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LEGAL .FUNCTIONS OF .BUREAU 

I n  o rde r  t h a t  readers  i n t e r e s t e d  i n  the  s tudy of t hese  
p e r i o d i c a l  r e p o r t s  of t h e  a c t i v i t i e s  and s e r v i c e . o f  the Weather 
Bureau may be informed regarding t h e  d u t i e s  of t h i s  bureau, i t  
seems appropr i a t e  t o  c i t e  b r i e f l y  the  s p e c i f i o  a o t s  of Congress 
which o u t l i n e  and de f ine  t h e  funct ions of t h i s  Federal  organiza- 
t i o n .  

I n  t h e  aot of Congress t r a n s f e r r i n g  the  meteorological 
work of t he  Signal  Off ice  t o  t h e  Weather Bureau of the Department 
of  Agricul ture ,  approved October 1, 1890, t h e  d u t i e s  of t h e  
s e rv i ce  are thus  summarized: 

The Chief of t h e  Weather Bureau, under the  di- 
r ec t ion  o f  t he  Seoretary o f  Agricul ture ,  sha l l  have 
charge of fo reoas t ing  the  weather; t he  i s s u e  of storm 
warnings; t h e  d i sp l ay  of weather and flood s i g n a l s  f o r  
the b e n e f i t  o f  a g r i c u l t u r e ,  commerce, and navigation; 
t h e  gaging and report ing of r i v e r s ;  t h e  maintenance 
and operat ion of seacoast  telegraph l i n e s  and t h e  col- 
l e c t i o n  and transmission of marine i n t e l l i g e n c e  f o r  
t h e  bene f i t  of commerce and navigation; t h e  report ing 
of temperature and r a i n f a l l  condi t ions f o r  the  cot ton 
i n t e r e s t s ;  the  d i sp lay  of f r o s t ,  cold-wave, and o the r  
s i g n a l s ;  t h e  d i s t r i b u t i o n  of meteorological information 
i n  the i n t e r e s t  of a g r i c u l t u r e  and commerce; and the 
taking of such meteorological observations as may be 
necessary t o  e s t a b l i s h  and record the ol imat ic  condi- 
t i o n s  of the  United States, a s  a r e  e s s e n t i a l  f o r  t h e  
proper execution of t h e  foregoing d u t i e s ,  

A l l  t h e  meteorological work of t h e  Government developed 
under these and o lde r  equivalent  laws app l i cab le  w h i l e  the Weather 
Bureau was a p a r t  o f  t h e  Signal  Corps of t h e  War Department, up 
t o  the  advent of c i v i l  av i a t ion .  

With the passage of the  a i r  cornmeroe act. approved May 
20,  1926, i t  was considered expedient t o  l e g a l l y  de f ine  the  d u t i e s  
and r e s p o n s i b i l i t i e s  of t he  Weather Bureau r e l a t i v e  t o  a i r  navi- 
gat ion,  by t h e  following new l e g i s l a t i o n :  
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Sec t ion  3 of t h e  Act e n t i t l e d  "An Act t o  increase 
t h e  e f f i c i e n c y  and reduce the  expense of t he  Signal  
Corps of  t he  Army, and t o  t r a n s f e r  t h e  Weather Service 
t o  the  Department of Agricul ture ,  'I approved October 1, 
1890, is amended by adding a t  t h e  end thereof a new 
paragraph .to read as follows: 

Within the limits of  t h e  appropr i a t ions  which. 
may be made f o r  such purpose, i t  s h a l l  be the duty of 
f h e  Chief of  t h e  Weather Bureau, under the d i r e c t i o n  
of t h e  Sec re t a ry  of Agricul ture ,  ( a )  t o  fu rn i sh  such 
weather r epor t s ,  f o r e c a s t s ,  warnings, and advices  as 
may be required t o  promote t h e  $&fety and e f f i c i e n c y  
of a i r  navigat ion i n  the United S t a t e s  and above the 
h igh  seas ,  p a r t i c u l a r l y  upon c i v i l  airways designated 
by the  Sec re t a ry  of Commerce under a u t h o r i t y  of  law 
as routes sui$ablo f o r  a i r  commerce, and (b) f o r  such. 
purposes t o  observe,  measure, and i n v e s t i g a t e  atmos- 
p h e r i c  phenomena, and e s t a b l i s h  meteorological o f f i -  
ces and s t a t i o n s .  

It seems proper  t o  make the  general  s ta tement  t h a t  under 
these  s p e c i f i c  laws, as supported by the c u r r e n t  annual ap- 
p r o p r i a t i o n s ,  t h e  a c t i v i t i e s  of tho bureau i n  a l l  i t 3  va r i ed  
l i n e s  a r e  i n  a s ta te  of' wholesome.growth, development, and ef- 
ficieniiy.  From its very na tu re  o u r  work is in t ima te ly  iden t i -  
f i e d  w i t h  r epo r t ing  t h e  cons t an t ly  changing p i c t u r e  of t h e  pass- 
i n g  weather. A s  such we m u s t ,  and .we be l i eve  we may j u s t l y  
claim t o  be, f i g u r a t i v e l y  Itup t o  t h e  minute" i n  our  knowledge 
of atmospheric cond i t ions ,  not  only over t he  con t inen ta l  United 
S t a t e s  and its possessions,  but  through i n t e r n a t i a n a l  cooparation 
and exchanges, over t h e  g r e a t e r  p a r t  o$  t h e  Northern Hemisphere. 
T h i s  a l e r t n e s s  t o  e x i s t i n g  condi t ions by means of extended sys- 
tBms of f requent  observat ions and r e p o r t s  engenders h a b i t s  of 
promptness and e f f i c i e n c y  t h a t  a r e  r e f l e c t e d  i n  a l l  t h e  work o f  
t he  bureau. 

It is t h i s  same widespread system of f requent  simultaneous 
observat ions and r e p o r t s  t h a t  forms t h e  b a s i s  f o r  t he  d a i l y  fore- 
c a s t s ,  warnings; and advices  as t o  near-future weather condi t ions.  
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Thus i t - is  seen t h a t  t h e  fo recas t e r ,  from h i s  p o s i t i o n  of up-to- 
the-minute knowledge of p re sen t  weather a l l  over t h e  world, 
aspires t o  perform t h e  duty imposed upon him by t h e  laws c i ted  
above by t e l l i n g  t h e  pub l i c  j u s t  what he th inks  t h e  weather 
is going t o  be. Even though c e r t a i n  con jec tu ra l  f a c t o r s  sur- 
round the  e f f o r t ,  the  bureau be l i eves  i t  is f u l l y  j u s t i f i e d  i n  
claiming t h a t  i ts f o r e c a s t s  of storms, f loods,  cold waves, hur- 
r icanes,  e t c . ,  c o n s t i t u t e  a very valuable pub l i c  s e rv i ce .  

EXTENDING THE PERIOD OF FORECASTS 

Throughout its h i s t o r y ,  t h e  bureau has made e f f o r t s  t o  
extend t h e  per iod over which success fu l  f o r e c a s t s  could be is- 
sued as far as p r a c t i c a b l e .  With the  advent of radio,  giving 
u s  a more complete p i c t u r e  of world weather condi t ions,  t h e  
bureau inaugurated some years  ago its so-called weekly outlook, 
i n  which the fo recas t  is made t o  cover approximately a week i n  
advance. Furthermore, within its organizat ion,  s t u d i e s  have al- 
ways been i n  progress  t o  determine, i f  poss ib l e ,  methods by 
which f o r e c a s t s  for months, seasons,  and even years i n  advance 
could be formulated, and such s t u d i e s  still  c o n s t i t u t e  a p a r t .  
o f  t he  program of  research within t h e  bureau organizat ion.  It 
is bel ieved t h a t  t h e  views of  the  bureau a r e  i n  accord wi th  those 
of  l ead ing  meteorologis ts  throughout t h e  world, t h a t  up t o  t h e  
p re sen t  time no s u f f i c i e n t l y  conclusive s c i e n t i f i c  basis has 
been found on which t o  make success fu l  f o r e c a s t s  of t h i s  charac- 
ter .  

It may be mentioned again t h a t  t he re  appear t o  be three 
methods of  approach i n  t h i s  mat ter ,  namely, (1) the  d i rec t  physi- 
c a l  process  of cause-and-effect r e l a t i o n s h i p  between known physi- 
c a l  causes and a t t endan t  weather condi t ions;  (2)  t h e  so-called 
p e r i o d i c i t i e s  o r  c y c l i c a l  recurrences of  weather phenomena, 
e i t h e r  i n  t h e  sequence of condi t ions themselves o r  a s  co r re l a t ed  
t o  some astronomical o r  o the r  sequence of  events;  (3) the mathe- 
u a t i c a l  c o r r e l a t i o n s  between t h e  p re sen t  weather i n  one l o c a l i t y  
w i t h  e i ther  p a s t  weather i n  the  same l o c a l i t y  o r  the past weather 
i n  some o the r  l o c a l i t y .  It is only f a i r  t o  s ay  t h a t  the bureau 
has conducted very in t ens ive  i n v e s t i g a t i o n s  i n  one o r  the o the r  
of these poss ib l e  l i n e s  of  approach without a s  yet  having found 
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a s u f f i c i e n t l y  sound b a s i s  y i e ld ing  p o s s i b i l i t i e s  of success fu l  
fo recas t ing .  Furthermore, t h e  bureau is a b r e a s t  o f  t h e  informa- 
t i o n  i n  these f i e l d s  t o  be found i n  the l i t e r a t u r e  cbn t r ibu ted  
DY o t h e r  s tuden t s ,  i n  t h e  United S t a t e s  and elsewhere. 

OBSERVATIONS AN0 RLPORTS 

The need f o r  more d e t a i l e d  infbrmation from t h e  e x i s t i n g  
network of s t a t i o n s  r epor t ing  t o  t h e  Weather Bureau and a fur- 
t h e r  enlargement of t he  f i e l d  of observat ion has become u rgen t .  
Demands f o r  s p e c i a l i z e d  f o r e c a s t s ,  clamors f o r  extending the  
f o r e c a s t s  beyond the  pe r iods  now covered, t he  inc reas ing  d i s -  
tances  t r a v e l e d  by man i n  comparatively s h o r t  time i n t e r v a l s ,  
a l l  combine t o  make i t  more e s s e n t i a l  than he re to fo re  t h a t  wea- 
t h e r  information be c o l l e c t e d  speed i ly  no t  only from the  North 
Lmericar. cont inent  but  from the  ad jacen t  oceans and considerable  
p o r t i o n s  of o t h e r  con t inen t s .  

Progress  toward these  ends h a s  been made i n  the  p a s t  year .  
Plans were completed t o  secure by te legraph much-needed addi- 
t i o n a l  d a t a  from the  e x i s t i n g  s t a t i o n s  of the Weather Bureau 
and of t h e  Canadian Meteorological Se rv ice .  Detai led informa- 
t i o n  concerning barometric changes t ak ing  p l a c e  during t h e  t h r e e  
hcurs  preceding the  observat ion,  r e p o r t s  of r e l a t i v e  humidity, 
2nd d a t a  regarding time of occurrence and cha rac t e r  of  p rec ip i -  
t a t i o n  are the  more important i tems provided f o r  i n  t h e  new 
scheme. 

Furtherance of t he  i n t e r n a t i o n a l  selected-ship program, 
descr ibed i n  previous r e p o r t s ,  is y ie ld ing  an increased number 
of  ZhiTs' weather r e p o r t s  from t h e  North A t l a n t i c .  Additional 
s h i p s  of United States r e g i s t r y  were secured f o r  making r e p o r t s  
by r ad io  t o  t h e  l e a t h e r  Bureau when i n  t h e  A t l a n t i c  west of 35' 
W .  and t o  European meteorological s e r v i c e s  when e a s t  of 35' 1. 
I n  a d d i t i o n ,  a beginning was made i n  t h e  selected-ship s e r v i c e  
f o r  t h e  southern A t l a n t i c ,  Caribbean Sea, and Gulf of  Mexico. 

I n  accordance w i t h  t h e  program of i n t e r n a t i o n a l  coopera- 
t i o n ,  r ad io  r e p o r t s  were received by t h e  Weather Bureau i n  in- 
c r eas ing  numbers from s h i p s  of foreign r e g i s t r y  when i n  the 



western At l an t i c .  These are included i n  b u l l e t i n s  along w i t h  
observat ions from our oxn report ing s h i p s  and broadcast  f o r  the 
b e n e f i t  o f  marine and o the r  interests.  

Reports from United S t a t e s  and foreign se l eo ted  s h i p s  i n  
t h e  e a s t e r n  A t l a n t i c ,  t ransmit ted t o  European se rv ices ,  have been 
included i n  a b u l l e t i n  t ransmit ted t o  t h e  Weather Bureau. Dur- 
i n g  the  p a s t  yea r  a new arrangement was s e t  up whereby s h i p  re- 
p o r t s  from the e a s t e r n  A t l a n t i c  and weather information from 
rep resen ta t ive  lanq s t a t i o n s  i n  Europe and Asia a r e  t ransmit ted 
twice d a i l y  t o  the  Weather Bureau from the  B r i t i s h  Meteorological 
Service through the  powerful radio s t a t i o n  a t  Rugby. These 
b u l l e t i n s  a r e  being copied by t h e  Navy radio s t a t i o n  a t  Bar 
Harbor, Me., and forwarded t o  t h e  Weather Bureau by land l i n e .  
T h i s  s e r v i c e  from Rugby corresponds t o  a similar b u l l e t i n  con- 
t a i n i n g  r epor t s  from s h i p s  west of  longi tude 35' W. and land 
observat ions from s t a t i o n s  i n  the United S t a t e s ,  Canada, Alaska, 
Central  America, t he  West Ind ie s ,  e t o . ,  whioh is broadcast  twice 
d a i l y  d i r e c t l y  from t h e  Weather Bureau i n  lllashington through the 
Navy s t a t i o n  a t  Arlington fo r  the  beneqi t  o f  European meteorologi- 
c a l  Eervices.  Through these cooperations an exce l l en t  exchange 
o f  meteorological information between America and Europe is se- 
cured. 

Preparat ion of general  f o r e c a s t s  and warnings a s  well  a s  
spec ia l i zed .  information was f a c i l i t a t e d  by the increased number 
of s h i p  r epor t s  a v a i l a b l e  from o e r t a i n  a reas  of t h e  A t i an t i c  
and by t h e  i n t e r n a t i o n a l  exohanges. 

FORECASTERS I N  TRAINING 

Increasing demands upon t h e  Weather Bureau i o r  s p e c i a l  
f o r e c a s t s  t o  se rve  a v i a t i o n ,  f o r e s t  p ro t ec t ion ,  and numerous 
a g r i c u l t u r a l  and o the r  interests,  have made i t  imperative t h a t  
an ample corps of t r a i n e d  and experienced f o r e c a s t e r s  be ava i l -  
a b l e .  To t h i s  end t h e  bureau has e s t ab l i shed  a c l a s s  of forQ- 
c a s t e r s  i n  t r a i n i n g ,  funds f o r  t he  purpose having been f i r s t  
added t o  the appropr i a t ions  for the  f i s c a l  year  j u s t  ended. 

Se lec t ions  f o r  the c l a s s  were made from among the employees 
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of the bureau having t h e  r e q u i s i t e  educa t iona l  q u a l i f i c a t i o n s  ana 
exper ience  i n  t h e  gene ra l  work of, t h e  bureau .  T ra in ing  o f  t h i s  
group began a t  t h e  c e n t r a l  o f f i c e  i n  Washington where i n t e n s i v e  
i n s t r u c t i o n  was given i n  t h e  p r e p a r a t i o n  of weather maps and 
p r a c t i c a l  exper ience  was gained i n  making d a i l y  f o r e c a s t s  of 
weather and tempera ture .  A s e r i e s  of  l e c t u r e s  on meteorology 
and t h o  a p p l i c a t i o n  of  mathematics and phys ic s  t o  f o r e c a s t i n g  
problems was an impor tan t  p a r t  of t h e  c l a s s  work. 

A s  t h i s  t r a i n i n g  progressed ,  t h e  s i x  members of the c l a s s  
showing t h e  g r e a t e s t  a p t i t u d e  f o r  tho work were chosen t o  cont in-  
ue, and t h e  Others were given a p p r o p r i a t e  f i e l d  assignments.  

A t  t h e  t e rmina t ion  of t h e  d e t a i l  i n  Washington. t h e s e  s i x  
employees were a s s igned  i n  pairs t o  t h r e e  impor tan t  f , i e ld  fore- 
c a s t  c e n t e r s ,  t hose  i n  Chicago, Denver, and San F ranc i sco .  In- 
s t r u c t i o n  i n  meteorology and r e l a t e d  phases  of phys i c s  and mathe- 
matics is be ing  cont inued  .by correspondence from t h e  C e n t r a l  
Of f i ce .  

GENERAL WEATHER CONDITIONS OF THE YEAR 

Perhaps never  i n  t h e  h i s t o r y  of t h e  count ry ,  c e r t a i n l y  
no t  i n  t h e  h i s t o r y  of t h e  Weather Bureau, has  t h e r e  occur red  
such a long pe r iod  of d e f i c i e n t  p r e c i p i t a t i o n  over such a l a r g e  
s e c t i o n  of t h e  count ry ,  des igna ted  by t h e  term t fdrought , l f  as has  
p r e v a i l e d  f o r  t h e  p a s t  12 t o  15 months. T h i s  e n t a i l e d  such s e r i -  
ovs consequences t o  t h e  a g r i c u l t u r a l  and i n d u s t r i a l  cond i t ions  
of t h e  count ry  as t o  deserve  p a r t i c u l a r  d e s c r i p t i v e  d i s c u s s i o n ,  

A s  a r e s u l t  of t h e  concent ra ted  a t t e n t i o n  by t h e  s e v e r a l  
e x p e r t s  of t h e  bureau t o  s t a t i s t i c s  and r e p o r t s  o f  t h e  drought 
cond i t ions  and d i v e r s i t i e s  of views among them a s  t o  j u s t  how 
droughts  should  be de f ined  and t h e i r  c h a r a c t e r i s t i c s  c l a s s i f i e d ,  
a small committee was formed t o  propose a s p e c i f i c  d e f i n i t i o n .  
For t h i s  purpose t h e  views of c e r t a i n  l ead ing  f i e l d  o f f i c i a l s  
were i n v i t e d .  It is be l i eved  a p p r o p r i a t e  t o  g ive  he re  a b r i e f  
o u t l i n e  o f  t h e  work of t h i s  committee, whose f u l l  r e p o r t  w i l l  bo 
otherwise  publ i shed .  
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There was a complete unanimitj of opinion among the  f ie ld  
men on what seemed 'to them t o  be t h e  insuperable  d i f f i c u l t y  of 
formulating a d e f i n i t i o n  of drought that would apply t o  a l l  cases  
t t a t  might a r i s e .  The committee, of course,  could no more d a f i m  
drought i n  a l l  of its phases than i t  could r e l ig ion ,  for example. 

From the  beginning t h e  committee recognized t h e  f u t i l i t y  
o f  attempting t o  formulate a d e f i n i t i o n  aga ins t  which some ob- 
j e c t i o n  would not  l i e ,  but  i t  had hoped t h a t  ou t  of t h e  d i s -  
cussion a method of comparing previous droughts with those of 
t he  p re sen t  and those which may come i n  the  f u t u r e  would arise.  

On the b a s i s  of t h e  f ind ings  o f  t h e  committee t h e  bureau 
R i l l  h e r e a f t e r  compile t h e  following-named major characteristics 
of droughts,  whereupon i t  w i l l  be poss ib l e  t o  p re sen t  an accu ra t e  
p i c t u r e  of t h e  drought i n  its e s s e n t i a l  f ea tu re s :  

Duration. 
D e f i c i t  of r a i n f a l l  w i t h  respect t o  the  normal for  t h e  

time and place. 
Amount of past moisture, a s  i nd ica t ed  by the  r a i n f a l l  

previous t o  t h e  beginning of t h e  drought, f o r  ex- 
ample, within the  previous month.) 

Area involved. 

S t a t i s t i c s  o f  a r e a s  involved i n  p a s t  droughts a r e  no t  
ava i l ab le ,  and i t  is doubtful  whethdr i t  is now poss ib l e  t o  
compile them. The idea of making a r i g i d  comparison of p a s t  
wi th  p re sen t  o r  f u t u r e  droughts i n  respect of area involved 
is bese t  w i t h  d i f f i c u l t i e s ,  but  s t a t i s t i c s  c o l l e c t e d  w i l l  be 
valuable hereafter. 

I n  t h e  las t  30-odd years  s eve ra l  voluntary attempts have 
been made t o  compile t h e  r a i n f a l l  s t a t i s t i c s  f o r  previous droughts. 
The committee r e fe r r ed  e s p e c i a l l y  t o  t h e  compilations made a t  New 
Yprk C i ty  and Nashvi l le ,  which were published i n  t h e  Monthly 
Weather Review f o r  November, 1914, and September, 1925, respec- 
t i v e l y .  

The i d e a  which t h e  committee had i n  mind was no t  t o  s e t  an 
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a r b i t r a r y  f i g u r e  which s h a l l  be considered as i n d i c a t i v e  of se- 
vere  drought,  bu t  rather t o  have compiled f o r  the s t a t i o n s  e a s t  
of t he  Rocky Mountains ( roughly)  statistics upon pe r iods  of de- 
f i c i e n t  r a i n f a l l .  

The s p e c i f i c  d e f i n i t i o n  t o  which these  cons ide ra t ions  l e d  
the  committee is as follows: 

.Drought: A lack of r a i n f a l l  s o  g r e a t  and long continued 
as t o  a f f e c t  i n j u r i o u s l y  the  p l a n t  and animal king- 
doms and t o  deplete water supp l i e s  both f o r  domestic 
purposes and f o r  t he  operat ion of power p l a n t s ,  
e speo ia l ly  i n  those regions where the  r a i n f a l l  is 
normally s u f f i c i e n t  f o r  such purposes. 

I n  connection with thess.visw$ of  the e x p e r t s  .Qn t h e  ques- 
t i o n ,  t h e  following more d e t a i l e d  account o f  weather cond i t ions  
f o r  t h i s  f i s c a l  year  is of i n t e r e s t .  

I n  t h e  r epor t  of the work of t he  Weather Bureau f o r  t h e  
f i s c a l  year  ended June 30, 1930, d e t a i l s  of t h e  unprecedented 
drcrught- of tlastr Summer .were given up t o  and inoluding August. 
The following is a b r i e f  summary of condi t ions f o r  t he  subsequent 
months of 1930, f o r  t he  year  as a whole, and f o r  1931 through 
July. 

After tho d i s a s t r o u s  summer drought,  t h e  fa l l  months of 
1930 brought s u b s t a n t i a l  relief throughout t h e  Southern States, 
and a l s o  r a t h e r  gene ra l ly  i n  all. s e c t i o n s  from t h e  Mississippi 
Valley westward t o  theRocky Mountains, p r b c t i c a l l y  a l l  p a r t s  of 
t hese  a r e a s  having more than normal r a i n f a l l .  Deficiencies  con- 
t inued,  however, from t h e  Ohio Valley northward and eastward, 
p a r t i c u l a r l y  i n  the middle-Atlantic a r e a ,  whore most p l aces  had 
only abopt h a l f  the normal,, o r  even l e s s ,  e spec ia l ly  tho Vir- 
ginias, ,  Maryland, and Ponnsylvania. T ~ B  f a l l  r a i n s  i n  the  winter- 
wheat b e l t  Nere opportune, and very favorable i n  pe rmi t t i ng  the  
p repa ra t iod  o f  land and t h e  seeding of g r a i n ,  and i n  promoting 
good germination and e a r l y  growth. They were also he lp fq l  . f o r  ~ 

f a l l  crops of a l l  kinds i n  the Southern and South Central  S t a t e s .  
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Complete re-cords f o r  the  12  aonths of  1930 show t h a t  
Oregon, Missouri ,  Tennessee, Kentucky, Indiana,  Ohio, Michigan, 
West Virginia ,  Virginia ,  Maryland, Delaware, New Je r sey ,  Pennsyl- 
vania ,  New York, and New England had the  dr ies t  year  on record.  
I n  Kentucky, Rest Virginia ,  and Virginia ,  the 1930 r a i n f a l l  was 20 
p e r  cen t ,  o r  more, below the  previous low record,  while i n  Mary- 
land i t  was about 30 pe r  cen t  below the  lowest f o r  any year  s i n c e  
state-wide d a t a  have been maintained. Forty of t h e  forty-eight 
S t a t e s  had below-normal r a i n f a l l .  The f i n a l  f i g u r e s  f o r  t he  year  
as a whole conclusively show t h a t  t he  1930 drought e a s i l y  takes 
f i r s t  p l a c e  f o r  s e v e r i t y  i n  the  c l ima to log ica l  h i s t o r y  of the 
Unfted S t a t e s .  

Following the f a l l  r a i n s  over  wide a reas ,  t h e  win te r  
(December-February) was remarkable f o r  abnormal warmth and dryness 
over muoh the  greater po r t ion  of the  United S t a t e s .  The tempera- 
ture averaged f rob  4 t o  16 degrees above normal i n  c e n t r a l  and 
northern a r e a s  of t h e  country,  and t h e r e  was a marked absence of 
extremely cold weather, w i t h  subzero temperatures confihed t o  t h e  
Korthern S t a t e s .  P r e c i p i t a t i o n  was gene ra l ly  scanty.  It was t h e  
d r i e s t  winter  of record i n  Alabama, Indiana,  I l l i n o i s ,  Michigan, 
Fisconsin,  Iowa, Minnesota, North Dakota, Montana, Wyoming, and 
Oregon, and the  dr ies t  s i n c e  1900-1 i n  New York, 'New Jersey, 
Fennsylvania, Maryland, West Virginia .  Kentuoky, and South Dakota, 
and, w i t h  one exception, the winter  preceding, a l s o  i n  Vi rg in i a .  
Only f i v e  S t a t e s  had a s  much as normal r a i n f a l l .  

The accumulation o f  snow i n  the western mountains which 
supp l i e s  water f o r  i r r i g a t i o n  purposes was a l s o  markedly def i -  
c i e n t .  I n  western Utah,  Nevada, Arizona, and p r a c t i c a l l y  a l l  
po r t ions  o f  the P a c i f i c  Coast S t a t e s ,  t he  winter  ended w i t h  t h e  
sma l l e s t ,  o r  nea r ly  the  sma l l e s t ,  supply of s t o r e d  snow i n  t h e  
mountains t h a t  has been known f o r  20 yea r s .  Also the shor t ages  
were marked i n  Montana, especially from t h e  o re s t  o f  the  Contin- 
e n t a l  Divide eastward. The least  sho r t ages  were i n  t h e  Rocky 
Mountain S t a t e s  from c e n t r a l  Wyoming southward, where some drain- 
age a r e a s  had about t h e  normal amounts. New Mexioo was t h e  only 
Western S ta te  having a s  much as the  normal winter  snowfall .  

The sp r ing  months (March-May) o.f 1931 had very favorable  
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Pains, mostly above normal, throughout tho A t l a n t i c  a r e a s .  I n  
t h e  c e n t r a l  v a l l e y  States, where drought was severe las t  year ,  
the t o t a l s  f o r  the season were near  normal, though a l l  S t a t e s  
between t h e  Rocky and Appalachian Mountains had d e f i c i e n c i e s ,  
w i t h  t he  g r e a t e s t  shortages cen te r ing  i n  the  Northwest, p r inc ipa l -  
l y  i n  North Dakota and Montana. Except i n  the  Northwest and i n  
some more western d i s t r i c t s ,  t he  s p r i n g  season had s u f f i o i e n t  
moisture rather gene ra l ly  f o r  crop needs.  A t  t h e  beginning of 
summer, the A t l a n t i c  area and t h e  Ohio and middle-Mississippi 
Valleys were much b e t t e r  suppl ied with s o i l  moisture than a t  t h a t  
time l a s t  year ,  but  t he  Northwest had considerably less than a 
year  ago, and r a i n  was badly needed over cons ide rab le  areas, 

June was very warm i n  the  North, and extremely d ry  i n  much 
of the South, e s p e c i a l l y  the  Southeast ,  wh i l e  the Northwestern 
S t a t e s  continued markedly d e f i c i e n t  i n  moisture,  p a r t i c u l a r l y  t h e  
e a s t e r n  Great Basin, Idaho, Montana, and the  Dakotas. The acu te  
drought condi t ion t h a t  developed i i i  t he  Northwest sfas due t o  a 
combination o f  d e f i c i e n t  p r e c i p i t a t i o n  i n  the  p r e s e n t  y e a r ,  
coupled w i t h  an accumulated shortage i n  recent  p a s t  y e a r s .  I n  
Iowa and North Dakota t h i s  is the t h i r d  year  with d e f i c i e n t  r a i n -  
f a l l ,  and i n  Montana t h e  fou r th ,  wh i l e  i n  Minnesota i t  has  been 
d e f i c i e n t  eve-ry year  s i n c e  1919. I n  o the r  s e c t i o n s  t h e r e  was 
s u f f i c i e n t  r a i n  t o  maintain crops i n  gene ra l ly  good c o n d i t i o n ,  
e s p e c i a l l y  i n  much of t he  area t h a t  s u f f e r e d  most l a s t  y e a r .  

July was warm and d ry  i n  the  c e n t r a l  and nOrthQm s e c t i o n s  
of the  country,  e s p e c i a l l y  i n  the  western and northwestern Corn 
Be l t ,  bu t  i n  the  South and East t h e r e  was mostly abundant r a i n ,  
and crops made unusually good progress .  Small g r a i n s  i n  t h e  
Northwest su f f e red  seve re ly  from the  heat  and drought, w h i l e  corn, 
po ta toes ,  and o t h e r  row crops d e t e r i o r a t e d  badly i n  many p laces  
from t h e  western Lake region and upper Mississippi Valley west- 
ward. There was i n s u f f i c i e n t  moisture f o r  p a s t u r e s  and hay 
rather gene ra l ly  i n  t h e  c e n t r a l  v a l l e y s  and the  Northwest, and 
much feeding of s tock  was necessary i n  many central-northern 
l o c a l i t i e s ,  bu t  i n  t h e  East  and South condi t ions,  as a whole, 
were highly favorable.  

Table 1 con ta ins  a summary of p r e c i p i t a t i o n  d a t a  f o r  a l l  
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S t a t e s ,  arranged geographioally,  s inoe the beginning of  the 1930 
growing season, up t o  and inoluding Ju ly ,  1931, as follows: 
Zpring. summer, and f a l l  of 1930; winter  of 1930-31, and i o r  t he  
months o f  Maroh t o  Ju ly ,  1931, s epa ra t e ly .  The c o n t r a s t  between 
t h i s  summer's r a i n f a l l  and t h a t  of las t  year  has been e spec ia l ly  
marked over a wide b e l t  extending from the  oentral-Mississippi 
v a l l e y  eastward t o  the  At l an t i c  ocean, where l a s t  y e a r l s  shortages 
were the  g r e a t e s t ,  For example. t he  average J u l y  r a i n f a l l  las t  
year  i n  Arkansas was only 20 pe r  oent of normal, compared with 
157 pe r  oent t h i s  year ;  Tennessee, 54-110; Missouri. 24-81; 
I l l i n o i s ,  30-88; Indiana 53-91; Kentucky, 30-93; West Virginia ,  
41-106; Virginia ,  38-117; and Maryland 36-105. 

(over) 
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Table 1. Percentage of nomnul preci2Itatlon by neanonn. nprlng. 1930. to 

wlnter 1930-31. and for Yarch.--July. 1931 

'€ 

Pew Englmd 
New York 
Nm Jerrey 
Pennaylvanla 
Md. & Delawax 
Virginla 
P. Cmollna 
6 .  cerollna 
Georgia 
Florida 
Alabema 
Mlanlralppl 
Louielona 
Teraa 
Oklahomn 
Arkanran 
Tenneaseo 
Kentuchy 
lent Virginia 
Ohio 
Indiem 
I l l lno l r  
Michigan 
Hleconaln 
Minnrrota 
Iowa 
Yirnourl 
Itallear 
Hebraeka 
South DBkota 
North Dakota 
Montana 
W d W  
Colorado 
New Mexico 
Arlaona 
U t a h  
HOVada 
Ibeho 
Raashlngton 
Oregon 
Eillfornfs 

Spring, 

95 
97 
68 
80 
64 
62 
67 
75 
95 

155 
78 
93 
79 
98 
93 
93 
86 
50 

1 6 4  
65 
54 
57 
82 
83 
92 
78 
59 
96 

130 
87 
83 
85 
87 
a7 
85 

160 
91 

139 
110 
90 
85 
95 

I 1930 - 

I - 

ammr, 

89 
85 
87 
62 
48 
51 
69 
71 
75 
93 
66 
47 
56 
56 
67 
36 
w 
43 
63 
56 
61 
60 
62 
81 
69 
83 
54 
84 
89 
74 
67 
68 

143 
123 
103 
123 
151 
85 
93 
56 
47 
26 

- 

- 

- 
Fall, 

79 
68 
75 
52 
41 
52 
94 

116 
151 
113 
182 
154 
165 
139 
98 

131 
97 
61 
44 
66 
80 
93 
69 
80 

126 
85 

111 
149 
138 
124 
115 
120 
103 
103 
123 
110 
121 
157 
94 
7l 
70 
78 

- 

- 

Winter, 
1930-31 

71 
7l 
62 
62 
61 
67 
70 
72 
68 

110 
62 
70 
93 

132 
118 
74 
66 
56 
67 
53 
42 
40 
54 
46 
37 
39 
69 
60 
53 
37 
40 
38 
41 
59 

118 
la0 
35 
42 
51 
79 
45 
51 

ysrch, 

116 
76 

107 
84 

117 
96 
85 
75 
62 

171 
66 
80 
89 

121 
136 
89 
71 
78 
C9 
62 
79 
86 
92 

101 
108 
95 

100 
168 
158 
114 
113 
92 

105 
88 

118 
20 
58 
51 

154 
177 
133 
38 

- 

- 

- 
Lprll 

89 
lli) 
78 
99 
98 

110 
116 
106 
84 

167 
80 
45 
48 
73 
84 
64 
81 

- 

i i a  
117 
134 
90 
79 
60 
4% 
43 
78 
81 
93 
56 
36 
31 
48 
73 
67 

228 
166 
75 
87 
66 
95 
67 
75 - 

31 - 
yey - 
127 
136 
lob 
132 
us 
138 
120 
131 
99 
85 
84 
90 
73 
66 
63 
69 
67 
63 

130 
85 
74 

106 
103 
49 
75 
65 
97 
76 
63 
63 
65 
43 
84 
94 
92 
83 
67 
45 
41 
52 
37 
95 - 

- 
June 

164 
93 

131 
90 
98 
75 
62 
46 
41 
32 
35 
56 
42 
61 
60 
65 
43 
66 
75 
92 
94 
82 

111 
114 
95 
83 
60 
54 
64 
69 
67 
52 
67 
83 
66 

179 
41 
96 
46 

223 
185 
269 

- 

- 

- 
SUlY 

114 
137 

121 
106 
117 
102 
91 
83 
82 

105 
181 
100 
118 
113 
187 
110 
93 

106 
98 
C 1  
ti8 
60 
57 
68 
71 
81 
70 
57 
52 

116 
116 
98 
m 
95 

103 
79 
38 
45 
24 
2 
44 

- 
sa 



RIVER AND FLOOD CONDITIONS 

There were no important f loods i n  any part of the count.ry 
i n  the year t h a t  ended on June 30, 1931. .In f a c t ,  on account 
o f  the protracted period of dry weather many streams were un- 
precedentedly low. In  the Mississippi system the lowest s tages  
were above the confluence of the  Ohio; over t h e  Ohio basin there  
was enough ra in  t o  give s tages  below Cairo t h a t  were comparatively 
higher than those t h a t  prevailed i n  the upper v d l e y ,  The S t .  
Louis s tages  a r e  f a i r l y  representat ive of the  e n t i r e  drainage of 
the  upper Mississ ippi  Basin, as the  increment between the mouth 
of the Missouri and the mouth of the Ohio is small ,  and a t  S t .  
L o u i s ,  between Ju ly  1, 1930, and June 30, 1931, the range i n  
water leve l  was from 13.3 fee t  down t o  1 . 9  f e e t  below zero.  
Daily readings have been made a t  S t .  Louis s ince January 1, 1861, 
and i n  the e n t i r e  s e r i e s  of records no l i k e  period of low s tages  
can be found. It can, therefore ,  be sa fe ly  said tha t  less water 
reached Cairo Prom the upper Mississippi i n  the year ended June 
30, 1931, than i n  any other  year f o r  which records a re  ava i l ab le .  
T h i s  can be sa id  desp i te  the Pact t h a t  low-water readings a r e  
n o t  a s  near ly  comparable as high-water s tages .  Some low s t ages  
a re .caused  by severe f reezes ,  and others  a r e  due t o  the  f a o t  
t ha t  the r iver ,  unaided by dredges, w i l l  cut  its way through 
bars i n  a protracted period of low s tages .  (The s tages  t h a t  have 
prevailed a t  S t .  Louis s ince June 30, 1931, are lower than those 
of a year ago.) 

There was no necessi ty  f o r  the issuance of flood warn- 
i n g s ,  but  the period was valuable f o r  the r ive r  fo recas t e r s ,  
i n  a s  muoh a s  i t  afforded an’opportuni ty  f o r  the  uninterrupted 
s t u d y  of forecast ing methods, based on the  long s e r i e s  of data 
tha t  a r e  avai lable  a t  most r i ve r -d i s t r i c t  cen ters ,  

Requests fo r  r iver-stage da ta  have increased consider- 
ably,  on account of  the  development of a l l  branches of hydraulic 
engineering. In  the pas t  year especial  a t t en t ion  has been given 
t o  the accurate recording of low-water s tages ,  a s  the demand f o r  
low-water da ta  lis second i n  importance on ly  t o  the extremely 
high s tages .  
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Gage and bench-mark d e s c r i p t i o n s  have no t  been publ i shed  
s i n c e  1928. T h i s  in format ion  is used c o n s t a n t l y  by hydrau l i c  
engineers ,  and it is be ing  thoroughly r ev i sed  by p u b l i c a t i o n  i n  
Dai ly  River  S tages  f o r  1931. 

Weak s p o t s  t h a t  have appeared i n  t h e  obse rva t iona l  and re- 
p o r t i n g  system have been s t rengthened  where p o s s i b l e  by t h e  
a a d i t i o n  of  r iver -s tage  and r a i n f a l l  s t a t i o n s .  

I n  t h e  Colorado Basin work h a s  been cont inued  on an  in-  
t e n s i v e  s c a l e  t o  enable  t h e  f o r e c a s t i n g  of t h e  d i scha rge  of 
t h e  lower Colorado, i n  cubic  f e e t  p e r  second. These f o r e c a s t s  
have been l a r g e l y  f o r  use i n  p re l imina ry  work i n  connec t ion  
wi th  t h e  Hoovar Dam, and as cons t ruc t ion  work p rogres ses  they  
w i l l  become still  more va luab le .  

Advantage has been taken of  t h e  low water t o  r a p a i r  and 
a d j u s t  r i v e r  gages.  The encouraging p r o g r e s s  t h a t  h a s  been 
made has been, o f  course ,  due i n  good p a r t  t o  low r i v e r s ,  b u t  i t  
was i n  a g r e a t e r  measuro made p o s s i b l e  by t h e  assignment of  two 
Fea the r  Eureau men t o  t h e  t e c h n i c a l  i n s p e c t i o n  of r i v e r  gages,  
and t o  t h e  repair  work shown t o  be necessary  by t h e  i n s p e c t i o n s .  
Weather Eureau problems, i nvo lv ing  t h e  f o r e c a s t i n g  of bo th  ordin- 
ary s t a g e s  and f lood  h e i g h t s ,  d i f f e r  s o  g r e a t l y  from o t h e r  hy- 
d ro log ic  problems t h a t  i t  has  been found q u i t e  necessary  t o  have 
ins t rument  men t r a i n e d  i n  Weather Bureau p r a c t i c e ,  and thoroughly 
familiar w i t h  t h e  p u b l i c  demands tha t  must be met by t h e  bureau. 
t o  make t h e  surveys  a t  and around t h e  river-gage s t a t i o n s .  More 
ins t rument  men are needed, b u t  under t h e  ex i s t , i ng  cond i t ions  no 
e f f o r t  is being  made t o  o b t a i n  them. 

Valuable aid has  been given t h e  bureau by t h e  Army en- 
g i n e e r s  and eng inee r s  of t h e  United S t a t e s  Geological Survey. i n  
t h e  r e p a i r  and adjustment of gages. I n  most c a s e s  t h e  Weather 
Bureau has  reimbursed t h e  coope ra t ing  s e r v i c e s ,  by a t r a n s f e r  of  
funds,  f o r  t h e  work done. I n  o t h e r  c a s e s  t h e  work has been per- 
formed on a pure ly  coopera t ive  basis .  

Snowfall  measurements i n  t h e  mountain snow f i e l d s  of  t h e  
Kestern S t a t e s  have been cont inued .  T h i s  work is r a p i d l y  assum- 
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i n g . a  c h a r a c t e r  t h a t  is more l o c a l  than the  Weather Bureau can 
p rope r ly  handle,  and e f f o r t s  are be ing  made t o  reach’ an  agreement 
under which t h e  bureau w i l l  c a r r y  on gene ra l  obse rva t ions  o r  
measurements t h a t  may be cons idered  r e p r e s e n t a t i v e  of  l a r g e  re- 
g ions ,  while towns, and i r r i g a t i o n  o r  power p l a n t s ,  w i l l  make 
t h e  very  i n t e n s i v e  surveys  i n  the smaller b a s i n s  from which they  
draw t h e i r  s u p p l i e s  of  water .  

AEROLOGICAL ACTIVITIES OF THE BUREAU 

It i s  well understood t h a t  t h e r e  has been, s i n c e  t h e  
passage of t h e  a i r  commerce a c t  i n  1926, R very  a c t i v e  ex tens ion  
of t h e  work of  t h e  Weather Eureau i n  i t s  a ids  t o  t h e  nav iga t ion  
of t h e  a i r ,  and t h i s  t o p i c  has been we l l  covered from yea r  t o  
yea r  i n  t h e  r e p o r t s  as submi t ted .  Notable ex tens ions  were made 
i n  t h i s  program of work du r ing  t h e  l a s t  f i s ca l  yea r ,  and a t  t h e  
same time t h e  urgency f o r  economy has  c a l l e d  f o r  s p e c i a l  con- 
s i d e r a t i o n ,  r e s u l t i n g  i n  very  apprec i ab le  sav ings  be ing  made from 
t h e  a p p r o p r i a t i o n s .  T h i s  has beon brought, about;  without impair- 
ment of t h e  s o r v l c e ,  by t h e  e l i m i n a t i o n  of some of t h e  l e a s t  
important f e a t u r e s  and by t h e  postponement of some p a r t  of t h e  
program of  f ixed  expend i tu re s ,  awa i t ing  more urgent  need the reo f  
on the  p a r t  o f  t r a n s p o r t  a c t i v i t i e s .  N a t u r a l l y ,  t h e  dep res s ion  
has  a f f e c t e d  t h e  l a t t e r  a c t i v i t i e s  and -lessened t h e  urgency f o r  
ex tens ions  o r i g i n a l l y  contemplated.  T h i s  p o l i c y  of conservatism 
w i l l  c h a r a c t e r i z e  t h e  program -of work f o r  t h e  ensuing  y e a r .  

WEATHER BUREAU STANDARD OF ANEMOMETRY 

S t a t i o n s  of t h e  Weather Bureau, from the i r  o r i g i n ,  about 
1872, t o  t h e  c l o s e  of  1927, used only  ono f ixed  type  of  Robinson 
4-cup anemometer f o r  a l l  measurements of wind movement and ve loc i -  
t y .  The cups  were of hemispher ica l  form, 4 inches  i n  d iameter ,  
mounted on s l e n d e r  s t e e l  arms nominally 6.72 inches  from t h e  a x i s  
o f  r e v o l u t i o n  t o  the  c e n t e r s  of t h e  open f a c e s  of t he  cups.  

Between t h e  y e a r s  1888 and 1890 t h e s e  anemometers were 
g i v e n  a somewhat l i m i t e d  s e r i e s  of c a l i b r a t i o n  t e s t s ,  f i r s t  by 
means o f  a hand-driven whirler in s t a l . l ed  i n  t h e  l a r g e  c losed  
c o u r t  of t h e  Pension Bui ld ing .  When t h i s  equipment was used a t  



n i g h t ,  when t h e  a i r  wi th in  the g r e a t  c o u r t  was exoep t iona l ly  
s t i l l ,  t h e  &emometsrs could bo whi r led  i n  a g r e a t  c i r c u l a r  
p a t h  about 56 f e e t  i n  d iameter .  Limited t o  hand power, however, 
t h e  t e s t  v e l o c i t i e s  d id  no t  exceed about  35 miles p e r  hour.  

Subsequently t h e  performances of  t h e  anemometers were 
checked i n  t h e  h igh  n a t u r a l  wind v e l o c i t i e s  which occur  wi th  
frequency on t h e  summit of  Mount Weather. To g ive  s t r e n g t h  t o  
t h e  r e s u l t s  f o r  h i g h e r  v e l o c i t i e s ,  f l a t ,  t h i n  p re s su re  p l a t e s  
normally exposed t o  t h e  wind s t ream were a l so  tested f o r  p r e s s u r e  
c o e f f i c i e n t  p e r  u n i t  area. 

Th’e r e s u l t s  o f  bo th  l i n e s  of t e s t s  have been completely 
s u s t a i n e d  by t h e  wide ex tens ion  of  aerodynamic knowledge made 
p o s s i b l e  by t h e  advent o f  a e r o n a u t i c s  and t h e  development of 
aind-tunnel tes t  l a b o r a t o r i e s  o f  t h e  h i g h e s t  o rde r .  

B r i e f l y  p re sen ted ,  the r e s u l t s  of t h e  i n v e s t i g a t i o n  ending 
i n  1890 are as follows: 

Under o rd ina ry  open a i r  cond i t ions ,  r e l a t i v e l y  t h i n  f l a t  
p l a t e s ,  ranging from 1 t o  3 f e e t  squa re ,  exposed normally t o  t h e  
wind w i l i  exper ience  a t o t a l  wind p r e s s u r e ,  i n  pounds p e r  square  
f o o t ,  g iven  by t h e  equa t ion  

P = 0.004 Wa (1) 
30 

I n  this equa t ion  r e p r e s e n t s  t h e  average barometr ic  
p r e s s u r e .  The r a t i o  f 30 is needed i n  case  wind-pressure 
va lues  are d e s i r e d  a t  l o c a l i t i e s  which a r e  some d i s t a n c e  above 
sea l e v e l .  The wind v e l o c i t y  r ep resen ted  by t h e  term must 
be t h e  t r u e  o r  oo r rec t ed  v e l o c i t y  i f  de r ived  from i n d i c a t i o n s  
o f  t h e  cup anemometer. The t e s t s  l e d  t o  t h e  conolusion t h a t  
t h i s  t r u e  v e l o c i t y  could  be obta ined  from t h e  s t anda rd  4-cup 
anemometer by t h e  fo l lowing  equat ion:  

l og .  8 = 0.509 + 0.9012 l o g  y (2) 
i n  which y is t h e  l i n e a r  v e l o c i t y  of t h e  c e n t e r s  of t h e  cups, 
t h a t  is, t h e  i n d i c a t e d  v e l o c i t y  p f 3. 
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The p res su re  formula (1) is be l i eved  t o  still  q u i t e  cor- 
r e c t l y  r ep resen t  .vrind-pressure cond i t ions  on engineer ing  s t ruc -  
t u r e s  i n  t h e  open a i r ,  and i t  has a l s o  been found t h a t  tho  table  
of  t r u e  wind v e l o c i t i e s  by equat ion  ( 2 )  as  publ i shed  i n  1890 
when extended far beyond t h e  h ighes t  t e s t  v e l o c i t i e s  t o  ind i -  
ca t ed  v e l o o i t i e s  of 120 mi l e s  p e r  hour, g ives  what t h e  l a t e s t  
t e s t s  show are t r u e  wind v e l o c i t i e s  w i th in  a v a r i a t i o n  which at- 
t a i n s  a maximum d i f f e r e n c e  of l e s s  than  2 miles  per hour a t  120 
mi les  p e r  hour ind ioa ted  v e l o c i t y .  

These vary s a t i s f a c t o r y  i n t e r p r e t a t i o n s  of t h e  perform- 
ance of t h e  Robinson 4-cup Weather Bureau s t anda rd  anemometer 
were a t t a i n e d  by tho  p r e s e n t  c h i e f  of  t h e  bureau i n  h i s  former po- 
s i t i o n  i n  charge of  t h e  Instrument Div is ion .  

Whi l e  i t  was q u i t e  unknown how r e a l l y  r e l i a b l e  a t  h i g h  ve- 
l o c i t i e s  were t h e  t e s t s  made i n  1890, arrangements were made i n  
1922 wi th  t h e  d i r e c t o r  o f  t h e  Bureau of  S tandards  t o  c a r r y  o u t ,  
i n  t h e  wind tunne l s  of  t ho  bureau, new t e s t s  of v a r i o u s  oup  
anemometers a t  t h e  h ighes t  a t t a i n a b l e  v e l o c i t i e s .  This  new 
under tak ing  was e n t r u s t e d  t o  S t e r l i n g  P.  Fergusson, of  t h e  Instru- 
ment Div is ion  of  t h e  Weather Bureau, a s s i s t e d  by h i s  a s s o c i a t e ,  
Eoy N .  Covert .  O f f i c i a l s  i n  charge of t h e  wind t u n n e l s  a t  t h e  
Bureau  of S tandards  cooperated i n  t h e  most c o r d i a l  way t o  make a 
thoroughgoing success  o f  t h e  very  cons ide rab le  number o f  t e s t s  
c a r r i e d  ou t ,  and t h e  body of obse rva t iona l  r e s u l t s  a r e  b e l i e v e d  
t o  be among t h e  r s r y  b e s t  of t h i s  c h a r a c t e r  a v a i l a b l e  up t o  t h e  
p r e s e n t  time. 

About t h i s  timo John P a t t e r s o n ,  now d i r e c t o r  of  t h e  
Canadian Meteorological Off ice ,  a l s o  undertook, i ndependen t ly ,  
c e r t a i n  tests of  t h e  cup anemometer, and was l e d  t o  t h e  conclu- 
s i o n  t h a t  t h e  3-cup wheel p re sen ted  c e r t a i n  advantages  o v e r  t h o  
4-cup wheel. On t h e  basis o f  Mr. P a t t e r s o n ' s  work, 3-oup wheels 
were given very  extended t e s t s  i n  t h e  Weather Bureau exper iments  
a t  t h e  Bureau of  S tandards ,  w i t h  t h e  u l t i x a t e  r e s u l t  t h a t  be- 
g inning  January l ,  1928, i n s t r u c t i o n s  were i s sued  t o  a l l  Weather 
Eureau s t a t i o n s  t o  r ep lace  t h e  o l d  s t anda rd  4-cup anemometer by 
new ins t ruments  of t h e  3-cup type .  The e s s e n t i a l  f e a t u r e s  of  t h i s  
a c t i o n  have been publ i shed  i n  t h e  Monthly Weather Review f o r  Apr i l ,  
1924. 
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I n  o rde r  t o  meet t h e  needs of ae ronau t i c s ,  p a r t i c u l a r l y  
wi th  r e fe rence  t o  t h e  phenomenon of g u s t i n e s s  of t h e  wind ve- 
l o c i t i e s  and i t s  e f f e c t  upon t h e  problem of a i r s h i p  manoeuvring 
and ope ra t ion ,  t h e  c h i e f  of t h e  bureau himself undertook c e r t a i n  
i n v e s t i g a t i o n s ,  by means of very  l i g h t  magneto t y p e s  of ane- 
mometers, and i n  t h e  course  of these c e r t a i n  q u e s t i o n s  a r o s e  
l ead ing  him t o  an  e n t i r e l y  new a n a l y s i s  of t h e  o r i g i n a l  obser- 
v a t i o n a l  data obta ined  i n  t h e  t e s t s  a t  t h e  Bureau of S tanda rds .  
T h i s  work has  been c a r r i e d  out  w i t h  unusual thoroughness,  be- 
cause i t  developed t h a t  some o f  t h e  c la ims  f o r  s u p e r i o r i t y  of 
performance of 3-cup anemometers were by no means borne ou t  
by h i s  r i g i d  method of  a n a l y s i s .  Moreover, a l l  p a r t i e s  en- 
gaged i n  t h e s e  s t u d i e s  a r e  i n  p e r f e c t  agreement concern ing  t h e  
performance of  4 c u p  anemometers, about  which dec ided ly  t h e  
l a r g e s t  body of t e s t  in format ion  is a v a i l a b l e .  I n  c o n t r a s t  t o  
t h i s ,  t h e  wind v e l o c i t i e s  of t h e  3-oup anemometers, as shown by 
a t  l e a s t  one o r  more s t a t i o n  r eco rds ,  a r e  i n  c o n f l i c t  w i t h  cor- 
responding r eco rds  p rev ious ly  made by t h e  4-cup anemometer, 

These c i rcumstances ,  t aken  i n  connection w i t h  t h e  f a c t  
that t h e  t e s t  o f  t h e  performance of t h e  3-cup anemometer has  
been represented  thus  far  only  by c e r t a i n  graphic  diagrams, 
and is no t  on any very  d e f i n i t e ,  t a n g i b l o  basis  corresponding 
t o  t h e  d e f i n i t e  equat ion  l i k e  No. 2 ,  e s t a b l i s h e d  i n  1890, it has 
been decided t o  be most proper  f o r  t h e  bureau t o  r e t u r n  t o  t h e  
4-cup s t anda rd ,  on or be fo re  January 1, 1932, i f  p r a c t i c a b l e .  
T h i s  w i l l  b r i n g  about t h e  g r e a t e s t  homogeneity i n  wind move- 
ment v e l o c i t y  records  o f  t h e  bureau from i t s  e a r l i e s t  days t o  
t h e  p re sen t  time. The records  accumulated du r ing  t h e  i n t e r i m  be- 
tween 1928 and 1932, wh i l e  t h e  3-cup anemometer was used as  t h e  
s t anda rd ,  w i l l  be coord ina ted  i n  some proper  way v i t h  t h e  o l d  
and new records  from t h e  4-cup ins t ruments .  

I n  o rde r  t o  make t h i s  b r i e f  r e p o r t  of t h e  r e sea rches  upon 
anemometry f a i r l y  complete, i t  is  necessary  t o  p re sen t  t h e  p r in -  
c ipa l  mathematical equat ions  which s u f f i c e  t o  completely r ep resen t  
t h e  performance of any Robinson anemometer having cups from 4 
i n c h e s ,  o r  somewhat l e s s ,  i n  d iameter  t o  5 inches  o r  s l i g h t l y  
over ,  on arms ranging  from 3 o r  4 inches  long  t o  10 o r  15 inches  
i n  l eng th .  
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For such anemometers i t  is found t h a t  i f  L = l eng th  of  
arm then  

= ( 3 )  
L + 0.7976 

I n  t h i s  equat ion  b, is a number which expresses  t h e  maximum 
o r  l i m i t i n g  number of t u r n s  which t h e  cup wheels tend  t o  luake 
p e r  mile of  wind t r a v e l  as t h e  wind a t t a i n s  h ighe r  and h ighe r  
v e l o c i t i e s .  A t  low and moderate v e l o c i t i e s  our i n v e s t i g a t i o n  
shows t h a t  cup wheels of a l l  k inds  make a r e l a t i v e l y  small and 
moderate number of t u r n s  p e r  u n i t  wind t r a v e l .  For each cup 
%heel  t h i s  number i n c r e a s e s ,  r a p i d l y  a t  f i r s t ,  t h e r e a f t e r  more 
and more s lowly ,  and approaches a sympto t i ca l ly  t o  t h e  va lue  b 
as hur r i cane  wind v e l o c i t i e s  a r e  a t t a i n e d .  T h i s  q u a n t i t y  b 
is  a fundamental c h a r a c t e r i s t i c  of. tho  performance o f  each cup 
wheel, and a s  equat ion  ( 3 )  above i n d i c a t e s  i t  i s  dependent q u i t e  
wholly upon t h e  l eng th  of t h e  cup wheel arms. 

It is q u i t e  c e r t a i n  t h e r e  a r e  minor secondary e f f e c t s  upon 
t h e  va lue  of b, due t o  t h e  size and number of  cups (doub t l e s s  
l i m i t e d  t o  3 or 4 )  f r i c t i o n a l  r e s t r a i n t s  a c t i v e  a t  high ve loc i -  
t i e s ,  as wel l  as s t r u c t u r a l  f e a t u r e s  of  t h o  cup wheels. Whilo 
t h e  whole body of  t e s t s  made a t  t h e  Eureau o f  S tandards  were 
q u i t e  d i v e r s e  and g e n e r a l l y  s e l f - c o n s i s t e n t ,  n e v e r t h e l e s s  i t  
was q u i t e  impossible t o  d e f i n i t e l y  seg rega te  and eva lua te  t h e  
minor secondary e f f e c t s  mentioned from i r r e g u l a r  a c c i d e n t a l  
v a r i a t i o n s ,  and i t  is  g r a t i f y i n g  t o  f i n d  t h a t  t h i s  impor tan t  l i m -  
i t i n g  va lue  of  t h e  cons t an t  b f o r  a l l  cup-wheel anemometers such 
a s  used a t  meteoro logica l  s t a t i o n s  can be computed i n  any c a s e  
by equat ion  (3) 

As we have mentioned, t h e  a c t u a l  number of cup-wheel t u r n s  
per  u n i t  of wind t r a v e l  depends upon t h e  v e l o c i t y  i t s e l f .  Le t  
t h i s  number be r ep resen ted  by H and t h e  t r u e  v e l o c i t y  1, hence 
t h e  product  

NJ = cup-wheel t u r n s  p e r  hour 

Ncw i n  a l l  p r a c t i c a l  u ses  of cup-wheel anemometers a c e r t a i n  ar- 
b i t r a r y  number, l i k e  500, is  chosen i n  t h e  o l d  s t anda rd  anemome- 
t e r ,  o r  640 i n  t h e  3-cup ins t rument ,  as t h e  assumed cons t an t  num- 
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ber of cup-wheel turns per mile of wind travel. These numbers are 
incorporated in the fixed gear trains of the instruments, and in 
practically all station anemometers, so-called mile marks are 
electrically registered, thus giving what is called the indicated 
velocity u. Calling the arbitrary chosen number 4 we have another 
product - 
Finally, the basic equation of all anemometry becomes 

and our whole investigation gives us for any anemometer 

&! = cup-wheel-turns per hour. 

NJy=u (4  1 

JI = bW IW - WO) ( 5 )  
A (W + a) 

In this equation is a small friction constant f o r  low ve- 
locity effects, and represents tha velocity of the wind which 
is just adequate t o  keep the cup wheels in very slow motion. We 
have found it best to assign a fixed value to Chis constant of 
from 0.5 to 1 ,5 ,  according to whether the a x i s  turns very freely, 
as in ordinary instruments, or with some resistance as in the 
Dagneto anemometers. The constant a is also a small on6 like 
- Wo. Both are nearly the same f o r  all anemometers tested; and the 
value of a_ ranges from about 2 . 0  to 3.0 f o r  instruments like the 
3 and 4-cup standards. 

The findings show that under like conditions of  friction, 
size, construction and choice of gear train, as represented by A, 
3-cup and 4-cup anemometers perform practically alike, 

Supplying tbe final numerical values to equation ( 5 )  we 
get the working equation for the old 4-cup :tandard, as follows: 

y = 681.1 W (PI - 0.671 (6) 
500 (I + 3.04) 

This equation will be found to give almost tho same values 
of 1 and 1 as equation (2 )  within the velocity range of y between 
10 and 120 miles per  hour, but (6) may bo safely extended to in- 
dicated velocities as high as 200 miles per hour, and values will 
check out closely with the highest observed tests at nearly 140 
true, o r  184 miles per hour indicated velocities. 

More complete dotails of this subject will be published in 
the Monthly Weather Review. 
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