
For the yeas 1830, the eatension No. 1, gives R mean 
elevation of 6.88 feet, for the year, or 240+6.88-246.88 
feet. Extensions Nos. 2 and 3 are given simply to show 
that considerable error may be made in extehding this 
residual “e,” and yet influence the results only 5 per 
cent of the total maximum swing fropl highest to lowest 
mean monthly levels recorded. In order to forecast as 
closely aa possible, one should secure the data to the end 
of the caleadar year; as it is, the extension for the year 
1931 indicates that the mean annual level will be aboat 
6.22 -1-240 a246.22 feet, still lower than for 1930. 

The accuracy of these forecasts de ends a great deal in 

emerge as perfectl as one could wish. If they were 
perfect, they woul dv consistently appear in a certam rela- 
tion to the sun s ot maxima and mmima. As it is, we 

a close inspection of curves Noe. 1 and 2, Figure 4, that 
the double Wolf cycle has reached ita peak a t  1929, and 
will trend downward to about 1932-33. 

The same remarks a ply to lakes with outflow, relative 

lakes. It 1s most important to discover the lag of rainfall 
behind the temperature oscillations, and if possible the 
lag of the levels behind that of the rainfall. With lakes 
having data similar to Lake Ontario, one does not need 
necessarily to make these rainfall and temperature studies, 
only as indicated herein, to discover the epochs of the 
secular swings. 

In  his chapter headed “The Sigdicance of Cliimtic 
Oscillations in Theory and Practise,” Brtickner says (p. 
274). 

Our climatic oscillations can also be modified due to different land 
conditions. Especially in arid districts, where there is little water, 
the hydrographic conditione dter greatly, in that they follow the 
oscillations of the rainfall. A map made during a dry period, will 
often preeent an entirely Merent picture, than if it were made 
during a wet period. Lakes vaniah in dry periods and return in 
wet; vis, Lake George in Aua%ralis, which in 182O.aad 1876 was an 
important lake 20 to 30 kilometera lon and an insignificant lake 
only in 1850. It WM 10 lnlometers wife and 5 to 8 meters deep, 
and in the dry periods, dwindled away completely down to the 
ground, BO that gram grew in ita basin. Likewise the neighboring 

predetermining the ath of the doub P e Wolf cycle. In  this 
record of lake leves, P these double Wolf cycles do not 

can only tentative 3 y extend them. If is self-evident, from 

to investi@ing rainf Bp 1 and temperature as for no-outlet 

lakes, C o d  and Bathurst, becsme depleted in the dry periods, 
and refilled in the wet periods. From a full consideration of these 
facts, it is clear that lakea Cowal and Geor e behave aomewhat like 
Lake Zurich. Very similar also is lake jamun-Sumpf of Persia, 
although thb doea not COMpl9telY dry up. Great, also, are the 
oscillations 3f Great Salt Lake, whom area changed from its mini- 
mum in 188) to its maximum in 1870 8 full 17 per cent, like that 
of Lake di Fucino, whose area decrerrsed 19.2 per cent from 1816 to 
1835. Relatively amall, although very definite, are the larger 
oscillations of the Caspian Sea. 

In  an attempt to utilize Briickner’s ideas, in the past, 
so many anomdies devdoped that his work has lain in 
obscurity. Briickner, himself, was unable to discover any 
correlation between his cycle and the sun spots. Great 
credit, therefore, should be given Streiff (2) for his dis- 
covery of this relationship, and why its existence had 
hithertofore escaped us; for until he made it, there wafi 
nothing to tie to-our climatic cycle was of a greatly 
varying period, and no one knew when it would change 
or end. With out present knowledge, we can turn back 
to Briickner’s book, and use the information it contains 
to great advantage. Briicher calls attentoin in the 
extract given above to the difference that may exist in 
a map made in the dry period as against one made in 
the wet period. The last major climatic oscillation peak 
was about 1856, or 74 years ago. Practically all of our 
important railroad and public highway work has been 
done since that t,ime. Most of our park systems drive- 
ways, and roads of all types for auto travel, in the various 
States, have been completed within the past 30 years, 
namely, beginning at the very lowest point of our cli- 
mat,ic swing (1900 to 1910). There is every reason to 
believe, therefore, as the next 20 years comes on apace, 
we will witness considerable damage to work done during 
this past regime of weather. 
(1) Klimaschankungen seit 1700, b Ed. Briickner, Vienna, 1890. 

This was also published as %eft 11 in Penck’s Band IV. 
Geographische Abhandlungen. 

ton, D. C. 

ington, D. C. 

(2) A.  Streiff in Monthly Weather Review, July, 1926, Washing- 

(3) A. Streiff in Monthly Weather Review, March, 1928, Wash- 

(4) A. Streiff in Monthly Weather Review, October, 1929. Wash- 
ington, D. C. 

(5) United States Geological Survey data. 

WEATHER AND CORN YIELDS 
By W. A. MATTICE 

[Weathcs Bureau, Washington, April, 18311 

Corn is one of the’ most widely grown crops of the 
United States; practically eve State g o w s  some corn, 
whether for grain or silage. %e heanest pToduction is 
concentrated in nine States, comprising what is known as 
the “Corn Belt”; here is found about 60 per cent of the 
Nation’s acreage and in 1025 this region produced 70 per 
cent of the total production. Figure 1 shows the area 
under consideration. The States outlined contain the 
Corn Belt proper, but the sections of heavy production 
do not include the entire regioh ehown, as it is confined 
to the central parts of the Ohio Ylclley States, most of 
Iowa and Missouri, southeastern Minnesota and South 
Dakota, and eastern Kansw and Nebraska. The figures 
shown in the State boundaries are the percentages of the 
totd crop area that is planted to corn in each State, 

The weather data used in this study were ob%ained from 
the State Section Summea and the original records of 
observations on file a t  the central offica of the Weather 
Bureau. The precipitation and mean temperature data 

are State averages for all meteorological stations, but the 
maximum temperatures, percentage of possible sunshine, 
and p. m. relative hurmdity were obtained by averaging 
data of selected firsborder stations. 

As is usual in a study of this type, covering a relatively 
long period of years, it was necessary to adjust the records 
available to the several State boundaries, but every effort 
was made to keep the data representative and comparable. 
The yield data were obtained from the United States 
Department of Agriculture reports. 

The method developed by Kincer (2) was applied to the 
several State data, using five weather elemenh covering 
the period April 1 to September 30, inclusive. In order 
to conserve space, and also as the method is familiar to 
most of the readers of this publication, the various data 
used in computation of the bases are omitted and only 
the final computed el& are given. By the expression 

a weather index for subsequent calculations. That ex- 
ression is used for brevity and convenience in discussion. 

$able 1 shows the actual corn yields in bushels per acre 
and Table 2 the computed bases; the averagea for the 

“bases” is to be un F erstood the computed yields used as 
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Plauar 1.-The Corn Belt Btates. Region outlined showa the area of heaviest produo 
tion. Thls Mea In 10% grew 69 per cant of the total corn cmp of the United Mates. 
Figurw wlthh State boundaries indlcate per cent of total acreage planted to corn in 
the respective B t a t a  

A word of explanation is necessary a t  this point. The 
weather variables for Ohio were so numerous that the 
corn utation of a straight multiple equation was avoided, 
the ata being first combined in groups of three variables 

w m 75 20 25 
B 

1901 

Ohio.-Equations and variables used. 
X I  = 0.781A -0.489M+ 1.032% 50.335 
Xs= -0.595E+0.401K+0.652C+ 17.755 
Xa = 0.259G+ 1.744D+ 0.347F- 12.827 
X =0.589X1+0.413Xp+0.297X~- 11.290 
- 

A= Mean temperature, Ekptember. 
B= Mean temperature, June. 
C= Mean maximum tem rature, April. 
D= Total precipitation, cy. 
E= P. m. relative humidity, June. 
F= Mean maximum temperatures, September. 
G= Percentage of possible sunshine, June. 
K=P. m. relative humidity, August. 
M =  Percentage of possible sunshine, July. 

Indiana..-Equation and variables used. 
X=2.646A+0.234L+0.433H f0.6590- 22.980 

A = Total precipitation, July. 
L =Percentage of possible sunehine, May. 
H =  Mean maximum tem 
D=Total precipitation, gptember. 

Illinois.-Equation and variables used. 

ratures, September. 

combined in the h a l ,  or fGurt6, expression. 
H=0.470A-00.412F+ 1.230K-0.603G-0.722E-0.4385+ 110.907 

A=P. m. relative humidity, July. 
F= Percentage of possible sumhne, September. 
K = Total precipitation, April. 
G- Mean maximum tem ratures, Auguet. 
E=Totd precipitation, .&. 
J=P. m. relative humidity, September. 

Minnesola.-Equation and variables used. 
- 
X=O.622A+O.520C+O.l64F-0.44lI-O.333M- 10.187 
A= Mean temperature, June. 
C= Mean mrrximum temperatures, August. 
F =  Percentage of possible sunshine, July. 
I=P. m. relative humidity, April. 

M =  Percentage of pomible sunahine, April. 
IouKL.-Equation and Variables used. 

x=0.912A+ 1.734D- 1.122F-0.568I+0.543J+0.130L-30.666 
A = Mean temperature, Beptember. 
D=Total precipitation, A ril. 
F = Total precipitation, d a y .  
I = Mean temperature June. 
J =  Mean maximum temperatures, May. 
L= Percentage of possible sunshine, June. 

bushels per acre TABLE 1.-YieMs - 
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WEIGHTED CORRELATIONS 

It is realized, of course, that the method of obtaining 
the final computed yields for the Corn Belt UB a whole, is 
open to question, as the method of weighting each State 
equally would be considered erroneous by some authori- 
ties. It was with this thought in mind that the entire 
ground was again covered in a Merent  manner. 

The various States appeared to lend themselves readily 
to a ouping by sections, as follows: The Ohio Valley, 

Valley States were bhio, Indiana, and Illinois The 
Mississippi Valley States were ori 'nally intended to be 
Minnesota, Iowa, and Missouri, rut, in examining the 
coefficients it was found that Missouri did not correlate 
with the others, in fact, when Minnesota and Iowa had 
positive coefficients with a certain weather veriable 
Missouri was ne ative, etc. Therefore, it was decided 
to combine only hnneso ta  and Iowa in the Mississippi 
Valley and include Missouri in the Great Plains as it 
correlated with the latter area. 

The final grouping of the Great Plains then became: 
South Dakota, Nebraska, Kansas, and Missouri. The 
disagreement of Missouri is very interesting, as it indi- 
cates that Missouri weather resembles that of the Plains 
more than that of the Mississippi Valley. 

The weights were found by comput'ing the per cent 
each State acreage was of the total for the group. Thus, 
the per cent of corn acreage of Ohio was obtained by 
dividing the acreage of corn in Ohio by the acreage of 
the Oh0  Valley group. This percentage was obtained 
for each year of the 25 studied, for as the acreage varied, 
so the weight that should be given to an individual item 
should vary. The yields were wei hted by multiplying 
each yield figure by its corresponhing percentage, then 
obtaining the sum of the results. Thus, there was 
obtained a final yield figure that was weighted directly 
by the importance of the several States. 

The selection of the variables to be used was somewhat 
more complex. -4s a preliminary step the coefficients of 
correlation of each State for the five weather items were 
entered in a table. It was then possibie to pick out 
those months of greatest importance as the coefficients 
would all be of the same sign, although of various magni- 
tudes. The selected values were then weighted in the 
same manner as the yields and the coeficients of correla- 
tion obtained. From this step on the method is exactly 
the same as before, so a detailed discussion is not neces- 
sary. The equations and variables used are given below. 

the i$ ississippi Valley and the Great Plains. The O h 0  

The Ohio Valley.-Equation and variables used. 
X= 0.676A+ O.746F - O.668E - 1. 181 B+ 0.180H - 6.4.60 

A=P. m. relative humidity, July. 
B=Total precipitation, July. 
E= Mean temperature, July. 
F= Mean temperature, September. 
H=P. m. relative humidity, September. 

The Mississippi Valley.-Equation and variables used. 
X=0.64aA+ 0.1 77C+ 1 .784D+ 0.1 16K-98.04S 

A= Mean temperature, September. 
C= Percentage of poesible sunshine, May. 
D=Total precipitation, April. 
K = Percentage of possible aunahine, June. 

The Great Plains and Mbsmri.-Equation and vari- 
ables used. 

x= 0.4JaA + 0.268B- 0.661 C+ O.B06N+ 0.341 0 +8.881 
A=P. m. relative humidity, August. 
B= P. m. relative humidity, July. 

Missoclri.--EQuafion and vrrriablt90 used. 
X= -0.894B-723C+ 169.102 

B= Mean maximum bmperatures, Auguat. 
C- Mean maximum temperaturee, July. 

South Dakota.-Equation and variables used. 

I= 1.787A+0.291B+ 1.498K+0.14aF+0.078H-8.866 
AnTotal pmipitation, Msy. 
B=P. m. relative humidity, July. 
K= Total predpitation, April. 
F=Pementage of possible aunshine, May. 
H= Percentage of poeaible sunahine, September. 

Nehka.-Equation and variables w d .  
- X ~0.03844- O.SO4E- 1.191 D-3.373L+0.6938+0.270J+ 63.808 

A=P. m. relative humidity, August. 
E-Percentage of poeaible eunshme, June. 
D= Mean temperature, July. 
L=Total precipitation, July. 
H= Mean &.mum temperatures, June. 
J=P. m. relative humidity, July. 

Kansas.-Equation and variables used. 

z= 0.399A+ 0.4308+0.2450+0.177L- 45.981 
A=P. m. relative humidity, August. 
B=P. m. relative humidity, July. 
O=P. m. relative humidity, May. 
LE P. m. relative humidity, September. 

One striking feature that is instantly apparent is the 
fact that every variable in Kansas is relative humidity; 
this item a ears more important in the Plains than 
eIsswhere. v ndoubtedly, the relative humidity at the 
p. m. observation is a fairly good index of the weather 
conditions as affecting corn, at least in the Plains States. 
The moisture conditions are more precarious here than 
farther east, and anythin which tends to increase 
evaporation, would necessari f y produce its effect on crops. 
Evaporation and relative humidity are closely related, 
so the latter produces an indirect effect on yields through 
that relation. 

The coefficients of correlation, as shown in Table 2, 
are all fairly high, ranging from 0.71 for Iowa to 0.92 for 
Kens?. Iowa has always been a rather difficult State 
for whch to correlate wrn yields and weather, so the 
low coefficient there was not surprising. Kansas, on 
the other hand, has been a favorable one for correlation 
purposes. One item shown in Table 2, the standard 
error of estimate, S , needs some explanation. The 

deviation, except that the departures are computed from 
actual and computed yields. The standard error, com- 
pared with the standard deviation of yield, shows the 
value of the coefficient of correlation instantly, for if the 
atsndard error is not sufEcientl smaller than the standard 
deviation, the coefficient is v J ueless. It might be added 
that in order to reduce the stmdard error to 50 per cent 
of the standard deviation it is necessary to have a coeffi- 
cient between 0.86 and 0.87. 

figure 2 shows the actual and corn uted yields of corn 

for the nine States. c ose, except 

values is 0.89, a value sufEciently high to justify the 
statement that yields are largely dependent on the 
weather, and that we have included the major items 
necessary. 

value shown is derive 7 in the same manner as staudard 

in bushels er acre for the Corn Be P t as a whole. The 
two sets o P data were obtained by averegin the yields 

The igreement is ve 
for 1901. The coefficient of correlation 'gs etween these 
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C= Mean maximum tempratuws, July. 
N = P .  m. relative humidity, May. 
0 = Percenhgle d poesibk tunshine, July. 

P. m. relative humidity is stilt of greatest importance 
in the Great Plains, but elsewhere there ia a wider range 
of the variables. 

30 

25 

20 

FIGURE 3.- (a) Yields of corn bushels per .sum for the Ohio Valley (b)  for the Missis- 
sippi Valley, and (c) for the’oreat Plains and’Missouri. Yields deighted on acreage- 
percentage basis 

Figure 3 shows the computed and actual yields for 
these three divisions, “a” being that for the Ohio Valley, 
“ b ”  that for the Mississippi Valley, and “c” that for the 
Great Plains and Missouri. The final bases and yields 
are also given in Table 3. The Great Plains again agrees 
more closely with actual yields than the othera, w t h  a 
coefficient of 0.88, whiie the Mississippi Valley coefficient 
was only 0.63. 

TABLE 3.-Compufcd and aahrol ’dda of m fw the threa dA%hiow 
of the &rn Bell 
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aaa 
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31.0 
aSl 
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a 2 3  

24.9 

17. e 
27. a 

29.3 

ia 4 

p a  
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In combining these three divisions to meke a final 
computation for the entire mea, two methods were ped .  
First, a simple arithmetic average, and second, by wexht- 
ing on an acreage-percentage basis. The acre ea for 
the several divisions weie divided by the total for%e belt 
and the yearly percentages obtained. The coefficients 
of correlation were, respectively, for the weighted and 
unweighted values, 0.83 and 0.78. Figure 4 shows the 

/go/ ‘a5 70 75 ’20 ’25 

6 30 
R 
3 
? 25 
9 
G 
20 

FIGURE 4.-Yialda of corn, bu”h&p“ w e ,  the C a n  Belt. W&hkd averagr of the 
hree dlvlslona 

computed and actual yields for the weighted values; 
there is again very close agreement, except for one or 
two years. 

In order to give the weighting method a further test, it 
was decided to weight the onginal final bases for the 
individual States, obtained as before indicated. “he 
percentage of acreage in each State ww cQmputed, based 
on the acreage of the entire re ’on, and &em percentages 
applied to the final bases. !?he computed yields thus 
obtained were compared With the actual figures, aleo 
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weighted, and the find coefficient of oorrelation was 0.00 
This small increase over the original method is very 
important, as there is an increased reduction of standard 
deviation of about 2 per cent. 

The yields computed in this manner agree a little more 
closely in those years which were at  variance before, thus 
making this method a little better than the other one. 
The actual and computed yields are shown in figure 5. 

Thus, we have two methods of computing corn yields 
in the belt. The method of weighting seems to be of 
slightly more value than that of sim le arithmetic aver- 
ages. The wei hting of individuaf weather items in 

high a coefficient aa considering each State individually 
and then weighting to its proper place in the belt. 

correlating west % er and corn yields does not return as 

/go/ ‘05 rn 7 5  ’29 ’25 
I 1 I I I 

I I I 

- HCTUHL WELDS . ---- COMPUT€D YIELDS 
20 

I I I ’i 

Fiowr 8.-Yieldr of corn, bush& er acre for the Corn Belt. Weighted average of 
indpvldud dtate buss 

T H E  S T A T E  OF IOWA 

In Iowa “Corn is King.” The corn crop is to this 
State what cotton is to the South. It follows, therefore, 
that any fsctor that affects the she of the corn crop is of 
vital intemt not only to the State, but to the Nation. 
The weather is, naturdy,  the most important element 
influencing the growth of corn pnd this papei will attempt 
to show those periods of most unportance. 

The average corn production in Iowa for the years 1921- 
1925 was 426,000,000 bushels, or about 15 per cent of the 
average of the whole country for the same period. I t  will 
be seen, therefore, that tbe Iowa corn crop is of great 
importance, and many investigators have studied the 
effeict of weather on the yields of corn in this State, but 
none in such detail as Wallace (1). 

Wallace said, in part: 
In Iowa the multiple c e d e n t  of correlation between yield 

and May temperature, July temperature, and Auguat rain is disap- 
gdntingly low * * dal examination of the evidence 
ea& to the conclusion t h a ? g o w  correlation coefficient in Iowa 
is due to the fact that in Iowa there are some season8 and aome 
~#Morm when the yield is short because of the-too cool weather 
dwing the grater part of the aummer, whereas in other years the 
geld ie,&ort becauae of too hot weather. * * * Obviously, 

erefore, a e  method of correlation coe5cienta is not very well 
acbpted to examining the eflect of weather on corn yield in Iowa. 

With this condueion there wata set forth a series of 
tables, based on correlation coefficients, from which 
could be computed the percentage-the crop would be 
above or below an aver e deterrmned from a line of 

the northern and one in the central part of the State, 
with the main work on Polk County crops. While this 
method of computiq yields is sometimes very satisfac- 
taq, it can not be said that it has a strict mathematical 

secuIar trend. This ww 3 one for two countms, one in 

I I 
\ I  1 1  

\ I  
r !  

Q 25r 
ACTUHL Y/ELDS ---- ADJUSTED Y/ELLDS-S€CUfAR 7EEND REWVED 

FIGURE 6 -Yields of corn bushels per acre for the State of Iowa. Upper solid line 
shows observed yields, ldwer broken line shows the adlusted yields after removal of 
secular trend. Line of secular trend is also shown 

ture factor, Dubuque, Des Moines, Charles City, and 
Sioux City, covering fairly well the section of heaviest 
production. 

The period 1901-1925 was chosen for study asnearly 
complete records were available for the 25 years An 
extension of the time backward or forward might be 
effected, but records become more fragmentary in the 
earlier years and less ready of access in the later ones. 

It was found that the secular trend of corn yields in 
this period increased at  the rate of about 0.5 bushel per 
year, the complete equation being y =29.418 + 0.486t, 
wliere t is the time in years. Wallace had found an 
annual increase of 0.29 bushel in the Iowa data from 
1891 to 1919 and Reed (3) found an increase of 0.283 
bushel per year in the years 1890-1926. It would seem, 
therefore that the period, 1901-1925 was that of greatest 
increase in yield. Reed’s conclusions as to the u ward 
trend are very pertinent to this study and wdf bear 
repeating : 

There is a well-defined tendency for corn in Iowa to become 
more and more damaged by frost before it reaches maturity. * * This scarcely leaves a doubt that the farmera of Iowa 
by breeding for large yields per acre have sacrificed maturity of 
the crop. 

The success of this practice is well demonstrated in 
Figure 6, which shows the yields in bushels per acre for 
the eriod under consideration as well aa the yielde when 
sec3ar trend has been removed In order to remove the 
trend, which is obviously unrelated to weather influences 
the equation mentioned above was applied to the observed 
yields. The annual increment was 0.486 bushel and 
this, multiplied by its pro r value of t ,  was subtracted 
from the original data. rhis, as shown, removed the 
external influence of increased yields and permitted- the 
application of Kincer’s method. 
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The new yield figures can be considered as entire1 
separate from the o nal ones and handled as desired: 

the new data a8 though it had no connection with the 
origincu. The operations performed in this aper are as 
deecribed by Kincer and need no further exp lp anation. 

The mean, standard Yr eviation, etc., were computed for 

especially high, running down from 0.56 to 0.31, but their 
combinations are more important than sin& coefficients. 

TABLE 6.-Iowa 
- 
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Al=Weather indices computed from A and B (Table 4). 
As=Weather indices computed from AI and M (includlng A, B, M, Table 4) 
A:=Weather indices computed from A, and D (including A B M D Table i) 
Ad=Reather indices computed from A: and I (including A k4 hf ’D > Table 4j 
~ = W e a t h e r i n d i ~ s c o m p u t a d ~ o m A ~ a n d ~ ( i n c l u d i n g A ’ B ’ ~ ’ D  ’I ’N Table4 
Aa= Weather indices computed from AI and H (includinj( A, A, h,’D,’ I ,  N, & 
AT= Weather indices computed from Ac and J (including A, B, M, D, I ,  N, €I, J, 
X’=Final computation of yields AT with secular trend inserted. 
X =Yields of corn, bushels per &re, Iowa. 

Table 4). 

Table 4). 

Table 5 shows the computed values of corn yields for 
The base 1, or each successive step in the operation. 0. 5 
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FIGURE 7.-Yields of corn, bushela per acre, for the Btste d Iowa. The d i d  line 

represents the actual yields and the broken line shows the computed yid& 

Al, was computed from A and B, columns 1 and 2, 
Table 1; base A2 was computed from A1 and M, and so 
on up to base A7, which concluded the series sa the bese 
As did not raise the mefficient. The c0efFieient.e of cor- 
relation of t’hese bases with corn yields increase from 
0.68 to 0.81. The final base, A,, is not adjusted aa the 
secular trend remains to be added. This was done in the 
column headed X’, and as column X contains the ob- 
served yields, they are directly com arable. 

Figure 7 shows the computed an 1 actual yields of corn 
for the years 1901-1925. There are two stnkingyears of 
crop failure noted, one being in 1915 and the other m 1924. 
The 1915 depression is a combination of several whther 
influences, which are fajrly well represented by the com- 
putation equation, while that ia 1924 was not 80 well 
indicated as many items entered into the unfamrable 
conditions prevailing that season which are not repre 

A-Avemge weakly marlmum temperat 
B-Average weakly precipitation for the 
C-Amrage wwkly meon tam F t u w  
D-Average weekly predpitat n for th eak ending June B. 
E-Avwaga wwkly predpitation for thc 
P - A w s g a  weekly peram- of m h  
Q-Avsrage weekly p. m. relstlve huml fw the week ending June 23. 
H-Average weekly predpitation for the wwk ending May 12. 
I-Average weekly predpitation for the week ending June 30. 
J=Avem,ga weekly p. m. relative humidity for the week ending June 9. 
K-Avaage weekly pmdpitatlon for the weak endln May 26. 
L-Avera~a weekly wcsnhage of poesibb .anabine fb, the week ending June 9. 

M-Average weekly marimum temperatures Br the week ending Bept. 15. 
N-Awrsge w w  predpbtstion for the a& snding 8ept. 2% 
O=Avernge -%mean temperatures for the week ending Bept. 15. 

18 for the week ending May 26. 
ek ending July 28. 
the week ending May 28. 

sek ending June 9. 
anshlps for the w e k  ending May 28. 

Table 4 shows the variables used. It will be noted 
that precipitation data occur seven times, and maximum 

It is significant that precipitation should appear nearly 
half the number of times, for others have found that the 
m o u n t  of rainfall is very important to corn, especially 
at certain critical periods. The coefficients are not 

mean temperatures, ercentage of possible 
the p. m. relative Eumidity twice each. 
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23.4 
32.7 
38.1 
30.9 
31.8 
30.5 
a . 1  
P . 7  
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3 2 6  
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29.6 

24.0 
28.7 
25.5 
28.1 
33.3 

31.9 
28.1 
29.7 

27.0 

21.2 

30.4 

Omitting 1924, a new grouping of the variables occurs 
which is shown in Table 6, and the number is increased 
from 15 to 20. The exclusion of the abnormal year 
enables the weather data to fit the yield data better, aa 
it  was found in the previous calculations that the year 
1924 was at  variance with the remainder of the years 
when computing correlation coefficienta. The coefficients 
of the new variables decrease from 0.58 to 0.30, a some- 
what wider range than before, while the precipitation 
data occupy the same important position they did in the 
other grouping. Thus, it can be said that the rainfall is 
the dominant feature of the weather influence on corn 
yields, but that other influences modify it. 

TABLE ~ . - ~ O Z D O  

23.8 
31.8 
26.5 
30.0 
32.0 
30.8 
26.R 
24.0 
27.6 
28.2 

3 1 2  
27.2 
30.0 

25.0 
27.3 
28.5 
28.3 
33.7 

32.9 
27.5 
29.8 

m.4 

20.2 

30.7 

sented in the equation and could not be included, under 
the limitations of the preaent data avdable. The season 
in 1924 was very late, reac three weeks behind the 

spicuous failure of the equation, ut  otherwise a very 
good relationshi wy&9 obtained. 
As mention J above, the yield in 1924 was tremen- 

doudy reduced; the fall frosts ended the growing season 
when only 32 per cent of the crop was reported fully 
mature, and as the average maturity a t  time of frost 
was 88 per cent, the reduction was 56 per cent, or neatly 
two-thirds, of tho normal. The average amount of corn 
fit for seed was 51 per cent, but in 1924 only 16 per cent 
WJM saved. Thus, omitting 1924 from the calculations 
will not upset a regular sequence of years, aa the recur- 
rence of the abnormal conhtions prevailing at  that time 
can be expected only very infrequently. 

avers e at  one tune, and the % f frosts cut the corn yield 
to a f arge extent. In the other ears, 1906 is a con- t 
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Table 7-shows the new bases computed. There i s  one 
more base this time than before, and a new computation 
for X. The coefficients increase from 0.69 to 0.91, which 
is more satisfactory, as the increase of 10 points in the 
correlation coefficient at this stage means 18 per cent 
increase in the reduction of standard deviation (4). The 
bases range from AI, computed from A and D, Table 6, 
to AB and X". 

Due to the large number of bases, embracing nine 
variables, it was decided to compute the final equation 
on a somewhat different basis than before. The nine 
vaxiables, A, B, C, D, E, K, M, P, and T, were combined 

oups of three as follows: A, B, and C; D, E, and K; 
M ,  P, and T, with the usual multiple correlation 

method used for each group. The equation for the first 
group was x= 1.829A+0.215B+0.100C-8.603; that for 
thesecond,x2= -2.2370- 1.9783-0.436Kf69.47l;and 
that for the third, = - 2.359M- 0.170P- 0.408T + 73.121. These three equations were then used to com- 
pute three new bases, XI, X2, and X,, from which the 
- final equation was derived. The final equation was 
X=0.577Xl+0.480X2+ 0.548X3- 17.183. The computed 
yields derived from this equation were better in fit than 
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those for base &, due, no doubt, to a better correlation 
of the respective vaxioblee than would be obtained in the 
complicated method used before. The value of the co- 
efficient thus obtained was 0.91, an improvement over 
that of base As of 0.02. 
This h a l  computation was still incomplete, so the 

secular trend was added to make i t  comparable mth  the 
observed yields, aa shown in column X', Table 7. 

Figure 8 shows the computed and actual yields with 
secular trend added. It wi l l  be noted that there is a 
much closer fit of the data than when 1924 is included 
and that the year 1906, which was a bad fit before is 
now much better. 

/m/ @5 'm 75 '20 25 
I I I I I I 

FIGURE &-Yields of corn, bushels per acre, for the State of Iowa. The:olid line rep- 
resents the actual yields and the broken line shows the computed ylelds. In this 
figure the yleld data for 1821 have been omltted 

No final attempt was made to forecast yields from these 
computations as this method of stud , while it fits the 

limited in value. It satisfies the data under considern- 
tion, but can be of no value in forecasting, for the yields 
can not continue to rise indefinitely, as would be assumed 
from the direction of the line. Other types of curves 
inight fit the data better, but in fitting a, mathematical 
curve to yield data it must be remembered that extrapo- 
lation is a t  best very hazardous. 

In computing the bases by Kincer's method, there is no 
effort made to reconcile the various stages of plant pro- 
gression to the weather variables used and it is learned 
with real interest that the periods used coincide clonely 
with the develo rnent of the corn plant in Iowa. Mr. 
Reed commente l on this phase as follows: 

I was much interested in the nine variables selected for this study. 
I note that they seem to have a distinct bearing on the critical 

data very well, 19 not strictly a plicab 9 e for this purpose. 
The use of a straight-line tren x in a case of this kind is 

plentiig, germination, cultivation, and pollinntion periodr. * * 
The period around May 12 ie the average planting date of the bulk 
of the crop, end frequent rJny days, and a lqrge total of precipita- 
tion, keeping farmers out of the fields a t  that time, results in a 
delay that is important in both yield and maturity. 

The maximum temperature, the mean temperature, and the sun- 
shine, for the week ending Ma 26, have a very dietiect be- on 
the germination. * * * $he ne ative correlation between 
corn yield and rainfall in June iB ,  I thin%, wholly a question of w e d  
killing. The Iowa Experiment Station has shown that cultivation 
is of no value wlntever except for weed killing, and that luxuriant 
weeds are the most serious cauae of deoreaaed yields. 

It is thought that this study will serve to show the 
weather influences most effective in the growth of corn 
in Iowa. It is believed that the roduction of thisorop 

before valuable forecasting can be done from weather 
conditions. The farmers have developed the production 
of corn to procure a high yield per acre, but there is from 
time to time a considerable percentage spoiled by b m a -  
turity a t  the time of frost. Therefore it is probable that 
agriculture in this State will reach a settled stage when 
large yields per acre will be recognized as valuable, but 
not at  the expense of full maturity, and a high-yielding 
coim will be developed, with a large per cent maturing 
before frost. 

It must be admitted that, a t  the present stage of the 
development of agricultural meteorology in this countr , 
and production data are probably as satisfactory as can 
be obtained. The absence of organized phenological 
services is to be regretted as the study of crop develop- 
ment and its corresponding weather influences must nec- 
essaril be mere gropings in the dark untiI such data are 

collection of such phenolo ical recorda has been made by 
the section director of the keather Bureau at  Des Moinee, 
Mr. Reed, covering the whole section under his super- 
vision, and it is eaimestly hoped that nothing interferes 
with their continuance. 

Grateful acknowledgment is made to Mr. J. B. Kincer 
for his kind advice and assistance in this and other papers, 
and to Mr. C. D. Reed for his helpful suggestions. 
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