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REPORT OF THE CHIEF OF THE WEATHER BUREAU. 

UNITED STATES DEPARTMENT OF AGRICULTURE, 8 si64 
WEATHER BUREAU, 

WashimqtMt D. C., October 1.4, 1916. 
OPFIOE OF THE CHIEF, 

SIR: I have the honor to submit a report of the operntions of the 
weather Bureau during the fiscal year ended June 30,1916. 

Hespectfully, 

Hon. D. I?. HouaToN, 

C. F. MLRVIN, 
Chief of Bureau. 

Xecre tar y of A gricul twre . 

The service of the Weather Bureau to the country for the past 
year has been fully and effectivcly inaintamed at  prfic.tically the 
8&rne annual ,expenditure as in the preceding year. Throughout 
he c r o p y  owing seasoil and over the great agricultural, horticul- 
Urd, an citrus regions of the country the weather was generally 

favorable after July of last year. Less farorable conditions marlred 
the first half of the growing season of 1916, snd a nuniber of 
'Qportant crops have suffered, 
14 August and September the Gulf region was visited by two 

V'ery destructive West Indian hurr~cnnes, causmg g1"ont property 
lpsses, especially in Texns and Louislana, but the wide dissemina- 
tlon of timely warnings of these storms b the bureau was donbt- 
!ess the means of saving many lives a n 8  safoguarding property 
Werests as well. ,. 

Some details of the work of the bureau are outlined under u series 
of captions, as follows: 

STATIONS AND OBSERVATIONS. 

Pew changes of conse uence have been made in the principal stR- 
lions of the service, whic % now nixrnber 199. These stations furnish 
!he principal telegraphic reports upon wlrlclr the weather f orecasting 

based. Supplementary or substations are nlso maintained at over 
l $ O O  points where the activities are carried 'on u on a coo erative 

Fpecially in new and sparsqly settled regons from which observa- 
hens have been previously unobtainable. 

basis, New cooperative stations are con~tantly Eeing esta % lished, 

aa70°-ic---i 

. ~ ~ , ~ ~ ~ ~ ~  be 
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New Federal hnildings wwe occupied during the past year for 
ofices at Denver, Colo. ; Pocatello, Idalio ; Thomasville, (;a. ; Wi11iS- 
ton, N. Ihk. ,  and Wytheville, Va. The Weather Byreau stations at 
these points were moved to quartcrs therein from rented ofices. 

LOC:LI conditions and facilities having c~ianged at the station at 
Port Crescent, \Vash., the Weather Bureau stat ion was removed on 
Febriiary 29, 1916, to Port Angeles, ’\Vndi., IL thriving town about go 
miles to the etzstward. ~ ~ i e  Mreatlier Bureau telegrapli line extend’ 
ing from Tatoosh Island, Wash., to Port Crescent, IVash., was there- 
upon extended to Port Angeles, by the piirchase from the Western 
Union ‘relegrap11 co. of wire and poles alreacly in p~:Loe and in good 
condition. This seacoast telegraph line enables the biirew to rnaln- 
tain continuous communication between the important station Of 
Tatoosh Island tirid the station at  Port Angeles, which became the 
new etistern terminus of the Til”:i ther Ijureaix line on March 1. 1916. 

A\. new telegraph oflice and cottage buildin I authorized during the 
previous fiscal year was completed at Neah Bay, Wasli,, October 
1915. This building affords comfortable living quarters for  the re- 
pairniaii of the Port Angeles-Tatoosh telegraph line stationed there 
and office for the telegraph business of the Governnient handled at 
that place. Ne:essy improvements were effected at Tatoosh Isl?n d 
station, where tanks or storage of rain water required for drink@ 
and culinary purposes were provitied. NO otiier source of s u p p ~ ~  is 
available on the island, 

All Weather Bureau buildings, o l  which there are now 46, WFrs 
maintained in good, serviceable condition by repainting and repalp 
ing wherever needed for proper iiplteep. 

An effort was made to aswrtnin whether the buildings arid pl;.OP’ 
erty of the Weather Bureau a t  Mount Weather, Va., could be utib@d 
by any other branch of the (hverninent, with the result that the 
Public Health Service, Treasury Department, after investigation, COD‘ 
templated using the buildings and property as a sanatorium. I%ouse 
bill 13672, introduced by Mr. Carlin March 24,1916, provided for the 
transfer and necesary alteration of the property. It has recently been 
learned, however, that this project has been abandoned or deferred. 

Suit of The TJnited States v. The Northern Pacific RailwvILy COP to 
quiet title to land at Bismarck, N. Dak., formerly used as a military 
post and occupied as a Weather Bureau station since June 1, 1fJg4, 
was set for trial at the June, 1916, session of the United States 
district court of North Dakota. Before the casg came to trial, hoe 
ever, a compromise was offered, which was accepted by the Attor- 
ney General of the United States. This compromise is in effect as 
follows : 

Northern Pacific Railway Co. quitclaims to Governnient rights to 
property north of tracks, railway company to have roperty south 
of tracks for yards and sidetracks and reimburse dvernment  for 
improvements thereon. 

A saving of about $600 per annum was effected in the m a n @  
ments for rented quarters and roof exposures at 5 of the stations 
the West Indies. 
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EXAMINATION OF METEOROLOGICAL FORMS. 

Careful examination of the important meteorological forms ren- 
dered by the regular station force as well as those from the large, 
corps of cooperative observers and painstaking efforts to make in- 
Btructions as definite as ,possible, have resulted in a general lessening 
Of the number of occasional errors detected in the statistical reports 
Of meteorological data. 

COOPERATIVE STATIONS. 

The esperienc? of the past year in working up the large pmount 
Of data required for the proposed Atlas of American Agriculture has 
demonstrated the excellent character of the work of the cooperative 
obwrvers, who perform their simple but important duties without 
Pompensation. In  fact, the resords indicate that the observations 
bade by the men and women who make up the list of cooperative 
Observers are a s  correct and trustworthy as possible under the 
ClrCumstances. 

INSPECTING COOPERATIVE STATIONS. 

The policy of frequent inspection of cooperative stations has been 
adhered to du’ring the past year, and many necessary inspections 
bere made by a number of the Stnte section officials. These inspec- 
tions are especially helpful in bringing to light defects in instru- 
b n t a l  equipment or observdtional work, and niford opportunity for 
‘he bureau to indicate its u p ~ ~ ~ i a t i o n  of the vnluable sercice ren- 
d@red the public by these gait t iful observers. 

SNOW BULLETINS. 

. During the past winter effort was made to incyease the amount of 
‘nformation pertaining to the snow conditions in the far Western 
&tates, by securing a greater number of reports from the higher 
%mtain  districts. These additional reports ~ 1 1 1  furnish an index 
‘0 the character and amount of the snow in the re@ons where it 
b a i n s  unmelted until late in the season, and enable estimates to be 
bade of the probable waterflow in the streams used fo? irrigation 
‘Qd power purposes. 

SERVICE IN ALASKA. 

The supervision of the climatological work in Alaska was assi ned 
the past year to the official in charge of the WashinQon sg tate 

%tvice a t  Seattle, and provision has been made for the ubli.cation of 
“Q annual summary of climatological data for that $erntory for 
1Q15, similar to those issued for the several States. 

Xn view of the rapid development of Alaslra, the ap ro riation act 

hlfy equipped weuther bureau station tit some central point in the 
‘Qritory. This will tils0 permit the development of a local weather 
btvice and the publication of 5 monthly bulletin for this region to 
Q%t the growing demands for climatic information. 

the fiscal year 1917 provides funds for the esta % .  lis K ment of 5 
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OCEAN METEORQLOGY. 

I n  general the work of the marine section has progressed along 
the usual lines. Owing to the effect of the war on oceun shipping 
the number of vessel reports received-during the year has been 
largely below that of normal times, except from the Pacific Ocea?. 
The examination and charting. of reports received from the AtlnntrC 
Ocean have continued, and this work has been kept as nearly up to 
date as feasible. 

It is considered hi hly dosirbble that reports received from the 

Atlantic. Owing to the growth of shipping dn the*Pacific in recent 
ears it has been possible for the bureau largely to  increase the n u p  

ger of vessel reports from that ocean, so that the preparation of It 
synoptic chart is now believed to be warranted. Plans to acdofl‘ 
plish this are now being forniulated. 

The extension of work in the Pacific Ocean has a two fold purpose’ 
Not only is it designed to  throw light on coming weather in thO 
United States-weather changes, as is well known, movin from I V ~  
to  east-but it is in line with a concerted and widespreaf rnoverr?Dt 
in all branches of science to  inaugurate a special study of the Pac1fi? 
with the object of adding to  the world’s general knowledge of this 
vast area. 

During the last hurricane season, extending from July to Novep’ 1 ber, many valuable reports were received by wireless from the spec18 
service mgintained on vesseIs traversing the West Indian waters and 
tho Gulf of Mexico, enabling tho forecasters to determine accurntel!’ 
the position, direction of movement, and rate of pro r e s  of the sever’ 
storms that reach the mainland of the United &ates from tho9 
regions. 

Pacific Ocean shouId % e charted in the same manner as those of the 

HYDROLOGIC WORK I N  SOUTHERN CALIFORNIA. 

Preliminary action has been taken looking toward the establisk 
ment of a river district center at Los Angeles, Cal., for the purp?@ 

such notice as may be possible of the coming of destructlvO 

nrtrdino Counties during the prevalence of heavy and continuou! 
rains. Cooperative rainfall observations at  J2 points in the mo@ 
tains of Los Angeles County were be un in January, 1916. 

I n  connection with this subject an% closely related thereto, the b”. 
reau has undertaken, in cooperation with the Forest Service, to carry 
on a series of rainfall measurements in the Los Angeles Nationtt1 
Forest. The chief cuntracting parties to the cooperation are the 
board of supervisors of Los Angeles County on the one hand and the 
Forest Service of the Department of Agriculture on the other hand, 
the latter representing such other branches of the Federal GoverP 
ment as are contributing to the work. 

floods Of givina w ich issue from the mountains of Los Angeles and San Ber* 

MEASUREMENT OF PRECIPITATION AT HIGH ALTITUDES. 

This work, begun in 1909, in Pacific coast, plateau, and Rock)’’ 
Mountain States, has been continued duiing the year a t  about 
stations. Intensive measurements of snow depths and densities d 
the! beginning of the melting season have been made in l i m i t e d ~ e p o ~ ’  
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tlie watershed of Cottonwood Creek, a tributary of the Boise 
er of Idaho, in the Paradise Creek Valley, on the headwaters of 
White River in Arizona, on the watershed of City Creek, near 

Spit Lake City, Utah, and in the watershed of Lalre Tahoe, Nev. In 
the last named the measurements were made in cooperation with 
the agricultural experiment station of Navada, a t  Reno. Prom the 
nature of the case, intensive metisurements of snow depth and density 
can not be made on any considerable portion of the snow fields of 
lligll altitudes ; in fact, grave difficulties are encountered a t  altitudes 
lJet\rwm 8,000 and 10,000 feet. The purpose of the bureau in  the 
Qatter has been to develop methods and apparatus whereby the 
llleasurements can be macle quickly, and to  demonstrate the ractical 

sheds, whence comes thc water supply of residents of the lowlands 
 bolo^. A case in point is that of Salt Lake City, Utah, where the 
b t e r  supply is c1r:iwn from the Wasatcli Mountains to the eastward. 
h summer, in hhe :Lbsence of sufficient rainfall, t lw iiow of the 
%1ntain streams is aliiiost wholly derived from the melting of the 
Ih t e r ’ s  snowfall. The nseEnlness of the method has been so clearly 
Shown to  the officials of Salt Lnke City for several years past that  
they have independently conducted :I survey over one of the larger 
Watersheds and have aided the burean on a survey in one of the 
%nller watersheds which contribute to the water supply of the city. 
Aside ‘from the importance of these snow surveys from a practical 
Point of ~7iew, they aIso contribiitc indirectly to our knowledge of the 
belation which esists between tlie fundamental phenomena of pre- 
Clpitation niid run-off. 

utility of the worlr by actual surveys over portions of sma r 1 water- 

LIGHTSHIP WEATHER STATIONS. 

Through the cooperation of the Bureau of Lighthouses, Depart- 
Qent of Comnierce, there his been introduced an entirely new class of 
yeather stations aboard lightships equipped with wireless apparatus. 
phese stations will report upon weather conditions by wireless twice 
each day. Each will be equipped for measuring pressure;, tempera- 
ture. nncl wind velocity. A t  Frying Pan  Shoals both the regular 
fiqd relief vessels have been equipped, but reports have not yet been 

A t  Nantiicket Shoals one ship has been equipped, but 
?:Ports l ~ e  not yet, been rendcrcd. Plans are under way for equip- 
Ping the ~-1en1d ~ n n l r  1jg11t vessel in the near future. 

EVAPORATION WORK. 

. illthough the ileinanci f or the installation of evaporation stations has 
‘ficrctlsect, the introduction of class A stations has progressed rather 
s lo~rly,  becausc Che fimds &or purchasing equipment and the facilities 

administration are not considered equal to a rapid extension of 
%s worlr. Right stntions have been equipped and are now rendering 
’honthly reports. 

STOI&l-WARNlNG STATIONS. 

The storm-warning stations of the bureau on June  30, 1916, were 
foIlows : 

h i d  stations, 101, u decrease of 2 during tho year. 
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Cooperative stations, 113, a decrease of 4 during the year. 
Weather bureau stations displaying storm warnings, 60, the sa@e 

as last year. 
A system consisting af three lights in a vertical line to signal by 

night the same information concerning storins now furnished .by 
day has been installed on the Great Lakes, only 3 stations remainmg 
to be completed. I n  connection with this work new electric lamps 
of increased brightness; and a standardized system of wiring in con- 
duit have been installed. Stations on the Great LaIres equipped 
with oil-burning lanterns have had a third lantern furnished, to- 
gether with necessary means of display. Other improvements have 
consisted in the removal of towers to more fay orablo locations ?nd 
the erection of new steel towers in a number of cases, with the obFct 
of placing the storm-warning equipment on the Great Lakes in firs*’- 
class condition throughout. 

TELEGRAPH SERVICE. 

The comniercisl telegraph companies have continued their  he@^ 
cooperation with the bureau in maintaining service. Complamts 
of delays have generally received prompt and eff ectivc attentlony 
with satisfactory results. Reports over all circuits are often sfnt 
and received and the circuits closed by 9 a. m., one hour after t R k d  
observations. 

The contract for special operators’ services employed at  ~ a 1 b 1 1 ~  
M7eather Bureau stations was found to be inconsistent as to tbe 
amount charged. A reorganization was effected in this feature of 
our work and will result in a decrease in cost of nearly $900 Per 
annum. 

A further revision of several circuits was undertaken and put into 
oeeration May 1,. 1916, by which a saving of over $2,000 per an10’ 
will be effected, In addition to increasing the number of reports to 
several stations. Another revision of certain circuits during .J@ 
will also effect a saving of over $300 per annum and stiII give much- 
desired evening reports to certain stations. 

WEATHER BUREAU SEACOAST TELEGRAPH AND CABLE LINES. 

I n  all cases these are lines connecting outlying points of ifl- 
portance from a meteorological point of view with which no other 
means o i  communication are available for the transmission of re- 
ports. M7hile these lines are maintained and owned by the Weather 
Bureau distinctly for its meteorological woik, they nevertheleSs 
have come to carry a considerable amount of commercinl busin@ 
which brings in a sinall revenlie. Lines are maintained in the 
following sections : 

Blo~l< T ~ l ~ ~ ~ ~ d - N a ~ l . ~ ~ g ~ ~ ~ l ~ ~ t t .  
l\f0Ullt ~~c.ntlie~-Uliieinonl. 

Key West-Sand Key. 
Glrn I-I:~vrn-Soutli tint1 Nortli PILunitou 1sl:uitl. 
Alpenn-Middle 1~1:ind-Thundcr Day Is1 and. 
Grand Marajs-Whitefish Point. 
Beaver Island. 
Tutoosh-Port Angeles. 
North Head. 
Snn Francisco-Point Reyes. 

Norf oll<-lI:~t term. 
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The illcreased iinportttnce of coastal c~ommunication to the opera- 
tions of the Government is fully recognized, and every effort lias been 
Qade to xi~aintain the lines in the charg? of the Weather Bureau in an  
efficient conclition of r e p i  r and operation. As niaintenanco expendi- 
tures on these lilies have been maintained :it the minimum in former 
Y ~ r s ,  ratlier exteiisive iypairs have been necessary in soine instances. 
~cwrt l ie less ,  :L careful :iccounting of rereiiue :ind reptir cost still 
shows :I sniall bnlnnce in receipts over costs of repairs nmonntiiig to  
XW.sa on :in income of 95,054. 

FORECASTS AND WARNINGS. 
DISTRIBUTION OF WEATHER FORECASTS. 

r ,  1 he distribution (if weather forec:ists has been coiitinried nlong 
the s:iine lines RS in former years and by the same methods, i. e., by 
telegraph. by telephone, by mail, and by wireless. The dnily fore- 
casts :ire :ti-nilable by telephone to more than .~,OOO,OOO subscribers, 
and by nitiil to more tlirin 100,000 addresses. Distribution by wireless 
has been somewhnt extended during the gear. By this means the 
forecasts for nine Stntes :ire distributed from four points. Those 
for Xorth Ihltota, South Dnkota, and Minnesota : L ~ Y  broadcnsted 
froin [Jnivcrsitjr ((frand Forks, N. Dalr.) ; for Illinois, froin Spring- 
field Ill.; for  Ohio, from Ohio State University, Columbus, Ohio; 
for iowa, I<ans:ls, Missouri, and Wisconsin, from the United States 
Naval Training station, (sreat ~thlres, 111: These forecast messages 
a?% receivetl n t  nbont 270 nmnteur radio stations. A further exten- 
sion of the distribution map be expected through the issue of fore- 
cast (::Lrds by the wireless operntors. This feature of the nilttter’ liw 
been givexi considerution, but the resiilts are not yet determined. 

SPECIAL FORECASTS. 

Special forecasts for the benefit of tho alfii1f:i crop during the 
hrvest ing se:!:Ison were inaugurated, and in order to meet the needs 
of these interests forrcastcrs were authorized to extend the period 
W7ered by the forecnsts beyond the regn1:ir 36 nnd 48 hour periods 
Provided for in instrnctions. 

WEEKLY FOICECASTS. 

r 7  111e day of isqlc of t]le \v(&ly foi.ec:ists \\ :Ib cllangcd froltl Tiles- 
y o  tli;it a t  pyesent.tlitw2 foro(-iists cowi* ~1111 ensuing dny to 

Calendal- .wel<. 
NIGHT FORECASTS. 

r ?  Il le isslip of liiglit forecasts \vas begin :tt the New (Irletins, Ln., 
130th night and morning forrwst5 for the  forecast clistrict center. 

‘espectiyp districts i i iy  now issued at  ench district ce11tcr. 

EXTENSION OF THE METEOROLOGICAL SERVICE IN THE WEST INDIES. 

. Arr:lngy1iellts 1)piilg iii:icl(h for the extension of the 111ett?orOIOg- 
ka l  seyrjce in tl1e \\‘clst Tj](lic>s, the Caribbean SW, :~nd the 1’an:ixii:r 
Can:L], in order to 111:ljC(! 1110rc eilicicnt tlie i s s n c h  O€ st01111 advices for 
the sont~iern waters of the t’nitrtl States. 
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SEVERE STORMS. 

Two tropical, storms, originating in the Caribbean Sea in August 
and September, 1915, and moving northwestward to the Gulf co?stl 
developed unsual intensity and occasioned great loss of life and 1m- 
mense destruction of property. The first of these passed over 
veston and Houston, Tex.? August. 16 and 17, the barometer falbng 
to 28.20 inches at Houston and the wind reaching a maximum veloc- 
ity of 93 miles per hoixr from the east at Galveston. It was estimated 
that about 280 lives were lost and property amounting to 9320,000,0~0 
destroyed. The second struck the coast about the month of the 
Mississippi on September 20 and passed northward over New Or* 
leans, La. The barometer fell to 28.11 inches at New Orleans,, the 
lowest reading 011 record in the IJnited States, and the wind attained 
a maximum velocity of 130 miles pes how from the east. The e&- 
mated number of lives lost was 275 and the value of property de- 
stroyed $13,000,000. W:mings of these storms issued by the Weather 
Bureau, beginning with the first day of their appearance, were giyen 
widespread and effective distribution well in advance, and were with- 
out doiiht the means of great savings, both in life 2nd property. 

RIVER AND FLOOD SERVICE. 

Sixty-two of the principal stations of the bureau participate in the 
work, and about GOO subordinate riwr-gaging and rainfall-report- 
ing stations furnish the necessary hydrologic data for the respective 
watersheds. Flood warnings and all forecasts of river stages arO 
issued by trained section officials specifically :wthorized to do so, but 
d l  this work is rather closely supervised at Washington, in the .be- 
lief that constant oversight is necessary and lielpful in maintaining 
the service at a high st:mdiird of efficiency. 

The severe floods of January and February, 1916, in the MississipPl 
below Cairo, in the rivers of Arkansas and Oklahoma, and, later In 
the year, in the Mississippi between Dubuquo, Iowa, and Louisian% 
Mo., afforded a critical test of the efliiciency of the organization. AS 
the flood crest on each stream approached, timcly and accurate marn- 
ings thereof mere distributed well in advancc. The present systen? 
of flood forecasting is the result of n1)out 10 years of well-smstained 
effort on the part of river Porecasters to improve the warnings and 
to get a Iwtter grasp upon the proldcm. 

LOSS AND DAMAGE BY FLOOD. 

A coinpilatfon of  the loss sustained in the United States during 
the calendar year 1015, due to flood maters, places the amount at 
nearly $21,000,000. Of this amount a little more than half fell lipon 
the agricultural interests of the country. 

AGRICULTURAL METEOROLOGY. 

From the early days of the service the issae of frost warnings fd 
the special benefit of gardenem'and horticulturi~ts, and the citrus, the 
tobacco, the cranberry, arid other industries, has been marked by co?- 
stant study, improvement, and extension. With the advent of arbl- 
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being charted and tabulated, a summary covering the weather condi- 
tions throughout the corn and wheat regions is telegraphed to 18 
different points and there published in the form of daily bulletin% 
besides b&g given to the press. 

COTTON REGION SERVICE. 

This service covers the 11 principal cotton States, and consists of 
1 region center and 15 district centers, and has 166 special stations. 
Daily records of temperature and rainfall are telegraphed from these 
special stations in each district to the district center, and a t  these 
centers and 11 other points daily bulletins are published, with an 
issue of 1,736 copies. Weelrl-y bulletins and charts giving the tern- 

erature and rainfall over the cotton States are also published at  
g e w  Orleans. This service VI"S expanded during the spring of 1916 
by the extension into the new cotton-growing district in western 
Texas and other uncovered fields. Preliminary work 'was started 
to  reorganize this service along State lines, but it was thought best 
to delay the change until the season of 1917. 

SUGAR AND RICE REGION SERVICE. 

This service covers the rice-growing region of Texas and Louis- 
iana, and the sugar district of the Southern States. No materid 
change was made during the year just ended. However, correspond- 
ence has been under way looking to the extension of the ricc-region 
service. 

SPECIAL FRUIT REGION SERVICE. 

This  service consists of several separate branches, consisting of the 
cranberry service in eastern Massnchiisetts and southern Wisconsip, 
investigations into tcnipcr:itim conditions at  various elevations in 
the rrionntnins in wcstern Nortli (;alolin:i :mtl in the Salt Ri17er Val- 
ley in Ai.izona, antl slmial  l'orccast,~ :mtl w:lrnings for the benefit of 
fruit li~eii wlio arc protccting their orc11:~id crops horn spring frosts 
in Ohio, Colorado, I J tnh ,  Id:tho, TVnshington, Oregon. ;~ntl C:rh. 
formi:i. This service h:is lwcn exp:intIetI dnring the year 1b-y tlle estab- 
lishinent o€ seven ncw stations in the grapc and pexch-growing diS- 
trict of' ~ioii l icw-~ Ohio, ly tlie estcnrion of the sl)eci:d cranberry sery- 
ice in tlic Sliell Lake district of soiithcrn Wisconsin, :mil by tlro t l e t d  
of' tixirictl nten for spccial ditty in the fruit district in the Hood River 
Valley in Oregon tind the Gunnison Valley in Colorado. These men 
studied the local situation and gave expert information to the f r d  
growers as to the temperature to be expected, and whether it would 
probably be necessary to prepare for  lighting the fires in the or- 
chards. These men proved to be of unirsual benefit to the ol-chard 
growers in  these valleys, and thcrt, is already a demand for the ex- 
tension of this service into other districts where fruit is intensively 
grown and arrangeinents are made for protection of the orchards by 
heating. In Ohio this\warning service is given by long-distance tele- 
phone from the section center a t  Columbus with considerable SU:- 
cess, bj7 a careful study of the tentpertitiire and weather records ~n 
each orchard where heating is carried on. 
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SPECIAL TOBACCO SERVICE. 

This service is now carried on in the States of Connecticut and 145s- 
Consin, with 2 district centers and 13 stations. No material change was 
made during the year in  these States, but arrangements were com- 
Pleted for the establishment of a special tobacco service in the impor- 
tant tobacco districts in western lientuclry. I n  this State not only 
WI11 warnings be issued for the tobacco growers at  critical periods, 
but the general effect of thc weather conditions upon the derelop- 
Qent oE the tobacco will be stndiod through cooperation with the 
06cjals of the agricultural experiment st x t' ions. 

SPECIAL CATTLE-REGION SERVICE. 

This scrvice n t  prescnt has 1 district center a t  hm:willo, Tex, with 
22 special stations, and wceivcs reports from 9 other points in the 
cattlc-rangc district o f  tIic Soiith~vest. D : d y  bulletins :ire pub- 
lished giving the r:iinf:ill and temperature over the southwestern 
cattle ranges, with an issue of 6% copies. This scrvice has been 
Qxpanded somewhat during the year by receiving reports froin a 
Ppider area. Preliminary steps have been completed for the estab- 
~lsbmont of :L new cattle-region district mi t e r  a t  Roswell, N. MCX. 

SPECIAL ALFALFA SERVICE. 

This service is maintained jn TJtah, with three special stations. 
"hero has been 110 chnnge during the year. I n  addition, however, 
there has been a n  expansion of special three or four day forecasts for  
the bencfit of alfalfa harvesters throughout the whole western par t  
of the country during the prescnt season. I f  fair wenther is ex- 
pected for three or  four days, or if n rainy spell is in nnticipntion, 
thls information is telegraphed from the district centers to the luge 
$l€alf:i-p;rowing points, where action is txlren to  disseininntc the 
1nform:ition for the benefit of the ~7arious alfalfn gt-owers. The tem- 
Perature forecasts will be issued in tlic same way 111 connection with 
the hxrxsting of nl€:Llf:L seed. 

SPECIAL TEIVIPT?RATUI:IC ANI) STORM WARNINGS FOR SXIEEPIEN. 

I n  the spring of 1916 special rain and temperature forcwsts for  
the slieeprnen in Oregon, Wnshington, rind Idaho were imdc by the 
district i'orecnster :it Portlnnd, Orr.g., during the shenring :ind lamb- 
?ng season. It is cstimnted that t h t w  are mor? th:in G,0OO,OOO sheep 
111 these States. As winter feediiig is expensiva, shecp are ~ ~ s u a l l y  
shorn and put on the ranges as early as possible. Early Ittinbin@ is 
T o u r n g e d  also. Before being shorn, if stormy and cold we:&er 

rpvails, the sheep may succumb to fatigue and starvation, and after 
eing shorn it is necessiiry to  keep the sheep near natural o r  artificial 

Protection for a short period if unfavorable conditions prevail. The 
forecasts enable proper precautions to be taken by anticipnting these 
Cpnditions, and also give information as to favorable weather condi- 
Gens for  severnl days in advance, so that sheep mny be grazed farther 
away from protection. During the spring of 1916 this information 
Was telegra hed to 2G different points in these three States, and from 
them distri l! uted by telephone to hundreds of sheepmen. The infor- 
bation has been found to  be of very great importance, and the 
service will be continued and expanded. 
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COOPERATION ANP INVESTIGATION, 

Cooperation is going on between the Weather Bureau and other 
Government bureaus and departments in  several differehk lines d 
activities. Among them will be noted the Beeping of records of tern 
perature, rainfall, and depth of snow, as well as  the distribution of 
special forecasts and warnings by the officials of sevoriL1 other 
branches of the Government service. Among the most irnportnnt 
are the following: (1) The publication of the monthly crop report 
at 40 different Weather Bureau stations in the TJnitecl States for the 
Bureau of Crop Estim:ites. These reports cover the crop' conditiom 
in  every State in the Union. No material change has been made 
during the year, although plans are in progress for improving the# 
published reports by including a general st:itemcnt of thc wenthe' 
conditions and a running statement of the crop conditions. ( 2 ,  
Cooperation with the Office of Markets ant1 Rural Organization 
the pub1ic:ition of daily market re jorts. This service was in ope?$- 

Tenn., in connection 
with the strawberry crop. Mnrliet information was telegraphed to 
our oficial a t  Cliattanoogx ilncl c ~ y  liiilletins were prepared a d  
issued a t  that office. 

tion Erom Mily 9 to  June 12 at Cliatt:moogw, F 

SPECIAL FRUIT STUDIES. 

Studies are going on as to teniper;itux variiitions at  different +ti- 
tucles in North Carolinii, Oregon, Colorado, and Ohio, and investiga- 
tions hnvc h c n  continued in connection wj tli temperature and ftosf, 
forccnsLs for the benefit of those irrii t grtjwers who are hentin$ 
their o ~ d ~ i l r d ~ ,  and inforinntion hns I)wn g:~tlii*iw] ;IS tq  the vdue  0 
these lmiters and the expense of orcli:w~l protection. These mattefg 
are of very great importance, :inti i t  is Iio13ctl t h t  funds wi1I I ) c  
hand €or n consiclei*:il)lr cxtrnsion ol tliis invcstig:ition, particii1:idY 
along the line OS frost damage and  the Lest hetit ing methods: 

B im sets of maxiinurn imcl minimum thennorneter:~ have beeen 
furnishccl to the UnreiLu o€ Entornology for use in f rui t  orchards at 
K:~iiawli:~ Station, Wood County, 11'. I':i., i n  connection with the 
study of weather efrects on the fruit trees and on the activities of 
damaging insects. This service was piit into operation in May, 
WIG. ~ w o  €1111 sets of instruments were also furnis~led to Prof, 
E. P. Felt, for use at  Newfane, near Loclrport, N. Y., and Kendal 

the damage done by the codgng moth. It is believed that the even' 
ing temperatures have an important influence upon the deposit Of 
the eggs of this moth, and this investigation is to determine sclme 
facts regarding that  matter. Four sets of. instruments that  h d  
been in use in central Massachusetts by Prof. d. K. Shnw, of the 
College of Agriculture, at  Amherst, Mass., in studying the weather 
conditions a t  different elevations and its effect up011 the apple crop, 
were moved in the spring of 1916 to the Berkshire I-lills ih westefl 
Mnssachasetts, where a study was carried oh to dbtepmine the connee' 
€ion between inversion$ in  temperature in relation to  th8 develop,niefif 
6f peach buds. 

near Albion, N. Y., to stnd the relation between the weather nn d 

COOPERATfON WITH EXPERIMENT STATIONB. 

brrespondence was begun early in the season with the dim to^ 
of all the agricultural experiment stations in the Utiihd Stat% 
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Preliminary to cooperation to aeteriniiie the critical period of crops 
and the weather that has the greatest effect on crop yields, as well as 
On $he extent of insect and fungous damage. It is expected that a 
definite and extensive system for keeping regular records of !lie differ- 
@nt weather factors and the development of the most important 
crops will be instituted at a large niimber of these stations, and such 
Preliminary work started as may be continued through a series of 
years, and from which large results may be anticipated. 

WEATHER AND CROP STUDIES. 

The chief of this division, before his appointment to this position, 
had made studies t o  determine the critical period of growth of corn, 
Potatoes, whcat, hay, fruit, and other crops by mathematical and 
.&aphic:rl correlation methods, and the division is now continuing 
these studies as fast as tlie routine duties will allow. Some of thc 
r@slilts of these investigations are appearing in the National Weather 
and Crop Bulletin that is prepared by this division and others will 
Qpear from time to time in various pnLlications RS the subject is 
developed. I t  is believed that it has rcmurlrnble possibilities for 
developinent for the benefit of tlie agricixlturnl interests of the 
country. 

NATIONAL WEATHER AND CROP BULLETIN. 

The most important I-ontine work of the division is the issue of 
the Weather and Crop Bulletin, which is published weekly during 
the summer months and monthly during the winter season. During 
the past year publicntion of the weather and crop diagram pages 
covering the weather n n d  condition of cotton, corn, and wheat, 
started in 1015, was continued, but 5 change was made to’ allow 
the division of this territory into 12 diugrums instead of 7, thus 
halring the areas smaller and the data more definite. Detailed 
studies have been printed to show the efl‘ect of rainfall and tenipera- 
lure upon crop conditions, and the knowledge gained in these and 
other similar studies has been applied in discussing the effect of cur- 
pent weather upon the development of crops. ‘The regular publication 
O f  the week1 weather forecasts in the bulletin was discontinued in 
the spr in t  o f y ~ ~ t i ,  and since then any refcrtme made therein to the 
forecasts as been in connection with the current wenther conc~itions. 
The issue o€ this bulletin is 8,750 copies. 

METEOROLOGICAL RECORDS AND PUBLICATIONS. 

The severd anniad, monthly, and other serial publications of the 
bwui  hare been issued in re ular sequence, .and continue to supply 
the general and technical ’pub F ic with useful ~nforniation. 

On account of the lnrga demands for climatic dntn froiii all por- 
t iom of the country, it has been iieccssnr 7 to reprint screrd of the 

States by Sections. OtIiers are now ready for reprinting when 
Ppportunity offers. The growing deinand for these summaries 
Indicates that the entire set should be brought down to date and 
reprinted. 

separate parts of Bulletin FV and Cliniato 1 ogicnl Data of the United 
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MARINE OBSER+ATIONS. 

The publication of the monthly summaries of weather conditi?ns 
over the north Atlantic Ocean in the Weather Review, together With 
charts showing the averages of pressure and temperature, the pre- 
vailing direction of the winds, and the paths of the more important 
storms, begun during the early part of the year, has continued. 

ATLAS. 

Substantial progress was made during the year in the preparation 

American Agriculture. Many of the more important charts have 
been prepared and are now in the hands of the draftsman for reduc- 
tion to the final base size to  be adopted,. and it is expected the work 
will be very generally completed during ’ the present fiscal par*’  
Much work has been required of station officials in preparing the 
material for these charts, but this has resulted in the bringing to- 
gether of a large volume of valuable material not previously sum- 
marized at stations. 

of material for the Weather Bureau portion of the proposed Atlas 0 f 

ATMOSPHERIC MOISTURE. 

Much material has been gathered in preparation of a report -011 
the vapor pressure and relative humidity of the Uni,ted States which 
it is hoped can be completed and published in the near fnture. 

STUDY ON ANTICYCLONES OF THE UNITED STATES. 

A study by Mr. E. H. Bowie and Mr. R. H. Weightman on the 
anticyclones of the United States and their average movements Is 
nearing completion, and the manuscript has been submitted for 
publication. 

TREATISE ON WEATHER FORECASTING. 

A board consistin of Profs. A. J. Henry (chairman), H. J. COX, 

during the last year or so upon the preparation of a treatlse Or 
manual on weather forecasting in the United3tates. This important 
subject has never received the treatment that its importance de- 
serves. Weather forecasts under governmental auspices have been 
made continuously for about 45 years, yet only fragmentary and 
scattered references to the general principles of the a r t  have aP’ 
peared in print. The manuscript and ’the illustrations were com- 
pleted during the year and the matter is now in type, forming 
printed volume of 370 royal octavo pages with 109 illustr :I t’ ions. 

and €1. C. Frankenield, P and Mr. E. H. Bowie, have been engaged 

SUPPLEMENT. 

A collection of phenological and ineteorological observations at 
Wauseon, Ohio, mentioned in the report for last y e n ,  w:is issued as 
Supplement No. 2 on September 4, 1915. 
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"PRINTING IN COOPERATION WITH THE BUREAU OF CROP ESTIMATES. 

The printin of the monthly crop .statistics furnished by the BU- 
P@au of Crop%stimates for the several States has continued as in 
Past years, and no effort has been spared by our station officials to 
Place the information in the hands of the public as early as possible. 
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7.875 . -- 
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41 0, 200 
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.73, 000 
19, 000 
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' Copil?bs. 
National Weather and Crop Bulletin (weelily fi*om April to Septeniber, 4 7io 

111onthly from October to Mnrch) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  + 

Snow and Ice Hylletin (weelrly during the winter) ___-______________-- - 1, 
Forecast cards (daily: except suntlays and ~ i o ~ i d n y s )  _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ -  -- 1755' 

240 
250 

Weeltly forecasts ---______________________________________---___----- 
Monthly Meteorologicnl Summary for Washington, n. C _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - 

The distribrtion of periodical publicafions to  foreign countries 
through the international exchange service and by mail was 
follows : 

83. Washington Wetithcl. Rfap ________-_______________________________-  __--- 
~fo11thly Weather Review ________--. _____________________--_-___-_--- -- s7' 

71 
30 

Monthly Cliniatologicnl Data _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . . . . . . . . . . . . . . . . . . . . . .  -- 
7 National Weather and Crop Bulletin __________________________-__--_-- -- 
43 Snow ant1 Ice Bulletin -- 

Annual Report of Chief of Bureau _____________________-_--__-__--_---- - 
The number OS paid subscriptions on our mailing lists a t  the close 

of flie year mas as follows: 
Subscribers. 

\ 66 Washington Weritlier Map ________. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -- 
National Weather and Crop Bulletin _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ._______________- - 491 

49 
7 Snow tint1 Ice Bullrtin _____________________________: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  - 

Climatological Data _ _ - _ _ - _ _ _ _ _ _  _ _  _ _ _ _ _  ____________. _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _  - 
Subscriptions for  the Monthiy Weather Review are filled by the 

superintendent of documents Srmn the 75 copies Surnished him each 
month by this division . 

Remittances received by the superintendent of documents cover- 
ing subscriptions for  Weather Bureau publications were as follows' 
Washington Weather Map _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  $182. l5 
Nationnl Weather and Crop Bulletin _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1'18.25 
Snow and Ice ~ i i ~ l e t i i i  -________________________________________-- -_ 12.25 
Climntologicnl Ih ta  _ _ _ _ _ _ _ _ _ _ _ _ _  48. go 
Stntion Weat lm ~ a p s  ________________________________________-___- 217.61 

/ 
Total ________________________________________-_----__-____--  548.56 

AddrCRfieS* 

LIBRARY. 

During. the year 775 'books and pamphlets were added to  the 
library, while about 975 were eliminated, by transfer to  the Library 
of Congress or othcrwise. The total strength of the collection 1s 
now approximately 35,500 volumes. A part from reSerence b001Cs 
and files o f  scientific journals, the boolis in the library relate almqsb 
exclusively to meteorological, climatological, aeronautical, and Seis' 
mological subjects, inchiding an immense amount of statistical l W -  
ature, and the collection is quite nhiqixe among American libraries, 
Special efforts were made during the year to bring up arrears of 
binding. Tho total of 2,208 volumw sent to the binder was much 
greater than in any previous year. 

AEROLOGICAL INVESTIGATIONS. 

The installation of the Drcxcl Aerological Station was coin- 
pleted, and free observations by means of kites were begun in Octo- 
ber, 1915. 
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Twenty-eight observations, to an average height of 2,850 meters 
h r e  mride in October ancl November, 1915. The addition of a mtin 
to the station force inhDeceinber, 1915, made it possible to begin at, 
that time daily observations in the free air. I n  addition to the daily 
Observations, when opportunity offered, series of observations con- 
h i n g  for a period of 30 to RG hours were made. Dnring a series of 
Observations a kite flight is made every three to three and a half 
hours. The data obtained enable us to follow atmospheric changes 
In considerable detail. I n  connection with the daily obserrntions, a 
dally telegram, giving atmospheric conditions observed a t one or two 
Selected levels, js sent to the forecast offices of the Wenther Dnrrnu 
at m7ashington, D. C., and Chicago, Ill. 
In all, 350 observations to an average height of about 2,800 meters 

have been made up to June 30, 1916. Of these, 88 were made in 11 
different diurnal series, 28 were made before December 1, 1915, and 
the others were ,made as daily obser,vations. 

Owing to the impossibility of importing meteorogrnphs of the 
kinds we have been using, or of gcttiiig parts for them, the work 
Of rebuilding, repairing, and calibrating these instruments hiis been 
?Specially heavy during the past year. I n  nddition to this. a work- 
lng model of n self -recording balloon theodolite has been constructed 
and preliminary work done on n simple form of meteorograph and on 
a manometer for use in calibrating pressure elements of meteoro- 
Qraphs directly in iiiilli bars. An additional kite reel W:LS built for 
us by an outside firin, and clelivercd in November, 1915. Some neces- 
Pary calibration on the reel has since been completed by us nnd tlie 
%chine made ready for issue to a ncw aerological station. 

It has been impossible for the past year or two to import rubber 
balloons such as we use in making aerial soundings to great heights. 
w e  have therefore gone into the subject of tlia manufacture of these 
balloons with interested rubber companies in this ‘country, in an 
effort to have them produced here. A number of sample balloons 
have been prepared ancl tested. Some of these have been of fair 
quality, but not yet suitable €or our work. 

SEISMOLOGICAL INVESTIGATIONS. 

The work of collecting and publishing earthquake data, begun De- 
cember l, 1914, has been continued during the past year. These data 
?re of two kinds-noninstrumontnl reports of earthquakes felt, and‘ 
Instrumental records, often of quakes wholly imperceptible to the 
Senses. The noninstrumental reports are rendered by al l  the regular 
Nations of the bureau, nearly 200 in number, and also by nearly all 
the bureau’s 4,500 cooperative observers: The instrumental records 
Published by the bureau have been obtalned in part by instruments 
owned and operated by the bureau itself, one at Washington, D. C., 
and another a t  Northfield, Vt., and partly through the cooperation of 
18 additional stntions distributed from huinma to Alaska nnd from 
the Hawiinn Islands to Porto Rico. 

During the calendar year 1915, 150 earthquakes were felt within 
the borders of the United States proper. The great majority of these 
Produced no damage whatever, but some three or four were distinctly 
Severe, though only two occurred in populons regions. 
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SOLAR RADIATION INVESTIGATIONS. 

Continuous records of the total radiation received ,on a horiaontt 
surface from the sun and sky are obtained at Washington, D. c.7 
Madison, Wis., and Lincoln, Nebr., and the daily totals are pub- 
lished month b month in the Monthly Weather keview. For the 

of 5 years and 6 years, respectively, the daily departures of radla- 
tion from the normal, and the :Lccumulated excess or deficiency of 
radiation for the month and since the first of the year, are a19 
published. During the crop-growing season of 1015 the accumu- 
lated departures were quite insignificant a t  Washington, but showed 
a marked deficiency at  Madison. Between M a j  1 and August 10 this 
deficiency amounted to 14 per cent of the notmal radiation, and be- 
tween Hay l and September 30 i t  arnoiintecl to ll per cent. Between 
May 1 and August 31 the mean daily temperature over the State of 
Wisconsin averaged 4.5" F. beloa the normal, and the developmd 
of corn and some other crops was greatly retarded. During the first 
half of 1916 Madison recorded about the normal amount of radiation, 
but Washington showed a deficiency of about 7 per cent. There i s f  
evidence that this deficiency wad retiter in New England and 
the North Atlantic States, where even the f evelopment of certain crops 
was markedly retarded. The exact relation between plant develop- 
ment and the amount of the incoming radiation, and whether the 
relation is a direct one, or is a secondary effect of the resulting 
lower temperatures, are questions that can not be answered definite19 
until the radiation measurements have extended over a longer period 
of time: 

Measurements of the intensity of direct molar radiation on a surface 
normal to the incident solar rays have been continued at Washington, 
D. C., Madison, Wis., Santa Fe, N. Mex., and Lincoln, Nebr. At 
each of these stations except the last named the series of readings 
extends over a sufficient number of years to give reasonably accurate 
monthly normals. Between July 1, 1915, and June 30, 1916, the 
monthly means of the intensities measured were generally above the 
normal at Madison and Santa Fe, and below the normal at Wash- 
ington. At  the two first-named stations the monthly maxima have 
generally exceeded those of 1914-15, and are the highest that have 
been measured since the depremion in iradiation intensities that fd- 
lowed the eruption of Katmai Volcano in Alaska in June, 1912. 

two first-name B stations, which now have records covering periqds 

37159 


