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Table 2. 2EET I KIAKISE LR RO ERSE L (F/F).
e !ﬂJ‘AEjhﬁ;Hmih E“zfjtm\:em mﬁ\ﬁa\q:m mom |
%;&13 — 22 4] I 1.377 { 0.989 1.214 1.304 ) 1500 | 1397 1369 1.662 . 1.38%9 | 1.337 | 1L.3&1
28 == 277 1| 14767 1403 | 1360 | 1450 1.631 1.561 . 1.484 ' 1.B10° 1.376 | L.346 | 1.328
2B — 32, 2 1 1414 | 1.084 1.279 1,318 | 1.437 1480 | 1.449 1.626 i 1.375 1.405 1.428
33— 37 I 30 1586 | 1113 | 1.387 ! 1.425| 1.683 7 L7088, 1665 1.846! 1.508 | 1.642 | 1.608
38 — 42! 4 1,654 | L222| 1.30% : 13781 1.688 | 16247 1.750: 2046 | L702 ) 1.858 | 1.851
: 1 y i
43—k 3 .5 1.735 | 1.091 1.409 ¢ 1.540 ., 1.766 : 1.784 f 1.875 . 2.118 | L739 . Ls21 1.872
4 — B. & 1882 | 1.357 | 1.793 ' L.71%i 1935 . 1908 1.876 1 2163+ 1.839 ' 1,976 | 1.958
9 — 13 7 1900 | 1402 | 1.B78 1.771 | 1.917 1570 ; 1.899 I 2150 1.859 I 1.989 1.948
14—iif 4 B[ L910| 1422 | 1911 ] 1751 1919 2054 [ 1,948 2229 | L.865 | 1.988 1 1.935
_ 9 9 ‘ 1.936 ; 1.02t 1.702 | 1506 1.970 | 2141 2.10?; 2293 ' 1977 2029 2083
10 =—— 14 | 10 2076 | 1577 | 2100 | 1.984| 2231 | 2239 | 2171 2272 19737 | 1.986 « 2.177
15 — 19 : 11 | 2000 | 1.436 | 1.990 . 2036 2165 | 2275 | 2109 2228 | 1.898 , 1.865 | 1.937
20% w24 12 2165 | 1.448 | 2124 | 2,067 2325 | 2398 | 2211 2365 | 2117 | 1.682 : 2.1583
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1—"8 8 1.882 1.7959 0.0739 0.0148
9 — 13 7 1,500 1.8687 00716 0.0143
14 —K{f14 8 1.910 1.93%0 0.0620 00138
58— 9 9 1.936 20065 00661 0.0132
10 — 14 o 2,076 2.0710 0.0630 0.0126
15 — 19 il 2.000 2.1324 0.0597 00119
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25 — 29 13 2.065 2.2451 0.0529 0.0106
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Table 4. E & o & W & & (uind,
— THEED O
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y (E) "dt— (25) dt 5 (’{J)
W % 16 22 0 0.989 L0507 | o051 | 0.0070
23 —— 27 1 1.403 1.0864 0.0363 00073
28 32 2 1.034 1.1234 0.0876 0.0075
33 — 37 3 1.113 1.1615 0.0388 0.0078
36 —— 42 4 1.222 1.2010 00402 0.0080
43— L 3 5 1.091 1.2416 QU415 (.,0083
48 6 1.357 1.2840 00429 0.0086
9 — 13 7 1.402 1.3277 0.0444 0.0089
14-=KiR1 4 B 1.422 1.3729 0.045% 00052
5— 9 ] 1.021 14175 Q0475 0.0095
10— 14 19 1577 1.4678 0.0491 0,008
15 — 19 11 1.436 15177 2.0508 0.0102
20 w——— 24 12 1.448 1.5693 Q.0525 o105
25 — 29 13 1.748 1.6227 30543 Q0109
30 — 33 14 2,000 1.6779 0,0561 00112
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Table 5. FK W © # 0 £ B (i)
- LHELD D
. n v © o | E R EREMBR | pmnmo
: t ® ¥ (T q

o dy - dy 1 .

§ G RENCORN AR
BA¥18 — 22 0 1.214 1.1601 00762 | 00152
23— 27 i 1.360 1.2378 00793 | 0.0159
28 — 32 2 1.279 1.3186 0.0822 0.0164
33 — 37 3 1.387 1.4022 0,0850 00170
33 — 42 4 1.305 1.4885 0.0876 0.0175
4B3—KE 3 5 1.409 1.5773 00899 | 0.0180
4— 8 6 1.793 1.6682 00913 00184
g9 — 13 7 1.878 17611 00937 | 0.0187
14— 4 8 L.o11 1.8554 00951 ‘ 0.0150
5——W % 9 1.792 1.9513 0.0961 ‘ 00182
10 = 14 10 2100 2.0476 0.0967 0.0193
15 — 19 11 1.590 21444 0.0970 I 00194
20 — 24 12 2.124 2.2414 0.096% 0.0194
25 —— 29 13 2.282 23381 0.0964 0.0193
30 —— 33 14 2,749 24341 0.0955 0.0191
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Table 6. E ® © # m ¥ B (ME).
1hEHDD
. . o o PN o g om | CESREE | pugwme
3 = ¥ d

Y = Ay 1

¥ (B it (=) I CaD
18 —— 22 0 1304 1.2662 0.0687 00157
28 e 27 1 1.450 1.3352 0.0653 0.0139
28 — 32 2. 1318 1.4046 0.0695 0.0139
33 — 37 3 1425 14742 0.0695 - 0.0139
38 — 42 4 1.378 1.5435 0.0691 0.0138
43— AiF 3 5 1.540 1.6123 0,0684 0.0137
4 g 6 1.719 1.6803 0.0674 00135
9 13 7 1771 17471 0:0661 00182
14— 4 8 1751 18125 0.0646 00129
5— 9 9 1.906 1.8761 0.0628 0.0126
10 — 14 10 1.984 1.9379 0.0608 0.0122
15 — 19 1 2,036 1.9976 0.0536 00117
20 ~— 24 12 2.067 20551 0:0563 0.0113
25 — 29 13 2025 21101 00538 0.0108
30 — 33 14 2315 21627 0.0513 0.0102

TableZ. R B o #1 B & # (Jese).
. 1THsESh
o g o | FEERER | pummme
97 * oW | E 'y (R dy ... dy t

¥ (=) dt (i) dt 5 (@)
PMLE —— 22 | 0 1.500 1.3883 0.0987 00197
23— 27 1 1.631 1.4857 0.0958 0.0152
28 —— 32 2 1.437 15797 2.0919 00184
33 —- 37 3 1.683 1.6693 00871 0.0174
38 — 42 4 1.688 1.7536 00815 0,0163
43— AE 3 5 1.766 1.8338 00753 00151
41— 8 6 1.933 1.9043 00691 0.0138
9 —— 13 7 1.917 1.9702 00627 00125
14—i3m 4 8 1519 2.0298 00564 00113
5 — 9 9 1570 20833 0.0504 00101
10 — 14 10 2281 21308 0.0447 0.0089
15 — 19 11 2165 21728 00394 0.0079
20 — 24 12 275 2.2099 00246 0.0069
2% — 29 13 2139 22422 00302 0,006
30 — 33 14 2515 . 22704 0,0263 0.0053




240

He i S S AT D,

o
]

=

% K

x T legistic (M R4

ZEAYIRA 12 Bl KLk S ERRR LS
TRED (ERR1 FHUTF), BoniBUHFERE

‘DL SERLD.

BHTEA L,

w21 e W2353

HLAY 2L 40 & ik & LTI BLiC logistic ik
FOE MG =1.283, L-kHhndis

7 gy,,'mo-lm (/L) S0, R o iER L
Tl 3 MEEORINER % TR PLTW S,

B
2.8054 - ] . . o
y:1+1.2027'e?['[1.is§§} """"" (18) MUO¥H Lo BT EANS &, HEBHELEZE
MW1219 (Al K A 503 X5 R 30 LI .
~1 (&)
[ . 3 ‘JL"'K
i (] . 2 Pt
o {i g .
) / ﬂ{ ¥ p
Fl® - o
¥yt * |1.0 .4.::, %
l|__nr g [ ~33 fal %_
x% " ol
oes ) | 0
: — t o T34 stresunann
¢ 123456 11‘.. 910 1Nt a3 14 ’ T —_ e :
o ‘ (8) d
(3] . .
0§ 5 / 5 g‘;‘ “ .
o L V) 14 o
I ARy
b .r 0 .//
»
"l b4 o
L ] . .
15 M - T3 (%3 [T I/ [1]
_ —_— Yy — A
Fig. 11. REix& logistic sm (IEBE). Fig. 122 R & logistic dug (30,
Table 8. K W © & W £ & (Fl.
N 1A#EYb o
. W R oy | EEEE MBRSMRE | plhminns
t = Y 21 1
. T S 4y 1
¥ () 1 di (€5)] dt )
B8 — 22 0 1.397 L3145 | o103 00207
2B — 7 1 1.561 14183 ! 0.1041 0.0208
28 — 32 2 1,480 15223 ¢ 0.1039 00203
R g— 7 3 1.708 16252 0.1026 0.0205
38 — 42 4 1.624 17259 ! 01003 0.0201
43— KE 3 5 1.784 La2s9 | 0970 00194
4— 8 6 1.908 L9210 ! 0,0930 0.0185
g —— 13 7 1.970 20117 0.0883 00177
14— 4 8 2054 20076 0.NB31 00166
§— 9 ¢ 2141 2.1780 00776 00155
10— 14 10 2239 2.2528 00719 00144
15— 19 11 2275 23218 00662 00132
20 — 24 12 2.398 2.3852 0.0605 00121
25— 29 13 2,193 2.4428 00549 00110
30 —— 33 14 2829 2.4952 0.0496 00099
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Table 9. [ B © B M % @ (K&K).
N TAESD D
. 6w oy o g | FRENER | geames
iF t K vy (A
§ o —3‘{ (=) Flm
 m\mle — 2 0 1.369 13129 0.1261 00252
23 — 27 1 1.484 1.4355 0.1188 00238
28 —— 32 2 L.449 1,549 0.1050 00218
38 — 37 3 1665 1.6531 0/0978 00196
38— 42 4 1.750 1.7450 0.0859 00172
LB—KE 3 5 1.875 1.8249 0.0740 00148
1 g 6 1.876 1.8932 0.0627 0.0125
9 — 13 7 1.899 1.9507 00525 00105
14—iR#1 4 l 8 1.948 1.9986 00434 0.0087
5 — 9 9 2107 20380 00356 0.0071
10— 14 | 10 2171 20701 00289 00058
15— 19 | 11 2.109 2.0062 0.0234 00047
20 —— 24 12 2211 21172 00188 00038
25 —= 29 13 1.9357 21341 00150 00030
30 — 33 14 2,289 21475 o220 0.0024
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Table 10. K I © # 1 & W GA#).
: =T - THESD O
. . v © | ey # o Ko | ZEEEEE | e mnea
£ y dy dy 1
s o | F o |y @
B3 — 22 0 1.662 1.5728 0.1702 00340
23— 27 1 1.810 1.7301 0.1440 00288
25 — 32 2 1.626 L8603 0.1164 00233
5 — 37 8 1.846 1.9635 0.0907 00181
38 — 42 4 20046 20429 0.06587 Q0137
43— AE 3 5 2118 21023 0.0508 00102
4—"8 3 2,163 2.1459 0.0370 Q0074
9 — 13 7 2.150 2.1774 00267 £.0053
14— 4 8 2229 2.2001 0.0191 00038
5 e O 9 2293 2.2164 00135 0.0027
10 — 14 10 2272 22277 0.0096 00019
15 — 19 11 2228 22357 0.0067 00013
Ay — 4 12 2.365 22415 00047 0.000%
25 —— 29 13 2079 2.2455 00033 00007
30 — 33 14 2494 22492 0.0023 0.0005
Table 11. R i o # @9 & O (hE).
T - THRERD O
#osm g | RBURIEE gl minma
3 & b (t) E By (& a4 _ dy 1
t (\) dt (i) “dt 5 (FH)
Bials — 22 ] 1,389 1.3583 00656 | 00131
23 — 27 1 1.376 1.4242 0.0661 H 00132
28 — 32 2 1.375 1.4905 0.0664 Q0133
33 aeem 37 3 1.508 1.5571 00665 00133
38 — 42 4 1.702 1.6234 00663 00133
HB—-kE 3 5 1.739 1.6895 0.0659 0.0132
4 v 8 1] 1.839 1.7551 0652 00130
9 e— 13 7 1.859 1.8198 0.0643 Q0129
L4—IFF 4 8 1.865 1.8835 0,0631 00126
5 — 9 9 1977 1.9460 0.0618 00124
10— 14 10 1.973 20071 0.0603 0012t
1S —— 19 11 1.898 20666 00586 00117
o — 24 12 2117 2.1243 0.0568 00114
25 - 29 13 1,979 21801 0.0549 00110
30— 33 14 2.364 22340 0.0529 0.0106
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Table 12 R X @ # 1N #£ @ (3@

_ THe&% 05
. T Gﬂl e xom | RERHMER  pugmme
- ( t y () dy dy 1
! g (=) dt (=) & s {7}
WHigl8 — 22 0o 1.337 1.3026 01192 0.0238
23 — 27 | 1 1.346 1.4189 0.1131 0.0226
28 — 32 2 1475 1.5280 0.1048 0.0210
a3 — a7 3 1.642 1.6281 0.095! 00190
38 — 42 4 1.858 1.7180 0.0846 0.0L69
43— KK 3 5 1.921 17972 0.0740 00148
4 — 8 & 1.976 1.8661 00638 00128
9 — 13 7 1.989 1.9251 00542 00108
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Supunary

The production of paddy rice in Japan has made rapid development during the past 70 years.
The progress has not always been linear. There have been several changes and different trends
with the times and in the regions. In spite of the marked technical improvement in agriculture
recently, the yearly variation in production is so large that we can never neglect the importance
of natural circumstances over the rice crop.

This paper deals with a statistical analysis of the relationship between long- and short-term
variations in the productivity of paddy rice and some of the agro-climatic factors in Japan,

The first part [I] is concerned with the long-term variation in preductivity of paddy rice.
Obtained results are:

1. From the result of the author’s investigation of the production of paddy rice, based on
prefectural statistics for the years 1885 to 1958, it will be able to divide into three gualitatively
broad types (Figure 2), It is recognized that the regional distribution of the types changes system-
atically from type I to II and III, i e. from northern part to southern of Japan.

2. For the comparison of productivity of the paddy rice in different regions it is convenient
to represent the long-term trend by a curve of simple mathematical expression, So it is found
that a logistic curve (Equation 2), which is a typical growth curve, provides an excellent fit,
As given in Figure 7, the fitness is very good in the case of the whole country,

The trend curve shows that the increasing velocity is maximum in the middle age of Meiji
(1890-1894) and then it gradually decreases till the present time (Table 3).

Next, the whole country is divided into 10 regions, and for each region obtained result is
shown in Figures 8 to 17 and Tables 4 to 13. The test of goodness of fit shows that the logistic
curve is applicable within 1% level of significance in ecach case.

3. Summarizing the regional characteristics of estimated values of the logistic curve, in the
coldest region, Hokkaido, the yicld per unit area is minimum and the rate of development is

' comparatively low, showing a different tendency fron that of other regions. On the contrary,
in the next coldest regions, Tohoku and Tozan, the yield emerges from the low level at the
beginnig of the statistical serjes, shows a rapid progress and grows into the highest of Japan,
recently, In the meantime, the warm regions show only a slow increasing velocity im spite
of their high productivity in the early stage, and the stagnant property is remarkable, especially
in Kinki, where the increasing tendency is not be shown of late (Figure 18),

Making use of properties of the logistic curve, an objective comparison iz able about the
poeition and the lapse velocity of each region in the course of the curve. Thus, except for the
special case of Hokkaido, it iz found that Tohoku belongs to the earliest stage, and Kinki to the
latest stage ; other regions belong to the intermediate stages respectively,

4, Relations between estimated yield from trend eguation and accumulated temperature
(annual accumulated value over 10°C) are shown in Figure 24 for each early and late stages of
the statistical period. It is seen that the warmer district has more yield and its irend is nearly
linear in early stage, but this trend becomes opposite lately except in Hokkaido. Therefore, so
far as the paddy rice crops are concerned, productivity in the cold district is larger at present.

Next, relation between resistance coefficient b (Equation 2) against increasing velocity of
logistic curve and accumulated temperature is shown in Figure 25, and it is found that the
coefficient in the warm district is much higher than that in the cold district, the relation being
well expressed by an exponential formula such as Equation 28. Alse it may be said generally,
-that the coefficient is higher in the areas on the Pacific and lower in the areas on the Japan
Seao .



