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INTRODUCTION 

In  science and its application to human needs progress is seldom, if ever, a 
process of steady development. liatlier is it  chnraclerized by n series of accel- 
erations or sudden spurts intcrspersed with periods of quiescence, soinetimcs of 
retrogression. Meteorology presents a striking exnmple of this cyclic tendency. 
For 11 brief period, uiider tlie griidiug liniid niid brriiii of Aristotle, it  finshed out 
in brillimice, then slumbered for 20 centuries. The Renaissance which begnii u 
hundred yenrs ngo bids fair iiow to eclipse maiiy fold any former nchicvemeiits 
and to bring mcteorology to n posifioii of dignity and rrsefuliiess quite 011 a p:ir 
with that held by other utilitnriau scieiices. None other can indeed contribute 
more to humaii efficiency, to humnii welfare, niid to humaii happiness than c:m 
meteorology, and most of them not ~icnrly as much. 

The fiscal year thnt closed June 30, 1937, afforded some forceful and dramatic 
examples of tlie important, n t  times tragic, part that unfavorable weather plays 
in liuiiinri affairs and of tlie highly constructive role that ail efficiently organizcd 
weather service can nssiiine in mitignting tlie effects of such menther. There 
was tlic drought of the summer of 1036. Uiifortiinatelg drpendable predictions 
for more thnn a few days in advance are not yet possible, but the day-by-day 
suininnries and nnalgses of concJitions throughout the country, coupled with 
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short-pzriod forec:ists,  pro^ ided inforinntion to the rarions Government ngen- 
cics :ind to the Ned Cross which enabled theni to reduce suffering and loss to n 
iniiiiniuni. 

P:iradosically enough, there came in less t l inn 1i:ilf :I yeair one of the most dis- 
:istrow floods of all time. lkwnoniic los5es mere e~iornions but they would have 
been nlniost iiifinitely grcnter 11:id it not been for tiinely wirnings, which like- 
wise kept the dent lis resulting from the flood to :I compnratively sinall number. 

‘l’lie year sxw :ilso rfcortl-l)re;iltiitg frc*zc.s in the citrus-fruit districts of 
California; ant1 a series of nircrnft cr:ishes, part  of which were c:iused by un- 
fnvorable wc:ither. It is 110 secret th:it pr;ictic*:illy the entire citrus-fruit indns- 
try of southern C:ilifortii:i wonld have been wilictl out if protcct’ 1 a ive nie:Isnres 
liad not been talcell in reslmise to the Burran’s warnings of estreinely low 
1 emperatnres. Alinost conipletc loss :ictnally occurred in groves which had not 
been provided with 1ic:iting eclnipmeiit. 

The aircraft atacidcnts enipltasizcd very forcibly that the time is still a long 
way off, if indeed it ever co~ncs, when weather ciin be left out of the rwltoning 
in planning aerial flight. And it  ib proper to point out that, agiiiiist tlir few 
accidents that occnrred, hundrc~ds of Ilights were either postponed or c%nceled 
1)ec:nisr of wiirniiigs of bad n u t h e r ,  atid in:iny potentin1 nrcidmts \ v e r ~  tliiis 
prevented. This is i i  point often lost sight of. Alnch is hwrd  of :in occmional 
failnre, but little, if :mything, about tlie ninny live5 and the hnnilretls of mil- 
lions of c1oll:irs’ worth of property saved by ships being held in port when storm 
warnings are hoisttd ; by special provision for heating or refrigeration of per- 
ishxble fruits : i t i d  gnrden trnck when a cold wave or a hot wave is predicted ; 
by concentration of fir(,-lighting forces a t  t1ire:itencd points when wwtlier con- 
ditions are favoratile for destructive fires in the ,qrw t forests of tlie conntry ; 
and hy tlie tritnsfer of 1xxq)le :md property to safer places when a hurricane or 
a fi ood threat ens. 

Alniost infinite are the coiitributions thrit :i wide-nwalte meteorological serv- 
itc can inalte to the econoniic :ind socinl life of :I people. Yet so prone h:is iiian 
been, nntil rercntly, to accept the wrnt1ic.r as :in nnknown quantity in the 
Inathematics of buying nnd selliiig, th:lt thr  Imsibilities of ni:tking use of a 
knowledgr of the we:ithn. :ind its ways are even yet only partially realized. 
Much still reniiiiiis to he done in :iccln:iinting 1 he pnblic with the innilifold types 
of service, statistical. i~iforinational, rind prognostic, for :I variety of hnmnn :IC- 
tirities that are availahle and of high v:ilnc~ lo  thcni, and in coori1in:itiiig the 
service of tlie Bureau with the fnnctions of relief agencies when disasters 
threaten. 

Special nttcsntion is heing given to what w e  h:ire referrcd to :is “an WCR- 
sional fnilure.” Unfortiinntcly failures do occnr in all lines of h~ini:ui ende:iror, 
iiicluding iiiet(~orol(~gic:tl service. 1’wh:ips they will iicvcr he (d i re ly  e1iiniti:ited. 
Tlic important thing is th:it we rc~cognize their existenre :ind that wo conccn- 
triile in efforts to hring their niiniber down to :in “irreducible minimmn.” 

Within the limits of its resourcw tlic Rnrwn is now doing this very thing. 
Chief requireiiicnts for siiccess in bringing about iiiiproreineiit :ire : More fre- 
q w n t  reports of snrfncr conditions froin a closer network of stations ; a higher 
standard of itistrinnent:il equipment used on ships, in order to  secure more ZIC- 
cwrnte atid inure (1et:iilc.d dat:i n s  lo cwnditions over the occnns ; a much more 
complete progrnm of sonndiiig the upper air, untlonl~tc~dly one of the niost 
frnitful ~ o n r ~ ~ c s  of impi~ovenient, as  yct hnrrly tngped : niid, in inany respcc-ts 
most important of :ill, research and still more rese:irch, in order that fnll and 
effectivc appliration may be ninde of t lie. inore :ibunilant nnd more accurate 
obscw.:itioiial nxitcrinl that is slowly hcwmiiig av:iil:~hl(~. A niost hopc’fiil sign 
lor tlir fntnrr is the iwre:isiiig :ittention that is being given to  basic research 
by all of the principal incteorological services of tlie worltl, :ind it is the purgose 
of the \Venther Bureau to play :I lwditig pnrt in this field. Of great sigiiifi- 
c n i i c ~  ant1 :issist:inw it1 this connectioii is the :iction l:il<(~n i n  r(wbnt yc’nrs by 
et1ncation:il institr~tioiis in organizing high-grxle ineteorologicrtl depnrtments, 
emhriicing both ndvnncvxl training nnd research. 

In thc following piiges will he found brief snminaries of what is being done 
in thv varions lines of the Ihircnn’s svrvice. With insnffic~itwt funds even for 
its ort1in:iry routiiir fiiwtions, progrcw ill hringiug :il~out thci i ~ i ~ ~ i r o v ~ ~ ~ ~ i ~ ~ ~ i t s ,  
that are possible and t hiit arc vitnlly newssnry in tlie pnhlir intcrefit is slow, 
but it is definite. As previously stressed, the contribution t1i:it :I highly efi- 
c*ic.iit wc~rf I i ~ r  sorvic*c> (*:I I I  in:ilw t o  thc. wononii(~ :itid so(9iil wr1f:irc of :I pcoplo 
is vcrg large. 0111s l lw  o1)cninq c1iaptc.r of the Im<sihiliticls 1i:is thns far brcn 
wril terr, :ifthoriglt tlic cli:riigcv+ Ili:r t fire now t:iliiiig pliicc give 11s sonic glimpses 
per1i:ips of tlic I ypc :ind c2li:ir:icter of service that tlic future will bring. 



3 WEATHER BUREAU 

METEOItOLOGICAL RESEARCH 
Active research progrcssed on a number of problcnis coreriiig a wide field 

in meteorology and its pr:icticaI np~iliaitioiis. The results of research by the 
Weather Bnrcau are made gener:illy avai1:ible tln’ougli the mediuni of the 
Rloiitlily We:ithcr Rcviem which, in :idditioii to its fuuctiou of promptly dis- 
seminating elim:itologic:il and weather data for ])iiblic use, also provides limited 
facilities for the publictition of coniribntions to ineteorology by personuel of 
the Bureau :ind, to a small esteiit, by otlicrs. 

Among the more iinpoi’taiit resc:irc*li papers of most geiiernl interest tliiit 
nppeared during the fiscal year inny be nirlitioned : The synoptic air-mass 
niinlysis studies by Steplien Lic~liCbl;iu, Upper Air Cold Frouts iii North Aiii(~rira 
(vol. 64, pp. 434425),  %lid B. Holzman, Synoptic Determiniition and Forowst- 
irig Significaicc of Cold Fronts Aloft (vol. 64, pp. 400-414) ; tlie initial con- 
tributioiis to an iiirestigntioii of North Aincricmi cold waves by 1%. Wtxlrr, 
Cooling in tlic Lower Atmosphere nnd tlie Structure of Polar Coiitiuenlnl Air 
(vol. 64, pp. 122-1313), tuid Absorption of 1iaili:ition by Water Vapor as dcter- 
mined by Hcttuer aiid by Weber aiid Rniidall (vol. 65, pp. 102-104) ; a further 
coiitribiitiou to the nintheiiiatical iurestig:itioii of flood forecnstiiig by R. T. 
Zoch, On the Relntion lx?t\vecu 1I:iiiifall niid Stre:iniflow-II (rol. 64, pp. 106- 
121) ; a coml~rchcnsire suinrnary of iiircstig:itions iri long-rniigc forwasting by 
13. €1. Clnytou, Long-Period Weather Cl1:ingc.s :ind hletliods of Forecasting 
(vol. G4, pp. 369-376) ; :i study of one of tlie sigiiifieaiit plirnomcnn of liurri- 
caiies by I. R. Tanliehill, Sen Swells in Iklation to RIoucniciit niid Intensity of 
Tropicnl Storms (rol. 61, pp. 231-238) ; tlie early parts of a coinprchciisive 
investigation in mc~trrologicnl optics by E. W. W(io1:i I Y ~ ,  Tlir Geometrical 
Theory of Halos (rol. 64, pi,. 321-335; 1-01. 65, pp. 4-8, 55-57) with tables com- 
puted by C. RZ. Le~inalinii ; mid a rontributioii to the iniportaut siibjcct of 
ii1tr:iviolet insolation by W. 11‘. Coblcntx, Rlethods of (~11i:itiiig Ultraviolet 
Solar Iladiatiou iu Absolute Units (vol. 64, pp. 319321). 

AIR-MASS ANALYSIS 

Although still hniidicnppcd by lack of snfficirnt fmids and facilities, the 
work in nir-mass milysis  aiid its npp1ic:itions to forcvnsting wis continlied 
and further drreloped a t  the Ceutral OfHce. Tkc system:itic trnining of 
selected field personn(.l mns rontinucd to tht. liinitcd estrut possible. : nnd 
plans were formulntcd for further esterision of the morlr in the field as rapidly 
$18 prncticx1)le. St(.ndy progress hiis broil iii:itlc in the twtiniqne of froiitnl, 
ltinc~matic, mid thermodyiinmic analyses of snrfiice synoptic innps, upper-air 
maps, and vertical cross sections tliroiigli tlie free atniospliere, niid in  the 
prognostic interpretation of these annlyscs. 

Importnu1 advaiiccs were effected in thr coordiiiation of this morlr with that 
of the offrinl forccasters a t  tlie Ccntml Offlce. 111 piirticwlrir, tlw 1 : 30 1 1 .  111. 
niid 1: 30 p. m. mnps, aiinlyzed in detail by the traiiic.tI personnel of tlie air- 
mass section, linve been u s ~ d  as n guide for rapid aiid reliable nnalyses of the 
7 : 30 a. in. and 7 : 30 p. in. maps by the forec:istcrs. This procediire has lieen 
of matrrinl :iid to the forcasters  iii the frontal :innlysrs : the forrmsts :irc 
exprditrd, mid frequcntly arc issued with n i o r ~  confidence 1)eciinse of greatcr 
assurnlice of a corrrczt analysis of the current i n a p  

Tlie aiialysis of tlie 7 : 30 a. 111. lllap is transmitted daily over all teletype 
circuits, for iise in tlie field. 

Itesenrcli work nc~eoniplishcd rhiring the year included nn invrstigntion of 
upper-nir cold fronts, miti stuilies of air-iiinss conditions diiring grcJ:it fiootls in 
e~istern United States ; n new s i i in i i~ :~r~  of the r1i:iracteristics arid progressive 
Inodificbntions of air missrs ovcr the United States, b:ised on recent diitn from 
:iirpI:int. soundiugs, m:is begiun. 

Under n n  :illotmtwt from the special rcsrnrch fund providetl hy the Rnuk- 
Iicnd-.Toncs Act. nn investig:ition of c ~ l d  mavcs in North Anwric:i w:is carried 
011 i n  coopcr:ition with the C:in:idi:iu Rlcteoro1ogic:il Service, Rlnss:rcllnsc+ts 
Institutr of Tcvliiiology, and Rnre:in of Agrirnlturril IC(wioiiiic.s. CoI(l-:iir 
niiisses form from \variiit~ air in tlw far North (luring the Arctic winter, 
by tlic n1)tvnrd propngntion of r:idiation:iI cooling over t Iic siiow-covrrcd 
coiitinent, until eveiitn:iIly iiu ontbrtanli occurs in the forni of :i cwld wave 
which swcvy~s soutliwnrtl over (’:ttindzi and tlw Uuitrtl 8t:ttcs. nc~t:iile(l 01)- 
serrations wvcre m:idc~ of mc.tcorologi(’:il conditions diiring tltc clwclopniciit 
mid snl~.;rqnt~nt ontl)imlrs of colt1 air 11s UIC:IIIS of :iirI)I;iiip soiuiiliiigs. tcrrrs- 
trial rni1i:itioii ~nc;i.s~ireine~~ls aiid siiow-si1rfncc’ teiiipcr:itiire o1)scw:itioiis :it 
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Fairbanks, Alaska ; Fort Smith, Canada ; and Fargo, N. Dali. ; and a statistical 
and, theoretical study of these and other data was carried on a t  the Central 
Ofice, to ii1vestig:tt.e the physical processes of the formation of the cold-air 
masses and the dynamical mechanism of their southward release and propaga- 
tion. Significant progress was niade toward a clearer understanding of 
these phenomena, although the usefulness of the data for the purpose was 
limited by the fact that the winter was an abnormally warm one in  Alaska 
and northern Canada ; the results of this study should be of considerable 
value in improving the accuracy and extending the range of cold-wave predic- 
tions, and in the solution of other meteorological problems. 

LONG-RANGE WEATHER FORECASTING 

The active carrying forward of the project of relating precedent tempera- 
tures and rainfall a t  GO foreign stations with subsequent temperatiire and 
rainfall conditions in the United States was impossible owing to lack of 
W. P. A. funds under which the work was conducted in the previous year. 
However, group indices of barometric pressure, developed by Sir Gilbert 
Walker and known as (1) the southern oscillation and (2) the North Atlantic 
oscillation, were related with temperatures in 12 districts of the United 
States with time intervals of one quarter, two quarters and three quarters. 
The North Atlantic oscillation seems to hare little relation to temperature con- 
ditions in the United States; only 4 correlation coefficients out of 144 mere 
0.30 or more. The southern oscillation, which gave 25 coefficients out of 144 
with values of 0.30 or more and 6 with values of 0.40 or more, apparently shows 
so~iic significrincc as a prediction factor. For example, the Atlantic and Gulf 
States in winter show a positive relation, and the Plateau and Pacific States 
a negative relation with the southern oscillation two quartrrs and three 
quarters preceding. I n  the summer season, the South Atlantic and Gulf 
States and the Ohio and Mis ppi Valley and Plains States seem to show 
a negative relation with the southern oscillation three quarters before. It is 
proposed to work out correlation coefficients bet weeii Indian monsoon rainfall 
and temperatiires for the 72 United States districts. 

A surrey was made of studies that are being pursued in Europe and i t  was 
found that a very limited :mount of such work is being done. The nos t  
active country in investigations of this kind is Germany, where there is a 
specially organized bureau devoted entirely to long-range forecasting work. 
The method employed is mostly statistical but partly synoptic. !LVhe results 
of the 10-day and monthly forecasls are  said to be satisfactory. However, 
before undertaking work of a similar nature in  this country eren in an 
esperimental way, it is proposed to clieclt carefully the results of the German 
forecasts. 

The problem of long-range forecasting is an extremely complex one and 
progress of i1ivestig:itionu in this field is  necessarily slow. I t  is becoming 
evident that new approaches will be required and it remains for someone 
with vision to suggest new leads that are  not now apparent. 

SOLAR-RADIATION INVESTIGATIONS 

The observations and investigations of solar radiation which have been 
conducted by the Bureau for many years are  of basic iniportance in a wide 
range of meteorological, physical, engineering, biological, and medical prob- 
lems; and the data are  in great demand. This work was strengthened during 
the ycar by several improvements in the instrumental equipment and observii- 
tional technique, the addition of acciirate continuous rvgistixtion of the 
.risible component of radiation from sun and sky a t  Washington, D. C., and 
the initiation of absolute measurements of nltrariolet insolation. 

IMPROVEMENTS IN EQUIPMENT 
As a result of eontinued investigations carric4 011 in cooperation with the 

National Ihrenu of St:intlai’ds 35 high-power ceiling-light prokctors were pro- 
cured. They project a 5W,000 candlepower benin with 11 spre:id not greater tlian 
4 degrees. In order to realize the advantage of the more intensca brain, base linrs 
are heing increased from 501) feet to 750 or more. Measurements of ceilings up 
to 10,000 fcet are  being reported. 

In  order to aid o1)servc.r~ jn the dotermination of prclssurc clinnges tem- 
prratnrc-coni~)cnsatetl bnrograplis in which thc pressure scale is magnified two 
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and one-half times and the time scale increased to permit hourly time arcs 
on the record charts have been prorided at 130 stations. 

During recent years there hare  been introduced along airways simple de- 
vices for indicating wind direction by nieans of four electric lamps nctuated 
by the wind vane through contact mechanism. J'lnns have been made to pro-, 
vide wind-vane bearings equipped with eight contacts instead of four, and also 
indicators of more pleasing design. This arrangemcnt will permit determina- 
tion in the office of the position of the wind vane to 16 points of Chc compass. 

A device to make a continuous indication of direction by means of a light 
spot moving on a dial synchronous with the vane is in course of development 
in the Instrument Division. 

Ten anemometers in which the results of extended experiment and tests have 
been embodied in actual construction by a contractor hnve been procured. 
It is planned to send these to stations chosen to represent widely differing serv- 
ice conditions in order to learn thcir performance in  actual service. They 
were designed for use up to 150 miles a n  hour. 

A special anemometer, without dials, but equipped with jewmile contact mech- 
anism is now being produced. I t  is based on sound principles of design and 
constrnction and is inexpensive. Plans are undcr way to procure a number 
of them for use along airways and elsewhere where measurements of momen- 
tary velocity are  desired. 

Corrosion-resistant steel is now employed exclusively for thermometer backs. 
In order to reduce weight they are thinner than the aluminum backs for- 
merly used. This lias led to some difficulty in moiinting them in the older 
supports, but section directors are finding solutions to overcome this difficulty. 

The anathermoscope reported last year is still in tlie experimcntal stage. A 
nitmbcr of experimenta1 flights with this device were made at Oaliland, Calif., 
airport. 

AEROLOGICAL OBSERVATIONS 
RADIOMETEOROGRAPHS 

The development of radiometeorographs wns pursued during the year in 
cooperation with the Nationnl Bureau of Standards. A number of these in- 
struments wcre rclcased with balloons a t  Omaha, Nebr., together with the re- 
cording type of meteorographs, during November, the international month for 
193F, with encouraging results. Experimmtal flights were nlso made a t  Wash- 
ington, D. C. A modified type of instrumcnt was constriicted in the Instru- 
ment Division, using a cam, shaped in the form of an Archimedes spiral, for 
making contacts whereby the range of both tlie pressure and temperature 
elements can be cstcnded over 3FO" of! the Olland cycle. An improved type 
of contact mechanism was designed which makes a positive electrical connec- 
tion of short duration, thereby avoiding ambiguity of the record. Consider- 
able progress was made in the development of air-driven motors and electric 
motors operated by flashlight batteries. A governor has been designed to pro- 
vide n iniifoFm rate of speed. The perfertion of these features shonld elimi- 
nate difficulties of clocks stopping a t  low temperatures. A number of thc radio- 
meteorograplis developed by Harrard University were purchased and compari- 
sons made with the Government types. Evaluation appnratus wns designed 
and calibration methods developed. A number of the Wenther Bureau-type 
instruments were constructed by n commercial concern nnd purchased by the 
Bureau. Study was nlso made of the types of instruments developed by the 
California Institntr of Technology and foreign governments. By the end of the 
fiscal gear, it was possible to plnce orders for a considerable number of each 
of several types of these instruments for regular use a t  four stations during 
1933735. 

COOPERATION 

Very close cooperation lias contiliued with the Bureau of Air Commerce 
in tlie airway service of the Bureau and with the War and Navy Departments 
in airplane observations. The War Dcpartmcnt continued to make daily 
flights nt the eight Army fields listed in the report for Inst yenr, and the 
Navy Department added Coco Solo, Canal Zone, and St. Thomas, Virgin 
Islnnds, to thc seven Navy stations shown last ycnr. The Bureau incrcnscd to 
12 the numbcr of stations where these flights are made under eontrnct with 
commercial flyers, by adding Miami, l?la. ; Oaltland, Calif. ; Salt Lake City, 
Utah; and Sault Ste. Marie, Mich. 



IMPROVEMENT IN THE METHOD OF MEASURING UPPER-AIR WINDS 

In order to determine wind directions and vc>locitics at higher clerations 
than is now possible with G-inch pilot ballooiis, double theodolite observations 
*ere started, using 16-inch balloons. When :i sufficient nnml)cr of these two- 
theodolite ohservations 1i:iw been made, the nieau nsceasiounl rate will be 
drtcrmiiiecl :ind tlm largcr bnlloo~ls substituted for tlir smallrr oncs in regular 
siiiglc tlicodolitc observ;itions. J3y virtue of their more rapid nsceiit and the 
1:t rger sin., not orily can they be followed to greater heights and distances, 
but they will also shortcii the timc required to make these observations. 

INTERNATIONAL MONTH 

Diiriiig Nowinher, the international month for 1936, the Bureau made daily 
sounding-balloon obscrv:rtions at Omalia, Ncbr. At  tlic request of E’. I’aneth, 
Imperiul College of Science mid Teclniology, London, ICngland, a i r  samplers 
were attiiclicd to six of the bulloous. Five of the samplers have been found 
and returrietl t o  I’rofessor I’:inc~th for m:ilysis of tlic helium coiitrut of the 
:itmosphcre :it grcat heights. Tliirt y-five out of a total of 37 somiding-ballo~ii 
nieteorogr:il)lis, rcale:iscd diiriug the nioutli, lirive beell fouiid and returned to 
the J(urenu, nrhcrc tlir rccortls arc bring cv:iln:ited. Tlicse data will be for- 
wiirded to tlie 1iitcru:ition:il Aerologicdiil C’ommission for publication, together 
with those obtained siinu1t:rneously throughout tlie world. 

SERVICE I N  AID OF AIR NAVIGATION 
Approriinatcly 120 6-lioiirly wcntlier-rrporting stations for airway service 

werc established in sireas where inetcoro1ogic:il reports were iiot availnhle. 
To supplement this program, over 100 of the existing teletype or rndio liourly 
reporting st:i tions nlong the airmays were equipped with :idditioi~al iiistru- 
ineuts for the taking of special 6-hourly obserwtions which are ruu iii se- 
qurnces over the tclptylie niid radio circiiits. Tliis program Iiiis rcsnltcd in a 
iniich more complete network of o1)serv:itions for use in coniiection with the 
preparation of detailed weather ~iiaps :it :ill airport stations :ilong tlic airways, 
the :iu:ilysis of iiic.tcololob.ic.:il silua tioiis, riiid improved airw:iy forchcnsts. 

A program of collecting two rcports, inste:icl of oiie,, for eacli airplane clcnr- 
ance from stations along :iirw:Iys iiot equipped with teletyye or radio, w:is 
put into effect. The first cle:ir:rnce r q m t  is collected about :in Ilour prior to 
depiirture and tlic second just before degcirturc, tlins prrniittiiig :I coingarisoii 
1)etwecw them to tlrtcrniine whellier conditions :ire iniproriiig, growing worse, 
or rrimining unchanged. 

The instrumcntatioii of about 35 iiiiportaiit nirports :ilong the airways 
was improved by tlie iiistalliitioii of ceiling projectors which project n more 
intense berini of light for il1umiii;iting :I sljot 011 a cloud 1:iyc.r :it night as  a 
inwns of d(1ttwnining tlie Iiciglit of the layer. 

The service w:is strengtlieiied ill the United States by the assigniiieut of addi- 
tional pc~rsoiincl to nndcrstnffrd static . Some i ~ ~ i l ~ r o r c ~ n c i i t  of service in 
Alaslw and Hawaii W:IS effected by c iblislinient of several iiew wc:itlier- 
rcportirig sttitioils 011 :I cooperri t i w  b:isis. 

A iicw airway geiier:il supervising and forecast center was cst:tblislwil a t  
Arlington, \’:I. (1ic:ir \%‘:ishirigton, D. C . ) ,  during the year, bringing the nnni- 
ber of snch stations to 11. 

Tlicrc are  iiow 52 first-orclcr airport stations wlierc wrntlicr miips, hourly 
weatlier rcports, 1)ilot-ballooii obscrv:itioiis, :ind meteorological advic*c or forc- 
casts :ire aviii1:it)le. In :idditioii to tlioscb, tliere :ire 228 st:itioiis rciideriiig 
hourly weather obscrvntioris, 370 airwny st:itious rciidwiiig weather observa- 
tioiis iit rcygil:ir timcis, or on call, to serve schetlulrd flights, :ind 132 of€-:tirwiiy 
statiolis rcnderiiig rqjorts every (i hours in the airway wcat1ir.r network, or 
a totnl of 782 shitioiis. Adtlitioniil rcyorts froin stations in ~’:iii;tda, Rlcsico, 
and Ccutral Anierican cwilitries, : i i id froin ships :it sen, are received. Selcctctl 
groups of rcliorts froin the above are rcl:tyc~l by telctyIie :ind wclio to :ill 
Wwither Hiu’cnn airport stations c.vcry 0 hours for llie prepiiratioii of wcnther 
niiips. ‘Hie 11 airport stations, 1oc:itcd at Nrwnrk, N. J. ; Arlington, Vn. ; 
Atl:int;i, Ga, ; (:level:md, Ohio ; (‘hic-aqo, 111. ; Ihnsns  City, Mo. ; D:~lIiis, Tex. ; 
Salt Lake Pity, 1Jtnh ; I’ortkind, Oreg. ; O:rltland, Calif. ; aiid Burbank, Calif., 
supervise Ilie servict. in tlicir respcvtivc districts niid issue 6-liourly airway 
regioiial aiid tcriniiial forecasts for tlic periods 4 :  30 n. In. to 12: 30 p. m.; 
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10 : 30 a. in. to G : 30 1). in. ; 4 : 30 13. in. to 12 : 30 1). ni. ; and 10 : 30 1). 111. to 
6 : 30 :I. in., e:ist(,rii st:iiid:ird linie, based on observatioiis iiiule a t  1 : 30 :iiid 
7: 30 a. in. and p. in., eastern standard time. 

EXPANSION OF THE FIRE-WEATHER SERVICE 
The fire-weather service was snpplcmeiited during the year by the adflition 

of four new mobile forecasting units assigned to  lie:i&1ii:irtcrs :it AIouiit 
Slinst:i, Calif. ; I’ortlniid, Oreg. ; Seattle, Wasli. ; and Missoul:t, Rlont. These 
four units, with tlie oiie lirovidcd by tlie Unitcd Stntcs Forest Scrvice several 
years ago, and which is iiow operating i n  southern California with heabpiinr- 
ters a t  Pas:idciia. hare e d the :idv:iiit:rges of this form of intensified 
service to all nwtcrii di, cowring tlic principal forests (Oovcrnnieiit, 
State, mid private) of C in, Oregon, WVasliiiigtoii, Idaho, and wcWcrn 
Rlontnna. 

These mobile units do not rep1:ice the service wliiceli lieretofore has been 
given iii the districts in which they are 1oc:itcd. Tliey provide an :idditioiinl 
aiid a niore coiii1)letc and sntisfactory aid in tlie direct control of major forest 
fires. O1iserv:itions are collected mid clirirted and daily forernsts are issued 
from the sererril lieridqunrters during the swsoii of fire 1i:iz:ird. ’l’licsc~ fore- 
pasts arr for tlie innjor forests nnd are localized as conditions warrant. On 
tlie otlier li:iiid, service from tlw triiclis is directed towircl :i particular fire 
t h t  is in 1)rogrcss. In effect, the forccistcr iiioves liis office :ind f:icilities to the 
swne of tlic fire wlic~re he will be in closc touch with those in c1i:irgc of tlie 
fir(. fightiiig, tind c:in iniiiiediatc~ly give inforiii:r tioii of :my c\sl)ectcyl c~1i:iiige 
in weather conditions which will affect the lieliavior of the fire. 

A mobile uiiit is essent inlly n portrible iiictrorologicnl oRic*e built into s 
staiid:iid trurl; chassis and provided with obscwiiig, charting, :ind commu- 
iiicntion facilities. It is m:inned by :I forcwster and radio operntor who a1w:iys 
accoinpniiy the truck. Tliey niust :itl:ipt thenisclves to conditions mlicrc thr 
fire is ragiiig ; :uid tliercforc :I camping outfit, taiilrs for oil, g:isoliiic, and 
writer must he c:irrietl with the truck. Commnuic:itioii is i)rovidcd by :I radio 
receiver and tr;uisinitter :ind by a port:iblc tclcplione which niay be coii- 
Iiertccl with forcst telephone lintis. IClcrtric cmrrcwt lo oper:ite the radio eqnip- 
mcnt, lights, etc., i s  fiiriiislictl by a portable gasoline-driven geiier:it or which 
forins a part of tlic truck equi1)menl. 

Detcrniiiiation :is to mlrcn the truck sli:ill 1 ) ~  sent to :I fire rests with :L 
centr:il disli:itclic~, who usunlly is a n  offic4:il of tlie Forest Seryicc. charged with 
firr-snl,prcssioll work. After arrival :it the fire, tlic niiit liccomes :ui integr:il 
part of tlie fire-fighting org:inierition. Tlie first action is to choose :I snitrible 
lovutioii for the trnclr rind then to set up tlie iiieteorological ins1 iwncnts, ( w e t  
the antenna, and put the r:idio eqnipmtnt in rwdincss for scrviw. The fore- 
c:istrr studies coiiditioiis snrroniiding the fire aiirl fnmiliurizes himself with 
l0Ctll topogr:ll)ll$. 

nntn for the 1)repar:itioii of synoptic niaps showiiig srirf:ice and upper-air 
conditions arc c*olltvfcd nlid cli:\rted. This inforiniition is obtriiiicd from 

of wcnther rt1)orts 1ii:ide tlirougli Navy and Dc1)nrtinciit of Coin- 
ions and throngh direct c’ont:ict with Forest Service radio stations 
r the most part, in fol . J’criodic ronfereiiccv :iw held between 

the forrcaster and snpprcssioii 0 IS for t 1 i ~  piu’posc of foriniilntiiig plans 
for control of the fire \):imd on csisting rind espectcxd cliniiges in wcatlicr 
con Aitioiis. 

Weat1ic.r iiiformrition r~nd foree:tsts : I ~ P  a l w ~ y s  of high ~ ~ n l n c  to fire fighters. 
Frequently they are rit:il. Kitowledge 11s to the force and direction of winds 
is of p:irtirnl;ir iniport:iii b:id<tiring is coiitein1)l:ited. A innjor nd- 
vnntrigc of tlici inobilo nni tlir forrc:istclr bccviiiic~s :I prirt of the fire- 
fighting force, ;nid :dl of ivtions :ire direcstcyl speeifienlly tow:iril t l ic  
control of that particular 

The relntirc~ly frcquent O ~ C I ~ I ‘ ~ C I I C C  of serious fires and the fact tlint fire 
Iinmrtl is in or^ or lcss rontiuiious tlironglioiit tlie seasoii iii Westcwi St:i lrs 
arv reasons for first introdiieing mol)ilr forecxstii 
weather distrivt s. Extension of swli scrvic.cb to (*e11 
is contemplated wlieii facilities for doing so beconic a 

EXPANSION OF RIVER AND FLOOD SERVICE 
Great floods 1i:ire occurred in our prinripal rivers throuzhoiit recorclrcl his- 

tory, niid mill coiitiiiuc to occur in tlic future. Platis for flooil control 1)roniisc 
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to reduce their magnitude and protect favorably situated areas, but as long 
as communities and industry find it profitable to occupy that  portion of the 
stream channel intended By nature for  the passage of floodwaters, accurate 
arid timely forecasting and the methodical evacuntion of stricken mens must 
be integrated into the nationnl plan of river regulation gad control. The 
Weather Bureau fully reeognizes its responsibilities in the matter of improv- 
ing its forecast service to meet changing conditions and the demand for more 
rcflned aiid timely forecasts, but has been limited by the amount of funds 
available for the purpose. 

During the past year increased funds have made possible a beginning on a 
program to organize the United States into eight hydrologic districts. Within 
each district a n  intensive study of the relation of rainfall to run-off will be 
made, the results of which will be utilized in the development and improve- 
ment of river-stage forecasting methods. Two of these districts, one located 
in  the Missouri Valley and the other in the upper Mississippi Valley, have 
been organized and good progress has  been made in  the work during the 
comparatively short time they have been in operation. 

The great floods in the Eastern States in March 1036 and in the Ohio and 
lower Mississippi Valleys in January and Fehruary 1937 hare forcefully brought 
to the foreground the necessity for establishing hydrologic districts through- 
out the whole of the country with the least possible delay. Particularly a re  
they essential to forecasting at important points in headwater areas and in 
the smaller river basins. 

An important step in the expansion of the flood-forecasting service has been 
made possible under a project in which the Weather Bureau, the Geological 
Survey, and the Commonwealth of Pennsylvania are  cooperating. The ob- 
jectives of this project are  to provide the means of inaugurating a modern, 
scientific river-forecasting service throughout Pennsylvania, aud to establish 
new sources of basic hydrologic data which are  necessary to the program of 
forecasting and which are  inclispensahle to the design and operation of flood- 
control works. The project embraces the development of a dependable means 
of transmitting promptly rainfall and stream-flow data from tlie index water- 
sheds to the flood-roul ing and forecasting offices. Approximately 130 record- 
ing rain-gage stations are being located in  the watersheds of the Allegheny, 
Monongnhelu, Susquelianiia, and Dcllawarr Rivers. These rain gages are  be- 
ing established on three circuits over which experienced hydrologic engineers 
will travel on schcdulr, attending and servicing tlie gages, and, in season, ton- 
ducting snow surveys. 

Fifteen ndditional river-gaging stations, 17 daily rainfall stations, and 5R 
occasional-reporting ra'mfnll stations were established during the year. These 
stations included many which have been closed since July 1933. 

EVAPORATION 

Water conservation in many localities must be accomplished through storage 
reservoirs. The principal loss to stored water is evaporation, the characteristics 
of which much remains to be learned. 

The Bureau has attempted to meet the needs of those using evaporation data 
in maintaining a system of about 75 class A evaporation stations throughout 
the country; aiid while the evaporation work of the Bureau is now on n 
fairly satisfactory basis, much remains to be done. About 20 new evapora- 
tion stations equipped with standard Weather Bureau instruments have been 
established during the lnst 2 years. All of these stations nre on a cooperative 
basis with other agencies, the Bureau furnishing the instrumental equipment 
and the cooperating agency the station site and nttendance. 

Detailed descriptions of more tliaii 150 evaporation stations nsing both 
st:1ridard Weather Bureau equipment aiid other types have been secured and 
made a part of tlie records. Observations from most of these stations are 
now regularly received niid will be published when practicable. 

Four of the new stations established were in the Great Lakes region in 
cooperation with the Office of the Chief of Engineers, War Department, in a 
study of evaporation for :ill seasons of tlie gear. As nearly as possible the 
temperature of the water in  the evaporating pan is kept the same as that  of 
the wtiter in the Idkes. It is expected that this study will yield interesting 
and valuable results. 
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SNOWFALL 

In most of the western fourth of the United States human activities are, in 
a great measure, limited by the amount of mater available. In great expanses 
of this region the rninfall is insufficient to supply the consumptive needs, 
and  recourse must be had to the conservation of water from melting snow 
in the mountainous areas. To accomplish this Inany reservoirs hare  been 
constructed to conserve the water iind mete i t  out to users when needed. 

The operators of these reservoirs, and those charged with the duty of allotting 
water to users, find it essential to know the approximate water yield that may 
be expected from the mountain snow fields, and to know the time and rate at 
which these waters will reach the users on the lower reaches of the various 
streams. This information can best be obtained through eareful and systematic 
measurement of snowfall, siipplemented by snow surreys which determine the 
depth and water content of the snow mantle. Snowfall data are obtained at the 
various Wenther Burenu stations throughout the country and snow siirwys are  
conducted in cooperation with the Bureau of Agricultural Engineering and with 
other Federal and non-Federal agencies. Extensive data are now published by 
the Weather Bureaii for the Columbia and Colorado River Basins and for other 
sections of the Western States. 

Research work in connection with shielded snow gages of the storage type 
has, been carried on a t  Salt Lake City, Utah, for the past several years. 
Futiire plans include extcnsive research in snow hydrology and the develop- 
ment of methods to estimate quantitatively the run-off from the snow 
mantle. 

PROGRESS IN MARINE METEOROLOGY 
During the year good progress was made in the compilation of marine 

meteorological data, in the preparation of summaries for publication on the 
climates of oceanic and coastal areas, and in iiivostigation of meteorological 
conditiolis as  repotted in observations taken on ships a t  sea. Much of this 
advance was made possible by the special project conducted a t  New Orleans, 
La., as described in last year's report. 

THE MARINE PROJECT AT NEW ORLEANS, LA. 

Under sponsorship and technical supervision of the Weather Bureau, the 
spccial project of the Works Progress Administration at New Orleans, La., 
brought nearly to completion the large task of compiling and summarizing 
more than 5,000,000 observations taken on ships at sea during the years 1880 
t o  1933, inclusive. Work was begun on the records for 1934 :ind 1935. Sum- 
mary cards were prepared for practically all 5" squares of the navigable 
oceans to show, as averages for the whole period of years, the conditions of 
wind and weather and the freqllency of fogs and gales. This work was near 
completion a t  the close of the year. These cards are to be preserved in flling 
cabinets so as to nfford i*elldy reference to weather records, by months, for 
any part of the oceans. The data on the summary cards a ~ e  being used also 
to prepare nionthly charts of the Oceans showing climatic conditions graphi- 
cally. This latter work was only pai'tly completed a t  thc end of the year. 

Ships' weather 
reports usually contain observations madc on several days during a voyage, 
mid they cannot be avcraged in the Same m:uinpr ns land-station obscrvations. 
It is iiecessary to transcribe the individual observations on separate slips 
snd  sort thcm, by ocean squares, before tabulating them or reducing them 
to punch cards. Copying, checking, sorting, and tabulating involved millions 
of individual operatioils. 

Several spccinl compilations were in progress a t  thc ciid of the year. Talin- 
lations of b3roinctric-pressure distribution ovcr the world by months, 11301-20, 
were begun. A heginning was made also in preparing imps of occm-weather 
conditions in ccrt:iin months in order to study thcir relation to dry and wet 
pcriods in the Southern Plains States. Another compilation of largc propor- 
tions was in progress nt the end of the yrar ;  when completed i t  will show 
the history of ocean temperatures (air niid sea surface) in all 5" squares 
having sufficient observations to justify tabulation. 

In addition to marine observat ~ 1 8 ,  colisitlcrable progress was madc in treat- 
ing other classes of data. The largest operation in this phase of the project 
is the tabulation of rainfall records of the United States on a weekly basis. 
not yet completed. 

A large amount of labor was required in this compilatioii. 
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PUBLICATION OF WEATHER SUMMARIES IN THE AID O F  MARINE NAVIGATION 

All ineteorological inforination on the Pilot C‘linrts and in other publications 
of the I-1sdrogr:ipliic 0flic.e for the I)cnc.fit of navigators is snpplierl hy the 
Weather I3urc:iu. During the year nieteorological cliapters containea in  
Sailing Directions of the H,vdrographic~ 0ffic.c. mcre rewritten :IS the volumes 
in this series were revised. Test and t:iblrs mere compiled and furnished 
for publication during the year for the volumes pertnilling to tlir China Sea, 
the eastern 1):rrt of the Caribbean Sea, and the west co:ist of Mexico and Ccn- 
trill ii1rieric.a. Similar ni:uinscripts, inc+liiding upper-:iir data, were com- 
IJkted for publication in Nav:il Air Pilots of tlie West Indies and Ceutral 
America. 

Revision of the we:itl)er summaries, wind roses, and frequeiicies of fogs 
:ind g:iIw sliowii on the Pilot Charts of the North Pacilic 0cr:in was begun 
prior to the ciiil of the yrar. I’nh1ic:itioli of iiew data will begin ni th  thr 
Kortli Pacific Pilot Charts of Jailwiry 1938. This revision hiis been needed 
by narig:itors for n m i y  pears hut \viis not fe:wil)lr until the tliitn mrre com- 
piled in the New Orlwns  project prrrioiisly nieiitioiiecl. A rcvisioii of the 
metrorological chaptern of :I n t w  Hydrographic, Oflice edition of The Practical 
Xnvigator, by N‘otlinriiel I~owditch, was :ilso xcconiplislied dnring tlic year. 

The inonthly publica tion, Wetither on the Occ:~ns, a sepnrate of the Rlontlily 
\Tea ther Review, which is published by the Wc:ither I<nrcau, contained during 
the yciir sewrnl upecittl :irticles of iiiterrht to tlie innriiicr, c*hidly on stornis 
at  sea. 

RESEARCH IN MARINE METEOROLOGY 

The delermimtion of tcwperature nornxils of the se:~ surfncc of tlie Gulf of 
Mexico, the Carilibcan Sea, :rnd the wcstern North Al1:uitic Ore:in hy inonths 
W:IS nearly conipletecl rliiring the ycwr, :ind charts sho\yiiig the normnls :ire 
h i n g  prrpiired for 1)nhlicatioii :is :LII aid to \Vt,:itl!rr Burrwn forcciisters :ind 
for the information of private org:inizatioiis interested in coiiditioning of ships’ 
ciirgocs. A 1:i rge imnber of thermograms from ships werc edited, annotated, 
and prepared for use by research stndcnts ill oc*e:iiiogral)hy :ind meteorology. 
Sevrr:iI tlionwntl ivii ter-teniger:itnre ol)srrv:i tions transrrilied from sliil) re- 
ports werr sortcvl nnd filed t ) . ~  months and by 1” sqnares for nsc in ternyertitnre- 
hislory studies. Fl~)ni this compi1:i tioii, chart s showing diurn:tl ni:ircli of iiir 
:ind wii ter tc~riil)er:itnw in the Gulf of Mexico, C:iril)l)e:in Sea, and adjiictwt 
North At1:intic waters 17 ere prelinred. AII intensive. study of ships’ weather 
rrgort s from North l’:ic.iiic* witcw, with 1):irtiwl:ir reference lo  fronttil me- 
trorology, was carried on during the year, with the object of improving 
1ve:1ther reports fro111 that :ireti. 

Siniihr studies of ships’ reports in other ar(ws gave fnrther aid in the 
forniulation of revised instructions for ni:irine nicteoro1ogic:il ol)scrvcw, tlie 
supply of tlie previous ctlition of thcsv instrwtions, issiwd iii 1020, bring es- 
haustrd. The m:inuscript for tlie revisrd cditioii (Circu1:ir M, sixth edition) 
wiis prepared during the ycrir : I I I ~  ~v:is sent to press iit 1 1 1 ~  closc of thr year. 

The iiew instrnctions, which provide for 1110rc~ detailed :ntd prec*iscb obserw- 
tions tliau the old, lire based on tlic most recriit spccific:iiions of the Ilitcrn:\- 
tional Colnnii*sion for Synoptic Weallic~r Inforination. Spcci:il :ittention is dr- 
rotctl to the proper Inethod of d c  ibiiig the weatlirr :it time of obsrrwtion, SO 
that the true tlicrmodynainic stat(. of tlic :itmosphcw iung be lrnown. Likewise 
the proper procwlnrcs for obtctinitg air rinil se:i-surfac~c tcniper:itnrrs :ire qivm 
iii considerable detail in :In attempt to iiicre:isv tlic arcoracy of these observa- 
tions, which in nian.~ (~ises have l w ( ~ n  found t o I)(* qnil P nnrclinlilc. 

Another result of tlie stiidy of average wrxther conditions on the oreaiis was 
the corirplc~tion of :I ni:innscript for t i  pnbliciition on tlir we:ither of the North 
I’ncific O ~ e i i u  for the infornmtion of OCC:III trarelcrs. This pnblicntion, Average 
Conditions of Wind :ind Wratllor, North Pacific Occ~n~ ,  is now iii press. A 
similar publica tion for North At1:intic~ w i  tcrs (inclncling tlie Gulf of Mexico 
and the (’ariblmin Sea) WIS issued in 1936. 

Tlic coo1)c~iitioii of t l w  1:erinnd:i Iliologicxl Sttition ivm sec~rirril i n  scrvicing 
spa-wiitrr tlicrniogrnplir 011 two ste:tmsliips voyaging between New York :Ind 
J:eririnda. These rcc*orcls are nsecl in metcorologic2:tl :nid occnnogr:iphic studies. 

IMPROVEMENT IN MARINE BAROMETRY 

Thp Wpathcr 13iirean has no fnnils for fnrnisliing stnnilnrd instrnnirnts to 
its marille obsc.rrers, lieiice it nnist elllist, the :lid of shi1)ni:isters :)nd shipowncrs 
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in improving tlieir omn ins1 rumental equipment. Owing to the friendly attitude 
of marine interests, there has bern further suwrss in securing re1)laccmeuts of 
defective instrunicnts, thus yielding tin increasing degree of nccur:iry in niiirinr 
weather observntious, nn iniliortant factor in wwtlier forecasting. During the 
year ended June 30, 3937, defective aneroid barometers were replac~ed on ti8 
reporting ships, :ind action by tlie Weather B ~ i r ~ i i i  to secure further replace- 
inents is under way. 

HURRICANE WARNING SERVICE 
The liurricane-warniiig sei‘vice of the Bureau :ilso- was strcngl lieiied during 

the fiscal year by :in insprction of metcoro1ogic~:iI stxtions iu the 13:ili:ini:is. l k -  
ports from a liniited nuniber of these stations :ire tralisniitted daily to tlw 
Wcwtlicr Iiurcaii and froni the ot hers in the group wlien :I tropic:il slorni is iii 
the vicinity. The iiccnracy of sucli reports is, therefore, of vital iinportalice in 
tlie sncwssfiil forecasting of storins :ippro:ic*hilig tlie Ploridn coast froin the 
east. Thr  inspection by a Bureau oliicitil wis arranged through coopertition 
witli the Uo\~ernnicnt of tlie Iki1mn:is :incl wiis cwrietl out by use of :i United 
States Coast Gnrird sc:il)l:ine. Fourteen of the tweiity st:itions oil tlie islands 
were visited. A tliorongli check was  tiiade of the iiistrunicnt:i1 cqniplncwt a t  
each of tliese stations. Defective ins1 ruinents were rep1act.d and ndditiounl 
cqni1)incnt siqililic1d wlicre neetlcd. Instructioiis in obscrv:ition:il \\.orli :uid c:irc 
of instruiiieats were given, alid coni1inr:itive barometer readings were nude  
and corrections fnrtiislicd. l’rc~liniinury arrangcnieiits were also mude for ob- 
training reports of tide aud swell froni stations farorably situated for tlic 
~~ur~ iose .  

HURRICANE INVESTIGAlIONS 

The Bureau, in coo1)rr;ition with the Mnssncllnsetts lnstitiite of Techiiology, 
equipped four stations (Juclrson, Miss. ; Illaxwell Field (i\lontgoinrry ) , Ala. ; 
Augusta, Gn. ; and I-Inbana, Cubti) with npprosiinately 120 iiieteorogral)hs and 
sowiding balloons to be released during the p:issagc of :i linrricrine. The 
signiil for the relriisc of the 1):illoons !viis to be given by tlic Unreiin forec:wtcrs 
in Washington. T’lie balloons were to be released tit interv:ils of o~ie-half hour or 
greater, depending on the position of tlie station with rcfcrciic*e to tlie storm 
center and its rnte of niovenient ; the closer to the center and the greritw the 
rate of iiiovenient tlie sliorler were to be the int erytils. Such oliservittioiis 
would provide valuable Iirrssnre, teml)eraturt’, :ind liuiniclity data, portrriying 
the vertical structure of these storins, tind would furiiisli important informa- 
tion in aid of forccnstiiig. Since no liurrirane y:issed the stations, the 1):illoons 
were iiot re1e:ised. Prcyxirntions 11:ire been inritle for a siinilur project tliis 
year, witli :in increase iu the nun1l)er of stations. The new iirr:inJseiiichnts 1)ro- 
vide for the folloming ol)serring points : Vicltsburg, Miss. ; Bl;is\vell B’ielil 
(Montgomery), Ala. ; bhcon, Ga. ; ILaleigli, N. C. ; and two iuobile stations in 
Cuba. Tlic stations tire selected so tltiit they lie near the nsn:ll piitlis of hur- 
ricnnes and are sufficiently f:ir from the corist so tlirit the instrunients mill 
fall on lnnd after tlie Iinlloons burst. The instrunicnts arc tagged, nntl tlic 
finder is requested to return f liein to tlie Weather Bureau, for which I I  1xiynient 
of $3 is 1n:ide. 

HORTICULTURAL PROTECTION 

The 11orticiiltnr:il-prot~ction service is a highly spc.c>i:ilizcd and im1)orlant 
activity of the \$’cather nuretin, conducted :is :in :lid in frost protection, 
ehielly in iiiteusively rn1tiv:itcd subtropical sections where during the minter 
se:isou ~ii:iny lin~idret~ inillions of dollms’ worth of (*it rus grovcs and winter 
truck frirnis r ic  with thc frost for esistrnce. Ihiring the spring blossoming 
1)eriod servic-c is niiiiiit:iiucd also in vnrioiis tlrcidiions-orcll:irtl scctioiis of 
tlic far West. Tlicb lwolilcni of reducing or preventing niiiiu:il frost lossrs is 
one of priiniiry con(~crn to t1ious:iuils of fruit growcrs, :is tlw ~ o r k  :ind 
exptuse of bringing costly groves mid orcahards to niaturity inny be rcnclered 
a total loss in :I single night of severe fro lr(JrCOVW, one f ~ ( ~ C Z P  iuii y wipe 
out t1ic profits of scwwi1 ycars, wit li disn oils results uot ouly to 1 1 1 ~  iiiili- 
vidn:il but to the cwtire conininnit y. 

Effective nwisures of fro9;E control 11:ive been ilcvised. Hornever, tlicsc. 
require lnrgc. cspcnditures for grove-heating cquilmicnt and fuels i i l ld  a1 
tiincs require the services of nincli :idditional enicrgency labor. The effi- 
cieticy of these frost-coiitrol ineasures lies in orginkition and prcl,urc~lness 
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so that when warning is given the whole frost-fighting machine quickly can 
be brought into action and reniain alert until all danger is past. Since the 
weather, especially critical temperatures, is the gole factor involved in the 
frost hazard, detailed forecasts of teinperature at nunierous stations spread 
intensively over local areas are  indirjpensable for efficient and intelligent use 
of grove-heating equipment. 

The forecast information, supplied by the horticultural-protection service, 
enables the growcrs to plan their heatiiig work well in advance so a s  to eliini- 
nate entirely all periods of iiseless operation and keep the frost-fighting ex- 
pense a t  a minimum. Experience has shown that large-scale grove heating 
seldom succeeds when attemptcd without adequate weather information and 
timely forecasts. 

THE PACIFIC STATES 

Heavy crop losses during freezes led California citrus growers to burn coal 
in crude baskets, made of chicken wire hung in the trees, as early a s  1897. 
When the Weather Bureau’s horticultural-protection work began, in 1917, oil- 
burning heaters had largely replaced those designed for burning solid fuel, 
but frost-protection methods had progressed but little along other lines, either 
in  California or in other Pacific States, where heaters had come into use to 
protect deciduous fruits. Cheap, inaccurate thermometers, heaters with too 
sinall capacity to burn through the iiight, oil containing an excess of asphaltum, 
mater, and sulphur, lack of lmomledge of critical temperatures, ignorance of 
the principles of orchard heating, and, most important of all, lack of detailed, 
accurate temperature forecasts, had caused so many failures to save crops 
that  orchard heating had conic into geiieral disfavor. The acreage equipped 
with heaters was steadily declining at the time the Weather Bureau’s horti- 
cultural-protection work began. 

The first few years of this project were devoted almost entirely to experi- 
mental work. New types of thermonieters were designed, especially suited 
for orchard-heating operations, and made available at reasonable prices through 
growers’ cooperative purchasing agencies. Arrangements were made to serv- 
ice and check these for accuracy a t  the bcginning of each frost scnson. The 
principles involved in orchard heating were explained a t  meetings of citrus- 
fruit growers and also in piiblished articles and bulletins. Experiments 
showed definitely that smoke, which theretofore had been credited with saving 
crops, was of minor importance. Critiral temperatures for various fruits, 
buds, and blossoms were determined. Temperature surveys were made in 
different fruit districts to show locations of colder and warmer areas on 
frosty nights, nnd the absurdity of claims for “frostless belts” was demon- 
strated. Influence of cover crops on orchard temperntnres was investigated. 
Frost mftrlring of pcars and applcs was studied. Improved and standardized 
orchard-heater oils were developed in cooperation with oil companies, and 
improvements in design of lighting torches were suggested. Various frost- 
protection methods were investigated and tested ; hut it was soon found that 
orchard heating, properly handled, wonld protect trees nnd crops during the 
most severely cold periods likely to occur, and that no other method was a s  
economical, practical, or dependable. 

In the fruit frost service, localized daily forecnsts of minimum tempera- 
ture, local wind conditions, tcmpcrature inversion or “ceiling”, the time heat- 
ing should begin, and other similnr informntion are given in most cases di- 
rectly to the public by radio. These forecasts contain every item of infor- 
mation needed to assist the grower in protecting his crop from frost. Cali- 
fornia citrus acreage equippec! with orchard heaters lins increased strndily 
during the last 15 years to approximately 75,000 acres in 1937. 

THE JANUARY FREEZES IN CALIFORNIA 

The frrczes of January 1937, which broke all records for low temperntnres 
and duration of freezing weather in  southern California, afforded opportunity 
for a rcniarkable demonstration of the effcctirencss of orchard heating. Despite 
utterly inadequate storage of heating fuel, damage to crops and trees was 
almost  inb believably small in the light of experience in prcrioiis frccncs far 
lcss severe. Damage in groves propcrly equipped for heating was negligible. 
In districts where a large percentage of the orchards were adequately hmted, 
the scattered intrrvening orchnrds not cquippcd with heaters received protec- 
tion from thc neighboring hcatcd ~ ~ C J V P S  and showed little or no damage. This 
effect of “mass heating” was the outstanding featnre of the cold period. 
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Tree damage was confined almost entirely to districts in  which there was 

little or no orchard heatiiig and to orchards located on the windward fringes 
of wcllgrotected districts. The heaviest damage occurred in sections normally 
w:irni, in which protection had been considered unnecessary, while the normally 
coldcr areas, well equipped for protection, suffrred practically no injury. The 
lowest temperaturc recorded in a citrus grove, 13.5" F., was in a district 
normally wiirmer than thc average in which tliere were 110 orclinrd heaters. 111 
an unprotected grove in a normally colder dislrict, in which approximately 90 
percent of the orchards mere heated, the lowest recorded was 20.3". This 
shows the effect of mass heating. 

Approsimately 81,900,000 gallons of oil were burned during the freezes, cost- 
ing about $4,000,000. Other costs of protection are very difficult to estimate. 
Growers who sawd their crops actually profited by the freeze, since better prices 
received for sound fruit f a r  more than paid the heating costs. 

LARGE SAVINGS FROM WEATHER BUREAU WARNINGS 

Warnings well in advance of both freezes made possible the mobilization of 
all agencies for the transportation of additional orchard-heater fuel from 
refinery storage to the citrus districts. On the strength of these, for example, 
one railroad compniiy brought on fast train schedule more than 150 oil-tank 
cars to southcrii California from the San Frnnc:sco Bay district. Since fuel 
slipplies rui dangcroiisly low before the end of thc cold period, despite the most 
heroic efforts on the part of the transportation companies, a few growers who 
had spent large slims for protection lost their crops on the last night because 
of inability to secure fuel. The freeze warnings of the Weather Bureau are 
credited with the prevention of a catastrophe. Cooperation of a powerful 
radio station made it possible to tall< directly to the growers a t  critical times. 

The Californin citrus crop returns to the State in excess of $100,000,000 per 
yenr, and advance warniiigs of dangerous teniperatures have resulted in saving 
snflieient frnit in one night to Pxy the cost of tlie horticiiltiiral-protection 
project for a generation. Frost protection bc~ncfits consu~nrrs tlirongh assuring 
a larger supply of good fruit in a freeze yenr and by stabilizing prices. 

Recipients of the service c:u'ry appraliinia tely one-half the cost of tlie Weather 
Bnrcnn's horticiiltural-protcction work, insuring local interest and guarding 
against the eontinnntion in any district where its practical vnlue is not demon- 
strated continiioiisly. In rcceiit ycnrs localized forecasts have been made in 
deciduous-fruit districts in connection with spraying operations, and of weather 
unfavorable for fnmigation, spraying, or dusting operations during the spring, 
summer, aiid autiiinn in southern California citrus districts. 

SERVICE IN FLORIDA 

Following the disnstroiis I~lnridn freeze in neeemher 1934, fiinds were pro- 
vided by the Federal Goveriiinent nnd the State of Florida to establish a 
cooperative Iiorticultural-proteetioil service in that State. During the winter 
of 1935-30 five districts were organized in the west-central portion of the 
pcninsiila, where there is hcnvy concentration of citrus plantings. Reports 
containing locnlieetl miniinurn-temperatiire forecasts nnd other information es- 
sential to protecting citrus and trnck crops nrninst frost damage were brond- 
cn s t  driring the frost-danger period sevcrnl times daily, on a staggered time 
schedule, by networks of important Florida commercial radio stations. Initial 
work was so well received that ndditional funds have hcen provided to extend 
the service. During the coining winter most of Llie Floridn Peninsula will 
be covered with an organization of additional horticultural-protection fleld 
districts. 

Service at present is largely of a pioneer nature. nnd the edncationnl nnd 
rewnrch nctivilicq h a w  been stressed. Resen rcli work to determine the critical 
temperatures of citrus fruits and garden trnck commercially grown in the 
State is in progress; also to determine the efficiency of grow heating under 
Florida wenther conditions, wing heaters desiqned to burn local fncls, as well 
ns with open wood Arcs quite commonly used. Studies of tenipcratnre in- 
versions arc being prosecuted, using €or this piirpose high steel towers nnd 
n1.o eronnd stations loented on hill slopes Growers' mectinrs a t  which the 
principles of prove heating nre discussed 8re being held so as to dircct the 
local work in frost protection .?long lines which experience and experiment have 
proved to be effective nnd safe. 
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LIBRARY 
The Weather Burean library hiis the largest collection of meteorological 

l i terat im in the world. It is extensively used by the technical staff of the 
Centrzil Office, and by the field statiolis of the Bureau, :is well as other govern- 
mental org:iiiizations :\lid private institutions. Of late tlic demands on the 
1ibr:iry have incre:ised l)ec:rnsc of both the n:thiral growth of the Weather 
I3nrcviu service :uid the ii~c~rensing interest in nieteorologicnl research. Nearly 
200 periodicills :ire received by it, aboiit 50 of which :ire purchased ; tlic re- 
maiiider :ire rcrciveil by rxchiuige with the Xonthly Wwtlier Review, or iire 
gifts. R1:iiiy of tlicsc perioclicnls detil solely with inetcorology ; all coiit:iin 
itcins of interest for meteorologists from tiine to tinie. The library :11so 
receives publicntions from metcorological services arid institutes thronghout 
the world. Ihiring the year jiist closed inipro\wiients were made in the read- 
ing-room facilities of thc library. 

Shortly after the late C.  I“. Talman took chnrge of the library in 100S, lie 
startrd the compi1:itioii of a clictioiiary of mcttv)rologic:il terms. His material 
for this dictionary consists of cards with much useful iiiforniation to meteor- 
ologists. He added to this card collection contiuiiously. 1t:vcn in its present 
unpublished forrii the collection is of great value to the Weather Bureau, but 
its publication would eii:ible the entire meteoro1ogic:il world to benefit from it. 
I t  was the plan of the Weather I31iremi to relieve him of charge of the library 
iii July 1936, thus to allow liim time to get this large aiid important card col- 
lectioii in sliapc for publication in book form. His death, howevcr, intide it 
necessary to appoint il coinniittee consisting of officials from tlie 1ibr:iry and 
Rletcorologiciil Itescwcli Divisioii to study ways of getting this iixiteritil in 
shape for publication, aiid n good beginiiiiig h:is been mtidc. l’he library con- 
tinues to add iiew words to this ctird file :is they are found in the literature, 
so that when this monument:il itktcorological Uictioiiary and Refcreiice Book 
is published i t  will be lip to diite. I t  will g iw c.tymologies, (lelinitioiis,. liter- 
ature references, and discussion of all the terms used in meteorology. 

THE YEAR’S WEATHER 
FolIowing the severe drought mid high tempera tures rstcnding tliroagli 

the spring and sninmer of 193G, described in last year’s report, substautin1 rains 
during the latter part of August relieved droughty conditions over inauy 
northern and eastern sections of the conntry. The moisture bencfjted liite 
crops, revived pastures, imd improvcd the condition of the soil for plowiiig 
and for scrding of winter grains. 

September, in mtirlted contrast to the siimmer months, h i d  more than normal 
rainfall over most sections of the country east of the Rocky Monntains, with 
the montlily totals outstaiidiiigly large from Tex:ls aiid New Mexico north- 
wistwtird over the rentral vnlleys. Texas, Olilahoma, Missoiiri, and Iowa lind 
more than double the monthly normals and many other States substantially 
more than the usiial September rainfall. However, a considerable area in the 
Northwest contiiiued relatively dry. 

THE AUTUMN 

For the 3 nutiillin months, September, October, and Nov~inber, precipitation 
w:is :ibovc normal orer a wide bc4t extriidiiig froin the Soutliwest northeast- 
\ ~ a r d  to and iiicludiiig the Ohio Valley and lower lake region. These rains were 
opportniie and very favor:il)lc for the secding, grrinination, :incl early growth 
of whc:it, though :it the beginning of the winter :idditionnl moisture was needed 
in the western portion of the Whc:it Belt. From tlic Mississippi Valley east- 
wnrtl 11w aiitiimn season brought mostly ample moisture for the needs of 
vegetation. 

THE WINTER OF 1936-37 

Tliere mere no marked nhriormalities i n  I>ecenil)rr or February mratller. 
IIowever, J:nlu;iry w:is c11ar:ic~teriertl I)y marlted extremes of both temper:itnre 
n11d precipit;ition in clifferrlit portions of tlic country. There were excessive 
r:iinf:rll and diwstroris f f < J o t k  iri the Ohio Viilley and two s(wre freezes in the 
f:ir West, especially in sontlic~rn Cnliforiii:i, where heavy dam:ige to citrus frnits 
:tnd trnck oc*rurreil. At tlic s:ime time, ribnormally warm weather prev:iiled in  
tile 1110re c:isterIi St:ttes, es~)cvi:~lly t k  Sontheast, wlierc all vegetation became 
:ibnormnlly advanced, in miiriy cnsc.s fully a month :ihe:id of an average season. 
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State or section 

Alahamn .____..__._._.______. 
Arizona. ..................... 
Arkansas ___._________________ 
California .................... 
Colorado ..................... 
Florida ._._._.______..__._.__ 
Georgia ...................... 
Idaho ........................ 
Illinois ....................... 
Indiana ...................... 

The n7iiitcJr hronght above normal precipitation to nearly all sectioiis of the 
comitrg, with 1ie:iry snow in the Central-Northern Stntrs. Vor tlie 3 inoiitlis, 
December, J:niuarp, niid February, precipitation w:is :il)ore iioriiial ererpwlierc, 
escept in South Dakota, Nebraska, Oltlalionia, Texas, niid New Rlexico, with 
inany States linring iiiore tlinn oiie and n lialf times tlie iioriiinl for the season. 

THE SPRING 

The spriiig of 1037 beg:ui with plenty of iiioistiire in the soil ne;irly every- 
where e:ist of tlie ceiitral Grcat Plain-too iniicli in places-while minter snows 
in tlie higher western moiiiitaiiis liad stored :unple moisture r:i tlier geiierally 
for hiniiriier irrigation. The greatest siiowf:ill reported for tlie lieriod from 
Dweniber to April was 642 iiiclies a t  Paradise Inn, \\’:ish. 

For the 3 spring inoiitlis, RIarcli, April, i i n d  May, raiiifall was iiiuc.li heavier 
t1i:iii during tlic spring of 1936 throughout tlie Mississippi :ind Ohio Valleys 
arid iii tlie iiortlicrii Great Plains. Howercr, :I belt exteiidiiig from eastern 
New RIrsico and western Texas northward to Citiinda liar1 w r y  little preci1)itn- 
tioii, mid by tlie middle of May severe clronglit prerniled in iiiost of this are:i. 
Tlie latter p:irt of May :1n1l tlie first part of Jnne brought lieavy rniiis to tliese 
sertioiis, wliicli teniporarily relieved droughty conditioiis, but n g~1er :~ l ly  dry 
1)eriod followc~d, and by tlie middle of Jnly r:iin m;~s again neec1c.d in most of 
tlic :ire:i. The percrntage of normal precipitation iii tlie different States from 
Septc.iiil)cr 103G to Jnne 1037 is given in table 1. 

TABE 1.-Pcvccntnge of nontrnl pvecipifnfion,  by  Btofcs, 8cpfc1trbcr l W G  to 
dirne 1!)37 

- 
Sept. 

85 
128 
141 
35 

124 
G5 

123 
50 

187 
142 

Iown ......................... 
Kansas ....................... 
Kenturky .................... 
Louisiana ................... 
Mnryland-Delaware.. ....... 
Michigan- - __._._. ____. ._ __. 
Minnesota. .................. 
Mississipiji ................... I 
Missouri ..................... 
MontRna ..................... 
Nebrnskn .................... 
Nevndn ...................... 
New Englnnd ................. 
New Jersey .................. 
New Mexico ................. 
New York ................... 
North hnrolinn. ............. 
North Dnkota ................ 
Ohio ......................... 
Oklahoma .................... 
Oregon ....................... 
Pennsylvnnin. .............. 
8ou lh  Cnrolinn ............... 
South 1)nkot.n ................ 
Tennessee .................... 
T C X ~ ~ S  .................... .... 
1Jtah ......................... 
Vir~iriin ...................... 
Washinaton .................. 

Wiscnnsin .................... 
Wyoming .................... 

West Viyginin.. .............. 

09 
209 
70 
83 
71 
87 

122 
173 
93 

119 
73 

107 
250 
ti9 
03 

110 
44 

101 
240 
54 

I05 
76 
02 
95 
02 

1938 
__ 
Oct. 

77 
1 OB 
100 
99 

100 
130 
145 
24 

118 
103 
71 
92 

128 
08 

112 
111 
35 
07 

124 
58 
24 

,. 130 
130 
100 
52 

184 
20 

157 
97 

7 
113 
203 
31 

142 
93 
I50 
125 
23 

140 
81 
93 

138 

- 
vov. 
- 

52 
09 
81 
4 

42 
70 
50 
8 

83 
117 
41 
14  

101 
97 
39 
58 
8G 

id 
36 
30 
14 
60 
37 
72 
91 
82 
55 
97 
25 
5 

85 
70 

124 
85 

62 
40 
12 
02 
49 
70 

no 

60 

Dec. 

145 
IBR 
125 
137 
103 
109 

94 
131 
101 
131 
137 
114 
91 

175 
107 
185 
123 

112 
99 

186 

172 
86 

119 
lG5 
83 

102 
94 

133 
154 
(14 

141 
P.0 

195 
1 ti5 
I18 
120 
141 
90 

148 

n n  

inn 

84 

Jan. 

175 
163 
294 
81 

101 
05 

100 

201 
321 
21 0 
21 2 
301 
1x0 
a3 
1 23 
103 
228 
2h7 
88 

161 
124 
127 
170 
68 

160 
215 
144 
312 
152 
96 

190 
190 
150 
312 
111 
1 12 
253 
50 

235 

n8 

ino 
n2 

- 
Beb. 
- 

94 
131 
03 

170 
120 
104 
109 
150 
70 
77 
OB 
G7 
70 
60 

101 
IO? 
130 
74 
69 

106 
32 

82 
fi3 

130 
87 

101 
107 
87 
30 

132 
78 

100 
05 
81 
2R 

140 
102 
142 
107 
171 
]?ti 

iGn 

1937 

Mar. 

i o  
03 

154 
110 
140 
7G 

39 
39 
94 

115 
30 

105 
59 
30 
70 
73 
52 
81 

84 
102 
73 

164 

47 
51 
49 

101 
95 
59 
Gli 

I28 
39 

134 
I18 
42 
84 
52 
30 
97 

1x0 

7n 

128 

ni  

104 
19 
05 
86 
55 

174 
193 
178 
142 
143 
117 
39 

111 
74 

I i G  
145 
185 

104 

47 
G2 

117 
129 

44 
121 
IBG 
138 
127 

BR 
209 
101 
219 

78 
90 
34 
77 

1x1 
21G 
117 
132 
91 

n4 

no 

- 
May 

i i n  

- 

100 
71 
24 
63 
84 
03 
45 
78 
RB 
99 
81 
9!) 
09 

101 
71 

121 
77 
RO x 
74 
55 

142 

259 
1M 
52 
75 

72 
06 
87 
57 
78 

115 
B l  

1112 
i d  
f i2 
SI) 
x4 
75 

82 

ion 

June 

nF 
157 
120 
200 
130 
88 
95 

138 
124 
121 

82 
1oF 
115 
131 
103 
76 

107 
102 
106 
88 
47 

126 
125 
105 
142 
90 

121 
lox 
95 

273 
109 

104 
87 
88 
72 

120 
2x3 
115 
G8 

140 

ni 

1 on 

- 
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OHIO AND LOWER MISSISSIPPI VALLEY FLOODS OF JANUARY AND 
FEBRUARY 1937 

An outstailding feature of the year’s weather was the unprecedented rainfall 
that produced disastrous floods in  the Ohio and lower Mississippi Valleys, i n  
January and February 1837. These floods were caused by a prolonged period 
of heavy to excessive rain over the Ohio Basin, which began on December 26, 
1933, and coiitiiiued with little interruption until January 25, l!f37. 

‘Throughout most of this period there was a pronounced stagnation of a i r  
masses, with persistent high pressure over the Bermuda-Florida area and also 
over the Northwestern States, with a trough of low pressure between them, 
centering over the Ohio Valley. This pressure distribution resulted in  a n  
almost continuous northward and northeastward movement of great qnan- 
tities of moisture-laden tropical a i r  over the lower Mississippi and Ohio Valleys, 
while a i r  masscs of polar origin moved southward, almost continuously, over 
much of the western half of the United States. The extremely heavy rninfull 
over the Ohio Valley and portions of adjacent areas was, in general, caused by 
the persistent trough of low pressure bcing so located, with relation to the very 
deep areas of high pressure on both sides, that the line of contact betwern the 
warm, moist a i r  from southerly regions, and the cold air  of polar origin lay 
somewhere over the Oliio Valley inucli of the time. The rapid forcing aloft of 
the moist air of tropical origin resulted in excessive precipitatioii over tin area 
the m:ijor axis of which closely paralleled the Ohio River. 

Althongh this was a midwinter flood, accumulated snowfall was not a con- 
tributing factor; practically all of the water came from current niin. The 
ground was thoroughly saturated, and lack of vegetation contributed to maxi- 
mum run-off possibilities. During the first half of the pcriod the rainfall was 
sufficiently licavy to put the lower Ohio and its lower tributaries into moderate 
flood. On the main stream, ftood stage was I*eaehed first a t  Cairo, Ill., on Jan- 
nary 9 ; a t  Evansville, Ind., January 10 ; and a t  Cincinnati, Ohio, January 18. 
During the second half-from the 13th to 24th, iiiclusir.e-rainfal1 wns rx- 
ceediiigly heavy, the area of greatest intensity being located along the Ohio 
River from the vicinity of Cincinnati to its mouth, extending soniewliat south 
of the river near the mouth, and into ArBansas. 

This concentration of crcessiw rainfall resulted in the highest river staqes 
of record in the main stream from immediately below Point Pleasant, W. Vn., 
to the mouth a t  Cairo, Ill., and in the lower Mississippi River from Cairo to the 
mouth of the Arlransns River. At Cincinnati the crest stage of 80.0 feet was 8.9 
fcpt higher tlian the crest of the great flood in February 1884, wliicli stood as  
the record stage a t  that point for more than 100 years, and a t  Louisville the 
crest was 104 feet highcr than the record stage in that year. It is significant to 
note that record-breaking stages occurred in the lower portions of many Ohio 
tributaries, while in the upper reaches flood stages did not occur. 

One of tlie characteristics of this flood was the long duration of high stages. 
The river remained ribow flood staqe a t  Cairo and 1’aduc:rh 48 days ; Eransville, 
39 days : Zouisvillc, 22 days : and Cincinnati, 17 days. In the upper rraclies of 
the river the fall was rapid after the passage of the crest but much slower in  
the lower portions. 

The flood-forecasting scrvicr of the Weather Bureau functioned in a highly 
satisfactory manner. From the beginning of the rain period river-stagc fore- 
c a d s  and fiood warn ing~ were issued regularly at the various forecast renters 
and given wide distribution. All flood forecasts were proinptly rclayed to tlie 
national headquarters of the American Red Cross, where they werc used in  
formulatin? plans for relief activitics. On account of thc long continuation of 
exrec;sive rninfall thr  time interval in the A n n 1  crest-stage forecasts for the 
river abow? Cincinnati was necessarily of short duration, as the rivcr ceased to 
rise in flint section within 30 hours after the rain cnded. Brlow Cincinnati 
acriirate final crest-stage forecasts were issued for estc~ntlrd periods ranging 
from 3 dass nt Iionisville. 6 days a t  Evansville, 9 days a t  Cairo, and 14 days a t  
Mcmpllis, to 31 days at New Orleans. 
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