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It seems appropriate in this report to lay special emplitisis upon 
the limitations which now surround practically a11 the activities tind 
service the Weather Bureau is chnrged b law to render. For several 
Y.@ars the :innuti1 appropriations of the %ureau have remained prac- 
tlcally stationary, while costs for services and supplies of al l  lrinds 
have advanced groatly. To the difficulties these conditions bring in 
Qintaining the service of nieteorology applied to the interests of 
agriculture, commerce, and navigation at  its proper standard of corn- 
Pleteness and efficiency there are added the necessities of meeting, 
as far as possible, the new demands created by simply the nornial 
@owth oE the Nation as well as necds which are now n pcrnuinent 
Part of national existence as a resiilt of wnr experiences and clevelop- 
?ents. Meteorologicd service for aeronautics nncl militnry opcr:~ - 
hons innst be supplied. The Weather Bureau is the logical Ferlern I 
agency for this purpose and needs the strongest possible support ofL 
Congress am1 tlie people to enable it to meet all its new obligntions. 

Every n:itionnl activity, indiwtry, nnil interest 1i:is becoine ni-omcd 
to the immccliate practicnl vtiIiic of weather :idvicw, mnrninQs, fore- 
casts, :iii(l information in the ilnily seqiiencc of nffiLirs. Aviation and 
the aerial inail sei~ico tire protcbctrtl and :issurer1 a greitter perceiitacye~ 
of safety ancl SIICCCSS by ti forclrno~vletlge of flying c a d i  tions. The 
total number of stations now equipped to render the special freo-air 
data required is only 11, to represent the cwntinent:d TJnitecl States. 
Even supplcmcntet~ by aimit a n  cqiiitl niimber of rcyorts from .-\rm;y 
Posts and N ; L v ~ ~  bases, the number of stations is ritlicnlously inncle- 
quate m c l  must be increased to mcvt the prewnt clemniitk nntl future 
growth of aviation. 

Limited personnel, whose rate of pay has  remained stationary wit,li 
stationary tippropriations, has compelled the Bureiiu to iiialre nn- 
lnerous curtailments ol  usefnl activities. For exrunple, it w:\s For- 
lnerly the custom for employees of the I3nre:tn to prepare daily the 
large glnss mcatlier maps on the principal eschangcs, bonrds of trade, 
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chambers of commerce, etc., in the larger cities of the country. Much 
diss:Ltisfaction prevails whenever it is imperntivcly nccessaiy, from 
lack of funds and trained employees, to ciirt:iil this service. 

ated an urgent demand upon the Bureau for  weather reports a? d 
statements of roatl conditions for vicinities sui*roiint~ing r;icIi of its 
xincipal stfitions. This  has been met ns f a r  as possible, but the 
IHigIiway ~ e a t l i e r  Service, as it is callec~, falls far short of supplylnS 
the motoring public with the aid and service to whicli it is c>nt i t ld  

A new entwprisc in the form of weather and rain insuranc*c i~ 
poses other important obligations of preparedness upon the Bureau 
to  s ~ p p l y  facts and data this iintIrrtaIting rcquircs. This is not fib 
burden at the present time, but is cIoubt1ess destined to cryst:lIlizo into 
an activity which in the aggwgntil for the  country will cnt:iil :i \~erY 
matcrial added expcnditm.e of time : ~ n d  effort. 

Obviously meteorology call not be liiriitetl by ei thcr ii:itiorid .Or 
even continental boantlai+ies. Its logicnl field must eiiiI)race the rrltlre 
globe. Every siiccess attainecl in great storm warnings :in(I forc~.:~stS 
simply increases the confidence of tliose servctl ant1 benefited, :I wa kens 
greater expectations, and impose5 :idtletl oblig~tioiis upon tlw fore- 
casters. ‘ ~ i e  greatest liope in meeting this situation conic’s t l i r o d l  
the collection of numerous reports from tlie vn5t ocwn espniiscs m d  
inteimtion:il exchange of o~iserrations. A circ,uinpo~:ii. scwire of 
this character, Lilt  of sniull extent, wliich existed be foro tIw ivar, 112s 
not yet been restored, but h:ippily agcncies are a t  work whicli giv! 
promise tliat the future will ultiintitclv I r ing  :LLout the realization of 
a daily weather map, iirst of the Northern ~ e r n i s p ~ i o r e ~  : L i i ( ~ ,  possibly, 
later of tlie world. I n  the memtime, every effort is now being 
directed to  the restoration of the mcJteorologica1 reports of the o(*~’:lI~~. 

I n  general terms, the Weather Bureau is suffering from the rap- 
agcs of the war and the consequenccs of an enormous change 10 
economic conditions. Its work is conducted. under strained c o d i -  
tions by a faithful personnel. largely discouraged by the slow ?nd 
inadequate adjustment of BecIertLl occupations to  existing conditions 
,of life. The rehabilitation of the service is now a most urgent 11:ed. 

Comments are submitted in the following regarding the priric1Pal 
features of the work : 

The enormous development of motor traf5c and trucking 11:~s 

FORECAST SERVICE. 

No material changes have been made in the regular forecast service 
of the Bureau, which was somewhat fully described in  the annual 
report for  last year. The Bureau can not a d e c p ~ ~ e ~ y  meet the de- 
mands for forecasting with the funds at  present available. Some of 
the special service rendered, during the year just closed, illustrates 
the ntiture of these demands. 

SPECIAL FORECASTS AND WARNINGS. 

ARMY AND NAVY BALLOON R A C E . - T ~ ~  race was confined to  oficers 
of the Army and Navy, three balloons being entered from each of 
these branches of the service. It was scheduled to  start a t  6 p,m* 
September 26,1919, and compleb arrangements were made to furnish 
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llot only forecasts of surface and upper-air conditions that  would be 
encountered, but itlso we:tther observations taken a t  the surface and 
aloft. Temporary headquarters were located at  the startiiiw grounds 
and telegraphic and telephonic coininunication astnblislie3 directly 
With tho St. Louis office of the Weather Bureau. Each contestant 
Was sup )lied with the obscrvtitions, forecasts, :~nd  atlvices without 
delay. h i e  information f urnishecl was of pronounced value and tho 
forecasts were accurate to  a reinarlrable ciegree. 

ing boat A7C-4 began its recruiting t r ip  from Roclraway Beach, 
Long Islmil, the latter part of September, the first part being u re- 
turn t r ip  to Atlantic City, thence to Port lmd,  Me., from which place 
the route extended down the coast to  tlie Florida Straits, thence over 
the Gulf of Mexico to Pens:xola ancl New Orleans, up the Misisssippi 
and Ohio Rivers ns f a r  as St. Louis and Cincinnati, back again to  
the Gulf, and mestmard to Galveston. During this cruise, which cov- 
ered several months, the Weatlier Bureau furnished a. ni. :~nd p. in. 
forecasts of mextlier and wind directions and vclocities, both at  
the snrface ancl aloft, for the aviation zone in which the boat hap- 
Pened to bo at the time. 

NATIONAL BALLOON iucE.-Tliis race was schecluled to start from 
6t. Louis, Mo., a t  G p. m. October 1, 1919. A special inessab 1 we was sent 
that morning stating that there would be showers aiid thunderstorms 
to tlie east and north of St. Louis that  night and the following day, 
and that tlie coiiclitions would not be favorable for free ballooning. A 
second forecast, based on special observations, w i i s  sent a t  2 33 p. in. 
advising that the race be postponed, as the balloons ~ o u l d  be ciwried 
northward toward the Great L:tkes, where squalls aiid thunderstorms 
Would be experienced. Notwithstancling this advice, tlie race was 
started at the appointed time. The contestants, 10 in number, were 
carried northward as predicted, and squalls,l thunderstorms, and gen- 
erally unfavorable weather occnrrcd. One of the balloons, with its 
two occupants, mas lost in Lake Huron. 

confined to aviators of the TJnited States Army. Starting points  ere 
Stin I+ancisco, Calif., and Mincoln, N. Y., the coiirse being n round 
trip betmeen the two points. It began October 7 and ended October 
31, 1019. Special forecasts were prepared for  the benefit of the con- 
testants e:~ch morning ancl evening during the entire period. For this 
Pnrpose tho route IVVUS divided into seven zones, and a separate pradic- 
ti011 of weather that would be cncountcred vas  issued for excli zone 
and telegruphed to tho control stations. Tlicsa forcicasls ~ c r o  of 

reat assistaiice to the flyers. Tlic race \vas won by Lieut. Belvin W. 
g a y  narc] . I n  commenting on the race the official news bullctiii of the 
Air Service said : 

Lieut. Rlnyiinrd’s wonderful time was due to the fnct that he look ndvnxitnge 
O f  the splendid service rendercd by the Wctithc~r Burcnu ill s(w1iiiji tho wcrillier 
forecilsts to ~ 1 1  of tile coniroi stops. 11’ he iind btwi inforincd lhtil 111(. wcwtlicr 

to this stop before the stornl had tipprofiched. This eiiiibletl hi111 to gnin n (lis- 
tlllet advnntuge ov(>r the other pnrticlpniits tit the verg outset of the rtice. 

RIKXUITIIW TOUR OF NAVY 1IYI)ltOPLANE “ NC-~.”--ThU 11aVd fly- 

TRANSCONTTNEN‘~~~~, RELTABILXTY AlCllOPLANEl RACE.--l‘hiS l%Ce JVaS 

\VoUld be bad for the Iic.st colltrol stop, Ilc ~ ~ ~ o u l t l , ~ l l l l l l ~ d ~ ~ t ~ ~ l $  tfllie off n11d get 
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( h N - A I R  ENT~:II‘rATh’&lJ~N‘I’S ANI) IVIEATIIER INSUltANCE.--FOr lllallY 
years the Bureau has been called on to furnish special forecasts COV- 
ering periods of State and county fairs, round-ups, picnicbs, and otller 
1:irge assemblages in the open air. This year more applications. Of 
this kind were received than ever hefore. I-Iowever, a new and 1p- 
portant feature has been irivolvecl in such service, duc to the r:lpitl In- 
crease of weatlier insurance written by companies to  cover owners and 
directors of such enterprises against losses due to bad weather. 14s’ 
tensive and expensive preparations have to be made in advance for 
such enterprises. The entertainments are extensively advertised to 
occur at  stated times, ancl large losses are sure to occur if weatliar of 
a character to prevent attendance prevails. Insurance companies 
now underwrite such risks, n n t ~  sett~cments are made on stipulated 
weather occurrences. Tlie insnrtlr :ind the insured are vi tally con- 
cerned, especially the latter, in the forcc:ists that are made for them 
a day or two in advance of the opening, arid daily thereafter if the 
performances continue for severit1 (lays. ‘These speci:iI forecasts :we 
made available to the public dso and are appreciated by those mho 
expect to  attend. Moreover, :in important :ind dif5cult problem has 
been injected hecaiise of questions of scttlenient based on records of 
actlid -weather oc(*~~rrenccs that  naturally arise. The Burc:ux has been 
obliged to decline to instiill :tpl):watiis and imke obser\~:rtions on the 
premises; but it has frcely :idvisetl as i o  the liind of :ipp:ir:itns to  be 
iiced, how the observations should be mule, etc. Service to the people 
is jn(+uml)ent on the Bureau, but i t  often becomes a question as to dif- 
ferentiation between public service nnd individual service. Rowever 
strict an interpretation may be placed thereupon, it is patent that the 
rapid increase in  meather insur:incc. is boiind to  place lnrge ndclitiond 
duties upon the Bureau in m~lc ing  meather observations, compiling 
data, and furnishing special information, all of which will severely 
tax the Biireaii mi th  its p*esent limited appropriations. 

FLYINC-WEATHER FORECASTS. 

A new form of forecasts, known as ‘‘ Plying Weather,” was begull 
in Jnly, 1919, a t  the request of the War Department, foi. the especial 
benefit of the Air Service of the Army. The country \V:LS divided 
into 7 zones, mil n se1m.ate forecast mnde for each of thcm in tlic 
a. m., and. ceitain of the eastern zones in the p. 111. Later the nnmber 
of zones W:LS increased to X3. ‘I’hesr. forecasts :we telegraphed directly 
to  the Air Service, which dislribnles them to the air fields. A typl- 
csl forecast, which will cxplnin their ch:iracter, is as follows : 

Zmws Nos. 3 :ind 2 : ~ J ( J ( X  iiyiiig \w:itliei- to-tliiy ; 10c:il tll~~iltl~.~showel’s pr011- 

Inotl(’l’:ttc~ly Stl’Olli: nl)o\O 3,0(K) f w t .  

Similar service has been furnished the Post Oilice Department :is 
:in aid to mail-route :Lviator-s cvcr since the :~ei-inl-rn:~il system was 
inaiigui*:~ted. It is likely that  arrangements will be made for sup- 
plying similar infornmtion for the constal zones of the Navy, In- 
creased dcmnnds for aerial observations and forecasts arc inevitable 
in other directions as aerial navigation develops and as an essential 
factor of success. Meteorological information and forecasts arc 
destined to become of as much importance to navigators of the 
air as to navigators of the seas. 

able ; ~llO(~(’l’$lt(b t ( J  flW4h SOlltll i l l l d  Slbllfll\\7C’st Slll’f:l<’(’ \ V i l l d S ,  b C % ’ ~ ~ ~ l I ~ l l ~  \ V W t  :l11d 
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STORMS. 

Blthougli only two or t h e e  storins of extr:~ortli11ary character tilid 
violence occurred, cold waves, storms, heavy s ~ o w s ,  frosts, etc., which 
Q’qnii:ed tlie issuance of warnings :ind advices, were in excess of the 
Wernge. It was n yew of wvt:atlier :il)norm:ilities which necessit:ited 
extra vigil:ince on the part of the forecasters. The general excellence 
Of their work is (kscrving of comniend:ttion. 

The most notable storm IVYILS the liiirricnne that occurred in Sep- 
tenibcr. It WIS first detected a little west of the is1:~nd of A n t i p a  on 
S e p t e l n ~ ) ~  2. It passec~ in1:LritI ne:w corpus CIiristi,  ex., on the 
14th. A tletniled description of’ this storm \v:is pnblishecl in the 
hlontllly IqTentlier Ijeview for September, 1019. It ~j7as of escep- 
tioll:il violence. ‘Nie b:il*omt~tei* :It tlic ccritcr \vas iieiir~y t h e  lowest 
on rcc.ord, tind its path, tLftc.1. passing Key West, wis ahnorinal. 
Prom the tiiiic it pi is sty^ 1~1.y TVwt until it struc-~i tlie soutlieix ~ c x n s  
coast its course 13721s entirely over w:itcr :id \v:is bt~yond tlic r:ingo 
of all land observation stations. Owing to  the eff ectivcness of the 
Warnings that were issued few vessels remained in tho Gulf of 
Nesiro ; t~iereforc wireless reports from vessels IVCW?. not awiilnble, 
and the forecasters of the Bureau w e i ~  placed nt ti disndvaiitngc in 
determining its course ant1 progress. 

The most violent storm th:it has visited the Great L;ikes; measwctl 
b low Imrometric prcssni*e an(1 Iiigli-ivin(1 velocities, occuwerl 
Sovember 20 and 30. Warnings mere issued well in  its advance. 
The .winds reacliecl hurricane force, velocities of 72 miles ~ e r  hour 

%ledo being recorded. IIowever, so tho~oughly had sliipping been 
~~aynec l  that there IVUS not a single n i ~ r i n e  c~asunlty-probt\bly nn 
!~nprecedent cd o ~ ~ c i i i ~ i w i c ~ ~  for :L storm of such ni:ignitatle r t n d  
llltensity. 

Anotlier stoi-ni of iiniisrial i n t c~~s i ty  p s s e d  up the htlnntic const 
between Ii’eIminry 2 :rnd 8. Its outstniiding characteristics were its 
slo~~qiess of movcinciit , being nr:ii.ly st:itionnry off the Virginia coast 
for nearly two (X:i;ys, and thc rccorcl-brc:tkiiiji tides t h t  occurred. 
A i i n i c p  incitlcnt of this s t o ~ ~ n  W:IS tlint thc Wentlicr BUIWIII WLS 
able to  profit by its o~jw wiiinings. Its obserwtory builtling a t  
Cape Henry, V:i., w i s  se~*ioitsly nicn:icetl by the high tide :mtl en- 
croacliing \y:iyes, hiit ac1vant:ige WIS tnlrcn oi forrlriio-wletlge of 
coiiclitioiis :incl tlie bnilding WIS s:ivctl by the crection of smcl-bag 
biilkhe:~ds, in iyliic.11 w o d r  the officers and men of the Aimy Engiiiecr 
Corps 1 oca tpd a t  P o ~ t  8 tory, nc:~ I- by, ron dc ml i 11 v t i  1.1 I:I blr :issist:uice. 

at  Port Huron, 84 miles :it IMroi t ,  nnd 80 miles a t  131.1 B alo and 

HIGHWAY WEATHER SERVICE. 

No mi teri:il cliangc>s wore miide in the highwiy weather service 
&iring the year. This wns due eritirely to  tlie fact thiit fnncls ~ v ~ e  
not availihle, :ind tlint sttition oflicids iy\.ei*o repeatedly informed that  
no extension of this worlc could be mndc if i t  involved increiisetl ex- 
pense of any kind. Bulletins giving information of the conditions 
of roads, tlie effect of wc:ither thereon, nncl other informntion of 
value to automobilists and those engttged in the transportation of 
goods by tracks are issuetl from 62 stations located in 30 Stiites. 
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There has been so much demand for an extension of this WO& so 
:uitomobile associations, road corn- 
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lic that i t  has been difficixlt to  resist 
work that  the Weather Bureau is 
is unquestionable, and it is h o P d  
avtiilable whereby the public de- 

WEATHER MAPS. 

The dem:intls for the resumption OS the weather niaps, which wel*c 
tiiscontinued at more than 50 stations (luring the war, :ire numerOUS 
and insistent. Weather maps have been issued for  more than ,a 
years. They :ire the most effective mcans of distributing meather ?n- 
formation, anc~ the cc1iicationa1, scientific, agricultural, commerC1217 
and navigation interests of the country apprecjate t~ i c i r  value and 
expect the service in this form. No serious objection was made to 
their t l i s c o n t i n u a n c e  diiring tlie iwr ant1 as a wir necessity. No*' 
th:it nearly two year-s have elapsed since the wiLr terminated, they 
can not understand why this servim should not be resumed. HolV- 
ever, the high cost of papor, mntcrials, and service, which m:ldc 
their (1 iscontinuance nc ss:iry, have not :ibatcd. No :idditional funds 
have been appropriated, and it is impossiible for the Bureau to resumo 
the service witli present appropriations. IVeatlier maps slioulCl be 
resumed at  :i consic1er;ii)lc num~wi* of the stations t1i:Lt are locitted 
in large cities ant1 popiilous venters. 

VERIFICATION OP FORECASTS. 

1 1  1 lie question of the :~ccur:~cy of the forecasts and warnings isslled 
by the JIreatlier ~ru.e;iii is of pii1)lic interest. The prcsent system, of 
ver ih i t ion  hns not been c1i:tngeil for five years. The followin& 
table shows tho per(-cntage of accuracy attained in the f o r e c d s  
issued for ;ill Stntcs :ind sections of tlic countivy from 1!J15 to 191% 
jnclusire : 
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racy for :ill the tlish-icts POY the five-year periodis 88.4 per cent. Vcri- 
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fications are innile of a. m. forcwmts bnseci on o1)servntions taken at 
8 a. m., se\.ienty-fift2i-meridian time. These forecasts are macle a6 
hours in :dv:Lnc.e. It has long been reoognized that  the complete 
verification of meather forecasts, by which is meant the finding of the 
exact re1:ition Letwtwi the conditions forecast and those which act?* 
ally occur, involves insurmountable dificulties and that tlpp1’0Xl’ 
mately accurate results only are possible according to  a series of 
I-elatively arbitrary rules. As verifications are based on the resl.!lts 
of two observations :L day ( H :L m. :ind 8 p. m., s e v e n t ~ 7 - f ~ f t ~ i - ~ i e r i ~ l ~ ~ ~  
time), accomit is ttilrrri only of prccipit ation or its absence during 12’ 
Iiour periotls. Vor cminplr, t lw  foi~ec~is t  “ Rtiin to-nigIit, fair 
Weclnesday,,” ~ \ w i i l t l  be countccl :L f :dnrc in  tlic se ontl period if some 
rain fell after the morning obswvation, although the weather was 
fa i r  for the rest of the thy ; it, ~roiilil rc ive n credit of only 50 
cent by the rules of w1.i ficntion, but the 1xd)lic would undoubtedb’ 
i*eg:ird the forecast as a complete success. I n  the same mannef, a 
ixin forecast foi- both periods would fail if the rain stopped 
before the first o b s c m d o n  of the second periocl. 

While general rules for the verification of weather forw:ists  ill 
always fail and succeed, more or less, in individual c:iscs of the  lcilid 
cited, i t  is nevertheless generally admitted that in such cases the 
failures and successes balance each other in the long run, so that aft@’ 
t~ll the general averages under empirical rules fairly represent the 
true results. 

RIVER A N D  FLOOD WARNINGS. 

1ncre:ised cost of materials anti services required iii tlie ii1)Iwep of 
rivcr gages, including demnnds for  increased conipcnsntion on the 
part of some of the p g e  renders, has made i t  difficult to m:iintain the 
Rill program of activities jn the safeguaiding of life and propertY 
from clestruction by flood. 

The problem was met in part by a revision of tIw olrser\wtiond 
work whereby the scxson was shortcvied, wherever it could 1w stifc1.Y 
done, and the small amount so saved w:is appliecl in gr:iiiting snlrill 
increases in compensation a t  the most important points. At thc 
close of the year the revision had been completed and t hc Iirnsimiim 
possible service WIS being rcnrlci*etl for the minirm~in c,spnclitiII*(~ of 
fnnils. 

The flood-warn ing service. has f iinctionecl efficiently throughout the 
year, not~vithstnncling the large number of unusual floods in vnrioils 
parts of thc country. I n  October and November, 1019, serious flood- 
ing occnrred in thc region from nortlmlst Tcxas l o  the upper Ohio 
Valley, and in Decc1mber of that  year the most severe flood in :X JT;IV- 
occurred in  the streams of southeastern Mississippi, Alabama, :tnd 
western (horgia. Notwithstanding the fact that full  publicity was 
given to the coming of these floods, there was a sm:ill loss of l i f r  :tnc1 
n great loss of property, mostly unavoidalde. 

The floods of 1919 havt. emphnsized the fact thnt matured crops 
grown on 1:intls subject to  overflow are not safe nntil removed to 
placcs not subject to ovrrflo~v, This was pnrticularly noticeable m 
the c:m of thc 1919 corn crop in the loiver Ohio Valley and elsewhere, 
much of which was lost by flood. Scarcity of farm lnhor mny be the 
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explanation of a large part of the loss, but the fact remains that 
loss of Corn in overflowed regions has been experienced for many 
Sears. 

MOUNTAIN-SNOWFALL MEASUREMENTS. 

On account of the great deficiency of snow for the winter of 
1919-20 in large parts of the fa r  West, the mea~ure inent~  of snow- 
fall in  inountain regions have clearly indicated the necessity of 
conserving the w:iter supply in the lowlands. I n  one ciise the State 
has talcen formal action towarc1 conservation of tlie water supply. 
The number of ~noant:iin-snowfall stations is slowly diminishing, 

it is rarely possible to i.eplnce an observer when he abandons 
his resiclence in the mountains. 

COOPERATION. 

Much v:iIu:ihIr :lit/ in tletermining tlie amount of ,mow in the 
Qoiintaiiis has been given by the forest rangers in Western States. 
Special ackno~~~ledgnicnt is tluc the Forcast Service of tlie Department. 
By a cooperative ttgrcement wit11 t1i:it service, an intensive survey of 
the precipitation in the mountains of Los Angeles and San Ber- 
?ardino C’ounties is being made. The data collected are to be used 
In planning a system of flood protection for the lomla~~ds  of those 
counties. 

The Wagon Wheel (;ai) county experiment station maintained in 
FooperatioIi wit11 the 17orest Service of tlie Dopnrtment, has been 
In oper:hon during the yctir. The forest cover of watershed I3 has 
been r(qnove(1 in accorclancc wit11 the original ngreemciit nnd the 
experiment may be said to Iiave rcaclied and entered upon Ihe secoricl 
stage. A cliscussioii of the results of meteorological and stream-flow 
observations during the first stage litis been completed. 

STATIONS AND ACCOUNTS DIVISION. 

WEATHER BUREAU QUARTERS IN FEDERAL BUILDINGS. 

Suspension of ivork on Federal buildings during the prriod of 
the war throughout the IJnited States was so geiiernl that no new 
Pederal buildings u w e  completed a t  plnees where Weather Bnrenu 
stations tire located, mid no removal thereto from rented quarters 
?as mado during the fiscnl year ended June 30, 1920. Fnrthermore, 
111 several instances the urgent demand for quarters in Federal 
buildings by other branches of the Government iiecessitatetl re- 
linquishment of rooms already assigned and used by the Weather 

A t  Lewiston, Idaho, Philndelphin, Pa., and Viclrsburg, Miss., 
one room was given up and Weatlier Bureau furniture and equip- 
Qent crowlcd into remaining spce .  A t  Baltimore, Md., tibout 
one-third of tlie Weather Bureau space was relin uished for use 
of the lievenue Scrvice. At For t  Smith, Ark., Citiro, Ill., ant1 
Sacrnmento, Calif., ofice space was rearranged to bettor nccommo- 
date occuprints of the building. 

Qllreall as follows : 

7 

14767-20--- 2 
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RENTED QUARTERS FOR WEATHER BUREAU OFFICES. 

A general increase in rentals. was clemandect for ofice quarters 
where leases expired by limitation on June  30, 1920. Where re- 
movals to less expensive quarters and recliicetl sp:lcc? c o u ~  not be 
effected, it mas necessary to renew existing leases, tilid the total cost 
to the Bureau by reason of these increases for the next fiscal Year? 
even attended in some cases with reduction o€ floor space, is $4,548.1°. 

Status of Wentliei. Biirc(iu oflccs at  xtiitioms oiitsidc of 1l’ns7iin~lto?l. 

Free qll:irQtcrs riiid nccoininodntions : 
In 0bservlitor.v buildings (owlet1 nrid controllrd by t ii(1 Wcntlier 

Burcan) 4 . ~  
111 Rtrlte university buildings _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
I n  Federal buildiiiys _ _ _ _ _  .____________ _ _ _  ___. ._ _ _ _ _  74 

5 

c_ 

4 TotlIl flWA Of‘ - 
Itenteil buildiiigR, ctc., owned by individunls or ror1)or:itions : 

In  oHicc 1)uihlings _________________________________________-_.-_ 81 
I n  buildings with grounds, nerologirnl, nnd special metporologicnl 

stations ________________________________________-_-____-_-- -_  IF 

Total 1iutiil)t.r rc’ntcrl imilc1iiigs piirt~y 01’ w1io11y occagic(l_.. . _ - _  _-.- 97 

1otnl___-___-________--__._-_-__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ -  221 
The foregoing does not inchde  Wrather R111~0:~11 lmildings at 

Narragansett Pier, 1%. I., :inti Mount Weather, V:I ., which c.ontin11e 
unoccupied, in charge of cxret:kers. 

c_ 

/ 
m 

TELEGRAPH SERVICE. 

No material changes occurred during the year in the operation of 
the “ circuit ” system w11crel)y reception by tc1egr:ipli of a h i t  175 
coded weather observations are reportetl to the central office twice 
daily. By the same means 140 stations connected directly with these 
circuits, 21 in nuniber, receive u specified nilmber atlequate to thell* 
needs. I n  addition to these circuit reports, daily observ:itions are 
received from approximately 40 other points by special rriessngv rind 
cablegram and about 50 from ships a t  sea by wireloss. 

Close cooperation of the Western IJnion Telegraph Co. has ex- 
isted since the foundation of the circuit system many yews ago 
and is vitally necessary Sor the effective iriaintcnance of the work. 
Steadily increasing use by this conipany of the “ multiplex ” machine 
system, mentioned in report of last year, has continiicd to militate 
somewhat aqainst accurate arid prompt transmission OS reports and 
general miscellaneous business by specid message. 

Reception of reports from cable stations has not heen :IS prompt 
as heretofore except in isolated c:ms. Several import:mt cn bleq 
were broken or interrupted at  vmions places during the autumn of. 
1919. I n  consequence. the wireless systems of the Navy Department 
became greatly congested in an  effort to carry the business, which 
included numerous daily weather reports from ciible stations and 
also from ships a t  sea. fimbarrassing d e l : ~ p  naturally ensued. This 
condition continued throughout Juno, the beginning of the 1iurric:mne 
season, and still obtains a t  this writing. Vigorous efforts h:i.rre been 
made to effect improvement without sensible results. 
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NORFOLK-HATTERAS (VA.-N. C.) SECTION. 

r‘l‘rirg~~iph.] 

The  172 miles of Im(1 line, including several short cables totaling 
about 4 miles, worlcctl unnsu:iIIy melI and is in excellent conditlpn* 
New insulators were installed .from Norfolk to  Coast Guard station 
No. 165, a distance of :ibout 35 miles, materidly increxsing eficiencF 
Of the four condrictoi*s in tlie ncw Mmteo-Nags Head cable, one be- 
came useless in I+~ebi*uary I’rom thc eflects of lightning; since then 
one of the two reserve conductors h:is heen used in lieu thereof. 
Repair by the (’onst Giiard Servicr is espectted in the near future. 

I3et1veen C:~pe T-Tenry ant1 Const Gunrd station No. 163, a distance 
of 10 miles, 10 pin cross arms were installed by the Wt~r  Department 
in place of 4 pin arms in a first-cIass m:inner in  order to provide for 
stringing several cstrn wires for tlie w e  of that  de artment. 

Because of the encroachment of the sea :it Nags I r ead, necessitating 
removal of numerous cott:iges to  a s:i.fe distance from tlie beach, the 
poles were nioved bnclc about 100 ywrds for a distance of 1 mile. 

During April the pole line across Kudy Inlet was changed to the 
right of way of the Norfolk & Soiithern h i l w a y  Co., thus removing 
the line from private property. 

This Norfolk-Hatteras line is of greal vdiic to the various gov- 
ernmental services using it :ind to the public generally by reason pf 
the large amount and cliaracter of information collected and dls- 
seminatrd through this instriimcntality. 

The Coast Guard Service has cool~eretecl most efficiently in  the 
maintenance and improrcmmt of the line, practically all of the re- 
pnir work having been accomplishcrl by them. 

KEY WEST-SAND KEY (FLA.) SECTION. 

The cable connecting this point is owned by the Navy Department, 
having been laid by that  clepai*tment in ,Jnnu:iry, 1919. No land line 
is operated. 

ALPENA-THUNDER RAY-MIDDLE ISLAND (MICH.) SECTION. 

I ‘I’t~1cy)lIonc~. 1 

Land lines, 22 miles ; cable, ti? miles. 
The  total time of interruption during the year was three days on 

tlie Thunder Ray line drir to  necessity of repairs on the 12 miles of 
land line. 

Tho lines :ire in fair con(1ition except t h t  the number of poles 
breaking off a t  the groiind, diie to  rot, i s  increasing. Seventeen 
poles fell during the year owing to  the effect of storms. One thou- 
sand dollars shonld be made av:iilable for sawing off and resetting 
those now in good condition and for  replacing about 25 others. This 
~vonld add approximately 10 years to the life of the line. 

The  naval communication service contemplates the erection of a 
radio-compass station on Thunder Bay Island or North Point this 
fiscal yetir if possible. The communication hetween the compass 
station and the Alpena radio station is to be maintained by two 
metallic circuits. One of these circnits ciould be made available to  
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both the Tlicatlier Bureau and the radio service for telephonic com- 
Qnication to  and from the islnnd. 

This offers an opportunity for coopertttion by the radio service in 
the niattcr 01 reconstruction ant1 maiiiteiiance of tlie Tliunclcr 13:Ly 
h a n d  teleplione line. 

WHITEFISH POINT-GRAND MARAIS (MICH.) SECTION. 

Tclc1)lione. 1 

No interruption of moiiient occurred 011 this line. The twice-daily 
reports received from Whitefish Point during n:b\-igntion lire of de- 
:lcled importance to shi >pin ) interests. The reports are addressed 

observer, Sault Ste. Jarie! triinsmitted through to Grand Marais 
Coast ~ u : i r d  station, inclniling tlie 10 miles of TVeatlicr ~+ire:m line 
t o  Vermillion Point, tlicncc by :i private telephone line to Smey, 
Miere tliey are trari 

The country throiigh v,rliicli tlie privwtcl tt:lephone wire linc riins is 
sparsely settled. Information has  been received tliat the line is 
deteriorating ant1 that it is only a question of tiine when it mill be 
abandoned. 

It is understood that the Navy Depnrtnient is consicloring placing 
a radio station :it Whitefish Point, ~vl i idi  will afford coniniuniciition 
With Sault Ste. Marie, provided :I 3-mile land line can be built be- 
b e e n  Detour and Detour Point. I f  established, this cliunnel can be 
used for transmission of Wcntlior Burenii reports to ant1 from 
whitefish Point. 

rred to :I TVestern TTiiion Tclegrt~ph wire. 

NORTEI AND SOUTH MANITOU ISLANDS-SLEEPING BEAR POINT (MICH.) SECTION 
AND BEAVER ISLAND-CHARLEVOIX (MICH.) SECTION. 

['l'~Irpl~oiir. 1 

These two worked sntisfactorily throughout the year. 

SAN FRANCISCO-POINT REYES-MOUNT TAMALPAIS (CALIF.) SECTION. 

[rrcl~.phonc~.l 

Extensive use is inritle of this line by the Const Gunril Service, 
Which coopcrnted with the Weather Rurcau in tho preceding yoar in 
a reorganization plan as set forth in the report for ,June 30, 1919. 

Ahout B miles of new wire WIS strung by that service between Point 
Reyes and Fairfax, replacing fniilty wiye placed in the coiirse o f  
reconstruction of the line during tho prcvlous yenr. 

A plan for the maintenance of the line jointly by the Weather 
Bureau iind the Const Guard Servicc ~ v n s  enterrd into April 1, 1920, 
Which designates certain sections for which the Weather Buren11 and 
Coast Guard will bo rcslmnsible, separntel>~. This 11::s been of  in- 
terial advantage to  the Weather Bureau. 

A total of 1,518 mess:iges were trnnsmitted during the year, mostly 
observational reports and requests for informntion. No c~ornni~rci:11 
business is handled. 

The three test stations installed in May, 1919, and mentioned in  the 
report for  last year have further demonstrated their usefnlness in 
locating trouble. The portion of the line between Mount Tarnal- 
pais and Mill Valley (4 miles) worked generally well throughoiit 
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the year except from Ju ly  17 to  25, during which period an  interrup' 
tion of six days occurred. About 1,000 messages were transmitted to 
and from Mount Tamalpais. The  weather reports from this point 
are of great benefit.to the service. 

NORTH HEAD-PORTLAND (OREG.) SECTION. 

[Telegraph.] 

No extensive changes or repairs were made during the year, the 
cost for  ordinary repairs being but $9. 

As detailed in the last report the Weather Bureau is permitted bY 
the War  Department the use of a conductor in the military cable 
between Por t  Canby and For t  Stevens, the cable formerly owned 
and operated by the Weather Bureau between these points having 
been abandoned because of further ixnserviceability. During June 
the War  Department laid a new section of cable for  a part of the dls- 
tance between For t  Canby and For t  Columbia. Much improvement 
in transmission has been noted. Use of the military cable is subject 
to  recall a t  any time. Pcrmanency of continuance of communlca' 
tion by wire between Portland and North I-Iead, vital to Weather 
Bureau interests in that section, can be secured only by the Iaying.of 
a new cable either by the Weather Bureau or by another agency whlcll 
would assure preservation of Weather Bureau interests. 

A new cable and necessary land lines would cost ap1)roxirnddY 
$25,000 to  $30,000 a t  this time. 

TATOOSH ISLAND-PORT ANGELES (WASH.) SECTION. 

[Tclegmpli.] 

Length, about 90 miles. Extensive logging operations d o n g  
considerable portion of this line continued throiig!iout the year 8s 
Sor several years previous, causing numerous interruptions by 
breaks and groundings. The number was augmented by results of 
road building, storms, and falling timber. Communication was thUs 
interrupted for  a total of 17 days, 88 breaks having occurred. 

The span wire between Tatoosh Island and the ~ n : ~ i n l : ~ n d  pnrte(1 
on Ju ly  10, resulting in an interruption of three thys and four hours. 
A new span wire will be strung this autumn, becaiiso of inidty rha1'- 
actcr of present span due to  rust. 

Seven hundred and fifty dollnrs was expended during the year for 
ordinary and general repairs. Much of this amount w;~s expended 
for labor, the cost of which has about doubled in the la$ few p r s -  
About 15,000 commercial messa es were handled, resiilting in  Golf- 
ernment tolls of about $2,400. !!n addition over 3,000 free Govern- 
ment messages were transmitted a;nd about 1,500 long-distance tele- 
phone calls passed over the line. 

Various alterations mere made in the route of the line made neces- 
sary by town improvements, by removal from swmps, rncna-ing 
forest conditions, and changing of connty ro~lbed .  Similar chnnge5 
are contemplated during this year in order to improve general con- 
ditions. The-line continues to be of substantial benefit to lo,gging 
companies and the shipping, fishing, and commercittl interests. 

Regular tri-daily and special vessel reports are a specid feature 
of the work of the stations along the line and are highly reg:irtlctl by 
the interests served. 



WEATHER BUREAU. 15 

AEROLOGICAL INVESTIGATIONS. 

KITE STATIONS. 

Free-air observations by means of kites have been continued 
throughout the year a t  BroJcen Arrow, OBla. ; Drexel, Nebr. ; Ellen- 
dale, N. Dak. ; (sroesbcclr, Tex. ; Leeshrg, Ga. ; and Royal Center, 
hi. These o1)servations inrlii(1e daily ]rite flights and, whonever 
Possible, continuous series of flights covering periods of 24 t o  3G 
hours. Eecorcls of air pressi~i~,  temperatiire, humidity, and wind 
direction and speed are thus obtained. Brief summaries are tele- 
firaplied daily to the central ofice uiid other district forecast conters. 

PILOT BALLOON STATIONS. 

Observations by means-of pilot balloons werc continued at  five 
Qf the ltitc stations (all except Drexel, Nebr.), nnd :kt Ithnca, N. Y.; 
Lansing, Mich.; Madison, Wis., and Washington, D. C. Early in 
the fisc:il ycar this morlr was oiyanizecl also at  Burlington, Vt., nnd 
Denver, Colo. Tliese observations :m madc twice d:iily, ant1 the 
hilicatctl vqirlrl c.onditions at  various heights are telegraphed to the 
central oifiw nnd other district forecast centers for use in furnishing 
advices to  the military, naval, and poslal aviation scrviws. For the 
Uost p: td ,  the 1)nlIoons are :tssumcd to liare a constant rate of :iscent 
and :we followed with one theodolite only. I n  order to check the 
accuracy of the nscensional rate formula, howe.ver, observations are 
lnade with two theodolites, whenever opportunity offers, n t the five 
kite st n t' ions. 

WEST INDIAN HURRICANE SERVICE. 

I n  order to i~dd  to our knowledge of the origin, direction, and speed 
of movement of hurricanes, pltins were made late in  the fiscal year 
to organize an aerological service in the West Indies for thc period 
July to November, 1920, inclusivc. Owing to the limited funds avail- 
able, observations ~verc ixndertalten by the Weather Bureau a t  two 
new stations only, viz, a t  Key West, Fla., and Sail Jiian, 1'. R. 
These, however, together with similar stations orgnnizcd by the Navy 
at  Coco Solo, Canal Zone, u r d  Snnto Donlingo, Dominican Republic, 
and several already in operation in the Gulf Statw,  form a network 
of stations which, it, is believed, will -furnish information of much 
aid in the study of these clcstriictive storms and in forecasting their 
direction and rntc of rnovemd.  It is to bc hoped that this scrvicu 
lnay be greatly estaider1 during ihc next two or tlirec years. 

COOPERATION. 

Thronghut the year cooperation with the Army nnd Navy 
meteorological services has not only been maintained but has been 

L Pondered considerably more effective than heretofore. 111 :~ddition 
to the two balloon stations established by the.N?vy in the West 
Indies, already referlied to, about a dozen similar stations are 
*operated by these two services in  various parts of the TJnited States. 
These stntions are so distributed with respect to thoso of the Weather 
Bureau that the country cast of the one hundredth meridian is well 
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covered. Observations are made ancl telegraphed in the same man- 
ner as a1.e those a t  the Weather Bureau aerological stations. 

Special, observations were macle during the year in connection wit11 
the trans-Atlantic fli rht of the British dirigible 12-34, the Army and 
Navy race from St. kouis, and the recruiting trip of the NC-4. 

CENTRAL OFFICE. 

All observations made at kite arid balloon stations, Weather Bu- 
reau, Army, and Navy, are forwarded to the central office of the 
Weather Bureau for  final reduction and study. Data based upon 
these observations are furnished in answer to numerous inquiries not 
only from other Government departments but from commercial avla’ 
tion concerns as well. A summary of aerological investigations nt 
Drexel, Nebr., was published and widely distributed. Similar sum- 
maries for the other kite stations are in preparation. Several papers’ 
containing discussions of aerological data and their application mer0 

ublished, and work was begun on an nerological survey of the dnited 
gtutes east of the Rocky Mountains based upon till kite and balloon 
observations thus f a r  obtained. 

CLIMATOLOGY. 

The work: in c1im:itology during the fiscal year just closed IWS 
carried forward mainly d o n g  the lines pursued in  previous years. 

The somewhat deranged conditions of the observing force a t  nulner- 
ous stations, due to frequent changes, tenclecl to  less :kccurate work 
and tliereby added to  the work of the checlring and verification. Fre- 
quent changes in the cliericd force and a lessened eficiency, clue to  the 
general lowering of the morale, liave hinclerecl progress and added 
materially to the labors of the more rrsponsible supervising ern- 
plo ees. 

d n  the whole, however, the station forms work litis been nearer the 
standard required than might have been expected and much credit 
is due to  officials in charge of the several stations for the diligenqe 
shown in  securing good mork under the frequently continued handl- 
cap of untrained assistants. 

A considerable increase in  work to  meet the needs of :Lviation has 
been entailed by the call for  wind movement and duration from the 
different direction points, but it is thought the data finally sum- 
marized from all sources are believccl to be of the high standard 
usually maintained. 

No change has beon macle in the m:inner of presenting the climatic 
statistics gathered by the Bureau, save in  the case of Form 1030, 
Monthly Meteorological Summary, issued a t  tlic close of each mont11 
from practically all stations. This Eorm has been revised to  include 
much additional material pertaining to  the hourly temperature and 
moisture values, as  well as  aclditional comparative data, and is now 
being issued at practically all stations provided with proper printing. 
facilities. Also the policy of encouraging the press t,o print in their 
daily issues more data on moisture, inaugurated last year, has con- 
tinued, and this is now being accomplished sntisfnctorily a t  the ma- 
jority of st a t‘ ions. 



CLIMATIC DATA. 

r 7  1 lie various tiibles, cliarts, and disciissions of weather conditions 
for the Monthly 7IVe:~tlier Review and the h n n u d  Report of tlie 
Chief of tlic l'\fe:,ther 13iirraul emnnating from the division, were 
Prcp:mil in tlic iisud form. Special cfi'oit is 1)cing miiile to secure 
e ~ l i  ymr mow cwmpletc+ st:itistics on tlir occ~~rrcnce and distribution 
of hail :d thc  mount of tlnrntige froin lorntit1oes t ~ n d  other wind- 
storms for piib1ic~:ition in the scction reports :is d l  :IS in the Aiiniial 
&port of tlie ~ ~ i j e f  of tlie ~ c a ~ l i e r  Bureau. It is also contemplated 
Ulding to the 1nst-n:imetl publication the sunini:irized (1:tt:i on evnpo- 
Wjon now being :w;umulated. 

The monthly and nritiual climatologictil reports for the several 
8tates were issueel :is in piwvious years, altlioiigh considcr:~b~e dclny 
has occurred :it sevcrn~ sections d u o  to insufficient printing force. ~n 
the iibsencc of :111y criticism it is assumed they preseiit the data in 
tlie Porm tlesircd by the pitblic, and despite continued eiForts to  
economize in tlicir issue on :icbcoirnt of the high cost of 1)rotluc.tion 
the mailing lists continiie to grow. 

COOPERATIVE STATIONS. 

As in previous years, effort litis been directed toward improved 
dlaractcr of records made by the scveriil tliousaltd cooperative ob- 
servers, rather tlinn to  estend tlieir nuinbar. This has bcen :lccom- 
1)lishecl in the m:iin, altliough some departures from tlic eSti\l)lisht?il 
regulations govwning the distrillution of these stations h v e  ap- 
peared necessary. On the whole, however, tlie number of stations has 
llot been ni:iter~:illy increased, :md opportunity has been nlfordcd in 
severnl inst:mccw io  rednce frilly equiplml stations to tlic status of 
hin€nl l  stations only, so that the numGer of full  temperature nnt l  
~ a i n f : ~ l l  stations probtibly ivm:iins :ilmtt :IS in previous ye:lrs. 

Owing to a general spirit of unrest, c.hanges in observers were prob- 
ably more frequent tliaii i l l  previous ycJ'ars, this being more especially 
the C:LSC where the o\)sei-vations arc nuiintaincd by corporations, rnil- 
road winpIiies,  :I n(1 niimiciptil instit11 tions. C'onsidering all factors 
affecting tlie cwol)er:Lti\v work, it is rc~:illy remarlcable that, with 
labor a t  such t~ ~)iwniuni, so m:iny people mi? willing to give the time 
necessary to  perform this w ) r k  ~vitliont u tliought of renitineration. 
111 fact, a recent attcmpt 011 tlie part of OM? or t v o  observers to form 
an organization of cooperative observcrs to  demnnd a place on the 
Government pay roll met wi tli a~inos t 11 n ivriw I cond einn :I tion m CI 
~ ~ € r i s a l  to nssocaiatc foi. ~ u c h  n 111trl)osc. 

INSPECTION OF STATIONS. 

The policy adopted several years ago of inspecting the cooperntive 
Stations a t  lcast once in each three years was carried out as fully :is 
the funds and the geiicral sliortyy of help a t  the section centers w u l d  
Permit. The extent of tliese inspections, however, fell f a r  short of 
tho program oixtlinctl niid that  really necrssary to mnintain tho 
service a t  the highest standard of efficiency. 
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It is.becoming more and more apparent that  only by frequent con- 
tact wlth the officials of the Bureau and a persistent propaganda Of 
encouragement is it possible to  maintain among the less enthusiasti‘? 
observers that unflagging interest so necessary for  a continuitY 0’ 
records that will faithfully portray the climate a t  the point of ob- 
servation. 

STATION PUBLICATIONS. 

On :mount of the frequent cshanges in the worlring force a t  t~ fe” 
of t!ie printing stations and the employment of inexperienced h e b  
the I S S U ~  of the monthly summaries for several States has been 1l1LlCll 
delayed and the work of assembling, binding, and distributing tlltse 
combined reports was, as a consequence, greatly hindel-ed. LiluN1se 
the annual summaries, 1919, for several States were still unp’lblished 

the close of the fiscal year. These reports serve their best if issued 
promptly, and it is believed this condition conld be jmproved and 
a t  the same time some economies in both labor ant1 funds ac~ol1~‘ 
plislied by strengtliening the printing force :it a few stations so that 
g r o ~ p s  of States might be issued from a single point. This, Of 
course, could riot be extended to mort than thrcw or four States, 21s 
some sections w o u ~  necessarily be always late. It \\rould also affqrd 
:In opportnnity to help out a section where the printer InigElt lie sick 
or where fi-eqiient changes hat1 prevented prompt issue. 

CENTRAL OFFICE PUBLICATIONS. 

At  the beginning of the winter of 1 9 1 $ ~ 0 ,  tile Snow and .Ice 
Bulletin, heretofore issued as :I separate publication by this clivislon? 
was merged with the National Vlreather and Crop Gulletin and .so. 
continued throughout the winter. The preparation of the nmterlR1 
for  that  portion of the bulletin was continued by the tli\rision, but, 
account of limited space, the tables of statistical data we1-e not US 
full as formerly, although the charts showing the distribution of t1?@ 
winter’s snowfall were macle somewhat more comprehensive than 
previous years, including generally more clat,a froin the IiigIl rnou11’ 
tain regions of the West. 

o n  :icc*orint of lnclr of furitis only it few wlwiiits of tile cxllausted 
s d i o n s  of Bulletin W were 1)rovidetl for, ant1 niiich iiicor1venienCe 
has h e n  experienced in i i ~ ~ ~ w e i ~ i n g  requests for went,hcr tln ta from 
those now exhausted. A number of  tlitw liave becn prc*pai.etl for  re- 
printing, and it is hoped opportunity will lic :iffortlet1 (luring the 
prcsent fiscal year to  issue several of the more importunt sections. 

  lie climatology of Hawaii in much dotail, ,prepai*et~ by the o f l i d  
in chargo at  Honolulu 2nd revised :it this ofhce, is now nwaitinp till 
opportunity to print, and similar data €01. Rlask:~ 110w largely und~’1* 
WRY should be made available to the ~)uhlic. as soon as possibl(~. 

A coniplete revision of all tlie sections of IZullctin W, I)ringing Yle 
tables tlomn to 1920, and enhrging somewhat on the nrnount of ma- 
terial presented, par t icular~y in sections wherc., on rmx)ibnt of specid- 
jzetl industries, we:ithcr changes and possi\)ilities are Iactors of tbe 
iitmost i~nportance,  should \)e provitltd for tis soon :is possi1)lp. 
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WORK ACCOMPLISHED DURING THE YEAR. 

hquests  for data from all classes of our citizens, from the courts, 
from corporations, and industrial interests, continued with increns- 
log volume. Publications available for distribution aff orded a con- 
venient means of answering many of these requests. I n  inany other 
cases, however, it was necessary to extract mater@ from the origi- 
lhl  records. All were answered tis fully :is possible, and in no in- 
stance, as f a r  as official records show, was dissatisfciction expressod 
at the effort made to meet the wishes of the applicant. On the other 
hand, hundreds of letters, voicing keen appreciation for the intelli- 
Rence displiiyed in interpreting nnrl frequently nntici~~nting the needs 
Of those applying for information, have been received. 

OCEAN METEOROLOGY. 
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AGRICULTURAL METEOROLOGY. 

The principal routine work of this division is the collection 0 f 
temperature and ra infd l  (lata and the effect on crops ancl farm 
operations and the publication of this information in weekly weather 
ancl crop bulletins. ’rilese roports are issued at  11 a. m. WednesdaY 
and cover tlie weatjlier contlitions irp to 8 :1. m. Tuesday. The  
tional Weather and Crop Bulletin is issrietl at Washington, wide 
local bulletins are publislled at the section centers in each State. A 
s ecial Corn and Wheat Itegion Bulletin is published weekly at 
J i icngo covering the grain-growing States, and a special Cotton 
Region Bulletin is published at New Orleans covering the cotton belt, 
There is a growing nnd insistent demand for  these reports, especidS 
for  the Nat iond Wrn ther and Crop 13ullotin. 

The weelcly issue of the hTation:tl We:tt2liei* :ind ('rap J3ltllctin \VAS 
contiriiied t1iroiigIioirt the winter montlis and ivns coni1)inetI with the 
Snow ant1 I w  Ihilletin, wliicli heretofore bad been published as a 
separate 1-eport. ‘rllis arr:tngement W:LS found so ntlvmtageous that 
it will be continuctl iii Ilic fntiire, :IS i t  seems important to give ID- 
formation each ~veelc on thc efi’rrt of snow ‘cover, or lack of it, on 
meadows and g‘nin fields, tlic efyect of high 01’ Ion. tc1npcr:tturc.s on 
fruit and soiitlicvn ti-urlc crops, and the effect of we:~ther on r m p s  
nnt l  stock. 

SPECIAL SERVICES. 

‘l’he collrctioii of ~cniperatore :mil rainf:iU tl:it:i and the p ~ b ~ i c a t i o n  
of daily bulletins were continued in  the principal grain, cotton, sug?rj 
:tnd rice St:itcs. This servic:e slionld be exteniletl to include tlir grnln- 
growing clisti’icts of  Wyoming, Virginia, \Vest Virginia, M:lrylan4 
:tnd I’enns;ylvaniu. The weekly collection of d:Lt:L in the range (lis- 
txicts in Tex:is, Sew &!cxico, Arizona, Utali. and Wyoming mas con- 
tinued. This service sliould be extended over Moiit:m:t ancl other will- 
ter-grazing St:ttes. The collection of meteorological tlatn from spe- 
cial stations in the tobucco, fiwit, truck, a i d  alfidfn-seed districts was 
cont,iniiratl (luring tlie critical periods to nit1 in issuing wtrnings :d 
tlnmnging teinpcratnres. 

The specid \\r~~atliel.-wai.ning service for spraying opcrations was 
extcndtvl to atltlitioiinl counties in western New Yorlc ancl into the 
central and lower Hiitlsori Tr:tlley in tlie eastern part of tlie St:ite. 
bpecial forc.casts :ippcar to I)c essential i n  determining tlie proper 
time for spray applications in a l l  fruit districts. The special investl- 
gutions in the citrus arid dccicluous fruit-growing districts of the 
Pacific coast were continued :ind resultecl in the publication of Farm- 
ers’ I311llet in 1096, “ I h s t  >ind Prevention of Dnmrige 1 ) j ~  It.” 

COOPERATION. 

Cooperntion wtis continued with other bureaus of the Department 
in maintaining spwi:d nieteorological stations a t  vtwious points in 
different sections of tho coiintry, as un aid to resetircli tint1 investiga- 
tions of the m:inj’ agricultirral problems in which weather is an 
important fitctor. 
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EFFECT OF WEATHER ON CROPS. 

It has been determined that most crops have a criticid period of 
QFowth, usually short, when favorable weather will cnuse :L good 
Yleld and unfavorable weather a poor yield, regardless, mainly, of 
earlier or later weather conditions. Studies to determine this critical 
eriod are carried 011 as  f a r  as time and opportunity will permit. 

gome of the studies carried to completion relate to  tlic c iect  of tem- 
PWature, rainfall, and snow on winter wheat, cultivation tind rain- 
fall in the Great Plains, relation between precipitation and the graz- 
IQg capacity of ranges, the seasonal distribution of prwipitation, 
and sunshine in the United States. 

The greatest need in this direction is the est:hlishment of agri- 
C>ltural meteorological stations at the ngricnltural experinient sta- 
b1is in tho principal cropgrowing ai’eas. WIie~i est:ibljsIied u 
carefnl :~ncl system:itic ret~ortl can be 1)egnn of the tcrnl)erntnre, rain- 
fall, wiisliine, etc., :inrl :it the same time a complete iword of the 
de\ielopment of the v;u-ious crops. ~y mtiintaining tliesc stn tions 
for a periotl of yearsl tlic most criticti1 pcrioci of growtli :ind tlic 
h i i ther  fnctor most :tflecting the crop can bc determined. 

WEATHER BUREAU PRINTING OFFICE. 

The irincipal publicutions issued during the y e w  inclnikd tlic 
baily 4 ~ e a t h w  ~ a p ,  Monthly Wenthe13 Review, and Supplements, 
Daily River Stages at ~*ivei.-g:ige stations in the TJnited States for 
191.8, National Weatlier ant1 crop and Snow ancl 11ce Bulletins com- 
binetl, forecast carc~s, weelrly forecxst, arid ~ o r n 1  1030, Mont1ily 
n2oteorologic.nl StImnlilry for t ~ a s ~ i i n g t o n ,  D. C. 

At the cricl of the yeiir there were 034 pait1 subscribers 011 our 
br ious  mtiiling lists, exclusive of the Monthly ’\Venther Review, and 
the total receipts from subscriptions amounted to $883.97. Sub- 
scriptions for the Monthly Weather &view are received and filled 
by tlie superintentlcnt of tlocumcnts, ~ o v c r n m e n t  ~ r i n t i n g  OfIice, 
Wio requires 200 copies cach month. 
, The amount allot tcd the Wentlier Biirenn l o r  printing :ind bind- 
Qg a t  the Government Printing OfIice is inatlequatc, tind, as II consc- 
qlloiice, several importtint publications had to b(> siispenrlrd until 
the a11otmc.nt for the prcsent fiscal year became avniIablo. 

MONTHLY WEATHER REVIEW. 
I, 1 he int~rcasetl size o f  tlic Monthly W t ~ ~ t l l ~  Xeview, occi1siolld by 

the larger nuniher of contriMions received (l!iriiig tlic JWW i’o110~- 
1ng the signing of tlic armist ice, 1\7:1s maintn~nrtl imtil ,J;inuary I .  
1920, when n retluction of 30 per cent  is r e n t l c ~ t l  nc 
low state of the printing funds. Altliongh tlin seclion 
the weatlier and eartliqual\-es of t1ie month wore c.ontIenseti sonic.whn t, 
the major portion of tlie cut fell on the section tlevotctt to original 
Bontributions. During the reni:~inder of the fiscal year this resulted 
19 an appreciable increase in the number of 11:~pt’rs ciivnitinp pub1ic:t- 
tlon and also in a rec~uction in the s u p ~ d g  of new contributions re- 
ceived, for lack of ready piihlicntion tencls to tln~npen tlic rv~tlinsinsin 
of potential contributors. TillIt the n/Ionthly Went1ic.r Ileview is 



22 ANNUAL REPORTS O F  DEPAILTMENT O F  AGRICULTURE. 

becoming more and more appreciated, and therefore is playing a 
useful rijle in the development of meteorology, is shown by the ne@’ 
sity of increasing the edition published from 1,525 for the last 1111111’ 
ber in  fiscal year 1919 to 1,750 for the corresponding issue a Year 
later. Even with 1,750 copies published, the supply of the last three 
issues held for sale has been exhausted. A large, part of the increases 
in demand came through paid subscriptions, whlcll nearly doubled. 

I n  addition to the usual editorial worlc, the results of jnvestigationS 
undertaken mainly in the interests of iniproved general arid local 
forecasting, especially of winds at  flying levels, were prosecii tell a d  
published. Specifically, these were-clouds and their significance; 
effect of winds and other weather conditions on the flight of air* 
planes and bttlloons, slcel and ice storms (glaze) , preliminary steps 
in the making of free-air pressure, and wind charts. Reprints of the 
articlcs on westher and aeronautics werc (Iistributcd to all :lviatorS 
of the Army and Navy. During fonr inonths tlaily open-air instruc- 
tion and lectures on clouds and their significanc.e to c1:lsses of rinW1l 
meteorological officers were given. 

LIBRARY. 

During the fiscal year 1,020 books and pamphlets wcre :ztltIed Lo 
the library, the strength of which is now over 30,000. Political 
changes brought abed by the war have great1 cornplica ted the work 

:& large par t  of the collection is c1:issified mil shelved according to 
geographical divisions. Xec1:wsiiic:i tion of many books to  take Uc- 
count of recent changes of this ch:u.acter is in progress. The same 
cause has made necessary an  extensive revision of tlie Poreign in@- 
ing lists of 1Veatl-m ~ u r e n u  pu~ icn t ions ,  an(] this has been c a r r d  
out by tlie librarian. A marlred growth of interest in niotcorologx 
that  has followed the war  is indicated by the large number of re- 
uests which the library now receives from all parts of the United 

8tates iind elsewliere for information anc1 the loan of boolrs. 

of libraries in which, as in  the case of tho M 7 e:Ltlier Bure:Ln lihrikrY7 

INVESTIGATIONS I N  SEISMOLOGY. 

The important worli of collecting and publisliing enrthquake clet% 
bepun De-ember 1, 1914, has bccbn c+ontinuecl during the year. 

During the calendar year 191 9, 86 separate earthquakes, strong 
enoiigh to be felt, were reported from cliflerent parts of the con’ 
tinental United States. The great majority of these produced no 
damage whntever, :mcl none produced any important damage. No 
important earthquakes occurred in our outlying possessions. 

VOLCANOLOGY. 

The work in volcanoloxical observations is conducted at  the crater 
of the volcano Kilauea, I-Iawaiian Tslands, and was talren over bf tho 
Weather Bureau on the 15th of February, 1919, under an appropna’ 
tion by Congress of $10,000, which has been continued yearly since 
that time. The funds available have been just adequate to carry on 
the routine activities of ohserrational work or anized n. number qf 
years ago under the direction of Dr. James $. Jaggar, jr., origl- 
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nally of the Massachusetts Institute of Technology and now in 
charge of the work under the We:ither Bureau. On special occasions 
the observations are extended to include the volcano at  Mnuna Loa. 
A. visit to some part of Mauna Loa more than once a year is 
desirable. Experience proves that Mama  Lon erupts more fre- 
quently from places along its rift systems outside of the summit 
crater than a t  the summit crater itself. There has been no activity 
M the summit crater (luring tho 1919 outbreaks from the south flank, 
lllld in 1920 Manna Lon is quiet. 

Seismometric registration I i ~ s  vontinued as lieretof ore, with no 
unnsual events during the period. The Hilo instrument Iias been 
Qper:z ted nca rl y con t inaously. 
1 he gcnernl results of observations tit I(ilauq?a are brought together 

from month to month in a small bulletin, which is issued regularly. 
In addition, a summri~*y h a s  h e n  issued to  newspapers :ind printed 
Mth fair rogu1:irit~~. 

INSTRUMENTATION. 

r ,  

The instrumeiital equipment of the field stations litis beon mnin- 
tainecl in :I servicoable condition, but at n number of stations se- 
Pairs to roof equipment needed couI(1 not be made owing to difficulty 
in getting satisfactory estimates. 

STORM-WARNING EQUIPMENT. 

The three-lantern system \vas completed during tlie fall, and is 
now in effect throughout the country. The storm-warning equip- 
ment destroyed in thc Corpus Christi district by a hurricane is now 
being replaced, the larger portion of the expense coming out of 
funds for  1020. Few additions or improvements have been possible 
With the limited funds at  our disposal. 

NEPHOSCOPES. 

The Bureau now has n t  tlie fact,ory ready for distribution 100 
nephoscopes of n now pattern. 

EVAPORATION. 

The evaporation stations have not been increased in number, on 
account of expense and becausc it was througlit best not to add to 
the duties of stations at this time. 

INVESTIGATIONS IN SOLAR RADIATION. 

Observntional work has been maintained a t  Washington, D. C., 
Madison, Wis., Lincoln, Nebr., and Santa We, N. Mex., as in pmvious 
Years. 

A summary has been pre11nrcd of the measurements mncle previous 
to July, 1919, and utilized in the determination of nvera re monthly 

Theso have been published in the Monthly Weather Review for No- 
vember, 1919, in the form of charts, which are the only sunshine in- 
tensity charts yet published for any country. 

sunshine intensities in the United States east of the Rock %!I ountnins. 
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The above summary also has served as the basis for determinations 
of the intensity of direct solar illumination, and of the illuminati!n 
from the sun and sky, which latter is commonly called dayli ht In- 
tensity. These results are also published in the Review for ifovem- 
bw, 1919, in the form of diagrams, by means of which the illumina- 
tion of surfaces normal to the incident solar rays, of horizontnl su1’- 
faces, and of vertical surfaces variously oriented, may be determlfed 
for different parts of the United States east of the Rocky MOuntalnS, 
at any hour of any day of the year, under average clear-sky or o V @ P  
cast-sky conditions. 

On account of the few points at which solar radiation measure’ 
ments have been made, the above results must be considered as a first 
approximation only. With a view to providing for additional ob- 
serving stations, two new Marvin pyrheliomcters were constructed 
and standardized during the year, and a few pyrheliometric meas- 
urements were made at points in California and Oregon during Feb- 
ruary to April, 1920. Owing to the lack of adequate funds, holy- 
ever it has been necessary to defer t,he establishment of st;itions on 
the lE-)acific and Gulf coasts, where thcy are urgently needed. 

The few measurements obtained indicate that cluring the spring 
months, at least, solar radiation near sea. level in the Pacific Coast 
States has about the same intensity as in the Plains States. 

Measurements of the intensity of the heat radiated from different 
types of orchard heaters and of the retardation of nocturnal cooling 
by a smoke cover were made during the winter of 1919-20 in orchards 
in California and Oregon. 
the Review for June, 1920, indicate that to protect orchards from 
frost the attempt should be made to warm the air by the total corn’ 
bustion of fuel rather than to retard cooling by the production of ti 
smudge through the imperfect combustion of fuel. 

A study of the relation between the solar constant values published 
by the Smithsonian Institution and the weather conditions in tho 
united States was well under way a t  the end of the year. It prom- 
ises interesting developments in the subject of temperature control. 

The results, which were published 
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