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REPORT OF THE CHIEF OF THE WEATHER BUREAU, 

UNITED STATES DEIJAI~TI\IENT OF AC;iwuvruIt~, 
WEATHER BUREAI-, 

W7as?~ington, D .  C., September $1, 191.4. 
SIR: I have the honor to submit a report of the operations of the 

weather Bureau during the fiscal year ended June 30, 1014. 

c. B. &It\TX, 
Respectfully, 

Chief of Bureau. 
Hon. D. F. HOUSTON, 

Secret nmj of A yricicu Ztti re. 

The last year has been comparatively free from severe storms or 
floods such as sometimes occur. A destructiye storm passed over 
the Great Lakes early in November, 1913, causin heavy loss of life 
and shipping, especially on Lakes Huron and !Lie. Also in the 
Southwest the heavy rains of December, 1913, falling upon a soil 
already saturated, caused severe and in some cases unprecedented 
floods in the rivers of Texas. 

A number of changes, mostly of 5 minor character, have been 
effected in  the work of the bureau for the purpose. of improying 
and extending the service or securing greater economies of adminis- 
tration. The several classes of its work are briefly discussed undet 
separate topics. as follows: 

STATIONS AND OBSERVATIONS. 

The fully equipped stations of the bureau reporting telegraphically 
Once or twice each day are maintained prlmari!y for  forecasting and 
storrn-warning purposes, and the existing stations of thls character 
W h i n  the immediate confines of the United States serve practically 
811 existing needs. Extensions are necessary within Alaska, the 
Canal Zone, and the regions of the Carlbbean Sea, but these call 
be made only when additional funds are provided, which will be 
Qade the subject of estimates a t  the proper tlme. 

A number of new minor stations were establlslled during the year a t  
Points not hitherto represented, and extensions have bten made in  
"ecial fields from which prompt informatlon regardlng weathel' 
conditions was desirable. 
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A new special service for reportin the daily weather conditions 
over the principal range region of the %est, as affecting the live-stock 
interests, was inaugurated in the spring of 1914. Reports from a 
number of points in the western Great Plains region are collected 
daily by telegra h at Amarillo, Tex., and thence distributed ~n 

country. This service has elicited inuch approval. 
Action was taken during the year to improve the iiistrurnentd 

equipment exposure at the cooperative ineteorological stations, espe- 
cially those established in the sparsely settled districts of the mor0 
western States. 

bulletin form to t K e cattle and financial interests of the surrounding 

WATER RESOURCES DETERMINED BY SNOW SURVEYS. 

The work of determining the water content of the blnnlret of snow 
which remains on the ground at high altitudes in some of the Western 
States, inaugurated in Utah a few years ago, was extended during 
1913-14 into one watershed each in the States of Idaho and Nevada. 

Intensive snow surveys for the country in general are not possible 
with the means available. The bureau is seeking, however, to in- 
crease the amount of useful information with respect to the amount 
of water that will be available from melting snow, through the more 
general use of a new form of snow scale or stake that can be per- 
manently installed in places that are not easily accessible in the snow 
season, but which can be visited shortly I)efore the melting season 
begins. The observations of snow depths obtained by use of theso 
snow stakes, when supplemented by n relatively small number of 
density measurements, aff ord the best information concerning tho 
season’s water supply from the snow fields of high altitudes that can 
be obtained short of very laborious and expensive siirveys. 

Some field work has been done in Arizona on the headwaters .Of 
the Salt River, whence comes a large part of the water that supplies 
the Roosevelt Reservoir. I n  general, the installation of permanent 
snow stakes in the higher altitudes, although progressing slowly, 1s 
but the beginning of a campaign in the interest of water users that 
will eventually, it is believed, yield information of the highest 
importance. 

OBSERVATORY BUILDINGS, 

Work on the new observatory buildings authorized by Congress 
for Cincinnati, Ohio, and Sandy ISoolr, N. J.,  has progressed favor’ 
ably. At Cincinnati some delay was experienced in obtaining a site+ 
A very satisfactory location was finally purchased on Lafayetto 
Circle, Clifton suburb. At Sandy Hook a very acceptable site ha5 
been obtained on ground closely adjacent to the Port Hancock 
military reservation through the courtesy of the War Department. 
Both buildings are to be brick, and of good, substantial character. 

TELEGRAPH SERVICE. 

Except for teinporary interruptions, the several sections of the 
Weather Bureau telegraph and, telephone lines were in continuous 
operation dusing the year. 
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FORECASTS AND WARNINGS. 

During the year reports from Spitzbergen (lat., 78" N.; long., 
20' E., approximately) were received by telegrapli for  the first 
h e .  These formed n valnnble addition to  the telegraphic weather 
*ePorts from northern Enrope nncl Asin. Wireless reports from 

established st :1tion+Siwiin 1sl:iiids (lat., 17Jo N. ; long., 84" w.) approsiinntely) and Cape San Antonio (on the extreme western 
end of the island of Cuba)-ninterinlly nid the forecast official in 
locating and forecastin tho movement of storms of subtropical 
Origin in the ~ n r i b b e a n  fi ea. 

For several ~7enrs the forecasters at, the centrnl office have pre- 
Pared each day n manuscript wen ther map of tlie entire Northern 
Hemisphere. 'In view of the great value of such a map, i t  was 
deemed adT-isable to  undertake its daily publication in the hope that  
by Rlacing it in the hands of many meteorologists nnd scientists, both 
at  home nnd ahrond, tlie serious scientific and matheinntical study 
of the rent and cornpIex problems of the eneral circulation of the 
atmosp t ere wonld be innterinlly facilitate 5 . This publication was 
LFgun Janiiary 1. 1014, and elicited numerous expressions of enthu- 
s1asn-1 froni eminent meteorologists of the United Stntes and Europe. 
lJnfortuna telv the complete suspension of the telegraphic. transmis- 
&ion of the foreign reports with the opening of hostilities in the 
European countries, beginning Jnly 31, prevented the further issue 
of this valuable record of atmospheric conditions. 

Better data for forecasting frosts for  the citrus districts are now 
available from new reporting stntions in California and Florida- 
These will result in iniproving the methods of utilizing Rnd dis- 
tributing the marnii~gs. The new stations are in orchards, and the 
temperatures reported ;we those to wliicli tlic trees and fruits are 
exposed. This gives the forecaster definite information of condi- 
tlons in the orchards. In the Rogne River nnd Pakima Valleys and 
the Boise (Idaho) Basin the bnreaii has observers on the ground 
during the frost season who amplify the district forecasts and apply 
them specifically to restricted neighborhoods. When growers mnke 
Preparations to protect their orclinrcls by modern nrtificial methods 

heating or otherwise, the frost forecasts become indispensable. 
The plan in these localities is to have x number of substations 
equipped with theni~onictcrs iind rain gaiig~s, tlie loccil observer 
haking daily report to the forecaster. 

A new service is jnst being inangnrated whrreb~7 w:wnings will be 
issued during the snnimer of the coming of hot dry winds in the 

timbered regions of the 717est-that is, warnings of atmos- 
pheric conditions that art' peculinrly fil\Tornble to the inception and 
spread of forest fires. The forerasting of these winds is ns pet tentn- 
b e  and experimentnl. and the finnl practicability of the service is 
yet to be established. 

Through cooperation with the niival rndio service of the Navy 
?Department, t i  daily c~istribiitioii of  wind forecasts niid storm warn- 
Qgs is now re,auIarly made from two points--Radio, Vtx.,? and Key 
bes t ,  Fla.-for the Gulf of MClxico iind the western portion of the 
4 thn t i c  Ocean. During the year arrangements were conipleted to  
have a similar service for the  Great Lakes. By t h s  inenns vduable 
information is plnced in the hands of vessel ninsters d d e  at sen. 
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The study of meteorological data with a view to increasing the 
percentage of accuracy of the daily and the weekly forecasts, and, 1f 
possible, extending the forecast period beyond one week, will be con- 
tinued. 

Two notable contributions to the technical forecasting work of 
the service are now far  advanced toward completion. 'The first is 
study by Messrs. E. 13. Bowie and R. H. Weightman, resulting in a 
system of normals showing the inem 24-hoiir niovenients by &degree 
squares of storms in the United States, classified. into 9 types. This 
was completed during the year and will shortly be published as. a 
supplement to the Monthly Weather Review. The iecond is a series 
of essays on weather forecasting by a large number of the best and 
most experienced forecasters of the Weather 13urenu. These are 
now in the hands of a competent editor in chief. with advisory assist- 
ants, for the preparation of a handbook or maniial on weather forc- 
casting in the United States, to serve as :i textbook and guide to ,211 
the men in the service desiring to qualify and heconie proficient in 
forecasting. 

RIVER AND FLOOD SERVICE. 

The occupation of agricultural lands and the I)uiltiing of towns 
and cities along the river bottoms of Olrlahoma within the last 20 
years has made it r1ecesw-y to establish a flood-warning service 011 
the principal rivers of that  State. Such a iervice \vas completed 
on April 15, 1014, i n  time, fortunately, to give ample warning of 
destructive flood that swept down the Canadian River during the 
first weelr of Rlay, 1914. 

Minor changes have been made in the Columl)u-. Ohio, Cairo, I& 
and I-Taurton, Tex., districts, with :I view to improving the distribll- 
tion of flood warnings. 

The absence of destnictive stoi-ins and fioods gener;iIIy Iius nl i* td;Y 
been mentioned. The severe and i l l  some cases unprecedented floods 
in the rivers of Texas in December, 1913, however. riiiisetl :I loss of 
177 human lives and a property loss of :Ipl~r""iin:~tel!r~ eight and a 
half millions of dollars. 

The plan of reducing to writing the li1iowledge gained by the 
several officials of the bureau in the forecasting of floods has been 
continued diiring the year, and rules for the prepiwation of flood 
forecasts for the Mississippi a t  St. 1,oiiis a n d  for the Sn~quehann@ 
a t  Williamsport and Harrisburg, Pa.. have been completed and put 
into practical use. These rules are nseful not only in the tlnily mark 
of the station, but iilso serve the purpose of preserving and trans- 
mitting to others the methods of the most successful flood forecasteTs. 

I n  its hydrographic work the Weather Bureau cooperates with 
other branches of the public service whenever it is practicable to do 
so; thus, if the gaging of a stream at  any point is helpful to  another 
department, the expense of the upkeep is shared with that depart' 
ment. Mutually helpful working arrangements are in force with the 
United States Engineers, the Mississippi River Commission, the 
Water Resources Branch of the Geologicul Suyvey, the re clam at lo^ 
Service, the Indian Office, and the Forest Service of the Department 
of Agriculture. 
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METEOROLOGICAL RECORDS ANQ PUBLICATIONS. 

The customary serial and other publicatious of the bureau were 
issued during the year. Bulletin P, The Ohio and Mississippi Floods 
of 1912, by H. C. Frankenfield, and Bulletin %, The Floods in the 
Rivers of the Ohio and Lower Mississippi Valleys, by Alfred J. 
Bemy, complete the lettered series of bulletins of the Weather Bu- 
PQ.&u heretofore published in quarto form. Material of this character 
h l l  be printed hereafter a s  supplements to the I\ilonthly Weather 
Review. 

The demand for Weather 13ure:iu literature, especially from 
Schools and colleges and from foreign applicants, has been very large 
and bears witness to the coiistillltl~ growing :Ippreciation of the 
k w k  of the bureau on the par t  of stiidents, scientists, tind the general 
Public. 

CIIANGES IN s m i A 1 .  ~~u~~~ica~i~ioi\.s.-Tlie coinpilation of climato. 
logical data Sor rePerence study and publications went forward as 
usual during the year. 

In response to a general desire for the presentation of climato- 
lpgical data by States rather than by large drainage areas, the pub- 
llcation of such data by Stilte iiriits M'iis resutlled. This change 
went into effect with the issue of climatologicul d a h  by State units 
for January, 1914. At  the same time the Monthly IVeiither Review 
h s  restored to its form of the period prior to July 1, 1909, which 
Was essentially that of :L nieteoro1ogic:il jouriiiil, tuid the so-called 
Bulletin of the Mount '\Ve:Lther Observatory, upon the completion 
of volume G ,  was consolidated with the Monthly W'eatlier Review. 

The scope of the national weather bnlletin was enlilrged during 
the year by the introduction of inforirintioii regarding the progress 
of crop growth and development. The foriii of the bulletin was 
also c h a n p d  from that of a single large sheet to :i paniphlet, quarto 
Bize, and its value frtrtlier iiicrcascd by tlie addition of diagrams 
showing for ~wccedjng weeks the ten1periitllre and precipit. t' ion con- 
ditions and comparison witli noimal value over principal crop- 

areas. The diagram also contaiiied data sliowing the con- 

the Biirean of Statistics (Crop Estimates). 
I n  October, 1913, the Weather Bureau, in ~ o l ~ i * i l t i o ~ ~  with the 

Bnreau of Stntistics, began piil)lisliing iiiontiily slliiini:ii*ichs of con- 
dition of the v:lrious C I Y ~ I S  for e:irli Statc. iu the lJnioii. These 
$nimi\ries have btwn telegraphed ~nontldy fwni  the I{iirc.iiu of Stn- 
tlstics in Washington to the se\.ei*al State c e n t l w  of the Weather 
Bureau, where they are 11roniptly printed and distril)oted to the 
Press and public. 

A further dissemination of rveather illid crop inforinntion each 
keek has been inaugurated by telegraphing in condensed form a 
summary of the more important mutters appetiring eiich Tnesdny in 
the weekly bulletin to the corn and \vlleilt and cotton region centers 
distribiiting daily bulletins. These siininiwies are printed at  the 
Various stations receiving them and :ire pmnpt ly  distributed. 

Considerable work was accoinplislied during the p a r ,  in  coopera- 
tion with the Bureau of Plant  Indiistry, in certain investigations 
being carried forward by that I,ureari, e~onccwiiug the relntion of 

fPwing ltioii of the principal cl*ops froiii mo~lCli to i i iontli  tis fnrnished by 
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farm enterprises to geographical factors. This bureau has assiste! 
in the work by compiling and checking a large amount of the c k  
matological data. particularly records of precipitation and frost. 

LIBRARY. 

Additions to the library during the year nuinbered 1,167 books and 
pamphlets, bringing the strength of the collection up to about 34,000. 

The bureau is gradually building up a collection of the most im- 
portant meteorological works, old and new, a t  its station in Chicago. 
These books are iiseful to the large staff of the Chicago station, and 
tire also available for loan to other stations as needed. 

The promotion examinations heretofore held under the directiprl 
of the librarian, a s  supervising examiner, in g rmmar ,  arithmetic, 
elementary meteorology, essay writing, algebra, and tri onometrY 
were abolished in August, 1913. The examinations in piysics, P as- 
tronomy, and advanced meteorology were retained, but they are n?* 
required only of employees who desire advancemmt to the scient@ 
grades of the service, while the examination in plant physiology is 
retained as an optional examination for employees desiring to under- 
take work in agricultiiral meteorology. The number of examination 
papers rated during the fiscal year was 55, of which 44, or 80 per 
cent. attained passing grades. 

TECHNICAL STUDIES A N D  RESEARCH. 

Aerial obwrvations by means of kites and balloons and the mea* 
irrement of solar radiation were continued as heretofore, chiefly at 
Mount Weather, although preparations were made for the transfer 
of this work to the Middle West. 

The following extracts from the report of Prof. W. R. Blair, in 
rharge of the aerial investigations, indicate the status of that work: 
T m  DIURNAL CONVECTIVE: SYBTEM.-AII observations made a t  Mount Weather 

and elsewhere in the study of this system have been sumnm,rized rind published 
in the Rulletin of the Mount Weather Observatory, volume 6, part (i: 

made on days selected by the International Commission. The data obtained in 
these observntions htive been sent to the commissior~ for study and pnblicntioD. 
All data obtained on “ internntional days,” not elsewhere published hy us, Will 
uppeer in the .July, 3914, number of the Monthly Weather Review. 

T H E  FIVE-YEAR s i m M . m Y . - T ~ i i s  sunininry of the t l r i tc i  o1)tnind at M O ~  
Weather in  the five years ending June 30, 1012, has been completed and pub- 
lished in the Bulletin of the Mount Weather Observatory, volume 6, part 4. 

were all complete in June, 1913. The observations were made in July and 
August of thc same year. Tlip Weather Iiureau made aerial soundings W i m  
free balloons nt Avnlon, Cal., throughout the period from July 21 to August 
12, and with captive balloons a t  the base and summit of Mount Whitney fro@ 
August 2 to  13. In five of the soundings made at Avalon self-recording BY‘’ 
heliometers, rlerisN1 and constructed by C. G. Abbot, were carrierl up in addf- 
tion to the meteorographs. While these soundings were in progress, tlie Smith- 
Ponian Institution was malring observations of the totnl moisture content of the 
air above Mount Wilson ; :rlso of insolation find nocturnal rrtdintion fit Mount 
Wilson in the e;irly part of tlic period, a t  Mount Whitney in the latter parta 
The records obtained by the pyrheliometers sent up have been discussed by 
Abbot in Sciencc, March 8, 1014. The Observations of insolzition and of noc‘ 
turnal radiation arc being prep:irc*d for publication by A. I<. Angstriim, under 
whose direction iliey were niacle. l’lie dntrr obtained In the uerinl souiidln&@ 

INTERNATIONAL cOoPI~~RATlON.-~Uring the year free-air ObselTat F; 011s Were 

MoUNTs ~ ~ I L S O N  A N D  \%‘IIITNEY R X P E D I T I O N . - ~ P ~ ~ ~ ~ ~ ~ ~ O ~ ~  f0F tllls eXpefiitioD 
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NOCTTJRNAL R A ~ I A T I ~ N . - - C I ( J S ~ . ~ ~  rehtcd to the subject of insoltition, OP the 
heat received by rndiation, at the surfnce of the earth, is that  of irradiationt Or 
the heat lost by radiation from the earth outward. Measurements of the 108s Of 
heat from n blwkeneci siirfnce when freely exposed to the sky u t  night have 
been made at Mount Weather since May 14, 1914. The maximum rate me@ 
ured i s  0.22 calories per minute, or 13.2 calories per hour, which was obbfod 
on a clear nlght early in June. The rate has been found to be very unifOrl’ 
during a clear night. Assuming that  this rate is maintafned during the day, ae 
loss of hent by riidiatlon during 24 hours of clear weather in June may reacb 
317 calories, o r  about 4 0  yer cent of the insolation. The nverage nocturnal 
radiation clnring June was less tbnn 60 per cent of this maximum rate, how 
ever, and fell off stendily as the water-wpor content of the atmosphere increnfied 
with the advance of summer. 
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