
REPORT OF THE CHIEF OF THE W T X E R  BUREAU 
United States  Departqent of Agriculture 

Washington 

H,>n. K. ,bl. Jarciine, 

Secretary of Agriculture. 

S i r :  

I have the honor t o  submit herewith a report of the operations 
of the Weather Bureau during the f i s c a l  year ended June 3O* 1925. 

Respect f u l l y ,  

Chief of mreau. 

I n  ?revious years i t  has been the practice t o  discuss i n  t h i s  
report our progress during the year i n  the several l i n e s  o f  a c t i v i t y  
comprising the work of the Bureau. 
of unimportant d e t a i l s ,  i t  is now proposed, i n  the i n t e r e s t  of economy, 
t o  liinit these remarks t o  tmo topics which have at the  time some marked 
p l b l i c  i n t e r e s t .  

Since t h i s  no doubt led  t o  repe t i t ion  

Those chosen f o r  t h i s  report are: 

1. Ideteorologicnl service i n  aid of aeronautics. 

2 .  Solar radia.tion and weather forecasting. 

UWEOROLOGI CkL SEEZVI CE IN AID 03' AERONA~ICS.  

hiany happenings during the past fiscal year i n  the f i e l d  o f  
aviat ion have erqhasized the f r a i l t y  o f  a l l  types of a i r c r a f t  n i t h  
reference t o  the buffet t ing of storms and other adverse Tireather con- 
d i t ions .  F i f t y  years ago the destruction of  shipping on the Great 
Lakes and i n  marine navigation was the p r i m r y  cause which led  t o  the 
creation of the Weather Bureau "for giving notice on the Northern 
Lakes and on the  seacoast, by magnetic telegraph and marine signals,  
of the  apl3roach and force of storms.I1 To-day the necessity of  an 
in tens i f ied  service of t h i s  character, f o r  the purpose of warning 
p i l o t s  of a i r c r a f t ,  i s  paramount and outstanding, and the great 
organization of the Veathar Bureau, with i t s  widespread network of 
s ta t ions  embracing reports  l i t e r a l l y  f ron  the e n t i r e  Horthern Hemisphere, 
is obviously a prerequis i te  t o  the  furnishing of meteorological advices 
f o r  aeronautics. 
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Very ear ly  i n  the stages of the World War the Buraau i n i t i a t e d  
ac t ion  to  impress u:goc tke c i i i t a r y  departments of the Government the  
iApor tance  of rnetecroloq ili war operations, stnd voiuntar i ly  offered 
i ts  services and cooperation. A t  a la ter  stage rneteorological units 
i n  the departments, e s p c i a l l g  the Var De2arbment. were very largely 
organized from Weather 3rraau men, including such names as Major Eowie, 
Liajor Blair ,  Captain Reed, Captain Thiessen, Lieutenant 'Jeightman, and 
Lieutenant Sherry, and a consi6.erabl.e number of others.  Some o f  these 
of f icers  s t i l l  remain with the mii i tary branches of the Government. 

Subsequent t o  the mar, on occasions, f o r  example, of the trans- 
At lan t ic  f l i g h t  of seaplanes by the Navy Department and a long l is t  
of subsequent f l i g h t s  by both Army and Navy organizations, the ??eather 
Eureau has never f a i l e d  i n  the s l i g h t e s t  degree t o  givo the f u l l e s t  
possible service and cooperation at i t s  commnd i n  the form,of special 
reports  collected,  d i s t r ibu ted ,  and mde auailable;  a l so  veiy important 
forecast  information and advices frorn ou r  ablest  experts i n  this f i e l d .  

Some have supposed that aviat ion i n t e r e s t s  should ra in ta in  
t h e i r  o%n meteorological services.  This i s  undoubtedly true i n  times 
of war and t o  a limited extent i n  time of peace f o r  purposes of train- 
ing  and as a nucleus on which t o  build i n  t i n e  of mar. It seems, how- 
ever, t h a t  a very l i t t l e  consideration m i l l  show the exis t ing neteorological 
organization i n  the 17eather Bureau should be completely competent t o  fur- 
nish a l l  branches of the Government, c i v i l  and mi l i ta ry  a l ike ,  during 
peace times, w i t h  a l l  species of meteorological services and advices. 
Separate agencies would necessarily require full reports from the e n t i r e  
network of s ta t ions .  Upper-air reports  alone are  not suf f ic ien t .  If 
the Weather Eureau does not serve aviat ion,  soEe other agency must dupli- 
cate its system of reports t o  do so, and this means great waste of time, 
e f f o r t ,  and money. 

The Weather Eureau is  now performing a very. considerable service 
i n  a i d  of aviat ion,  and the cooperation w i t h  the mil i tary and other  
branches of the Government i s  extensive and cordial .  The service that 
the Bureau can perform i s  naturally l imited considerably by lack of 
spec i f ic  appropriations. In f a c t ,  only a smll apgropriation has been 
granted by Congress f o r  the  extension of this  a c t i v i t y .  'phis increase 
was made during the war, and by means of it six s ta t ions  were established 
Over the country f o r  measuring upper ais conditions by means of k i t e s  and 
p i l o t  balloons. In  addi t ion a smll number of other s ta t ions  were 
established mostly at exis t ing Weather BureaG s ta t ions ,  and at l i t t l e  
additional cost , fM3 making observations v i  th p i l o t  balloons only. The 
Army and Navy also have p i l o t  balloon s t a t i o n s ,  Those reports a r e  te le -  
graphed to  the Feather Bureeu each day. It i s  thought that eny one can 
see that  s ix  major s ta t ions  and 15 or  20 viloD balloon s ta t ions  a r e  very 
inadequate t o  give the forecaeters a very comprehensive picture of con- 
d i t ions  i n  the f r e e  air over a country o f  the exyanse o f  th:: continental 
United States .  

It seems t o  be altogether self-evident,  i f  no t ,  indeed, axionatic,  
that  the expansion of the exis t ing meteorological orggnizstion of the 
Vea.ther Bureau to  f u l l y  meet the needs of both c i v i l  and r i i l i t a ry  aviation 
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i n  the United S t a t e s  can be secured at a,smal? f r a c t i o n  of the cos t  that, 
vould be requi red  ti; orga.nl.ze and maintain separata  agencies  of  any kind 
f o r  meeting a l l  the  -rarious meteorological needs of t he  isation, espec ia l -  
l y  on a peace-time basis of a c t i v i t y .  

This introduces the q-aestioii of a meteorological o r g m i a a t i o n  
f o r  the  Nation on a war-time bas i s ,  e s p e c i a l l y  571th a s t a t e  of r larfare 
on our own s o i l .  
i n  the  most thorough f a sh ion  on the  p a r t  of the  'fieather 3ureau and the 
fol lowing states t h e  case b r i e f l y :  

This important quest ion has  been analyzed and exaained 

The A r n y  and Naqvy ilow have l i m i t e d  meteorological u n i t s  for use 
at f l y i n g  f ie lds ,  navai bases ,  ordnance proving grounds, e t c :  These 
are necessary not only f o r  peace-time s e r v i c e  but as a nucleus f o r  a 
t r a i n e d  p e r s o u e l  and the development of progains f o r  a;ppli'cation i n  
time of war. But i t  i s  q u i t e  evident  t h a t  these men, on lg  a few of whom 
a r e  technica l  men and meteoroloyis ts  froin the  s c i e n t i f i c  standii2oint, 
would be a mere handful i n  comparison with the  l a r p e  number that would 
be requi red  dur ing  h o s t i l i t i e s .  Trained meteoroloEists a r e  scarce  at 
any t ime,  and the conplications and d i f f i c u l t i e s  that arise i n  tiroe of 
war i n  the most advantageous u t i l i z a t i o n  of ruan gowrer would aggravate 
the  s i tua . t ion .  Perhaps 90 per  cent of t h e  t r a ined  and depsndable 
meteoroloyis ts  o f  t he  country a r e  i n  o r  assoc ia ted  with the  Weather 
Bureau. 

Therefore ,  i t  mould s e a  t o  be t he  part of wisdom t o  i n  some way 
arrange that i n  t i n e  of  ivar the '2eather 3ureau, o r  such p a r t s  of i t  as 
might be necessary,  should avtomat ica l ly  become, a p a r t  of the mil i tary 
oreaniza t ion ,  and t h a t  such ?lam be -orlcod out ia advancd, so tha t  
t he re  would be a smoothly opera t ing  and e f f i c i e n t  meteorological s e r v i c e  
inmediately a v a i l a b l e .  
by our m i l i t a r y  people durigg the Great Yfar i n  independently obta in ing  
and t r a i n i n g  men f o r  geteorolo,:ical ~ o r k  w i l l  apprec ia te  at once the  
g rea t  need f o r  b e t t e r  preparedness a long this l i n e .  Poss iS ly  the best 
nay t o  a c c o q l i s h  the  purpose wmld ba by plac ing  the Boather Bureau i n  
a status sirnilan t o  thet of t he  Coast G u a d  an6 Coast and Geodetic Sur- 
vey, more p a r t i c u l a r l y  the  l a t t e r ,  whereby o f f i c i a l s  of the Feather 
Bureau i n  s u f f i c i e n t  number would have the status and rank of reserve  
o f f i c e r s  and the work s o  organized that a n  immediate t r a n s f e r  could be 
a f f ec t ed .  These precedents  seem t o  abundantly j u s t i f y  t h e  provis ions 
h e r e i n  sup,eested €or a war-time organiza t ion .  

Ahy one f a m i l i a r  with the  d i i f i c u l t i e s  experienced 

Returniiig t o  the Vieather Bureau se rv ice  a t  the present  time, the 

It has  regeatedly ou t l ined  prograins 
Bureau is keeniy a l i v e  t o  the e x i s t i n g  needs f o r  more se rv i ce  and i t s  
r e s p o n s i b i l i t y  t o  supply the  same. 
and proposals  f o r  the enlargement and iuiprovement of i t s  aero logica l  ser- 
v i c e ,  but, as previously s t a t e d ,  addl t i o n a l  appropr iz t ions  permi t t ing  
of such extensions have not  as ye t  been manted .  

One of the more recent s ta temts  of this character was dram 
up i n  ansrrer t o  a request  f o r  in r ' o rmt ioa  fron a committee aQpointed 
by the  Sec re t a ry  of Comnerce on the recommendation of tho American Engi- 
neer ing Council. I t  mas shorn i n  that statement how t o  u t i l i z e  not only 



i 4- 

the f u l l y  equip2ed f i r s t - o r d c r  s t a t i o n s  of t h e  Bureau but t o  Secure 
spec ia l  r e p o r t s  from zoct?orative s t a t i o n s  at very s l i g h t  c o s t .  T b  
program would, of course, inc lude  f i rs t  the  co l lec t io i l  of advices  and 
information as t o  e x i s t i n g  ne teoro logica l  condi t ions and the  d i s -  
semination of this t o  a l l  a g m c i e s ,  whether c i v i l  o r  m i l i t a r y ,  i n  need 
ther6of .  
of course,  depenci very l a r g e i y  upon the number of a i r c r a f t  and airways 
i n  opera t ion  at any p a r t i c u l a r  time. 
that an  add i t iona l  apgropr ia t ion  of about $75,000 pe r  ennum mould be 
adequate t o  meet the needs f o r  each 1,000 miles of airvlay. 

The cos t  of ex tens ion  of this a x i s t i n g  organiza t ion  would, 

On the  prosent b a s i s  i t  i s  estimated 

Not only  have these  plans f o r  the  betterment and extension of 
t he  exis t ing riieteorological s e rv i ce  or" t h e  weather Bureau been maturely 
considered ana worked out but i t s  o f f i c e r s  have c o r d i a l l y  ?n" vhole- 
h e w t e d l y  en tered  i n t o  conferences , through a2 interdepart .mantal  com- 
mi t tee  c rea t ed  by the coordil lator,  with renreswi ta t  ives  from the branches 
of the departments i n t e r e s t e d .  
f u l l y  c o o r d i w t e  the nueds, a c t i v i t i e s  and i n t e r e s t s  of  t he  'Yeather Bu- 
reau and the m i l i t a r y  branches of t he  Governixnt a;ld t o  :7ork out t h e  
best  s o l u t i o n  f o r  c e r t a i n  se r ious  e x i s t i n g  d i f f i c u l t i e s .  iJIr. E .  3. C a l -  
v e r t ,  Chief of' t he  Forecast  Div is ioc  of  t he  !';eather €beau, i s  c h a i r m n  
of t he  interdepartmental  committee, and v h i l e  the  work of the  committee 
and r e l a t e d  sub jec t s  i s  tatiil i n  progress ,  some of the major ob jec t ives  
may be rrientioced here:  

The o b j e c t s  ars  t o  more completely and 

An outs tanding de f i c i ency  i n  e x i s t i n g  serv ice  i s  the  fact t h a t  t h e  
twice-dai ly  obswvat ions  telegra;;,hed from the  regular  f i e l d  s t a t i o n s  on 
which nea ther  fo recas t s  and vkrnings are based a r e  taken a t  hours llrhich 
do not bes t  a e e t  the needs of axriation, s s p e c i s l l y  i n  t he  eas t e rn  and 
c e n t r a l  s e c t i c n s  02 thc  country where a omy l a r g e  p a r t  o f  f l y i n g  i s  done. 
The cbsLrvations are t&en nominally a t  8 o ' c lock  a . a .  and ?.la. e a s t e r n  
standardl.;Cime. It i s  necessa-y f o r  fo recas t ing  purposes that they be 
tak-sn synchronously. klthou& the  observat ions a r z  ccllGctod E t  forc-  
ca s t ing  and d i s t r i b u t i n g  cen tc r s  by an i n t r i c a t c  but  hi&ly e f f i c i e n t  
system of te1egra;h c i r c u i t s  i n  about onc h m r  after they  a r e  taken they 
csn not  be md-e 2vaila51e before  mch of thaea r ly  morning flying opara t ions  
begin. Ths observat ion hours m r e  es t ab l i shed  y e a s  ago, l o n g  baf'ors 
navigat ion of thc: air idas o t h e r  than u dream, and f o r  sonnd and j v s t i f y i n g  
reasons which i t  is  not nscesss ry  o r  impor tmt  t o  c q l a i n  at t h i s  t ime. 
901vevel:, iThy the  obscrvat ions am not now taken e a r l i c r  i s  a p r t i n e n t  
quest ion.  To thos(: not familiar w i t h  thc, s i t u a t i o n  it vou16 seua t o  be a 
simale t h i n g  t o  do, but i s  n o t .  
volved, SOMO of  r h i c h  T i l l  b& b r i a f l y  r e f o r r e d  t o  l a t e r .  
$hat a l l  a r e  so lvable ,  but t h e  c s s u n t i a l  solvent  i s  inoney. 

D i f f i c u l t  and p e r p l ~ x i n g  poblerns a r e  in-  
It  is bel ieved 

Thare i s  urgent need f o r  more observat ions i n  the u q p r  a i r ,  The 
:iuiber of tolegraph r m o r t s  of observat ions taken a t  the  surfaco (about 
200 i n  cont inenta l  Unitcd Stcltss,  12 i n  Alaska,  48 i n  Canada and i n  the  
West Indies  and contigxous a r e a s ,  and considerable numbcrs from sh ips  at 
sca)  , ifirhile not a l t o g e t h e r  s u f f i c i c n t  , need not bc: irmeiriately increased t o  
any m t e r i a l  e x t e n t .  
United S t a t e s  q p e r  air  o b s a v a t i o n s  3 r d  ava i l ab le  from 26 ?laces .  It nmst 

Contrastea v i t h  this i s  tke  fat$ that i n  a l l  t h e  



be known what i s  going on  i z l  the air  above us, as -::ell as on the Sur- 
face ,  i n  order  that b e t t n  and mcre d e t a i l e d  fo recas t s  and,advices 
nlay be given .?,viators. 
are far too  scant. Here a g a i n  i t  is a ques t ioa  of money. 

If i s  evident t h a t  data of th is  sort  now a v a i l a b l e  

Another md emphatic need i s  s p e c i a l l y  organized serv ices  a long  
t h e  p r i n c i p a l  airmays Thereby a v i a t o r s ,  ?.diether they be m i l i t a r y  o r  
c i f i l i a n ,  can secure quick ly  and at any t ime d e t a i l e d  information 0% 
weather condi t ions e x i s t i n g  over the l i n e  of f l i g h t  before  they take t h e  
biir, aad a l s o  advices  as t o  Feather  changes that are l i k e l y  t o  occur 
dur ing  the f l i g h t .  
f i r s t - o r d e r  s t a t i o n s ,  spaced not more than  250 miles a.part (rag;ular 
'Feather Bureau s t a t i o n s  no8 i n  opera t ion  mould meat th is  requirement 
i n  nos t  i n s t a n c e s ) ,  at vhich c o w l e t a  observat ions would be t aken  at 
shor t  f i x e d  i n t e r v a l s  and of tenor  Then necessary,  and incl7ide uppar winds, 
v i s i b i l i t y ,  cloud he igh t s ,  f o g ; ,  dtc.  These s t a t i o n s  should be connected 
by l eased  wire  and act  as d i s t r i b u t i n g  cen ta r s  by d i r e c t  contact  with 
a v i a t i o n  f i e lds .  In add i t ion ,  subs ta t ions  should be loca ted  between the 
princi??l s t a t i o n s  and t o  ei ther s i d e  of the airways not more than 75 miles 
a p a r t ,  from yhich suTglernenta1 eye observat ions of v i s i b i l i t y , . l o w  clouds, 
fog, thunderstorms, s q u a l l s ,  r a i n s ,  srion, e t c . ,  can be obtained by t e l e -  
?hone at f i x e d  t i n e s ,  o r  as o f t e n  e.s requi red .  The importance a3d value 
of airvay organizat ions of this kind cannot be too s t rong ly  e q h a s i z e d ,  
None nom e x i s t .  It i s  conf ident ly  bel ieved t h a t  the cos t  of such airway 
u n i t s  ~ o u l d  be inore than  o f f s e t  by savings h e  t o  nore economical operat ions 
than otherwise could be ::?ossible, and t h e  prevent ion of losses  of +mes 
and proper ty ,  as y e l l  as i n  the saving of l i v e s .  

Such a n  organiza t ion  should cons i s t  of fully equipped 

Previous re ferecce  has bcen ciatie t o  the  tak ing  of observat ions at 
a n  e a r l i e r  hour ,  t o  arrangement of f a c i l i t i e s  f o r  r&ing the  observat ions 
a v a i l a b l e  p r o q t l y  t o  f l y i n g  f i e l d s ,  and t o  the  need f o r  more observat ions 
talcen i n  t h e  upper air. 
have rcceived a t t e a t i o n  by the  co-ttee. 

Thzse ar3 t3e princiZa1 sub jcc t s  that thus far 

The time at which observat ions a r e  taken at f i e l d  s t a t i o n s  m i l l  be 
advanced by two hours as soon a5 c e r t a i n  complicatsd problems have been 
solved and neqns a r e  provided f o r  g u t t i n g  t h e  change i n t o  e f f e c t .  \ h e n  
accomplishld the establishes hours o f  observat ion w i l l  be 6  clock a.n. 
and p.m., e a s t e r n  s tandard t i m d ,  cor respondhg t o  5 o 'c lock ,  4 o 'c lock 
and 3 o~cloc lc ,  r e spec t ivc ly ,  i n  the c e n t r a l ,  Rocky qiountain, and P a c i f i c  
coast  time-zone areas. 
a s c i e n t i f i c  s tandpoint ,  axd cause much persoml hardahip,  e s p c i a l l y  i n  
t h e  wrestern a r e a s ,  t o  emplogees Tho a l r eady  have long and exact ing hours 
of s e r v i c e  svery  day i n  the yea r ,  Sundays and hol idays included, by r equ i r ing  
tbat th@9 begin t h e i r  Fork before day l igh t ;  but theso a r e  merely dis- 
a d v a t a g e s  and knot ty  problGms a f f e c t i n g  t h e  mechanical and a b i n i s t r a t i v e  
quostions involved i n  thd changc. Tho g rea tds t  COiICCrn r o l a t c s  t o  f a c t o r s  
a:hicll ?LO not come mithin tkrf indcucndeat dec is ion  of Govansent  o f f i c i a l s  
but must be i*vo?ked out  vrith the consent aild cooperation o f  o ther  a g m c i e s r  
On2 of the  most E f f i c u l t  ad jus tnonts  t o  bo nxda i s  thc  system o f  te lograph  
c i r c u i t s  by mcans of I.-hich the  woathor observzt ions a y  col ldc tad .  

The change * v i 1 1  r e s u l t  i n  sons disadvantages from 

These 
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circuits are not composed of leased  vires. 
t r o l l e d  and manned by the  '2estcrn Union Telegraph Co. and s e t  UT promptly 
at 8 o 'c lock ,  morning and night .  
t he  t ransmiss ion  of weather ropor t s  au r ing  the  pdriod of t h e  set-up (about 
one and one-half hours) and t h n  r eve r t ed  t o  commercial u se .  
many of t he  observat ion p o i n t s  connected by the circuits a r e  loca t ed  i n  
sirall c i t i e s  and t o m s  of r e l a t i v e l y  small comiercial  importance. 
v id ing  of t e legraph  ope ra to r s  i n  these p l aces  and the  rear ranging  of 
opera t ing  condi t ions so much e h r l i e r  than 'business hours is s complicated 
matter ,  t h e  d e t a i l s  of which vi11 r e q u i r e  considerable  time t o  work out.. 
Undoubtedly a considerable increase  i n  opera t ing  cos t  w i l l  be involved. 
The Western Union Telegraph Co. is now at work on the  de ta i l s  of t h e  problem. 

They are commsrcial wires con- 

Hoarever, thGy s i :  used 8xcluSivelP f o r  

A g rea t  

The pro- 

Another f e a t u r e  involved i n  t h e  proposed change i s  the f a c t  t h a t  

The 
t'nere i s  c lose  cooperation between t h e  United S t a t e s  Weataer Eureau and the 
meteorological s e rv i ces  of neighboring na t ions ,  a spec ia l ly  Canada. 
l a t t e r ' s  system of opera t ion  conform ~ i t h  ours.  Its observat ions a r e  
takezl at the same time, tho  charac te r  of t h e  observat ions i s  t h e  same, our 
code i s  used,  and exchanges a r e  made by direct  contact  with OUC c i r c u i t s .  
I n  fact, from a meteorological s tandpoin t ,  no boundry l i n e s  e x i s t .  
weather r e p o r t s  a r c  indispensable  t o  US and correspondingly that se rv ice  
could not  funct ion success fu l ly  without r epor t s  frou our t e r r i t o r y .  
o the r  hand, the need of t h e  Canadian s e r v i c e  f o r  e a r l i e r  r epor t s  i s  not  as 
pres s ing  as ours ,  and i n  some r e spec t s  the d i f f i c u l t i e s  confronting i t  i n  
changin? observat ion hours a.ru3 comparable t o  ours  with the  added fact that 
it 7J-ill involve an  inescagable  and nlater ia l  increase  i n  the exponso budget 
bf that se rv ice .  A conferenco has been held -5th the  d i r e c t o r  of the 
Canadian rnsteorological s e r v i c e  and ve  f e e l  assured of his alignment with 
o w  program. 

Canadian 

On the  

.c 

The Connittee has  made a s tudy  of a l l  t h e  a v i a t i o n  f i e l d s  of the 
country -- Army, Navy, S t a t e  ar,d municipal -- with r e l a t i o n  t o  t h e i r  p resent  
and prospec t ive  needs f o r  the aea the r  r e p o r t s ,  and t h e  bes t  methods f o r  
promptly providing them mith the  r egu la r  mornirg and evening observations.  
A t e n t a t i v a  p l an  has been iorked  out which i t  i s  bel ieved w i l l  be e f f ec t ive .  
Radio w i l l  be used. 
Beathcr Surdau o f f i w s  loca ted  i n  c i t i a s  where high-power Government r ad io  
s t a t i o n s  are a v a i l a b l e  and favorably situs&& geographical ly  with r e l a t i o n  
t o  t h e  a v i a t i o n  f i e l d s  t o  be served; t o  connect these Teather  Bureau 
o f f i cos  and rad io  s t a t i o n s  by d i r e c t  wi res  attached t o  the t ransmission 
ayparatus;  t o  ass i&n sqe r t  rad io  opera tors  i n  the 6eather Bureau o f f i c e s ;  
and t o  broadcast  as complete a system of vea ther  r e p o r t s  as m y  be necessary,  
as fast as the r e p o r t s  are received and checked. 
weather information can be m d e  a v a i l a b l e  t o  f l iers  i n  a very shor t  time 
a f t e r  the  observat ions are tdcen.  
po in t s  has been made, but Washington w i l l  be one of thorn and thd naval r a d i o  
s t a t i o n  a t  Ar l ing ton  m i l l  probably ba used.  
that t h e  o f f i c e r s  of tho 
comnittoc:, concurred i n k h a  p r a c t i c a b i l i t y  c f  the  p lan  and given assurance 
t h a t  f a c i l i t i e s  will % 

Some recent  n e w  
public mind that t h e  f e  

It i s  the purpose t o  s e l e c t  t he  necossary nuaber o f  

I n  t h i s  way current  

T i n a 1  s e l e c t i o n  of all the broadcast ing 

It  is a p leasu r s  t o  state 
DepartnientQave c o r d i a l l y  cooperated mith t h e  

it a f f  ec t ivc .  

e lsft an i q r e s s i o n  i n  t h o  
i t t l e  o r  nothing f o r  the 



benefit  of aviat ion.  This ,  as has been shown, i s  f a r  from being t rue.  
It mould require too Tach time t o  enumerate the numerous instances Of 
special service that have bden rendered during the past  several years, 
including prac t ica l ly  every important f ly ing  event,or t o  describe i n  
d e t a i l  the extensive program of dai ly  service rendered i n  the a i d  of 
aviat ion.  However, the l a t t e r  m y  be summarized as follows: 

Flying weather forecasts  a re  imde and issued twice dai ly  for  
prac t ica l ly  a l l  sections of the United S ta tes .  
country has been divided i n t o  14 zones. 

For t h i s  purgose the 

Elaborate bul le t ins  containing surface and upper air reports and 
f lying weather zone forecasts are  br,oadcasted twice da i ly  from the naval 
radio s t a t i o n s  at Arlington, Ya., and San Francisco, C a l i f .  

Flying weather forecasts  for  central  zones a re  broadcast twice 
da i ly  by radio s ta t ions  i n  Chicago and from the naval radio s t a t i o n  at 
Great Lakes, 111. 

Special route forecasts  a re  furnished da i ly  t o  the Air Service Of 
the Army f o r  f ly ing  operations about Chicago and f o r  the routes between 
Bel levi l le ,  I l l . ,  an near Detroit  , Mich.) . 

Special f orec nice da i ly  for  the nayal f lying 
operations about San Francisco and San Diego. 

Special and detai led forecasts are issued each morning and evening 
at Lashington f o r  several f lying routes,  including the model airway, t o  
supplement the zone forecasts  d i s t r ibu ted  by radio. These forecasts  a r e  
mde avai lable  by telegraph or telephone d i rec t ly  t o  Army and Navy f l y i n g  
f i e l d s  and those issued i n  the p.m. a r e  published regularly i n  some morn- 
ing papers. 

hccomiodhtions i n  tha forecast  room of the Wather Bureau at Via&- 
ington a r e  provided representatives of the Army and Navy f o r  copying on 
charts current weather regorts  as fast as they a r e  received from a l l  p a r t s  
of the Unitad States and Canada, and these representatives telephbno the 
route forecasts  d i r e c t l y  t o  t h e i r  o f f ices  before leaving the Weather Bureau 
office.  The charts a r e  taken by automobile or  motorcycle t o  the Eureau of 
Aeronautics and Bolling Field and l2osted for the benefit of aviators.  

The f u l l  system of a.n. and p.m. weather reports received by tele- 
graph a t  Washington, together mith regular and special  f ly ing  weather fore- 
cas t s ,  a r e  sent by messenger t o  the o f f i c e  of communications, Navy Depart- 
ment, f rom which they a r e  immediately telegraphed over Na:tyileased wires 
t o  Lakehurst, N .  J . ,  for  us2 of the meteorological o f f i c e r  at that  place. 

The Veather Euroau has f i v e  d i s t r i c t  forecast  centers located ai; 
lashington, Chicago, New Orleans, Denver, and San Francisco, and weather 
information, forecasts and warnings f o r  the group of s t a t e s  comprised within 
a d i s t r i c t  a r e  issued from these centers ,  
i n  close touch voith the aviat ion i n t e r e s t s  within t h e i r  d i s t r i c t s  and give 

These d i s t S i c t  forecasters a r e  



d i r e c t  s e r v i c e  as condi t ions and f a c i l i t i e s  warrant.  hioreover, l o c a l  
s e rv i ce  i s  rendered bJ; the  o f f i c i a l s  a t  a l i  Wathe r  Eureau f i e l d  s t a t i a n s .  

When the  a i r  mil se rv ice  introduced night f l y i n g  ac ross  the  con- 
t i n e n t  i n  the  ea r ly  surmer o f  1924, arrangements were made at the  request  
of the  Second Ass i s t an t  Postmaster General t o  provide special f o r e c a s t s  
t h e r e f o r .  
s ec t ions  of the rou te ,  one from Bryan, Ohio, t o  Omaha, Nebr., and the o thdr  
from Omaha t o  Roc4 S p i n @ ,  '$yo. 
are  made ava i l ab la  t o  both east and west bound f l i e r s  at Omaha. 

They are issued by t h e  d i s t r i c t  fo recas to r  at Chicago f o r  two 

The f q r e c a s t s  and nea ther  information 

Spec ia l  s e rv i ce  has  been given i n  a number of cases  i n  connection 
with f l y i n g  a c t i v i t i e s ,  but there  i s  very l i t t l e  organized f ly i i ig  of t h i s  
s o r t  a t  the present  time. Hovover, zi completG sdrv ice  was arranged i n  
connection with the first c o m x r c i a l  r e l i a b i l i t y  t ou r  f o r  the Ford trophy. 

Avia tors  a r e  alvctys p r iv i l egad  t o  confer d i r e c t l y  with the  fore-  
c a s t e r s  of t h e  \%ather Surdau, aad c a l l s  by telephone f o r  this pur:?ose 
a r e  numerous. 

SOLAR RADIATION AID 

That s o l a r  r a d i a t i o n  is t3ne primary causa of a l l  f e a t u r e s  of 
t a r r d s t r i a l  weather has al:7ays been recognized by t he  Fea ther  Bnrcau. 
Ear ly  i n  i t s  h i s t o r y ,  when Prof .  S .  P. Langley was conducting at the 
Alle@my Observatory his pioneer  researches on s o l a r  hea t ,  Prof ,  Cleve- 
land abbe brought them t o  the  a t t e n t i o n  of the C h i G f  Signal  Off icer  of 
the  Army, with the  r e s u l t  t h a t  i n  a shor t  time provis ion  was made for 
a coinpletc expedi t ion which enabled P ro f .  Langley t o  t r a n s j o r t  his party 
an& d e l i c a t e  instruments t o  the t o p  of h t .  Tziitney, Calif There, i n  the 
last days of August and e a r l y  September, 1881, upon this  summit, about 14,500 
f e e t  above the  sea,  as near  the  outer  limits of the e a r t h t s  atmosphero as 
i t  was p rac t i cab le  t o  c a r r y  i n s t n i e n t s  at t h a t  time, Langley made h i s  
c l a s s i c a l  measurements o f  the s o l a r  c o n s t a t .  

Those e a r l y  inves t iga t ions  upon the i n t 6 n s i t y  of solar r ad ia t ion  
made under the  auspices of t h e  Signal Corps had f o r  t h e i r  primary objec t  
thc  f u r t h e r  so lu t ion  o f  t h e  fundamantal problems of ;netzorology, and the  
resu l t s  mere subni t ted  f o r  publ ica t ion  in Gecember, lSS3, as Profess iona l  
Eapers o f  t h o  Sigma1 Serv ice ,  Xo. XY, e n t i t l e d  flResearch2s of solar ileat ." 
From t h a t  dRy t o  the ?resect the Xierther Bureau has boen i n t e r e s t e d  i n  al l  
s tud ie s  of s o l a r  r ad ia t ion ,  and the  observat ions of the  iistro,$i;~sical Ob- 
servatorg of the Smithsonian I n s t i t u t i o n  a.nd tllose of fore ign  .rorkers i n  the 
f i e l d  h m e  been a subjec t  of constant s tudy .  

That i s  the present  consensus of i n t e r p r e t a t i o n  02 a l l  such o'sserva- 
t i ons?  

Soifle i nves t iga to r s ,  but not many, clairr! t h a t  obszrvst:ons shon in-  
por tan t  c'mngcs of so l a r  i n t c n s i t y  from day t o  day, freqiie, i t ly asount ing t o  
55, and sornetincs as g rea t  as lo$,, at i n t c r w l s  o f  ton or incrc days. The 
%eather Bireau, basing i t s  conclusibia upon an  exhaustive s tudy of al l  tho 



observat ions ava i l ab le ,  f i n d s  i t s e l f  compelled t o  j o i n  ' t he  mch l a r g e r  
group o f  those who doubt that r e a l  changes i n  the i n t e n s i t y  of s o l a r  
r a d i a t i o n  occur .  .'The 3uri:au of cm'rse be l ieves  that i t  i s  phys ica l ly  
poss ib l e  f o r  v a r i a t i o n s  t o  occuz. But the c r i t i c a l  ques t ion  i s  this: 
If there  a r e  v a r i a t i o n s ,  a r e  they b ig  enough t o  s tand out above the  
v a r i a t i o n s  which insv i ta .b iy  f o l i o w  from changes i n  the  transparency Of 
the  atmosphere and f r o m  the e r r o r s  t o  vrhich even the  most h ighly  re f ined  
i n s t m m n t a l  determinations a r e  subjec t ,  
t he  e a r t h ' s  atniosphere and. a c t u a l l y  measure there  the i n t e n s i t y  of s o l a r  
r a d i a t i o n .  
t o  a g r e a t e r  o r  l e s s  depth the  ocean of air i n  which we l i v e .  Even i f  
observat ions are nade on li igh mountain tops ,  we must s t i l l  w k e  t h e  best  
estiniate ~e can of horn much t3r.s incoming r a d i a t i o n  was depleted before 
reaching?pur  measuring i n s t r m e a t .  Br i s f ly ,  such observhtions show us' 
two things:  F i r s t ,  i n f e r i o r  observat ions show r e l a t i v e l y  l a r g e  i r r e g u l a r  
f l u c t u a t i o n s  of the der ived value of the  s o l a r  constant .  These observa- 
t i o n s  may be i n f e r i o r  because the instnuiients and methods a r e  f a u l t y ,  o r .  
t he  atmespheric dea le t ion  of incoming r a d i a t i o n  may be l a r g e  and irregular, 
i n d i c a t i n g  that the s t a t i o n  i s  badiy loca ted ,  o r  both adverse condi t ions 
may e x i s t .  %%on obse rva t io i s  a r e  rcade I y i t h  the  best  poss ib l e  equipment 
at the bes t  2oss ib le  I c c a l i k i e s ,  w e  f i n d  t h a t  t he  f l u c t u a t i o n s  are only 
about a t h i r d  o r  a fou r th  as g rea t  as those at i n f e r i o r  s t a t i o n s .  This 
i n  i t s e l f  s h o w  that the  1.arge v a r i a t i o n s  at the  i n f e r i o r  s t a t i o n s  are 
q u i t e  wholly e r r o r s  of de r iva t ion  of the s o l a r  constant  and not real 
changes i n  s o l a r  i n t e n s i t y  outs ide  the eartiit s atmosphere. 

No one can go e n t i r e l y  ,6eyond 

A l l  t h a t  can be done i s  t o  measure i t  a f t e r  i t  has  p'enetrated 

Second, vhen we subjec t  the seve ra l  thousand observat ions of t h e  
solar constant that have bean accumulatad during the p a s t  20 years t o  
c r i t i ca l  ana lys i s  by the methocis ak ich  @nthematicians employ t o  eva lua te  
e r r o m  of observat ions and disclose the  true facts, we f i n d  that t h e  t o t a l  
f l u c t u a t i o n  i,n tha dhrived value of  the  solar constant from the  hes% sta- 
t i o n s  i s  So small that i t  __ i s  e i t i . r e l y  p l aus ib l e  ----1__1_1_ t h a t  a l l  o f  i t  nag>: nothing 
but; Dossible  e r r o r s  of dc r iva t ion .  --.-I- - 
loo$ p e r f e c t ,  that is ,  without error ,  are known t o  be hurnanly impossible.  
I f ,  t he re fo re ,  there  i s  acy  r e a l  change from day t o  day i n  solar r ad ia t ion ,  
i t  aF2ears t o  be so small as t o  be submerged i n  the unavoidabie v a r i a t i o n s  
o f  our mea.surernents. 

Instrumenta.1 observat ions which are 

E f f o r t s  t o  g e t  s u f f i c i e z t l g  accura te  simultaneous observations at 
two or more independer,t s t s t i o u  havc bzen imperfect ly  Pucceseful.  
clu.sions at the  p r t w n t  tiw r e s t  almosc e n t i r e l y  upon the  testir iony af a 
s i n g l e  witness ,  that i s  t o  say ,  upon observzt ions mads almost always at a 
s i n g l e  s t a t i o n  t h a t  i s  not almys the  sam one. ?;hat we greatly need a r e  
observat ions of the same sun froin severa l  e n t i r e l y  indopendent stati.o:is. I_ 

Effo r t s  are nom baing e a r n e s t l y  d i r e c t e d  toward s e c u r i i x  such obsarvat ians  
i n  the f u t u r e .  The qces t ion  of solar v a r i a b i l i t y  can be s e t t l e d  only when 
this objeq t ive  i s  a t t a ined .  

Our con- 

The r e a l i t y  of s o l a r  v a r i a t i o n s  from day t o  day, therefore ,  has not 
bz ta  proved, aiid at best  t h e  dffdc t  of such changes, i . C  aay,  are so vanish- 
i ng ly  small when compmed with those which ne k n o ~  t o  be Cue t o  the atmosphere, 
as t o  be nag l ig ib l e  from the  point  of v i ev  o f  our d a i l y  weather changes. 
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While the  foregoing conc lus ions . r e l a t e  t o  sho r t  i n t e r v a l  changes 

o f  a few days,  the  s tud ie s  by Dr. Kimball and M r .  Clough ind ica t e  that 
even the  changes over per iods  of mmths, seasons and yea r s  must s t i l l  
be regarded as tak ing  p l ace  with extreme slowness, i f  indead they e x i s t  
at a l l .  

These considerat ions l ead  us t o  the  quest ion,  what meteorological 
e f f e c t s  may be sxpccted f rom such small v t i r ia t ions  as the  bes t  s t a t i s t i c a l  
analysbs o f  d a t a  show may s t i l l  be poss ib le?  

Following S i r  Napier Shaw, whom wi: hold t o  be t h e  world 's  l ead ing  
meteorologis t ,  we may most appropr ia te ly  measure t h e  f lood  of heat  energy 
which the sun pours upon t h e  e a r t h  i n  terms of e l e c t r i c a l  u n i t s .  
t o  135,000 watts per square decameter. 
of our household e l e c t r i c  l i g h t s  as 25, 50, 100 w a t t  lamps, e tc . ,  because 
they  consume e l e c t r i c a l  energy at the r a t e s  ind ica ted  by the  numbers. 
Accordingly, the e l e c t r i c a l  un i t ,  m, i s  qu i t e  gencra l ly  understood. I n  
the  United S t a t e s ,  however, a square decbmcter i s  nea r ly  an u&noim th ing .  
It i s  the  met r ic  measure of a surface having an a r e a  of a l i t t l e  nore than 
1000 square f e e t .  This i s  less than t h e  a r e a  of a small ballroom f loo r .  
It  i s  just  about the a r e a  of ground occupied by a small datached g-room 
cot tage .  Consequently, i f  a bream of sunshine having a cross  sec t ion  of 
one s q u i r e  decameter could be t r a n s m i t t e d  without l o s s e s  i n  i t s  j o u r m y  
ghrough t h e  atmosphere t o  t h e  l i t t l e  6-room cot tage a n d  t h e r e  converted 
i n t o  e l e c t r i c a l  energy, the amount would rraintain about 2700, 50-matt l a q s  
at {ull b r i l l i a n c y .  
t o  spare  f o r  the a t t i c  ana c e l l a r !  Now, the bes t  i n t e r p r e t a t i o n  of the 
observat ions of the  s o l a r  constant seems t o  allow us t o  admit that t h e  
average day-to-day v a r i a t i o n  of the sun r a y  poss ib ly  be as much as one 
qua r t e r  of one percent .  This means that t o  equal the e f f e c t  of average 
high s o l a r  r a d i a t i o n  we should have t o  add 7 l a m p  t o  the.2700 a l r eady  
alight i n  our l i t t l e  co t t age ,  and on some o the r  occasions to t u r n  o f f  '7 
Such s l i g h t  changes i n  t h e  f lood  of i l l umina t ion  vould q l a i n l y  be q u i t %  
inconsequent ia l  and the  r e s u l t s  could be ascer ta ined  only by the  most re- 
f i ned  measurements. This imperfect analogy w i l l  h e lp  the  non-technical 
reader  t o  grasp  the q u a n t i t a t i v e  in s ign i f i cance  of t h e  a l l eged  day-to-day 
f l u c t u a t i o n s  i n  s o l a r  i n t e n s i t y  and the  probable success or" maather fore- 
ca s t ing  r e s t i n g  upon such a bas is .  

It amounts 
A l l  a r e  f ami l i a r  w i t h  the  r a t i n g  

This  would mean about 300 lamps t o  t h e  room, with 300 

Let  us see  how these  thoughts mork out mhen we consider sunshine 
and the  atmosphere as a whole. 

S u p p s e  f o r  a molnent the  whole sur face  of t h e  e a r t h  mere a perfect 
r e f l e c t o r  and t h a t  the  atmospnere were p f f e c t l y  t rans2arent .  A l l  t he  
phenomena which me c a l l  Teather and aow a s c r i b e  t o  the e f f e c t s  of s o l a r  
r a d i a t i o n  would disappear ,  because the  s o l a r  energy would s inply  be t o t a l l y  
r e f l e c t e d  back i n t o  space with no t e r r e s t r i a l  e f l e c t s  whatever. O f  course 
such condi t ions  iicvei p r e v a i l .  A s  a f a c t ,  no n a t t e r  hovr t ransparent  the 
atmosphere rnay s e m  t o  be,  s o m  of the  inconling rsldiation i s  always sca t t e red  
and in t e rcep ted ,  while on cloudy days g r e a t l y  varying aniounts a r e  caught up. 
Thus, a l l  the phenomena of weather a r e  caused by the s o l a r  hea t  t h a t  i s  
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entrapped i n  the atmosphere e i ther  on its way 2 the earth's.sur.face as 
incoming radiat ion,  o r  on i t s  way fron that surface as heat trarisrnitted 
by conduction and convection, o r  intercepted from ontigoing earth radiat ion 
or re f lec t ion .  Obviously, weathsr can and does vary enornTously even if 
we assume the incoming radiat ion t o  be absolutely constat day aftw day 
indefini te ly .  But, i t  i s  perfect ly  plain a l s o , . t h a t  i f  the incoming . 
radiat ion independently changes its  i n t e n s i t y  there  i s  a new and added 
cause of weather f luctuat ion.  I f ,  howaver, these solar  changes,-no.t yet 
proved t o  occur at a l l ,  cannot exceed 011 the average more than o m  quarter 
of one percent,  how highly fal lacious must i t  be t o  regard such small 
f luctuat ions as a e j o r  cause of weather a f f e c t s  which a r e  actual ly  con- 
t r o l l e d  by the far g:rec.ter f luctuations i n  the atmospheric transformation 
of solar energy. 
should, i n  order t o  imitate the atmospheric e f fec ts ,  have very frequently 
t o  turn off as many as 1000 bo 1500 o r  more lamps. 
some one should play us the t r i c k  of turning off (or on) even 10 more 
lamps, in representation of the indepgndent possible changes i n  solar 
in tens i ty ,  the e f fec ts  would be so inconsequential as to  be inseparable 
from the e f fec ts  due to  atmospheric transforrration. 

Using again the a n a l o a  of o u r  l i t t l e  cottage, ne 

I f ,  i n  the Eeantirhe, 

I t  i s  hoped t h a t  the foregoing expkanations, couched i n  non-technical 

Uidespread public in te res t  
language, w i l l  help the reader t o  visualize the nature of what i s  r e a l l y  
a very d i f f i c u l t  and complex s c i e n t i f i c  problem. 
and expectations have been needlessly aroused i n  the United States by 
premature and unfounded representations that net7 and bet ter  methods of 
forecasting the weather f o r  both short and long times i n  advance have been 
discovered, based upon the alleged f luctuat ions of the solar radiaticm, 
One advocate of solar  v a r i a b i l i t y  s t a t e s ,  "There are a tast number of 
straws a l l  of which point i n  this d i rec t ion  and combined make up a very 
st i f f  bundle of evidence." These straws and a l l  other evidence have been 
thozoughly examined by the experts of the Veather Bureau, with the con- 
clusion already s ta ted.  
ever , s t i f f  i t  may be, const i tutes  evidence vrhich can only be regarded as 
c i r c k s t a n t i a l  and therefore not as a fit foundation upon which t o  mld 
up a system of weather forecasting. 

It i s  our conviction t h a t  a bundle of straws how- 

The Bureau highly pr izes  the unmistakable evidence of general pub- 
l i c  confidence accorded i t s  extensive sgstem of forecasts  o f  storms, floods, 
e t c . ,  and w i l l  i n  the f u t u r e ,  as i n  the pas t ,  i n s i s t  upon d i r e c t  scienfdfic  
evidence as the only legi t imate  basis f o r  going before the public with a 
new system of forecasts,  especially f o r  months, seasons and years ahead. 
It i s  one thing t o  fabr ica te  what t o  the public appears to  be a highly 
plausible new scheme of forecasting; i t  i s  qui te  another t o  be responsible 
t o  the public f o r  the failme that is c e r t a i n u l t i m t e l y  t o  attend aw 
scheme that i s  not founded upon an absolutely sound s c i e n t i f i c  basis, 

The causes and lams of the sequence of weather conditions a r e  sub- 
j e c t s  of  constant study by experts of the Breau, and many valuable a r t i c l e s  
have been published. 
long range forecasts,  may r e s t  assured tha t  the Bureau i s  d i l igent ly  search- 
ing  f o r  a sound basis for such forecasts .  

The public,  eagerly awaiting the advsnt of s c i e n t i f i c  

Our l i b r a r y  contains not only 



the l a t e s t  and best  but p r a c t i c a l l y  all of the  world's l i t e r a t u r e  on 
meteorology, and our leaders  note  and u t i l i z e  e v e n  r e a l  advancc vhcrever 
made i n  t he  science.  The Veather kreau i s  preparcd t o  engage i n  pub- 
l i c  long range forecas t ing  just as soon 
f o r  such fo recas t s  has been formulated. 

as an  assured s c i e n t i f i c  bas i s  


