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The topics chosen f o r  pa r t i cu la r  discussion i n  t h i s  report 
a r e  the  d rough t  of 1930 and eqans ions  of service i n  a id  of avia- 
t ion. 

Basing the  statement on weather repor t s  up t o  August 31 we 
may say tha t  the  drought snd,heat wave a r e  over, but reForts f o r  
the  rem,,inder of the  xmr. rill be required before a f u l l  h i s to ry  
can be written. 

The ccQtral and eas te rn  portions of the  country have now 
gassed throxh the  most severe drought i n  t h e  climEltologi- 
cal  h i s to ry  of the United States6 
drokht had coiitinuod- i o r  nine months i n  the middle At lan t ic  
area,  s ix  ponth.; over the Ohio and middle Minsicsipgi Valleys, and 
f o r  shor te r  periods i n  nearly a l l  other sections east  of the Rocky 
Mountains. The middle At lan t ic  a rea  was dry during tile winter 
season. In March the  drought extended westward over t ke  Ohio and 
n iddle  Kis3issippi Valieys, and thmce  i n  other d i rec t  ions as tlie 
season progressed. 

For tlie sprin,T months, March t o  ihy ,  West Virginia, Kentucky, 
Indiana, I l l i n o i s ,  and Missouri had the  l e a s t  2 rec ip i t a t ion  of 
r o k o r d ,  w i t h  t h e  average"for the gl'bui) only 57 per cont of noimal, 
while .the rniddle At lan t ic  area Lad only s l i g h t l y  more tlia? 6Q per 
cant, 
m o s t  I TTliilc 5y July dof icioiicies in p r c c i p i t a t  ion oxtended t o  a l l  
S t a t e s  eas t  of tile Rocky Mountains , excc_nt New England and Georgia. 
I n ' t h i s  mont@ 18 Strttes had only 20 $0 50 pcr  cont of  normal rain- 
fa l l ,  wi th  an a v o r a p  'of 39 pcr ce:lt. 111 August the d r o u g h t  con- 
t inued i n  nearly a l l  soctions a;ld was e;r;'xtly in tens i f ied  iii somo 
?.\Torthcsn and Southoastern S ta tes  not t i .e;ctoforc seriously offcctc?d, 

By the f i r s t  of  September the 

In June, tho O l i o  and lower Mississippi Valloys suffered 

For the simmer, J'UC t o  A u p s t ,  a 5Jl t  o f  Statcs extcndiiig from 
idarylanci ar,d VirGiiiia southwestmard t o  tLe lower Idississini Valley 
es tab l i shed  new railfall  records for the seasoa, while i n  a group 
of 16 S ta t&,  includin; ~ e n n s y l v a n l a ,  fkq - l and ,  Virginia, Vest V i r -  
d in ia ,  Tennessee, Kentucky, Ohio, ldicliigan, Indiana, I l l i n o i s ,  
Idissowi, Oklahoma, Arlunsas, Texas, Louhiana, and Ivlississippi, 
tlie average p rec ip i t a t ion  was only 54 per  cent of normal, Not a 
s ingle  S t a t e  eas t  of t he   ROC:.^^ Tfountains had as much as normal 
p w c i p i t a t i o n  f o r  t h i s  period of t he  three  princQa1 growing mofiths, 
and somo half dozen S ta tes  had loss than half  the normal. 
season was generally warm, 1 V i " i ; i  the period. f r o m  about t h o  middle of 
Ju ly  t o  middle o f  August having abnomally high terqeratures,  with 
the prcvious maxirnu?l records equalled o r  exceeded i n  rlxmy ylsces 
Thesa unusually high torqoraturc?s g rea t ly  i n t o x i f i c d  the  e f fec t  of 
the  dzficieiit moisture. 

%e summer 



July and August combined brought t he  d r i e s t  weather of  record t o  
Pennsylvania, &iryland, Virginia,  Vest Virginia, Kentuclgr, Missouri, 
and Arkansas, with an. average f o r  +:lese seven Sta tes  of only 41 2er  
cent o f  y o r m l .  The growing season, as a wholc, March t o  August, was 
the  d r i o s t  o f  record over a largc area, comprisi!~g the  Middle At l an t i c  
S ta t e s  mid the  aiio and middlo fdississippi Valleys. 

Ia31e 1 contains a swm-mry o f  drought dzta by months. The de- 
f ic io i ic ics  i n  r a i n f a l l ,  tho ;3erceatages o f  normal, a re  shown f o r  each 
Sta te ,  f o r  all succecsive months when the amounts were continuously 
below D.oi-IIIal, t h e  ha.!-ig t ;Qe ind lca t iag  the grea tes t  deficiencies of 
record f a r  t h e  req:: 1. ive . I x t h s .  This tabula t ion  shows gralyhically 
the  spread o f  the druught the  season progressed. For example, i n  
January, only three S ta t e s  t'hai; continued dry thereqf te r  had def ic ien t  
p rec iT i t e t ion ,  while f o r  March the 'nmber  had increased bo 9;  May t o  
10; Jur-r: t o  19;  &?d July t o  30. 
and Neb-aska had more than normal r a i n f a l l  i!; August, hence there 
were oniy two consemtive months with def icieJicies. 

It w i l l  be noted t h a t  South Dakota 

Ccnsidering t h  New England Sta tes  as a unit, and also Ikryland 

Of tkese, 27 had def ic ien t  r a i n f a l l  i n  March, with 
and Deldiyare, t h r e  a r e  32 units and units a;id S t a t o s  eas t  o f  the  
RocQ Mountains. 
an average deficiency of 40 per  ce:it; 27 i n  April ,  with an average 
deficiency of 38 pcr  cent; 20 i n  May, wvlth an ave rwe  deficiency 
of 29 p e r  cent;  24 i n  June, with an avtcsge de f i c i emy  o f  34 per  
cent ;  30 i n  Ju ly ,  with an average deficiency of 52 per  cent; and 
30 i n  Axgust, w i t 3  a n  average deficiency of 45 per cent. 
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Table 1. Def iciencios i n  p r e c i p i t s t  ion, i n  percentages 
of n o m l ,  f o r  t he  &ought of 1930, by Sta tes  m d  mo:?ths, 
f o r  the :,seriod c,onti;iuously Sclow nornal. 

.Xumber Average 
' of monthly 

Dee. Jan. Ye%. idch. Apr. &by June July Aug. I'lontlis defi- 
ciency 

1iIaryla:id and 
Delaware 27 18 30 42 26 38 15 64 76 

Virginia 34 18 52 44 33 36 26 65 
\'?est Virginia 26 49 17 16 45 46 36 59 45 
Missouri 19 53 47 28 22 76 44 
Kc ntucky 53 68 30 55 70 39 
Ohio 18 34 53 42 '62 28 
Indiana 54 26 55 52 47 36 
I1 1 ino i s  53 21 55 13' 41 
North Dakota  - 89 14 19 11 58. 33 
Alabama 65 5 53 26 22 

Arkansas I 79 80 32 
T ennes see - 68 46 38 
M i  s s is  s ipp i I 87 50 27 
Louisiana 88 39 14 
Texas 36, 58 43 
Oklahoma 3 61s 40 

Minnesota 5 25 67 
Iowa 61 29 

Montana 41 43 35 7 

Kansas 5 (21 10 

iVis consin a0 67 
Michigan 54 73' 
Pennsylvania 50 66 
New Jersey 13 29 

23 36 New York 
North C a o l i n a  38 49 
South Carolina 18 61 
Florida I 40 39 

Nebraska * 16 '56 47 
South Dako ta  26 63 31 

Georgia 63 

*August above normal. 

9 
9 
9 
7 
6 
6 
6 
6 
6: 
5 
4 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2: 
2 
2 
2 
2 
2 
2 
2 
1 
2 
2 

37 
41 

41 
52 
40 
42 
42 
37 
3r, 
32 
64 
51 
55 
47 
46 
37 
19 
34 
45 
48 
64 
58 
21 
30 
44 
40 
40 

38 

-- 
-- 
-- 

ITNDERSCORE INDICATES GREATEST DEFIC IE;?CP OF RECORD 



The drought has established the following l o w  precipi ta t ion 

records for the periods named: 

Maryland and Delaware: December t o  August; h r c h  t o  August 
summer (June t o  August) ; July; Augvst; July and Jkgast 
combined. 

Virginia: December t o  August; March t o  August; summer (June 
t o  August) ; July; August; July and August 'combi'ned. 

West Virginia: December t o  August; March t o  August; spring 
(March t o  May); 
July and Augw t combined. 

summer (June t o  August); June; July: 

Kentucky: March t o  August; spring (March t o  May); summer 
(June t o  August); June; July; J u l y  and August combined. 

Ohio: March t o  August.; July. 

Indiana: 

I l l ino is :  

March t o  August; spring (March t o  May). 

March t o  August; spring (March t o  May): July. 

Missouri! March t o  August; spring (March t o  May); July. 
July and August combined. 

Arkansas: Summer (June t o  August); June; July: July and 
August  comb ine d. 

Tennessee: Summer (June to.  August) : June. 

Mississippi: Summer ( Jme  t o  August); J ~ l l e .  

Louisiana: June, 

Minnesota: August 

Peniisylvania: March t o  hgxst; July a.nd August combined. 

OTHER NCTED DROUGHTS. 

Previous outstanding droughts i n  the Unitcd States a re  of  
record f o r  the years 1881, 1894, 1901, 1911, 1916, and 1924. 

Table 2 coxtains data compring these with thc drought of 
1930. It shows the percentage of normal precipi ta t ion fo r  b c h  
of the droughts f o r  the spriiig moliths March t o  lfay combined and 
for  June, July, and August scparately. 
shows that  the 1930 drought, when considered i n  a l l  i t s  de ta i l s ,  
easi ly  takes f i r s t  place i n  the c lWto log ica1  drought history of 
thc country. 

A cor.qarison of the figures 



- ------- 
S t a t e  

Naryland 
Virginia 
W. Virginia  
Kentucky 
Ohio 
Indiana 

' I l l i n o i s  
kissouri 
Arkansas 
Tennessee 
Alabama 
&ississi>?i 
Louisiana 
Texas 
Oklahoma 
m s e s  
lJebraska 
I OWE 
5. Dakota 
lu'. Dakota 
Xontana 
bb i nne s o ta  
,;i sconsin 
K i chi gan 
Pennsylvania. 
New Jersey 

. --I_-___ 

_--_I__ 

77 47 74 7a 
96 13 50 73 
79 12  61 s6  
99 64 42 57 
95 97 32 60 

78 129 39 59 
90 74 37 131 
81 sg 42 67 

94 95 59 90 
130 84 44 147 

Table 2. --Percentage of normal o e r c i p i t a t i o n  f o r  hraccch t o  Mqv, June, July, 
and Aug,Tst i n  27 S t a t e s ,  1930. 1881, 1894, 1901, 1911, 1916, and 1924 

3 1  79 33 I47 
~3 54 38 QO 
71 23 56 43 

102 9 81 73 
58 21 181 33 

84 164 i j o  79 
121 a6 93 i 2 7  
77 109 38 io4 

114 73 g5 63 
159 134 85 54 

83 136 70 33 01 103 157 91 
84 106 46 27 90 155 97 75 
ao 102 50 3& $0 
68 114 87 
97 

44 : 81 55 93 93 1 91 70 45 239 
75 51 93 153 : 118 65 63 i s9  
62 2 65 116 134 1 250 52 a0 159 

1OC S15 95 125 I SO 63 114 106 
107 79 ai 200 j 76 39 96 62 
101 42 55 50 j 96 53 61 53 
69 120 1 - c ~  236 57 53 s4 
54 84 $1 :g 1 86 118 47 79 
74 60 :5 47 72 152 60 38 

102 z 3  33 55 1 69 183 67 114 
125 57 23 4~: 1 46 174 166 7s 

iZ;s 62 20 bo * 74 142 95 67 

132 go 46 18 83 81 140 91 
139 61; 53 1 g 86 S9 162 

tOL_43_- ..-a ____ u Q ! ! z 2 1 3 5 -  

-- -- -- -- i 114 112 67 42 

133 83 25 25 1 72 108 117 52 

i' 5 1 128 44 129 196 113 63 37 
----I_ 

-.-L911______ 
Harch t o  
Iday June July August 

3T-7-17-27- 
80 83 6s 136 
80 98 61 167 
95 102 56 108 
81 97 62 164 
87 100 50 97 
82 72 70 124 
73 37 1130 110 
90 58 126 222 
96 86 log 110 
92 g i  106 111 
94 102 128 145 
95 96 151 154 

102 27 142 81 
59 29 171 124 
61 15 118 116 
75 47 88 125 
83 rio Q 97 
63 51 7G 155 
92 g9 69 1% 

io4 112 67 150 
93 93 103 131 
92 8g 105 116 

79 122 102 113 
104 122 49 94 
84 174 71  97 
77 141 36 120 
9s 143 30 105 
62 121 55 70 
79 127 166 l l g  
74 79 310 80 
92 93 204 82 
95 81 129 87 
87 67 104 104 
'13 174 25 h-0 
a6 147 24 68 
76 90 53 125 
47 82 47 * 76 
11-3 103 a9 150 
io6 112 123 122 
95 154 47 100 

133 120 so 113 
io5 157 44 94 

19 24 .___ ---_ 
Niarch t o  
gay June July A u g u s t  -_____ 
---I- 153 1 5 5 7 - 9 5 .  

137 107 77 98 
140 104 98 115 
y3 110 ge, 81 
99 160 72 64 
96 163 56 112 
78 174 100 150 

9-7 77 86 59 
93 125 67 64 

mo 54 35 50 
95 90 94 80 

91 80 34 41 
92 62 24 44 

86 54 log 132 
61 1 i 3  112 79 
61 180 98 159 
56 140 63 109 
79 120 77 70 
65 107 74 84 
87 106 80 149 

116 10s 9s 222 
95 78 117 129 

117 136 78 91 
129 11 57 gg 
io8 76 88 95 

_1_- __. 
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In 1881, June was very dry i n  the Soathvest, and July and 
August ill the cent ra l  Vct1lity6 and 111 the 3ast. 

In 1894, severely droughty conditions were confined t o  the 

In 1901, the ceiitrttl valleys,  cspecialljr the western Corn 

cent ra l  valleys and the  Uorthwest. 

Bel t ,  suffered most ,  

In 1911, t h e  greatest  deficiencies i n  proc ip i ta t  ion occwrcd 
rizther early i:2 the seasons 

In 1916, and 1924, the droughts covered c o q ~ ~ r a t i v e l y  smll 
ar eas . 

The drought seriously affected a l l  growiiig croijs .and the 
scarc i ty  of water f o r  livestock, and i n  sone sections f o r  domestic 
use, became a serious ?roblem, especially i n  Xentuqlg. a2d some other 
p r t s  of  the i n t e r i o r  valleys. Yinter wheat was not affected by the  
drought; i n  f a c t ,  the matiler was favorzble f o r  ripening which gave 
a good qual i ty  of grain and bet te r  yields  thaa expected i:? m a y  places. 
Early spring wheat sls o largely escaped, but heat and drought bvnaged 
the l a t e  crop considcrably, especially i n  the s k i v e k i n g  of grain. 
In getem.1, oats viere less  harmed than spr ing wheat, though the l a t e  
crw- was badly dmmged i n  the Xorth Central States ,  s o t a b u  in the upper 
Uississipni Valley, acd l a t e  f l a x  was material ly  reduced i n  yield. 
Pot.atoes also suffered serious h a r m  i n  the i n t e r i o r  valleys, buk ccn- 
tinued fairly good i n  mmy heavy producing sectionse 
and gardens, pastures and hay, and corn were the h a r d s t  h i t ,  and the 
dwLage t o  these, together with the shortage of water f o r  lives%o~ck 
and other uses i n  m y  >laces,  consti tuted the most  serious aspects 
of the  drought, 

Late truck crops 

.A prospective corn crop of 2,802,000,000 bushels on July 1 was 
reduced by September 1 t o  1,983,000,000 o r  a l o s s  of mcre than 800,000~000 
bushels. 
t;ie colmntry vas, 'by fLw, the lowest of record. 

Tne condition of gastures i n  mmy ceatral  and eBstern p a r t s  of 

In addition t o  . its economic a f f e c t s ,  mention may be m d e  briefly 
that  r iver  stages show the extent and sever i ty  of t i c  droughto 
Missouri Basin above Pier re ,  s, Da;k,, and i n  that p a r t  o f  the u p y r  
Mississi--ipi Basin above the Io!va-l~inncsota Line low r i v e r  stages a r e  
no t  unusual f o r  July and &,%st, but i n  the remainder of the drainage 
area of tlie Mississinpi R i v a  system, and on the Atlantic slope o f  Penn- 
sylvania, Maryland, Virginia, and North Carol ina the dry weather i s  
p la in ly  ref lected i n  the low water stages. 
i n  the Missomi Basin a r e  dry, and i n  the remainder of  the &aught area 
a l l  streams a r e  e i ther  as la;. as they have ever been i n  412;ust, o r  a r e  
very close t o  the low record, In North Carolina and i n  the t e r r i t o r y  
drained by the southern t r ihn tar fes  of the  Ohio, l o w  s t a t e s  i n  1925 ap- 
pear t o  have been s l i g h t l y  lower than those p r e v a i l b g  i n  the present 
snmer . 

In the 

Many cf the srrall streams 



\Fells are fa i l ing ,  water f o r  stock i s  scarce where comparatively 
large streams are  not availcble,  and the matter of sewage disposal i n  
a few ?laces i s  becoming acute, %e hycko-electric plants  on the large 
s t r eam a re  not s i ~ f f e r i ~ i g ,  but on the smaller s t ream they have ei ther  
shut dawn o r  are  drawing rather heavily on t h e i r  reserves. Navigation 
on the controlled r ivers  i s  not’ interrapted,  but on the Mississippi, 
esljecially north o f  Cairo,  the loe. water has made i t  necessary t o  ma- 
t e r i a l l y  decrease the length of t o w s ,  which i s  a very serious interruption. 

CAUSES OF DRCUGHTS,HEAT WAVES,Etc. 

Foremost i n  the minds of a l l  during a summer l i k e  1930 is  the ques- 
t ion,  what causes such abnormal conditions? 
hensive answer can be given. 
varied and adapted more o r  l ess  t o  p z t i c u l a r  cases. Directing our  
aiiswer par t icu lar ly  \ t o  t’ne extonsiva drought of  1930, a l l  we can s ~ l y  i s  
that  these unusual condit iom are  best explained as a prolonged s tawa-  
t ion  o f  the  air over nearly the whole continental extent of  the United 
States. 
the continent i s  i n  more o r  l ess  act ive circulation. Coo l  air from the 
polar regions movcs southward f r o m  time t o  tMe. This feature of c i r -  
culatio:i has been especially absent t h i s  smner. 
ca l  l a t i tudes  moves northvard at intervals.  A i r  from the oceans and 
Gulf moves inland, and there is  a more o r  l ess  active and continuous 
interchange of these different  air masses, causbng the agroeabls and favor- 
able coailitions t>at prevai l  in  o r d i a r y  years. 
change has been conspicuously absent f o r  a. long t i ne  during the Frosent 
great dr ought 

No conclusive and, compre- 
Moreover, the  answer w i l l  need t o  be 

In ord ixvy  years th i s  great blanket of atnos2here overlying 

‘dnrm air from the tropi- 

This circulakion and inter- 

Dwing t h i s  s tagmt  i o n  the occasional showers and thunderstorm 
here ,?nd thcre ovcr t h o  drought-stricken region served only t o  dry ou t  
thc overlyi:?g air masses. Only a p r t ,  at best ,  of t h i s  water is evaporated 
back into the f reo  air, and with l i t t l e  o r  no moisture boriic i n  by winds f r o l  
tlie oceails, each success ive inlaud. shower, coupled with the s tagnat ioi i  and 
absence o f  geiieral rah-causing i3rocesscs, te:ids t o  fur thsr  deslete the 
moisture suz?ply &Id ii1toiIsif.y tke d r r g h t  condition. 
also, that over @est of  t h o  ULiiteL States thc sumiier heat i s  normally at 
i t s  maximum a b m t  tho l a s t  vm?k of Ju1;r. Therefore, smmertim stagnation 
aid lack o f  act ive circulat  i.oiI within the continental air blanket causes 
the absence of prectfi i tat ion and yermits the culmination of excessive 
temperatures, but the experts are unable t o  assign a qJecif5.c cause f o r  
tlie prolonged stagnation. 

It nay be poiiited out, 

CYCIlFlS SEASONAL TEXT€ER FC)RECBSTS 

The occurrelice of any notable weather event, such as  the drought of 
thc swner  of 1930, is  always made the occasion for  discussion o f  the 
pDssibi l i ty  of predicting such hap-,enings suff ic ient ly  far i n  advance 
t o  permit of s t e p s  being takeiz, i f  indeed aGy such are  possible, t o  lessen, 
the ecoiiomic loss which i s  bound t o  resul t  t o  Song as they arr ive unheralaed 



Another even more f u t i l e  imagination is  that these untoward. 
hap?enings can be caused o r  suppressed by man himself.. For exaqjle, 
many l e t t e r s  a re  received urging thjt by the use of explosives and. 
awial bombardment; we can cause p len t ih l .  rain. Curiously enough, 
another group of writers urge us t o  employ ae r i a l  eq los ives  and 
bombardment t o  destroy hurrieanes, tornadoes, etc. Here we have the 
absurd repregentation that by the use of exactly the same means we 
Cali supply rainfall t o  drought-stricken' regions, o r  we can suppress 
tornadoes, hurric&nes, etc.,mbich are frequently accom-anied by even 
tor ren t ia l  rafnfal ls .  

tlith reference t o  these and the possibi l i ty  of future forecasC- 
ing, the Veather q r e a u  continues t o  hold an ent i re ly  T e n  mind and 
t o  seek f o r  promising l ines  of at tack on the problem of such fore- 
Castb,  but we can not bo l ad  away from a sane and rational. co1iscrva- 
t i s m  i n  theso matters, ei ther by the occwrence of great natural 
disasters o r  the co.nfident assertions of advocates o f  t h i s ,  that, 
o r  the. other fanciful idea, In s o  far as a sound physical basis for  
seasonal forecasts is involved, tho subject can be said t o  be s t i l l  
i n  the speculative stage. Some pract ical  advances lwve been made by 
means of correlations, but tho sum t o t a l  Of resu l t s  attained by th i s  
method i s  r c l a t  ively small. 

%e complexity of the problem is  well i l l u s t r a t ed  by the wohthor 
extreines of tho past year i n  different agriculturd3, areas. 
great past of the United States was suffering for want of rain, weatern 
h o p e  was exLieriencing an  extraordinarily wet harvest season, and i n  
the great corn-growing region of Argentina the weather was so  con- 
tinuoilsly wet as t o  delay the conditioning of corn for  shipment over- 
seas- 
o f  weather which occw simulLanoously throwhout the world have been 
sa t i s fac tor i ly  correlated among themselves, forecasts therefor f rom a 
single factor,  such as periodicity i n  sunspots o r  variations i n  s o l a r  
rad ia t ion ,  can have no hope of success.. 

While a 

It w i l l  be' readily understoodiLthat until, the different kin& 

One l i n e  o f  at tack on the problem of seasonal weather forecasts 
that  i s  thought by meteorologists t o  offer some promise of  success 
i s  that afforded by changes in  the temperature of the surface waters 
o f  the oceans. 
influence on the climate of adjacent land areas.. 
and extent o f  the influence dqend on various circumstances, as lati- 
tude, directioa of the prevailing winds, topography, and distanco 
from the coast 
have hi ther to  operated t o  preveat any coasidera%le investigations i n  
this f i e l d  by the Peather Bureau, although some preliminary mork has 
been donn in  recent yearsI 
O f  commerce with Lat in  h o r i d a  and the qcn ing  of the Pan- Canal 
0bservatio:is from ships have been increasing f r o m  the st rategic  water 
areas embracing portions of the Atlantic equatorial currents and 
the Gulf Streams. 

It is well known that the oceans exert a pronounced 
The character, mount, 

Inadequacy of observations and other diff  icul t ies  

HOWOVO~, as a rosult  of the devel-a?ment 



h c h - b s  been said by mbhv people that weather phenobna 
mcur fg .byclesl-  Naturally t h i s  Whole subject is  a very complSkated 
one, and we a l l  recognize the ups and downs,, and'ehe frequent extremes 
05 heat and cold, wet and dry. weather phenomena, A c r i t i c a l  study, o f  
these phenomena has f a i l ed  t o  disclose any such orderly system of re- 
currences as the word 'kycleIt connotes i n  the minds of most  people. 
Forecasts on any'such basis as this w i l l  f a i l  quite as many times as 
they might succeed, and even at the best the interbals between re- ' 

currences a re  subject t o  such wide. changes i n  length Qf interval,  gyld 
the m%nitude of the extrmes,  although sometimes' lafge, are frequently 
en t i re ly  insignificant,  s o  t'hat the r e a l i t y  of' cycles' 'is very pmblema- 
t i c a l ,  and forecasting by means of  them i s  as yet unsuccessful. 

The sub jec t  of correlations .and 2er iod ic i t  ies o f  weather phenomena 
are under continuous investigation-Qy one o r  more of the exports of the 
hroau, i n  the h o y  o f  discovcring useful information. 

WEATID3 SERVICE $OR AIRWAYS 

In previous anbml roports, p a r t i p l a r l y  thosg' i d s u o d  i n  .1927, 1928, 

It seems proper at this time t o  iiidicate tlie 

and 1929, the burcaufs servico f o r  f lying a c t f v i t i  
some.length, pr ipcipal ly  f r o m  the point of view of organization and the 
leg,hla'tibn autxorizing it, 
general charakter of this- service, as now organized, and t o  point out 
needs f o r  expansion as the network of airways, i s  s t i l l  .further extended. 

&%cs discussed at 

the Weather Bureau i s  charged with the duty o f  
all: ihtergsts  - agriculture,  commerce and naviga- 

In doing tliis t ion,  whidh la 

dis t r ibuted over the' en t i re  cowtry.- These s t a t i o n s  re&larly exchange 
reports twice dai ly  and aJlso keep rcont inuous recor'ds of weather conditions 
f o r .  s t a t i s t i c a l  and research purposes. The twicc-daily reports are  used 
in+ i s su ing  s k r i o e d  statements apd forecasts whicli a r e  given wide ais- 
semination by telegraph, telephone, r a d i o ,  and the press. 
cal led the bureau's general o r  primary service. 

orgmized to ,hee t  special needs, including the protection of  fruit  and 
other C ~ o p d  from fro&, warnings of conditions favorable f o r  floods, 
forest  firds, hurricanes, and other violent stoms. Por these services 
numerous second-ardor s ta t ions - several hundred of them - have been estab- 
l ished at points f r o m  which exporienco shows'that the information i s  
needed. 
with prbmraiigbd schedulcs o r  on .call.+ 

f lying a c t i v i t i e s  on comorcial  airways. 
sorvico is  defined i n  section 5 (e) o f  tho air comorce act  o f  19260 
In organizing the service, close coogorotion i s  maintained with the De- 
partment of Commerce which i s  charged with providlng oomnica t ion ,  
l ighting, and landing f a c i l i t i e s  f o r  the airways. 

includes the. air as well as the sea. 
eau has ' O r $ i h m L  a-network of some 210 first-drder stations., well 

This may be 

IT;n addition, several more detai led and intensive services have been 

T'no regorts are  mado by nonpomissioned personnel, i n  nccordnnco 

Tho mos t  rocontly organized of these intcnslvo services is  that f o r  
(elm bureauts authority f o r  t h i s  

As  LC mle, detailed 





The basic  features  of t h e  service m e  timely reports o f  curreat 

To do 
conditiom aild s h o r t  Teriod forecasts. 
give the p i l o t  tho weather of the %owII and the llsoon-to-betl. 
this, special  observiiig s ta t ions  are established aloix and near the 
ah?whyS, 
100 miles, depending on tlie topogra3hic sild meteorological dharacteris- 
t ics of the section, 
depending l z g e l y  on the volume of t r a f f i c .  
continuous, bo th  &IJT p d  night, reports a r e  received f r o m  a l l  observing 
s ta t ions  on the airways once each hour, and in  some cases intermediate 
half-hourly reporis a re  received f rom the  more important terminal s ta t ions.  
On airways having as yet but l i t t l e  t r a f f i c  - one regular daily f l i g h t  each 
way, f o r  exmi)le - the r q o r t s  a r e  timed t o  f i t  Jcse schedules. This l a t t e r  
tyye of service as a ru le  c lmacter izes  only the e a r l i e r  stages of an air- 
way’s history. As f l y i r g  increases and off-schedule f l i g h t  s become common, 
experience shoivs that  the iieeds f o r  service can be .met a d c q k t e l y  o;ily by 
freqiient and r o g - ~ ~ l a i .  reports.  

In other words, tern aim is t o  

The distmice between tbese s ta t ions  varies from 5 or  10 t o  

The time interval  between reports  a l s o  varies ,  this 
m e r e  f lying .is more .:or l e s s  

I 

Atbention is  invited t o  the accompanying c h w t  which shows the air- 
ways f o r  which service is now furnished. 
portar-t t e rmina l  a i rpor t s  on these airways the ‘bmeau hiLs established 
coilt innous 24410~: service with f u l l  instrumontal equipment and personnel 
of four t o  seven technically t ra ined men. A t  some 250 intermediate 
statioiis tlie observations a r e  made by properly i;istructed,though not  
tGchaica1ly trained, personnel who report the  conditioiis as observed by 
cyo o r  wlth cornpal-atively simple ihstrumental equipmelit, 
tiiese sl)-Gia3, t,tti.tio::c W B  trnnw.if’c%d t o  the  bureau’s more important 
centers on the airways. 

A t  about 50 of the more im- 

aeports f rom 

Naturally the  p r o q t  collec.tion o f  these reports (and unless they 
a re  gro iq t ,  all the e f f o r t  i s  wasted) 
cation system, whose hrganizat ion is a function ‘of the airways division 
O f  the Department of Commerce. 
cular purpose 
f a c i l i t i e s ,  
b y ,  absolute p r o q t n e s s  could not be guarantoed. 
a re  e n t i f l e d  t o  aq-1 service. 
of comxiricotions under absolutz control is necessary. 

requires a highly eff ic ient  COmmUni- 

It was ear ly  foynd that ,  f o r  this par t i -  
dependence can not be placed on the  ordinary C O I ‘ m m r C i d  

L i n g  tho time of peak loads, tha t  i s  i n  the middle Of the 
All types of business 

It, was evident, tlierefore,th& a system 
This bas.’bBa 



accmplished on some of the main z i rmys  through thc instal la t ion 
of a pr in t ing  t e l e g r q h ,  o r  teletype, c i rcu i t .  The c i r cu i t s  consist , 
o f  leased telephone l ines  500 t o  800 miles i n  length between terminal 
a i rpor t s  with drop  at the intermediate weather-reporting statioiis, 
each one o f  which has an automatic typewriter, o r  t e l e t G e  machine. 
messages axe typed on these machines i n  sequence, the various s ta t ions 
following one another i n  rapid succession; and each message i s  received 
on tape by a l l  o t h c r  s ta t ions i n  t b  circui t .  This sy$3Bem of communi- 
cations i s  prompt and is  rapidly increasing i n  efficiency and re l iab i l i ty .  
T3e Department of Commerce plans t o  extend i t  eventually t o  a l l  inters ta te-  
trade air routes. 

The 

All reports,  whether sent by teletype, telephone, telegraph, o r  
radio, include information concerning the following elements: General 
condition o f  slcy and weather: ceiling; v i s i b i l i t y ;  surface wind direction 
and velocity;  temperature; barometric pressure; and miscellaneous condi- 
t ions,  such as thunderstorms, squalls, and s t a t e  of landing f i e l d  as af- 
feated by r a in ,  snow, etc. 

In many cases dew point is a lso reported, and some of the ai rport  
s ta t ions  (about 45 at present) 
and veloci ty  at various heights. 

give detailed data of wind direction 

For the general cnhdition of sky and weather no instruments are  
required, but cer ta in  def in i te  terms have become standard f o r  expressing 
i t ,  such as t tc lear l l ,  %roken cloudsll, 'lovercastll, llfogll, Ilheavy rainlf, 
l t s lee t f f ,  etc. 
whether conditions a r e  satisfactory,  impossible, o r  simply uncertain and 
therefore 9ubject t o  further study. 

This first word i n  t he  report t e l l s  the p i l o t  at once 

The next two items, ceilir!! and v i s i b i l i t y ,  usually aszsvver this 
question of uncertaint2r. For observations of cei l ing at night whon 
clouds arc present the so-callecl "ceil ing  light^^ is  i n  general use. A 
beam of l ight  is shot upwad, ir some cases vwt i ca l ly ,  i n  others at a 
45' angle, and i n  s t i l l  others at some i:itermodiato angle. Tlic use of 
this i a s t r u m m t  has not as yet 1vholly passed the eqar.ii21ental stage, 
>ut thc? coxensus of opinion i s  that a ver t ical& projected beai'l gives 
t!?e best  resu l t s ,  There i s  s t i l l  some wcertai i l tg  also as t o  &he most  
sz t isfactory intonsity. A t  present 256wstt  bulbs arc  i n  gcncral use, 
althou<gh a higher i-iteilsity i s  favored by same, especially f o r  s t a t i o n s  
i n  mountaiilous country, w h r e  high cei l ings a re  essent ia l  for  safoty. 
In  a l l  cases the be& makes a -spot of light where i t  strikos a cloud. 
Tnis spot i s  mom o r  less def ini te  and well marked, dependiag 01% t k  
density of the cloud mass. 
ceil ing,  is determined- by imam of an alidade, o r  clinomedner. 
reading of this instrument, toqether with the k;iowia d i s ta~lce  of the l ight  
source from the  point Of o b s a a t i o i i ,  provides the nccossctry data. 
m a q  cases the alidade is graduated inhxiights instead of degrees and thus 
clbrtinatee the nead of coqu ta t ion  or  the use of  tables  o r  gra$is. 

Tl?o height of the Q o t ,  and therefore o f  the 
'ilhe S W l a  

In 



For observations of ceil ing bn the daytime, so-called "cciling 
ba l loons f f  a r e  wod. 
althou& of a somewhat bet ter  quality. 
u n t i l  j u s t .  capable of sa4taining a 40-gram Weight, 
r i s e  at a known and f a i r l y  constant rate.  
nob,accurately the exact time o f  t he i r  disa32earance i n  the cloud. 
i n  the case of ceil ing l ights,  vhm the CloUd mass is of a l ight 
and $snuous nature, there is some slight uncertainty as t o  the exact 
moment of disap;?earance, and it is  general practice t o  report the height 
at which the ba l loon  begins t o  be indistinct.  Ceilings are usually given 
only t o  the nearest hundred feet. (hmter  precision is  not warranted i n  
view of the fact  that the cloud base i t s e l f  varies as much o r  more within 
re la t ive ly  short distances. 

These me about the s ize  of ordinaxy toy ballerzns, 

When released, they, 
It is then only necessary t o  

mey are  f i l l e d  with hydrogen 

As 

Observations of v i s i b i l i t y  &are noninStrWnta1, It is  customary t o  
give the greatest  distance at which conspicuous objects can be clearly 
seen, Whenever practicable, lights used at night. This method is 
api2roxi.mate' cmkp, but fortunately i t  i s  m o s t  nearly accurate at times 
when the i l l formatioi i  is of most importance, -that is ,  when visil.)ilit>- i s  
low. €t should be s ta ted that observations of  v i s i b i l i t y  show condi- 
t i o n s  in  the horizontal, hot i n  the vertical ,  
measure ver t ica l  v i s i b i l i t y  except when clouds are  low, i n  which case 
it is  defined by the height; o f  the ceiling. 

No attempt i s  made t o  

These two elements - ceil ing and v i s i b i l i t y  - have been dwelt on 
at some length for  the reason that a l l  p i l o t s  ask first f o r  information 
regarding them. 
as they were never thought of ih  meteorology before the days  of flying, 
nom they are among the most Important working elements of the meteorolo- 
g i s t  whose duty it is  t o  t e l l  2 i l o t s  whet the weather is o r  i s  going t o  
be. 

Many ask f o r  nothing else  if these are favorable, Where- 

Wind direction and volocity at the surface, temperature, dew 
point, and barometric pressure a re  a l l  s o  well known, as also the 
instruments used in  observing them, that only a passing reference i s  
neceesary. 
i n  couiection with taking off and landi-w. 
together determine the likelihood of fog and of i ce  formation on the 
planes, 
t i m t e r s ,  i n  addition t o  furnishing the meteorologist with basilg data 
f o r  synoptic charts o r  weather maps. 

They include thunderstorms, l i ne  squalls, exceptionally hemY r a i n  O r  

p o w ,  ice fo rma t ion  as reported by incoming p i lo t s ,  and any other condi- 
t i o n s  a knowledge of which is useful and at times v i t a l  i n  d e t e m i ~ n g  
whether o r  not  flights should be made. 
given t o  t h i s  par t  o f  the repart,s, 

fnf ormation concerning surface wind i s  useful principally 
Temperature and d a w  point 

Reports of pressure enable the p i l o t s  t o  correct their  aL- 

Miscellaneous phenomena are  observed direct ly  without instruments. 

Special attention is always 

- 
For measurements O f  ugper wind direction and velocity, sU-Ca1h5 

f tp i lo t  balloans" are i n  general use at airports. 
about 6 imhes i n  diameter aad a190 made of p r o  m&hdr. 

These balloons are  
Differsnt 



colors a re  eqloyed t o  give the best p'ossible v i s i b i l i t y  against varying 
backgrounds' of s l q  and cloud. 
a r e  asout 28 t o  30 inches i n  d ime te r  and asceEdat  a nearly uniform 

m a  angular readings' &re made each minute. 
portable telephone, and p lo t t ing  board, computations a re  made while the 
observation is  i n  progress, With the resu l t  that the wind conditions at 
various levels  a re  known i n  de t a i l  within t w o  ,or  three minutes a f t e r  the 
balloon disappears. 
pended a few fee t  below the bzblloon. Reports eontaining these data are  
received as a rule  at the'meather Bureau's a i rport  s t a t i o n s ,  where they 
a re  made available in  various ways. In a l m o s t  a l l  cases the reports 
a r e  posted on a bu l l e t in  board. 
p i l o t s  a re  usua1l;Jt s a t i s f i ed  with a 'reading o f  the 'bulletin; bit, i f  
conditions a re  umer ta in  i n  s p t s ,  individual copies are  sometimes made 
f o r  the p i l o t s  t o  take along on the i r  f l igh ts .  

Along with' t h i s  organizat ion'bg the Weather Bmeau, the Department 
uf ,Commerce has' established a network' o f  radio stat ions which ,broadcast 
the r4orts f a r  cer tain airways once each'hour. There a re  now about 40 
such broaacasting stations.  
equ iged  their  Glanes with.receiving s e t s  and others are  doZn;: so as 
rapidly as practicable. Thus, in  addition t o  the information given 
at the airport  s ta t ions of the bureau, the 'p i lo t s ' rece ive  supplementary 
reports while making the i r  f l ights .  

The broadcasts include not only lieports of current coiiditions 

The ballhons, when"fll1ed wit'n hydrogen, 

af 600 f ee t  a mirmte. Their ascent i s  'watched wi th ' a  theoaolite, 
By means of s l i de  rule,  

For *observations at night a small lantern i s  sus- 

If  conditions are  generally good, the 

Some of the air transport companies have 

but also of expected changes f o r  the next fcw hours. 
forecasts  have already proved t o  be a great a id ,  and it sooms certain 
that ,  w i t h  the increased accuracy that is  bound t o  corn, thoy w i l l  
ul t imately consti tute the most valuable feature  of the weather service. 
There is.some question as 'to most sui table  period of time t o  include 
i n  the forecasts. k t u r a l l y  tho shorter tho period, the more precise 
the forecasts;  but, on the other hand, t h e i r  value is limited unless 
they cover at leas t  a reasonable period. As n basis f o r  corrrpro,mise, 
the m'imum longth of tho gxcat majority of f l i g h t s  has bem chosen,' 
that  i s  threo t o  four hours. 

Short-range 

As ea r l i e r  stated,  tho basic material f o r  all forecasting i s  the 
country-wide, twicc-daily Collectioa of reports which arb used i n  con- 
s t ruc t ing  the woll-knolm weather maps. 
based on these regorts,  are  quito dependable but m a  necessarily given 
i n  general terms. What i s  needed is t h e i r  amplification and 1 o c a l i z ~ -  
tion. 
axeas Lare r c q i r o d ,  small at any r a t e  as  compared with the country-wide, 
twice-daily system. 

observations being'made af 2, 5, 8, and 11 a.mr and p.m., 75th meridian 
time. They transmit 
the i r  reports t o  airwayskforecast centers at Atlanta, @al, Cleveland, 
Ohio, Dallas, Tern, Fort Crook [near Oma;ha)Nebr,, Oakland, Oalifn, 

The forecosts for  12 t o  24 I ~ O U T S ,  

For thio pmpose supplementary reporta from re la t ive ly  small" 

As an experiment the period of three hours has been selected, the 

4)out 110 stat tons a re  at present i n  this syhtem. 
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Portland, Oreg., and Sa l t  Lzke City, Ut&. 
d e t a i l  on base rnaps, and l i nes  of equal p r m s u r e  a r e  &awn. 
for 8 a,#. and psm., wvanty- f i f th  mcridian time, being based on tho 
bureau's primary system ciP repor t s ,  a r e  of  course much more c o q l e t e  
t h m  a r e  the  s ix  othcrs. 
former and serve t o  &ow t h e  changes taking place i n  the areas f o r  
which the  short-range forecas ts  m e  issuod. 

The data a re  entered i n  
'Phe WPS 

Ilzlc l a t t e r  a r e  uscd as aux i l i a ry  t o  the  

Although designed prirllarily f o r  f l y ing  a c t i v i t i o s  over established 
airwaTs, the 3 hour system of reports and forecas ts  i n  farge pa r t  also 
solves the problem of  so-called "off-airways" f l i g h t s .  Before the or -  
ganization of t h i s  system thoro mas nc provision f o r  obtaining special  
reports f rom places not on rc,.ular routes,  except s p c i a l  call and 
at the expense o f  the p i l o t s  dosiring thom. Now, however, information 
i s  f a i r l y  complctc f o r  large arcas, and any one dosiring reports f o r  
cross-cowtry f l i g h t s  i n  thcso a r m s  has only t o  l i s t e n  i n  at the  proper 
times, s ince  those sumcaries are regular ly  broadcast, as w o l l  as tiic 
h o w l y  repor t s  o f  conditions s l o n z  the established airways themselves. 

Thus far the  need and value of short-range forocasts have boon 
stressed. They a r e  relcttivoly p r q i s c  and covcr approximately the 
duration o f  nearly a l l  f l i g h t s .  
necessity o f  the  longer-px~iod forecas ts ,  t o  which r a the r  a r c  thoy 
supplemmtar;.. 
important, R i l e  tho i!idividuaJ i 3 i l O t  i s  in te res ted  i x  the weather 
f o r  ;I few hours, the  operations manager of an air-trans7joi.t l i n e  
needs t o  make his plans as far i n  advance as possible. 
is this  t rue  if passenger service is  included. 

But  they w i l l  never do away with the  

The 12 t o  24 hour forecas ts  w i l l  become increasingly 

Pa r t i cu la r ly  

Thus, t he  three main fea tures  of weather service f o r  aeronautics 
a re  each e s sen t i a l  t o  the  pro9or functioning of  the others. (l), Tho 
frequcrct, individual r q o r t s  t e l l  of t he  weather now; ( 2 ) ,  Ti?e short- 
range forecasts cover the individual iflights o r  announce the  weather 
t ha t  i s  soon t o  bo; and (3) the  basiG gei:eral forccas ts  indicate the 
l ikclihood of successful f l y ing  to-morrowo 
the general forecasts form the  groundwork n f  t h e  e n t i r e  service; thoy 
a r e  auzplemented by the  more intensive shorter-period forecasts;  and 
both of theso a r e  s t i l l  fu r the r  sup1)lemented by timely repor t s  o f  omrent 
c o n d i t i o x ,  which check tho forecas ts  p o v i o u s l y  mado and yrovidc data 
fo r  s l i gh t  rnodificat ion i n  them, if  necessary. 

Coilsidered i n  reverse order, 

Again r c fc r r ing  t o  the  chart ,  the system of  airways there shown i s  
only a beginning. 
Coixierce $or a n y  addi t iona l  l i nes ,  and eventually the e n t i r e  country 
w i l l  be coverod. 
Weather Bureau, t o  thc extent t ha t  addi t iona l  apjprcpriations permit, 
w i l l  organize service f o r  than, along the l i n e s  of t he  present service,  
with such modificatiors i n  d e t a i l s  as e,qcrience m y  show t o  be desirable, 
Fortunatoly tho cost o f  theso extensions will be considerably l e s s  per  
airway nile than tlmt of t h e  service thus far organized, since mlch of 
the l a t t e r  w i l l  give in fo rmt ion  that will m o t  i n  p a r t  the needs of  
thc  now l ines ,  

Already surveys arc being made by the De;oartment of 

As rai2idly as those airways a r e  establSlshod tho 


