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WEATI-IER BUREAU. 3 

A few only of the post-war problems :ind deinnncls in the adminis- 
tration of the affairs of tlie Weather Biirenu will be i-ricntionecl here. 

METEOROLOGY AND AERONAUTICS. 

, h o n l  :i plienomcnal cIe\~elopiiieiit under the stimulus of w t r  neces- 
Slties tho navigation of the air is rapidly extending to its civil and 
Commerc+xl or inc1ustri:il stage. Flying in ignorance or disregard of 
Qteorologicd conditions :ind warnings is at, times suicidal and de- 
Strllctive of costly property. Even be for^ flying increased so greatly 
hithin the TJnited States the TVextlier I3nrenn innngurnted a service 
?f flying forecasts, effective December 1, 1918, which is conducted 
'n cooperation with tlic Chief Signal Officer of thr  Army and for tho 
benefit n t  first of tlic Army tr:iining posts :ind tlic aerial mail service 
Of the Post OfIicc Drlxirtment, ;~nd  Inter clcstined to be estcnded to 
all flying in gc>ncr:il. Much tlcvelopment worlr is needed to innke this 
Qrvice thc li~ost cflectivc powible, a11 of which may b c h  ncconiplisherl, 
as Ajing tIeveIops, tliroiigli existing :ig!.cncies :ind channrls of co- 
0Per:ition hrtwrrn the public ant1 tho 1)r:inc.lic.s of tlir Govrimmciit, 

METEOROLOGY FOR MILITARY OPERATIONS. 

Closely nllicd t o  meteoroIogy for aeronnutics, the expoi-iences of 
the war 1i:zve crcntc(1 a ilciiianc~ for a service to supply information 
*W artillery, g:is w:irf:~rc, nntl other kinds of military operations, 
each in it,s w:iy cliffcreiit. Tlie infliiencc of winds npon the flight of 
Projectiles lias long becn rccognizrtl, biit in tlii? past methocis of ob- 
Syrving thr  ;ictu:LI iiiotions of tho fi*cc, xii* in the various altitiides wero 
llttlo lrnown and less wed, consequently the a1low:~nce for wind in 
the older foimiilw of (lic art illcrists wcre largely :w:idrmic or mero 
aPt)roxiinat,ioiis, u~hcrens iiownilays the ballistic wind is not :I matter 
Of guess or estim:Ltion, hit of definite :tiid direct observations by 
Qcteorologists cniployd l'oi- the pii1*1ww :~ntl iisiiig ~~ilot-l~:illooiis or 
Other :teri:tl :~pparntiis wYhicI1 met rorologists 1i:ive devrlopod :inti a n -  
Ploped in t ~ i o  advancement of t heir own science. 

On :L pe:~cc-tirne h s i s  these needs are being met by cooperative work 
and :u~:~ngeinellts existing bct,wren tlie Cliirf of the Wenther Biire:~ii 
Q,&l the Chief Signal OIIiccr of the Amiy, :is :L result of which a 
limited number of stations are rnxintnincd by the Army, whjle others 
Constituting :i iiscf nl coortlinnt,ion of points :ire est:tblislied iind main- 
tamed by tlie Weatlirr I3ureaii. ~ ~ x m w i t i o n s  :it tlicse stations con- 
slst chirAy of the flight of sninll rnbbcr pilot-l):tlloons. 'I'hr results 
ape used locally :is i.rqiiirw1 : i d  tolegraphed to the central oflice of 
the ~ e : i t ~ i e i -  Biiiwiii for  tlic use of the ofiicinl forea:istoi-s in the issue 
Of flying nt1vict.s rinrl ot1it.r inform:ition. 

MARINE METEOROLOBICAL OHSEIIVATIONS. 

r 1  1 he siibni:irine nicn:ice bi*ought on with tlic w:w soon tci*iriin:~ted 
the progi-nm of ol)scrv:itions wliicli rnerc1innt vesscls plying the sev- 
ern1 oceans of thr globe ~ w r e  long ncciistoined to  fiirnish with tho 
Object of supplyinm d : t t i L  and information concerning the climate 
and mcteoro1og.y of the occ:ins for pdblicntion as aids to n:tvigation 
(marine) on the pilot charts of the Hydrographic Offico. This scrv- 
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ice is being restored gradually, and its iniportance is enhanced. On 

h account of the policy of extencling the merchant mar& of the IJnlte 
States, and also extensive navigation of the air over the oceans, whlc 
the future is sure to see accomplished. 

Details of the innjor activities and worlr of the Bui*cau €ol lo~ '  : 

a 

FORECAST SERVICE. 
t The general forecast service continued in operation as in the Pas 

several years. This plan consists of :  (a) The Supervising Foro- 
caster a t  the central ofice, Washington, D. C., who has gcnernl charge 
of the forecast worlr of the Weather BUWLLI and regolni~ly mal@ 
the day-to-day forecasts and special warnings for  the W:lshington 
forecast district and warnings of storms arid d:Lngerons winds for 
the Great Lalres, the Atlantic and Gulf coasts, and the West Indian 
waters ; (b) district forecastors :it the Chicago, New7 Orleans, nC* 
V C ~ ,  and San Francisco forecast district centers;, who have to  do W$l 
the preparation and disscniinat,ion of foi*ecas+s :ind .wnmings for their 
respective districts; (c) a district forecwter a t  San Juan, 1'. x.9 
who has charge of the issuc of forecasts :ml warnings for  that  p?rt 
of the West Indies lying east of longitude 70" west,; (cl) a dls- 
trict forccastcr at Juneau, Alaslra, who issues daily forecasts for 
the Juneau district of southeastern hlaslr:L throughout thc year, m d  
for  the lowcr Tanana Valley during the period of low tcniperatureS; 
and (e) local forecast oflicials located in many cities of importance 
who prepare forecasts of we:ither, tempcrntnrc, and wind for  tlie11' 
respective lirnitccl regions. The forccnsl districts with hendquarters 
a t  San Juan and Juneau ivcre oiganized during the fiscal year ended 
June 30, 1919 ; otherwise there was no change in the gencrnl plnn of 
organization. 

FORECAST OFFICIALS. 

The officials assigned to  forecast service are sclectecl only after 
long preliminary training and throng11 competitive tests that  ex- 
tend through one or inorc yeai-s. It is 1iecess:try t1l:tt tlie olfir*inls 
engaged in this tvorlc have :L funclaiiientnl training in the lnws of 
atmospherics ancl also that  thcy be tclnpcr:~rnentxlly fitted for  tho 
work, which, a t  times, is cxtrcriirly artlrrous and rrqnii*cs tllc con- 
stant attention of the onc cngnped thcrcin. I n  acIdition to  tho  
0ffici:ils that are ~ t i i a l l y ~  engaged on this ~ o r k ,  therc a]-c of 1 ho 
younger men of the Bureau approximately 40 who cngage in wlid 
is termed " practice forecasting,'' fitting themselves to latcr becorn@ 
local iorecnsters aiic~ yet Inter, in the cvcnt, of specinl xptitudc :md 
sucwss, to bccomc nssistants to district forrcastcm. Tllis systc.111 of 
training forecasters must neces-;nrily rest in the 1Ve:lthcr I3111*eailt 
for thcrc is no outside in31 itution of IraiBl1ing \i7Ileibe olic rniglit 
perfect himself jn the a r t  of weather forecasting. 

FORECASTS AND WARNINGS. 

The forecasts that are regularly issued by the Bureaix arc adapted 
to tho inany varied clcmanc~s for thrill. 1 1 ~  gcner:~l, they collsist of 
the following : 

( a )  Day-to-day forecasts, for 36 to 48 hours in ndvnncc, of the 
general weather, temperature, and wind conclit,ions for  t,llc varioiis 
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navigation on the Great Lakes, the oceans. the Gulf of Mexico, and 
the Cttribbesn Sea, and for hurricanes. There can be no question but 
that  this service saves many lives, and that  property to the value Of t millions of dollars has been protected and saved through the pl*omp 
issue of these warnings by the Weather Bureau. 

FUTURE DEMANDS. 

With the wider recognition now accorded applind meteorology, in- 
creased demands are being made for information and forecasts. Ad- 
vices of various kinds and forecasts are already being supplied the 
Air  Services of the Army and the Nn\7y and the Post Ofiice Dopart- 
ment, and it seeins altogether probable that the growing demands 
for infoimation and forecasts of R meteorological chxi*ncter will Soon 
make necessary a new branch of forecasting pl:~nnecl to cam prima- 
rily for the interests of aeiial iiavig a t’ ion. 

RECENT EXAMPLES. 

During 191‘3 there were two notable cases of the importance of accu- 
rate meteorological information t int1  forecasts in connection n d 1  
nerial navigation. The one \v:is tliilt of the trans-Atlantic se:apl:lno 
flight by the TJnited States Navy in May, and the other that  of the 
visit of the Bpitish dirigible, the R-34, to  oiir countiy during July. 
I n  both these inst:incrs the fnllest cooperation on the Pilrt of the 
Weather I31lrcitu was requested by the TJnited States Nayy. Corn- 
plete synoptic meteoro1ogic:il reports n w e  plnced at  the disposal of 
the ofici;ils of the Navy, arid in addition the forcc:istcr on duty pres 
pared and issued forecasts based on the 8 a. in. and 8 p. ni. regula*- 
observations for the comninntling of€icers of tlicse operations. 

TlllC TlL\N~-ATlAN‘l’lC‘ hlCAPl.hR’IC 1~T.TGI1T IN MAY, 1910. 

The start of the trans-Atlantic seaplane flight (United States 
Navy) W:LS nincle from 13oclmway the morning of May 8, two OS the 
planes, the NC-1 and NC-3, ~*(wl i ing  thrir dcstin:ition, ILTdifnx, the 
afternoon o i  the’ same cltly. The NC-4 tlevelopccl engine troiible and 
plxt into C1ii~thn111, Mass. Tho forecnst issued the morning of tl?e 
6th was :LS fo l low : ‘‘ MoclwLt e n0i-i hwest :lnd \vest, winds. Btilr 
wexthci* to-day. Friday ; fresh north to east winds, cloiidy wo:lther 
with rain over soutliern l i d  I of COIIFSC.” The evening of the 9th the 
following forec:ist W:LS niticle for tJie soaplanes betmen I-Iik1if:ix  id 
Trcpassey Ihy ,  Newfoixndlaiid : “Weathcr favorable Sor flight Snt- 
ui*day. Gcntlr v:~riable wintls. Fa i r  meather. Wind vrlocity less 
than 15 niiles an l1011r.” Tho nioi-ning of the 10th the foi*ee:Lst for 
the snine coI1rse reitcI : “ F:ky \vc?iither ISnIii:ls to ~ e c \ i € o u n d I : d .  
Gentle v:wi:~k)le winds, except moderate wwt, and northwest off s o d l  
coast of RTewfou~icllt~ncl.” The flight froin 1-T:~lif:ix to Trepa~scy I3q.u 
was niade on the 10th :and the two seaplanes malting i t  reachcxl tlicll* 
destination the afternoon of thcr s:une day. I n  the nic:intinie tbo 
seaplane NC-4, a t  Chatham, Mass.,, had made ready for a 1-enewa1 of 
the flight to Halifax, but i t  was lielcl there for sovertil dtiys becansc, of 
adverso wind and weather conditions. On tho evening of tho 13th 
the following forecast was sent the commander of tho seaplane NC-4 
at Chatham, Muss. : “ Conditions favorable for start from Clia~tllam 
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about 30 miles east of the mouth of the Sabine River, moving thea? 
inward about’ 80 miles to northwestern Louisiana, where it was dlssl- 
pated. It passed over Lake Charles and Gerstner Field, La., develop‘ 
ing considerable violence, the wind attaining a velocity of about loo 
miles an  hour. Thirty-four cleaths were reported as being due to the 
storm and tlie number of persons injured as more thnn twice that 
number. The damage to property was roughly estimated at $5,00°7- 
000. I-Turricane warnings in advance of the storrn were ordorod foP 
the Lonisiana and Texns coasts from Galveston east. 

SPECIAL METEOROLOGICAL STATIONS. 

As an aid to  the forecast, srrrice in Alxs1r:L arrangements wefO 
made for  the estnblishnient of tlirce special meteorological stations at 
AtIra, Alriak, and Noorvilr, Alaska, to report twice daily by ra’dlo. 

HIGHWAYS WEATHER SERVICE. 

A new project, designated (‘ Higliways weather service,” was for- 
mally authorized during the year. I n  the carrying out of this project 
certain central stations .receive reports of the conclitions of the roads 
in the surrounding region or over certain main hiqhways, and pUb- 
lish the same on their bulletins and in tlie press. I n  CRSCS whcre the 
stations are  ccnters of :I corn-nntl-.,vvhent or cotton-region service the 
reports of road coiiditioiis are obtained by telegraph withont addi- 
tional expense by the addition of a word indicating tlic conditions of 
the road to the daily report from the snbstations. I n  other instances 
they are obtained by niail by ineans of franked postal ~ s r c l s  f u r n i s l d  
to persons mho are willing to cooperatc with tlie Bureau in this s~rv; 
ice. T’rojwts wrro in operation diii-iiig the p:istt winter t i t  soiiie 
st:itioiis in 11 St:itw, but at :ill hit  four of these it was a winter 
service only and was discontinued in  the spring, t o  be resumed tho 
coming winter. Although still in a tentative stage the service has 
great possibilitics and is lilrely to be lnrgely extended in the f11tup 
It ]ins provccl very popiilar w\.here i t   ins lieen in operation, the officd 
in charge a t  one station stating that he 11:~s as nimy calls for  rond 
data during the day as for the weather forecasts. 

RIVER AND FLOOD WARNINGS. 

The flood Eervicc of tlie Weather Bureau functioned properly, not 
only as to the issur OS tilri~ly notices of thc coniing of iioods but also 
in the tl:iily stateriicnt of r i r c r  conditions throughout the country. 

The floods of the y c : ~  v w e  largely locnl and inuch lrss severe than 
in ninny previous years. 

During threatening conditions which obtained for :L time along the 
Mississippi River from IZcolcnk, Iowa, southward to  Louisiana, 
Mo., information was furnishecl that  proved to  be of groat, practical 
utility in the organizcd effort to strengthen the levees along that 
section of tho streani. 

I n  the drainage investigations of the department and in  inniiy 
private enterprises in  connection with river iiiiprovements the river 
ancl flood service has contributed valutible inforination both to  agri- 
cultural and commercial interests along the great rivers of the country. 
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INSPECTION OF RIVER STATIONS. 

Owing to the unprecedented denianci for  engbeers, it has not been 
Possible to obtain froni the outside persons ht~vlng the necessmy sldll 
and experience to correct irregularities which invnriably creep into 
the work of river-gaging stations iiii~ess tlie worlc is frequently 

CHANGES IN DISTRICT CENTERS. 

No iiow river districts vere  orgtlnizcci during the year, but. the 
charge of the Ransas River w:ts tmmsferretl froni Kansas City, Mo., 
to Topelm, ~ a i i s . ,  largely i'or administr:tti~e reasons. 

SNOW SURVEYS IN HIGH ALTITUDES. 

The activities of the Bureau in cleterniining the ilepth nnd density 
of the snow cover of high tilt itucles in cortain dixiniige basins of the 
west  were n:~tnrnlly restricted to the most nrgcnt niid proinising cascs. 
These wcre the JVhite Mountain region of Arizona. d~*nining into tlie 
Roose\rolt Reservoir mid on thc hend~wtcrs  OS the Wnlker Kivcr of 
N ~ n c ~ a .  

VORMULm FOR FLOOD FORECASTING. 

Studies leacling to  the forninlation of rnlcs for i'orccasting floods 
h o s t  wholly f 1'0111 the physic:il t1:itn of rni  nftill hnve been co~~lplct~ccl 
ch~ring the y6ar for the Aslicville (N. C.) district. 

COOPERATION. 

1'1-ogress W;LS 111adr on the follo-tving-nnnied specific projects during 
the year : 

1. Tlie collection of ~*ainfnl l  nie:Lsiirenicnts in the niountains of 110s 
Angelcs and S:in Bernnrdino Conntics, Calif., in coo~)erntioii with thc 
local county ofIiciaIs. 

2. Tho TVagon V\Thcrl Gnp I~kqxxiniont Stdioi i  in cooperation with 
the $Torest, Service OS the  drp:irt~iicnt. This iinporhnt project has 
now run for eight ye:irs, and a iii:isc; of nnique data has been collectctl 
to  est:ihlish, if possible, hitherto nnlrno\vn facts concerning the rela- 
tions between we:ttIicr concIit,ions and stre:mi clischaige on forcstrd 
\vatershecls. The experiment, has renchrti its second st:lge, in which 
one of the two wnt~or~heck will be dennclcd of its forest and o b s r r v ~ -  
tions continiird for  :t fni*thrr period of years i inde~ the chnnged con- 
ditions. A detnilcd study of the c l i i t i~  for  the first stngc of the cxpori- 
ment is far ndv:tncetl, and the fiitnre observxtions are loolrcd forward 
to with great interest., 

13"5S-19-----2 
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STATIONS AND OBSERVATIONS. 

NEW WEATHER BUREAU BUILDINGS. 

After consider.able unavoic1:ible clelnys due to war and unsettled 
business conditions, the new Weather Bureau observatory and tole- 
graph office building a t  Cape Henry, Va., was conipleted and ac- 
cepted nnder date of September 8, 1918. This station wa.s fully 
equipped with steel towers and lanterns for storm warning displaYs, 
and :L smd1 electric light plant to provicle iIlimination for dls- 
plays, ~cssel-s ignt~~ing,  ant1 office purposes litis proved very satisfac- 
tory. The new bnilcling wis erected on tlitl, Weatlwr Biireau reserva- 
tion comprising U,OOO square feet of grouncl on ~ ) e a c ~ i  front a t  tllo 
foot of Forty-tliircl Street, w l w e  the lociition is iriiich more advanta- 
geous than that previoiisly l i d  for ni:~n,v yeai‘s 011 the lighthouse res- 
crvation. The o1t1 l>u i~ t~ ing  is i.rtainrt~ for use of t ~ i r  :issistnnt ob- 
servers. 

CHANGES AT REGULAR STATIONS. 

N:irIxgS;insett Pier. R. I., station tliscontinnetl August, 17, 1!118- 
Wcatlier building and reservntion p11iced in hands of a c:wetaker. 

Buildings tind reservation t i t  hloiint Weather, VIL, :ilso remain 
i ~ i  ossrssion of caretakei*. 

8 n  Octobcr 1, 1!)18, the inipoi-tnnt inc.trorolopical city subst:ition, 
{‘entral P:~rk, X m  York, in tlie Arrriy 13iiildiiig, near Sixty-fifth 
Street, E:ist, niaint~inecl continiionslg for t h u t  50 ywrs past imtler 
locnl supei~vision, was i*enioved to, :iii(I inst:iIIed in the reiriocIeled 
Relviderc T o m t ~  huilcling, 11r:1r tlie 11:iglity-first Street, West, en- 
trance to the l’iirk7 :ml  i-r-tv~iiippr(1 :IS :i 1~t~1~1ii:~rieiit,l~’~ est:iblished 
substation of the Burcnn. 

Completion of I L  I~edcral biiilclin r :Lt New Haven, Conn., in which 

the Bureau to cffcct rcmoval thereto Pebrimry 18, 1919, and save 
rental heretofore pnicl for quarters in I L  private bidding. 

Notwithstanding the genernl incre:tsc! in rentals throiigliout the 
country during the last two or three years, i t  has been possible 
to  cffcct IL consirlcrd.de saving to tlie (foverninont by ret~son of the 
&year renewal clause in 1e:ises wl ie rd~y~t l ie  13iire:~ti wns able to re- 
tain occnpied quarters ilt prewar prices. Lc:ises involving $6,466 
at the old rate, whicli nom expire by liniitatim at  seven stations 
wliere increase is cleni:indcd, iwpiiretl renewal a t  a total increasecl 
cost to the Bureau of $1,556 Sor the next fiscal year, or about 24 
per cent of the total amount paid for siich rentals. One serious 
incident of exorbitant increase in rental compelled the Bureau re- 
luctantly to  move its station a t  Topeka, Ihns. ,  to quarters in a. new 
1 enter1 hnilding. The  following statement sliows the present status 
of Weather Bureau offices a t  field stations outside of Washington, 
(not including Narragansett Pier or Mount Weather) : 
1h-e quzirttm und acwnimodations : 

acconiniodutions weie provitlcd by t % e Tre:isury Dep:~rtnient, enabled 

In Observatory buildings, owned :ind contr*olletl by the Wenthrr 
Burwu _-__-______________________________________----_.-_--- 45 

In State University buildigp ____________-__ -___________________  5 
In Federal buildings _ _ _ _ _ _ _ _ _ _ _ _  _ _  _ _  ___.___-_____ _ _ _ _ _  72 
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I W t l t l  ~)uii(iiligs, rtc., owned ~ , y  intlividuals 01' corporations : 
I n  oilice buildings- _____-_____-___--- ........................... 80 
In  biiildiiigs with grounds, wrologiciil and special ineteorological 

1 otcil nuni1)c~ rtlntd buildings pnrtly or wholly occupird------_-- 

st~tio~ls_-__--___-___________________,--------------_--_-_--- 19 

99 
- 

r ,  

'I'ot:Ll_---_______-_~___-___--_______--c------------------------  -- 221 

COOPERATION. 

Tlie Woitther Bureau is :~ l \ r t~ys  ready to  coopcr:ito to  tlie fullest 
W e n t  possible, and diiriifg tho wu, at Springficld, Ill., tlic entire 
"concl floor of its h i ld i i ig  was tiirnccl ovcr for a t ended  use by tho 
Internal Revenue Sei*vice. At l'arlrersbiirg, 137. va., Weather Bii- 
Peau (jiiartcrs in tho Frdcr:il ImiIding were c1i:uiged to better nc~com- 
'nodtit e ndtlitioiinl rniployrcs of thr  Trcnsiii*y I > e p ~ t n i ~ i i t .  A t  Siind 
Ice,, F I ~ L . ,  :k t  t ~ i c  request of t ~ i e  Secretary of the ~ n v y ,  tlie stiition 
kind cqiiipiitcnt were tr:iiisfn*wcl to tlint tlrpartnient October 26. 1018, 
by orcler of t ~ i r  ~ i - c s i ( ~ c n t ,  iwiler tlir aittliority of tlic, Ovcrnian Act, 
and rrtiirncd to t h  control of tlie Wcathcr Biircnu duly 1, 1919. 

TELEPHONE SERVICE. 

In co~iiiectioii with its proiiipt and midc disseuiiii:Ltion of storni 
\vYarnings ;tiid grncwl iiicteorologicd iiiior~iitttion, the Weather Bn- 
Peau probably is the iiiost estensivc iiscr of tc~lephoiics of any branch 
of the Goverii~ncnt, anc l  at its iiioi'c tlinn 220 cciitrtil field stations 
h s  tlircct, wire connections wit11 local tt~lcpIiono rsc.liangrs. i\n nu- 
thorixrd :tllotnicnt of about $14,000 wns niadr for 111;s locnl telephone 
service for tlic fiscal yenr ended June 30, 191'3, iiiiil the incre:lsctl 
locul rntcs proillillgated in the Postninst,er Gciirral's Ordcr No. 2940, 
effective May 1, 1919, called for an almost coiiiplete retdjustincnt, 
togcthcr with an adclocl micl wholly unexpcctecl charge tqgiiiist oiir 
appropriations for INS-1:). For nest, f isc~l  JWII* the to ld  cwst of 
this swvicw is  lilrcly to reach $17,000. 

TELEGRAPH CONTRACTS. 

For the pmiiipt htintlling of nictcorological reports rind we:~tlier 
inforiliation o\w thr greater part of the Northern HcmispIicro the 
wcathcia I3urc:iu hns necessnrily ninint:iincd for :n:iny years past 
foiniri1 :~niiiiuI contmcts, i~rrnnpctl iintlcr specid aiitliorit,y of I:iw, 
With all of  the nioro iiii1)ort:int trlegraph, tcleplioiie, and subinarinc 
cable conip:inics, inc.liiding nlso wircllcss coiiiniercial coi!ipiinics, 
through coopration with the N:~vnl Coiiiiiiuiiicntioiis Scrricc. By 
orclcr oi' the Postiiiaster Gcner:~l, (1~~1 ed June 7, 1919, Wcather Bui~mi 
contracts for iioxt fiscd ycar and during Ti'edei-a1 control were iiiailr 
Fxeinpt from increase of rtitcs, but this itffccts only contracts ~i iiered 
into by thc ccntrul ofico at, Washington. An opinion was also ob- 
tained that iiicrc,nsetI rates werc not. :tpplicnblc for  wire iiiid bnttei-y 
service leased for maintrniince of local recording river gages and 
similar scIf-i~egi~tering cquipiicnt, used by tho Wcntlicr Burcn~i. 

INVESTIGATIONS IN VOLCANOLOGY. 

The act iii:tking yqwoprintions for the Weathcr Burouu for the 
fiscal year ended June 30, 1919, contains authority for inyestigiltions 
in volcanology and appropriates $IO,OOO therefor. Provision far 
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this project was includecl in a suppleniental estiniate submitted to 
Congress for the fiscal year 1017, but was not allowed. The esti- 
mate was not repeatetl for tho fiscal years 1918 and 1919, but was in- 
serted on the initiative oi' ~ o n g r e s s  'itself for the current fiscal y ~ a r .  
The  prirna1.y purpose of the appropriation is to  conduct inves!W- 
tions in volcanology. at I<il:Luea Volcano, on Hawaii Island, o i  the 
Igawiiiaii group, wit11 the expectation that  they may be extended 
later in A1:Lslta and other places in the United States 
where active volcanoes exist. The site of the volcano and extenslVe 
adjwcnt territory has recently been includecl in ,a natioiial park. 

Investigations have been conducted a t  IGlauea since 1912, first unde1' 
the auspices of the Massachusetts Institute of Technology, and since 
1913 by tlie Hawaiian Volcano Research Association, which is corn- 
posed principally of prominent citizens of Ilonolulu. 

The Weather Bureau took formal control of the work a t  ICilauea 
on February 15, 1919. Prof. Thomas A. Jaggar, jr., formerly of 
the Massachusetts Institute of Technology, who has been in charge 
of the investigations since their inception, has been appointed ~ 0 1 -  
canologist and will continue in immediate charge. 

The buildings, grounds, instruments, and equipment belonging to 
the Hawaiian Volcano Itesearch Association were transferred to th0 
control of the Weather Bnrcau under the terms of a long-time lease. 
Prof. Jaggar and his assistants will reside in the observatory build- 
ings, and the major part of their worlr will be conducted a t  the 1Zilaue:t 
Volcano, although simultaneous studies of the activities of near-by 
volcnnoes, cq3eci:illy. Maiin:i h i ,  will he m n d e  as far RS practicable. 

The  program of work a t  prcscnt contemplates little more than tho 
maintenance of the systemat,ic observations of the volcano, with 
some possible extensions in the way of a seismic survey of the 
vicinity. No more than this can be undertaken with present funds, 
but as national affairs become more stabilized under peace-time coq7 
ditions tlie opportunity offered here of conductin extensive invcstl- 
gations in  the field of volcanology will no doubt, 4 )e fully supported 
and important results secured. 

AEROLOGICAL INVESTIGATIONS. 

Free-air observations by means of ltites were obtained throughout 
the year a t  Drexel, Nebr., and Ellendale, N. Dalr. Installation of 
equipment, was completed for  similar work a t  Brolren Arrow, Olcla., 
Groesbeck, Tcx., Leesburg, Ga., and Royal Center Ind. Regular 
obkrvations were begun a t  those stations before ianuary  1, 1919. 
These observations, as well as those a t  Drexel and Ellendale, include 
daily kite flights and, whenever possible, continuous series of flights 
covering periods of 24 to 36 hours. The records have been reduced 
a t  tlie central office, and the resid ts pnblisliecl in  nerological supple- 
ments of the Monthly Weather Review. Moreover, brief summapies 
are te1egr:iphed claily to  the central ofice and other district forecast, 
centers. 

The pilot-balloon work that wns organized and conducted during 
the iwir by the meteoro1ogic:~l section of the Signal Coi-ps :It Brolten 
Arrow, Olcla., Ellendale, N. Dak., Groesbeclc, Tex., Leesburg, Gu., 
Roynl Center, Ind., and Washington, D. C., TWS trnnsferred to the 
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weather Bureau during the latter half of the year. Similar work 
has been organized at regular Weather Bureau stations a t  Ithaca, 
N..Y., Lansing, Mich., and Madison, Wis. Observations are made 
tWlce daily, and the indicated wind conditiolis a t  various heights 
are telegraphed to the central office for,use in furnishing advices to 
the military, naval, and postal aviation services. The Weather 

observations are snpplemented by similar Feports from sev- 
?pal military and naval air stations where work wlth pilot balloons 

regularly conducted. All of the free-air records thus obtained a m  
to the central office for f ind  reduction and study. 

Both during and after the war there was close cooperation with 
the Army and Navy meteorological services. Special data were fur- 
Qshecl also to the orclnance departments and to  the military intelli- 

Adviccs mere given to the TJnited 
t h t e s  N avy in connection with its trans-Atlantic flight project, 
further details of which arc stated under the section on forecast 
Service. 

TELEGRAPH SERVICE. 

ence anti aviation scrvices. 

TIie prompt collection and disseniination of weather rcports niid 
warnings require a11 extensive i;etwork arid iise of comniorcial tele- 
graphic f ncilities. Various elcinciits of a d i s tu i4hg  natnre con- 
tpll)iitetl generally, :ind in some ph:ises in :in nggrav:ited form. to :I 
continuance of the difficulties experienced during the piwecling year 
'9 maintaining the telegraphic circuits a t  :L Iiigh standard of efli- 
Clenry, althoug1i Solno iiiiprovemcnt WE noted duising the h s t  half 
of the year. Chief aniong. thc  c;ulscs were shortage of esperienccd 
0Peratol.s in the coinmerc1:11 conip:Lnic?s, necessary employnie.nt of 
Umincc l  forces, substitution of machine for  nian11a1 trnnsinission of 
te1ogr:nns OVOI' tj~~unlr lines, thc cpicicniic of iiiflucnm, abridgnicnt 
of the lionis of lnl~or, late opening of telegraph oltices :it ii11mc1~o~~s 
Wdl but important points, preventing dispntch of observations nt 
!sua1 times, nncl, latterly, the prevalence of minor strike condi- 
tlons. 

Effectual means were proalptly tdrcn by thc co~iinicrcicil compnics  
11s a rule, however, to rcinedy unsatisfactory conditions upon presen- 
tation of complaints, and, on the wholo, tho telegrnph service was 
Performed as efficiently as could have bcen expected. 

Changes in telephonic ratcs. effective January 21, and in tclc- 
graphic ratcs, eifectiye April 1, ilnposetl ritlclitional difficulties in 
.eWniination and passage of :Lccounts for service, neccssitating n largo 
Winne  of correspondence to cff ect, proper ad.iiistmcnt. 

A complete revision of forms showing distribution of forecast mas- 
sages througlioiit the count,ry, approxilnnt,ely 1,100 diiilp, was :iccom- 
pbshod, resulting in m i d i  improved wcord lists. 

buring May and June a large numhcr of telcgmins mas handled in  
connection with the trans-Atlnntic flights in which the Wcathev 
Bureau coopcrnted \vi tli the Nttvy nep:irtment, :~dclitiontd telcgrnphic 
loops having been installed for  the piirpose. As this bnsinoss ~ n s  
filed during the rnsh hours of the morning mid evening, i t s  linn$ling, 
Couplecl with the othor routine work, tnscd the opertitlng ftmlitics 
to the utmost. 

The services of another clerk-pperator are much necded to properly 
handle the telegraphic nnd nuditing work throughout the crop and 
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hurricane scaspns, and the need is niixch accentuated at  tiines of ia- 
creased work similar to the above, Should there be further incl'eaSeS 
of telegraphic work consequent upon the contemplated extensive Co- 
operation with the Army aiid Navy, a corFesponding enlarge~~ient Of 
the telegraphic force will become imperative. 

WEATHER BUREAU TELEGRAPH AND TELEPHONE LINES. 
Tliesk lines have bccii niaintainecl and operated generally in ' 

batisfactory nianner, consic~efi~ble necessary reconstruction work hav* 
ing bccn accomplislied on scvcral. The Navy Department, thc W*lr 
Department, and the Coast Guard linvc maclc incrcasing iisc of the?, 
tho  Coast Guard Srrvico having cooper;itetl largely i n  cablr repair 
and other work. 

BLOCK ISLAND-NARRAGANSETT PIER SECTION. 

[rre~cgrnph.] 

Closing of the Weather Bnrc:ui office a t  NtLrrag:mctt Pier or' 
duly 31, 1018, nccessitatcd othcr land terminal nrrangrnients. yo 
meet this situation the cablo w m  pexiiiaiieiitly connected in the o@ca 
of the Providcncc Teleplionc Co. at  Narrqynsett Pier with the 
Westesn Union wire running to Boston, t,hus afforclin~ a satisfactor 

Large use is madc of this cable by the naval bme on Block Island, 
which enjoys direct wire connection. 

One mile of iicw thrre-ronductor cable, costing $2,312.04, w~~ 
bought during the spring to replace a defective portion wliicli 
interfered seriously for most of the year with trmsmission throudl 
two of the conductors used by the Providence Telephone Co. Repairs 
made by the Coast Qunrd Service produced very satisfactory resultst. 
the cable now being in first-class condition, although laic1 in 1908. 

channel of communication betwrcn Block Islaiiil an$ tlic mainlan d 

NORFOLK-NATTERAS SECTION. 

LTelegruph.1 

Extensive repairs became necessary on the soutlicrn portion of this 
line, due to prostration of about 10 iiiiles of poles resulting fro@ 
effects of a severe storm on August 25-26, 1018. Thesc rcpaiirs wer@ 
coinpleted early in the summer. 

The 3-rnile submarine cable connecting M:ui teo, on Roanoke Island? 
with the mainland became, so defective :IS to seriously imptiir its fur- 
t hcr use for  telegraph purposes. To inwre coiitinueh communication 
with this isolated but important point 4 miles of now four-condnctol* 
cable were purchased, nearly 3 miles of which were successfullY 
laid in June, the remainder being stored for  cmergcncy use. TWO 
sections of land line nwesswry to connert the cable with the office 3 
hlanteo and the main line were rebuilt. 

Four important naval stations which triinsnct a large volume 
of business enjoy direct Connection with the main line through 
to the naval base at Norfollr. Extensive use is made of the facilitie5 
of the Weather Bureau office at Cape Henry by the Navy and the 
Coast Giiard Service, the Iattcr effectively cooperating in the rnain- 
tenance of the line. Two telephone lines belonging to that service 
are carried on the Weather Bureau poles betweon Virginia Bench 
rind Hatteras. 
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KEY WEST-SAND KEY. 

1 Telephone. I 

Nine miles of submarine c a ~ ?  connects tliese two stations. ‘rliis 
cable was laid in 1903, and in the early pnrt, of the year became SO 

as to c d l  for a new cable to protect the naval interests in 
gulf which had nssllniecl great, iniportance on nccount of war 

Conditions. As the Sand Key station had been talren over by the 
Navy Depiutmcnt during the period of the war, n new 4-conductor 
‘able wtis purchased and Itiid by thnt Llepartnicnt. 

ALPENA-THUNDER BAY-MIDDLE ISLAND SECTION. 

[Telrphon~.l 

During tlic yew cornniunication was interrupted 23 lionrs on 
these two lines owing to dimage by tliiinilerst,orms. The poles are 
beginning to fail fro171 age and will doubtless need ]mewing soon. 

WHITEFISH POINT-GRAND MARAIS SECTION. 
rTclrphonr. 1 

NORTH AND SOUTH MANITOU ISLAND-SLEEPING BEAR POINT SECTION. 
[Telephone. I 

BEAVER ISLAND-CHARLEVOIX SECTION. 

[Telephone. 1 
Thcsc three lines workcd cont,inuously :md sniootllly t,hroughout 

the year. 
SAN FRANCISCO-POINT REYES (CALIF.) SECTION. 

[ Tcl(ylionr.] 

Bor suveritl years past iiiiicli clifficnltjy llils been experienced in 
Cohrnunicating between these points. Arrange~nents were made 
h * i n g  winter wit11 tlic Co:lst Gu:ird service foi* reconstruction 
Of the line, which provided for  n irietallic circuit from Point lZeyes 
to San Anselino, where the Wenthor Bureau mire now teririinates in 
h n  exchange, tlmice oper:itccI to Sim Friincisso tit established rntes. 
’ h e  former mctliocl of con~~nunication involved rental of wire 

San Friincisco to Mill Valley which connectd n t  thnt poillt 
&‘it11 the Wenther Bnreau single-grounded wire running to Point 
Beyes. Communict~tion with the Mount Ti~nt~lpnis  stahion llad been 
Ch&l on by t,he use of :I. loop on the mnin line. This portion of 

line now torminutas in !lie Mill Vnllcy t?xchanga where connac- 
lion is nittdc with either Point I<cyes or San li’rancisco. Approxi- 
bately two-thirds of the cost of the reconstruction work W R S  borne 

the Coast Cruartl, :Lnd tlic renlilining third 1 3 ~ 7  the Wenther BU- 
r@au. Annual cost of service betwccii the new and old systelns clif- 
fers but littlc. The new system \vas placed in pper?tion on March !, with sat,ishictory results. A portion of the line wlll need renew- 
b g  with copper wire before long. “Fhrec test, stations were in s tded  
on the line, which are found ~alu:tble in locating tronblr. 

NORTH HEAD-PORTLAND SECTION. 

LTelegrupIi.1 

h i r l y  satisfactory nnd continuous communication was maintained 
between these two points through the successive use of several con- 
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ductors in the Army cable connecting For t  Stevens and For t  Canby 
on opposite sides of the Columbia River. Serious and unlooked-for 
difficulties were encounterecl in putting into effect the projecf of 
purchasing and laying a new cnble from funds authorized by Loll- 
gress for cable and line repairs. Prolonged but unsuccessfril efforts 
were made to  determine a proper route to connect, with existing land- 
line facilities. TJtilization of the route of the abnnclonecl cable Was 
highly inadvisable. The selection of a new and longer route ental@ 
construction of new land lines or unsatisfactory cooperation wth 
other services in  the use of present system. The greatly increased ex- 
pense of cable and aerial material was prohibitive in  view of thO 
small amount of funds remaining after expenditures necessarily 111' 
curred in emergency repairs on the lines above mentioned. A4s con- 
tinued use of the Army cable is permissible as long a s  a coiiducto' 
can be spared, consummation of the project of a new cable has been 
deferred pending future action by the Congress. 

TATOOSH ISLAND-PORT ANGELES SECTION. 

[Telc,ornp11.] 

A large amount of reconstruction work was acconiplislied during 
the year. This was made highly desirable, and in places noccss&1'Yy 
by the extensive logging operations along the route of line, r a i l r o d  
wiistruetion work, private road building, activities of the Spruce 
Production Division of thc.Sign:d Corps, and heavy storms. 

The Weather Bureau station at  Pysht was closed on August 31 
and the repair work formerly done by the oiiicial divided between t L G  
stations on either side. 

A temporary oflicc was opened a t  the militaiy camp at Jop% 
Wash., August 29, and a large volume of telegraph busincss was 
carried over the line in connection with the spruce production opera- 
tions at that point. The office was closed on December 25. During 
these four months approximately 3,100 conimercial messages werQ 
handled at this station. 

WORK IN CLIMATOLOGY. 

No import:int changes occurred diiring the year in the \\r()rli ir1 
climatology, and the several important lines were carried forward as 
usud,  deipite many genei*al enl:ii*gements in most of the items 1n:tlting 
up the rliities and some rlecrease in tho clei*icnl force available. 

All material prepared for tlie scwc?ral publications of the Bureau .\yaS 
submitted as per scheclnle and the final reports printed a t  the time 
designntcd. The wcathw data for the Monthly Weather Review, An- 
nual Report of the Chief of 13ureau, and tlie monthly and annun1 cll- 
mato~ogical reports for the several States were subjectecl to  the ixsud 
careful scrntiny, and effort has been made to maintain the standard of 
ticcuracy heretofore required, although, as stated above, there has been 
a stracl~ly increasing iiumber of reports to be rxaminecl and t~ con- 
stant diminntion of the effective working capacity of the clerical 
force. 

. 

COOPERATIVE REPORTS. 

The work of the cooperative observers of the Biireau has been main- 
tained in a highly satisfactory manlier despite the additional duties 
imposed on the observing force by the iinsettled ~vorld conditions and 
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*he lessened opportunities for such work in view of the shortage of 
labor in mxw.ral. 

More Langes in tlie observing force were necessary than usual, 
?wing to a large shifting from the usual lines of worlr to those pertnin- 
lng to the war, but the continuity of the work mas usually provided 
fpr ancl tlie records as a wliole were remarkably complete, and coii- 
tlnued impovenlent in practicaIly a11 features of the work wns noted. 

The policy of inspecting cooperative stations once in each three 
Years, tcmpornrily suspended during the early portion of the fiscal 
Tear just closed, wns vigoronsly tnlten up toward the latter par t  and 
1s being continued whenever fotisible for qflicials to absent themselves 
from their stations. Tliese visits oi' inspection impress the cooperativo 
Qbservers with an added sense 01' the importance of their 'vc~orlr, estab- 
llsh a spirit of syinpnthetic cooperation, and encourage them to re- 
newed eff orb in c:ue they linve become discou1;aged a t  the prospective 
amount of work without fin:inci:d rcmunerntion or n n  apparent, lnck 
of npprcxintion by the Bureau or tlie public o f  the r:ilne of the 
records t h y  are nt such pains to niake. 

During the year most cordid coolieration WLR maintained wit11 
other Government bureaus in collecting meteorologicnl reports f ~ ~ n  
Points that would nntnrnlly bo without reprcscntntion but Sor the 
Mlingncss of the officials to t;Llie up this spcvhl duty in addition to 
their regular lines of work. 

INSPECTION OF STATIONS. 

OCEAN METEOROLOGY. 

As w:~s pointed out in revious rcports, tlie \rork of the marine scc- 

vessels and censorship restrictions togctlicr liavlng tho cffcct of 
greatly reducing the number of repoi*ts available for charting and 
study. So Sar as lxssible, however, the \vork sf tlie section procccds 
along the usual lines. 

Upon the close of the war nttention wtts centered upon a program 
for- the restoration and extension of the inwine work, niid plans l i ~ e  
been formulated which will result in :L rnaterial advancement of our 
knowledge respecting iiir~teo~~o~ogical conditions of the great oceiin 
Wens. 

Progress in this direction is necessary to enable tlie B U ~ C ~ U  to meet 
the inci*ensing dom:tncls for information regnrding wentlier condi- 
tions over the oce:ins resulting from the exp:insion of our rnerchant 
marine and cominercid development associated t!iel-ewi tli, ns -well ns 
those wising fiwin esperiinents in tr:ins-ocwnic Riglit. 

tion was serioiisly inter ? eyed with h j 7  the war, the low of reporting 

MISCELLANEOUS ITEMS OF WORK. 

The usual work incident to the receipt, e?raininntion m d  filing of 
the meteorologicnl reports of the Burcan went forward as nsual. 
The section pnblicutions wei'c? wsembled and prepared for distribu- 
lion and the sets of tliesc intended for station files for  the year 1918 
Were bound and distributed. The \)inding of tlie original recorcls of 
the precccling ycur IV\\'RS accomplislied ns usunl and all reports put in  
shape for permanent preservation. 'I'he thbular iiintter nsnnliy es- 
.tmctecl from the original records hns been entered in the boolts p m  
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pared for such data and all are as nearly up  to date as it is practicable 
to  keep them. 

&lany data on the temperatures of tlie country have been accurnu- 
lated during the year, particularly with regard to  the maxiinuin and 
minimum values. Extensive compilations of the daily and weekly 
means of these f:ictors for  the $0-year period ending with 1918, 11:1?'~ 
been obtained from the various st:itions. It is hoped opportunity wd1 
Le afforded during the present y e w  to properly mnlyze tmd interpret 
these data and present them to the public. 

Near the close of the year steps were taken to present to tlie public 
in general, but p:irticularly for the benefit of tlle engineering pro- 
fessions, through the press, more information on the daily state of the 
moisture in the atmosphere, :1nd et  this wi-iting these dntn nre being 
published for the three principal o1)serv:itions in practic:lIIy all the 
leading papers in the country. A t  the same time a revision of the 
local station f o r m  intended for  public distribution was being con- 
sidered by which similar data will he presented to the piiI)Iic in nidi 
greater detail than hei-ctofore. 

?'lie extensive utilization of our :~ccumiiliiteil records by nearly 
every cI:tss of our population hns continixed during tlie ye:~r, :Inti the 
fact that  practically every request for inforrr1:ition has been pl*oniptlY 
and fully niet indicates tlie extensive character of 'the? dat:b me are 
collecting. The reputation of tlie Burcw~ for prompt scrvice has been 
fully maintained, t is  indicated hy the mnny aclrnowledgments of 
iippreciation received for eiir1-y :in(] coiiipIetca i*espmses to reqnests 
for infoimation. 

AGRICULTURAL METEOROLOGY. 

The wtivitics under this section include the supervision of specid 
services i ~ d n t n i n e d  in  the intcre o f  :1gric*ult1liy> i n  tlie prilicjpd 

rain, cotton, sugar, rice, Jf'nlfa seed, cranberry, tonlato, tobac;cor 
fruit, and potato-&loowing disti-icts, as well :Is in the great grazing 
districts for the benefit of thmc intercst,cd in stock procluc~ion ; all 
maintained for the collection :~nl  disscniination oE jni'ornia tion 1 * e 1 ~  
tivc to current wcatlicr conditions tliroiiglioiit the (y)~iiiti*y, and tlielr 
resulting effects upon tlic ilevclopnwnt of crops and the progress of 
ngricirltural operations. 

I n  xddition to the above, studies i ~rc  coiitlncted on tlie influence of 
ivetit~icr on the tlevo~opment of ci'ops, :mcI the rrlntion of wveatIier and 
climate to  :Lgricultiiral activities and c i ~ ) p  yieltls, incIiidiiig tho super- 
yision a n d  distribution of forecasts of iiiininiuni teinper:itures clu1'- 
ing critical periods in districts wliere protective methods :we exten- 
oivcly practiced. The fruit frost-work m s  very successful durink 
tho yew, pxrticularly in the Northwestern States, and gratifyin 
progress was m:de during tlic year in stiitlirs of speci:~I ni:lthcmnidcn + 

methods of forecasting miniinurn tempernt u i w  lltat ni:~;y he iiijurious 
to fruit. 

Weather is n dominant f:tctOr in the success 01' failure of agricul- 
tiiral or  l~ort,iciiltural opern tions, :tnd spe th l  of fo~t  was inade during 
the year to  apply the information collected, through the vast organ- 
ization of special and cooperative services of the. Weather Uurunur 
to the important problem of Food production in its various aspects, 

4 
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SPECIAL SERVICES. 

Pew clianges were macle during tlic year ii? \lie special crop servicus 
Qnaintained by the Bureau aiicl described s!lficlently in the last annual 
report. The cotton, corn, aiitl whe:Lt serv~cos were improved during 
the year tlie inauguration of a new system OP making observations 
plhei-cby txe miiiiniuni tenipcratures experienced during tlle preced- 
Qg night  ere reported instead of t lie 23-hour minimum. 

A new method of issuing reports weekly, insteatl of daily, in the 
Cattle region service, has pyoved very s:itisfa$oy, and ra>\lted in  a 
haterial reduction of expense.. Thcre is t i n  lnsistent p b l l c  dcmnud 
for tlie extension of this service over some important grazing dis- 
hicts not yet covered, which i t  is hoped to meet in t h o  near future. 

Special studies were m?de during the ;year 1n tlie devclopmcnt of a 
h?tlicmaticnl hygrometric formih f o aid in  malring more accumte 
hlnimum tempcrature forecasts. x 

The special formast and wa.ming service was extended, with good 
results, in connection with spraying operations in some importunt 
h i t  growing districts. So far as the clepleted personnel of tlie 
h r e a u  .would perniit, txnincd oficids of the Weather B1nwux were 
&tailcc\ to  special iield duty in frnit dislrlcts chiring critical periods 
!or the purpose of giving :&ice a s  to the best time to conduct spray- 
ing operations. It is hoped t h t ,  when, more normal conditions prc- 
h i l ,  tlie Burenu may be in position to cAnlarge and improve this 
brnncli of its activity. 

Cooperutioyi,.--By request of other dep:wtineat~ o f  the Government, 
and for tlie use of t,lie recent I’c?ac*e Coiifwence nt l’nris, the \\Teather 
h r e a i i  prcpnretl, c1rn.ing t11c fall and enr1;y winter, n gciicritl slim- 
lnary of tlic climntc of Africa, witli special :ittention to that of llic 
f?rmer ,German colonies. A vast amount of clintntic (lata n’ns coiii- 
P~lcd, and n iiiimber of c1i:irts yerc piwp~w;d showing gi-nphicnlly tlie 
Qmunl r~ncl monthly distribution of 1~~rc1pitation ant\ tcmpen~tum 
Over the cont,inent, together with a cliscnssion of its c~linintic ~ h t ~ r -  
aCtc&ics. 

The \Ve:itlier 13ureaii continued its coopur:ition with other lmreaus 
of the dcpnrtinent ih ninintaining special meteorological stations at  
r’arious points in different sections of tlic co11ntr.y ns an aid to reseiirch 
?nd investigation of the ni:uiy agrirultnrnl probloms in wliicli n~o:ithei* 
18 an important factor. 

INSTRUMENTATION. 

The iiistriiiiierif id c y i i i p t i w n t  of t lw v:trious stntionh of tlic I31ii*c~nii 
]!as been innintnincd a t  the liigli stnndnrd of former years. The prac- 
h a 1  cessation of Eiiropcnn snpply and the difficulties attending 
American inaniifacture of instriiments have made it less simple than 
heretofore to  obtain suitnMo supp~ics, pnr t jcu~nr~y w~ir?n suc~i  slip- 
Plies involved the 1d)or of highly skilled artisans. I’rices of instrii- 
Wents and of parts have iiicrmsed grently, and vw hnve been able to  
maintain tlic equipment of tho I3ureau with the rqproprin tion avail- 
able only by working over a considerable stoclr of appnrntiis avail- 
able. The jnstrmiit~nt shop of the Bureau has been availed of to sal- 
vage instruments that under ordinary conditions woixld hardly bo 
Yporth repair. Nnturnlly a time mill soon come when further opera- 
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tions of this character will not be possible, and, unless prices recede, % 
substantial increase in  the allotment fo-r instrumental equipment mllst 
follow. 

STORM-WARNING EQUIPMENT. 

The three-lantern system was completed on the Atlantic coast dur. 
ing the fall of 1918, and work on the Pacific coast was about half C O P  
pleted a t  the end of tlie fiscal year. The entire installation will be 
finished by October 1, 1919. It is a pleasure to report that  theFe has 
been very little expense for repairs a t  stations equipped with thls ne? 
system, and while the initial expenditure of makina the change Is 
somewhat high, it is believed that  the total cost to the%ureau throW1* f a period of, say, 10 years will be no greater than would be the cost 0 
maintaining the f ormer less effective equipment. 

NEW INSTRUMENTS. 

A form of thermograph, intermediate in size between our present 
long- and short-range instruments, has been :idopted as standnrd fpr 
future purchases and will eventually replace all thermographs now In 
usc in the Riiroaii. 

A minimum tliermometsr of larger index, so as to obtain increated 
visibility and thereby retain to the Bureau the services of coopcratlVs 
observers who must now give'up the work because of failing eyesight3 
has been worked out with the cooperation of the manufacturers, and 
it is hoped to obtnin a quantity of tliese in the near future. 

A nephoscope of rugged construction and simple forin has beell 
designed for  gencwl use in the Bure:\li, :ind :L contract lor 100 of these 
has been awarded. 

EVAPORATION WORK. 

Extensions of the Class il ev:ipor-:ition st:i tions h:Lve becw m:ide on1.Y 
where satisfactory and continuous observations were to be expected, 
Thirty-eight stations well distributed over the country now render 
segular reports. 

PRINTING AND PUBLICATIONS. 

War conditions a t  the beginning of the year continued to embarri1ss 
the work of this division through the loss of einployees and the iln- 
possibility of replacing thcm with efficient substitutes. T ~ U S  the I d <  
of skilled press feeders necessitated keeping idle some of our presses 
much of the time and compelled us to use some of our scant printmt? 
allotment for having work clone a t  the Government Printing OF@ 
tha t  would otherwise have been taken care of by own own printlnb 
plant. However, no delays or  interruptions were allowed to occur ln 
printing and distributing the daily weather maps, weekly crop bulle- 
tins, and other periodical publicntions of the Bureau, whose value de- 
pends entirely upon the promptness and regularity with which they 
are placed before the public. Since the close of the war conditions 
have gradually become more satisfactory, and the early installation 
of automatic press-feeding machines will prevent a recurrence of some 
of the troubles experienced during the past year. 

The demand for We:dher Bureau publications d a t i n g  to meteoro- 
logical and allied subjects maintained iL3 usual high level, especially 
as regards requests received from niilitary and naval sources for 
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Qeteorological data in the aid of aeronautics and ballistics. Public 
“hools and other educational institutiolls also showed continued in- 
terest in the work and publications of the Weather Bureau. 

At the end of tlie year there were 546 paying subscribers to our 
Various periodical publications, eiilusive of the Monthly Weather 
Review, and the total receipts from that source amounted to $697.17. 

additional nniount of $117.90 -was received from the sale of blank 
Weather maps for school use. Subscriptioas for  the Monthly 
weatlier Review are received and filled by the Superintendent of 
Docurnelits, (;overn:tient I’rinting (Mice, who requires 125 copies eucli 
Qonth for  that  purpose: 

To guard against txn iinpropcr use of iiiformatioll regarding crop 
conditions in advance of the tiiiic set Tor its releasc to the public, all 
Copy for the National Weather and Crop Bulletin is nom‘ set up  by 
our printers in a loclred rooin of the Division of Agricultural Meteor- 
ology, slid the ac1v:ince sheets are printed on a proof press in  the 
S m e  room for distribution to the press and telegrsph coiiipsnies a t  
the appointed how. 

The  principal publications issued during the year included the 
Monthly Wcathcr Review and Supplements; Daily River Stages for  
1917 ; Cliinatological Data Sor tlie linited States, by Sections ; In- 
structions to  Cooperative Observers; Daily Wushington Weather 
Map j National Weather :Lnd Crop Bulletin ; Snow and Ice Bulletin ; 
porecast carcls, dnily except Sundays and holidays; Wecldy Pore- 
casts ; and Moritlily Meteorologicnl Summary for District of Co- 
lumbia. 

Soine of the more inipoi*tant features of the publictltions of the 
Past year are nicntioned in the folloming : 

Station annual suniiiinries with co~iiparativc data forming very 
full local histories of tlie we:ither hnw continued to be published a t  
the larger stations, and some Iierctofom wit1)out such suinmaries hnve 
been enabled to have thein printed th1-ough courteous cooperation 
With officials at  stations having printing facilities. These lcical cli- 
hat ic  histories have n widc circulation : i d  afford convenient ineaiis 
for the distribution of i1nport:mt information needed by the public. 

The snow and icc bulletins \vcre issned as 11s~n1, :&]Id son10 iinprove- 
bents were possible in tlie axtrnt of the inSornintioii heretofore ob- 
hinallle in tlie remote monnt:~in sections o i  tlm Wcst, by tho hearty 
cooperntion of tlie Forest Service, nnd other aqeiicies of tlie Govern- 
bent  wllose olhi:ils arc reqnircd to inalre occa~~onul  visits in the high 
h u n t : i i n  districts foi~ni i ig  tlie hcnd\\l:hrs of ~mpor tan t  strrnlns that  
!Upply the gren t irrigation sptems. Rcports on the snowfall dur- 
log the past winter showed :it the close :L m:rrkcd deficiency i;i the 
Usual supply of well-pnclred snow owr soveral inilmtant, drninnge 
“&ems. Later ndvices show a serious shortage of irrigation water 
?n these regions, and much loss to  crops in areas dependent thereon 
1s reported. These bulletins have :L Iprge circulation and are in con- 
stant demand, ~ m t i c n l a i ~ l y  by the irrigation interests. 

Several reprints of the srctions of 33nllrtin W, “ Climatology of tlie 
b i t e d  States by Sections,” were provided for during the year. The 
Qditions of many otlicr sections tire rnpidly bccolning eshnusted, nnd 

is hoped t h a t  practically tlie entire set can be brought down to date, 
%re important data included, m d  till reprinted in the near future. 
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These publications afford a most satisfactory means of giving to 
the public important information of climatic conditions in all p"rtS 
of the country and are invaluable in the work of this Bnrenn. dhh 
consists SO largely in supplying weather information to all classes 
of individuals. 

A rather full history of the cold winter of 1917-18, with a liberal 
display of charts showing some of the more important features of the 
pressure distribution and the resultant wind, temperature, and snow' 
fall conditions over the North American Continent and the ndjncenC 
waters, as f a r  as observations would ermit, was issued during the 

Review. 
Weather and Croop Bu2let&n.-Thc National Weather and Crop 

Bulletin was issued as in previous years without material change 111 
policy. I n  addition to current weather :md crop information, the 
bulletin contains, from time to  time, charts and discussions bearinb 
on the relation of climate to crops and agricultural operations. The 
value of this publication is evidenced by the popular clemand for  it, 
which has grown to such proportions :IS to severely tax the printing 
facilities of the Bureau in  its issue. 

Durin the active agriciiltural season a weather and crop summarJ' 

year and given n wide distribution t r iroiigh the Monthly Wmtller 

is publis a ed a t  each section center, 42 in number, which is dissernl- 

Pacific coast wenthr und crop ,~ervice.- x special rnenther :ind cr*o~) 
nated hy bulletins anel through the public ress. 

service, covering seven of the far Western States, was continnecl clur 
ing the yem, with San Francisco as the district center. Tlic biilletln 
issued a t  that, point conforms in both scope and time of issue to the 
National Weather and Crop Bnlletin and has provocl of great value. 

MonthZTy Weuther fieuiew.-Contributions to the Monthly Weathei' 
Review increased rapidly after the signing of the armistice, which 
liberated much material previously held as conficlrntinl and 
alloived fornier contributors to turn from their war-time activities. 

Beginning with the January, 1919, issue, the mnlce-up of tho 
Monthly Weather Review was consolidated by dividing the contents 
into two groups-Contributions and Bibliography ancl Weather of 
the Month-and some improvement was macle in the attractive- 
ness. The contents of the weather section were rearrangecl and 
some new fentures added, the most important being the current 
weather of the Atlantic and Pacific Oceans instead of that for tlie 
corresponding month a year before. 

LIBRARY. 

During the year 890 books and paniphlets were added to the 
library, bringing the total strength of the collection LIP to about 
38,000. A consiclerable amount of bibliographic work hits been 
done during the year, including the preparation of a nearly exhnus- 
tive bibliography on the clim?tology of South America. A now 
edition of the publication " Brief List of Mctoorological Textbooks 
and Reference Books " has been prepared for the printer. Several 
of the niore, important foreign periodicals, whose receipt was inter- 
rupted during tjhe war, are now being received and h ~ e  been indexed 
to date. 
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INVESTIGATIONS IN SOLAR RADIATION. 

The necessity of enlploying untrained Observers IccI to the SUS- 
ension of radiatioli iilensurerncnts u t  Saiita Fe, N. Mas., Between 
eptember 12, 1918, and April 23, 1919, and to ti ni:irked reduction in 

the iiumber of I ~ I C : L S I I ~ C ~ ~ C I ~ ~ S  a t  Lincoln, Ncbr., (luring July and 
August, 1918. By the end of April, 1919, n ie~s~re i i ien ts  wcrc being 
Obtained as heretofore ;it both these stations, and also a t  M:idison, his., and MT:ishington, D. C. 

official in charge of solnr-rachtion investi- 
ga.tions to the editorship of the Moiitlily 'Clfcather Review greatly cur- 
'Wed his opportunity for ~escx rc~ i  W ~ Y I L  I-Iowe\w, tlpp)'L\r:btUs was 
tested ancl a11 obsenw trniiied in its us(' for the ~iie:isureincwt of 
h % u r n a l  radiation in orchards a t  Poniona, &!if ., and at Medford, 
Oreg., in connection witli tlie frost-protection iiivestigations of the 
weather Bureau. Mensureinorits were also inndc of the rntc a t  
\?rhich heat is radiated from diff crcnt, types of oil licat,ers c~mployed 
10 orchard heating. 

At, the end of the fiscal jc:ir t h  work of computing froin the 
!adiation iiier~~iirenient~ :~vail:iblc the dinrnr~l an? rinn~~rrl vnrintions 
10 radiation intensity with gcogrnp1iic:d position in tlic TJiiited 
Stntes. ;ind those which tlepenil principi11y upon ~atitiic~e, nltitndr, tind 
the \rapor cont,eiit of the :~tmosp1iere, was wlI1 advnncetl. One of tho 
by-products of the computation h:is been the determination of the 
relation betwwm radiation intensity, cbxpressed as a pcrcent:ige of 
clear-sky intensity, nnd the percentage of cloudiness and of tho 
Possible hours of sunshine, as observed by eyc :mcl recorded aiito- 
hatically, respectively, a t  iiiost, Wr:itlw Bureau stat ions. The re- 
sults of the computation, which will be sliown grtq)hicdly, will soon 
be ready for  publication. 

Froin the relation bctween the sm's totnl, or lioni radiation, and 
the luminous s o l ~ r  radintion, heretofore detorinined, charts and 
tables are also being prepared showing the intensity of direct, solar 
illumination on n snrface normal to tlie solar rays, on a horizontal 
Surfwe, and 011 vei*tic:il siirikccs in the plane of the nieritlian and 
the prime vertical, rcspcctirely, :md also the intensity of cliffuse 
sky illumination on R horixonttd surf:ice. The illiimination data 
?re firmished in iwponse to repeated and urgent I-eyuests from 
l!luminsting enginee1.s and :Lrclii tccts, and mnst be considered pre- 
llrninnry in tlwir clxiriicteI*, 11s the invrstigntion  ins disc1osecI tile need 
of extensions in tho observntional work, especially on the Pacific 
and Gulf coasts and in the northern tier of Stntes. 

The :lssigniipnt> of 

INVESTIGATIONS IN SEISMOLOGY. 

The iiiiportant work of collecting find publishing earthqualre data, 
begun Decomber 1, 1914, has been continued during the year. These 
data are of two kinds, noninstrumental reports of earthqunlros felt 
and instrumentnl records, often of qualres imporceptible to tho senses 
and even originating a t  ;I. groat disttmcc. The lioninstrumental 
reports are reridcrccl by d l  the regi~lai~ stations of the Bureau,nearly 
200 in ~iunibc~' ,  and rilso by nenrly 1111 the Bureau's 4,500 cooperative 
observers. The instrumental records published by the Bureau have 
been obtained in par t  by instruments owned and operated by the 
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Bureau itself, one at  Washington, D. C.; one at  Northfield, Vt.; 
and one at Chic?go, 111.: and partly through the cooperation of a 
number of additional stations distributed from Panama to Alaska 
ana from the Hawaiian Islands to Porto Rico. 

During the calendar year 1918, 127 separate earthquakes strong 
enough to be felt were reported from different parts of the contl- 
nentd United States. The great majority of these did no damage 
whatever; a few, however, were strong to severe. One of these, 
occurring on April 21, destroyed the business sections of Hemet 
and San Jacinto, in southern California. An equdly severe quake 
occurred on May 28 in New Mexico, but did very little damage. 

The chief earthquake damage in our outlying possessions occurred 
in Porto Rico on October 11 and 12. The records of this series Of 
quakes obtained at Washington and Chicago were used by the corn- 
mission especially delegated to study these disturbances. 

In addition to the above regular work certain studies of meteoro’ 
logical phenomena have been made and several brief papers pub’ 
lished. 
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