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INTRODUCTION 

In the four annual reports preceding this one chief emphasis has been placed 
on the great importance of (1) a broad, comprehensive progrnni of resenrch and 
(2 )  effective cooperation with other organizations, both governmental and non- 
governmental, including particularly the ineteorological services of all other 
countries. Unless special attention is given to these two requisites, real 
progress in meteorological service is  impossible. 

In the development of n11y service in which a steady though gradual growth 
is desirable to enable it to meet progressively increasing demands, i t  is neces- 
sary and stimulating, froin t h e  to tillir, to pnnse briefly, make a study of 
what has been accomplished m ~ d ,  to n certain estent, stnrt afresh, concentrating 
on those parts of the service that are shown to be weakest, and eliminating or 
reducing those which may forinerly have been important but the need for 
whir11 has largely cmsed-in other words, “putting first things first”. 

When, 4 years ago, in responsc to recornnieiidations of‘ tlic Srieiice Advisory 
Bonr(1, a program mns adopted which lind as  its purliose the introduction of 
new procediires and particularly a change of attitude in the Weather Bureau 
which would enable it to modernize its service in line with recent thought and 

* Since the following repor t  wns wri t ten ,  the death of Dr. Gregg occurred on Septenr iw 
14, 1038, at Chicago, I11 where  lie ivas Rtt@iidlng a n  ar in t ion  confercwcr between the 
Civil  Aeronautics Ai i thodty  a n d  the A i r  T r a n s p o r t  Assodat ion  of America. 
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practice elsewhere, it was fully recognized that there would be a n  ever-present 
danger, on the one hand, of drifting back into practices that had long since 
ceased to be useful and, on the other, of failing to preserve a proper sense of 
balance among the newer procedures, only recently introduced. An occasional 
careful survey or “taking of stock,” along the lines indicated in the preceding 
paragraph, is the only sure way to guard against this danger. Such a survey 
has bren made during the past year. It revealed considerable progress. It 
also showed the need of a reorientation along some lines. By ineans of a series 
of conferences and the work of a number of committees important changes 
hare  been and are  bring made, all designed to increase the efficiency of the 
service in all its branches. Special attention is being given to the training 
of personnel, to the complete standardization of the service in accordance 
with international practice, and to research. In  the following pages is presented 
a discussion of these topics, together with brief reviews of the Bureau’s ac- 
tivities and a summary of the weather during the fiscal year. 

TRAINING OF PERSONNEL 
The program of detailing field personnel to the central office, briefly referred 

to in the last two annual reports, was continued, and its effectiveness was in- 
creased by assigning a trained air-mass analyst to the field to give instruction at 
different stations. Significant results have come from this program, but .it has 
been recognized that it should be supplemented by sending a few outstanding 
men to  educational institutions for advanced instruction. Efforts to secure 
authority for this purpose were finally successful, in the passage of the Civil 
Aeronautics Act, approved June 23, 1938. Among its provisions are:  

SEC. 304. Tlie Administrator is empowered and directed to make recommendatfans to 
the Secretary of Agriculture for providing meteorological service necessary for the safe 
and etRcimt movement of aircraft in nir comn~crce. 

Snc. 803. In order to  promote the safety and eEciency of aircraft to  the highest possible 
degree, the Chief of the Weather Bureau, under thc direction of the Secretary of Agri- 
culture, shnll, in  rtddition to :my other funct~ons nr duties pertaining to wentlier informa- 
tion for other purposes, (1) make such observations, measurements, investigations, and 
studies of atmospheric phenomena, and esfablish such meteorological offices and stations, 
21s are necessary or best suited for  uscerta~ning, in ndvnncc, inforti~r~tiou concerning prob- 
able weather conditions ; (2) furnish such reports, forecasts, warnings, and advices to  the 
Authority, and to such air carriers and other persons engaged in  civil aeronautics as may 
be designated by the Authority and to  such other persons as the Chief of the Weather 
Bureau may determine and snhh reports shall be made.in such manner and with such 
frequency as will best ’result in safety in  air navi.gation (3 cooperate with any person 
employed by air carriers in  meteorological service, and (4) detail annually not to  exceed 
ten members of the Weather Bureau personnel for training at Government expense either 
at civilian institutions or otherwise, in  advanced methods of meteorological scienc;! : Pro- 
vided, That  no such member shall lose his individual s ta tus  or seniority rating in the 
Bureau merely by reason of absence due to  such training. 

The authority contained in  section 803 (4) for the detailing of personnel to 
educational iiistitutions for advanced training is of fundamental importance 
and significance in the development of meteorological service in this country. 
Plans are  being worked out to put this legislation into effect, to the full extent 
that funds will permit. 

INTERNATIONAL CONFERENCES 
The past year has been a particularly active one in international mcteorology. 

The first meeting of the newly formed Commission on Aeronautical Meteorology 
was held in Paris in June 1937. September 1037 was inarlred by conferences 
of Regional Cornmission 111 (South America) at Lima, Peru, and of the Inter- 
national Meteorological Committee a t  Salsburg, Austria, the latter being pre- 
crded by meetings of commissions on agricultural meteorology, climatology, 
synoptic weather, and projections foi* meteorological charts, aiid of two sub- 
commissions on medical meteorology and on sea swells. A conference of di- 
rectors of meteorological services in the southwest Pacific was held a t  Welling- 
ton, New Zealand, in December 1937. Finally, representatives of several coun- 
tries concerned with meteorological service for trans-Atlantic aviation met 
at a conference in Dublin, Ireland, during March 1938. The Weather Bureau 
was represented by one or two officials at all of these conferences. I t  has 
membership in nearly all commissions and the Chief of Bureau is a member of 
the International Meteorological Committee and president of the Commission 
on Projections for ~feteorological Charts and of Regional Commission IV (North 
Anierica). 
Of special importance was the conference held a t  Lima. It was the first 

meeting of Regional Commission 111, which is composed of the directors of 
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national meteorological services in South Ainerica who are members of the 
International Meteorological Organization. I t  was held concurrcntly with a 
meeting of the techpical aviation conference. 

Regional Commission 111 was organized in accord with a resolution passed 
by the International Meteorological Organization a t  Warsaw, Poland, in 19.76. 
Therefore, the Regional Commission 111 ineetiiig a t  Lima was not only its first 
but it probably was the most ilnP01'tmt assemblage of meteorologists ever held 
in South America. Moreover, it  mas the first time that rcpresentatives of the 
United States Weather Bureau hare  pnrticipated iu a meteorological conference 
in South America. 

-4 number of meteorological problelns of mutual concern to North America 
and South America mere discussed. Among the resolutions passed was one 
urging that a similar regional coniinission (No. IV) be formed to coIrsist of the 
meteorological services of North Americn, Cuba, and the West Indies. This 
and other resolutions were a recognition of the fact that travel between the 
countries of the Western Hemisphere, es1)ecixlly by airplane, and other brisiness 
relations on which weather has iinportant bearing, make it necessary that there 
be more intimate international understandings and coordinations than ever 
before concerning meteorological work in the Americas. 

For many years the meteorological services of Canada and the United States 
Weather Bureau have been actire members of the International Meteorological 
Organization, and they have had close cooperation with neighboring government 
lneteorological institutions, but there has been no organized regional coordina- 
tion. Regional Commission IV is being formed, and in  due time it is expected 
that there will be a joint ineetiiig with Regional Coinmission 111. 

METEOROLOGICAL RESEARCH 

Active research progressed on a niiinber of problems covering a wide field in  
meteorology and its practical applications. The results of research by the 
Jveather Bureau are made generally available through the medium of the 
Monthly Weather Review, which, in addition to its function of promptly dis- 
seminating climatological and weather data and reports for public use, also 
provides limited facilities for the publication of contributions to meteorology 
by persol~i~el of the Bureau and to a sinnll extent by othcrs. 

Among the more important research papers of most general interest that 
appeared in the Monthly Weather Review may be mentioned: Review of 
United States Weather Bureau Solar Radiation Investigations, by I. F. Hand 
(vol. 65, pp. 415-141)., a summary and discussion of the solar-radiation ob- 
servations and investigations of the Weather Bureau to date ; On the Rela- 
tion Between Rainfall and Streamflow-111, by R. T. Zoch (vol. 65, pp. 135- 
147), a further contribution to the matheinatical investigation of flood fore- 
casting; The Geometrical Theory of Halos-IV, (vol. 65, pp. 19@-192), and 
V, (vol. 65, pp. 301302), by E. w. Woolard, continuing the investigation in  
meteorological optics begun last year ; Formation of Polar Anticyclones, by 
H. Wesler (vol. 65, pp. 229-236), a further contribution to the investigation 
of North American cold waves that has been in progress during the past 2 
Tears; On Some Properties of the Water Vapor Spectrum and their Relations 
io  Atmospheric Radiation, by W. M. Elsasser (vol. 65, pp. 323-8261, the 
initial contribution to a comprehensive investigation of the fundamentally 
important part played by absorption and radiation by water vapor in the 
atmosphere ; On the Thermodynamic Interpretation of Isentropic Charts, by 
H. R. Byers (vol. 66, pp. 63-68), a discussion of the construction and appli- 
cation of the isentropic chart in the form finally developed by the Weather 
nureaii ; The Normal Temperature Distribution of the Surface Water of 
the Western North Atlantic Ocean, by G. Slocum (vol. GG, pp. 39-43 and 16 
charts), making generally available the data in the records of the Weather 
Bureau; Shielded Storage Precipitation Gages. by J. C. Alter (vol. 65, pp. 
262-265), a report on a long Series O f  esperiinental investigations of the 
measurement of snowfall by the Wcather nurcnu. Two reports dealing with 
progress in the development of the radiometeorograph appeared : A Series of 
Radiometeorograph Soundings during February-April 1937, by C. Harmantas 
and D. P. Iceily (vol. 65, pp. 219-229) : and Report on the Weather Bureau 
Radiometeorograph Program, bg L. T. Sainnels (vol. BG, pp. 93-95). In addi- 
tion, two iinportant reports on international cooperation among meteorological 
services were published : Advancw in International Bleteorology in 1936-37, 
by W. R. Gregg (vol. 65, pp. 385357) ; and International Standard Projec- 
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tions for Meteorological Charts, by W. R. Gregg and I. R. Tannehill (vol. 65, 
pp. 411415). 

INVESTIGATIONS UNDER THE BANKHEAD-JON&S ACT 

With allotments from the special research fund provided by the Banlihead- 
Jones Act, the investigation of cold waves in Korth America, which was be- 
gun during the preceding fiscal year, was continued in cooperation with Massa- 
chusetts Institute of Technology and the Bureau of Agricultural Econoinics ; 
and a further project for the study of warm and cold anticyclones and the 
role of ozone as a possible link between solar activity and atniospheric 
changes was begun in cooperation with the same agencies. These investiga- 
tions are  a part of the general weather- and crop-forecasting research pro- 
gram of the Department of Agriculture. 

The upper-air soundings a t  Fairbanks, Alaska, were made with the radio- 
meteorograph, checked by periodical airplane flights. The statistical and 
theoretical study of data obtained by upper-air sounding and other special 
observations at northern stations was continued and has enabled further 
extensions to be made of the quantitative theoretical-physical esplanation of 
how cold-air masses build up in tlie fa r  North during winter by radiational 
cooling at the snow surfaces and by the gradual upward spread of the cool- 
ing effect during the Arctic night. The observational prograin of this investi- 
gation has provided the opportunity to deinonstrate the applicability of radio- 
meteorograph soundings under extreme conditions ; the experience gained will 
be of benefit in all activities of the service since it is planned eventually to 
replace all nirplnne soundings of the upper air by radiometeorographs. 
In the theoretical part of the invrstigation iiwreased emphasis wiis &veil 

to the study of the niechanisin by which the accumulated cold air is eventu:illy 
released and propagated in the forin of :I cold wave, iind a proinising begin- 
ning has been made in the solution of this problem. The release of cold-air 
outbreaks seeins to be closely rcilnted to the circulation aloft of the wnrmer 
air  in the dynamical warm Highs of lower latitudes. The originally distinct 
investigations of cold Highs and warm Highs have thus been brought together 
in n single investigation of the geiieral circuliition of the atmosphere between 
northerly and southerly latitudes. 

In the course of these investigations fundanic~tital adomces in understand- 
ing the dynaniics of atmospheric circulation have iilready been effcctcd, largely 
by utilizing recent advances in fluid 111 , piirticnlnrly tlie theory of 
lateriil mising and dissipation in wake ; and opportunity has been 
provided to develop and aliply iin1)orttin ds that are also of gencr:tl 
application in regular daily meteorological and forcciisting worB-especi:lIly 
tlie isentropic chart, which gives proniisc of great usefulness iii cliiily forr- 
casting tind in obtaining and undc.rstanding of weather abnorrnnlities such 
u s  periods of flood or drought. The large-scale fentures of atmospheric circn- 
ltition deterinincd by cold mid warin anticyclones tire of €midnmmtal signifi- 
c:iiicc for the 1:irgc-scale trtlnds, c1i:ing:cy persistencics, and nl~norninlitics of 
weather that are especially important for long-range forecasting. 

In the study of the possibility that ozone in the upper atinosphere mny act 
as a link between solar :ictirity and inrtcorological phenomena in the lomer 
atmosphere, n surrey of present knowleilge liiis been complelcd ; ruid i t  is 
planned to s tar t  observations of ozone in the United States to investigate the 
correlations betwcen ozone clistribntion iind weather which have previously bern 
found to csist in Europe. 

AIR-MASS ANALYSIS 

Progress has continucd in the develolmic~iit of frontal, ltineniiitic, ant1 thernio- 
dynaniic annlysis of synoptic ni:ip’: iind vertical cross sections. In pnrticular, 
investigations h:tvc 1)ern nindc of upper-air cold fronts and upper-air pressurc 
maps and tlie results put into diiily UNP. Uplwr-air clitirts of eonditions on 
iscntropic surfricw 1i:ivc b ~ e n  dewlolied :I tlirir npp1ic:ition in &lily fore- 
casting c~xtcnsively stndicyl. The propert , progrehsive niodificn tious, and 
disl inguishing ch:irarteristics of the air niu s of tlie United Strites have been 
summarized m e w  and havr shccl new light on iiir-mass inodifirntions and rc- 
siilted in a simpler nnd inore prnctirril c1:issificiition of North Aniericrin a i r  
masses. JinlJrovcsd :ind siinl~lified cross sections haw bern developed ; irnprovcid 
methods for the t1iermodyii:imic interpretiition of c1i:irts and cross sections 
have opened up new liucs of investigation thnt have I c ~ l  to pr~liniinary con- 
clusions about the dissipation of fronts tit high levels which lIi1rtlg invnlidnte 



5 WEATHER BUREAU 

die Norwegitin conception of the occluded cyclone. General-forecast studies 
have also been continued as in the past. 

PROGRESS IN APPLYING NEW SYNOPTIC AIDS TO DAY-TO-DAY 
FORECASTING 

In tlic development of the science of weather forecasting there has been 
n sort of friendly coinpetition between the practical and the theoretical schools. 
When observations were confined largely to surface conditions, most of the 
contribiitions came from the practical side because it was difficult to shape 
the prrictical problems into n form susceptible of treatment by the then-known 
pliysicril methods. Later, as tin increasing nmonnt of informntion from the 
free air wiis made avnilable by means of kites, sounding balloons, pilot balloons, 
inoiin tiiin observntories, etc., more and more theoretical contributions appeared. 
Thus mas narrowed the gap that existed between the practical and theoretical 
acliools and, while there still remains i i  gap, it is surely and steadily decreasing. 

Clouds, the observation of which gave ns onr first, though incomplete, knowl- 
edge of tlie free air, were snppleineiited by sportidic observatioi~s of pressnres, 
temperntnres and humidities from kites and sounding b:illoons carrying meteoro- 
graphs. 1’Jirse in  turn were followed by regulrir once-a-dny nnd later by twice- 
a-dny pilot-balloon programs. I t  was not, however, until the inauguration of 
daily airplnne obserrutioi~s from u nctworlr of stations that sufficient informa- 
tion i i i  the vertical was obttiined to give a fairly co~nprelie~~sive picture of the 
slriictnre of tlie lower half of the troposphere. Still more recently the radio- 
metrorogroph lias estended our daily inforinntion into the substratosphere 
and has assured observations even under weather conditions so adverse that 
plrines ainnot function. 

B’ollowing the World War, a series of truly phenomenal advances in fore- 
cnsting began. The annonncen~eiit of the frontal concepts by Bjerltnes, Solberg, 
and Bergeroii was followed by studies of air masses by Bjerknes and Bergeron 
in Europe and by Rossby, Willett, and Byers in this country. The next im- 
port:int step was the development of kinematical coii~pntations 011 the movement 
of 1,ressiire systems, fronts, etc., by Petterssen niid later by his contribution 
on frontogenesis and cyclogenesis, etc. The latest advance, which has already 
deinonstratcd practical applicatio~~s and holds out definite promise of further 
nscfulness, is that of Rossbp’s inrestigntions of flow patterns of moist and dry 
tongues ns shown on the iseiitropir charts sllggested by Napier Sham many years 
ago. Mmiy cases of precipitation cannot be explained by means of the frontal 
concepts. Of those heretofore unexplained ctises, the flow patterns on isentropic 
surf:ices esplnin a considcrftblc nmiiber-liiiiitecl somewhat by the openness 
of the network of riirplalle stntioils and by tlie fact that such observations are  
avnilable only once a day. 

This series of cpochnl deWlOP1n~llts h:ts been made possible not only by 
systematic dnily observations in the free air from a network of stations but 
also hy tlie recognition of the nwd for 1)roniotlng and encouraging studies in 
dyniiinic meteoro1ogy by S O ~ C  of the morc llrogressive universities and mete- 
orological institutions. There is every  enso on to expect that, with tlie develop- 
mrnt of new tools in the w:l$ of coIlcel)ts, lnorc complete and frequent free- 
air observational ninterinl, and increasiiigl!: eficieiit methods of attack, this 
wonderful advancc of the last decade or so will continue. 

About 3 years ago a small group ww org:uiized in the Weather Bureau at 
Wt~sliington to crtrry on n progrll111 of illstr1lction iind iiivcstigntion in wcnther- 
map analysis based on physical priilciP1eS ill the espectation that such methods 
woiild improve the forecnsting ~ o r k  Of the ~I lreau .  This sinnll group, iisiinlly 
referred to ns the “air-mass group,” DWpnres daily a general map, vertical 
cross-sections, isentropic chrirts, rind energy. diugranis when iiecessnry. Con- 
ferences are  held a t  11:15 a. In. at n41iCh :I Ieader carries through a complete 
analysis of the cnrrent map and traces the evolntion of tlie fronts and the 
chnngrs in a i r  masses. Those who nttend the conferences, 10 to 76 in number, 
offer suggestions tilid take part in the discussioiis. Following the analysis, the 
leader presents a map showiiig his predicted positions of the fronts and the 
centers of high and low pressure nnd the Pressures to be espected at the centers 
on, the following morning, as well as ally illdications of new developments 
of centers and fronts. In  presenting this forecast map, tlie leader describes 
the kinemntlc calciilations lie has mnde as well as ,the calculations on the 
iiioveineiits of the fronts based 011 the geostrophic wind scale and gradient 
winds. H e  also indicates where the genesis or dissolution of fronts, cyclones, 
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and anticyclones is likely, giving the rmsoiis for his coiiclnsions. 111 a general 
way he points out the regions io which precipitation is to be expected on 
the basis of frontal considerations aiid also on those of the iscntrol)ic charts. 
Occasionally an attempt is made to indicate in a geiicral way the future more- 
ment of the moist tongue on the isentropic chart. 

These conferences serve not only to instruct personnel who are engaged, or 
will in a short time engage, in forecasting either on the airways or at the 
district forecast centers, but assist the forecaster on duty by providing a coni- 
plcte and thorough analysis of the morning chart for the current day. This 
analysis is of considerable value even though i t  follows the making of the 
morning forecast. 

All have :icccss to published accouiits of recent ideas and developments in 
forecasting ; and in tlie air-mass group all of these that seemed to have any 
virtue have been given a thorough trial. I t  is the Eureau’s policy to dissemi- 
nate information regarding these newer ideas mid methods to its forecasters 
just as quickly as possible. To this elid, small groups of field men have been 
brought in from time to tinie to the central office to attend the daily air-mass 
confercnces and to receive a course of lecturcs for a period of 2 or 3 months. 
In addition, one inan is att:iched to the airway service who visits stations where 
he can be of the greatcst help. .Zt present there is hardly a forecast center, 
either district or airways, that  has not had :it least one of its ineii assigned 
to Washington for this instruction. At the ccntr:il oficc, where the forecasters 
have the benefit of daily contact wilh the work of the air-niass group, every 
effort is made to employ tliese aids so fa r  as possible in tlic time available in 
their daily forecast work. After the &itx iIre charted, tlie forecastcrs have 
from 15 to 30 minutes to SI udy the situation before begiuning the forecasts, 
whereas a complete detailed analysis requires a miuimuin of 2 hours. How- 
ever, with the 1iistoric:il groundwvorlr of n thoronghly analyzed chart of the 
previous morning and a less complete analysis of the 1 : 30 p. m., the 7 : 30 p. ~ii.,  
and the 1 : 30 a. m. charts, a good drnl G I I I  be accomplished 111 the 35 lo 30 
minutes available. Tlie tinie is generally sumcient for a rapid placcincnt of the 
well-marked fronts ant1 tlic fitting of the isobars to thein, :IS we11 as  for tlie 
location of some of the fronts that arc not bo well marlrcd but which often 
become important kiter. The ~ e r l  icxl as well as  the 1iorizont:il distribution of 
wind, temperature, and moisture i s  s t u d i d  in  order to get n picture of tlic 
air m:isses aiid the irittmwtioiis between them. When froutal consitlerations do 
not explain tlie precipitation, nil attempt is niade to ascribe it to institbility 
bronght :&out by convergence or convcction or to moist tongues flowing up 
isentropic surfaces. Foliowiiig this very hiirricd analysis, a little time generally 
remains to  make calculations of the movement of the more important fronts 
and the priiici1xil centers of low pressure and high pressure by Biiicniatical 
methods, geostrophic wind scale, 01’ gradient winds. If time is :ivailal)le, cal- 
culations arc  nitide for the local nftcruooii coiiditions, such :is for ~ii:~siiiium 
temperatures bascd on the local :icrogr:iph : i i id,  during the siiiiiiiicr SC:ISOII, 
of tlic possibility of afternoon thunilerstorms from :in energy diagram. 

To spccd up the work of chilrtillg :IS inucli :IS Dossiblc and to miike the 
forecaster’s miips adapted in a more :idequate m:iiiiicr to forccasting froiii a 
physical point of view, :I 1iiim1ic.r of v l i :~~ igch  1l:lvc b c ~ n  made in the org:inization 
and charting of the observalioiial dnt: i .  Instead of wind velocity beiiig entered 
in  miles per hour, it  is now ini1ic:iteil by barbs on the wiud-dircctioii iirrow. 
Many of the internation:il symbols for pr cut mcatlier have been adopted. 
The important fronts arc drawli on n1:iuu ript i n a p  and thc isobars fitted 
to them. Baromctric tendencies are rntcred oil the weather m:ip :IS well as on 
tlie pressurc-cliange miip. Pjlot-b:illoo~i obscrv:itions a re  plot tcd for elevations 
above sea level instcad of abort surface. State of sky is coded iiow ill four 
groups, clear, scxltered, broltei~, aud overcaht, iustead of in three as formerly, 
and the char:icter of precipit:ition is intlicated. Diagrams showing results 
of airplane and r:tdio~nct eorograph obscrvat ioiis are 1 M  tecl on gra1)lis liaviiig 
pressure as tlie ordinatc instcxd of liriglit. Otlier c.h:\iiges arc in contcml)lation, 
all looking to a greater u s r  of p1iysic:rl incthods in tlic daily forecast work. 

Considerable time and effort linve been devoted to liniling some generalized 
method whereby the forecasters could obtaiu some, at least, of the bciiefits of a 
more coniplete analysis. Lately a special point lins been niadc of prompt 
preparation of the  isentropic charts in an endeavor to have them :ivailablc to 
the forecaster in time for use. Tlie best pcrfornxince so fa r  has been to have 
them ready between 9 : 25 and 9 : 30 a.  m. part of the time, which, of course, is 
rat lie^. late. Asitle from f h ~  nn~st inn nf iiiskincr clotoiloil n n * ~ l ~ r c r m  tn x x r h i o l l  
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reference has been macle, it  has been realized for  some time that the fuller, 
more complete and better distributed observations available in the last few 
years liave not been utilized to the greatest advantage because of tlie lack of 
time for proper study. No way to overcome this difliculty has been suggested 
that will not inyolve a very radical and difficult change in present schedules. 

It was foriuerly supposed that a niorc coni~)rel~e~isive laiowledge of weather 
processes and more complete information regarding tlicni would both clarify 
and simplify the problem of weather forecasting. In actuality, though the 
problem has been clarified, i t  has not only failed to becoiiie siniljler, it  lias 
become many tiuies more complex-yet for that reason far more interesting. 

INSTRUMENTAL EQUIPMENT 

The chief functioii of tlie Instrunient Division reinailis as heretofore to 
select, procure, and test iiistruiiieiital equipnicnt for tlie Weather Bureau and 
to see that i t  is employed in a way to insure the soundest results possible. 
However, methods of accomplishing these results have greatly clinliged. The 
recent increase in funds available for uIJpw-air souiiilings arid airway service 
has attracted tlie attentioil of manufacturers and contractors. As a result 
there has beeu a great illcrease in developnirnt work by ni:inufacturers and 
niany of them offer the Bureau tlieir iv:ii*es. Of these wires so111c represent 
the work of highly slrilled technicians and others that of persotis lacking the 
requisite slrill nnd experience. Present-day regiil:itio~is prnctically compel the 
acceptance of tlie lowest bid. The result of all this has been to impose nil 
unusual degree of responsibility upon the llirision in the 1)rel)arntioii of pur- 
chase specifications for instrunicntal equipmelit for geiieral weather service, 
airtvays, and upper-air soundings. 

With the fine cooperxtion of the personnel of tlie Division there is gradually 
being built up a set of purchase specifications embodying the results of the 
experience gained in nial~ing 1)revious I)urch:lsrs. €Io\vevt.r, the intense pRort 
reqiiirpd for this 1)h:ise of the work hinders the application of tht. resources 
of the Division to the improvement and development that it moulcl like t o  
carry 011. Still th i s  careful nttention to sliecificnlions hiis rosultctl in ~i,aiiy 
iliiproveiiients macle by niatlufacturers in the eqnipulmt offered. 

ANEROID BAROMETERS AND BAROGRAPHS 

Specific improvements in tlie instrumellt:il cquil)tiient in tlie field service 
should be iiiciitioncd. -4 IIPW aneroid b:lroiiictcr that perforuis satisfactorily 
over a ri~ngc of 3 inches or inore in pressure, :ind iitider teiliperature change3 
varying froin iiear the freeziiig point to siiiuiner te~n~~!r:cture, is ~ i o w  Iieing 
manu€arturecl by an Americ:m concern, and is nvailable :it a price uiicler $20 
each ; ;ihont 100 hnve 1)cen lnircliasccl. An aiieroid h:rrogmph. ~vc~ll coinpensntcd 
for temperatiirc, is I~eiiig m:irlretrd by ail Ariiericaii firm. I t  is fully cqiinl :inti, 
in  respect to temperntiire cornprimtion, supcrior to instrnniciits of this type 
previously av:iil:ible. I t  is avxilable in both 1 to 1 aiid 2% to 1 pvssure ratio. 
The latter is being preferred bg Weather Bureau nieteorolngists, and it is es- 
pected that within the next 6 tuolitlis practically the ciitire nurenu will be 
equipped with theni. 

WIND-DIRECTION CONTACTING BEARING 

A wind-dircctiou contacting benriw c(1nippcd lo tr:iiistnit S poiiitq of wiud 
direction lias 1)ecn developed, mil a di:il iiiditxtiiig dirc.ction to 16 poilit\ by 
means of 8 lights has bceii developed to go with it. 

Experimental trials of this device ecliiipprd with fo iw ndditionnl conttictc to 
permit simultancons oycratioii from one w u e  to t l ie t riplc rcgistw hi oiic plncc 
and an indicator dial or several dials in other places give promise of succehs. 

STORM-WARNING TOWERS 

Storni-w:irniiig display ton.cLrs niid I n i 1 l ~ r n s  I t n w  not bcciii c~~i11iliint1~11 froill 
the picbtiirc by radio ns m:iiiy 1i:id mticigatecl. On tllc. r o m x r y ,  lwcwiit ~ I C -  
tice calls for the rcplaceineiit of oil-bnrniiig equipment by cblccstric liglits. Thi9 
is due largcly to the extcitsioii that lina talrrti ldarc. in clecatric scrvice liu<kh 

A new %-foot ton7er built entirely of wrouglit iron ll:~.; brcw proc~rctl atid 
erectcd :it Tatoosli IsI~in(1, W n h h .  I t  is coiifitlciitly Iiopcd that this tonvr will 
resist s:ilisf:ictorily tlic cc~c'rc  corrosion that t:\lics plnce :it that poilit. 
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AEROLOGICAL OBSERVATIONS 

RADIOMETEOROGRAPH AND AIRPLANE OBSERVATIONS 

In  view of the importance of developing satisfactory radiometeorograph 
observations, three difterent types of instruments were used during tlie year for  
iliaking scliedulcd obscrrations a t  Roston. nIitss., Burbank, Gilif., tii~d I~’irirbanlrs, 
Alaska. Tlie results of tliese sonndings mere compiarccl with sinlnltalieous air- 
plane observatioiis and were found to be generally satisfactory. As a conse- 
quence, plans were made to use radiometcorogr:i~ilis at six stirtioils dnring the 
year begiiiiiing .July 1, 1938. 

Progress is rcportrd in tlie developinent of the rntlioiiietcorojira1)li :it the 
National Rnrc~tiu of Standards. Tlic Weiitlier 1311rcau is coopcr;iting in the 
financing of tliis project. A number of these instriiiiicwts ivcre pnrc1i;ised :tiid 
used in observiitioiis, with genernlly satisfactory results. 

Cooperation wtis continued with the California hsti t i i lc of ’l’c~chnology in 
tlie developnient of radio apparatus for obtaining wind directions and vclocitics 
in nnd above cloud liiycrs. Tliis important prol)l(~iii hiis not yet been solved 
sufficiently to iiiiiltc possible its use in obsrrriition worlr. 

Airpl:inc obsrrviitions were niade mitler contract with coiiiincrc~iai operators 
:It tlic s:inie 12 stations ns diuiiig the prcJvioiis year, cscclpt t1i:it Cliicaiigo w:is 
siilistitiit(d for RLi:inii. Tlir W:w Ikpiu‘tnicwt tliscontiiiiiwl iiirpliiiie olisc.rra- 
tions ;it IJlohton on llecriiibcr 31, 1D37, :ind at seven Ariily ficltls o i i  Jii i ie 3 0 ,  
193s. 

An inrrstig:itioii of upper-air conditioiis in :tiid tirouiitl n tropical liurric,niie 
w s  inidcrtiik~~n in coopcrntioii with 1lic ~1ass;ic~Iiusc~tls Iiisti(ii1r of ’l’cvliiiolojiy. 
Since no liiirricaiics passcd I I C : ~ ~  tlw stations from which t l ie  b:illoons w(w t o  I)c 
rc~lt~ns.rc1, tlir obscrriitioiis were iii:ide in an estrntropicnl c-yc.loiie : i ~ ~ ~ ~ o i i i ~ ~ i i i i i ~ ~ ~  

A yiod I I I I I I I ~ ~ ~ I ’  of the nic1trorogr:il)lis lii~vc I ) c ~ n  fonud qi id  
rptnrned, ;ind analysis of tlic rrcorils will I)c iniidc jointly 11y f l i e  1Vc:itlier 
~ ~ u r e i i u  :nid tlie Institute. 

rril(> We:i ther 13ureaii iignin partic-ipiitcd in Iiitcwiationnl RIoiitli iii Aiigiist 
1 !)ST by rc~lrnsing sounding biilloons tlironghorit the xiioiitli ;it Oniiiliii, Kebr. 
h’r:irly all of tlirsc nic~tcorograplis Iinve I)een foriiid iiiitl r( 
tq-:iln:itcd tln t:i fiirnislied the Iiiternntioniil Acrologiciil (’oninii. 

11c:ivy riiins. 

PILOT-BALLOON OBSERVATIONS 

l’ilot-ballonn ol)sermtioiis by wliirli upper-air winds :ire ni(~iisiirt~~1 i w r ( ~  iniiiigii- 
r;itcd a t  two :iddition:il st:ilions, 1oc;ited n t Hnron, S. D:ilr., iiiid Siicwinicwto, C;ilif. 
l’his brings the total number of st:itioiis to 79, incliiding :1 in A1:isB;i iiIiil 1 :it 
S:in Jn:in, 1’. li. Action wns tiilten to incre:is(> 1 Iir nnni1)or of ])ilot-b:illoon ol)servii- 
tioiis to four per day :it :ill st:itions in contiiicwt:il Unitcitl States. Obscmxtions 
with 1;irgrr (1Mgr:ini) pilot b:lllooiis, c~:ip:il)le of :iscentliiig to grcwtrr liviglits 
fh:in those now in gcwxnl use, were iiiii1ngnr:itcd a t  Liis Vcgas, Ncv., :nld 

niciits conipktcd for siniiliir oliserv:itions t o  I)(% iniidt~ at  13 ai1ditioii:il 
‘l’lie possibility of using Iicliiini inste:id of hydrogcw for t lw infliition of 

, i i i  order to eliniiiirite tlw c 1 : ~ i g ~ r  of 11ytlrogeii csj)losions, \viis inrestigi1trd 
:ind :irriingeinents niadc wtivrrby it would be nsed :is i i  trial ut n limited nunibcr 
of st:itioiis (Iiiriiig the fisciil yeais 19%. 9‘11~ sprcinl rrsrarcli p i ~ ~ j c c t  of ilctrrniin- 
ing the :isrnisionril rntcs of difftwnt types of bnlloons ; i i id this cffcc4s on tlie 
:isc~c~nsionaI rates of snhstituting heliim for liydrogc~~, wiis coiil iniictl :it 1V;isli- 
ingtoii. I). P. 

SERVICE I N  AID OF AIR NAVIGATION 

Tlirche qnalified fore<-:istirig rissistants iverc acldcd to thc forw of (vir11 of tlic 11 
:iirwiiy forrcnst criiters to prrniit thr inaiiitcniuice of 1’1111 24-lioiir forcwistirig 
srryicv iintl the 1)reliarirtion of s i i~~~~lc~i i ic~ i i tc iry  chiirts n ~ c ( w i i r y  for 1 1 1 ~  correct 
:in:ilyscbs of iveiithrr sitnntioiis. Already tliis progriim 1i:is showii d(4riitc results 
in the tlircetion of incrrnsed iiccnracy in the :iirwiy forcwsts mid his pcwiiitt cd 
tlie issiiiinw of foree:ists ut 3-hour interv:ils mlien espcciiilly iidvcrst~ conditions :ire 
prrscwt in ii district. 

One n i i i n  iind 21 light panel truck were ncldcd to enell of the 11 gcncmil snpcrvis- 
ing stations for inspection aiid rnaint~’~~m~ce worlt. Tlicw iiispcy.1 ors, using the 
trnck for trnnsportntion, visit all stntions’ both on iiud off tlic itirwnys in thc4r 
respective districts in some instcineen f o w  tinies a yew. i i n d  wliilo tljerc, inspect 
the instr~inicn~nl equipment, train observers in weatlier reporting, make r(~coin- 
mendtitions for iniproveinent of seryice, and 1i:indle other de1:iils wliicli mnnot be 
hiindled efficiently in m y  otlier niiinnw. In ndditioii, instrunicwtiil cclnipmcmt, 
forins, :ind otlier supplies nre carried by tlic iiispector, thas saving considerable 
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amouuts otherwise required for transportation. A distinct improvement in the 
data from substations lias been iioted since tlie institution of this program, and 
it is expected that  this improvement will progressively increase as the. inspectors 
become more familiar with their districts. 

The instrumentation of about 150 stations was improved by the iiistallation of 
ceiling projectors that project a more intense beam of liglit for illuminating a 
spot on a cloud layer as a means of detcrinining tlie lieiglit of tlie layer. Similarly, 
about 120 stations were provided with new open-scale barographs for better 
determination of pressure-change characteristics ; 100 were provided with nier- 
curial barometers for accurate measurement of barometric pressure, and 50 
stations were supplied with eight.-point wind-direction indicators for accurately 
deteriniiiilig wiud directions to 1.6 poiiits of tlie conipuss or more. This has 
resulted in increased accuracy of observations from these stations. 

Kew airport stations rendering 24-liour service and taking four pilot-balloon 
observations each day were establislied at 10 major air terminals, and one com- 
missioned Weather Bureau employee was assigned in cliarge of each of 33 
stations where formerly the we;itlier-reporting work was performed entirely by 
noncommissioned airway observers. Tliis has resulted in m:iterial improvenient 
in the accuracy of reports rendered from these points and has greatly increased 
the facilities for proper meteorological service in aid of aviation a t  important 
points in the airway network. 

Tlie airway general supervising and forecast center a t  Dallas, Ter., was trans- 
ferred to Fort Worth, Tcs., to periiiit complete coordiuatioii of tlie receipt and 
transmission of metcoro1ogic:il data with tlie facilities of the Bureau of Air 
Commerce a n d  to provide better coutnct witli airline coinparlies and personnel. 

Several new ofl-:iirway, ti-hourly reporting stations were establislied to fill in 
gaps in the network of such reports. In addition, approximately 40 existing tele- 
type or radio hourly report irig statiolis along the airways were equipped with 
additional instrnnients for tlie taking of special Ghourly coded weather reports 
and llic entering of sucli reports iii special sccjuenccs run cncli (j hours over tlie 
teletype and radio circuits. This program lias resulted iii a strategic increase in 
the number and distribut ion of syiioptic reports avni1:ible for use in connection 
with tlie preparation of detailed weather maps a t  all airport stations and the 
aiitilysis of weatlier situiil ioiis and issuance of airway forecasts. 

In  order that iiiforniatioii mjglit be avnikible froin strategic points off the 
airways for tlic preparation of supplemciitary we:itlier m:ips aiid tracing de- 
velopmeiits in weather situations which might unexpectedly arise between 
the Gliourly collections of synoptic reports, about 20 of tlie 6-hourly off-airway 
statioiis were orgaiiized to rciider reports at tlic 3-Iioiirly intervals between 
the Gliourly reports. Most of tliese statioiis :ire located along tlic Pacilic 
coast and Canadian border in order to guard against adverse conditions from 
these are:is of spars(: reports reaching airwiiys in tlic United Stalcs without 
advance wariiing, h u t  otlicrs are d s o  located a t  strzitegic points in tlie interior 
and along the Atlantic coast so tlint :ill arc:is arc giiurded agaiiist the occurrence 
of such conditioiis :IS much as possible. 

Fifty-five new telel ype stations er;tahlislicd by tlie Bureau of Air Commerce 
during the year were furiiislicd coinpletc~ instriiinc.nta1 equipment needed for 
the taking of hourly or morc-frcqueiit wentlicr reports. 

There arc now 62 first-order airport stations wlicre weather maps, hourly 
weather reporls, pilot-b:illoon reports, ant1 meteorologicnl atlvice or forecasts 
are av:iil:iblc 24 honrs cwli t l : i y ,  and t J i c w  are 33 slations a t  wliirli a cominis- 
sioned Wcatlior liureau eniployc~e lias hecii assigned in charge of three airway 
ohservers for  the taking of honrly or niore-frcqiicn(;~nt wc:itlicr reports. In nddi- 
tion to these, there are 269 stations rendering hourly or more frequent weather 
observations, xbout 1 4 0  of wliicli reiider 6-lioiirly codod synoptic rcBports ; 314 
stations rendering wcatliw observations :it regular times, or on call, to serve 
sclieduled iliglits, and  145 off-airmiiy stations rendering reports every G hours 
in tlie airway network, 20 of which rcnclc~r reports every 3 hours, or a total 
of 823 stations. Addition:il reports froin st:itions in Canada, Rkxico, :ind Ceutral 
Amrric:ni countries and from ships a t  sea are received. Selected groups of 
reports from the above are relayed by Icletypc and radio to all Wcatlicr Bureau 
airport s1:itions every ci hours for the preparatiou of wentlicr maps. Tlie 
11 airport stations, locatod :it Newark, N. J., Arlington, Va., Atlnnt:i, Ga.,  Clcve- 
land, Ohio, Chicago, Ill., 1Gins:is City, Mo., Fort Worth, Tcr., Salt Lnlre City, 
Utah, Portland, Oreg., Oalrlancl, Calif., and Burbank, Calif., supervise the service 
in their respective districts and issue 6-hourly airway regional and t,erminal 
forecasts for the periods 4 : 30 a. ni. to 12,: 30 p. m., 10 : 30 a. m. to 6 : 30 p. ni., 
4 : 30 p. m. to 12 : 30 p. m., and 10 : 30 p. m. to 6 : 30 a. m., eastern standard time, 



on the basis of observations made a t  1: 30 and 7 : 30 a. m. and p. m., eastern 
standard time. 

REORGANIZATION AND EXPANSION OF THE RIVER AND FLOOD 
SERVICE 

Reorganization of the river and flood service, which is responsible for the 
predictioii of food and navigation stages i n  the rivers of tlie United States, 
has progressed effectively in three directions : (1) Refinement of the observa- 
tion and reporting systcm of effective rainfall in upstream basins of major 
drainage areas ; ( 2 )  the analysis of rainfall and storin data for use by the Army 
in tlie design of flood-control works ; (3)  expansioli of the nlountain-snowfall 
service in the West. 

Changes in the liendwater-forecasting service on tributary and lieadwater 
streams have been so far confined inainly to the Nortlieastern Statcs, with special 
conccritration 011 the Allegheny, Monongaliela, Delaware, Schuyllrill, Susquehannn, 
Merriniack, and Potoniac I3asiriq. In this program about 1GO recording rain 
gages linvc becw established, many of thein by cooperative arrangement with 
the United States Geological Surrey and the Commonwealth of Pennsylvania. 
I n  addition, several new river-stage reporting stations have been established and 
the procedure of reporting refined, so tlint iiiiorinntion on qnantitics and dis- 
cliarge of river flow inny be in the hands of river forecasters froin 6 to 24 hours 
earlier t1i:ui lias lieretoforc becn possible. 

The collcction and t :~f~nl :~t ion in readily interpretable €orm of evaporation 
data for tlic country a s  a wholc 11:is progressed rapidly :is a W. 1’. A. project 
of definite hyclrologic value ; auil of ontstaiidiiig importance 1i:rs I ) t w i  tlic storin 
study of the River and Flood Division in coo1irr:ilion with the Corps of Engi- 
neers of tlic Army. The piirpose of this work is to deduce by hydrometorological 
methods, involving air-mass analysis and tramposition of storms, the masimnrn 
flood-producing cliaractwistics of rrgioiis in wliich the Army 1i:is flood-control 
works in prospect. Thwe studies arc  conducted 011 a sound scientific basis and 
are expected to yield iiifovin:ition of 1)erni:incnt value, not only for tlic immcdi:il(~ 
purpose of the Army, h i t  also for prescnt or fntnre use in  any program for land 
utilization or soil conscrv:ition iii the arca concc~rnrd. 

The iiio~iiit:iiii-slio~\~ill si.r\icv 1i:rs I)COII iuiproved by  tlw estnblisliiiiciit, in 
carefnlly sclrcted areas, of 20 n(w st:itioiis cquipped with batteries of five 
shielded snow gage\, and it is cxgcctrd tlint :L lilic n~unbcr will hc c~st:il)lislicil 
during the currcnt year. Ultimately lliis service will be so organized as to 
provide nccurate snowfall-ruiloff d:ita for grweral river and flood forecasting on 
all signific:int drainage basins of the West. 

In addition to thc foregoing specific itcms, tlie general ad~iiinistration of tlic 
rivcr and flood service is being cspanded 011 :I regional basis. The efikwy of 
this method of organization has nom been ndeqnntely deinoiwtrateil by a gc~~r ’ s  
operation in Regions 1, 3, and 4 (thr North Atlantic, the Ohio Valley, ant1 the 
upper iWssissippi sections, ~~cslrertively ) in improved care of equipment, closrr 
coordi~mtion of opcralions with otlirr Government field services, inorr freqimit 
contacts with observers and conseqnclit improvrinent in recercls and reporls, 
and, most important, in fiirllicriiig the program of 1icnciw:iter l)rcdirtioii. Tlir 
loag-e6tnl)lislicd forecasling nietliotls for stage prediction by gage rel:itionsliips, 
reliable though they arc for the middle and lower reaches of tlie stre:ms, are 
fnndcqnnlc for the nrcdctl forec:tstiirg of 1il)strr:uii conditions. Insprrfions, 
studiw, the instnllalion of self-rcc‘ortling rain gages in lieadwiiter areas, and 
the estal)lislimcrit of Iiiglilp cifcient i’eporl ing ~netliods have alrcady procliiced 
a substantial gronndworlr for tlie advance of this work. 

MARINE CLIMATOLOGY AS A N  AID TO AGRICULTURE 
Many investigators liave thought that there is probably a usefnl rclation 

hetween incteorologicnl phciiomeiin over the roiitinents and thc nntccedent coil- 
dftions over the oceans. To determine wliether such a relntlon csisls, it  i s  ncc- 
essary to know dcfinitclg tlic history of meatlier fluctnxtioiis, bot11 over the conti- 
nents to be studiec?, and over the adjacent, and possibly the distant, ocean areas. 
Sncli wc:~tlicr liislorirs nrr  avai1:iI)lr for the coiitincntnl Unitrd States, cov- 
ering a long period of years, hut there are no muallel series of monthlg rnliws 
for tcmper:iture and otllcr c~lrnir~ifs ovrr flie occans. Tlir Iirral cljstributioi~ 
of marine data is very irrcgnlar. In  many large areas the observations are 
scanty, and even within sclectc~l arms ivlicre occati comrnerec 11:is provitlrd 
abundant data, the series of dependable values is relatively short. In the 
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present state of knowledge every new compilation that adds to the available 
body of normal or historical marine-weather data is of value to the investigator. 

Under the sponsorship and technical supervision of the Weather Bureau the 
W. p. A. at New Orleans, La., i s  engaged in making a series of coinpiliatioiis of 
meteorological data for the oceans. Approximately 5% million observations 
collected from ships, mainly between 1885 aiid 1933, hare been summarized, and 
the results have been transferred to world chnrts, which hare  been submitted 
for publication in the forin of an atlas. Within the limitations of the ariiilable 
data, the normal conditions of wind, cloudiness, rainfall, fog, nilst, haze, 
thunderstorms, and wet-bulb depressiou are shown by months or sciisons for 
the navigable oceans of the world wild temperatures by months for tlie North 
IJucific and North Atlantic Oceans. 

Additional compilations and charts not to be included in the atlas are  being 
prepared in special sub-projects with the same material serving ns bnsir dnt:i. 
Ocean squares have been selected which are  represented by an adequiite body 
of observational data, and series of tables are  being prepared for these squares 
to show the changes in temperature of the air  and surface mater from month 
to month and from year to year. Special studies are also being made of 
general w e a t h r ~  conditions over ocean areas adjacent to the United States 
during abnormally wet or dry periods in the southern Plains Statcs. It is 
hoped that the information in the citlns and other special (1nt:i derived from 
this project will be useful in investigations of long-r:irige forecmtiiig, possibly 
by iiidicatiiig a new and more profitable approach to the deterniin:itioii of the 
reIation between oceanic meteorological conditions and subsequent contin(~nta1 
weather. 

LIBRARY 
The Weather Bureau library has the largest collection of meteoro1ogic:il litera- 

ture in the world. It i s  extensively used by the technicti1 stnff of tlic central 
office, and by the Aeld statiolis of the Bureau, as well :us by other governmental 
organizations aiid private institutions. Of late the deinriiicls on the library have 
increased because of both the nnturtil growth of the Weather Riireau service and 
increasing interest in meteoro1ogic:il research. Nerirly 200 periodicals are rc- 
ceived by it, about 50 of which are  purchased; tlie remainder are received by 
exchange with the Monthly Weather Review or are gifts. Rliuny of these periodi- 
cals deal solely with meteorology ; all contain items of interest for meteorologists 
from time to time. The library also receives publications from ineteoro1ogic:il 
services and institutes throughout the world. 

The library of the ceiitral office has snl)ervision of the station librnries, and 
almost every Weather Bureau office, iiicludiiig those a t  airport stations, has i i  
small statioii library. Action was taken to increase the volumes in these sta- 
tion librarics, thus increasing the efficiency of the statioii itself iind also enabling 
each station to  be of mow serrice to the public. 

Work on the Tnliniiii Meteorological Dictionary :und Referencc Book, which wns 
referred to in the report for 1937, is continuing. 

THE WEATHER OF 1938 
Sincv the recent series of severe clroughts extendiiig up ~liroiigli 7936, weather 

conditions have been decidedly more farorable for agrirulture. From the eastern 
Gren t Plriins eastward, rainf:ilI in most areas sinre the last extensive drought 
(1986) has not only been sufficient in most places for current crop needs, but 
subsoil moistuin hns largely been restored. There hiire been no widespread, 
harmfiil deficiencies in raiiifall as during a number of the years immediately 
preceding. Howerer, in the normally drier western Plains the reactioii to better 
moisture conditiolis was deltiyed until the early part o f  1938. In this area pre- 
cipitation in 1037, while coiisidernbly more thtin duriiig tlie preceding yenr, con- 
tinucd much below normal, rind droughty conditione remained severe iii :I wide 
belt extending northivtird from the southwestern Plains. Moreover, subsoil 
moisture is yet fnr below normal in this area. 

AUTUMN OF 1937 

The werither during the autumn of 1937 was rather less fnvorrtble than in the 
summer' of that ycar because of the scarcity of moisture in much of the western 
wheat brlt which interfered with seeding and caused germination to be slow and 
uneven in many places. The deficieiicies in moisture centered in the npper 
Mississippi Valley and northern Great Plains. Otherwise, the ruutiimn weather 
was generally favorable, and grain crops, for the most part, entered the winter in 
satisfactory condition. The Eastern aiid far Western States had above-normal 
rainfall but soine interior areas became decidedly dry. 
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THE WINTER 

The winter of 1937-35 was characterized by more-than-normal warmth through- 
out practically the entire country. This was in marked contrast to the preceding 
winter, which was decidedly cold in the Midwestern and far  Western States. 
Precipitatioii during the winter was unevenly distributed, but, in general, most 
sections west of the Mississippi River had above normal with relative dryness 
in Eastern States, especially the Southeast where a large area had only about 
half the normul rainfall. The Southeastern States, l~otablg Florida, suffered 
heavy frost damage, especially to winter regetables : otherwise, there was no 
extensive harm. In  Florida cold weather started earlier than usual, with freezing 
temperatures reported as  fa r  south as  Arcadin on November 21;  early in De- 
cember frwzing extended as far  south as the Lake Olreechobee section. Another 
freeze occurred in this State late in January, cniisiiig widespread damage to 
tender truck. Thereafter the weather was favorable. 

THE SPRING AND SUMMER 

With the advent of spring there was widespread, frequent rainfall, which 
siipiilied abundant moisture for crop needs rather generally, thc season tis a 
whole being characterized by warmth and wetness. In much of the interior, wet 
soil considerably deliiyed the 1>I:inting of crops ; cool weather during much of 
June retarded germination of corii. For the country as a whole it was one of 
the wettest springs of record, :ill States having above-normal rainfall, except 
those occupying a narrow belt in the estreine South from Florida to southern 
New Mexico, 11 limited northe:tstern tirca, and a fern localities in the far West. 
HowTevcr, :I sewre spring drought developed in Florida, which damaged truck 
and citrus fruit, especinlly the hitter. The drought was brolien the last of May. 
and thereafter, under the inflnence of abundant moisture, citrns groves improved 
rapidly, mid :I heavy June bloom developed. The spring brought considerable 
dain:ige by freezing to wheat in the southwestern winter wheat belt, the 1111- 
favorable results of wliicli, together with the deficiency of moisture during the 
preceding fnll, btmiiic more apparent tis the season progrrssed. Also, f r e c ~ h g  
weather caused considerable diini:qe to fruit in tlie Central and Eastern States. 
Otherwise, wcnthcr during thr spring tind early summer continnrd gcneriilly fa r -  
ornble for crops, including smiill grains, except that during part of June dryness 
in the Dakotas, where snbsoil moisture is still scanty, was i * a t h ~ r  unf:ivorahle for 
spring when t. Tlic weather W:IS outstandingly favorable for grass and hag 
crops. Wiilesprrncl showers in the Corn Bclt about the middle of .Tnly were 
timely and very helpfnl. while hWvy r:lilifi~11 in the more eastcJrn Stales in July 
1:irgely made up  thr  deficiencios in moisture tliat had :iccuninlii tcd in t hcsc sec- 
tions. 111 f’rrct, the heavy July rains did considerable damage, heiwy locally, to 
crops, small bridges, etc., in eastern :ind southern areas from New England to 
Texas. 

For the period Jnnn:irg to July 1938, abont 90 percent of the1 United States 
11:icl al)ovr-norninl r:iinfiill. All St:ttw reported ahorc-normal riiinfall cxrept 
South Carolinii, Georgia, Florida, Lonisinna, South D:ikotu. and Washington. 
This is a vwy iiniisuiil condition for a period so long as  7 months. As comp:irrd 
with the norm:il, Nevada was tlie wettest State, with 157 percent of normal 
rninfttll, followd rloscly by Californiii, with 154 perront. Thc re1:itiwly ilrirst 
States a w e  IV:ishington, in the oxtrenie Northwest, and Floridri, in the extreme 
Soutlie:ist, with 56 and 57 prrccnt of normal, resprctively. 111 most sections 
the rainftill during this pcriotl rompnrrd favor:ibly with that for the snmc’ 
months of 1937, iwept  thiit tho Grcwt Plains this gear have had miich inorc 
riiin than during the preceding year. 

RECENT DROUGHTS 

Droughts of varxing severity and cstent occur prnrtirnlly crerg year in sonic 
parts of tlic United States, l)nl, fortunntcly. they nsiinliy ~ I I W  not of s1l(sh 
severity or cstrnt as swioiisly to rediwe yields of ngririilturnl products mhrn 
considered from a nntionnl viempoin t. IIovvever, :it riit1ic.r long intervals 11 
number of years in succession bring what may be c:ill(~l “fnmilic~s” of droughts. 
These are inore frequent and pronounred in [lie I I ~ ~ I I I : I I I ~  dricr sections, sndt, 
especially, iis the western Pliiins. Any long-time agricultural prograin tli:it 
dors not take this wei1thcr charactclristic into account is inhrrcntly wei11i. 

Tile last rxtended clroiiglit of this chiirtictcr in thr United States that is 
broadly coinparable to conditions prevailing from about 1030 to 1936, espccially 
the threc bad droiiglit years 1930, 1034, and 1936, occurred in the pcriod cover- 
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ing the latter part of the 60's up to about the iniddlc of the 90's of the last 
ccntury. Following this there Was a series of years with comparatively abun- 
dant rainfall, and the current reaction t o  much more farorable crop weather 
suggcsts very strongly that the recent long drought period has about spent 
itself and that immediate future years will have more abundant rainfall. 
However, weather history repeats itself. While the successions of relatively 
long-time dryness and wetness are  irregular and as yet not definitely predictable, 
should there nom develop for several immediate futnre years a return to 
abnormally heavy rainfall, .such a s  followed previous drought epochs, in the 
naturally drier inidwest sections, a fnlse optimism that farorable weather will 
continue indefinitely should be avoided. Longtime rainfall records show that 
such a condition is abiiorinal and transient aiid that  future years will bring 
droughts just as severe as  those of the recent past. Therefore, a sensible land- 
use program must take this all-important, basic fact into acconnt by providing 
a n  agriculture adapted to the drier epochs rather than a temporary expedient 
in cultivation that can "get by" only in the wetter years. 

Table 1 shows the percentage of the normal March-Angnst rainfall in the 
principal grain areas for 14 of the driest seasons aiid for a like number of the 
wettest seasons since 1866. Of thcse 14 dry years, a total of 9 occnrrcd in the 
2 extensive drought periods as  before indicated, 5 in the period 1%6-95, and 
4 in the period 1930-36, although one of the outstanding wet seasons, 1692, oc- 
curred in the first general dry period, and one relatively wet season, 1935, 
within the more recent period of drought. 
TABLE l.--Perceiidage of normal March-Augzist raiizfall in priiicipaC grain areas 
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103 77 
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1 Data given in order of  weighted averflges for all States-dry years, 81 t o  00 percent; wet years, 108 t o  124 

Table 2 shows the percentage of normal summer (June-August) rainfall for 
the 11 principal Corn Belt States, groupcd as in the other case, by outstand- 
ingly dry and wet summers. The importance of rainfall to agriculture is 
shown by the fact that corn yields for the entire United States averaged 23 
percent greater for the 14 wettest summers than for the 14  driest for the 11 
principal Corn Belt States alone. This diffcrencc of 5.3 buslicls per acre, on 
a recent normal acrenge, means nearly 500,000,000 bushels of corn a year in 
favor of the wet summers. 
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TABLE 2.-Pcrce)ztuge o f  ?ior?nnl sumiiae~ (Julie-August) vaiiifall in 11 Corn 
Belt  States 
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1 Data given in order of weighted averages for all States-Dry years, 45 to 84 percent; Wet yoars, 109 t o  150 
percent. 
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