. 10 
. 10 
. 1 1 
. 12 
. 12 

0. 01 
. 01 
. 02 
. 02 
. 03  
. 04  
. 04  
• 05 
. 05 
. 06  
. 07 
. 07 
. 08  
. 08  
. 09  
. 10 
. 10 
. 1 1 
. 11 
. 12 

300058-41--8 

0. 0 1  
. 0 1  
. 02 
. 02 
. 03  
. 04  
• 04 
. 05 
. 05 
. 06  
. 06  
. 07 
. 08 
. 08  
. 09  
. 09  
. 10 
. 1 1 
. 11 
. 12 

0. 01 
. 01 
. 02 
. 02 
. 03 
. 04  
. 04  
. 05  
. 05 
. 06 
. 06  
. 07 
. 08  
. 08  
. 09  
. 09  
. 10 
. 10 
. 11 
. 12 

0. 01 
. 01 
. 02 
. 02 
. 03 
. 03  
. 04  
. 04  
. 05 
. 00  
. 00  
. 07 
• 07 
. 08  
. 08  
. 09 
. 10 
. 10 
. 11 
. 11 

0. 01 
. 01 
. 02 
. 02 
. 03 
. 03 
. 04  
. 04  
. 05 . 06 . 00  
. 07 
. 07 
. 08  
. 08  
. 09  
. 10 
. 10 
. 1 1 
. 11 

0. 01 
. 01 
. 02 
. 02  
. 03  
. 03  
. 04 
. 04  
. 05 
. 05 
. 00  
. 06  
. 07 
. 08 
. 08  
. 09  
. 00  
. 10 
. 10 
. 11 

0. 01 
. 02 
. 02 
. 03 
. 03 
. 04 
. 04  
• 05 
. 05 
. 00  
. 06  
. 07 
. 07 
. 08  
. 08  
. 09  
. 10 
. 10 
. 11 

0. 01 
. 02 
. 02 
. 03  
. 03  
. 04 
. 04 
. 05  
. 05 
. 06  
. 06  
. 07 
. 07 
. 08  
. 08  
. 09  
. 09  
. 10 
. 10 

0. 01 
. 02 
. 02 
. 03  
. 03  
. 04  
. 04  
. 05  
• 05 
. 06  
. 06  
• 07 
. 07 
. 08  
. 08  
. 09  
, 09  
. 10 
. 10 

30.5 

0. 1 0  
. 11 
. 11 
. 11 
. 1 1 
. 12 
. 12 
. 12 
. 12 
. 13 
. 13 
• 13 
. 14 
. 14 
. 14 
. 14 
. 15 
. 15 
. 15 
. 16 
. 16 
, 16 
. 16 
. 17 
. 17 
. 17 
. 18 
. 18 
. 18 
. 18 
, 19 
. 19 
. 19 
. 19 
. 20 
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TABLE 3.-Re<luetion of the mercurial barometer to standard gravity (1.So ) 
( SO inches ) 

Mm 
---

690 
700 
710 
720 
730 
740 
750 
760 
770 
780 
700 

��-1 ��� I Lat. Cor. Lat. Cor. 

1--
0 Inch 0 Inch I 0 Inch 0 Inch 

0 -0. 08 25 -0. 05 45 0. 00 70 +0. 06 
5 -. os 30 - . 04 I 50 +. 01 75 +. 07 

10 -. 08 35 -. 03 5.5 +. 03 80 +. 08 
15 - . 07 40 -. 01 60 +.04 85 +. 08 
20 -. 06 45 0. 00 65 +.05 00 +. OS 

TABLF. 4.-Equivalent temperature ( Centigrade and Fahrenheit) 

[C0 =temperature Centigrade; F0 =tcmperaturo Fahrenheit; F0= %C0+3�] 

_:__I� ____:__ 
- 10 14. 0 0 

-9 15. 8 I 
-8 17. 6  2 
-7 19. 4 3 
-6 21. 2 4 
-5 23. 0 5 
-4 24. 8  6 
-3 26. 6 7 
- 2  28. 4 8 
-1 30. 2 g 

yo I� 32. 0 10 
33. 8 1 1  
35. 6 1 12 
37. 4 I 13 
30. 2 

l l: 4 1 . 0  
42. 8 16 
44. 6 17  
46. 4 18 
48. 2 19 

i 

Fo co Fo co 

50. 0 20 68. 0 30 
51. 8  21 69. 8 31 
53. 6 22 71. 6 :!2 
55. 4 2.1 73. 4 33 
57. 2 24 75, 2 34 
59. 0 25 77. 0 35 
60. 8 26 78. 8 36 
62. 6 27 80. 6 37 
64. 4 28 82. 4 38 
06. 2 29 84. 2 39 

TAilLE 5.-Equ ivulent lengths ( m.iUimeters and inch es ) 

[I mlllimcter-0.0393700 inch] 

0 1 2 3 4 5 6 7 

Fo 

86. 0 
87. 8 
89. 6 
91. 4 
93. 2 
95.0 
00. 8 
08. 6 

100. 4 
102. 2 

! 

8 . --- --- --- --- --- --- --- --- ---
Inche8 Inche8 Inches Inches Inches Inches Inches Inches Inches 

• 27. 16 27. 20 27. 24 27. 28 27. 32 27. 36 27. 40 27.44 27. 48 
27. 56 27. 60 27.64 27. 68 27. 72 27. 76 27. 80 27. 84 27. 87 
27. 95 27. 99 28.03 28. 07 28. 11 28. 15 28. 19 28. 23 28. 27 
28. 35 28. 39 28. 42 28. 46 28 . •  50 28. 54 28. 58 28.62 28. 06 
28. 74 28. 78 28. 82 28. 86 28. 90 28.94 28. 98 29. 02 29. 06 
29. 13 29. 17 29. 21 29. 25 29. 29 29.33 29. 37 29. 41 29. 45 
29. 53 29. 57 29. 61 29.05 29. 68 29. 72 20. 76 29. 80 29. 84 
29.92 29. 00 30. 00 30. 04 30. 08 30. 12 30. 16 30. 20 30. 24 
30. 32 30. 35 30. 39 30. 4:l 30. 47 

I 
30. 51 30. 55 30. 59 30.63 

30. 71 30. 75 30. 7U 30.83 30.87 30. 90 30. 94 30. 98 31. 02 
31. 10 31. 14 31. 18 31. 22 31. 2ti 31. :!0 31 . 34 31. 38 31. 42 

• For exnmple, 690 mlllimeters-27.16 inches. 

9 
---

Inchu 
27. 52 
27. 91 
28. 31 
28. 70 
29. 09 
29.49 
29. 88 
30. 28 
30. 67 
31. 06 
31.46 
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TADLE 6.-0onversion of millimeter.� (mm ) to millibars ( mb ) 

Mm. M b. Mm. M b. ! Mm. I M b. 
--- I 600 027. 0 726 007. 9 756 1, 007. 9 

607 020. 3 727 009. 3 757 1, 000. 3  
698 030. 6 728 970. 6 758 1, 010. 6 
69D 931. 9 729 971 . 9  760 1, 011. 0 
700 933. 3 730 973. 3 700 1, 013. 3 
701 934. 6 731 974 . 6  761 1, 014. 6 
702 035. 9 ' 732 975.9 762 1 , 015. 9 
703 937. 3 733 977. 3 763 1, 017. 2 
704 938. 6 734 978. 6 764 1, 018. 6 
705 939. 9 735 979. 9 765 1, 0111. 9 
706 941. 3 736 981. 3 766 1, 021. 2 
707 942. 6 737 982. 6 767 1, 022. 6 
708 943. 9 738 983. 9 768 1, 023. 9 
709 945. 3 739 985. 3 769 1, 025. 2 
710 946. 6 740 986. 6 770 1, 026. 6 
711 047. 9 741 987. 9 771 1, 027. 9 
712 949.3 742 989 . 3  772 1,029. 2 
713 950. 6 743 090. 6 773 1, 030. 6 
714 951. 9 744 991. 9 774 1, 031. 9 
715 953. 3 745 993. 3 775 1, 033. 2  
716 964.6 746 994. 6 776 1, 034. 6 
717 965. 9 747 005. 9 777 1, 035. 9 
718 057. 3 748 QD7. 3 778 1, 037. 2 
719 958.6 749 908.6 779 1 , 038. 6 
720 959. 0 750 000. 0 780 1, 039. 9 
721 961. 3 751 1, 001. 3 781 1, 041. 2 
722 962. 2 752 1, 062. 6 782 1, 042. 6 I 723 963. 6 753 1,063. 0 783 1, 043. 9 
724 965. 3 764 1,065. 3 784 1, 045. 2 
725 966. 6 755 1, 066. 6 785 1, 046. 6 

TABLE 1.-For obtaining the relative humidity of Jhe air 

'l'em· , Difference between dry-bulb and wet·bulb rosdings 
perature 
dry-bulb ' or the air, 

I 1 J I 1 1-m_o
_

t
�_

e
e-
r

t_er_l·--
1

·_ -
2

-· _'_:_ _ _  

4
_._ :_n_• _ _ o_·_ --

7
· _ _  

8
_._ !_o_· _ _:_ 

• F 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 
54 
56 
68 
00 
62 
64 
66 
68 
70 
72 
74 
76 
78 
80 
82 
84 
86 
88 
90 

Percent Percent 
87 75 
88 76 
89 78 
00 70 
90 80 
90 81 
01 82 
02 83 
92 84 
02 84 
02 85 
93 85 
03 86 
93 87 
04 87 
94 88 
04 88 
94 80 
94 89 
05 80 
95 00 
95 90 
95 00 
95 00 
95 91 
95 91 
05 91  
00 91 
00 92 
00 92 
00 02 
06 92 
00 92 
96 92 

Percent 
62 
65 
67 
68 
70 
72 
73 
75 
76 
77 
78 
70 
79 
80 
81 
82 
82 
83 
84 
84 
85 
85 
85 
86 
86 
86 
87 
87 
87 
88 
88 
88 
88 
88 

Percent 
50 
53 
56 
58 
61 
63 
64 
66 
68 
69 
70 
72 
73 
74 
75 
76 
77 
78 
78 
79 
79 
80 
81 
81 
82 
82 
82 
83 
83 
84 
84 
84 
85 
85 

Percent 
38 
4 2  
45 
48 
51 
53 
55 
57 
59 
61 
63 
65 
66 
67 
60 
70 
71 
72 
73 
74 
74 
75 
76 
77 
77 
78 
7& 
79 
79 
80 
80 
81 
81  
81 

Percent 
26 
30 
34 
38 
41 
44 
47 
50 
52 
54 
56 
58 
60 
61 
63 
64 
65 
67 
68 
69 
70 
71 
71 
72 
73 
74 
74 
75 
75 
76 
77 
77 
77 
78 

Percent Percent Percent Percent 

24 
28 
32 
35 
38 
42 
44 
47 
49 
51 
53 
55 
57 
59 
00 
61 
63 
64 
65 
66 
67 
68 
69 
70 
70 
71 
72 
72 
73 
73 
74 
74 

23 
27 
30 
34 
37 
40 
43 
45 
47 
49 
51 
53 
55 
56 
58 
50 
00 
61 
63 
64 
65 
66 
66 
67 
68 
69 
60 
70 
71 
7l 

22 
26 
30 
33 
36 
38 
4 1  
43 
46 
48 
50 
51 
53 
54 
56 
57 
58 
00 
61 
62 
63 
63 
64 
65 
66 
67 
67 
68 

22 
26 
29 
32 
35 
37 
40 
42 
44 
46 
48 
50 
51 
53 
54 
55 
57 
58 
59 
00 
61 
62 
63 
63 
04 
65 

The constants or this table were determined for a ventilated psychromcter and aro not strictly applicable 
to the readings or a stationery hygrometer, 



TABLE B.-Table tor o btaining the true direction and force of the wind irom the deck of a moving vesseZ ' 

Apparent direction of the wind {points off the how) 

__ 
o 

_ __ 1_../_ __ 
2

_ 
3 4 5 

-,..--

6 7 . 8  g 10 1 1  12 13 14 15 

� � !!: i!: i!: � � � !!: � � � � i!: !!: i!: 0 .8 0 0 ..8 0 0 0 0 0 0 0 .8 0 0 ., ., .&l .&l .&l .&l .&l .&l .&l .&l .&l .&l .&l 0 ., 0 ., 0 0 " ., ., ., 0 C) 0 0 0 0 -5 :l :l :l -5 :l -5 -5 5 -5 5 :l 5 :l -5 -5 Apparent force ., e:l " ll:l 
� 

ll:l " t:l ., t:l " ll:l ., ll:l " ll:l 
� 

e:l " ll:l C) ll:l � t:l " ll:l 0 t:l j t:l C) '= C) of the wind 
� 0 a; 0 0 a; 0 a; 0 a; 0 5 0 a; 0 0 1 0 1 0 0 a; 0 1 0 0 a; 0 a; 0 :il ., � ., � ., :il ., � ., ., "' "' :il :il ., ., ., :il ., :il (Beaufort scale) "' !l !l !1 ., 

j ... .s � .9 � d � d � d � " � d � ;:: � .E .. � I d .. El .. :9 � c � c .. � 0 0 .s 0 � 0 .. ·c; 0 � .. 0 ... .s .s 0 0 .. � 0 .8 8. i .8 -3 .8 .8 0 .8 .8 0 0 8. .8 .8 A " A A " "" iil "" "" � "" � "" iil A A " "" " "" " "" " "" " "' d g; a "' a ci' "' ci' ci' "' a ci' ci' ci' .,-
"' .,· "' � "' .,-

., 
,; 

"' a " I> "' ., ., Q) "' "' "' "' ., Q) Q) Q) :3 l"l :3 .. .8 .. :3 j:Q 0 j:Q .£ ;>:l .£ j:Q 0 p:i .£ p:i ,g p:i .8 j:Q :3 p:i j:Q .8 j:Q :3 p:i :3 .. 
0 CS 'tl � g 'tl CS � CS CS CS -5 "' � " § � C> § 1 1i � � 8 � ,; C> § .; § C> 8 C> .; :: .§ ., ., .§ "' ., "' :: :: :: :: :: :: .§ C> '0 .!:1 .!:1 .s .!:1 .!:1 .!:1 ... .!:: .s .s ;; .8 'C .8 'C .8 'C .8 'C ;; 'C .8 'C .8 'C .8 .8 'C .8 ;; .8 ;; .8 ;; a ;; 'C 'C "' "' 0 0 "' 0 "' ., ., 0 0 ., "' ., ., ., ., ., Q) "' 0 ., ., ., ., 0 ., 0 0 0 "' "' 
"' 
"' 2 2 " " " E " 2 " " " :::1 " :::1 2 :::1 " " .2 " :::1 :::1 e " " 2 2 " :::1 2 2 2 "" ... E:: E:: E:: .. .. E:: ... E:: ... .. 8 ... E:: .. 8 ... 8 � 8 <£J E-< .... E-< E-< E-< E-< E-< E-< E-< E-< E-< E-< ,... E-< E-< E-< E-< E-< E-< .... E-< - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

r 
16 3 16 3 16  3 16 3 16 3 16 3 16 3 16 3 16 3 16 3 16 3 16 3 16 3 16 3 16  3 16 3 0 .... . . . . . . . . . . . .  15 16 4 1 6 4 16  4 16 4 16 4 16 4 16 4 16 4 16 4 16 4 16 4 16 4 16 4 16 4 16 4 16 4 20 16 5 16 5 16 5 16 5 16 5 16 5 16 5 16 5 16 5 16 5 16 5 16 5 16 5 16 5 16 5 16 5 

r
o 16 3 16 3 16 3 15 3 15 3 15 3 15 3 15 3 15 3 15 3 15 3 15 4 15 4 16 4 16 4 16 4 !.  . .. . . . . . . . . . . . . .  15 16 4 16 4 16 4 16 4 15 4 15 4 15 4 1,'; 4 15 4 15 4 15 4 15 4 16 4 16 4 16 5 16 5 20 16 5 16 5 16 5 16 5 16 5 16 5 16 5 15 5 15 5 16 5 16 5 16 5 16 5 16 5 16 6 16 6 

r
o 16 2 15 2 14 2 14 2 13 3 13 3 13 3 13 3 14 4 14 4 

1
4 4 14 4 15 4 15 4 15 4 16 4 2 . ..... . . . . . . . . . . .  15 16 3 16 3 15 3 15 4 14 4 14 4 14 4 14 4 14  4 14 5 15 5 15 5 15 5 15 5 16 5 16 5 20 16 4 16 4 15 4 15 4 15 5 15 5 15 5 15 5 15 5 15 5 IS 6 15 6 15 6 15 6 16 6 16 6 

r 
16 I 12 I 1 1  2 1 1  2 11  3 11 3 12 3 12 4 12  4 13 4 13 4 14 4 14 5 15 5 15 5 16 5 3 ..... . . . . . . . . . . .  - 1 5  1 6  2 15 3 14 3 13 3 13 3 13 4 13 4 13 4 13 5 14 5 14 5 14 5 15 6 15 6 15 6 16 6 20 16 4 15 4 15 4 14 4 14 4 14 5 14 5 14 5 14 5 14 6 14 6 15 6 15 6 15 6 15 7 16  7 

t 
0 I 3 2 6 2 7 3 8 3 g 4 10 4 1 1  4 1 1  5 12 5 12 5 13 5 14 6 14 6 15 6 15 6 4 . . ..... . .. . . . . . .  - 15 16 I 1 1  I 10 2 10 3 1 1  4 1 1  4 1 1  4 12 5 12 5 13 6 13 6 14 6 14 6 15 6 15 7 16 7 20 16 2 14 3 13 3 12 4 12 4 12 5 12 · 5  13 5 13 6 13 6 14 7 14 7 14 7 15 7 15 7 16 7 

5 .... . . ... .. . . . . . . {� 0 3 2 3 4 3 5 4 7 4 R 4 9 5 10 5 10 5 11 6 12 6 13 6 13 6 14 7 15 7 15 7 0 2 4 2 6 3 8 3 g 4 9 5 10 5 1 1  5 1 1  6 12 6 13 7 13 7 14 7 14 7 15 7 15 8 16 1 IO 2 10 3 10 4 10 4 11  5 1 1  5 12 6 12  6 13 7 13 7 14 8 14 8 15 8 15 8 16 8 

16 

!!: 0 .&l 
" 
-5 
'= 0 
., 

· i:l 0 
"" 

a :3 
C> :: 
;; 
., :::1 8 

-

16 
16 
16 

16 
16 

' 16 

16 
16 
16 
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First figure column indicates speed of the vessel, knots. Second column gi>es direction, points off the bow. Third column, true force, Beaufort scale. 
Proper allowance should be made for compass variation. 

1 Including new values determined by the Bureau of Aeronautics, Navy Department, in 1927. 
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1 12 INSTRUCTIONS TO MARe•m ME'l'EOROLOGICAL OBSERVERS 

Sbip's 
long!-
tude 

---

D JV.  
0 
1 
2 
3 
4 
5 

I 
6 
7 
8 
g 

10 
11  
12 
13 
14 
15 
16 
17 
18 
1 0 
:a> 
21 
22 
23 
24 
25 
26 
27 
28 
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32 
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35 
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37 
38 
30 
40 
41 
42 
43 

I 44 

TAilLE 9.-Time of observation 

WEST LONGITUDE, A. :M., CIVIL DATE 

Local Sbip's Local Sbip's Local Sbip's mean mean mean 
time, long!- time, long!- time, Ion!(!-

a. m. tudc a. m. tu de a. m. tudo 

--- --- --- --- --- ---

h. m. • w. h. m. • w. h.  m.  • w. 
Noon 45 0 ()() 00 6 ()() 135 

1 1  56 46 8 66 91 5 66 136 
11  52 47 8 52 92 5 52 137 
11  48  48 8 48 93 5 48 138 
1 1  44 40 8 44 94 5 44 130 
1 1  40 50 8 40 05 5 40 140 
11 36 51 8 36 96 5 36 141 
11 32 52 8 32 07 5 32 142 
1 1  28 53 8 28 98 5 28 143 
11  24 54 8 24 90 5 24 144 
11  :a> 55 8 :a> lOO 5 :a> 145 
11  16 56 8 16 101 5 16 146 
11 12 57 8 12 102 5 12 147 
11  08 58 8 08 103 5 08 148 
11 04 50 8 04 104 5 04 149 
1 1  ()() 60 8 ()() 105 5 ()() 15() 
10 56 61 7 56 106 4 56 161 
10 52 62 7 52 107 4 52 152 
10 48 63 7 48 108 4 48 153 
10 44 64 7 44 lOO 4 44 1 54 
10 40 65 7 40 no 4 40 155 
10 36 66 7 36 111 4 36 166 
10 32 67 7 32 1 12 4 32 157 
10 28 68 7 28 1 13 4 28 158 
10 24 60 7 24 114 4 24 150 
10 :a> 70 7 :a> 115 4 :a> 160 
10 16 71 7 16 116 4 16 161 
10 12 72 7 12 117 4 12 162 
10 08 73 7 08 liS 4 08 163 
10 04 74 7 04 1 10 4 04 164 
10 ()() 75 7 ()() 120 4 ()() 165 
9 56 76 6 56 121 3 56 166 
9 52 77 6 52 122 3 52 167 
9 48 78 6 48 123 3 48 1 68 
9 44 79 6 44 124 3 44 169 
9 40 80 6 40 125 3 40 170 
9 36 81 6 36 ' 126 3 36 171 
9 32 82 6 32 127 3 32 172 
0 28 83 6 28 128 3 28 173 
9 24 !14 6 24 120 3 24 174 
9 20 85 6 :a> 130 3 20 175 
0 16 86 6 16 131 3 16 176 
g 12  87 6 12 132 a 12 177 
0 08 88 6 08 133 3 08 178 
9 04 80 6 04 134 3 04 170 

--
Local 
mean 
time, 
a. m. 

---

h.  m. 
3 ()() 
2 56 
2 52 
2 48 
2 44 
2 40 
2 36 
2 32 
2 28 
2 24 
2 :a> 
2 16 
2 12 
2 08 
2 04 
2 ()() 
1 56 1 52 
1 48 
1 44 
1 40 
1 36 
1 32 
1 28 
1 24 
1 20 
1 16 
1 12 
1 08 
1 04 1 ()() 

12 56 
12 ��· 12 
12 44 
12 40 
12 36 
12 32 
12 28 
12 24 
12 20 
12 16 
12 12 
12 08 
12 04 
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Ship's 
long!-
tu de 

---

O E. 
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2 
3 
4 
5 
6 
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8 
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1 1  
1 2  
1 3  
1 4  
15  
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21 
22 
23 
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20 
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30 
31 
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37 
38 
39 
40 
41 
42 
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TAuu; 9.-Time of observation-Continued 

EAST LONGITUDE, P. M., CIVIL DATE 

Local I Ship's I..ocal Ship's Local Ship's 
mean ���9!" 

mean longt- mean longi· 
time, time, tu o time, tu de 
p. m . p. m. p. m. 

----! --- --- --- ---- ---

h. m. o E. h .  111. o E. h. m.  o E. 
1 2  0 4  46 3 04 Q1 6 04 136 
12 08 47 3 08 92 6 08 137 
1 2  12  48 3 12  93 6 12 138 
12 16 49 3 16 94 6 16 139 
12 20 50 3 20 95 6 20 140 
12 24 51 3 24 00 1\ 24 141 
12  28 52 a 28 97 6 28 142 
12 32 53 3 32 98 6 32 143 
12 36 54 3 36 00 6 36 144 
12 40 55 3 40 100 6 40 145 
12 44 li6 3 44 101 6 44 146 
12  48 67 3 48 102 6 48 147 
12 52 68 3 52 103 6 52 148 
12 li6 09 3 56 104 6 5H 149 

1 00 60 4 00 105 7 00 150 
1 04 61 4 04 106 7 04 151 
1 08 62 4 08 107 7 08 !52 
1 12  63 4 1 2  108 7 1 2  !53 
1 16  64 4 16  109 7 16 154 
1 20 65 4 20 1 10 7 20 155 
1 24 66 4 24 Ill  7 24 !56 
I 28 67 4 28 1 12 7 28 157 
1 32 68 4 32 113 7 32 168 
1 36 69 4 36 114 7 36 159 
1 40 70 4 40 1 1 5  7 40 160 
I 44 71 4 44 1 16 7 44 161 
I 48 72 4 48 1 1 7  7 48 162 
1 52 73 4 52 118 7 52 163 
I 56 74 4 56 1 19 7 56 164 
2 00 75 5 00 120 8 00 165 
2 04 76 5 04 121 8 04 160 
2 08 77 5 08 122 8 08 167 
2 12  78 5 12  123 8 12 1118 
2 16 79 '5 16 124 8 16 H\9 
2 29 80 5 20 125 8 20 170 
2 24 81 -� 24 126 8 24 171 
2 28 82 5 28 127 8 28 

! 
172 

2 32 83 5 32 128 8 32 173 
2 36 84 5 36 120 I 8 36 1 74 
2 40 85 5 40 130 8 40 ! 175 
2 44 86 5 44 131 8 44 176 
2 48 87 5 48 132 8 48 I 177 
2 52 88 5 52 133 8 52 178 
2 56 89 I 5 56 134 8 56 179 
3 00 : 00 6 00 135 0 00 180 

' I 

Local 
mean 
time, 
p. m. 

----

h. m. 
9 04 
9 08 
0 12 
9 16 
9 20 
9 24 
u 28 
9 32 
Q 36 
9 40 
9 44 
9 48 
9 52 
9 56 

10 00 
10 04 
10 08 
10 12 
10 16 
10 20 
10 24 
10 28 
10 32 
10 36 
10 40 
10 44 
10 48 
10 52 
10 56 
1 1  00 
1 1  04 
1 1  08 
1 1  12 
11 16 
11 20 
11 24 
11 28 
1 1  32 
11 36 
1 1  40 
1 1  44 
1 1  48 
1 1  52 
11 M 
Mid. 

TABLE 10.-Distance of visibility of objects at sea ( in nautical miles) 

lleight of 
observer's 

Height of object nbove sea love! (In feet) 

eye above 

_:_I�--�-����-
sea level . 10 100 !50 200 300 400 600 800 
(in feet) 

----

10 . • • . . . • . • . •  7. 2 8. 7 9. 9 10. 8 12. 5 13. 9 15. 1 17. 7 19. 8 23. 5 26. 5 31. 6 36. 0 
15 . . . . . . . . . . .  8. 0 9. 5 10. 7 1 1 . 6  13. 3 14. 7 15. 9 18. 5 20. 6 24. 3 27. 3 32. 4 36. 8 
20 . .  - - - - - - - - - 8 .  7 10. 2 11. 4 12.3 14. 0 15. 4 16. 6 19. 2 21. 3 25. 0 28. 0 33. 1 37. 5 
25 . . . . . . . . . . .  9. 3 10. 8 12. 0 12. U 14. 6 16. 0 17. 2 19. 8 21. 9 25. 6 28. 6 33. 7 38. 1 
30 . . . . . . . . . . .  9. 9 1 1. 4  12. 6 13. 5 15. 2 16. 6 17. 8 20. 4 22. 5 26. 2 29. 2 34. 3 38. 7 
35 . . . . . . . . . . .  10. 4 11 . 9 13. 1 14. 0 15. 7 17. 1 18. 3 20. 9 23. 0 26. 7 29. 7 34. 8 39. 2 
40 . . .  - - - - - - - - 10. 8 12. 3 13. 5 14. 4 16. 1 17. 5 18. 7 21. 3 Z:l. 4 27. 1 30. 1 35. 2 39. 6 
45 . . . . . . . . . . .  1 1. 3  12. 8 14. 0 14. u 16. 6 18. 0 19. 2 21. 8 23. 9 27. 6 30. 6 35. 7 40. 1 
50 . . . . . . . . . . .  1 1 .  7 13. 2 14. 4 15. 3 17. () 18. 4 19. 6 22. 2 24. 3 28. 0 31. 0 36. 1 40. 5 
60 . .  - - - - - - - - - 12. 5 14. 0 15. 2 16. 1 1 7. 8  19. 2  29. 4 23. 0 25. 1 28. 8 31. 8 36. 9 41. 3 
70 . . . . . . . . . . .  13. 2 14. 7 15. 9 16. 8 18. 5 19. 9 1 21. I 23. 7 25. 8 29. 5 32. 5 37. 6 42. 0 
80 . . . . . . . . . . .  13. 9 15. 4 16. 6 17. 5 10. 2 20. 6 21. 8 24. 4 20. 5 30. 2 33. 2 38. 3 42. 7 
90 . .  - - - - - - - - - 14. 5 16. 0 17. 2 18. 1 Ill. 8 21. 2 22. 4 25. 0 27. 1 30. 8 33. 8 38. 9 43. 3 
100 . . .. . . . . . .  15. I 16. 6 17. 8 18. 7 20. 4 ' 21. 8 23. 0 2.1. 6 27. 7 31. 4 34. 4 39. 5 43. 9 

1 ,000 

39. 8 
40. 6 
41. 3 
41. 9 
42. 5 
43. 0 
43. 4 
43. 9 
44. 3 
45. I 
45. 8 
46. 5 
47. I 
47. 7 
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'l'hls chart gives the local time correEpondlng to Greenwich mean noon. 




