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The Damage Forecast of Rice and Soybean Yield
Caused by Cool Summer Temperature
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(Laboratory of Agricultural Physics, Department of
Agriculture, Hokkaido University)
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Fig. 1. Variation of 10-are yield of rice in

Hokkaido.
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Fig. 2. Yield decrease based on good harvest
year (Hokkaido).
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Table 1. Correlation coefficient and regres-
sion formula between rice yield
decrease in Hokkaido and monthly
mean temperature

Month Correlation | Regression formula
May ’ 0.06 Y=326 X—92.55
June 0.42* Y=26.19 X—458.79
July 0.61* Y=27.26 X—596.91
August 0.55* Y=2794 X--653.74
September 0.34* Y=22.81 X—436.38

04X Ju+1.0x
Jy +08XA+ 0.71* Y =47.88 X—972.39
0.4XxS

data: 1904-1977, temperature : Sapporo.
*: 1% siginficant.
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Fig. 3. Variation of mean temperature.

04X Ju+10XJy+08xX A+04%XS)-+
(0.4+1.04+0.8+4-0.4).
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Fig. 5. Variation of 10-are yield of rice in Tohoku.

(-

~100

-200

Yield Decrease (kg)

~-300

1950 1850 190D 1810 1920 163D 1240  14S0 1860 1370 388D

Year

Fig. 6. Yield decrease based on good harvest
year (Tohoku).



PR SERC R K - KEORETH L KB OBKIO LT 225

Table 2. Correlation coefficient and regres-
sion formula between rice yield
decrease in Tohoku and monthly
mean temperature.

Month Correlation| Regression formula
May 0.11 Y =397 X—87.35
June 0.24 Y=7.66 X—168.48
July 0.47* Y=1157 X-286.07
August 0.52% Y =15.79 X—405.33
September 0.32% Y=10.19 X—228.44

01X Ju+0.6x
Jy+10xXA+ 0.61* Y =10.80 X—551.55
05xS

year: 1884-1976, temperature: mean of Ao-
mori, Miyako, Ishinomaki, Fukushima,
Akita and Yamagata.
*: 1% significant.
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Fig. 9. Yield decrease based on good harvest
year (soybean, Hokkaido).
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Fig. 11. Variation of 10-are yield of soybean
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Fig. 12. Yield decrease based on good harvest
vear (soybean, Tohoku).

Table 4. Correlation coeflicient and regres-
sion formula between soybean
yield decrease in Tohoku and
monthly mean temperature

Month Correlation | Regression formula
May 0.19 Y=3.31 X—60.81
June 0.29* Y=449 X—-95.05
July 0.27% Y=3.00X—81.11
August 0.20 Y=2.66 X-78.19
September 013 Y=2.05X—-54.67

1.0XJu+0.6X% _
Jy+05% A 0.36* Y=310X-147.59

vear: 1894-1976 (mis 1941-1945), temperature :
mean of Aomori, Miyako, Ishinomaki,
Fukushima, Akita and Yamagata.

1% significant.
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Table 5 Comparison of correlation coefficient between Hokkaido and Tohoku
Hokkaido Tohoku
Month i
Rice Soybean Rice Soybean

May 0.06 0.14 011 0.19
June 0.42%* 0.40%* 0.24% 0.29%**
July 0.61%* 0.64** 0.47%* 0.27%*
August 0.55%* 0.47+* 0.52%* 0.20
September 0.34%* 0.33** 0.32*%* 0.14
Multiple 0.69%* 0.69** 0.58** 0.34%*
Correlation July & August July & August July & August June & July
Correlation 0.71%% 0.71%* 0.61%* 0.36%*
(weighted) : ’ : :

*: 5% significant. ** . 1% significant.
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Summary

Many investigators have reported a forecast of
crop yield by using meteorological factors in Japan.
However, these forecasts can only be adapted in
a small land area and for a comparatively short
period (because only recent data is used), and
sometimes these are complicated regression for-
mulas. So, we need the simple forecast of yield
that can cover large land areas and long periods.
For this the author studied the damage forecast
of rice and soybean yield caused by cool summer
temperature using long term data in Hokkaido and
Tohoku.

The periods of data used are the following;
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Hokkaido: rice 1904-1977
soybean 1889-1977
Tohoku : rice 1884-1976

soybean 1894-1976
The variations of these crop yields are shown in
Fig. 1, 5, 8 and 11. First, the hypothetical yields
are calculated by a straight line drawn between
each good harvest yield in the figure. And also, the
yield decreases which are the differences between
the hypothetical yields and the actual yields are
calculated. The yield decreases based on good har-
vest years are shown in Fig. 2, 6, 9 and 12. It is
recognized that the correlation between the yield
decrease and the average temperature of each
month is not affected by the development of agri-

icultural technic. Because of this, we can calculate
the correlation coefficient by using yield decrease
instead of crop yield.

The calculated correlation coeficients and regres-
sion formulas are shown in table 1, 2, 3 and 4.
Moreover, the weights for temperatures (which
express the maximum correlation coefficient) are
calculated for multi-effect of each month. The
correlation coefficients using weighted tempera-
tures are shown to be good values and over 1%
significant. When the periods are divided into 2
or 3 parts determined by the change of tempera-
ture inclination, these regression formulas express

good forecasts.



