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®lxa HSIBFEHRBOERMESY, C; 2FMOF -7 S oiHH

A a9 FER/E vy U 4 # QA E My
L 1.1 —2.0~ 4.6 2.34 0.01 2.39
18 0.7 —2.1~ 4.2 2.21 0.23 2.50
T 0.8 —3.8~ 4.2 3.53 -0.27 2.29
k 0.9 —4.2~ 5.2 3.79 0.02 2.96
28 1.5 ~-2.7~ 6.2 4.37 0.23 2.60
T 2.1 —2.0~ 6.5 4.39 0.07 2.21
L 3.1 —-2.0~ 7.2 3.67 —0.28 3.00
38 s 4.3 -0.1~ 8.1 3.79 -0.10 2.32
T 5.9 2.1~ 8.4 2.63 —0.41 2.34
* 8.6 4.8~12.1 3.46 -0.19 2.24
4A th 10.4 5.6~15.5 3.74 0.22 3.21
T 12.3 8.2~15.5 2.82 -0.12 2.68
+ 14.0 10.2~17.0 2.39 —0.40 3.02
5H os} 15.2 10.7~17.5 1.76 —0.96 - 4.65
T 16.4 13.9~18.6 1.13 —0.03 2.32
+t 17.7 14.8~20.5 1.90 —0.34 2.39
6H a2 18.8 15.0~23.0 2.78 —0.09 3.03
T 19.8 17.3~24.0 2.55 0.55 2.88
E 21.2 18.4~25.0 3.17 0.23 2.04
78 th 22.7 18.8~25.8 2.96 -0.21 2.53
By 24.4 19.5~27.3 2.31 —0.90 4.36
+ 24.7 20.0~26.8 1.54 —1.36 5.95
8A h 24.6 21.6~27.0 1.42 —0.60 3.20
T 23.4 19.8~25.3 1.73 —0.78 2.95
+ 21.9 18.7~25.2 2.35 —-0.05 2.29
9R t 20.3 17.2~23.7 1.93 0.43 2.87
F 17.9 15.5~21.0 1.58 0.25 2.92
+ 16.0 13.8~17.9 1.20 -0.23 2.07
108 & 14.4 11.4~17.9 2.03 0.26 2.88
T 12.6 10.0~14.9 1.54 —-0.16 2.19
+ 11.0 7.8~13.7 2.33 -0.19 2.45
nag o 8.4 5.5~11.6 1.70 0.16 2.93
T 6.8 3.9~10.0 2.30 -0.02 2.14
t 4.9 1.3~ 9.1 2.39 0.12 3.05
128 o 3.4 ~1.3~ 1.2 3.84 —-0.31 2.53
T 2.3 -1.3~ 6.0 3.36 0.33 2.06
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E1xb ANOPHLEOEREES, C; 2FHMOT— 5 2ot H

A PR vov v a4 B W A LMY
1A 0.9 —2.4~ 3.5 1.51 -0.21 3.36
2A 1.5 —-2.7~ 4.9 2.65 —0.07 3.08
3R 4.5 0.0~ 7.4 2.00 —0.66 3.93
48 10.4 7.0~183.0 1.71 —0.43 3.29
5H 15.3 12.1~17.0 0.80 —0.66 5.64
6 H 18.8 16.0~21.3 1.35 —0.21 2.91
TH 22.8 19.4~25.4 1.60 —0.43 3.08
8 A 24.2 21.4~26.2 0.83 —0.85 4. 46
9A 20.0 18.3~22.4 0.95 0.45 2.66
108 14.3 12.3~16.1 0.76 0.21 2.31
11 8 8.8 6.0~10.9 0.96 —0.15 3.35
12 A 3.5 1.1~ 6.1 2.02 0.16 1.84
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AR EEB KR OERMES (80 B 11A»H3H
FCHENNE L, 6 A5 9 HE THREEMEI 5,
Bic 8, 9 At KEHEAIE ORI EROBOHREIC
KEL, 6 H TADOKZ KIERERIROTER I DFER
EHOKEZIRLHESTVTVEEEZ LGNS,

BAEEBRKBRODHAT T NTEDEEID, &2
D& 40 a2 OANI LD KE N, Thud, ABIEE
BKBOFEREIERSFOGERIGLOGICTZE20 X,

D EM S RHITIE > TWBL EAYE->THT, —
Micid, SRIERKRE, TOFEEBELDEVEDH
KE—2%b5, poBHTEORKBOFEGHFEET 5
LVASBOBFHILIE->TH5, Hic, 2ATE, 8 AL
1], 12 ARz 0B TH S,

2% bI3R a ZAMNKENLLLDOTHEH 5,
Zhit a SFEA ERI CHEEERT D, @A 0ITE
S5, LADITLBIICAS @D 5,

B3 % a KABHEELEREFED 12 EFRO 7 -

®2ka HIHERKEROFRMLE, mm; 40 FHOF -y oHE

A ] B Kk & [ 5 & EERE Q@ A My
+ 11.7 0.0~ 68.1 209.43 123.7 1.92 7.07
1A th 10.8 0.0~ 59.8 206. 26 133.0 1.62 5.05
T 16.3 0.0~ 83.7 355.90 115.7 1.70 5.92
+ 17.0 0.0~ 75.0 378.62 114.5 1.32 3.80
2R th 13.9 0.0~ 51.1 249.92 113.7 1.16 2.99
T 18.6 0.0~137.9 719.68 144.2 2.74 11.53
+ 17.9 0.0~ 59.4 269. 81 91.8 0.94 2.93
38 s 23.7 0.1~ 75.3 386.63 83.0 1.00 3.32
T 31.8 0.0~139.8 681.15 82.1 1.81 8.23
t 39.0 0.3~168.5 1123.19 85.9 1.61 6.52
4A th 44.2 0.0~138.0 1022.13 72.3 1.05 4.00
T 37.8 0.0~137.1 882.70 78.6 1.49 5.40
+ 51.3 3.0~136.1 1122.79 65.3 0.54 2.63
58 th 45.0 0.0~120.3 1005. 46 70.5 0.39 2.16
T 53.8 0.5~178.4 2012. 06 83.4 1.15 3.90
i 68.5 8.5~175.1 1431.48 55.2 0.63 2.96
6H th 70.4 6.0~267.0 2213.69 66.8 1.90 8.54
T 82.2 0.6~318.3 4092, 52 77.8 1.64 6.08
+ 82.9 6.0~171.1 2089. 77 55.1 0.22 2.16
7H th 69.8 1.5~183.5 2013. 30 64.3 0.63 2.83
T 76.3 2.7~300.7 5432.51 96.6 1.12 3.50
i 71.9 1.1~ 489.5 9229.15 133.6 2.65 10.84
8H th 69.2 6.0~ 309.6 3290. 77 82.9 2.26 9.16
T 113.9 11.6~ 322.1 5611.75 65.8 ) 0.80 3.10
+ 79.4 5.9~ 253.2 3597. 90 75.5 0.90 3.13
9R th 102.1 5.7~ 388.0 8456, 54 90.1 1.20 3.75
T 70.6 0.8~ 224.1 3290.23 81.2 0.74 2.58
+ 52.9 0.0~ 194.4 1359.87 69.7 1.56 6.84
108 & 43.4 0.0~ 137.9 1488.88 88.9 0.96 3.01
T 43.1 0.0~ 145.7 1230. 62 81.4 1.24 4.35
t 21.5 0.0~ 114.0 661.72 119.6 1.85 6.56
1A 26.3 0.0~ 118.6 850. 44 110.9 1.52 4.90
T 23.4 0.0~ 133.0 730.71 115.5 1.94 7.68
+ 14.8 0.0~ 110.1 511.73 152.8 2.53 9.77
128 & 12.0 0.0~ 79.5 268.71 136.6 2.33 9.15
T 15.7 0.0~ 133.3 565.75 151.5 3.2t 15.67
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W2:;b AVMNBAROERMLER, mm; 40 EMOF~ 55 SHE

A B K B vy 2 #® EREN W H & &MY
1A 38.7 0.9~103.1 750.98 70.8 0.89 2.88
2 A 49.5 4,1~190.4 1698.93 83.3 1.47 5.23
38 73.4 8.5~146.5 1128.95 45.8 0.21 2.12
4 A 121.1 48,8~232.9 2253. 59 39.2 0.47 2.49
5 A 150.2 49,2~340.0 4746.25 45.9 0.93 3.40
6 H 221.1 73.4~487.4 6651.47 36.9 1.06 4.30
7A 229.0 26.5~457.1 8827.46 41.0 0.24 2.55
8 A 2565.0 71.0~678.3 16145. 38 43.8 1.21 4.58
9 A 252.1 48.8~472.0 13538.01 46.2 0.23 2.05
10A 112.5 16.2~285.9 2855. 33 47.5 1.1 4.43
118 7.3 3.9~234.0 2275.51 66.9 1.50 6.14
128 42.5 0.0~173.6 1442.15 89. 4 1.80 6.74
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kS, B1ERDPOEMIKRE S, B2, FI3EK
DROEHHBHNS VEER > THE0 5, FORRRS
BLEMRLWVMELEA S, ZOED 1 REER LR
EHED 133% AL LTV S (EESY).

3) % - ARMBESNKREERVEHELEFEMOR

SOEBIL

1944 £ 5 1985 FE 2 T 42 ERo KWL LARBE
SEHRRIC L ZEROSBERESROFETITIE -1
HRELELRICRY, BKBICBTAERIE, AT

FOETHEXLBH TREDEFI E » THA CHIRE
Wiz 5MNWEEZEZL SN DOTHWEP - 12,

Bo5Xaldl AL S 12 A TOABBEASKEEH
WTREBEZ 6 DB LIERTH S, 6 >OEBH
BB, VF-SBOBEOAEMARVENS
WBHICL D, COFBFERE, LrAZERELTY
25, 4T LSREOEFHMOAICHE L DT
B, KEYME2SUEFTLEL L LI OE
EZiohb, ROGIRLIBI 42 ERIOFESE L,

W3IXa AHETHLERRHBROERMED, cal/m?; 12 FHO7— 2 HE

A ) 8 & i vy v 2 # EERE W A &MY
+ 189.1 165.0~224.4 314. 86 9.4 0.75 2.48
1A 205.0 164. 4~228.9 471.07 10.6 —0.60 1.84
F 221.7 185.9~253.5 599.14 11.0 —0.11 1.65
£ 233.6 191.4~273.5 559.19 10.1 —0.09 2.22
2 254.4 226.4~306.7 603.55 9.7 0.81 2.48
T 263. 4 197.0~350.4 2055. 24 17.2 0.09 2.19
E 283.8 228.3~332.2 816.61 10.1 -0.20 2.49
38 w® 328.2 261.1~387.9 1620.11 12.3 -0.13 1.76
T 331.4 248.6~396.6 1795. 05 12.8 —0.37 2.31
+ 343.7 308.7~394.7 617.77 7.2 0.39 2.37
48 338.5 223.3~409.2 3254.20 16.9 -0.41 2.18
T 355.5 235.5~481.1 6524.23 22.7 0.13 1.69
E 379.8 279.5~462.2 3449.02 15.5 —0.24 1.68
5H 391.2 299.8~504.6 4322.50 16.8 0.27 1.71
T 398.8 325.9~470.3 3079. 44 13.9 —0.14 1.18
+ 344.3 260.6~483.9 4572.06 19.6 0.53 2.23
68 281.2 156.0~383.8 3244.08 20.3 —0.27 3.33
T 247.4 186.0~318.0 2286. 37 19.3 0.14 1.38
E 268. 2 119.2~395.9 6441.33 29.9 -0.10 2.15
TR 280.4 147.6~397.9 5467. 03 26.4 —0.42 2.14
T 344.0 208.7~493.0 5447.40 21.5 0.06 2.76
i 345.4 254.3~409.0 2527. 60 14.6 -0.72 2.08
88 301.3 157.2~415.5 4965. 30 23.4 —0.10 2.74
T 272.5 183.4~403.4 5937.00 28.3 0.51 1.80
+ 267.1 204.5~394.9 2894. 20 20.1 1.03 3.41
9/ o 227.2 184.3~283.9 1330. 85 16.1 0.36 1.52
T 224.4 106.9~358.9 4612.98 30.3 0.12 2.54
t 237.1 183.9~334.2 1363.58 15.6 1.33 4.79
1008 214.9 162.8~259.9 1011.03 14.8 —0.23 1.87
T 238.0 176.0~297.5 955.01 13.0 —0.05 2.90
+ 198.8 146.8~275.5 1458.12 19.2 0.54 2.21
1A o4 181.4 145.0~222.0 947.49 17.0 0.25 1.27
T 172.3 93.3~236.3 1544. 83 22.8 —0.19 2.56
+ 178.0 146.7~197.7 211.51 8.2 —0.60 2.57
123 171.6 149.8~189.1 124.42 6.5 -0.22 2.41
T 172.7 137.8~195.9 338.25 10.6 —0.66 2.07
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E3XRb ARNHTHLERRNBOTRMES, cal/m?; 12EHO 7~ 5255t H

A B & & vy v . EEFRK W B By

1H 205.8 174.8~224.8 285, 22 8.2 -0.72 2.00

2 8 249.5 225.5~294.9 504. 09 9.0 0.70 2.10

3 H 315.0 270.6~345.0 612.77 7.9 —0.47 1.96

4 A 345.9 305.9~394.2 793.91 8.1 0.42 2.20

5 H 390.3 321.1~450.6 1086. 09 8.4 -0.23 3.00

6 H 291.0 241.1~362.1 1391.48 12.8 0.54 2.10

;| 299.1 212.5~365.0 1859. 24 14.4 -0.22 2.61

8 A 305.3 238.2~384.4 2347.76 15.9 0.31 1.57

9 A 239.6 197.9~298.5 767.30 11.6 0.82 2.92

108 230.3 212.9~260. 8 238.80 6.7 0.62 2.03

118 184.2 140.5~219. 2 442.04 11.4 ~0.29 2.75

12 B 174.1 159.2~183.5 57.86 4.4 —0.60 2.01

Faka ASNBEAKBOHEBGE  2FMo7—-5»oHE
A 3H 4A 5H 6 A 7AH 8H 9A 108 118
3 A 1.000 0.329 0.030 0.093 0.011 —0.212 0.208 0.472 0.132
4 A 0.329 1.000 0.306 —0.168 0.171 0.199 0.404 0.244 0.143
5 A 0.030 0.306 1.000 0.213 0.271 0.078 0.310 0.284 0.287
6 A 0.093 —0.168 0.213 1.000 0.279 —-0.170 —0.004 0.350 0.308
TAH 0.011 0.171 0.271 0.279 1.000 0.313 0.209 0.040 —0.038
8 B | —0.212 0.199 0.078 -0.170 0.313 1.000 0.089 —-0.116 0.006
9 A 0.208 0. 404 0.310 —0.004 0.209 0.089 1.000 0.271 0.423
104 0.472 0.244 0. 284 0.350 0.040 —0.116 0.271 1.000 0.478
1A 0.132 0.143 0.287 0.308 —0.038 0.006 0.423 0.478 1.000
®akb ERHOBFM Fiake THRHOBE~I b

I # 5 K REESR Iy 1 2 3 4 5
1 EHS 2.604 0.289 0.289 3 A |0.311 —0.268 —0.39 0.522 0.169
%2 XS 1.604 0.178 0.468 48 0344 0.325 —0.429 0.160 —0.144
B3 ERS 1.332 0.148 0.616 5 H | 0.373 0.187 0.220 —0.125 —0.685
%4 ERSD 0.981 0.109 0.725 6 A | 0.241 —0.310 0.616 0.180  0.087
B5ERD 0.747 0.083 0.807 7H | 0.204 0.404 0.423 0.496  0.048
6 Eiksr 0.655 0.073 0.880 8 A |0.025 0.608 0.094 -—0.091 0.579
1 ERS 0.420 0.047 0.927 9 H |0.411 0.203 —0.182 —0.264 —0.040
=8 XS 0.352 0.039 0.966 10H | 0.457 —0.299 —0.030 0.064  0.233
%9 ERS 0.306 0.034 1.000 118 | 0.409 —0.165 0.097 —0.571  0.285
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6 h 19.1 16.8 18.8 18.4 19.8 19.0 18.8
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Ba B3 1 2 3 4 5 6 P
38 18 69.5 69.5 69.5 69.5 69.5 69.5 69.5
1A 91.8 58.4 59.5 93.1 58.4 92.8 93.2

218 111.9 62.3 4.9 113.5 64.8 114.2 114.6

316 124.0 96.3 43.5 163.7 91.6 126.5 1%6.5

48 108 163.8 154.1 75.2 193.6 145.4 167.8 168.7
206 161.4 155.3 109.9 173.7 153.3 160.0 162.5

308 152.7 150.3 129.0 155.7 150.5 150.0 152.3

58 108 184.3 185.3 175.3 183. 4 185.1 181.3 183.4
20 B 221.5 222.3 213.1 221.5 219.5 235.3 220.5

30 B 278.5 219.7 262.8 286.2 274.3 281.1 280.5.

68 98 339.4 346.5 323.6 346.9 336.2 338.2 342.4
190 407.3 422.3 391.6 416.7 402.3 405.4 411.4
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11A 68 181.1 184.4 184.8 182.7 183.8 182.5 182.8
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SUMMARY

Relationships between Meteorological Statistics and
Grassland Production at NGRI (Nishinasuno)

Masae SHIYOMI
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For appropriate management of grassland a precise forecasting of production is
required and similar precise forecasting of meteorological conditions is required for
such exact prediction of grassland production. In general, however, long term prediction
of meteorological conditions, say, more than three months, is almost impossible and a
method which will overcome this impossibility is required. One substitutive method is to
construct several types of meteorological seasonal changes based upon accumulated data
and to choose one or two of these types to appropriate the meteorological seasonal
change most probable for a given area in a given year, instead of forecasting actual
meteorological conditions.

At the National Grassland Research Institute (NGRD (36°56’N, 139°58'E and 320 m
asl) in Tochigi Prefecture, mean daily air-temperature and accumulated precipitation
have been recorded for 10-day intervals since 1944. In this report, several statistical
characteristics of seasonal and annual changes in these meteorological data and the rela-
tionships between the meteorological changes and herbage production in grazing grass-
land are discussed.

The results are summarized as follows: 1) The year to year variations in the 10-day
mean daily air-temperatures are slight in May and from August to November, and
extensive from December to March and June to July. The year to year variations in the
10-day accumulated precipitation are extensive from May to September and slight from
December to March.

9) Principal component analysis and a method of numerical classification (k-
means) were applied to the 42 years of meteorological data during the plant growing
season, six different types of seasonal meteorological changes were classified, and
seasonal changes in grassland production for each meteorological type defined above were
calculated using Shiyomi’s mathematical model. These results should contribute to the
estimation of grassland biomass production.

3) Productivity of pasture in the Nishinasuno Area is strongly affected by air-
temperature in March and April, and it scarecely affected by air-temperature and
precipitation in the summer because air-temperature is relatively low and precipitation is

relatively high then.
Bull. Natl. Grassl. Res. Inst, 35:11-23 (1986)



