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REPORT OF THE CHIEF OF THE WEATHER BUREAU. 

UNlTED STATES +DEPARTMENT OF AORICULTUIW, 
WEATT~ER BIJREAU, 

Washinqton, D. C., October 11,JS.81. 

of the Weather Bureau during the fiscal year ended June  30,1021. 

Chief of 2lzlreu.u. 

SIR : I have the honor to siibmit hcrcwith a report of the operations 

Itespect fully, 
C. F. MARVIN, 

Hon. HENRY C. WALLACE, 
Xecretarv of Agricu'lture. 

No material change has occurred in the customary annual pro- 
&ram of the work of tlie Bureau escept that  some additional curtail- 
%ents nnd omissions of service have been entailed from the con- 
t!nued high costs and charges which must be met from appropria- 
tlons remaining tlie stme as in pre-mar times. 

The serious difficulties encountered in maintaining and recruit- 
ing the peTsonne1 of tho scwice h:~\w somewhat nbnted. At the close 
0.f the ye:w the number of tcmporary and untrained employccs air- 
pled on tlie rolls without civil-service status, pending the certific. n t' 1011 
of eligibles, had been reduced to  12. However, eomparitti\.ely few 
h u n g  men in the country with the qunlifications and abilities re- 
Wired for the grade of assistant observer seem attracted by the low 
entrance snluries ($1,080 with bonus of $240) :~nd  the poor oppor- 
tunities of progress and advancement still c~iiiracteriziiig Govern- 
ment position in the Weather Bnrenu. The registers of cligiblcs 
BQcurcd as a rcsult of tho several civil-service csnminations ~ ~ h i c l ~  
have been held have been rapidly exhausted in effecting rep1:ice- 
%ents of temporary npliointces by probationers willing to tLccept tho 
Positions and assignments tcnderrd, ' The success of the Weather Bureau and the economic benefits 
Rowing iron1 its scrvice t i n ( 1  ~wruings t ~ e l w n c ~  ii i  :I pcculirir i in t t  ('1- 
treme degree upon its man power-upon the technical experience 
and ability of its personnel. Professional meteorologists and fore- 
casters can not be secured from the iiniversities or from the outside. 
vhe Bureau itself is the only possible training school for the future 
leaders in the service. 

Tho long-promised nntl long-deluyetl reclassifcation of Govcrn- 
Qent salaries is nowhere more greatly needccI or justificvl tlian in thr 
hea the r  B u r e n i ~  The imnginary economies in withholding urgently- 
Qeeded increases for properly stvc?ngthening :inti ~*ec.rriitinp tlie p y -  
Qonnel is not economy, but snp nnd injure tho vitality of the organi- 
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zation and is certain.to be reflected in  future inferiority and ineffi- 
ciency. Another leglslative year should not go by wltllout sope 
concrete congressional enactment making tile proniised reclasslfi- 
cation effective. 

I h e  new demands upon the Bureau for  its services and aclvices 
in  aid of aviation ; for data and the certification of facts with refer- 
ence to storni, meatlier, and rain insurance; for reports on the id&- 
ence of weather upon the public highways ; for extensions of its varl- 
ous services in reporting frosts, colcl waves, 11urricanes, etc.-all con- 
tinue to  be pressed urgently by tho diverse interests involved. Even 
under the present national ciigencies cornpe~ling 11tmost econo- 
mieS in C*ove~~nment :tppropri;ttions i t  is intentled to tlrge ~po11 C:vn- 
grcss, tlirouglr the 1)ircctor of tlie duilget, certain very 1iecess:Lry in- 
creases to enable the ~ u r e n u  to meet its reasonable obligations and 
responsibilities to the public wit11 reference to the most u r p n t  needs. 
It is easy to  show that  Weather I3ureau service and ailvices carl.y 
with them, in a very great degree, an immediate ant1 direct econoInlC 
benefit in  the savin 

clirevtly from 1:ick of  suflicieiit foreIcnow1e(~ge of flying-weather con- 
ditions along the customary airways. The Weather I J U ~ C I L I ~  is the 
agency charged by law to perform this new service, and a skeleton 
organization is now in  operation. Elowever, the frmds :Ivnilyble 
suffice to provide only a fraction of the stations, reports, and advlces 
neetletl to  xq)r'ascnt conditions over such :L great extent of territory 
as the United States. 

Hurricanes and violent storms of the tropical oce:m bring losses 
and dis:wters to shipping of tlie Gulf, and a ~ a r m  :Lnd consternatlOn 
to the residents of the whole Gulf coast. A t  such times the Weatller 
Bureau :\t W:isliington, and its fic~tl st ations in tlie rnenace(1 region, 
are literally ovcrwlie~mec~ wit11 clirect and inclirect applications (0' 
information. Its warnings :mcl advices allay the fears of some, quiet 
needless nlarrn of others, and guide many to ma~ce timely escapes frorn 
almost certain drat11 in threatened localities, 01' to  take prectmtions to 
minimize the clcstructive effects of a storm which can not be escWed. 

Vessels while still at sea now receive, often days beforclyand? 
warnings which are broaclcast daily by wireless, and thus are easily 
able to shun the danger zone and probably escnpe injury or wry$. 

l?rnrnings of  frosts, cold waves, blizzards, and wetither condl$lons 
damaging to perisliable footlstuffs in  shipment are otlier important 
services of the 13urciiu showjng an  immediate beneficial or monetpry 

d return and saving. ~i~~~~ ace a11 services which can not be curt:tJe 
or  abridged without great public detriment and even loss of life and 
property. 

Even under the present program of economy :I reasonable supPore 
of this work is justified and will be rewarded. 

FORECAST SERVICE. 

Only three tropical storms occurred within this fiscal year, two in 
the closing six months of 1920 and one striking the Texas coast On 
June 22, 1921. Fortunately, none of these was notably severe Or 
accompanied by marlred losses of life and property. 

I 1  

of the lives, properties, and foodstufb of 
Nation. Many shoc 4 ring accidents in aeronautics have rcsultecl very 
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It is important to recognize, however, that because of the very 
aeager reports available, little idea of the severity and destructive- 
k s s  of these great storms can be formed wllile they are fa r  u t  sett. 
h e s e  characteristics are disclosed only after the storm passes iiilnntf. 
On the other hand, the broadcasting of warnings and advices merely 
reporting the existence of such :L storm a t  once awalcens the fears 
and apprehension of the public which arc fully allayed only after. 
the final report of the dissipation of the storm or its passage beyoncl 
Our territories. 

It seems quite pertinent to this qiiestion to make a few quot a t‘ ions 
from pemspa ier eclitorin~s commenting on tlic beneficial service of 
the Weather bureau witli special reference to tlie hurricane of sop- 
tombex- 21,1020. 

A I I E A I )  OF TITI’, 1~IJl~l<Ic.kITl‘. 

The storni iio\v 1)etitiug against our soutlicwi const dit1 not (wiiic :IS a stir- 
Prise. T W O  (lays : IXO tlie Wcat1ic.r 1:rireiiu ;:ivt’ p i i ~ i c  \\ arning or tl:p liurri- 
Cane’s uppro:ich uiit l  w:is alile, \vitIiin fairly iiitrro\v liin ts, to w~iere and 
N h i  i t  woii~tl s t r i ~ w  :iii(l w1i:it forw 1’rol):ibly the 
8hil)piiig snvcd in tliis one tornado is gre:iicr i n  Y R I I I ~  t1i:in l l r r  cost of ttie 
beatller ~ u r e : i u  for  ycnrs, nnd one iloes iiot lilte to iis n inoney value on the 
great saviiig of life.--Clbicayo Wveniiz~ Jountal, Se1)teinber 22, 1920. 

VALUE OF WEATIIER BUI~EAU A.TTICSTEI). 

The importance and rtilue of the United Stntos b’enthrr nureau srrvice was 
huistulrat>ly iind impressively nttcstecl in cmnection with the terrific storm 
Nhicli on Tuesdriy night swept up from the Gulf of Mexico nnd struck the coast 
of the United States, pnrtic.ul:irly ticross ];ouisian:i. IIours before the hurri- 
cane had rcuclied the iiininlund the wcntlirr oflicial ltnew it wns coming. 
\varnings wwe hnrrietlly sent out, not oir~y l o  t11c sliipping in t ~ i e  Gulf but to 
the cities, towns, and fririiis over tlie sc)ction tlwt WIS tlirc:tteue(l. AS 11 result 
Of the wariiiiigs, sliips :l id rspcci:tlly tlie siunller cr:ift out in  the open Scllrried 
t o  s1ic.ltcr. 011 lnnd 21s well 
Preparntions wpre m i d e  to nicct tl!e slorui. Slicltws were cwnstructed, in- 
%urr mov:il)les w(1re ftistenecl tiown, trains \WIT given nd&.tI protection-in 
abort, every possil)lc precaution nas t t l l i ( ) I i  to witlist:im1 tlie rage or the ele- 
ments wlien it stioulil 1)rett1~ 

As II result of tlirse prcqmixtioiis it is cstiniatcd t1i:it ninny lives were saved 
and much prolwrty loss prcvtwtrtl. ~ l i c  btorui wnir in  its fury and much 
hiiinge wiis done; for i t  is not within tlie til)ility of niiiii to slrirl(1 coinpletely 
the open fields ant1 ttieir crops, liis tioincs, nu(i otlier Iiossesstons from torrential 
atoriii and Iiurricane. survey of the 
flamnge Lwoiight reulizntion of wlirit iniglit 1111ve  wen suffrrctl li:\(~ tlie storm 
toiiie unnririounced there could not but I)c univcrs:il gratitude nnd apprecintion 
Of the. itbility of the weather service to forrcrist thr  fnturc nnd send out its 
beneficial wnrning.-galt ~,T,tc/ce ncscrt ~ c i o s ,  ~epteiuber 23, IWO. 

riii~d IW k ) r i r ~ c  of tlir 1)10w. 

I{onts tliat xverc rrticly to siiil rcwiiiiiicvl in port. 

I%ut wlieii tlic violence I~tid itbated :lntI 

A MILD IIUIIIIICANI:. 

Tlicb liurriciiiie of this y r n r  did not prove 81s s e v c r ~  tis inniiy of i t R  prt4eces- 
8ors rind the damnge was c~oinpnrutlvely sninll. This is partly clue to the fact 
that resident s alolig tlicl const have I w w  fully cducatcd to tlie dringci* of the 
hurricane ~iud now adopt the sensible p ~ i n  of getting out of tlic (1angcr zone 
$8 much a6 possible and lirotecting tlirir property :IS wcll u s  they cnn. There 
IS sinill1 proilt nncl little sense 111 the. effort by ti huninii being to figlit a hurri- 
cane. Becnusc of the precnutioiis takcqi iind through tho ailditioniil fttct that  
the storm was not ns severe as has been known in otlier years, tlie country 
escaped with a m i n i n ~ u ~ n  aniount of dainnge n n d  loss of life. 

said for the jve:itlicr Rurcwii i n  eoiincction with tho \vorl< of fore- 
casting this stor111 that  i t  perforinrtl inost :itliniritble and v:ilunl)le Hervice. To 
Predict wlieri and where a West Iiidiaii liurrlcnnc will arrive at a given point 
and estilnnte with nny degree of accurncy tlie coiidition in which it will arrive 

It 11lust 
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is no easy task. Indeed, t l i c w  are tirues wlien tlie uiidertaltirlg is simply im- 
possible. There are no ohservatioii stations in the middic of tile Gulf d 
hlexico and, lacking tlirse, tlie Wentlier Bureau is sorely liandicnplyxl by 
lack of necessary informntion. 

On this storm, 1iowever, the Burerln ni:i(~e a most excellent recortl. It re; 
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ported its appearance in tlie western (~:irit)~J~ilii SC:~  and estiiiiclted tlie time 0' 
its approacli as closely ns could possibly be done.-San Anfonio 1)ailu LigLtr 
September 23, 1920. 

DETECTION OB TIIE STORM. 

That the tropical storiii (Sept. 22, 1980) that  was detected by the lJllited 
States Weather ~ u r e t i u  500 or more miles out ut sea SlJeIJt i ts  fury before corn' 
ing inland is not the ilnportnnt poilit. Detection of tile stor111 ,by the Uure*' 
and tlie ability of tlie ~ u r e a u  to give tlic tlircnteried sections of the c o ~ l t r f  
i~lforination ill ad\riillc(+ of its coniiiig is tlie pnrairiourit t1cLt:iil. 1 ~ i e  Service 
rendrred shipping a t  sen iii~tl life and prolmty on shore through the timely 
warnings issued by tlie ~ u r e a u  may iiever be cstimntcd. Tllc \\'e:~t~ier ~ ~ r e l l ~  
]IUS ma(le iinpossible occurrences OP t ~ ~ e  past wilcll sliips wei~t  forth to be 
cuugllt wmwire in the teeth of a hurric:incl rind wheii people ashore slept in 
fancied security from tlie coming or blast t t m ~  i~ood tliat wreci; prol)erty and 
destroy lives. I11 this i i is tn~~ce Iiuniti-ecls o i  s~ i ips  were l i e~t~  sclfely in  port 
while people were cnnbled to make prcparatiotis iigniiist i ts  coming, uiid siimlnel' 
population ut cowt resorts that iriiglit 1i:ive been swept :iway were a i lvn i i tnd  
by the warning in IiAving becn given opportunity to get to places o i  siifetY* 
Cattle 011 islarids tlint MYW tlireatcmetl wit11 sul)mergeiicc were t:i~ceit to tile 
~ n a i r i ~ n ~ i t ~ ,  rind U I I  the section througli wliich tlicb storm \viis cbspcctril to pass 
was 1)IiicetI in coil(1ition of defense againvt its coining. T I I ~  \\"ntlier l<urcfi' 
js ti great iiistitiition :iiid scwwly u wcelc passes tlmt i t  tloes ilot dcliioiistr:lte 
its vnliie to tlie couiitry.--CImrloltc ( N .  C . )  Observer, Septeiriber 23, 1920. 

A published record of the storms and notewortliy features of 
the wcnther of the year appears regularly in  the MoiltEily Weather 
IZeview, and little mention of these need be made here. 

A storm of extrnortlinary violence wtis experienced t~lorig the north 
Pacific coast during the afternoon :ind evening of January 29, whe* 
a maximum wind velocity of 110 miles from the soutliwcst occurred 
a t  'htoosli Island and an estimated. velocity of 150 milos from f;llO 
southeast a t  North Head was reported. 1 h e  North Head statloa 
anemometer was destroyed by :L falling wireless tower when it W @  
recording 132 miles an hoar. A maximum velocity of 150 i n i b  0 
hour is estimated to  have occurred. 

T h e  winter of 1920-21 was an unusually mild one and no extrem&' 
low temperatures were experienced anywhere. The mild \ve:ither 
of March caused vegetation ant1 fruit trees to advance fa r  boyod 
normal. As a consequence the cold wave of March 27-29, which tva5 
the only cold experienced during tlie montli, succeeding tlie abnorrn:J 
warm weather, mas destfuctivc of fruit blooms over :L very large 
section of the coiintry east OS the IZoclcy Mountains. 

The cold weatlier of nilarch 2i-2:) W ~ S  i o l l o ~ e t l  by :lllotller fro$ 
wave early in  April, which completed the destruction of fruit blooms 
in  many sections that had escqied tlie previous I'recze. The coin- 
pletencss of destruction of f rui t  and the wide  rea affected was the 
greatest that  has been experienced in many yews. Accurate war* 
ings were issued in  both cases, but the severity of thc  frost and tila 
impossibility of applying protective measures made it impracticabl0 
to avoid t,lic damage. 

Special service was rendered on a number of notable uccasionS. 
Among them were : 

The national balloon race and the international balloon race, which 
started from Uirmingham, Ala., on September 25, 1920, and Octo- 
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b?r 23, 1020, respectively; and the e1imin:ition balloon race from 
Blrmingliam, Ala., on May 21, 1921, to  determine TJnited States 
entries for  the international balloon race to be held in Brussels in 
September, 1021. Specinl forecasts ivwe made :mcl wenther reports 
and rdvices furnished the contest:uits in these r!ws. In addition, 
fepresentntives of the We:Ltlier Biireau were assigned t>o 13irming- 
ham, specinl mnps were prepared and detailed inl'orm:ition siipplied 
to the balloonists. The eliniinntion l ~ l l o o i i  race \vas won by Mr. 
h l p h  TTpson. Mr. C. (3. Andiw,  a metrorologist of the Weather 
Burenii, was Rlr. Upson's tiid. It is wiierally conceded that Mr. 
~ n ~ 1 ~ - 1 ~ s ~ s  expert lcnowleclge of meteoiwfogicnl cont~itions w s  an im- 
Poytant fwtor in winning the race ; 

The trniiscotitinent:il rccoid :~croplnne. flights by Lieiit. W. D. 
'h iey,  IJ. S. Army, in 3'cbriinr.y and hfarcli, 1921, :ind trans-con- 
ti?Fntal aerial mail race in Febriitiry, 1021 ; 

1 he intcimition:il griclit i-:ices ofT S:ilitl,v ITook, ,July 16 to 27, 1920. 
Tho Unitrtl States Army 1):itlifindci~ :icvopl:inc flights from New 

Pork to Nome, Al:islt:i, during the frill of 1920; 
Many spwi:il foiwvists \vrre ni:itIr :it t h  rcyiiwt of managers of 

%ate fairs, local celebrations,  ant^ tlio lilce. Tliis form of service 
1s rupitlly increasing in popultir favor. 

Special advices and forecasts were fnrnishecl in connection with 
Qbieroiis pigeon races (liiring the yc:ir. Nenrly :ill cnrrier pigeon 
facing associations now depend I:~rgcIy upon the Weatlier 13nreau 
and (lo not release the birds until tidvisecl by the forecasters that 
Qo~itlitions of wind and wet1tlior are favoniblc for flights. 

8pccial forecasts for n:~tionnl elect ion clay, November 2, 1920, were 
i~suctl. This forecast W:IS mntle on R~on(l:iy, the lst, and given. (Vs- 
triblrt ion ttlrougli tlic press :wsoci:itions :inti :ilso telegraphed to the 
Cht1irmen of tlie n:Ltion:il c:inip:iign committees nntl to  the presi- 
dcnt ial cnndic1ntcs. Tilo forccnsts in this par t icn~nr  cnse ivcrc nc- 
curate in practically every dctail. 

Special forccnsts of wind nnd weather I V C ~ O  prepnred :ind rndio- 
IZraphetl each day for  sevcrd ~vcclts in October and November for  
the gi1itl:inco of tlir ~ n i t c c l  States snhmnrinc naval vessels Beaver 
and AItr?ln~d, which were cngnged in stdvaging the Unitcd States 
Wm:irine 8-6 off Dclawtire Urea1cw:itc.r. 

FLYING-WEATHER FORECASTS. 

r 7  1hc  fiying-wen tlier Porw:ists wliic4i wcre h g n n  in Jidy, 1919, were 
Qolltinuetl during t lie ,year. Tlicsc fo~*ec:ists ~ V O I T  intmgurnted for  
the sp(>ci:il l.)enclfit of tlic, :iir service of thc Army, N:ivy, and Post 
Oilicy ~ ~ e p l r t m c n t s .  Tlreir great wliic to nviation is fully recog- 
Qi~r t l ,  ;t11(3 (luring this yenr 11 nnmbcr of orpnizntions interested in 
CoInmcrci:i1 flying have 1)rcn :diletl to the list of recipients of these 
$r.er:ists. '1'11c tlemnntls for tlicsc forecnsts arc incrcnsing. TIiis 
1s ospccially true of individual flyers, who. in ndclition to the regulnr 
AYing-wen they forecasts issued each morning nnd evening, desire 
Persoiinl inforni:ition :ind ntlviccs before beginning. iliglits. For the 
host part tlic supp1cment:LI inforni:btion is sixppl~ccl by telophone. 
%my daily calls of this cli:iractcr are receiveci Flyers are coming 
Qore ruicl morc into contclct with the Weather Bureau before bcgin- 
ning flights, nn inilicntion of the reli:ince being placed on weather 
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However, the forecasters are liandicapped because the number Of 
upper-air ancl local reports available to them is f a r  insriGclent* 
Reports are needed from more upper-air stations and from surface 
points a t  close intervals in every flying zone. BY tliis means far 
more definite and exact information can be given to  aviators. 

FIRE-WEATHER FORECASTS. 

Fire-weather forecasts mere issued during the year and sent to 
fire wardens and forestry associntions in tlie large forester1 :ireL1s of 
the country. These forecasts tire issued whenever conditions favop 
able Eor’the inception of forest fires are indicatecl, :Ind of the a!?’ 
proach of rains which may affect thcir control :iftcr fires have 
started. A protracted dry spell oct*uri*etl in the Northwest in t]?’ 
summer and fall. 
Montana and Minnesota, where the conditions WIT worse, were qf 
incalculable valiie in tho protcction of the forest :tress. 
much need for  an extension of this work, and forestry ancl fi1.e- 
fighting associations h:ivc repcateclly petitioned tlliit this service be 
intensifiec~ 2nd extenc1ctl. A niirnlm of stations ~ o l i ~ t ~  i )e est:lb-* 
lishetl in the great foiwt arcas for thc purpose of collerting inore 
definito mctrorolo~ic.:~l i nformntion and studying the whole proldefl 
with rclaiion to  topogr:iphp as it affects 1oc:d wincl (Iirrctions rind 
force. li’,xccedingIy v a ~ i i a ~ ~ ~ e  swvicc T V I I ~ C I ~  ~ v o i i ~ t ~  :lit1 in t ~ l e  sfiri$ 
of millions of feet of Ium1)er destroyecl each ye:ii‘ by forest fires:$ 
fea41le and practicnhle if :L few thous:mcl dollnrs mcre macle nv:ll!- 
able therefor. All that i t  is possible to do with :ivnilnble funds Is 
being clone. 

Forecasts issuet1 on this occasion, especi3lly 

Them 

RESUMPTION OF WEATHER MAPS. 

It was not possible to r(wimc the issrianrc of maps a t  st :~tio?~ 
where they were tliscontinnetl during the war, nor will i t  be practl. 
cable to  do so until funds are provided for the pnrposc. B i d @  
men, educators, anti a larger part of the general piihlic, t h r o u ~ h  
many years of image, iinderstand the weather maps antl obtain f ~ ; O r n  
them rcsiilts that bulletins do not supply. Thousnncls of appb@* 
tions for  maps are received. A comparatively small amount +Of 
money would ennbIe the Weather Riireau to  again place this servJCe 
on a basis wherein the public and business needs of the country cnn 
be met. 

VESSEL-WEATIIER SERVICE. 

Although the war crippled the vessel-weather service, to n cop  
siderabble extent it was gradually restored and this ear it has been 

now nearly 100 vessels that radiograph weather conditions at leasf 
once daily when they are in  certain ocean areas from which obW‘ 
vations are desired. With the excelition oE reports radiographed 
during the entire year from shi s in the Pacific, observations are no* 
cqnfined to vcssels plying the F outh Atlantic Ocean, the Caribbe@ 
Sea, and the Gulf of Mexico during the hurricane season, June fo 
November, inclusive. These reports ar0 invaluable in the forecad’ 
ing of storms and hurricanes. 

placed on a higher plane of efficiency than ever be 9 ore. There are 
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During the year Cooperative arrangements were perfected with 
the Shipping Board whereby all ships of that  fleet when within pre- 
scribed ocean zones radio rsph daily weather observations to desig- 
nated forecast centers. +his service was begun June  1, 1921. 

Cooperative arrangements were also made with the Texas Co., the 
Standard Oil Co., and the Gulf Refinin Co. for ships in those fleets 

hlglily appreciated, as these vessels navigate largely in tlie Gulf of 
Mexico, from which regions observations are especially valuable in 
connection with hurricane work. 

tp take and radiograph reports to Was F lington. This  cooperation is 

HIGIIWAY-WEATHER SERVICE. 

The liighwny-~~~c:itlic.1. service has bem continued on the same basis 
0s last year. phis service is of established popularity and value, and 
app1ic:itions have been received from all parts of the country for  its 
extension. Traffic on higlnvays is so large and is groivi.ng so rtlpidly 
th:Lt it is important thnt an eficient and comprehensiw system of 
.advices concerning road conditions as  nffectod by p:ist and futuro 
Weather be mtrintainocl. The Weather I3iirc:Lu is well fitted to ren- 
der this serrire nnd has  the orgnnization W ~ C ~ C I I ; ~  it can be ncconi- 
Plished nt’a minimum cost. Moreover, automobile associations, road 
Commissioners, awl the users of the highways look to the Wed19r 
Bureau fo r  the service. The work now done is confined to main 
higlmtys tind in a c ~ n p ~ ~ r a t i v e ~ y  few sectioirs. Estimsions can not 
be rniLc1e until approprintions are made available by wliicli tlie public 
demands may be met. 

RADIOGRAPHIC DISTRIRUTION OF FORECASTS AND WEATIIER INPORI\IATION. 

Radio telegraph and telephony have re:ichecl a stage wliere they 
Omst be recogniecd as potcntinl mrtliunis for the ilisseminntion of 
weather forewsts, warnings, nnd in formntion. For soinc yeii1.s this 
has l~ecn iitilizet~ to some extent, ~speci : i~Iy in the c~isscminntion of 
forecnsts tint1 storm warnings to sliips at  sen. A ninvkctl cstension 
of the ~vork   vas made diiring this year. Since 1914 a1)brevi:ited 
bulletins have bern Iroatlcast from tho n:iv;il radio st:itions. On 
November 1, IOW, coinpi*cIicnsivp biillrtiiis b c p n  to Le issiictl each 

ccrtnin sclietlulrtl hours I’i*oin Arlington, Va. ; Great, Lakes, 
West, P l a .  ; Point Isabel, Tex. ; :~nd Ssn Juan,  P. R. Tlie 
are tlividetl into two parts. Tlie first pnrt consists of 

reports of bnromehric prcssurc, wind direction ant1 velocity ;mtl st:itc 
of weather, taken nt 8 1). m. n t  :L number of stations. Tlic scc.ond 
pa i t  consists of wind tind nwtl icr  forcc:ists, storm t~ncl Iiurriciine 
warnings, and ntlvicos to shipping. 

On J i i ~ i e  1, 1921, an extensive nioi*ning l~ulletin lmgiin to be brand- 
Cast from Arlington containing surface o1)srrvntion (8 >?. 111.) 1 iIlicn 
at 42 rcga1:ir Wonther Buvenu stritions :ind niiic :irrolopcnl stations 
n-mintnined by tlie Navy, h r n i y ,  nntl Weather Riircaii, n sumni:\ry 
of weatlier cwntlitions ovw tlic Onitccl Stntcs, foi*ec.asts a11d storm tinil 
hurricane ~vai~nings. This biiIIctin is for the bencfit o €  mnrine :tnd 
aviation interests, biit is tlesigncd cs~~i~; i : i l ly  to meet tlic nreds of t h o  
latter. I t  is the first wireless weiithcr i)iilletin for the bcnefit of 
ayiators ever issue(I in the TJnitcd fk i tcs.  A sprcial fonture is sepii- 
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rate flying wentlier forec:ists for six zones covering the entire countrY 
east oS tlic Mississippi River. The bulletin is broadcast on blgh- 
power wave-length and has a range of about, 1,000 miles, 

Another bulletin was begiin on June  10, 1921, having for its Pur- 
pose :L systematic b~*oadcasting of local weather observations, JY,ln d 
and y x t l i e r  forecasts, storm and hnrricme warnings, nnd advlces 
rcAl:iting thereto from 26 nav;il raclio stations on the Atlantic 
Gidf coasts, in t h  C:iribbe:in Sen, :tnd on t1ip Great I;:~Ites. This 
clistribution is in tlie nnture of x localizecl service ancl supplemental 
to the gener:tl bulletins hci-etoiorc referred to. 

All of thct for*egSoing bulletins are 1)ro:itlc:tst from 11itv:11 r : d O  
stiitioris in cooperation w i t ~ i  tlie Oflice o f  Commiinications of the 
Ntivy Z>ep”rtrnerit. 

~ l i c  use 0.t’ ra.(~iote~e~rnplijT  or tlie benefit of marine interests is 
ivell systcrnatimd irnc~ quite c.orriplcte, Init sucli is not tIie case so far 
:is lalid intcresls are conccrnetl. 1 I O W V ~ ~ ,  pIans are under may t o  
sgitcmatizcb rac~ io (list i i~ t i i t io i i  of forcwists :iiirl wrrnings for tlic specla1 
benefit of :i&ricultural :inel cornmerci:iI interests and to extend it t? 
every State :I n t ~  section. ~oi-ecasts  :in(] warnings :we now broad- 
cast from a number OS colleges tmtl private orgniki t ions :inti frol? 
radio stations a t  Washington, D. C. ; IMleSontc, I’a. ; Giiirinnatlc 
Ohio ; St. Lollis, A l o .  ; Omaha :incl North 1’l:tttc Nebr. ; (:lieyennet 
\\TJw. ; :incl hie, Nev., ~vliicli are operated by tlie bout  Oflice Deprt-  
men t in  connection with its tl.anscontincnta1 air-mail service. 

‘I’lie iiltirnate p l a n  in  mind wiII ~~rov i t l e  for the distribution on 
fixctl sclietlules of ireatlicr forecasts and ivwnings irorn : i t  1e:ist one 
r:itlio station in each State. 1Zxisting (iovernnient r:itlio st:itions 
will be utilized as f a r  :is lir;ictic:ible, but cooper:Ltive arrangelnents 
with corrimrrcinl c:onipanic~s licrnsctl to clig:\ge in r d i o  commnnica- 
tive service will also be mwle in St ates where (iovcrnment ajioncies 
w‘t’ not :iv:iilable. 

ORCHABD SPRAYING AND HARVEST-WEATHER FORECASTS. 

I4’0r two se:isons specid Eorcc:ists in  connection with orc1i:ird spray- 
ing :ictivitics linve been matlo for the or.chardists in northern New 
Y O I ~  It h i s  been dcmonstratcd that sprays Initst bc ap1Aic.d to 
fruit trecs jiiqt, before :I ra iny spell in ortIcr !o ~ ) r o t I u c ~  tho Imd 
results. It rx,iiir.cs SIYHII 4x to t a  11011rs to :tpply the  S J W : I ~  in 
many of the large orchards. Therefore, forcc:ists for a longer period 
t1i:ni is c o \ ~ c c l  Iy the: rcgulnr d:iily forernsls niicl witli the m u r -  
rencc of Ixins rsprcially i n  mind :ire 11 ss:iry for this worlr. I’ore- 
c:ists covering from three to four tlii.ys WCI’C macle :mtl with EL 
m:irlrcd siiccws. ‘l’lie work was so higlily coiiunentled that  the190 
lias 1)ec.n a tleiit:iricl for si~i~i!:~r service olsrwhc~e. This year a simi- 
I:ir service was in:iugumted in a limited w‘uy for tho benefit of 
orclxirdists in  the region about Uettysburg, Pa. 

1 here has h e n  tlcm:intl for special -\venther forecasts linving for 
their direct purpose aid to  farmers in the 1i:irvesting of hayY, oats, 
whe:it, and other crops liable to danger if unf:Lvorable weather oc- 
curs between the time of cutting and slioclring. Insuficient funds 
have preventid estensive work of this chni~acter, but such servics 
was begin in  a limited and experimentative way in the early summer 

, I  
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of 1921 in 10 coiinties in New York. These forecasts are made claily 
and not for a fixed period a s  i s  tlie case with the general daily €ore- 
casts, but for  just ns long a period as the forecaster feels that the 
condition as slio~vn on tlie current weather maps justifies a reuson- 
able expectation of accuracy. Sometimes this period is for 24 hOUr5 
and a t  other times three or four days. Moreover, the predictions 
are worded to apply to the pnrticnlar purpose m d  to  convey to  the  
farmer the degree 01 confidence that tlie 'forecaster has in tlie 
forecast. For instnnco : '' Conditions excellent for drying weather 
Weclnesclay and 'I'hursday ; Friday uncertain " ; or " Outlook for liar- 
vesting ncxt two dnys unccrtain ; rain very lilrely." This is infor- 
mation of great value to the fwmer, bdcnuse in effect it is advice 
and enables him to proceed 7r7ith his work with either confidence o r  
caution. 

The harvest-woather forecast ~vorlc is conducted in cooperation 
with the county agents, who have undcrtnken to disseminhte the fore- 
casts by telephone to  individual farmers. A full season of this work 
has not been completed, but $11 indication of the interest taken in  
tho service is gained by tlie €act thnt in one wbelr tlio county agents 
in eight couritics reported a tottil of 483'calls from individual farm- 
ers for tlie iorecnsts. 

RIVER AND FLOOD SERVICE. 

As in otlicr lines of effort, high charges and stationtiry appropria- 
tions 1-eclnded jmprovcnient or estcnsion of thc ri~7er and flood scrv- 
ice. Equipment has been repaired o r  r6neived only where absolutely 
necessai-y, legs urgent cases heing deferred to sonic? moiv opportune 
future time. The estt~nsions tlint should go hand in hand with t h e  
increasing development of the business of the country, and especially 
of thc de~dopincnt  of water supply for  hytlroolcctric, irrigation, and' 
other purposes, must also be dc rred, and the demands for them 
still exist and are increasing. A t  present tho greatest demand is f o r  
a largc incrensc in tlie number of precipitation stations and IL plan 
of campaign is in progress of development to  meet the situation. 

Another legitimnte field of espmsion lies in the operation of 
river stn tioils thraiigliout thc j7ear. A t  present many are operated' 
only during the flood sc;1son, which is sufficient for flood purposes, hut 
enginerring interests engngad in problems involving water run-off 
and supply constnntly nced dnta rcgarding low :IS well I\S high 
water, and these the Weather 13urenu should be in a position to 
€11 rn ish. 

The  flood-warning service has met all clemnnclfl upon its present 
organizntion, and the only extensions needed apply to  some of the 
smnller rivers not now enjoying tlio benefits of flood-warning service. 
Repairs to  m y h  of the equipment and more thorough stpnclardiza- 
tion and coordination are really necessary, but unclur existing con- 
dit,ions they must wnit. 

While floods were fairly numerous during the year, especially in 
the South Atlantic and Enst Gulf drainage basins, t h y  were in the 
main of moclerate character. The outstanding exceptions werp tho 
Fre:it floods of tTune in  the hrlrnnsas and lower Colorado R~vers. 
r l ~  Arkansas River flood m7as caused by torrential downpours o f  

78090-21-2 
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rain over comparatively limited mountain wens in eastern Colorado, 
and was especially destructive at and in the vicinity of Pueblo, Cola, 
Here the crest stage of the flood was more than 12 feet above the 
highest stage of previous record--120 lives were lost and 143 per- 
sons 'mere unaccounted for, while the property losses amounted to 
at least $25,000,000. The Colorado River flood was dne to n corn- 
bination of heavy rains and melting mountain snows, and at some 
places the highest stages of record were reached. 

&fountain snowfall measurements were continued in the M7est. 
Here, again, the water-supply interests are demanding increased 
service. The necessity therefor is admitted and it can be accom- 
plished only by more intensive snow surveys and an extension qf 
the work into the highest mountain regions. The importance of this 
work to the irrigation and hydroelectric interests is apparent, 
preliminary campaign along new lines has been outlined, and 8 
moderate estimtxte of funds neressary therefor has been submitted. 

The Wagon Wheel Gap Experiment Station maintained in con- 
nection with the Forest Sorvice of the department has been con- 
tinued during the year, and a discussion of the results of meteorologl- 
aal and stream-flow observation has been completed and sent to the 
printer. According to present plans the whole project will be com- 
pleted within two or three yetm,g and the final results announced 
within a reasonable time thereafter. 

STATIONS AND ACCOUNTS DIVISION, 

ANNUAL REPORTS O F  DEPARTMENT OF AGRICULTURE. 

WEATHER BUREAU QUARTERS IN FEDERAL BUILDINGS, 

Removals of local offices to Federal were made during 
Bureau work 

were obtainable. Such removals were made at  Corpus Christi, Tex., 
and Moorhead, Minn. 

the year wherever quarters therein 

RENTED QUARTERS FOR WEATHER BUREAU OFFICES. 

There were in all 20 stations where existin leases for rented 

%ernandoc1 genertdly for these quarters, averaging more than 33 per 
cent, necessituterl clrastic action to keep within &e limits of the ap- 
propriation, and the matter was then taken up in detail, considering 
the activities of each station with relation to space occupied. I n  
addition, there were considered also seven stations at  which leases 
expired gubscqucnt to .June 30, 1921. To have met the proposals of 
the various landlords in these cases woixlcl have imposed an increased 
(expenditure for rents nmounting to $8,446.60. This amount was 
wholly unavnilablc, mcl the exigency hus been met by the releitse of 

tiions involved. 
A frame-cottage building rented and utilized for Weather Bureau 

.quarters on Mount Tnmalpais, Calif ., since the establishment of that 
,station, September '2, 1808, being no ,longer suitable for the purpose, 
,the station at that place was discontlnued May 16, 1921. 

f uarters expired by limitation June 30, 1921. 8 he unusual increase 

total of 5,112 square feet of floor s ace, much of which is in reality 
-ctmntinl to the proper conduct of e activities at  many of the stn- 
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Telegraphic communication by tlie ntilizn tion of conimercird serv- 
ices, ns heretofore, wis miiintnined a t  pructicnlly all of the field stn- 
tions in IL generally sn tisftirtory mtinner, escept tit some corn nncl 
wheat and cotton centers. neltiys in tho early collection cmd prompt 
distribution of dnily weather and crop reports owurretl in  certain 
locnlities because of the late opening of tlie telcgrnpli offices. Th i s  
difficulty could be overcome by resort to use of the telephone or by 
employment of speciiil operators were funds aruilable. 

Telegraphic worlr ut the central oflicc \vns accomplished during 
the first hnlf of tlic year with much tlifficnlty, che to the loss of 
trnined and capable employees by resignation nnd retirement. 
Auditing of telegraph, telephone, cable, and wireless nccounts ?nd 
recording becnme bnclly rlelnyetl in the autumn, but with the .ttsslst- 
mce  of an efficient temporary employee, tovether with assiduous 
labor by the older membcrs of the division, &is important par t  of 
oiir work wns brought up to date in May. 

Delny in receipt of c:iblegrams tintl wireless repoi%s from ships 
a t  sen, especially those in nnrl  contiguous to the Caribbean Sen, con- 
tinued genernlly t!iroiigliont tlie six months' liurric~nne seitso11, not- 
witbstnrtding repair of severti1 ctibles previously reportetl ns brolten. 
Congestion :k t  cable points mtl unfu.iroriil)le ntmospheric conditions 
clue to  static electricity are given :is the chief c:iuses of the slow 
service. 

Prompt rind efficient telcgrnpli tint1 telephone service is intimntely 
connected n N i  and necessary to relinble forecast mork. The grudn- 
ally incrensing volume of teleprnphic business resulting froin na tu rd  
espinsion of the forecast service nt the centrnl officc lins imposed a 
corpspontling strain upon this division with its nuniber oI  eni- 
ployees slationory for sonic yeri1.s pnst. hrrnngcments are now in 
progress, however, for supplying the need for permnnept ndditionul 
h e l p  

Contracts with the various wireless telegmph conipnriies nnrl nlso 
with the numerocis tclephonc companies, with the uscoption of ono 
opernting in Oklnhoinn, were renowed for the fiscal yunr 1022 on 
favorable terms. 

The nnture and status of the severnl Weather l3ureuu telegraph 
and telephone lines linve Veen more or less fully set forth in tho 
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two or more preceding annual. reports, and detailed comments 
be omitted here. 

The most severe clamngos and interrixptions to servire occurred. on 
the line between Tatoos11 Island nnd Por t  Crescent, Wnsh., attending 
-the very destructive storm of June 29, 1921. This line is of great 
Yaluc to  logging, shipping, fishinw and other commercinl interests. 
Vessel reporting is condiicted n t  ?;too+, Nenh Bay, Clallnm BUY, 
a n d  Por t  Angeles, and data telegraphed from thc 'latter sintion to 
interested parties. The Neah Uttg ofice has been equipped with a 
radiotelephone set furnished and installed by the Navy Department 
for use in emergencics to trnnsfrr distress mnrnings to  the Coast 
*Guard station at  that point. It has been uscd also to  good advantage 
i n  transacting hnsiness with Tatoosh 1sl:tntl when wire communl- 
a t i o n  was interrupted. 

Aborit 10,000 commerciril messnges mere hnncllctl cluring the .yenr7 
about 8,000 Oovernmcnt messnges were transmitted, and about 1,500 
long-distance telephone calls. 

l~7hile all these lines are mnintninerl primnrily to carry important 
Wewther Burenn reports nnd mnrnings where no coinmerrinl lines 
are available for  the ser~7ice, nevertheless the Governmht derivcs :L 
significant amount of income froni local commerci t i l  mrssages carried 
for  the public a t  very small chnrges, 15 cents, etc. Tho following 
table indicates the rewjpts for  the year : 

Month. B1oc.k 
Island . 

*- _.__-.--. . -. 

1920. 
June . .  .................... .,,.. ........... $50.76 
.July.. ...... .:. ............................ 17% 42 
Aukwst ..................................... 324. A3 
September ................................. 90. 81 
Oetohw.. ................................. 19.02 
Novenilw.. ............................... 9.43 

1021. 
Janusrv ................................... 
Fehriit~ky.. ................................ 
March.. ................................... 

- 
Total ................................ 

7. 63 
4. R2 
5. oa 

14. I 
2 2  94 
39.10 

77% 76 

1 Xstimatod. 
Grand total, $6,193.39. 

Beavnr 
Island. 

$26.70 
3% 12 
00.14 
54. OR 
42.07 
V!. 82 
40.12 

33.85 
22.78 

45.17 
3.4.72 
41. a7 

za. 00 

630.04 

AEROLOGICAL INVESTIGATIONS. 

iorlh nnd 
nd Sonth 
ilnnltony. 

$14.69 
14. I 6  
16. i n  
1 I .  83 
5.67 
4.26 
2. uo 

1.10 
2.05 
3.22 
13.16 

10.57 
0.78 

112. OQ 

__ -+- 

Port 
A ~ : g e l ~ %  - 

$$12.85 
L10.1S 
238.70 
16% 53 
10% 05 
111.97 
230.30 

nz. 49 
81.47 
103.90 
144.44 
144. RI 
190.00 

2,095.76 
- 

Free-air observations by means of kites and balloons were gon- 
tinued throughout the year. This work has become an important 
jntegral par t  of the Weather Bureau's program, nnd should be de- 
veloped and expanded ns rapidly as possible, in order tha t  the United 
States may keep pace with the rest of the world in the investigation 
.of the phenomena of the free atmosphere now so much needed for 
the advancement of the a r t  of general weather and storm forecast- 
ing  and fo r  the benefit of aeronautics. 
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I<IllQ STATIONS. 

Otiservations with kites were made regularly at Broken Arrow, 
la. ; Drexel, Nebr. ; Ellendnle, N. Dak. i Grosbeck, Tes, ; nnd Royal 

1-, Ind. The station at Leesburg, ha., was transferred to  flue 
, S. C., and observations were begun a t  that  station i n  March, 

1921. Kite flights are mode daily, whenever possible, and .in addi- 
t1o11, wlien contli t ions are favorable, n continuous series of Alghts are 
Uade for periods of 2-1 to  30 hours. Records of air pressure, tom- 
Pernture, hnmidity, rind wind are thiis obtained. Brief summaries 
81.0 tel~~gruphetl tlnilv to the centrnl office and other district forecnst 
centers. 1 

PILOT-BALLOON STATIONS. 

OLserrations by means of pilot balloons v w e  continued a t  five of 
the kite stations ( d l  csce 3t Dresal, Nebr.) and a t  Burlington, Vt. ; 
Denver, Colo. ; I t h a c : ~  d. Y. ; Key West, Fln. j Lansing, Micli. ; 
Madison, Wis.; San Juan. 1'. R.; and Wasliington, D. C. During 
the lo tter p?rt of the year this work was begun also at Snn Frnncisco, 
calif, The observations are madc tmice daily for the most part, and 
the computed wind conditions a t  various heights are telegrnphed to  
the central office, wlicre they form tlie basis for " Flying Wonther " 
forecasts issued to  the military, nnvnl, and postnl aviation services. 

Specid ol)scrvntrions linve lweu niade from time to  lime in connec- 
tion with trnnscontinentnl airplane fliphts and thc national and in- 
ternational free balloon races n t  Birmingham, Ala. 

COOPERATION. 

Eflective coopenition with the Army nnd Navy meteorological 
services lins been continued throughout tl$ year. Each of these 
services ninintnins a nnniber of pilot-balloon, stations, whose primary 
Purpose is to furnish clsta of- imrneclinle local interest to  aviators at 
flying fields. Tlirsc observations are also telegrn lied to the central 

forec:ists. Thcy thus siipplcmont in a very lid Ifill imy thc siirfnce 
I n  

addition to t)hc stations in the TJnited States pro cr, the Navy main- 

Solo, CaiiaI Zone, ivhich, t o d k i r  with those of th r  Wcuthcr nurenu 
at  Snn Juan,  P. I<., nnd key West, Fh., lurnjsh information of 
value in connection with thc clevclopment and niovenicnt o€ hurri- 
canes. h much larger number O f  stations is necess:iry, ho.cverer, to 
Qalre this serT-ice as effective n s  lt slioultl be. 

I n  order to clieclr the acciiracy of the lormuln used in detcrmining 
tlie rnte of ascent of pilot balloons, tlie Weather Bureau and the 
Army meteorological service each made a large nnniber of double 
theodolite observations. Tlicse formed the bnsis for a study which 
resulted in n slight modification of the forinula and in the introduc- 
tion of n sniall additive correction during the first €ew minutes of 
ascent. It is believecl that  the revised iorrnula giws extremely re- 
liable results, except when there are pronounced vertical movements 
in  the atmosphere. Even than the error is upprecittble only in the 
lower layers. 

office of the Weather Bureau for use in issuing ' P Flying Weather " 

and free-air 6bservntions macle at 137enther h iireaii stn tions. 

tains oiie a t  Santo Doiningo, Doininictin 12epnb ? ic, and one tit Coco 
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CENTRAL OFFICE, 

All observations made a t  kite and balloon stations, by the Army 
and Navy as well as by the Weather Buretiu, are forwtrtled to the 
central office of the Weather Bureau for final recluction ant1 study. 
Data based upon these observations nre furnished in answer to 
nunwrous inquiries not only from otlier Ciovernment tlel>artmentsT 
but from commercial aviation concerns as well. I n  rnany cases re- 
prints of special discussions and summaries were issued in answer 
to these requests. A more complete summitry than 11~s heretofor@ 
appeared ,is now in preparation and will soon be published. T@s 
will be based upon all ftec-air observations thus far obtained in tbls 
country and is designed to meet par t iculr ly  the nerds of :x\i:ito1'5 
and those interested in the devc.lopment of commerci:d nvitition on a 
large scale. A manual entitled '' Instructions for Aerological Ob- 
servers " was prepared and pixblished. This gives in cletail all the 
steps necessary (and the reasons therefor) in  making and reduci?& 
observations by means of kites and pilot balloons; also, s descnp- 
tion of all instrumental and other equipment used. It fills a long- 
felt want and will be of special vnlue in the event that :L proper ex- 
pansion of aerological investigations is midc possible. 

CLIMATOLOGICAL WORK. 

The examination and checkin; of station meterological reports of 
all classes showetl some improvement in the geiieral character of the 
work performed by both the regular nnd coopcrating observing force, 
diie doubtless to the more stable conditions nff ecting the personnd 
than had prevailed during several preceding years. 

COOPERATIVE WORK. 

Only words of highest apprpciation and commenclntion slioi~ld be 
npplicd to  cooperating observers for thc 10y:il and ftiithfiil service 
they have rendefid the Government and people everywhere as  fL 
result of their painstalciiig 1a11ors in maintaining continuity of 
observations over n period of trying times and furnishing dnta 
necessary to meet the requirements for climatic informition during 
the past few years. 

A t  n time when personal service was Iiiglily \ d u e d  and peopl@ 
everywhere were clamoring fol: increased compensntion, these ob- 
servers continnrxl their work without any monetnry compensation 
or  thonglit of personal gain. 

Tn the main reports from these obsorvers have been rendered con- 
tinuously aiitl promptly, ;ind a rigid esamination of Chcir reports 
discloses thnt s c~~up~ i lous  efforts :xrcA macle to correctly interpret the 
indicaticms of the instruments and otherwise to record the exact 
weather conditions. 

ESTABLISHMENT OF NEW STATIONS. 

I>rspi-te mnny offers of cooperation and requests for  the lor\n of 
instruments for making wenthor observations, the number of full 
cooperative stations has been but, slightly augmented during tho 
year, p:irtly from the necessity of economy and partly ns a resull of 
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general belief that the number of temperatiire-reporting stations 
now sufficient for practically all needs. 
More consideration has been given the establishment of rainfall- 

& orting stations, however, as i t  is generally felt that the number 

for the purchuse of gages litis likewise discouraged the opening of 
8Uch stations, exccpt ut the most desirable points. 

INSPECTION OF COOPERATIVE STATIONS. 

0 f these reports might be considerably increased. Limited funds 

The progrtun providing for  the regular inspection of cooperative 
atations once in eitch three years was greatly abridged during tlie 
Pear just  closed, dne to the incrensed cost of travel and the fre- 
Went inability of station oficinls, on account of inadequitte assist- 
ance, to :ibscnt theniselves from their regular station duties. 

It is felt that the best interests of tlie Burenu nncl the country 
at  ltirge are greatly conserved by reasonably frequent visits to these 
?operative observers by those responsible for  the development of this 
line of the ~u reau ’ s  worlc. Contact mitli tliese observers by the proper 
pepresentn tives stimulates the coopertttive spirit, affords cliance for 

hting faulty exposures of instriiments, correcting erroneous meth- 
0 c f  s of handling them, nnd recording their indications. 

tations of the Bureau, particu I arly the Annual Report, the Monthly 

MATERIAL FOR PUBLICATION. 

The text, tables, and charts mpared for use in the regular publi- 

wcathor I<cvjriv, ant1 the Snow and Ice I3nlletins, were available 
for the printer :it the proper time, and those published directly under 
the supervision of this division were issued promptly. 

Material for the reprint of a number of the exhausted parts of Bul- 
letin W .were prepared during the latter part of the year. Several 
have already been issiied, and about 10 more are nom at the Qovern- 
Qent Printing Office awaiting opportunity to print. 

The monthly and annual section reports printed at  the respective 
State centers mere issued in the main a t  the prescribed times. Lack 
of efficient printin help at some of the stations delayed the issuance 

Sets for all  Stntes has been prevented by the late receipt of a few 
of the sections. 

Ths  section nnnutils for 1920 were available for issue from most 
of the sections nt the usiiill time, but the (elay in issuing the monthly 
numbers a t  a few stations wis also cnrried forward bo the annuals 
and at  the close of the last fiscal year one or more sections hnd not 
Jot complqtetl the nnnuals. 

The sets of these monthly and nnnuals 1910, for  stntion use, about 
140 sets, were txssembled, Lound a t  the Government Printing Office, 
and the complete sets mailed from this division (IS iisunl, 

CHANGES IN PUBLICATIONS. 

eccordinglv, and t F le prompt assembling and binding of the complete 

On iiccoimt of tlie hi h cost of paper and the genwal need for 

brially rednced in size, and, beginning with the Janunry, 1921, num- 
sconomy, the Annual 8 limutologicnl Summaries, 1020, were 111%- 
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ber, the moxitlily summaries have been issclctl nrithont the i i s ~ a l  
cover ancl in sonie C I ~ S  still further reilucetl in size. (freat care 
vas esercjscd to rotain all the valuable. fclatures possible, nltd as no 

in size the materinl furnished ineels the inore pressing neetls OS the 
public. 

BINDING AND PRESERVATION OF METEOROLOGICAL RECORDS+ 

The assembling and binding ol' the original meteoroloxi, a1 recods  

assembling several years of the coopem t i v e  obscrrers' records n d  
their. preparation for binding is nlso nearjng completion. 

NEW WORK. 

material coniplaints have arisen i t  is assumcd that thougll reduce d 

for  the regular stations went forward :IS usual ancl the ld~ 0 f 

r i  l h e  revision of the parts oE Uulletcin TV, bringing the t w i O U s  
tables and other matters down lo t h  end o€ 1060, is now being tal*- 
ried forward and it is Iiopcd the reprinting of tllcse cnn bc i~ccoln- 
plished during the year. 

A s  the first edition of t11ose sopnr;ttes JyiLs issrietl more t1ii111 10 
years ago, the supply of a numbcr oT the important parts has b,ccol~O 
exhausted and much ailtIitioria1 labor in preparing answers t o  p k -  
lic inquirers can be saved by h:Lving tlieni till reprintetl. JCIl'orL Is 
being made to include much a(1clition:iI rxitcrinl not c:irricti in the 
earlier issues, neccssitated by the coiiL,t:inl, public cteinand for more 
details of thc weather ant1 c1irn:ile over the tlifferent purts of the 
country. 

 lie prepamtion of new daily, w e e ~ y ,  ant1 mont1ily noriun~s of 
tcmporature, deluyed for  a coiisidern~e period from unavojd;d.de 
ciuses, is now being talien up, and it is hoped t l q  inay be caul- 
plctcd and put in use during the present p u r .  

OCEAN METEOROLOGY. 

I n  conscqucnce of the opwation of the retirement act it  vas necqs- 
sary, near the beginning of the ycnr, to reduce tlie force engaged 
upon the work of ocean meteorology :it the ccmtral oflice. This aC- 
tion in turn resulted in  the suspension of work upon certain projects* 
I n  generd, however, the purely routine worlc has beeii carried on 
as usual. 

Ak Weather Bureau stntioris in the principal ports, whore marine 
work is carricd on, generally less contact with the marine observers 
lias been maintained on account of increased ciomands on the station 
force for scrvice which could not bc _deferred. 

The work of ocean meteorology, as conducted by the United State? 
rests upon the voluntary efforts of masters ancl onicers of the world 6 
milrchant murine. Experience has shown that  a certain measure of 
personal contact is necessary to insure keeping this cooperation UP 
to tlic desired volume and standard and that  when this contact break5 
down the work sufiers accordingly. 

The revival of United States shipping and the cordial cooperation 
with the Weather Bureau on the par t  of the Shipping Board has 
for the moment offset the eniorced inactivity on the par t  of tho Bu- 
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reau. The sityation can not continue, however, without serious &It- 
riment to the work. 

The  foremost maritime nations have always fostered the work of 
ocean meteorolog as conducted by their several Governments, and 
it is the belief olofficials of the 'Weather Bureau tha t  the United 
States in the tlevclopnwnt of its own merchttnt marine must follow 
the examples set by these nations. 

Recommendations for the support and extension of this work, be- 
lieved to be in lrecping with the general polic of economy, have 
been made in the estimates for the ensuing fisca 9 year. 

AGRICULTURAL METEOROLOGY. 

Collection of nwtcorological data for ouch iveek ending Tuesday 
at 8 a. m. and the effect on vegetation, stock tmi fnrin ~ ~ o r k ,  and 
the publication of these facts in the Natioiml T$enther i~nd Crop Bul- 
letin on Wednesdays a t  I1 R. 111. litis been continued throughout the 
year.. This bulletin has been r ~ d u c e d  from eight to  fonr l>iIgcs dur- 
ing most of the time to conserve time nncl siipplies ; during the winter 
months it was combined with the Snow :incl Ice 13ulletin. Through- 
out the vowing  season :L special corn nncl wherit region bulletin has 
been pnhishecl a t  New 01-leans covering the cotton belt ; local sum- 
maries covering indivit1u:;l States h a w  :dso been issucttl from each 
section center. 'l'liese reports are w r y  popul:w, as they give in con- 
densed f o ~ * m  the only iLwilab1c ixinfah nnd temperature da ta cover- 
ing the ~vholc Tinitetl Stntes. 

SPECIAL SEIWICES. 

Publication of daily bulletins giving in tnbulnr form rninfnll and 
tempemtiire tlnring the precctling 24 hours wis continued in the 
principal corn, whe:~t, cotton, sugar, m t l  rice States. Thc opening 
of this servica was cleluyed from April 1 to Mr~y 1 in 1921 in the 
interest of cconomy in  salaries to spcciiil obser\ws, telegraph service, 
and supplies. The weelrly collection o f  mctcoi*ological data n i i d  its 
publication in bulletin form were continuetl in the rnnge districts 
in  Texas, New Mexico, hrixonn? Utah, and IVyoniing. There has 
been :L strong tlcm:rntl for  the c~stension of this s e i ~ i c c  in other 
cattle-grazing Stntcs, particularly Rfontnnil. 

The collection of ternpuratn~G data from spccinl stations in the 
tobacco, fruit, triick. a r i d  alfalfa-secd districts to :lid in issuing 
warnings of dnninging ternpcratiire wns continiirtl illiring tlic wit icnl 
frost se:ison. An impcixtive rodtiction in tlic offw fortrl :it IJiirt ford, 
Conn., made it necess:wy, l iowe~cr ,  to pcrmnnc1ntly discontinue this 
service in  the Connecticut Vdley tobacco ilistxict during the spring 
of 1921. L w l r  of fnndi  prevcmted the detail of IL field official to 
continue specid temperature studies in the Pomona, Calif., citrus 
region durmg the winter oE 1920-21, but the work wt is  cont iriued in 
the Rogue ILiver Valloy in Oregon, wliore i t  \viis of espocinl \ d u e  in 
the decduous fruit orchards. Specid wenlher wirning services for 
spraying opcrntions were continued in New l'ork iiiicl Bficliigan, and 
$his service was inaugurntd  in a limilccl wny at  Wythcville, Vti. 
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INVESTIGATIONS. 

Mathcmatic:d stmlies of the effect of weather on crops have been 
carried on as opportunity permitted. I'apers published on these 
studies are: 
KINCJX, J. I3. Couiputing the Cotton Crop from the \Vc:Itliw axit1 Ginrling 

r1cPorts, dfor t t l~ l l j  Wcatlicr Review, May, 1021. 
Yo: NG, P. I). Iiit1uonc.c of I<sposiire on Tcwipcr:iturtb Ot)scwniions, jfoiitltW 

Weather Revicio. - Itrite of 1ncw:isc in ' l%~ill~r:i ture witli ~ l t i t u d c  (luring sights in C)riln@ 
Groves in Southern California, the Culifornia ~ X t r ~ ! / r ~ p h ,  Rlilrc11, 
1920. 

i c r k c t  of To1iogrtil)lig on r~eti~perature ~ i s t r i ~ i u t i o n  in  ~ o i i t ~ i c r ~ i  C>:lli* 
forni:i, thc Galifornia Citrograph, Mag, 7020. 

Sinolre : m i  1)irrc.t I1:tdintion in Prost Protection, Rctter I+ru$t, DrcO- 
bcr, 1!)20. 

uiow, Augu<t, 1020. 

- 
I i m m L r , ,  11. 11, Siiiiitlging :IS u I'rotection froin Frost, dfonthly  Ivcnthcr 

Investigations in hand relate particularly to the effect of weatheJI 
on corn over comparatively small m e a s  in  Ohio, Nebraska, and Illi- 
nois, and on cotton in South Carolina, Arlransas, and Tesas. The 
further thcsc investig:itions arc carried the more import,ant it seems 
to establish :I numl)er of agricu1tur:d meteorological st:itions a t  well- 
distri ba t ed esperimcnt stations. 

PRINTING. 

The utmost economy was practiced in the issne of ublicntions 2nd 

printing materials. ~o new equipment of consequence wns installed 
througllont the year. 

The revision of our  mailing lists admitted o i  dropping 00 ad. 
dresses Srom tlie Dcrily TVeatJLcr d f a p ,  G54 from the Ncrtiann7 7l'mthP~' 
a d  ~ ' r+op  U T L ~  Smm cind Ice I Iu7~e~ i r i ,  50 from the CIiv,uto7oqicd 
Data of t he  U&ed Xtatss b y  Sections, and 128 from the illonfhl~ 
WeatJwr Review. 

Paid subscript ions for  tlic MojrrZhZy Il'rtclJim l i ' rv i (~io :ire filled by 
the su perintondent of documents, Government Pr int ing Ofice, from 
the 250 copies furnished liim each month by the printing division. 

Special arrnngcments were made with tho superintcndcnt of docu- 
ments in March, 1921, whereby the superintendent ngreed to pay 
the Bureau for 250 copies of the Monthly Weather Review, which 
Sor years have bccn furiiished to liim free of ch t~rg~.  

THE MONTHLY WEATHER REVIEW. 

The Monthly Weather Review, exclusive of charts, has contained 
an averago o€ 63 pages of text :ind tahlcs in c a v l i  of the 12 issues 
which have appenrd diiring tho fiscal year. 

The publication has been and coptinues to be practically the only 
,medium in the United States for the diffusion of knowledge respect- 
ing meteorology, not only as to current and average weatlier condi- 
tions, but also :is to any progrcss which may havo been made in ad- 
vancing the science at  home or abroad. I t  also, in no less degree, 
aids in the eradication of false ideas, which everywhere abound re- 
specting the weather. A t  tlic same time it aims to stimulate and 
assist in giving wholesome instruction in  meteorology in secondary 
mhools, colleges, and universitios. 

the piirchase of necessary supplies of paper, tagboarc F , ink, and other 
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INVESTIGATIONS IN SEISMOLOGY. 

The important work of collecting and publishing earthquake data, 
bewii  December 1, 1014, has been continued during the year. 

buriiig the calendar year 1920, 10G separate earthqualrcs strong 
enough to be felt b tlie senses .were reported from diffcrcnt parts 

dnccd little or no damage, but an cnrthqnnlre of coiisiilcrnble intcns- 
ity occurrecl in the vicinity of Los Angcles on June 22, followcd by 
milder shoclrs in July, both nccoinpanird by somewhat extensive 
damago. 

The conduct of tlic work in volcanological observation at tlic Ra-  
w:iiian Volcano Observatory, in  the Hawiiian Islands, \vas assigned 
to tlie I3urcan by legislativr action in tlw appropriation bill for 
1010. Tlic stuncl:ml rogrnm of obscrvations lm bcrn carried out, 

in:iiigurntctl tlic work, ant1 7 ~ 1 1 0  is :issistrcl by a simll st:iff of spc- 
ci:ilists. T l i ~  rcsiilts of the observtitions :ire pnblislirtl froui month 
to month in a smidl bnllrtin printed :it IIonoliiln, ant1 siipi)lcmcntccl 
by oc*casion:il noticrs in the ncwspnpcrs, as circun1stilnccs jtistif,y. 

of the contincntal d nitetl Statcs. The great majority of thcsc pro- 

RS lierctofore, nnclcr t i c  r direction of Dr. .Jnmes Jiiggar, jr., who 

LIBRARY. 

Di~riny tlic fiscal your 850 1)oolis mil 1xiinplilcts m r t ~  atltlcd to  tlie 
l i b ~ t r y ,  tlic st rengtli of wliich is now ovcr 40.000. r\oiitine ~ o r k  
has bcm lrcpt fairly well up to (late, in spitc of it rediiccd staff, hit 
no important specinl untlc~talrings tire possible without n niucli 
largcr trained personncl. I n  proportion to its size and vnrietl. pro- 
gram tlic Weather Riirenu library has probably a smaller staff than 
:my olhor (io\~crnment scicntifia library, and there are vnscs in wliicli 
much sinallrr librarics hnoc staffs at  least 10 timcs as grcnt. 

Thc eshanstivc bi1)liograph-y OS the climatology of South Amcrica, 
begun two years ago, is in the hands of the printer, and it is hoped 
will soon bc ready for distribution. 

SUPPLIES. 

The purchase of nll property and supplies for  the Weather Rurcati 
are macle by tlie Supplies Division, nnd it is responsiblc for a11 
property in the central oflice. It is chnrged with the supervision of 
all pro m t y  issudd to  the stations of tlie service in  vprious parts 
of tlic b n i t e d  States and the West Indies. This division is also 
chnrged with the distribution of property and supplies to and from 
stations. Thcsc shipments nre  madc direct iindar Wetither Buraau 
bills of lading, as  a rulc, and through tho TJnitcd Statcs dispatch 
agent a t  New Yorlr and the Quartermaster Department. During 
the fiscal yetir 1021 d l  shipments hrLva been promptly inadc and 
carried tlirougli to destination mitholit uniiecossnry delay. 

During the fiscal year just cnded, the various duties of this di- 
vision have bcen fulfilled and the equipment of the central office and 
the several stations fully maintained. All proparty and supplies 
have been purchased and delivered according to law. 

The annual property returns from stations were all duly received 
in this division, examined, discrepancies adjusted, and the papers 
filed. 
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~1.11 reports relFtive to property called for, such as m o t o r - l x q d e d  
vel: !des, typewriters, etc., have been promptly made, All morn-out 
and unserviceable property has been disposed of according to  law an d 
the regulations of the department. 

INSTRUMENT DIVISION. 

STATION EQUIPMENT. 

The activities of the Instrument Division during the ycar that 
ended June  30, 1921, have been devoted largely to the mn'intenance 
of regular, special, :ind cooperative st:Ltion eqnipmcnt with a st@- 
tionary allotment of fnncls at  a time when prices are higlv Tho 

the service. This policy Iiris m:lcIe i t  possit)le to get n ~ o n g  mith e ~ l ~ t -  
ing instruments, repaired in our own machine shop as they become 
unservicc:i ble. 

general policy of the Biirexu has been to discourage extenslons, 0 f 

STORM-WARNING EQUIPMENT. 

Largely as a result of the thorough overhauling. and stantl:lrdizing 
of tlic storm-warning rlisp1;~y cqnipmcnt in ])I-CVIOIIS years, the ex- 
pense of mnintnining the towers has bccn small. The new shernrd- 
ized condnit has begun to rust, however, :~ntl sl~ould soon be pnii?ted. 
It is Pound to rust f a r  inore qiiickly than thc towers to  IvJ1iCli it 1s 
attached. 

NEPHOSCOPES. 

One hundred nephoscopes have been installecl n t  selected statioI!s 
of the 13nre:iu. It is hoped that in the ncar future it rr1:L-y i)e practl- 
cnble to formultxte and get into pr:ictice a regular program for 
nepho,sxopic observations of clouils. 

NEW INSTRUMENTS. 

Improvements have been effected in a type of weighing rain-gage 
and :L self-cmtained tipping-bucket r:Lin-gage was designed with 
special reference to the ~alnPt~ll-insurnnce I)robIcm. 

A wind-vane commutator h:ls been tlesigned by Mr. Rnclcl for  
as regular Wcather I3iire:Lii stxtion eqnipment. A tlescription of this 
will appear in tlie Monthly Weather Review. 

Three sets o f  appnr:itus for twting imeroitl btiromctors h n ~ e  been 
designed. One of these will be ret:iined :LS laboratory ec(iiipme:1t, 
and the other two will be sent to Ncw York antlNe\\l Orloans. 
triple rcgister or meteorograph for mnlring rccorils in r lupl  icatc 118s 
been designed and constructed in the division and is now in siicv.xsS- 
ful  oper:ition at  tlic New Yorlc station. 

EVAPORATION. 

The Pollowing listed evaporation stations tire sentling monthly 
reports : 
Agricu1tur:ll Coll0g:u of New l\fcsicao. 
Ajo, Arie. C:lluln VINtU, Cllllf. 
Arrowrock Tlcscrvritioxi, Idrilio. 
Austin, T t x  CoIu~~ibi:t ,  &Io. (University).  
Centcrvillc Lake, Nim.  Columbuu, Ohio. 

CII:IJIPI II i l l ,  N. C. 

( h l u m h i t i ,  Rlo. ( M7cntlicr JSurcfru). 
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lioosevelt Reservation, Ariz. 
s t .  Crois, Virgin Islunds. 
Sail Ju:iir, P. It. 
Sinitti lW, N. l ies .  
Sheridiili Field, Wyo. 
Silverhill, Ala. 
Sun llivor Utinyon, RIoiit. 
Tahoe, Ctilil'. 
Tribune, Kniis. 
Tucuiiictiri, N. Mex. 
\Ytllltl Wtlllrl, JVas11. 
Willcox, Arix. 
Willow Creek, hioiit. 
Wichittl, Ka1rs. 
Wooster, Ohio. 
YlUllll (1Cvnp.). 
Puiiia (Citrus). 

INVESTIGATIONS IN SOLAR RADIATION. 

Six thermopiles, construction of which was commenced in o w  
hncliine sliop in December, 1920, should be completed :LS soon :is 
gossil,le. These arc designod for two piirposes: ( a )  To be esposed 

o i i~ontu l ly  nndcr a glass cover to  mensure tho total soh r  and sky 
~.adiation received 011 ti horizontnl surface; (6)  to be esposecl in a 
diaplirngmed tube on :m eqiuitorinl moiuiting, which permits of 
keeping the tube pointed to the sun, so tha t  t l io inteiisity of direct 
solar radiation mtiy be continuously measured. 

In order to obttiin continuous records from tlicse thermopiles a 
register is required, the present price of which is $4GO. The pur- 
chase of one of tliese was requested (luring the yeor 1921-22, nnd 
another should be pnrcliused during the yc:ir 1922-23 for use outside 
of W:isliington. It is esliectecl tliat this instrument mill pr:i(+ticillly 
eliininnte the necessity of eye re:itlings of ~jyrlieliornetr?rs, thereby 
saving in one ye:ir in l a l m  iic:wly.the equivalent of its cost. 

It is hoped tlint Iiy tlic IISC of al)sorption screws in cwincction with 
the : ~ ] ~ p t ~ r a t u s  (lesci-iI)etI n h v e  it 111:iy bc 1)ossil)Ie to olittiin continiious 
records of the luniinous intensity of so1:ir tint1 sky r:idi:ition. S11ch 
records w e  urgently requcstcicl by iiicmbc~rs of tlie II1iiinin:iting 
Engineering Society ant1 o t h ~ s .  S ~ y e  ni~wsiirenients of sky bright- 
ness :ml of tlic intensity o.l' tltiyliglit il1uinin:it ion 11 mi surf:ices 
facing in tliffcrcnt t~irections :ire now \wing niti(1e in biis i i i iyton,  
and nlensnroments a t  othri. points, rind espwi:illy in  smoky sties, 
w e  coiitcnip1:itetl. Vor this purl)oso tlic piirchnso OS :I photometric 
outfit, costing about $250, his  heen reqiiestetl diiring the fiscnl year 
1921-22. A similar purc11:isc slioultl bc m:itlc (luring the fiscal ye:ir 

The ol)senvntions mcl nic:iiuremcnts in so1:ir r:itli;ition by the 
Wontlier 13uretii1 :ire ronfinod to  intensities tit t Iir snrfricc of the enrtli. 
Nevcrthcless, n ~iroblem of gmit import:incc :itt:ichcs to  the qwstion 
of possible tltiy-to-(lay v:iri:ition of intensity of tlie i*:uli:ition o f  tlie 
sun as i t  ro:icIics the outer limits of the eartli's :iCinosplic?i*e. Mcasurc- 
ments of this quantity nrc ~natle only with grc':it cliflic~nlty, hut for 
many yearJs tlie Astrophysical 0l)servntory of the S~nithsoninn Tn- 
stitution hns been m:ilting siicli dcter~niniitions. tiiitl w r y  rewntly 
systematic arrangeinants have bccn m:itle for tlie mainteiinnce of 

1022-23. 


