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18 MISSOURI AGRICULTURAL EXPERIMENT STATION

TABLE 7-THE REGRESSION EQUATION FOR WEEKLY RAINFALL
AND CORN YIELDS FOR PLOT 18, SANBORN FIELD, COLUMBIA, MISSOURI.
t VALUES FOR COEFFICIENTS ARE IN PARENTHESES.

Regression
Equation
n 48
a -1.1

Coefficient for
Week Beginning:

April 26 -0.892 {-0.39)
May 3 4.644 { 1.44)
May 10 1.666 ( 0.73)
May 17 2,293 { 1.02)
May 24 3.414 { 1.27)
May 31 1.309 ( 0.53)
June 7 -2,941 (-1.03)
June 14 -1.587 (-0.79)
June 21 2.6%94 (1.10)
June 28 9.740 ( 4.37%%)
July 5 0.006 (0. 00)
July 12 7.151 ( 2.75%)
July 19 8.699 ( 2.51%)
July 26 1.025 ( 0.48)
Aug. 2 1.774 ( 0.72)
Aug, 9 0.836 ( 0.47)
Aug, 16 2.670 ( 1.20)
Aug. 23 3.508 ( 1.55)
Aug. 30 -1.232 (-0. 86)
R2 5%

*Significant at the 0.05 level of probability.
**Significant at the 0.01 level of probahility.

in other weeks the correlation is positive. This negative relationship may be
due to excessive rainfall in these particular weeks. With exceprion of the week
of May 3, the coefficients of correlation indicate that rainfall in June and July
has the greatest positive effect on yield. This is consistent with previous results;
drouth in June and July has the most detrimental effects on yield.

Rainfall in any one week is not highly correlated with rainfall in any of the
other weeks (Table 8). On the other hand, the drouth days compured above in-
dicated drouth in one week is highly correlated with drouth in the next week.
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SUMMARY AND CONCLUSIONS

This study presents the results of an analysis of methods of measuring
drouth and the correlation of these measures with corn yields. Drouth indices
were computed for the corn crop grown on Plot Number 18, Sanborn Field,
University of Missouri, using three different measures of drouth:

1. H. L. Penman’s method of estimarting evapotranspiration.

2. C. W. Thornthwaite’s method of estimating evapotranspiration.

3. Rainfall.

Penman’s and Thornthwaite’s methods of evapotranspiration were used to com-
pute soil moisture budgets and estimace drouth days. When comparing the two
methods, it was found that Penman’s method estimated more drouth in the first
part of the growing season while Thornthwaite’s method estimated more drouth
in the last part of the season. There was little difference in the total or mean
number of drouth days estimated by the two methods for the 48 years considered
in the study, but there was a considerable difference in their estimate of when
drouth occurs during the growing season.

The dara obtained from the three drouth measures were used to compute
regression equations for corn yields using least squares regression procedures,
The purpose of the regression analysis was not to forecast corn yields but to de-
termine which index correlated best with existing yield data. The regression
equations expressed corn yields as a function of weekly, monthly, and seasonal
drouth days; rainfall was divided only by weeks.

Correlating corn yields with the rotal number of drouth days per growing
season resulted in low coefficients of determination, 0.33 for Thornthwaite’s
method and 0.45 for Penman’s method. This method ignores the effects of the
distribution of drouth throughout the growing season.

The results were not significantly improved when corn yields were correlated
with the number of drouth days per month during the growing season. Thormn-
thwaite’s method resulted in an R* of 0.38 as compared to a R® of 0.46 for Pen-
man’s method. Drouth in July was found to have the most significant effect on
corn yields with August next in importance.

The results were improved when corn yields were correlated with the num-
ber of drouth days per week; the R* for Thornthwaite’s method was 0.52 as
compared to an R® of 0.68 for Penman’s method. When weekly rainfall was cor-
related with corn yields, and R* of 0.75 was obtained. Weekly rainfall explained
more variation in corn yields than either of the other two more sophisticated
methods, while Penman’s method explained more than did Thornthwaite’s
method.

Thus, if all that is desired in 2 method of indexing drouth, weekly rainfall
seems the simplest and also the most effective measure. Of the two methods of
computing evapotranspiration and drouth days, Penman’s method appears to be
the more desirable. Penman’s method depends upon a variety of climatic meas-
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ures, including rainfall, windspeed, humidity, percent sunshine, and radiation
measures, and is more difficult to compute. Many times, the necessary data
needed for Penman’s method may not be available. When the data are available,
the added realism of Penman’s method would appear to be worth the extra ef-
fort. The comments above, of course, are based only on this single analysis. More
work should be done before generalizations are made.

The results show that drouth in July and the first part of August has the
greatest negative effect on corn yield, with drouth occurring around July 20th
being the most serious. Drouth prior to July and after August 15 did not greatly
reduce corn yields. Drouth in one week is highly correlated with drouth in the
next week, but drouth in any month is not highly correlated with drouth in the
next month.

The analysis of weekly rainfall suggested that rainfall during the last week
in June, beginning June 28, and during the early weeks of July has the greatest
effect upon corn yield. Also, the analysis indicated that, although weekly drouth
data are highly correlated, weekly rainfall amounts are not.

The correlation analysis used here suggests the difficulty of forecasting crop
yields. Weather conditions from the last part of June to the first part of August
have a significant effect upon yield of corn; until these weather variables can be
accurately forecast, there is little hope of an accurate forecast of corn yields.
Thus, economic analyses concerning corn production and weather variation must
rely heavily upon historical climatological data. Also, the correlation analysis can
be misleading. Drouth in May and June might have an important effect on comn
yields. The resules of the analysis indicate it does not, but this is because drouth
usually does not occur in May and June and the analysis is therefore unable to
assess its effects accurately should it occur.
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.TEo AND CORN YIELDS

TABLE 1-DROUTH DAYS PER WEEK, COMPUTED WITH PENMAN'S EQUATION WHERE Et

FROM FLOT 18, SANBORN FIELD, COLUMBIA, MISSOURI.

Corn

August

Week beginning:
July

June

May

Year

23 30 Yield
64.3

16

19 26

12

21 28

14

31

MIi1ssOURI AGRICULTURAL EXPERIMENT STATION

1905
1907
1911

33.4

0
0

25.1

30.8

1912
1213

19.2

5
3
0
0
0
0
0
0

33.9

1914
1915
1916
1917

45.7

14.6

35.6

22.4

1918
1219

39.1

[Ee

50.8

uy

1920
1921

42.8

45,0

o
0

1922
1923
1924
1925
1926

42.6

37.8

34,0

0
0
]
0
0
0
0
0
5
4

19.8

45.6

1928
1929
1930
1931

4.0
50.0

38.3

1932
1933
1934
1936
1937

32.4

0.0

0.0
42,7

0
0

44.8

1938



TABLE 1-CONTINUED

Corn
Yield
44.3

23 30

August
16

26

19

July

12

28

21

June

14

May
31 7

Year

uw

0
0
0
0

1939
1940
1941

37.9

37.0
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39.6

1542
1943

63.6

0

33.6

0

1944
1946
1947

31.4
43.0
84,8
32.0

0
0
0
0

1948
1949
1950
1951

51.2

0
0
0

40.6

32.3

1952
1953
1954

24.7

0.0
48.3

0

1855
1956
1957
1958

756.2

0
0
0
0

30.9

91.1

25.2

1959

25



TABLE 2-DROUTH DAYS PER MONTH, COMPUTED WITH PENMAN’S EQUATION
WHERE Et = .7Eo., AND CORN YIELDS FROM PLOT 18, SANBORN FIELD,
COLUMBIA, MISSOURI.

Year May June July August Corn Yield
1905 0 2 0 0 64.3
1907 0 0 0 0 33.4
1811 0 20 15 14 25.1
1912 0 0 9 5 30.8
1913 0 19 16 27 19.2
1914 0 19 135 13 33.9
1915 0 0 0 0 45.7
1916 0 0 14 19 14.6
1917 0 0 14 2 35.6
1918 0 0 20 8 23.4
1919 0 0 T 3 39.1
1920 ] 0 22 9 50.8
1921 0 0 16 0 42,8
1922 0 0 3 9 45.0
1923 0 0 0 0 42.6
1924 0 0 0 0 37.8
1925 0 0 0 0 34.0
1926 0 2 7 11 19.8
1928 0 0 0 0 35.6
1929 0 0 0 26 7.8
1930 0 ] 30 14 4.0
1931 0 0 20 5 50.0
1932 ] 0 11 3 38.3
1933 0 0 24 14 32.4
1934 7 14 29 14 0.0
1936 0 28 28 23 0.0
1937 0 0 2 20 42,7
1938 0 0 0 16 44,8
1939 0 0 + 2 44,3
1940 0 0 2 T 37.9
1941 0 0 0 0 37.0
1942 0 0 0 0 39.86
1943 0 0 0 0 63.6
1944 0 11 23 0 33.6
1946 0 0 17 0 31.4
1947 0 0 0 22 43.0
1948 0 8 0 ] 84.8
1949 0 0 0 0 32,0
1950 0 0 5 2 51.2
1951 0 0 0 0 40.6
1952 0 0 24 4 32.3
1953 i} 17 20 17 24.7
1954 0 0 26 0 0.0
1955 0 0 0 9 48.3
1956 0 0 0 11 75.2
1957 0 0 17 ] 30.9
1958 0 0 0 0 91.1
1959 0 15 22 18 25.2




TABLE 3-TOTAL NUMBER OF DROUTH DAYS PER GROWING SEASON,
COMPUTED WITH PENMAN’S EQUATION, Et= .7Eo., AND CORN YIELD
FROM PLOT 18, SANBORN FIELD, COLUMEIA, MISSOURI.

Drouth Days
Year Per Season Corn Yield
1905 2 64.3
1807 0 33.4
1911 52 25.1
1912 16 30.8
1913 B7 19.2
1914 47 33.9
1915 0 45.7
1916 33 14.8 .
1917 16 35.6
1918 29 23.4
1919 15 39.1
1920 30 50.8
1921 16 43,8
1922 12 45.0
1923 0 42.6
1924 0 37.8
1925 0 34.0
1526 23 19.8
1928 0 35.6
1929 29 7.8
1930 b 4.0
19831 23 50.0
1932 15 38.3
1933 42 32.4
1934 64 0.0
1936 80 0.0
1937 25 42,7
1938 18 44.8
1939 7 44 .3
1940 9 87.9
1941 V] aT7.0
1942 0 39.6
1943 0 63.6
1944 34 33.6
1946 17 31.4
1947 26 43.0
1948 8 84.8
1949 0 32,0
1950 7 51.2
1951 0 40,6
1952 28 32,
1953 56 24,
1954 28
1955 10

4
1956 17 7
1857 a4 30.
1958 o 9
1959 60 2




TABLE 4-DROUTH DAYS PER WEEK, COMPUTED WITH THORNTHWAITE’S
EQUATION AND CORN YIELDS FROM PLOT 18, SANBORN FIELD,

COLUMBIA, MISSOURI.

Week beginning:

Corn
Yield

July
12 1% 26

June

Year

August

30

9 16 23

2

5

14 21 28

7
0
0
0
0
0
1

64.3
33.4

15905

1507

25.1

1511

30.8

1512
1913
1514
1915
1916
1917
1918

19.2

33.9

45.7

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

14.6

35.6

22.4

29.1

0

1919
1920
1921
1522
1923

50.8

43,8
45.0

42.6

37.8

1524
1925
1928

34.0

19.8

1928

7.8
4.0

1529

1930
1931

50.0

0

38.3

1932
1833

32.4

0
0
0
v}
0
0

0.0
0.0

1934
1936

42,7

1937
1938

o oo

I3

0
a

1939

37.9

1540
1941

37.0

39.86

1942
1943
1944
1946
1947

63.6

0

33.6

31.4

0
0
0

43.0

g4.8

0
0

1948
1949
1950
1951

32.0

0
0
0
0
0

51,2

40.6

32.3

1952

24,7

1953

0.0
48.3

1854

1855

0

75.2

0
0
0
0

1956

30.9

1857

81.1

1958
1959

25.2

0




TABLE 5-DROUTH DAYS PER MONTH, COMPUTED WITH THORNTHWAITE’S
EQUATION AND CORN YIELDS FROM PLOT 18, SANBORN FIELD,
COLUMEIA, MISSOURI.

Year June July ~ August Corn Yield
1805 0 0 0 64.3
1907 0 0 ] 33.4
1911 16 19 18 25.1
1912 0 5 7 30.8
1913 8 14 28 19.2
1914 15 17 14 33.9
1915 0 0 0 45,7
1916 v} 14 21 14.6
1917 0 8 3 35.6
1918 0 24 8 22.4
1919 0 T 12 39.1
1920 0 19 10 20.8
1921 0 16 0 42,8
1922 0 G 14 45,0
1923 0 0 0 42,6
1924 0 0 0 37.8
1925 0 ] ] 34.0
1926 0 0 g 19,8
1928 0 0 0 35.6
1929 0 0 31 7.8
1930 0 22 18 4.0
1931 0 20 6 50.0
1932 0 0 3 38.3
1933 0 23 18 32.4
1934 7 30 14 0.0
19386 15 28 27 0.0
1937 0 4] 24 42,7
1938 0 0 24 44,8
1939 0 11 8 44,3
1940 0 0 ] 37.9
1941 0 0 10 37.0
1942 0 i} 0 39.6
1943 0 0 8 63.6
1944 ] 23 5 33.6
1946 v} 13 ] 31.4
1947 0 0 19 43,0
1948 0 0 0 84,8
1949 0 0 0 32,0
1950 0 0 0 51.2
1951 0 i} 0 40.6
1952 0 19 1 32,3
1953 9 19 16 24,7
1954 0 25 0 0.0
1955 0 0 15 48,3
1956 0 0 11 75.2
1957 ] 12 14 30.9
1958 ] 0 0 91.1
1859 1 24 21 25,2




TABLE 6~-TOTAL NUMBER OF DROUTH DAYS PER GROWING SEASON,
COMPUTED WITH THORNTHWAITE'S EQUATION AND CORN YIELD
FROM PLOT 18, SANBORN FIELD, COLUMEIA, MISSOURI.

Year Drouth Days Corn Yield
Per Season ’
1905 0 64.3
1907 0 33.4
1911 54 25.1
1912 17 30.8
1913 57 15.2
1914 46 33.9
1915 0 45,7
1916 35 14.6
1917 11 35.6
1918 32 23.4
1819 19 39.1
1920 29 50.8
1921 16 42,8
14922 23 45,0
1923 1 42.6
1924 0 37.8
1525 0 34.0
1926 9 19.8
1928 0 35.6
1928 34 7.8
1530 44 4.0
1931 26 50.0
1832 3 38.3
1933 45 32.4
1934 51 0.0
1936 70 0.0
1937 34 42,7
1938 28 44 8
1539 17 44 3
1540 6 37.9
1941 12 37.0
1942 1 39.6
1943 12 63.6
1944 34 33.6
1946 13 31.4
1947 23 43.0
1948 0 84.8
1949 0 32.0
1950 0 51.2
1951 0 40,6
14952 24 32.3
1953 46 24.7
1954 29 0.0
1955 15 75.2
1957 31 30.9
1958 0 91.1
1959 51 25.2
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Date at Beginning of Each Week

TABLE T-CONTINUED

Corn

August

July

June

May

Year April

30 Yield
0.00 44.3
0.36 37.9
0.81 37.0
0.27 39.6
0.68 63.6
0.93 33.6

0.05

23
0,00
0.89
1.64
0. 80
0,15
1.87
0,83
0.05
3.44
0.50
1.15

16

26
0.48

19
1.38
1.49
0.19
0.85

12
0.66
0.57
0.00
0.31
0.61
.01
0.00
0.25
0.70
1.83
1.62
0,13
1.00

28
0.06
0,01
2.48
0.86
0.00
0.00
0.29
1.56

21
0.06

2.97

14
1.71
0.02
0.00
1.11

31
0.00

24
1.74
0.25
2.29
0,95
0.23
0.40
0.29
1.15
0,00
0,44
3.50
0.06
1.40
0.00
0,92
0. 64
1.10
0.77
0,42
0.95

17
0.18
2,90
0.07
0.38
4,66
1,82
1.556
1.63
0.13
2.87
1.16
0,83
0.68

10
0.31

3
2.77
0,17
1.27
1.14
5,09
0.11
1.76
0.00
0.64
1.75

26
0.04
0.83

2.84
1.7

5.00

3.28

0.65
0.40
0.66
2,34
0. 80
1.11
0.82

0.00
0.00

1.32
1.56
2.07
1.00
3.18
0.47
0.00
0.70
0.07
0.50
0.55
1.21
0.05

0.01

1939

0.00
0.13
0.18
3.61
1.35
3.48
0.60
0.29
1.40
0. 90
0,97
0.02
0.01
1.18
0,00
0,28
3.86
2,26
1.79

1.35
1.73

0.00
0.02
1.32

3.

1940
1941

0.29 0,71
0.47

2.33
2,43
0.68
0,24
0.11
1,08

1.57 0.00

0.73

1.28
1.25
0.07
3.81

0.12

0,51
3.24

0.11

19432
1943
1944

0.12
3.19

0.29
0.06
3.78
0.73
0.14
0.78

1.52
2.01
1.20
0.10

1.25
0,32
0.08
1.62
3.33

0.45

0.04

0,00

31.4

0.29

76
1.03
2.89

1.28

2,08
0.05
1.29

0.03

1.18
0.41
1.66

1946
1947
1948

0.21 43.0
0.03 84.8
0.00 32,0

1.26 51.2

0,00
0.01
1.03

0.42
0.99
0.00
0.91

2.12
0.01
2,11
3.02
0.61
2.88
0.35
2.06
1.40
0.31

4.20
0.94
1.06
1.25
0,02
0.86
0.20
0.58
0.25
0.69
1.72
1.13

2,

0.60
0.45
1.16
0.00

1.

0.38 3.00

1.16
1.50
0.46
0.00
0.13
0,92

1.24

1.98
1.57
0.45
0.01
0,24
2.54
0.09

1949
1950
1951

1952

0.11
0.81

1.

1.49
3.30
2.72
0.09
1.28
0.00
0. 85
0.00
1.52
0.53

0.00
2,79
0.36
0.08
0.01
1.82

0.00
3.36
1.10
0.48
0.16
3.76
0.63

0.22 0.67
2.36

0.04

0.64 0,05
1.13
1.01
1.31
0.12
0.85

1,47 40.6
0,90 32.3

1.00
.00

0,94

0,20
0.20
0,84
0.19
1.73
0.63
1.03
0,36
1.39

G6

2.65
2.73
2.31
1.82
0.00
0.00
0.01

2.45 24.7

0.00 0.0

0,00
1.16
2,60
0.00
0.00
0.05

0,24

0.00
0,32
0.

0.16

0.50
1.68

0.83

0.64

1953

0,00
0,37
2,44
0.08
4,25

0.19
0.13
3.76
0.55
2.75
0.56

1.12
0.93
0.11
0.58
1.62
0.06

1954
19565

0,00 48,3
0.59 75.2

18
79

0.

0.13
0.14

52
0.51
2.44
0.86

1.52 .

0.36

1956

0.12 30.9
0.03 91.1

0.85
0.68

33
0.85
0.00

0.

1.73
0,04
1.15

1957

1.43
0.00

0,08
0.03

1958

0.18 0,01 25.2

0.15

0.39

0.12

1959
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