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INTRODUCTION 

Genuine progress was made during the year in reorganizing the work of the 
Weather Bureau in harmony with recommendation8 by the Science Advisory 
Board. The purpose of this reorganization is to 
place the Bureau in a position of leadership and bring it UP to 8 standard of 
excellence that will enable it to contribute its full share in the development 
of the economic and social life of the Nation. To do this it has been neces- 
sary to abandon or greatly modify some of the methods and practices Pormerly 
employed ; to adopt and use the results of researches that  have proved their 
worth, either in  this country or in  others; and, in particular, to develop a 
vigorous program of rgsearch in the Bureau itself, a feature of the service 
that, for one reason or another, had been sadly neglected for some years. 

These change6 in policy and outlook are being made gradually, and at the 
same time all regular features of the service are  being continued. Many of 
them are already beneflting from those changes, but, generally speaking, the 
program of reorganization will require Several Years for completely working 
out. The progress thus f a r  has  been accomplished largely through adjustment 
and change within the Bureau itself. Happily, however, a modest increase 

(See Annual Report, 1934.) 

94865-36 



National Oceanic and Atmospheric Administration 
Report of the Chief of the Weather Bureau 

ERRATA NOTICE 

One or more conditions of the original document may affect the quality of the image, such 
as: 

Discolored pages 
Faded or light ink 
Binding intrudes into the text 

This has been a co-operative project between the NOAA Central Library and the Climate 
Database Modernization Program, National Climate Data Center (NCDC). To view the 
original document contact the NOAA Central Library in Silver Spring, MD at (301) 
71 3-2607 x124 or Library.Reference(noaa.gov. 

HOV Services 
Imaging Contractor 
12200 Kiln Court 
Beltsville, MD 20704- 1387 
December 13,2007 



2 

i n  funds during the past year considerably accelerated this progress. It will 
be necessary that similar increases in funds be provided for the next several 
Years; otherwise i t  will be impossible for the Bureau to meet the rapidly 
increasing demands for service from all types of activities. 

Up to a few years ago a skeletonized form of service was accepted as rea- 
sonably satisfactory or, at any rate, as the best that could be had. No one 
thought very much about a more detailed service. The advent of aeronau- 
tics completely changed the picture. For that activity it was found necessary 
that weather conditions be reported with great accuracy, not only along the 
airways but also for considerable distances on either side in  order that the 
development of unfavorable weather could be predicted well in advance of its 
arr ival  on flying routes. Moreover, the general daily forecasts were found 
to be wholly inadequate. It was uecessary to develop a new type, very definite 
a n d  covering a period of about the same length a s  that of the flight itscli. 

Now, the question naturally arises, if this intensive type of service is good 
f o r  aeronautics, why not for other activities also? The answer to  the ques- 
tion is that we are  tending in  that direction right now. I n  every branch of 
the  Bureau’s service-for example, protection of fruits from frosts, protec- 
tion of forests from fires caused by weather, protection of many sections 
throughout the country from damage and loss of life by hurricanes, floods, cold 
wares, heavy snows, etc., these and many others-the demands for more and 
more detailed data and greater definiteness in  the forecasts have increased 
enormously. Then there a re  the requirements incident to soil conservation 
and other phases of our national resources program. The vast engineering 
projects having as their objective the prevention or control of floods, the 
storage of water, and the creation of power, are  dependent on longer and more 
complete records of rainfall and other weather conditions than a re  available 
if these projects a re  to be intelligently planned and carried out. 

We cannot correct the faults and failures of the past, but we can profit from 
them in planning for the future. The outlook, with only moderate increases in 
funds, is extremely 1)righL. Aside from the increasing interest in weather 
service and the insistent demand for more of it, already referred to, we have 
now the further encouragement that through the rapid extension of the frontiers 
of meteorology-in the horizontal by the use of radio; in the vertical through 
ever-improving technique, again including radiw-we have and shall have in 
increasing measure the necessary working tools for analyzing the structure 
of the atmosphere in  a detail and with a definiteness heretofore impossible. 
Some of the ways in which the Bureau is endeavoring to extend these frontiers 
and to take full advantage of what is found there are outlined briefly in  the 
following paragraphs. 

ORGANIZATION OF A METEOROLOGICAL RESEARCH DIVISION 

During the year the Meteorological Research Division was organized through 
the consolidation of the prcviously independent technical units of Meteoro- 
logical Physics (including the air-mass analysis group), Editorial Offlce of the 
Monthly Weather Review, and Solar Radiation Investigations ; the position of 
meteorological consultant was added; and W. J. Humphreys, who was retired 
froin active service as meteorological physicist, was appointed collaborator in 
the Division, 

The usual editorial activities, information and consulting services, and various 
meteorological studies were continued during the year : observations of solar 
radiation were made, reduced, and published as in past years, with improve- 
ments effected in  the instrumental equipment at some of the stations. 
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PROGRESS IN AIR-MASS ANALYSIS 

Substantial progress was made in  developing the program of air-mass analysis 
investigations and their application in  forecasting, and in extending the benefits 
of this work to the field, although progress has been handicapped by lack of 
funds and facilities. To develop an adequate and effective working procedure 
in air-rnass analysis, to articulate it with the other work of the Bureau, and to 
amalgamate it with the accumulated knowledge and experience gained in  the 
past, require a prolonged period of preliminary study and trial. The work now 
being carried on a t  the Central Offlce in Washington is designed to evolve, as 
rapidly as possible, a satisfactory and workable technique of procedure, and to 
gain the necessary experience. The routine par t  of the work is gradually being 
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expedited, to make the results more Promptly available and of greater assist- 
ance to  the official forecasters who are  utilizing it tQ a constantly increasing 
extent. The preparation of from two to four analyzed maps daily, and the 
construction of daily vertical cross sections through the atmosphere over the 
United States so far  as available data permit, have been continued, and daily 
conferences on these charts have been carried on. 

Widespread interest has been manifested in this work, both on the part of 
the personnel of the Bureau and on that of many interests which it serves. It 
has not been possible to increase further the number of highly trained air- 
mass personnel beyond the three mentioned in the preceding annual report, or 
to meet all desires and requests for service in connection wilh the work. How- 
ever, a limited number of selected Weather Bureau men have been detailed for 
brief periods of intensive training a t  the Central Office, through both formal in- 
struction and actual practice in assisting in the regular work. 

mcmnum BY DR. PETTERSSEN 

During January 1930 Sverre Petterssen, of the Norwegian Meteorological 
Service, conducted a series of lectures and conferences a t  the Central Office on 
the physical analysis of weather maps by frontal and kinematic principles, and 
on weather forecasting. These discussions afforded striking evidence of the 
extent to which it has become Practicable during recent years for the former 
empirical methods of forecasting to be supplemented by procedures based on an 
understanding of the physical processes that are  operating; great benefit to the 
work of the Bureau resulted from this personal contact with Dr. Petterssen. 

In  addition, a limited amount Of research work on several problems involved 
in air-mass analysis and its Practical applications has been carried out-par- 
ticularly a preliminary study of the physical phenomena leading to the devel- 
opment of the severe cold waves which often enter the United States from 
Canada. 

RESEARCH IN LONG-RANGE WEATHER FORECASTING 

Articles in the press a s  well 88 inquiries from numerous individuals indi- 
cate that the need for pursuing investigational work looking toward the mak- 
ing of long-range weather predictions is as urgent US, perhaps more urgent 
than, ever before. The Secretary’s active encouragement of research along 
these lines has beeu a n  inspiration uot only in this Bureau but in other branches 
of the Department. Under the Bankliead-Jones Act, work has been taken up in 
the Bureau of Agricultural Economics to examine the different methods of 
long-range forecasting in  use and to appraise their relative possibilities. Pub- 
lication of the results of this. survey silould promote and encourage research 
work along these lines in institutions of learning, and in commercial, indus- 
trial, and agricultural fields. Already cooperation has been secured from a t  
least one of our leading universities. 

In  addition, the Weather Bureau, under an allotment from the Works 
Progress Administration, has continued its illvestigations begun under the 
Civilian Works Administration. This work Consists in establishing relation- 
ships between conditions in the United States and precedent conditions in for- 
eign countries. So far  there has been completed a preliminary survey of 
relationships between temperatures by quarter years in 12 districts of the 
Unitecl States with pressure conditions a t  GO foreign stations distributed 
tliroughout the world, both in the Nortliern rind Southern Hemispheres. The 
time intervals employed were 3 months, 6 months, and 9 months. The survey 
of rainfall conditions in the United States a s  compared with precedent pres- 
sure conditions at the GO foreign stations is rapidly nearing completion. I t  is 
planned next to take up relationships between foreign temperatures arid rain- 
fall and subsequent temperature and rainfall COnditiOllS in the United States. 
\vhen these preliminary surveys have been completed, combinations will be 
made by means of multiple correlation coefficients and the nccessary regres- 
sion equations, of the significant relationslii~s found in the preliminary surveys 
looking to the making of seasonal foI’eCasts. I t  seems likely from what has 
been developed up to the present time that it should be possible, when the 
formulas indicate well-marked departures from normal weather, to make sea- 
sonal outloolrs having a probability Of success of 7 out of 10 and possibly 
8 out of 10 cases. The situation is being CarefuIIg canvassed to  ascertain 
whether secular trend, that is, tendencies to higher or lower values extending 
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over periods of 25 to 40 years, may not be utilized to improve the chances of 
success mentioned above. A suggestion of conservatism may not be out of 
place in emphasizing that expectations indicated above should be anticipated 
only when abnormalities indicated by the formula are large and this, of course, 
would only occur in about one-third of the years. 

Steady and worth-whilc progress is being made on the problem of seasonal 
forecasts that will no doubt be of great benefit in the not too distant future. 

IMPROVEMENTS IN EQUIPMENT 
RADIO METEOROGRAPH 

I n  cooperation with the National Bureau of Standards the Weather Bureau 
has worked toward the perfection of a practical system for radioine;eorograpliy, 
whereby knowledge of meteorological conditions aloft ciin be made instantly 
available for forecasting and other purposes. The Instrument Division has 
designed and constructed a model telemeteorograph for *transmitting tempera- 
tures and pressure indications by inemis of radio to be used in connection with 
this system. It is hoped that this instrument, which is simplified in electrical 
and mechanical desigii, will meet service requiremeiits in trustworthiness and 
relatively low cost of manufacture. A furthcr contribution by the Weather 
Bureau is the suhstitution of il tiiiiiiig device driven by air  escaping froiii a 
Rmall rubber balloon for the spriiig-(Irircn clocltworlc hitherto employed. 

CEILING LIGHT PROJECTOR 

Investigations to develop a more intense beam of light for illuminating a 
spot on a cloud layer a t  night as a means of determining height of cloud layer 
are  being carried on in cooperation with thc National Bureau of Standards. 

ANATHERMOSCOPE 

I t  is kJiOWn that in  some regions, notably on the Pacific coast, an abnormally 
warm layer of air nt a height of several thousand feet grecedrs by several 
hours the foriiiation of fog. Knowledge of this form:ition and height of these 
low clouds or fog will facilitate the dispatching of airplanes in this district. 
Some inexpeiisire device is nrecleil to indicntc tlie existence of such a layer. 
Accordingly there has  been developed in the Instrument Division a. device that  
responds almost iiist:iutly to 11 sudden change in temperature. I t  is arranged 
to show some sort of signal, either a light :it night or a p:irnchute releascd in 
daytime, if, when carried aloft by a small balloon, such a layer of abnormally 
wnrm air  is penetrated. 

DICTIONARY OF METEOROLOGICAL TERMS 

It is in the expei'imentfil stage. 

Among the important services rendered by thr  Weather Burem Library wiia 
the continuation of work on a dictionary of meteorological terms. The tech- 
nical vocabulary of meteorology and its rapid growth during recent times have 
for many years been the subject of able iiivestigxtions and record by the late 
C .  2'. Talman, who was in charge of the Library until his death in July 1936. 
The results of his labors are now embodied in a unique aiid iiivaluable card 
dictonary, of an encyclopedic character, of meteorological terminology, nomen- 
clature, and usage. 

PROGRESS IN MARINE METEOROLOGY 

During the year the Bure:iu untlertook the work of reviewing and preparing 
nieteorologictil information for publico tioii in the Sailing Directions of the 
Hydrographic Ofice. Hereafter, as it becomes necessary from time to time to 
revise the volumes in this series, the Bureau will cooperate hy preparing 
nietcorologicnl summaries and tables from origilial weather observatlons taken 
on shiliboard and at coastal stations. Work done :is a part of this program 
during the 1):ist year iucluded finished manuscripts for Sailing Directioue for 
West Indian watcrs, the Indian Ocean tilong tlie coast of Erist Africa and East 
Indian waters. Similar work WRR begun. in co~inection with Hydrographic 
Office publications in the aid of a i r  navigation. 
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COMPILATION AND SUMMARIZATION OF BACK DATA, UNDER WORKS PROGRESS 

As a special project under the Works Progress Administratio11 at  New 
Orleans, La., the task of coinpiling and summarizing niarine meather observa- 
tions in the files of the Weather Bureau wlls resumed in illarch 1936. The 
original observalions used in the project were talcen on ships at sea during the 
years 18SO to 1933, inclusive, on voyages in all parts o f  the occms where iiier- 
c h a n t  ships htive navigated. In that period of ye:ii*s inore than 8,000,OOO such 
observations have accumulated. In order that the information contained in 
these observations may be made available to the mariner and otlicrs in the form 
of wind roses, wind and weather summaries, and other charts and compila- 
tions, they must be sorted by ocean squares, usually 5” of’ liititutle and loiigi- 
tude, after which they are tabulated and suminarized. This tnsk hus irivolved 
inore work thiin could be accorni)lislied by the regular Bureau staff, hrncr the 
observations h:ive accumu1:ited ryithont inore tlian a relatively sinall amount 
of important inforinntion being extracted. 

Much valuable prcliiiiinary work in this line was acconiplislied during tile 
wjntw of l%X-34 by :i Iirojrct uiicler the Ciril WorBs Adniiiiistriition. Rlore 
than 2,000 0%) innchine c:irtl records of oceiln weatlirr ol)scwiitions for the 
period 1912 to 1031, inclusive, we~c’ produced :it illat tiinel. These imicliirie 
r i i rds,  tc gcNther with inore than 3,000,000 :tdditional ol)serr:itions in origi~~iil 
form, :ire the basis of the work at  New Orle:ins which n’iis still in operution 
at  the closr of the year. 

I n  preparation for  the project, the supervisors were qivrn pwliininar~ frnin- 
h g  in the \\7eather Bureau. The worlters h a w  varied in number froin :Ihout 
180 to 240. On July 1, 1038, 2 , ~ t ~ 0 . 0 0 ~ )  nbserv:itions 11:ltl been recordetl oil t:illy 
sliccts ; 2(iO,COO hat1 been tr:inscribed fI’olll the ori!,*inal list dierls 1 0  iiitlividrial 
slips for sortiug and tally : and 650,000 inncliine cruYls 11:itl b t ~ ~ i  tr111id. 

on coni~~letion, this projcct will pi wide rsccedingly v:ilnnbk inforii~ation in 
convcmicnt frrin for the weds  of niirigntion of thr oce:\ns and the air over the 
o(yans, :inti will I;ig tlir ~ ~ O U I I ~ \ V O I  1; for  studies of wo~lt l  nwtlicr in relrition to 
the probleiiis of :iFriculturc, floiltl control, and other iniportmt iictivities. 

ADMINISTRATION 

IMPROVEMENT OF MARINE METEOROLOGICAL EQUIPMENT 

Excellent progress was miide in attaining n higher standard of barometers 
on slrigbotird. Thr type cointilolily u s ~ d  is thr  aneroitl, a considerable proportion 
of w l i i d ~  :ire tlcfedivt~. T ~ I P  most fi*eciiient dt’fcrt is a 1:rclr of compensation for 
teniprrature c1i:ingcs. Btironicteis that are not propcrly conipens:ited show a 
complex rr:iction to both teinprrtiture and g r ~ s s n r ~  of tllr : i ~ r  \\.hie11 is difiicult 
to evn1u:ite. The Bureau does not have funtls for :I progrur~i of furnjsliing 
standartl instrulnents and does not 1):iy the nliiriner for trilting \yr:tther observa- 
tions. I t  is therefore necessary to present the facts to thr niarinrr by come- 
sl)ontleiicp 01’ peiw nal visit to the sliip  hen R bnrolncter is susliectcd of hiiving 
serious dcfects, and to elIclcii\.or to h : l ~  tlic drferts rcnwtlied or the instru- 
rnpnt rpp~acpd. In this effort the Bureau recrives the nmst he:irty cooper:ition 

imp3rt:iiit rc;ults for tlir r~asoi i  that barometric pressure is one of the most 
sigllificant elcineiits in weather forecastiug, innliing accuracy in baronieter read- 
ings essentinl. 

RESEARCH PROJECTS 

A sppciaJ stiidy of :itrnosl)licl’iC WfI’Xtioll iind I i I i ~ a g P  :ct sea \v i is  completed 
clurin5 the yerir. The study was based on (his compiled froin marinr cibswvers’ 
we:ither rqmrts. In thtl <‘OIIPS(’ ol‘ t l ~  study, it Wiis  fou~iil tli:it rrfriiction 
plienomena o ( ~ u r  not only in  local regions whre the atrnos~~lirrc is ~listnrbrd, but 
over larger areas along thc bountlary lines of oceanic cyc2lonc.s :ind mticyclonq.s 
both progressive and s~n~ipt~irni:~ncnt. In niltlitjon, it  WIS found t1i:it atnioslilicric 
conditions producing fog might : I ~ O  producr inir:ige. The investiriition is of 
specin1 intei*cst to iniiriners 1)rc:lnsc excessive rrfi’nction sonictinies iiivolves a 
nienace to navigation. The rrsults Of the Study have been put in manuscript 
forin for publication 011 tlw Pilot Cbarts of thr Hytlrogrrlpliic Oflice :is a contri- 
bution from tlic JVVmtlier Bureau. 
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Investigations in temperatures of the sea surface were continued. The Uni- 
versity of Oklahoma entered into active cooperation with the Bureau in these 
studies by initiating action to purchase a sea-water thermograph for installa- 
tion on a merchant ship, bringing the total number of such installations under 
supervision of the Bureau to 14. 

IMPROVEMENT I N  FLOOD-FORECASTING ORGANIZATION 

The outstanding floods in tlie year that ended June 30, 1936, occurred-in the 
upper Ohio Valley and in the Atlantic Coast States north of North Carolina. 
They were caused primarily by a storm whicli iiioved in a generally south-to- 
north direction over tlie Atlantic Coast States, but their intensity was greatly 
augmented by the deeply frozen ground and heavy snow blanket, resultiiig from 
tlie unusual rigors of the winter. Their unpreceilented severity clenrlg estab- 
lished the urgent necessity lor an early consummation of a plan that bad been 
dcvelopetl, aiid was being put into effect gradually, for streiigthening the river 
and flood service to meet, or keep step with, tlie increasing attention being 
given water conservation and use, the developmcnt of natural streams, the pro- 
tection against floods, and the steady growth of industry aiid agriculture in 
river valleys. 

From year to year increasing demands for weather information are being 
made on Bureau stations, and it is difficult to keep pace with them. Calls for 
daily river stage forecasts and general river news are increasing a t  a correspond- 
ing rate, and when floods threaten tlie officials in charge of stations on rivers 
are  subinerged with demands for information. As an examlile of the great 
interest in flood information, one office in a recent flood had 8,611 telephone calls 
in 20 consecutive hours ; this rate would have continued through a longer period 
except for the abrupt ending of the telephone service by flooding. 

HYDROLOGIC SPECIALISTS REQUIRED IN RIVER FORECAST WORK 

It lias for some time been realized that tlie officials in charge of the numerous 
and varied duties making up a day’s work on a Bureau station no longer are  
able to study river problems in the deliberate way necessary in attaining the 
desired ends, and in the emergency of a flood they find themselves overwhelmed. 
I t  was, therefore, obvious thtit, in justice to tlie public, hydrologic specialists 
should be available to relieve these officials of the task of revising and develop- 
ing new flood-forecnsting formulas based on improved hydrologic data con- 
stantly becoming available, to prepare and keep current systems for the prompt 
collection of rainfnll and river-stage data, to study the requirements in overflow 
valleys for flood forecasts aiid to perfect and lrecp up to  date plans for satisfy- 
ing these requirements, and to coordinate the flood work of the Bureau with the 
worli of other agencies engaged in collateral activities. 

The program that has been set up, to accomplish tlie foregoing, and toward 
which tlie Bureau is working, 1)rovidrs for hydrologists in each important river 
basin of the country to handle the details just outlined and, in general, to be 
charged with the direct responsibility of giving an efficient and smooth-working 
river and flood service in their respective districts. The star t  that has been 
made seems almost too small to be worthy of mention; only two basins have 
been providcd for-the Missouri and the upper Mississippi-but the aclvantuges 
of and the necessity for carrying the plan to conipletion are  so obvious it is felt 
the necessary funds will be provided in a comparatively short time. 

SERVICE IN AID OF AIR NAVIGATION 

The meteorological service for airways was expanded somewhat during the 
year to provide limited service on 11 new airways, totaling approximately 
4,000 miles. Uiider this expansion, TD stations were establislied arid equipped 
with meteorological instruments, to report one weather observation for each 
airplane clearunce. Such service is maintained on approximately half of the 
32,000 miles of airways in the United States, Alaska, and Hawaii, while on 
the other half weather reports by teletype and radio are  provided on a n  hourly 
basis. 

There are  now 52 first-ordeq Bureau airport stations where weather maps, 
hourly weather reports, pilot. balloon observations, and meteorological advice 
or forecasts are  available. In addition, there are  188 stations rendering hourly 
weather observations, 324 airway stations rendering weather observations ou 
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call, and 66 off-airway stations rendering reports every 6 hours in the airway 
weather network, or a total of 628 stations. Additional reports from stations 
in Canada, ships at sea, and city offices of the Weather Bureau are  received. 
Selected reports froin the above groups are  relayed to all airway teletype and 
radio circuits every 6 hours for the preparation of 6-hour weather maps. Ten 
airport stations, located a t  Newark, N. J. ; Cleveland, Ohio ; Chicago, Ill. ; 
Atlanta, Ga. ; Kansas City, Mo. ; Dallas, Tex. ; Salt Lake City, Utah ; Porllund, 
Oreg. ; and Oalrland and Burbank, Calif., supervise the service iii their respec- 
tive districts and issue regular and special airway weather forecasts every 
6 hours for the periods 4 a. m. to 110011, 10 a. 111. to 6 p. in., 4 p. m. to mid- 
night, and 10 p. in. to 6 a. m., eastern standard time. 

The estreine weather conditions, such as cold waves, heavy snows, floods, 
and drought which occurred during the year, not ollly brought heavy demands 
upon the Bureau airport stations from the aviation industry but brought a n  
increasing volume of telephone calls from outside interests. The calls became 
so numerous and time-consuming that the service for airways was jeopardized. 
To correct this situation, telephone numbers a t  busy airport stations were 
unlisted to divert outside telephone calls to city offices of the Bureau, where 
properly they should be received. 

CONSOLIDATION WITH BUREAU OF AIR COMMERCE 

The consolidation of meteorological and communication activities at 35 air- 
ports, effected near the end of the previous fiscal year through cooperation of 
the Buretiu of Air Commerce and the Weather Bureau, was coiitiiiued through- 
out this fiscal year, with the exception of three stations, namely, Rlurfrees- 
boro, Tenn. ; Pendleton, Oreg. ; and Wichita, Kans. The necessity for point-to- 
point radiotelegraph communicatioil or the junction of teletype circuits pre- 
veiited the continuance of the p h l  a t  the latter stations. However, additional 
consolidations were made at Charlotte, N. C., and Jacksouville and Miami, 
Fla., during the year. The Plan of utiliziilg both Bureau of Air Commerce 
aiid Weather Bureau personnel in carrying out the work of each Bureau has  
proved to be a most efficient and economical arrangement. It has, in large 
part, eliminated dual responsibility of the employees, permitted certain econ- 
oinies to be effected, and has provided more tiiiie for mniiiteiiance of radio sui 
teletype aids by the Bureau Of Ai r  Commerce. The advantage of the main- 
tenance program a t  consolidated Stations is reflected by a marked drop in the 
nunlber of reports to that Bureau of illoperative facilities a t  such stations. 

AIRPLANE OBSERVATIONS 

During the fiscal year there were in operation in the United States and the 
Hawaiian Islands 23 airplane weather stations, whereat an instrument called 
a n  aerometeorograph is taken aloft by an airplane to make an autographic 
record of the barometric pressure, teliiperature, and relative humidity o i  the 
free air, and the pilot knakes visual observations of such phenoniena as clouds, 
precipitation, icing conditions, turbulence, etc., encountered during the flight. 
These included the following : 

Weather Bureau stations; flights made by a private flying concern under 
contract : 

1. Billings, Mnnt. 
2. Cheyenne, Wyo. 
3. El Paso, !hx. 
4. Fargo. N. Dak. 

6 Murfreesboro Tenn 
6: Oklnhnma City, O k k .  
7. Omaha, Nebr. 
8. Spokane, Wash. 

Army stations : flights made by the Army Air Corps, carrying an aerometeoro- 
graph, the records of which are evaluated by personnel of the Weather Bureau, 
which organization owns the instruments : 

1. Barksdale Field. Shreveport, La. 5. Mitchel Field IIempstead N p 
2 Boston Mass. 
3' Icelly I;'ield Snn dntonio. Tex. 
4: Maxwell Field, Montgomery, Ala. 

6. Selfridno Fieid. hfount &mens,' Mich, 
7. Scott Field, Belleville, Ill. 
8. Wright Field, Dayton, Ohio. 

Navy stations; flights made by Navy Department, using Navy equipment and 
personnel, while the data are furnished to the Weather Bureau : 

1. Lakehurst, N. J. 
2. NorCollc Va 
3. Pearl Iiarbor, Hawaii. 
4. Pensacoln, Flu. 

5. Snn Diego, Calif. 
6. Seattle Wash. 
7. Washiigton, D. C. 
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In  the first category of stations the Bureau had one more than during the 
precedinryear. This was established a t  El  Paso, Tex., in July 1935. It has 
proved to be very strategically located, as  evidenced by its great worth for the 
analysis of air masses passing into the central part of the country from the 
Gulf of Mexico and the Pacilic Ocean, and has aided in the determination 
of the normal trajectory of these air masses during different times of the year, 
a matter which hitlierto was troublesomely uncertain. 

During the iiscal year the station at Spokane, Wash., where prior to July 
1935 weather iiights were made by pilots of the Washington State National 
Guard, was changed from the second to the first category. 

An Army station was opened in August 1935 at Boston, Mass., where formerly 
airplane weather observations were made by the Army Air Corps h coopera- 
tion with the .Massachusetts Institute of Technology during tlie school term. 
The value of observations from this place has been enhanced as a result of 
their being extended throughout the entire year. 

The Army station which was opened at Barlrsdale Field, Shreveport, La., 
in June 1936, having been trailsferred from Galveston, Tex., has shown itself 
to be iinportant by giving a better represeutation of air masses in the vicinity 
of the Gulf of I\lexico, wheuce comes so much of the warm, moist air necessary 
for precipitation in the central and eastern parts of the country. 

The Navy station formerly located a t  Sunnyvale, Calif., was closed in 
October 1035. 

From the beginning of the fiscal year observations of vertical and oblique 
visibility a t  elevations of 5,000, 10,000 feet abore sea level, and the maximum 
altitude reached were required of all pilots engaged in  making these flights. 

On October 15, 1935, all airplane weather stations began to render reports 
of the specific humidity and equivalent potential temperature prevailing a t  the 
various significant levels for which data were transmitted. Tliese reports have 
demonstrated their great value in tlie daily analysis of air masses, fronts, and 
concurrent weather phenomena. The use of vertical cross sections of the 
atmosphere to portray meteorological conditions in the third dimension was 
thereby facilitated and was extended, in general, during the fiscal year. 
Summaric~s of these atlditional (lata :ire being compiled at  the Central Offlce 
of the Bureau for future application. 

An investigation made to determine certain physical aspects of polar con- 
tinental air, which gives rise to cold waves, indicated the urgent need for one 
or more airplane weather stations in the regions over which these air masses 
arquire their intense coldness. Under the stimulus of this work an allotment 
of funds under the Bnnltliead-Jones Act mas sought and secnred to establish 
an airplane weather station a t  Fairbanks, Alaslm, during the winter season 
193637. Some of the equipment for this purpose was procured and plans 
mere formulated for establishing the station during the succeeding fiscal year. 

PILOT-BALLOON OBSERVATIONS 
Pilot-balloon observations mere inaugurated at one additional station located 

at illissoula, Mont., during the fiscal year. The number of observations per 
day were increased from two to three a t  one station, from two to four at 
another and from three to four at nine stations. At the close of the year a 
total of 244 pilot-balloon observations were being made daily a t  77 stations, 
including three in Alaslia am1 one at San Juan, P. R. Assistance was given 
by the Bureau to a commercial steamship line operating between San Francisco 
and IIonolulu in multing daily pilot-balloon observations from two of their 
ships for service to the trans-Pacific airline operations. A special summary 
of upper a i r  winds in the upper troposphere and lower stratosphere corre- 
lated with temperature, pressure, and humidity was made for the benefit of 
:ieronauticxl interests engngcd in studying the problrm of high-altitude flying. 
This summary will soon be ready for publication. Action was taken to gain 
more information regarding the air movements in the stratosphere. 

OPERATION OF THE TELETYPE SYSTEM FOR HURRICANE-WARNING 
SERVICE 

During the year eight tropical storms were charted in the Gulf of Rfexico, 
Cariblmin Sea, and southern North Atlantic Ocean. The collection of wcatlicr 
observations from ships a t  sea, and from island and coastal stations, in con- 
nection with the issue of atlvices and warnings of these storms, afforded an 
excellent test of the new teletype system for hurricane-warning service which 
was inaugurated on July 1, 1035. 
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Operated exclusively for that service, tlie teletype system connects forecast 

centers a t  New Orleans and Jacksonville directly with 10 other Bureau sta- 
tions on the coast. Instnut communication of important observations to tlie 
forecast centers and immediate dispatch of ndvices and warnings are made 
possible. During periods when tropicnl storms approach the coast tlie ordinary 
commercial facilities for coiiimunication are severely taxed by the largr volume 
of inquiries from persons who are  anxious about tlie protection of life and 
property in tlie thrcatenrd areas. Tlie control of a clear channel to important 
Bureau distributing stations has proved to  be highly valuable in such 
emergencies. 

Experience in connection with the eight tropical storms of tlie past year 
shows that a larger collection of observations caii be srcured with greater 
speed and a t  inore frequent intervals than was possible heretofore. With this 
additional information a t  hand, atlvices and wariiings are  issiird a t  shorter 
intervals and in greutcr detciil. Tlie infrrquency tind brevity of public releases 
regarding tropical storms was thr  subject of criticism under the fomier plan, 
but ordinary commercial facilities shared with the public could not he satis- 
factorily adapted to the drastic srrvice requirements of storm emergencirs. 

With the teletype sgsteni in operation, each of the Bureau's coastal stxtions 
in the system is promptly supplied with all of the significant weather reports 
collected by radio, cable, ;inti telrgrapli for immrtliate dissemination of vital 
information to the general public hy radio hronilcast, in the daily newspapers, 
by posted bulletins, and to individuals by telephone, telegraph, niesswgrr, and 
by prrsonnl contacl. Tlie teletype system during its first season of operation 
was an unqualifird SUCCCSR. 

ABNORMAL WEATHER OF RECENT YEARS 
Several noteworthy climatir features in rccent years have attracted wicle- 

spread attention, wpccinlly the succrssion of thrrr  severe and mi(1esprend 
droughts--1930, 1034, and 193G-ench of tremendous national significance. 
Other abnornialitiec; inclutle the sevrre minter of 193536, unprrcedentril floods 
in tlie Eastcrn States, bad dust storms in tlie illidwest, and destructive tor- 
nadoes in the Southeast, all occurring during the spring of 1036. 

COLD WINTER OF 1935-36 

For a number of years tlie mintrrs, in general, had hcen mild, esprcinlly the 
flve up to and inclnrling 1934-35. In contrast to these the minter of 103536 
mas one of the srvrrcst c w r  experienced in ninny districts, beina tlir coldest 
of record in some northwestern sections of tlic United Stntes, with a 3-month 
temprrature riverage of from 6" to as many as 12" F. below normal: in the 
northern Plnins, for csample, the winter was from 15' to nrarly 20" colder 
than the average for the preceding five winters. I-Iomever, a consitlcrable 
area in the far Soutliwest had n somrwhat warmcr tlinn normal winter. 

The coldrst wrnther occurred rlui'ing a pcriod of ahout 30 days ended ni-ound 
February 20, during which the temperatures werr prrsistently low. At Devils 
L:ilre, K. Dali., typical of conditions in the central-northern part of thr country, 
thrrr  was established a wintrr-temi~erature record that prohnhly has no parallel 
in the climatic history of this country for a first-ordrr Wrntlirr Biireau station. 
At this plncr the tcmpcrature went brlow frrrzing on Kovrniher 27 and did not 
thrrrafter rise to  tlir frrrzing point until Alarch 1. a prriotl of 96 (lags. For 
37 dayq, January 14 to February 19, there was only 1 clay on which the ther- 
inoinrter rczistcreii as high a s  zrro, mliilr thr wrrlc m d ~ d  Frhrunrg 17 liar1 an 
avrrage trmprrature of -28" : tlie average for 2 months-January and Frb- 
ruary-was -13". 

EASTERN FLOODS, MARCH 1936 

In  :idclition to the severe cold, the snowfall was the hrarirst in many rrars 
in tlic country north of the Potomac, Ohio, and AIissouri Rivrrs, aiirl late in  
Fehrunry sac1 early in March mild. rainy weather caused rises and icr gorges 
in tlir rivrrs of Nrm England and the Alicldlc Atlantic Slatcs. I n  Virginia and 
Maryland some damage rrsultccl froin ice movrmrnt, but the comhiiierl run-off 
from tlie rain and melted snow  vas insufficient to give injurious floods. New 
England, New Torlr, niid Pennsylvania mew not so fortunatr, ant1 there mas 
coiisidrral~lr dnmagr from both flrc crushing rffrcts of icr and from flood matrrs. 

By March 16 the strranis in Virginia and Alnry1:uid had fallen considerably 
and a €1111 had brgun north of M:irgland. Conditions mrre liplnwachinp normal, 
hut on March 17 a slorm that originatrd on Rlnrrh 15 in Teras hnd moved to 
south-central North Carolina, bringing general rains over the Middle Atlantic 
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seaboard and the upper Ohio Basin. These rains were phenomenally heavy in 
the country to  the west of the coastal plains and along the divide between the 
eastern rivers and the upper Ohio Basin. Precipitation of nearly 5 inches 
occurred in 12 hours or less over a large area in the mountainous sections of 
Virginia, Maryland, and western Pennsylvania, and more than G inches fell a t  
some stations in a period of 48 hours or less. The storm moved slowly in a 
northeasterly direction and the rains were heavy over all of the North Atlantic 
seaboard. To the northeastward the amounts were not so heavy, but from a 
flood-producing viewpoint the results were about the same, because the rivers 
in the southern part of the area under consideration were much lower a t  the 
beginning of the rain than they were in Pennsylvania, New York, and New 
England. 

The rains fell on well-saturated and semifrozen soil, and the percentage of 
run-off was unusually high. This, coupled with the fact that the northern 
rivers were a t  or above flood stage, and those in Maryland and Virginia, while 
not in flood, were higher than normal, gave the most disastrous floods of record 
in the James, Potomac, Susquehanna, Connecticut, and llerrimack Rivers, in 
some of the tributaries of the Ohio River in Pennsylvania and in the Ohio from 
Pittsburgh, Pa., to below Wheeling, W. Va. 

The Ohio River flood gave a record crest stage of 46.0 feet a t  Pittsburgh on 
March 18. The previous high-wntrr record was 38.7 feet on March 15, 1907. 

Flood losses in the Northeastern S’ates in March were undoubtedly t h e  
greatest of record. Several hundred thousand people were macle homeless by 
the flood waters and many homes were completely destroyed. The actual 
number of clrownings may never be known, but unofficial figures place it a t  
more than 170. Business was partially or completely paralyzed in many of 
the large industrial sections, and losses to wage earners and retailers amounted 
to  large sums. 

MIDWEST DUST STORMS 

The great drought of 1934 terminated in most sections of the country in 
September of that year, but the weather continu6d outstandingly dry in a 
southwestern area, centering in southeastern Colorado, western Kansas, weat- 
ern Oklahoma, northwestern Texas, and northeastern New Mexico, the area 
becoming popularly known as the “Dust Bowl.” For the 15 months from S e p  
tember 1934 to February 1936, while most other sections had near normal 
precipitation, this area received from less than half normal to only about GO 
percent of normal. As a result of the continued dryness, there were bad dust 
storms in the southwestern area during the months of March and April, with 
some dust occasionally carried by the wind far  to the eastward, even to New 
England ; May had heavy rainfall, which effectively ended the bad dusty 
condition. 

SOUTHEASTERN TORNADOES 

During the Arst week of April 1936 two series of disastrous tornadoes oc- 
curred in several Southeastern States, the flrst on April 1-2 and the second on 
April 5-6. In the Arst series tornadic storms were reported from 7 cities o r  
towns in Georgia and the Carolinas; in the second the storms were of greater 
geographic extent, occurring at 17 different places scattered through 6 States, 
including Arkansas, Tennessee, Mississippi, Alabama, Georgia, and South 
Carolina. 

For the first series the most destructive storms occurred a t  Cordele, Ga., at 
7: 30 a. m., April 2, and Greensboro, N. C., about 7 p. m. of the same day. At 
Cordele 23 persons were killed and nearly 600 injured. In addition to the 
heavy loss of life, the property destruction was appalling, 287 buildings being 
demolished, of which 100 were among the best residential homes in the city. 
Many of the flnest houses were torn to splinters, as if blown up by great charges 
of dynamite. The property damage amounted to some $3,000,000. 

I n  the wake of the Greensboro storm the casualties counted included 13 per- 
sons killed, 144 injured, and 259 buildings demolished, 56 of which were totally 
wrecked; property damage was estimated a t  $2,000,000. This was the most 
destructive tornado of record for North Carolina. 

In  the second series a very disastrous storm occurred at Tupelo, Miss., at 
8: 65 p. m., April 5, causing appalling loss of life and between $3,000,000 and 
$4,000,000 of property destruction; 216 people were killed, and 700 injured at 
Tupelo and in its vicinity. 
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The most destructive of all the tornadoes occurred a t  Gainesville, Ga., about 

6 : 3 0  a. m., April 6. The storm was attended by winds of most violent force, 
which utterly demolished about 750 houses and badly damaged more than 200, 
others, almost completely destroying the business district of the city. The loss 
of life reached the appalling total of 203, while 934 others mere injured. Evi- 
dence indicates that the Qainesville destruction was probably the work of three 
distinct tornadoes occurring almost a t  the same time. 

The tornadoes comprised in these two series, considering the number of 
people killed and injured and the property damage, probably rank third in 
destructiveness in the tornadic history of the United S'ates. In the first series 
of April 1-2 about 41 persons were killed and 540 injured; in the second, 
April 5-6, some 452 persons lost their livcs and 1,775 were injured. 

THE 1936 DROUGHT 

The weather of 1936 has been dwidedly unfavorable for agriculture over the 
greater portion of the United S'ates, making the third year since 1929 with 
such prevailing conditions. Precipitation of the winter and early spring was 
very scanty in the Southwest, where the soil becnme extremely dry, and severe 
dust storms caused much damage by drifting and by blowing out winter wheat. 
However, in M:iy there was a reaction to abnormally heavy rains, materially 
improving conditions ; they were especially helpful to winter wheat over large 
areas, particularly in Kansas. 

While the May rainfall improved the outlook materially in the Southwest, 
other parts of the country were less fortunate, and serious conditions slowly, 
but surely, developed over large areas. Dry weather in May and June brought 
widespread damage to early truck, hay, and pastures, the latter becoming very 
poor in nearly all sections between the Appalachian and Rocky Mountains. 

The spring was the driest of record in many southeastern localities, and 
great harm resulted to early crops in considerable areas, especially from North 
Carolina southward and southwestward to central Alabama. The winter wheat 
crop was not seriously affected by the drought, principally because of May 
rains in the mestern portion of the Wheat Belt, and comparatively cool weather 
in the eastern part, though it became decidedly dry  and some deterioration 
resulted, especially in northern districts. 

The heat and drought seared what little pasture was left, and dried up 
available stock water. With neither food nor water to  be had over large areas, 
the livestock situation became desperate, with heavy shipments necessary to 
preveiit death of thousands from starvatioil and thirst. The spring wheat crop 
and other small grains in the Northwest were severely damaged, but couditions 
continued favorable in the North Pacific area. 

July was extremely dry throughout the interior of the country, with consid- 
erable areas having less than 10 percent of normal rainfall. On a State-aver- 
age basis, there was less than half of normal (usually much less) in the west- 
ern Ohio Valley, the Lake region, the upper Mississippi Valley, and throughout 
the Plains from Oltlahoina northward to North Dakota and Montana. Ken- 
tucky ant1 Ohio, with 90 and 79 percent of normal, respectively, were the only 
States between the Appalad~lan and Rocky Mountains north of the Cotton Belt 
having as mucli ns half of the normal rainfall. The States from Oklahoma 
northward to North Dakota had only from 20 to 36 percent of normal; Minne- 
sota had about 20 percent, and Iowa less than 15 percent. July 1936 was clrier- 
than July 1934 in every State from Kentucky, Missouri, and Oklahoma north- 
ward to the Canadian border. 

The month was also extremely hot; the hottest July of record In Indiana, 
Illinois, Minnesota, Nebraska, the D*ikotas, and Montana. The avcrage tempera- 
ture for the month was higher by far  than the previous high record in a large 
central-northern area. In North Dakota the ~nontlily iiiean excecded the previous 
high July record by 6" and the previous maxima in South Dakota and Montana 
were exceeded by more than 4". 

The montlis of June and July combined had an average of only about o n e  
third of'normal rainfall in the Plains States and around 40 percpnl of normal 
in the western Ohio and middle Mississippi Valleys. In the interior States the 
2-month period was much drier than the same 2 months during the great drought 
of 1934. In that year, for these 2 months, Missouri had about 30 percent more 
rainfall ; Ohio, Kansas, Ncbriiska, and Montana about 50 percent morc ; Indiana, 
Illinois, Wisconsin, and North Dakota about twice as much ; Minnesota nnd 
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Iowa consideral)ly niore than twice as much, and South Dakota nearly three 
tinies as niiicli rain as fell this yen?. 

The 4 niontlis of the growing scason to the 1st of August were the driest of 
rerord in tlie Dalrotas, Minnesota, Wiscoiisin, Iowa, Missouri, Illinois, and 
Incliana, and the serontl driclst in Ohio, Kentucky. Oklahoma, Kansas. and 
Montana. Of the Ceutrd and Northern States bctwecn tlie Appa1achi:in :ind 
Rocky Mountains only Rficliigan, Kansas, and Nebraska were drier in lW34 
than this year for tlicse 4 inontlis. 

Of the major crops, corn suffered the greatest loss from tlie drought and 
1ic:it of July. Up to the hepinniiig of this month this crop had not been 
seriously harmed orer wide :ireas, but in July the extremely high temperatures 
and lack of rainftill caused heavy losses, especially from the Mississippi Valley 
westward. The prospectivc crop was rciluccd during the moiitli from 2,244,834 
to 1,439,138 busliela, as reportetl by the Department of Agriculture. 

August wentlier w:is c1i:iracl erizcd for the most part by a persistence of 
abnormal warmth and scaiity moisture in the interior v:illcys and c.eiitral :ind 
boutliern G i w t  1’I:iins. h1:iximum tcinperaturw ranged up to well above 103” I?. 
almost daily over a large area. R:iinl‘all was of a decidedly local character, 
thougli scattered showrrs mere rather frequent in tlic Northern States of the 
interior of tlie country. During August the drouqlit extended soutliword to 
include in( st of Texas :ind Lonisinna, Arkansas, Mississippi, and Tcnnesser, but 
in northern sections, from New Eiigkind westward to tlie I’hiiis, contlitions 
improveil niatt rially. Tlie wcatlicr continued favorable in most of the southcast 
and niucli of the Atlantic area and also l’iitlier generally lrorn the ltoclry 
&fountains westward, thougli the Pacific Northest 1l)ecaine too dry. 

The sunniiw (.June-August ) was the tlricst of record in Illinois, Missouri, 
Oklahomn, Ii:ins:is, Ncbr:tsLa, and tlie Dabot:!s. In  :idtlition, wliile previous dry 
records were not broken, Indiana, Wihconsin, hIinnrsota, Iow,i, and Arlr:ins:is 1i:id 
less rain in llie suiiiinrr of 1936 tlitin during tlie saiiie swson in tht. droucht of 
1934. Previous high temperature iecords were exceeded in many sections. 
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EARLY SEPTEMBER RAINS 

During tlie first 10 days of September widc~prmd clronght-rrlicving raius 
occuriwl Over much of the iiiferior of tlie country, cspeci:illg in tlie Lake region 
and the I\lississippi aiicl Ohio Valley States. Tlie e:irly September moisture 
brought only pnrtial relief in tlic 1’1:iiiis St:ttc.s, eswpt  iii ICansas, extrcnie 
western Olrl:tlioma, :uid ncrrthwcstc~rn Trx:is, wlirrc. good rains orcurrcil. Wliil(. 
the rain came too Intc to ni:itcri:illy improve the corn crop, it w:is timely and 
of grc:it value iii conditioiiiiig tlic soil for plowing, for fa l l  wediiig, mid fur 
late forage crops to be used for pnsturnge. 

DROUGHTS IN THE UNITED STATES 

Droughts in tlic United States may be divided into two general classes. In 
onp class are those of :i tra tory nature, affecting usu:illy a relatively small 
area and of comp:ir:itively ort rluratioii, frequc~ntly lnsling only a single 
year ; in tlie other those general drought conditions that have a tpndcncy to 
pi‘rsisl for  coinpnrntivrly long 1)cbrioils of time. Smootlietl wealher records 
show long-time trends in piwipil:~ tion, c~)vc~i irg  :i good mauy yr:irs, a1tc~n:itely 
above :ind b ~ l o w  normal. The short-period droughts arc iiot nsiially tletinitcly 
related to these more gciieral long-time trcmls. Wlicii a miniinmn pliase of 
precipitation obtains, such as is n o w  I)cliiig cxprriencetl, lliere oc+cur :it short 
intervals what may be mllotl f:iinilies of droughts, in c,oiitradistiiictioii to the 
transitory, OX short-period oiies, that fal l  in the first-n:imecl group. 

DROUGHT PERIOD OF 1886 TO 1895 

Prior to the niinimnm plinec of precipitation responsible for tlie present 
family of droughts, so to spt’alr, tlie Inst general coiiilitiou of this Bind occurrctl 
in the latter part trf tlie eighties :ind tlie early niiicticbs of tlie last century. At 
that time, followiiig :I series of years of riitlier abunclant rainhll, widrsprcud 
scanty moisturt’ hcg:in in 1886 ; ant1 while inttmuptod in  1S02 by fnirly :ibundant 
moiqturc, there was :i marker1 tendciicy genfwilly for snl)norinal raintall from 
18% up to 1865, culminating in severe droughts in 1S94 :mil 1595, the driest 
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years of that ~nininiuln plitise. The yeiir 1S9G 11nd fairly good precipitation, 
but 189V was deficient in moisture betweeii the Mississippi River and the 
Iioclcy Mountains. 

Following this geiieral long-timc drought there mere several belonging to the 
transitory class, being short-lived, and often seriously aKecting only compara- 
tively sinall areas. Among these may be mentioned that  of 1901 in  the interior 
valleys and the Southwest. The following year, 1902, had plenty of moisture 
in most States. Another occurred in 1910, principally in the Central and 
Northern States and the South, but this again was largely a I-year affair. 
Another one in 1917 affected principally the Southeast and northern Plains, and 
still another, in 1925, was severe in the South and Southeast. Thus for some 
60 years up to 1930 there wcrc a number of short-period droughts but only one 
persistent and marlreilly dry pliase of United States climate, that of 18SG-05, 
lasting, in general, about 10 years, but some years, of course, being better than 
o tliers. 

DROUGHT PERIOD OF 1930 TO 1936 

' The present dry phase began in 1930 and has continued, with a few inter- 
spersions of fairly good years, such as 1035, up to the present time. There 
have been in this period 3 extreme1.y dry years--1930, 19B4, and 1936. Tablo 1 
sliows the pcrccntage OX normal rainfull, by States or sections, for each year 
from 1930 to 1935, inclusive, aiid by months from January to August 1936. 

TABLE l.-Perccntage of ?tolvn'mnl precipitation bu States 

Alnbamn ....- ~ - - _ _  ~. . 
Arizona _ _ _ _ _  _ _ _ _  ___.__ ~ - .  
Arkansas.. _ _ _ _  __..__. _ _ _  
Cnlifnrnin. __.____________ 
Colorado _____._._ _ _ _ _  _ _  _ _  
Florida __._____________._ 
cleorqin ______.__.________ 
Idaho ______________._____ 
Illinois _____._______.__ _ _ _  
Indiana-. ....____._..._. . 
IoWa _ _ _ -  ~ ___.______._-__. 
Ksnsss _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  ~ 

Kentucky ___.___. _____. . 
Louisiann.. .-.- __._. _ _ _  .. 
Marslantl-Delaware- - -. . 
Michigan _ _ _ _  ~ _ _ _ _  ~ __.___ 
Minnesota ..-... _ _ _ _ _  ___. 
Mississippi _ _ _ _  .___.___. . 
Missouri. _ _ _ _  ~ ____.___ _ _ _  
Montan R... _ _ _ _ _ _ _ _ _ _  _ _ _  
Nebraska _ _ _ _  _ _  _ _ _ _ _ _  _.__ 
Nevada ._.._._____ ~ _ _ _ _ _ _  
New Enplnnd __.__.______ 
New Jersey _ _ _ _ _ _  - ~ .  . ___. 
New Mexico ___.__ _____.. 
New York ..____._ ~ __._._ 
North Cnrolina. _.____ ~. . 
North Dakota _ _ _ _  ______. 
Ollio _.______ _ _  _ _ _ _  _ _ _ _ _ _ _  
Oklahoma.. _ _ _ _ _ _ _ _ _ _ _ _ _  
Orecon. ___.. _ _ _ _  ~ _ _ _ _ _  _ _  
Ponnsylvnnin _________.__ 
South Cnrolinn _ _ _ _ _ _ _ _ _ _  
South 1)ctkota _______. _ _ _  
Tennessee ______.________ 
Texns .-.-.- . - ~  .______.. . . 
Ulnh.. _____._______ ~ ___. 
Virginia ___. ~ _ _ _ _ _ _ _ _ _ _ _ _  
Wnshin&n. _ _  _ _ _ _ _ _ _ _ _ _  
West Virpinin _ _ _ _ _  ~ _ _ _ _ _  ~ 

Wisconsin--. _ _ _ _  ~ _ _ _ _ _ _ _ _  
Wyorninq _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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EARLIER DROUGHTS 

The few available precipitation records, covering 100 years or more, indi- 
cate  that a general dry phase, somewhat comparable to that of 1886-95, and 
the more recent one of 1930 to date, obtained in  the thirties of the last cen- 
tury, or approsimatcly 100 years ago. 

Some tree-ring records of the far Northwest indicate that there probably 
was a major minimum precipitation phase, at least in that area, soon after 
the middle of the eighteenth century, within the period 1755-80, with a suc- 
ceeding maximum phase culminating about thc bcginning of the nineteenth 
century. 

WET PHASE OF 1865-85 

The outstanding wet phase of the United States climate in the last century 
was from about 1865 to 1885, with a secondary maximum during the first two 
decades of the present century, though several transitory droughts were inter- 
spersed. A11 of the foregoing statemcnts refer specifically to  the interior of 
the country east of the Rocky Mountains. 

While study of long weather records has not a s  yet disclosed a law suffl- 
cient to justify a forecast of future droughts, such study does give a n  historiccil 
background, which warns us that droughts in future may be expected, just  
as severe as those of the past. For example, the records show that  in the 
early nineties, or some 40 years ago, there was a drought in  the Dust Bowl 
just  a s  severe as that recently experienced. Doubtless, when the present 
drought definitely comes to a n  end there will be a period of years with com- 
paratively heavy rainfall, just a s  before, and little will be heard about dust- 
storms and the like. But in the planning of a permanent farm program for 
such areas the hasic considerations should include the practical certainty that 
dry climatic phases, at least as severe as in  the past, will recur in  the future. 

RATIFICATION OF INTERNATIONAL CONVENTION FOR PROMOTING 
SAFETY OF LIFE AT SEA AND ITS SIGNIFICANCE TO METEOROLOGI- 
CAL SERVICE 

Ratification of the International Convention for Promoting Safety of Life at 
Sea (signed at London on May 31, 1929) was consented to by the United States 
Senate on June 19, 1936, and ratified by the President on July 7, 1936. Al- 
though the convention consists principally of rules and regulations pertaining 
to the construction, equipment, and navigation of ships, it includes provisions 
of high importance to meteorology. It mas the second conference of its kind. 
The first was held in  London in 1914, but in  it meteorology had no serious 
part. References therein to weather service to mariners consisted principally 
of codes, tabulations, and generalities which were of no value and, in fact, 
were obsolete by the time the convention articles were published. 

Meteorology had a fa r  different status in  the 1929 convention. An officinl 
of the Weather Bureau was included in  the United States delegation. Two 
other nations had mctcorologists in their delegations. Articles pertaining to 
meteorology are  included in two parts, one (Act 34) being compulsory in char- 
acter, and the other (Act 35) involving moral responsibility and cooperation 

The master of any ship under United States registry which meets with 
“a dangerous tropical storm” is bound by the provisions of article 34 to utilize 
all means of communication at his disposal in  informing other ships in the 
vicinity and also in conveying the information by radio to  competent Govern- 
ment authorities. Such reports by ship masters will result in service of in- 
calculable value to  ships ns well a s  to coastal areas in providing information 
to national meteorological organizations on which to base warnings of tropical 
storms. 

The second portion, article 35, of the meteorological provisions is of hardly 
less importance. It provides that the contractiiig governments shall encourage 
the collection of meteorological data from ships at sea. It also specifies that 
the governments party to the convention shall “cooperate in  carrying out as 
f a r  as possible the following meteorological arrangements” : 

(a) To warn shim of gales, storms. and tropical storms * * *. 
To issue daily, by radio, weather bulletins suitable for sllip ing * *. 
To arrange for certain selected ships to take meteorolocicaf observations at  speci- 

ours, and to transmit such observations by wireless t e l y a p h p  for the beneflt of 
other ships and of the various o5cial meteorological services, 
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Other stipulations concern priority in the transmission by radio of weather 

observations froin ships to national meteorological services ; giving of service 
on the oceans by national organizations in  best position to  serve various zones 
and areas; and uniformity in procedures in carrying out the meteorological 
provisions of the convention. I n  the matter of uniform procedures the last 
paragraph of article 35 is of special interest. It reads as follows: 

Every endeavor will be made to obtain a uniform procedure in regard to the inter- 
national meteorological services specified in this article, and, as  far as is  practicable to 
conform to the recommendations made by the International Meteorological Organization 
to which orgniiization the contracting governments may refer for study and advice a n i  
meteorological questions which may arise in carrying out the present convention. 

The importance and significance of the London (1929) International Con- 
ference for Promoting Safety of Life at Sea will instantly appeal to meteor- 
ologists. For the first time meteorological science and service have been given 
definite standing in  a n  international agreement ; also, for the first time, official 
recognition has, in n similar way, been given by governments to the Interna- 
tional Meteorological Organization. Ratification of the convention by the United 
States Senate has advanced the influence of that organization to a position 
which will ake it a potent factor for stabilizing working arrangements among 
the nationarmeteorological services of the world. 
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