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INTRODUCTION 

In the last annual report a brief account was given of the action that  had 
been taken in the initiation of a more progressive and forward-looking program 
in meteorological service, along the lines recommended in a report by the 
Science Advisory Board. The most important recommendation was that relat- 
ing to air-mass analysis and its more extensive and detailed use in forecasting. 
Other recommendations were largely designed to assist in the carrying out of 
this one. They include training of personnel, an extension of the airplane- 
observation progruin, and :in increase in the number and greater detail in the 
character of surface observations. Since no additional funds were provided for 
the purpose, there was no recourse except to  make a modest beginning in the 
realization of these objectives through reorganization and adjustment of existing 
service and cooperation with various Government departments and with other 
agencies. Some progress has resulted, and an account of it will be given in later 
sections of this report. First, however, it is believed well worth while to 
comment briefly on the value and the indispensability of cooperation in the 
organization and maintenance of meteorological service. 

COOPERATION A VITAL FACTOR IN METEOROLOGICAL SERVICE 
Probably in no other branch of the Federal service is cooperation a more vital 

factor than in the Weather Bureau. Generally speaking, i t  i s  of mutual beneflt 
to the Bureau and to the cooperating agencies. It may be considered under 
three chief heads, international, governmental, and nongovernmental. 

INTERNATIONAL COOPERATION 

One of the flnest examples of international cooperation and good will exists 
in connection with the science of meteorology. For more than BO years the 
directors of national meteorological services have been meeting regularly to 
exchange ideas and information, and especially to  secure harmony and stand- 
ardization in important fields where otherwise effective cooperation would be 
impossible. Meteorology is essentially world-wide in its scope. No country, 
however large its geographic area, is of sufflcient size to be independent of 
other countries in providing its people with nn adequate weather service. 

The history of government-supported nieteorological organizations covers a 
period of about 75 years. Institutions concerned in some degree with meteor- 
ology existed earlier, but they had no Offlcial status. Several conferences of 
officials afflliated with government meteorological services were held in Europe 
in the early seventies, but a permanent ormnization was flrst effected at  Rome 
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in 1870. At tlie present time, there are 105 meteorological or closely related 
scientific services organized through their directors iuto what is known as the 
“ International Meteorological 0rg:inization.” Actually, only 54 countries are 
re1)resentcd owing to the fact that in some instaiices several organizations 
oimate iiidependeiitly of each other, although sulqwrted by tlie S ~ I I I C  govern- 
ment. Tlic International Meteorological Organization is subdivided into com- 
missioiis, each under the direction of a lxesident. These subcommissions deal 
with more or lcss distinctive phases of meteorological work. Ouly directors can 
be members of the major organization, but the subcomiuissions are composed 
of an unlimited number of techiiical employees of the national services and a 
few outstanding scirntists wlio have no official affiliatioiis. I\lernbersliip in 
the subcommissions, each of which includes oiie or more directors, now totals 
about 260 persons. 

The Interiiational Meteorological Organization is wholly voluiitairy and is 
devoid of control by national treaties or conventions. I ts  recomme1id:itions are 
cxpressctl in tlie form of resolutions, acllierence to which is only a niorcll obli- 
gation. Mretings arc held scBxennially. This year (1935) the regular sexennial 
meeting will be held at  Wnrmw, Poland. Subcomniissioiis meet as frequently 
as circumstaiices warrant, usually every 2 or 3 years. Most of thein will meet 
this ye:w a t  I>:inzig or Wars:iw in September and, according to custom, just 
prior to the major meeting. The reprrsrntatives from the United States 
Weather Bureiiu will be the Chief of tlie Wat l ie r  Bureau aiiil the Chief of the 
Division of Climate and Crop Weather. 

Details of tlie cooperation acconiplished through the Interiiational Meteoro- 
logical Orgaiiization and its subcomuiissious are too numerous to be specified 
and clescribt4 here. At t lie last sexeiinial ineeting, held in 1929 a t  Copenliugen, 
109 resolutions were adol)ted, covering a wide r:iiige of activities. Although 
many of tlieni did not directly concern the United States Weather Bureau, all 
had intrriiational cooperative aspects and some of them were of great impor- 
tance to every national service. 

Exchange of observations is tlie most important feature of iiiternationnl 
cooperation. This is effected principally by radio, but cable and Le1el)houe are  
employed in sonie instaucea. Collateral features of the exchange are inter- 
nationally standardized definitions, codes, etc., without which iiitelligeiit appli- 
cation of the data would be inipossible. Cooperation with Oanadn is most 
complete. Most 
Canadian reports are received at United States forecast centers as promptly as 
at Toronto and, similarly, observations made at United States stations are  as 
promptly seat to Toronto. Exchange arrangeinents also exist with Mexico, the 
l’hililq)incs, and t lie I h r  ]Cast, and with thc several independent iiieteorological 
oi-ganizations in the West Indies. 

Twice each day, a t  11 a. in. and 11 p. in., efistcrn standard time, bulletiiis 
are transmitted by radio directly from tlie Weatlicr Bureau Ofiice in Wasli- 
ington tlirougli tlie Navy radio stations at Arlingtou and Annapolis for tlie 
benefit of I4urol>ean meteorological services. These bulletins contain about 
100 reports representative of weather contlitions in North America and reports 
from sliilrs in the western Atlantic. Correspondingly, twice daily, about 5 
a. in. and 5 1). in., eastern st:uidard time, bulletins containing about 100 Euro- 
pean 1uiid-station ohservatioiis and reports from ships in the eastern Atlantic 
are Inwadcast froin tlie powerful Itugby statioii in Eiiglnnd for the benefit 
of meteorologicnl services in Noi.tli America. These bulletiris are copied at 
United Stntes Navy r:idio statioris :iud are niade av:iiliil)le iminedintely to 
the Wcatlier Eureau. 

From a meteorological standpoint, there is no boundary line. 

COOPERATION WITH OTHER GOVERNMENT BUREAUS AND DEPARTMENT8 

Every possible effort is niade to take full ticlvantage of tlie facilities of all 
ageiicies of the Government in sccuriiig aiid transmitting weather observa- 
tions from both land and sea. 111 return, forecasts ant1 warnings based on 
tlicse data iintl on tlie Weather Bureau’s OWI far-flung nctworli of reporting 
stations are made available to tliose organizations. 

I>EPAIIT~IENT OB AGI<ICULTURE 

The bureaus in tlie Departmelit of Agriculture with wliicli cooperntion is 
most exteiisive :ire the Forest Service, Office of Experinient Stntions, Agri- 
culturnl Economics, :ind Agricultural Eiigincering. 



WEATHER BUREAU 3 
The forest firr.-\reatlier-wariiiiig service is one of the most active projects 

of the Weather Bureau. Its ~trimarg purpose is to issue we;itlier forecasts for 
the large forested areas of tlie country during tlie season of fire liazartl and 
especially to  warn of wcallier conditions which favor the inception and spread 
of forest fires. For  this purpose daily observations of wetitlier conditions in 
the forests themselves are required. Alcteorologicnl stations, equipped with 
necessary instruments, tire est:tblislietl therein. There are at present nearly 
700 stations of this class. Employees of the Forest Service, State forestry 
services, and in somr instiinces private owners of large tracts, mostly at look- 
out and ranger stations, serve as  olwrvers. They forw:ird the reports by 
telegraph or telephone to the Weather Bureau ofices froin wliicli tlie fire- 
weather warnings tire issued. 

In California tliere is a unique form of cooperation b y  the Forest Service 
in supplying a truck equipped mitli r:itlio and meteorological apparntus fo r  
the use of the Weather Burcau in visiting lrtrge Bres inid fni*nishiiig weather 
reports :ind forecasts directly to those wlio direct the work of fighting the 
fires ant1 preventing their spread. This subject is presented inore fully later. 

Liglitiiing causes 1 1 1 0 1 ~  fires in  the forests of the iar Western States than 
any other single :igency. l~oi’ecasling of liglitning storms is of great im- 
portance in enabling tliose charged with protection of the forests to inake 
preparntions for coinbating such fires ns tlieg occnr. Study of lightning stiltis- 
tics with tlie general weather conditions :tccompanying thunderstoims is 
essential to successful forecasting. Lookouts, rangers, and otlirr forestry 
employees record lightning occul’rences nt severtil hundred places in the forests 
nncl malie thein aviiililble to tlie Weather Bureau for study. 

The Forest Service cooperates very actively also iii the measurenient of 
snow tleptli in the mountainous sectioiis of tlie western 1):irt of tlie United 
States. This is a projert of considerable difficulty, and the cost of establishing 
s[)eciul stations :it liigli l twls  would be very large. IlI:itiy of the me:wnrenients 
are ma(b by forest rangers as a lxirt of tlieir regular duties mitliout niiy 
appreciable additional cost to  the Government. 

Tlie Office of Experiiiient St:itioiis roopenites chiefly by providing wcatlier 
observations that are niadc by its field personnel nnd transmitted to the 
Weather Bureau for iise il l  i ts wratlirr and crop service. The observations 
are nia& daily and are suniin:irizcd e:ich wcrk as n basis for the Weekly 
Wenthcr and Crop Bulletin wliicli inaltes possible n running appraisal of t h e  
dweloynient of crops :IS influeiiced by weather conditions. 

Cooperation is nuiintained also with tlie Bnrc~nn of Agricultnral Economics 
in its croprrporting woi~k. 1nforni:ition ;is to current niitl pn\t wenther condi- 
tions as  nffecting growing croils and farm operations, collected through the 
Weather Bureau’s estmsive iictwork of wentlier-crop observers rind corre- 
spondents, is furnished at freqnent intervals for use in tlip preparation of 
tlie regular moiithly crop-condition report issued by tlic Crop Ileporling Board. 
In some cases wecltly weatlier and crop bulletins are issued jointly by the 
Weather Bureau nncl tlie State statisticians’ offlces of the Bureau of Agricultural 
Econoinies. 

Active cooperation with the Buren11 of Agricultnrill Enginrering is of coiii- 
par:ilively recent date. Under the ternis of an agreement entered into by the 
two Bureaus and approvrtl by the Secretary of Agriculture, tlic Wecitlier 
Bureau mill nialtc avnilablt- to  tlie Bureau of Agricultural Engineering such 
niount:iin snowfall data 2nd general rim-off forecasts as that Burmu may need 
in providing i n o i ~  tletailed forecasts for specific irrigations projects. On its 
part llic Uurc~nu of Agricn1tnr:rl Engincering mill furniqh promptly to the 
Wenthrr Rnrrnu all data that it collects. These, togethrr with records ob- 
tained I)y other apmc+es, will l i e  publislietl by tht. Wenther Burcv~ii as here- 
toforr. ikIoreover, tho two Uu~~c:ius will cooperate in the developnwnt of liew 
equipment and mrthoils of mcxasurrnient and in otlier invcstigalions in this 
very iniportnnt projcct. 

WAR DFX’PARTNENT 

Tlie Wnr Department coopcwites wit11 the Wcwther Bureau in n very complete 
way, chiefly through its Signal Corps, Air Corps, and Engineer Corps. 

nIetcoi~ologicn1 ol)st~rvntions are virtually nsclcss in current service unless 
imniedintely trnnsniitted to a wide network of stations where they can be 
promptly chnr td ,  nnnlyecd, and issued in the form of bulletins and forecasts. 
While this is titken c:irc of in consit1er:ihle par t  through contract with ( y m -  
mercial comgunies, there are some regions where such facilities are  liicking 
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and in these cases tlie radio stations of the Signal Corps transmit weather 
obscrvatiolls regularly and promptly for use either locally or to tlie Uiiited 
States for inclusion in the Weather Bureau’s general system of reports. For 
c%xample, from 2 to B observations are macle daily a t  15 places in Alaska where 
Signal Corps rtidio stations are located. These reports are utilized in connec- 
tion with tlie weather information and forecasts furuislied by the Weather 
Bureau for airw:iy operations in that Territory. Reports from 10 of the 
stations are  transmitkd twice daily to Seattle for distribution to Weather 
Bureau ofiices in the States. Again, weather bulletins couttihing obscrva- 
tions taken :it meteorological stations in Mexico and broadcast t\.vice daily 
iroin Chapultqiec, near afexico City, are copied by the Signal Corps station 
a t  Marsh Field, Calif., and are made available to the We:ither Bureau €or 
distribution to its forecast centers :ind airway stations in tlic western part 
of tlie United States. 

The Signal Corps cooperates also in providing upper-wind data from pilot- 
balloon soundings made a t  a number of military flying fields. These observa- 
tioiis are  used by the Weather Uure:iu to suppleinelit its own. The coopera- 
tion in this case is not one-sided, as the 1neteorologic:il service of the Signal 
Corps is simi1:irly sul)ylied with the complete network of Weather Bureau 
reliorts, both surface and upper air, in connectiou with the issu:uice of fore- 
casts and warnings for purely military purposes. 

A notable advance in cooperation was accomplished during tlie past year jn 
connection with the organization of a country-wide network of airplane- 
observational stations. One of the participants in this l~ogram is the Air 
Corps. At eight of its flying fields daily flights are macle, meather permitting, 
to a height of approximately 17,000 feet. A more cstendrd account of the 
work is given later. The cost of a coinmercinlly opcrated station of this type 
is about $10,000 per year, wherens the cost to tlie Air Corps is very slight, 
since pilots and equipment are already avnilablc and tlie flights are mntle as a 
part of the pilots’ training. 

Thr Engineer Corps cooperates with the Wrattirr Bureau in connection with 
its river :ind flood service. Rcatlings are inadc of river stages a t  about 1 0  
of its river gages, and tliesc are made irnnietliately available for use in daily 
forccnsts of all principal rivers throughout the country. Tlicse arc of special 
value a t  timrs of floods. The Weather Bureau likewise furnishes its own 
data to the Engineer Corlis as an aid in  its operations. 

NAVY DEPAUTMBINT 

Cooperation with the Navy Department is similar, in many respects, to  that 
with the War Dep:irtment. Upper-air data of wind direction and velocity 
are secured tit  a number of pilot-balloon stations a t  flying fields of the Bureau 
of Aeroixiutics and transmitted to the Weather Bureau. Moreover, at eight 
of these fields daily airi)lane flights are mxle as n part of the Bureau’s regular 
aerological program. In addition, frequent airplane observations are  matlo 
from I~a\.itl vessels in voiistal maters ant1 traiisiiiitted promptly to tlie Weathcr 
Bureau. 

The Office of Communications provides cooperation of outstanding value 
and importance, both in the collection of surfaw reports transmitted from 
naval and coninicrcial ships, and in the disscrniiration of bulletins and fore- 
c‘wts to marine interests, to foreign countries, and to  the public generally. 
Only n Iirief sunimarg can be given here. 

About 10,OOO obscrvtitions from ships a t  sea arc collected each year by naval 
radio stations. 

Mexican and Central American reports are tmnsmittrtl by the radio station 
of the Pan American Airways Co. a t  Brownsville, Tex., to the naval radio 
station at Pensncola, Fla., and thenre by tlie latter to the Weather Bureau a t  
Washington. 

Ol)scrvations arr made a t  naval radio stations a t  4 isolated places, 1 in 
Alaska, 2 in the Pacific, iind 1 in Cuba, and transmitted to designated Weather 
Bureau offices in  the States. 

Observations taken in fa r  eastern areas (China, Japan, Philippincs, ctc.) 
are  collected a t  Manila and transmitted daily by naval radio to the Weather 
Bureau offices at  S:in Francisco and W:isliiiigton. The U. S. 8. Houstom, olxr- 
sting in tlw Far East, collects wenther reports by copying wcatller bulletinq 
broat1c:ist from stations and from ships in tliosr wtiters. These reports are also 
repented to the Wcatlier Bureau ofllces in Sail Francisco and Washingtoii. 

This is :I twice-daily service. 
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Biniilarly the naval rntlio station at Dutch IIarbor, Alaska, caopies \wnihrr 
re1)orts broadcast from riidio st:itioiis ill eastern Siberia arid transmits tlleui 
to Weather Bureau offices in Seattle, Sail Fixnciscw, .Tuneau, and 1V;ishiiigton. 

Without such cooperatinn, it would be difficult or impossible to obtain liiglily 
valuable rcports from these diutnnt or isolated areas. 

Extensive broadcnsts of \wither inform:itioir froin the United States, Alnsli:), 
Canatl:~, West Indies, and fi~oin ships nrc in:ttle two or more limes 'daily for 
the beiirfit of niarintl, :iqrivnltiir:il, i ind aviation interests. Tlic broadcnsis 
include forecasts niitl wiriiiiigs. 8oiiie 25 nar:il st:itioii\ participate in this 
program, but the most extrnsire bulletins are those broadcast from Wasliinq. 
ton ( N A B  and NSS) and San Francisco (NPG) by remote control directly 
froin the Weuther Bureau offices. These two bulletills give d:ita in sue11 coin- 
pletenrss as to enable vessel inasters to prepare weather maix on sliipbonrd. 

Ai1 imliort:tlit feature of tlie Weatlicr 131~rra1i's worlt in orem ~nrteorologg 
is its statistical section. 1Ve:ithcr observations are made on large numbers of 
ships of all nations. Tlicsr are etiteretl on <tandnrd forms :tilt1 s m t  by mail 
to the central ofice a t  W:rshiugton, where tlwy are suinmtlrizcd and the results 
turned over to the Hgtlrograpliic Office for pul)licntioii on pilot rliarts rind i n  
pilot boolts. The mniii items of information are the ~vcragc wind direction 
:ind force ; average barometric prcswure and trnrlrs of storms ; summaries of 
fog contlitioiis ; and, inore recently, stiecial summmies in g i w t  tletail, npiilicalile 
to the plaiiiiiiig :uid CoJidWt of OCCRII nvia tion. 

TRIUSUIIY DEPAIlTMENT 

The Coast Guard cooperates very effectively and cxlc~~sivcly wifli the 
Weather 1;urenu in several ways. At about 80 life-saving stntioiis storm WDPII- 
iiigs arc ilisplapeil, mlicnever issued by the Bureau. These displays colisist 
of flags by t h y  and lights at night. 

\\7c:1thc~r obscrvations are made by eiiiplopes at iiuinerous life-snving stn- 
Tions on Ilie A11:intic and Gulf co:ists and on the Great Lnlrcs alld trans- 
~ni t tcd to Weather Bureau ofices nvr~'  Co:tst Guard trleplio~~c lines :111(1 by 
rrrdio. This cooperai inn is of incstiinnble value in couiicciion with tlir issuance 
of huinric:ine warnings. For tlie most p:irt the Coast Guard stations :ire 1oc:lted 
at isolated ],laces on the const from whicli observations are especinllg ncedcd 
mid from which reports, especially of titles and swells, could not  othe1'wise 
be obtained. 

The Coast Gu:ird cooperairs nlso ilni*ing tlit. ic*e-pntt*ol se:ison, by ful'nisli- 
ing nbsrrv:itiotis from its cutters, including in recent years upper air wind 
41:tt:i from pilot-balloon soundings. 

DIOI'ARThIIZiT OF CO~IX IEDLX 

Cooperation with ilie ~ty: i r tnient  of Commerce is provided rliiclfly 1iy tlie 
I3ui'eriu of Ail' Colninerce, tlic Nntioilnl I3urc:iu of Standards, and llie Bureau 
of JAigliiliouscs. 

Tlw I?urmii of Air Coinmercc has organieetl an extensive systcm of coni- 
inunic.n(ions. both 1-nrlio and  tclctypc, n l o w  :ill of 1 lie principii1 airlvngs i n  the 
roiintrg. At numerous points on tlirse nirwnys where it is nece 
wr:itlirr oliscrrntions m:idc, nl1Iiniif:li Illere i s  no nrcd for 1111. : 
highly traiiied metcorologisis, clniiloSec's o r  ihe Ihircau of Air Comincrce nlalte 
tlir nlicrrvniionr and Iransmjt tllenl f 0 Yi'callier Riirena offices. Rccil~rocnlly, 
a t  points wlterc inetcwologists are nssi~nrd tliry :isslime the duty of oprrnt iiig 
tlie roiiininiiicntioxis facilities, inrlndinc: in iiiang rases the brontlrnsting of 
~vcritlicr rcliorts and forcrnsis. A grrat :itlv:rncc has 1)eeii m:idr tluring the 
11nsl year in this coopeintion \vliicli i s  now close and effrct ive nnd nltogctlicr 
c.liminatrs uiinecessnry dul~licnl ion of pcrsoiiiicl and cost throuqliout the air- 
n a y  service. 

The National Rnrcnu of Sinndnrtls provides valunlilo cooperntion i n  the cnli- 
bration of Wcatlirr Burrnu equipmmt, the facilities of the wind tunnrl bring 
niade nvnilnlilc for  iliic: piirposc. Thnt Bureau also fuuiishcs m:iterinl nit1 in 
icsting siip]iljrs of unllous sorls, to determine wlictlicr or not iliey meet the 
spcrifirntions set up in srrnring bids. 

Goolrcrniion wit11 the niircaii of Liglitliouscs is sinii1:xr to that with the 
Coast Gunrrl. At 37 liglilliouses stoi'm sinnnls-fl:igs by clap niid lights a t  
night-arr clisplnyed wlirnever receivrd froin Ihc Wc:itlicr 1311rc:iu. 
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POST OFFlCq DEIPART'MENT 

Forecasts are telegraphed each week day to postmasters who are supplied 
with a simple stamping outfit composed of rubber type. The forecasts are 
stamped on addressed cards and distributed by mail in the nearby territory. 
I n  other cases the forecasts are posted in the post offices or are given out on 
telephone. call. 

DEPAETMFiNT OF TEEl INTERIOR 

The Geological Survey and the Weather Bureau both maintain river gages. 
In the last 2 years a successful effort has been made by these two services to 
coordinate the work in a way that will prevent overlapping and will make it 
possible to use the same gages a t  approximately 60 stations, thereby decreasing 
the cost of installation and maintenance and giving an improved service. The 
Geological Survey is interested largely in the amount of water available for 
consumptive use, while the particular interest of the Weather Bureau is in 
forecasting river stages from day to day and issuing flood warnings. The 
objectives are different, but the basic data necessary in obtaining then] are 
the same. A large number of the common gages are  checked and repaired by 
the Geological Survey, the Weather Bureau paying the salaries of the observ- 
ers. Also, the Survey furnishes this Bureau with rating curves and is in 
turn furnished telegraphic reports of heavy rains which enable the engineers 
to reach isolated streams promptly in order that they may make observations of 
flood run-off. 

Other cooperating agencies of this Department are the Bureau of Rcclama- 
tion, the Bureau of Indian Affairs, and the National Parks Service, all of 
which furnish daily, and at times more frequently, observations during the 
season of fire hazard in forested regions. Equipmenl is furnished by the 
Weather Bureau. The observations are  useful in sup1,lementing the Bureau's 
own data as  a basis for fire-weather forecasts. 

The Geological Survey and the Bureau of Reclamation also make evaporation 
measurements for the Weather Bureau a t  some of their stations in arid and 
semiarid regions. 

COOPERATION WITH NONGOVERNMENTAL AGENCIES 

It is quite out of the question to give anything like a complete accouut of 
the cooperation that the Eureau receives from thousands of individuals and 
hundreds of organbations of various kinds. Effort will be made merely to  
list some of the outstanding cases. 

Data of high statistical value are provided in observations made a t  about 
4,500 stations throughout the United States and its possessions. In  some Cases 
the cooperating agency is a commercial fii-m, a railroad, a power company, an 
agricultural college, or a university, but for the most part the ob.. qervers are  
individuals whose only compensation is the assurance that they are  contributing 
to a most worthy llroject, that of making possible an accurate appr:iisal of the 
climatic characteristics of all parts of the country. 

Of the same type is the cooperation received froin the masters of vessels of 
every maritime nation, whose observations, when sumniarized, likewise define 
the climate of the seas. 

More recently the upper air is receiving attention, and we have a constantly 
enlarging cooperation from air-transport companies which furnish, chiefly 
through their pilots, highly valuable information regarding weather conditions 
encountered in their flights. 

More than 350 comnicrciril rndiophone stations throughout the country 
provide a valuable service in broadcasting forecasts and other information 
without cost to the Government. These radio broadcasts and the newspapers 
constitute the most extensive and effective method o l  distributing forecasts 
and warnings. Many inillions of people are  reached through these agencies. 

Some 1,300 ships participate in this program. 

MONETARY VALUE OF COOPERATION 

I t  is impossible to give even an approximate estimate of the cost saved to 
the Governnient tlirough the utilizntion by the Weather Bureau of the facilities 
of other bureaus find clepait~nrnts tind through outright coolwation by indi- 
viduals and organizations outside of the Government. The figure would be well 
up in the millions. For instance, the cost of operating the 4,500 cooperative 



WEATI-IER, BUREAU 7 
climatological stations, if the observers were paid only $5 per month, would be  
$270,000 per year. 

The observations made by the personnel of the Bureau of Air Commerce 
along the airways as a part of their regular duties would cost approximately 
$500,000 each year, if observers were employed for that service. 

The cooperation of the War and Navy Departments in the airplane-observa- 
tional program saves in tlie neighborhood of $150,000 per year. 

Although other cases of cooperation outlined in this report would individually 
yield smaller savings than those cited, the total would be impressive. coop- 
eration yields many other benefits, however, in addition to the financial. It is 
more vital to the efficient organization and nlaintenance of meteoi-ological 
service than is the cnse with any other public endeavor. It will be broadened 
and extended still further as circumstances warrant. 

WEATHER OF 1935 MORE FAVORABLE THAN 1934 
The severe and unprecedented drought of 1934, which seriously affected agri- 

culture in the United States, did not carry over to an appreciable extent into 
the 1035 crop-growing season. Following the extremely hot, dry summer of last 
year, the fall months brought timely rains which produced soil moisture sua- 
cient to permit the seeding and to promote the early growth of winter grains 
in practically all sections from the Great Plains eastward, except in the soutli- 
western Plains where moisture continued insufficient. 

In  the western mountains, the winter months had much heavier snowfall 
than during the preceding winter, assuring a better water supply for irrigation 
than was available for the summer of 1934. Thus, except in the southwestern 
Plains, tlie crop-growing season of 1935 began under miich more favorable con- 
ditions than that of 1934. The Southwest, comprising principally southwestern 
Nel)rnska, westerii Kansas, southeastern Colorado, western Oklahoma, north- 
western Textis, find northeastern New Mexico, contitiucd estreiiiely dry till 
about the micldle of May wheii heavy rainfall relieved the situation. Previous 
to the rains, there wns in this area extensive mid very destriwtlve soil drifting 
by wind action, and the most hevere, frequent, and widespread dust storms ever 
experienced in this country occurred. Rainfall had becn deficient for a loiig 
time, and the soil becnme extremely dry, thus facilitating drifting and dustiness 
with any appreciable mind movement. On several occasions during March and 
April considerable dust was carried through the atmosphere as f a r  east as  the 
Atlnntic coast. 

During the spring iiionths, moisture, IIR n rule, was ample over nearly all 
the principal agricultural imas of the country. In  fiict, frequent heavy rain- 
fnll  kept the soil entirely too wet over large areas of the centrnl valleys which 
seriously delayed spring Iilantings in ninny sections. In addition, al)l1ormillly 
cool weather retarded gerinination and growtli, further contributing to the late- 
ness of the spring-plnnted crops. Damaging floods occurred in some plnccs, 
especially over a belt extending from tlie lower Ohio Valley westivard to 
southwestern Nebraska and eastern Colorado ; many hundreds of thousands 
of acres of bottomland crops were destroyed. However, over niost of the Mid- 
west, where severe drought prevailed in 1934, tlie generous rainfall of the 
spring of 1035 was very €avorahle, especially in the central and northern 
Orerit Plains, and in general the weather mas much more favorable thnn (luring 
tlie preceding year. By the beginning of summer the effect of the 1934 
drought hail largely disappeared, fewer thin normal agricultural locnlities 
being in need of moisture. However, July was extremely warin, and precipita- 
tion was scnnty in many sections of the country, with the result thnt, by the 
close of that nionth droughty conilitions had become reestablished over large 
areas of the Great Plains and Rocky Mountain States, being especially severe 
in the southern plains. 

Rainfall for the first hnlf of 1935 (Jnnuary-June) was in innrlred contrast 
t o  that of 1934. For the countrg as  a whole, the 1034 percentiige of normal 
for this period mas 70 and tlie 1935 average 109 perceut of normal. Tiible 1 
shows, by State averages, the percentage of normal precipitation for the several 
States for the flrst half of 1035, and also the percentages of the 1035 averilges 

related to those of 1034 as a base. 
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TABLE l.-Precif%ation by States, January4une 1935 

Percent- 
age of 

normal 
:ompared 
with 1934 

Percent 
103 
242 
180 
197 
164 
69 
80 
106 
242 
169 
219 
179 
211 
106 
110 
148 
165 
127 
249 
103 
230 

Nevada _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  
New England _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
New Jersey _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
New Mexico _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
New York _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
North Carolina _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Norlh Dakota _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Ohio-.. _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _  
Oklahoma _ _ _ _  - - - - - - - - - - - - - - - - 
Oregon .________ _ _  _ _  _ _ _ _  _ _ _ _  _ _  
Pennsylvania. - ~ - - - - - - _ _ _  _ _ _  ~ 

South Carolina _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
South Dakota _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  
Tennessee- - - - - - - - - - - - - - - - - - - - 
Texas _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _  _ _  
Utnh _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _  
Virginia _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _  
Washington _ _ _ _ _ _ _ _  - _ _ _ _ _  _ _  - - 
Wost Virginia _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  
Wisconsin _ _ _ _  - - - - - - - - - - - - - - - - 
Wyoming .... _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _  

Percent 
112 
106 
81 
108 
84 
89 

104 
94 
132 
84 
86 
71 
104 
117 
130 
106 
112 
1M) 

98 
105 

iao 

1935 
ompared 
rith 1984 

Percent 
168 
99 

108 
87 
202 
166 
191 
1G4 
114 
70 
195 

140 
1R7 
114 
108 
159 
140 

aa 
167 

iai 

148 - 
STUDIES I N  AIR-MASS ANALYSIS AND ITS PRACTICAL APPLICATIONS 

The Weatlier Bureau, if it  would not fall hopelessly behind similar institu- 
tions elsewhere, must keep informed of every increase in our knowledge of 
scientific or theoretical meteorology, a requirement that entails continuous and 
extensive reading and study. I t  is equally imperative that this Bureau itself 
also make a(1ditions to our understanding of atmospheric and wenther plienom- 
ena. Finally, tlie Weather Bureau must keep fully informed of all meteoro- 
logical arts-all applications of the science of meteorology to practical needs 
of every kind, in planting, harvesting, shipping, from protection, forest-fire 
warnings, flood warnings, and the thousand and one other things, great and 
small, that affect our prosperity, our comfort, and our health. Such of these 
arts as would benefit this country the Weather Bureau must and does adopt 
and then, if need be, adapts them to our own conditions. 

One of the most conspicuous and useful services of meteorology is that of 
forecasting the weather. The common method of making these forecasts is to  
picture symbolically on a map the existing weather a t  a given instant over a 
greater or less territory, and then to deduce from this synoptic map what the 
weather will be a t  various places during a specified coming period, such as 12, 
24, or 36 hoiirs from tlic time the cliarted observations were made. Until recent 
years tlie only map of this kind in common use consisted essentially of isobars 
(lines of eqnal prpssure, reduced to sea level), isotherms (lines of equal atmos- 
pheric temperature near the surface), and symbols for cloudiness, wind direc- 
tion and velocity, and such other weather facts as might be available and 
helpful to the weather forecaster. All the time, however, it  was recognized 
that while some weather changes are  home-made, by local heating and cool- 
ing, most of them are  owing, mainly, to the replacement a t  a given locality of 
air in one coiidition by air of some other condition, and to the interactions of 
these dilr’erent masses of riir with each other. Clearly, then, a synoptic map 
giving tlie boundaries, or fronts, of the different masses of a i r  over a given 
large territory, together with the states and conditions of these masses and 
the directions ant1 speeds of their movements, also could be used, like the iso- 
baric maps, in forecnsting the coming weather. It is not obvious, however, 
from wliich of the two synoptic mnps, the isobaric or the frontal, one could most 
clearly foresee the coming weather. Presumribly some combination of the two, 
such as  the one mhich for years has been evolving at the Weather Bureau, 
would be better than is either alone. 

But what would be the best combinntion that tit the same time is practicable, 
that does not require data too expensive to  obtain, and that can be so quickly 
~niipped tis to insure a well-considered forecast very soon after the observations 
on which it is based were made? Tbis important question the Bureau is trying 
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to answer as speedily as may be consistent with caution. To this end three 
young men, highly trained in the technique of constructing synoptic frontal 
maps, are  making such charts a t  the central office of the Weather Bureau from 
both the morning and the evening observation for  the entire United States and 
adjacent territory. These charts are the subjects of four round-table discus- 
sions every week with those of the Bureau’s staff who are engaged in actual 
forecasting, and a few others who, though not forecasters, are  familiar with 
the underlying theories. Much benefit has resulted to all concerned from these 
free discussions, and frankly searching, though always constructive, criticisms. 

Work in this line is progressing. A reasonably successful system of forecast- 
ing must not be altered unless and until it  is doubly certain that the proposed 
alteration is really an improvement But immediately an iinprovenient is clearly 
demonstrated the means of making it effective must and will be found. 

AIRPLANE OBSERVATIONS AND “HEIR USE IN FORECASTING 

In  1931 airplanes were substituted for kites. The number of upper-air 
observations by airplanes available to the forecaster was increased to 26 within 
the last 2 years. These observational data have been employed in diagnosing 
the vertical extent and structure of the cold- and warin-air masses that cause 
and maintain QUP cyclonic and anticyclonic systems. Temperature-height graphs 
are prepared daily at each of the district forecast centers for all of the airplane 
stations received. At each point of inflection of the temperature curve, mid-  
ings of relative humidity are entered. From these graphs it can readily be 
seen where the humidities a t  the usual cloud and precipitatio!i levels are  
increasing and what the temperature lapse rates are in such regions. 

In  addition, they permit an estimate of the slope of the frontal surfaces lyhich 
separate the air  masses. Information of this kind with the aid of the pilot- 
balloon data, which consist of wind velocities and directions, aids the forecaster 
in determining when nnd wlicre precipitation will occur. 

At present it is universally recognized that any appreciable precipitation is 
caused by the lifting of air masses, which results in decrease in temperature. 
If this lifting and resultant decrease of temperature are  carried f a r  enough, 
precipitation will ensue. The problem is to tell just how far  this lifting will 
be carried. It may be brought about by frontal action either along the cold 
front 01’ warm front, by thermal convection, where no front is involved, or by 
orographic action. To assist in determining this question in the particular 
case, vertical cross sections of specific humidity and potential temperature can 
be drawn. Graphs in the form of adiabatic charts, tephigrums, and enlagranis 
can all be prepared from data obtained from airplane ascents. From several 
of these, but probably more rendily from the emagram, can be determined the 
amount of frontal lifting required to produce precipitation. If no fronts are 
present, the probable masimuni temperature for the afternoon may be deter- 
mined from the emagram, which indicates how much afternoon heating mill be 
needed to cause instability and thunderstorms. In fact we may say that data 
obtained from the airplane observntions are  enabling 11s to tell more positively 
whether or not precipitation will occur and to evaluate more definitely the 
physical causes which operate to bring it about. 

CONSOLIDATION OF METEOROLOGICAL AND COMMUNICATION 
ACTIVITIES AT AIRPORT STATIONS 

During the past year the Weather Bureau and the Bureau of Air Commerce 
mutually agreed to combine the meteorological find communication activities 
a t  airports wherever practicable with a view to improviug efficiency and 
effecting all possible economies. Arrangements were made to combine the 
services at the following 36 airports : 
Abilone Tex. 
Albuqu6rque N. Mcx. 
Amarillo, Tdx. 
Ucllefontc, I’n. 
Big Spring, Tex. 
Boise Idnlio 
Bostdn, Mass. 
Buffnlo N. Y. 
Charlc&on S. C. 
Cincinnati,’ OIIIO 
Columbus Oh10 
Detroit, Mich. 

Dllto Nev. 
Presho, Calif. 
Greensboro, N. C. 
Indinnnpolis, Ind. 
Jackson, Miss. 
Rinrrmnn. Ariz. 

Oltlaliomn City, Okln. 
Pnsco, Wash. 
l’eudleton, Orcg. 
Phocnix &le. 
Reno, Nkv. 
Richmond, Vn. 
Rock Springs, Wro. 
Snn Dicgo, CnllC: 
Spnrtanburg S. C. n iciiitn, K&. 
\\’inslow, Ariz. 
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At large centers where weather maps and meteorological personnel were 
needed to render a specialized service, the Weather Bureau personnel was 
retained and the Bureau of Air Commerce personnel reduced. Under this 
arrangement the Weather Bureau personnel is now engaged to a considerable 
extent in communication work. At  other airports, where the demand for 
weather maps and meteorological advice was not great, the Weather Bureau 
personnel was withdrawn. The pilot-balloon work was moved to the Weather 
Eureau office in the city, or to some nearby point, and the surface weather 
observations were turned over to the Bureau of Air Commerce personnel. Tlie 
consolidation made i t  possible for the Weather Bureau materially to strengthen 
its service a t  the 10 airway forecast centers by providing the personnel and 
assignment of forecasters for %-hour daily service. The arrangement per- 
mitted the Bureau of Air Commerce to extend its network of communications 
to other airways over which service had not been provided. The meteorological 
and communication services at important airports are now on a practicable 
and efficient basis, and duplication of effort has been eliminated. 

THE VALUE OF FOUR MAPS A DAY IN THE AIRWAY SERVICE 

For a number of years the Weather Bureau has recognized the need of 
improving the gerieral weather service by the issuance of four m:ips a day. 
The cost, although relatively not large, has prevented the inauguration of 
the service because of the limited funds available. Tlie framework for such 
a service was laid during the past year through reorgaiiization of service for 
airways. The consolidation of meteorological and communication activities 
with the elimination of the airway sectional maps, which covered 4-hour 
periods, and their transmission as such by teletype, made this beginning possible. 
Some of the savings in funds which resulted from the reorganization were 
used in proi7iding a few additional reports, and with increased time available 
on Bureau of Air Commerce teletype circuits, more coiiiplete mc~teorological 
data were transniitted f o r  tlie preparation and analysis of Nation-wide maps 
a t  airport stations, col-ering a 6-hour period. 

The 8 a. in. and 8 p. m. maps, prepared a t  airport stations from the regular 
collection of Weather Bureau signals, cover an area from Honolulu to Bermuda 
and from northrrn 81:iska to southern Ilexico. The 2 a. m. and 2 p. in. maps 
are  prepared from selected airway sequence reports and off-airway station 
reports which cover the entire United States. 

Weather malm on a G-hour h:isis cnn be used more atlvnntageouslg th:in 011 
any other time basis. M:uiy years ago it was recogiiizetl by nicteoiwlogista 
that  the time interval between weather maps should be equal and thut the 
basic observations should be taken a t  the same time a t  all stations day after 
day. This was the basis for the original est:iblishment of 8 a. m. ani1 8 1). in., 
eastern standard time, observations and weather maps. 

I t  mas recognizccl from tlic beginning that more frequent in:ips were needed 
for the intensive service which aviation demanded. In 1929 the sectional 
3-hour weather maps were inaugurated, but it was apparent that the area 
covered by these maps was riot as extensive :is i t  should be. A change was 
made in 1932 to 4-hourly airway sectional maps covering increased area. 
These also were too limited and had a further disadvantage in that the period 
was an odd multiple of the lkhour  basic period. The recent change to  6-hour 
maps reduced tlie disadvantages heretofore experienced. Moreover the 6-hour 
maps coincide in timc with the maps gre1)ared by a number of foreign nreteoro- 
logical services and will later permit the exchange of reports with other coun- 
tries when funds a r e  provided for placing the general weather service of the 
Bureau on a 6-hour basis. 

This service for airways W:IR inaugurated on May 1, 1935. Forecasts are 
issued four times a day covering a period of 8 hours in advance. Whrn ron- 
ditions warrant, special forecasts are  issued between the 6-hour periods, bawd 
011 3-hour intermediate sectional maps which are prepared from the network 
of airway reports. The present plan is the most efficient yet devised :~nd  has 
some distinct meteorological advantages which no other timed system possesses. 

UNIFORM PROCEDURE IN PREPARING MANUSCRIPT MAPS 

On March 1, 1935, standardlzed procedures for drawing iiiaiiuscript inaps 
a t  all Weather Bureau offices and airport stations were put into effect. Uni- 
formity in the use c~f symbsls rind other entries on msps and in drawing 
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isograms is secured by this standardization, which is valuable for many reasons, 
but chiefly to aviators and others who have occasion to examine maps at  
different ofEces of the Bureau and also for the Bureau's own employees who 
are  transferred from one field station to another. !@lie symbols adopted by 
the Bureau were made to conform as nearly as  practicable to  international 
usage. 

REORGANIZATION OF THE HURRICANE-WARNING SERVICE 

For many years prior to July 1, 1935, the hurricane-warning service of tlie 
Weather Bureau was centered a t  Washington. Radio weather reports from 
ships in the areas frequented by hurricanes and meteorological observations 
from island and coastal stations in those areas were collected a t  Washington 
only. The reports were charted and advisory and warning messages were 
distributed from the Washington center for the benefit of shipping and resi- 
dents of island and coastal communities. This is one of tlie most important 
services of the Bureau. I t  has been instrumental in saving many huinari lives, 
and millions of dollars' worth of property. 

Owing to the cost of repeating the observations to Weather Bureau offices on 
the South Atlantic and Gulf coasts, it was necessary to confine the information 
grovicled those offices for public service to 2 or 3 daily telegrams containing 
brief statements as  to the location, intensity, and probable movement of tlie 
storm with notificntion of such warnings as were indicated by the reports 
collected. Personnel and €acilities were inadequate for a contiiiuous operation 
of the service for 24 hours each clay. There was a hiatus between the daily 
8 p. ni., eastern standard time collection of reports and the collection 12 hours 
later. During this 12-11our period tropical storms sometimes progressed rapidly, 
which made i t  difficult in some instances to  collect observations a t  a center f a r  
removed from the storin zone and to distribute timely warnings to the 
threatened areas. 

Funds in tlie amount of $80,000 were provided the Weather Bpreau in the 
agricultural appropriation bill for reorganiziition and extension of the hurri- 
cane-warning service. Plans for the new form of service were prepared so 
that'promptly on July 1, 1935, a special teletype systeiu was set up by the 
Bureau to  connect 10 stations on the coast with the new hurricane-forecast 
centers a t  Jacksonville, Ella., and New Orleans, La. Daily collection of land- 
station reports and observations by radio from ships in the region frequented 
by hurricaiies will be transmitted over this teletype circuit. When tropical 
storms are  in progress, additional observations a t  6-hour inteivals or  oftener, 
if necessary, will be furnished to tlie teletype system with personnel on duty 
continuously 24 hours each day. This system enables the two forecast centers 
to receive reports and issue warnings with tlie dispatch that is possible only 
with direct communication service operated exclusively for that purpose. A 
superior information and warning service in connection with hurricnnes is now 
available to the public in tlie areas served by Weather Bureau offlces in the 
coastal sections of the South Atlantic and Gulf States. 

Another hurricane forecast center will be located a t  San Juan, P. R. The 
areas to be scrvrscl by the three centers are: 

8an Juan:  Caribbean Sea and islands east of longitude 75" W. and soutli of 
latitude 20' N. 

New Orleans: That portion of tlie Gulf of Mexico and its coast west of 
longitude 85" W. 

Jncltsonville : Remaining portions of the Atlantic coast, Caribbeaii Sea, and 
Gulf of Mexico areas, and islands and coasts south of latitude 38" N. 

Warnings for the Atlantic coast north of latitude 35" N. will continue to be 
issued from Washington. 

Incidental to the hurricane-warning-service reorganization, a new €orecast 
center has bee11 established at Jacksonville for North Carolina, Soutll Carolina, 
Georgia, and Florida (except the extreme northwest portion) and ocean areas 
contiguous thereto. 

POSSIBLE REFINEMENT OF FLOOD FORECASTING THROUGH THE 
USE OF RECORDING INSTRUMENTS 

A flood is produced naturally in a primary drainage bnsin by tlie continued' 
falling of rain or melting of snow a t  a rate greater than the maximup rate at 
which water can be discharged from the basin. In  the United States a flood 
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caused by snow alone is rare, and the forecasting of floods caused by rain falling 
on a snow mantle cannot be reduced to a formula. This discussion, therefore, 
will be confined to those floods caused solely by rain, and wiil be applicable only 
to primary basins in which the short time betwcen the fall of heavy rain and 
the occurrence of the resulting flood makes it necessary to base forecasts more 
on rainfall data than on upstream river gage readings. 

The season of the year, the preceding weather, and the drainage basin’s topog- 
raphy, geology, and vegetal mantle a re  essential factors that must be considered 
in flood forecasting. Assuming that these data are all available and have been 
given proper places and weights in a formula, there still remains to be obtained 
the most important factor of all, namely, the hourly amounts of rainfall. This 
is not available in a complete form under the present system. The total amount 
and the approximate period in which the rain fell a re  readily obtained. The 
forecaster knows, for instance, that 2 inches fell in less than 12 or 18 hours, 
but he does not know that 80 percent of it fell in 2 hours, and that light showers 
occurred during the remainder of the period. This is a handicap, but in spite 
of i t  valuable flood forecasts are being made and are  the means of saving human 
lives and property. Frequently these forecasts do not give the exact height 
of the crest and the hour of its occurrence, but they are sufficiently definite 
to enable the inhabitants of the threatened area to take the precautions neces- 
sary to  protect their lives and property. The forecaster knows, however, that, 
given hourly amounts of rainfall for coordination with the continuous records 
of river stages now being made available through the recent cooperative and 
constructive work of the Weather Bureau and the Geological Survey, he could 
evolve formulas that would enable him materially to refine his flood forecasts. 
He could predict with considerable assurance and definiteness both the height 
and the time of the flood’s crest, instead of expressing his €orecasts in rather 
general language. 

Continuous records of river stages are  being obtained from recording stations 
constructed in the last 2 years with funds allotted by the Public Works htlminis- 
tration, and a similar advance in strengthening the method of mcasuring rain- 
fall would not only make possible the refinement of flood forecasts in primary 
drainage basins but would also be of inestimable value in agriculture, soil con- 
servation, and all branches of hydraulic engineering. The needs of the flood 
forecaster alone seem not to have had enough weight to bring about the instal- 
lation of the required number of recording rain gages, but in the last few years 
other users of rainfall data have, individually and through their various organiza- 
tions, been makiug insistent demands and endeavoring to provide means for the 
establishment of a network of these gages. The Weather Bureau, therefore, is  
hopeful that in the near future its flood forecasters may have available enough 
additional rainfall information to enable them to give to the residents of a 
threatened valley the exact height and time of arrival of a coming flood. 

SOME RESULTS OF WORK IN MARINE METEOROLOGY 

Further noteworthy improvement in accuracy of ships’ meteorological instru- 
ments and reports was brought about during the year a s  a result of a program 
for critical review of mail returns, atteiided by numerous inspections and tests 
of instruments. In many cases shipping companies generously provided replace- 
ments for instruments found inaccurate, and the faithful efforts of ships’ officers 
observing and reporting weather a t  sea were thereby made more effective, 

Special research mas pursued during the year along two lines. Files o€ ocean- 
weather observations were in part reexamined from the point of view of the 
needs of overseas aviation. Water-temperature investigations were continued 
and broadened. 

All available data for an immense area in the tropical Pacific were intensively 
studied, and definite advances in our knowledge of the climate and meteorology 
of this hitherto obscure ocean region were obtained. The knowledge will bear 
upon iirospective development of trans-Pacific air routes to the Philippines and 
Australia. illuch work in this fleld remains to be done. 

In water-temperature research special attention was devoted to testing the 
hypothesis, held in some quarters, that the variations in sea-surface tempera- 
tures along the Gulf Stream and a t  its origins in the Caribbean Sea can be made 
a practical basis for forecasting the weather of succeeding months over the 
eastern part of the United States. Mathematical correlation methods rigorously 
applied to this problem have so far  brought mostly negative conclusions. 

However, these studies are gradually laying a foundation for approach to the 
question whether, over longer periods of time running to  several years or more 
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in length, there may not be found cycles of sea-surface temperature variation 
of relatively sniall size but perhaps important as  an influence upon some of 
the long-term aspects of our weather history, such as the drought of 1934. 
This is an ultimate objective of the water-temperature researches, which are 
being continued. 

THE FIRE-WEATHER SERVICE 

The fire-weather srrvice, to which previous rrference has been made, is one 
of the relatively snlall, but highly important activities of the Weather Bureau. 
It is conducted as an aid to fire-protection forces in the forestry services of the 
country. The problem of coiitrolling forest fires is a difficult one involving 
heavy expenditure of tiiue and money and a t  times requiring the services of 
large forces of men. The efficiency of fire control is largely dependent upon 
forestry officials being prepared for emergencies as they arise in proportion to  
the seriousness of the fire hazard. Since weather, more than any other factor, 
is responsible for the degree of Are hazard, forecasts covering those weather 
elements of direct bearing upon the fire-control problem are invaluable to the 
protection forces. 

The are-weather forec:isting service was first offered to forestry interests in 
the States on the Pticific coast. It received such a favorable response that it 
htis since been extended to forested areas under protectioii in other sections of 
the country. At prcsent, forecasts are  provided during periods of fire hazard 
to Government, State, and private forestry agencies in California, Oregon, Wash- 
ington, Idaho, Montnna, Miiinesot:l, Wisconsin, Michigan, the Adirondacks, the 
New England Statcs, and the southern Appalachians. 

The plnii of operation is essentially the mine in all flre-weather districts. 
Meteorological substations are  muintained a t  numerous places within the for- 
ested areas, and reports froin these stations are transmitted daily by telephone 
or telegraph during tbe seasons of hazard to the headquarters of the fore- 
caster for each district, seven in number. These reports, in conjunction with the 
general weather map, a r e  used a s  a b:isis for the formulation of specialized 
forecasts which are telegraplied or telephoiiccl to fire-coiitrol officers of the 
district, or else are  broadcast by radio on exact schedules. 

In  the California district there is an additional and special method of opera- 
tion contlucted in cooperation with the United States Forest Service. An auto- 
mobile truck, fitted with office, meteorological and radio equipment capable of 
sending and receiving messages, is utilized. This truck unit, accompanied by a 
forecaster and a radio operator, virtually comprising a forecasting office on 
wheels, proceeds to every large forest fire. 0bsei.vations are  received by radio, 
and forecasts and advices are issued to those in charge of the Are-fighting 
crews on the ground. This arrangeinent offers distinct advantages over the 
method employed in  other districts in that the forecaster becomes an integral 
and active part of the protective system, issuing niinutely localized and adapted 
warnings and advices for immediate use. Operation of this mobile unit hiis 
been so successful that its use in other districts is urged. 

In  addition to the forecasting work, each fire-weather forecaster cooperatee 
with forestry agencies in the conduct of research work leading to the improve- 
ment of forecasts and contributing to knowledge of the relationship between 
weather coriditions and the vnrious degrees of Are hazard. 


