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BREAS 0. 348 0.036 0. 256 0. 351 0.195 0. 354
ThiE 0. 395 0.189 -0. 227 0.479 %  0.014 0. 220
FHEL -0. 044 0. 224 -0. 021 —0. 266 —0. 061 -0. 128
B 1 R 0.284 0. 069 -0. 064 -0. 027 0.110 -0. 085
(n=24) K 0. 276 0.175 -0. 066 -0. 153 0. 096 -0. 123
BREAS 0.664 #* —0.289 0.012 0. 303 -0. 158 0.127
THiE 0. 366 0. 297 -0. 039 0.517 #% 0.405 0.532 %
Rt 0.032 0. 000 0. 059 0.002 -0.011 0.183
ErEER 1R 0.601 **  0.232 0.028 0.470 %  0.268 0. 248
(n=24) AR 0. 503 * 0.182 0. 086 0. 381 0.223 0. 383
BRSE 0.903 *=x  0.004 0. 086 0.555 #% 0.352 0. 181
ThIE 0.703 *x —0.112 -0. 382 0.475 *  0.375 0.107
L 0.310 **  0.098 0.320 ** _ 0.074 —0. 042 —0.361 **
34 1 TS 0. 199 0. 089 -0. 151 0. 062 0. 130 0.109
(n=72) % 0.420 *x  0.158 0.162 0.114 0. 085 -0. 230
AL 0.734 %% —0.077 0.140 0.446 #x 0.122 0.034
TR 0.515 %% 0.159 -0. 122 0.509 #x 0.207 0.061
*, k% K& B5%, 1%KETHE,
o HifHA s b RV w0 © 153
£/ = - " i
8/18 ! 105 |———A A w0 Mgl Aln Lo a
e P I P ) (SR L Y v o v
= e M LA e | A LA | o TEEFTTTIFR BT A T 3 a0 A pae el iet B L0
RPVRCAVA S 1% 2 W=/ /AVA = s dx” J‘/ b | \\hd&/\\gt’w. Do LECAAR lT‘\ll.
B L P lnall 2% B A BRAE S 7Y |
H o o T E ws : | & 1 Wy
w1 (o asms) [ ] 20 | —mEl{] if
g || Y || rRam loo ||-o-shutmet | !
n —— L] Er, o/18 L Ll']”*-n‘hl , —Cl—l.JIlkéiHi
1985 1990 1995 2000 2005 1885 1930 1685 2000 2006 1985 1990 1995 2000 2005
£ X W
RIM—2 1985~2008FEI=ZH T2 E55397) OHFEE, RAHPSIUVINEDHS

R E OMBIRENS, ERER, TRER, LIERTEhEh, W2 r=0.134, 0.313, 0.721%k, REWINr
=0.166, 0.179, 0.269, U &EAr=0.116, 0.449%, 0.037 (\FTiHn=24),
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, kg e BMSFG f THE

100
RN P
1 1 E )
E 10 BQ 5 | 2 ﬁg %‘ ; A,
= al >~ g =
% % At g LS [T \f 5 v
=0T il
& ] & 4 -
0 —a— 7 A, a0 {oa-EER T 1g | iHEA
—o— sk i —o— HUR M o sk T,
o LI - F-Jillkﬂﬂ -o- Hnlnzx
0 g 0 g 15
1885 1990 1095 2000 2006 1986 1980 1995 2000 2005 1985 1990 1995 2000 HNE
P T i

M —3 1985~2008&FI=&T5H IE L5397 DIRNEEHERDHER
R L OFBREIT, ERER, TR, BIIERTEREN, RO r=0.395%, 0.016, —0.582%k, XUk
A7Sr=—0.058, 0.147, 0.452%, FHIFEr=0.062, 0.346, 0.073 (\Fhbn=24),

2) BEBILERBRT—2IZLP4EE - REZDTH B & HIT, CCSRIB L TNE CGOML TE N -F 18 HE
(1) RABHEEHDOZEk ¥Jjcl14, 13HRFY, BRAEDSH19~22H MN5H5~9

20304ERDIRFBAE N (BAERIR) X, |, Ak HEEEEZ2D L PRISh . (RIM—5),

RIM—5 WMEHIV200FEKICHITEHKTEOTEH, HBEORRBIER

i His TRTA A HIE CCSR CGCM1
G e P ke e pkpn RN Ry e Rl GER
1 Al oy 5/20  5/16 5/4 16 4/30 16 5/7 16 5/4 12
2 JER b3 5/22  5/18 5/2 20 4/29 19 5/5 20 5/2 16
3 il =t oHy 5/22  5/19 5/8 14 5/6 13 5/10 14 5/8 11
4 & FFoET 5/20  5/16 5/4 16 4/30 16 5/6 16 5/3 13
5 fEiE Gt 5/22  5/18 5/5 17 5/2 16 5/7 17  5/4 14
6 JHEIE EERT 5/27  5/23 5/11 16 5/7 16 5/12 16 5/9 14
7 BESF FEEET 5/22  5/19 5/9 13 5/6 13 5/10 13  5/7 12
8 ANF REyguT 5/20  5/17 5/6 14 5/4 13 5/7 14 5/4 13
9 ANF HTEER 5/23  5/20 5/9 14 5/7 13 5/10 14 5/7 13
10 2250 B RIRT 5/21 5/17 5/7 14 5/5 12 5/7 14 5/4 13
11 Z2%n )IH 5/20 5/17 5/7 13 5/4 13 5/6 13 5/4 13
12 Z2%n [wEHT 5/20 5/18 5/9 11 5/6 12 5/8 11 5/6 12
13 BERG /NEET 5/24  5/21 5/11 13 5/9 12 5/11 13 5/9 12
14 ) ERERl 5/24  5/21 5/12 12 5/9 12 5/11 12 5/9 12
15 BJI e 5/20  5/18 5/9 11 5/6 12 5/8 11 5/6 12
16 EBJIl HEREFET 5/19 5/16 5/7 12 5/5 11 5/7 12 5/4 12
17 Bl #&mEGE  5/27 5/24 5/14 13 5/11 13 5/13 13  5/10 14
18 #d bR 5/26  5/23 5/12 14 5/9 14 5/9 14  5/7 16
N3] 5/22 _ 5/19 5/8 14 5/5 14 5/9 14 5/6 13
535 7 HIER 6/2 5/30 5/20 13  5/16 14 5/18 13 5/15 15
53 YK BT JERT 6/14 6/9 5/30 15 5/24 16 5/23 15 5/19 21
SE R g 6/16 6/9 5/29 18 5/24 16 5/22 18 5/18 22
BAEDORET — X I TR OREBURFTEERDOT A XA A v v abhA v b, ZRITBELE OER,
(2) HEHOZEL V., ZEHFEERIE3SHE & LW EL 5,

FLIR IS X OWRBR H R 2 18 it O SEHIfE CTH 5 s 22 FE A 2 5 &, ALiEE OFRVEMIE C &
&, CCSRTCIFBUEIZHEANRIRZ0H F<, BEFRA9 HRGEMD EE LW AR LT TIE, CCSRTZ 4 R
HiE< 720, ZORER, ZaWEHMIZI3A 2532 MR 14B THY, ZIUIBAETOMNIINH & BEETIC
H~C19HEL &% (FM—6), 7=, CGCMITIE ¥4 2%, F7z, CGCMITIXILRHIX26H L7220,
FIREBREN E HIZ3~4H ERZN RV EL 72 BUETRDBEWILENO29H Z#RIT1E, BEOWT
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NOHITR LY L EL D,

HIFEHY, 18HIF O )T, Bl & B BIEIC
Et~XCCSRT6~TH, CGCMITIZOH B 2%, & biE
WAL R HT T HCCSRTHAED A R TR =& 2 BT &
720, CCOMITIZE HICHBAED E it L v $H <
2%, ek, TNLOREILT X TBEH 2525
HE LA THDN, ARORII 50588 % i)
FL, SHIOHZBMEHA & L CHEERZH#E Lz L
A, ELIGHRLL b EREL DN (EIT—-T),
(3) BEEEREDEL

T TR L= X 912, 2030 RICIFEAE L v
FHHAN6~9H R FE YV, FF—BR THRIEN LA
T 516, BAKIRIZ656~108CEL b, DI
W, BRAKEEAOHBEEROEAT I v —2EH
XK T L, 18HHEFFHTHAEL Y $0.9~1. 5%1K
<725b, MAEAESA ROV TIEB0CHIEIC
IR E 725 “IRBABOBFRENRB D L TEY, KW
TO0.2, FETO0.3%MK< s (FRIM—8),

—J7, 20304FAR D HBEW 2 i 2 RO 8H 1R £

X108 & —fIET S &, 8HLHOLE DM E
BRIL, HREMAEE L L0 PHIE R S IZIFER
CTohd, LanL, HEEHNA8HI0A LELS D L
MEARIIEEY, LT In—RAGHAETED
BENKELS, BAKBOMKIZLSZ T In—24F
AR RIS 722 (RID—9), ZOZ LT
FERIZBWT Y, BIEA BT R A & R o
EENMENRNEE CHH Z L2 RBLTND,

I, HEEH OB e Z LRI E AR 2
L8 (KM —4) #H5 &, 203007 I v—
AGHEIL, HREINELS 7R DI OWBIE L AT L
TEREDHD, BUELY bEITIRVETHRET 5, &
HESARIIHBEHNENLBHELIV OEELHE
LD, THRUBOHBTHILUEBEL Y HIK
T 5, T7bbH, 2030FRTIEXTAKLFEDONT
AOHBEEIZE W THETIEL Y BB LA AIAE
o, FEEHMETIRHERN RIS BRWRAEE T
x5,

FKIM—6 BITER L0304 RIS 1T 2R A, 22 HfEEs X OHEHHEE
BifE CCSR
HURF Mgk HETATA BRALEY 2 PR AR ZE RE HURE
&5 FRR MERR HRE R Akl FRR [FA BRRR WA HEE B FA Rkl [FA
PR A RT MU B HHRE B M SEME 7= et
1 fgl JLzERT 7/23 8/21 29 8/5 8/1 7/15 8 9/2 12 49 20 7/31 5 7/21 5
2 ﬁ%t%ﬁ 7/30 8/17 18 8/9 8/5 7/18 12 8/30 13 43 25 8/1 8 7/28 8
3 & =t oy 7/27 8/8 12 8/7 8/3 7/17 10 8&/11 3 25 13 7/31 T 7/27 7
4 @émj/\ﬁﬂET 7/24 8/14 21 8/6 8/1 7/16 8 8/25 11 40 19 7/31 6 7/21 5
5 iR T 7/30 8/15 16 8/10 8/5 7/18 12 8/28 13 41 25 8/1 9 7/28 8
6 JHIE JEET 8/7 8/7 0 8/13 8/9 7/24 14 8/19 12 26 26 8/5 8 8/1 8
7 CA¥F FERET 7/28 8/11 14 8/8 8/4 7/20 8 8/20 9 31 1T 8/2 6 7/29 6
8 AkF RIEHT 7/28 8/12 15 8/8 8/3 7/17 11 8/21 9 35 20 8/1 7T 1/21 1
9 AAT HTIEEAS 7/30 8/9 10 8/9 8/4 7/19 11 8/20 11 32 22 8/2 7 1/29 6
10 Ze%n 25 B 7/27 8/12 16 8/7 8/3 7/16 11 8/21 9 36 20 7/31 7T 7/27T 7
11 225 )M 7/19 8/10 22 8/8 8/4 7/10 9 8/21 11 42 20 8/1 7T 7/28 7
12 Z2%n AyEnT 7/24 8/8 15 8/5 8/1 7/16 8 8/15 7 30 15 7/31 5 7/271 5
13 A5 /NERT 7/29 8/8 10 8/11 8/5 7/23 6 8/16 8 24 14 8/5 6 7/31 5
14 Bl EBId+R 7/28 8/3 6 8/8 8/3 7/19 9 8/10 7 22 16 8/2 6 7/29 5
15 )i e 7/23 8/6 14 8/57/31 7/15 8 8/11 5 27 13 7/30 6 17/26 5
16 I EREHT 7/22 8/7 16 8/4 7/31 7/14 8 8/13 6 30 14 7/30 5 7/25 6
17 B A%FfiEE 7/29 8/2 4 8/9 8/5 7/19 10 8/11 9 23 19 8/3 6 7/29 7
18 #EE bRl 8/5 8/3 -2 8/13 8/9 7/27 9 8/10 7 14 16  8/7 6  8/2 7
EEZ] 7/28 8/10 13 8/8 8/4 7/18 10 8/19 9 32 19 8/2 7 17/28 6
2% R i) - 7/28 - 8/21 8/16 8/3 - 8/7 10 4 - 8/12 9 8/7T 9
#E JIE o7 ET - - - 9/4 8/29 - 7/29 - - - 8/23 12 8/15 14
S RE P - - - 9/4 8/28 - - 7/29 - - - 8/23 12 8/18 10

FRSUHHBE & RN A B, ZaHBIRITA,
T4, FEZERIBUEOE L OER (A) .
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BEDRET, ETITHOREBHOFNEMOT AL ARy aFrA L bD
MR HI1Z5H 250,



KI—6 &

CGCM1
M Mol THRTR 4 [ SRR 224 [RE HRE
5 HIR [FAE BER FAE HE i [FAE ke FAE
R e HIRE EME R e 7E 5 =
1 f JrERT 7/14 9 9/3 13 51 22 7/30 6 7/26 6
2 R b 7/16 14 8/31 14 46 28 7/31 97/27 9
3 thiE =tkaHT 7/15 12 8/12 4 28 16 7/30 8 7/26 8
4 % LFer 7/14 10 8/27 13 44 23 7/30 7 7/26 6
5 JHIE (rEE 7/16 14 8/29 14 44 28 7/31 10 7/27 9
6 fHiR JEEET 7/21 17 8/21 14 31 31 8/3 107/30 10
7 mkr FERET 7/17 11 8/22 11 36 22 8/1 77/21 8
8 A¥F EyuT 7/14 14  8/23 11 40 25 7/29 10 7/25 9
9 CANF HTEEA 7/15 15 8/22 13 38 28 7/31 97/26 9
10 2250 & RIRH 7/11 16  8/23 11 43 27 7/28 107/24 10
11 2250 P 7/4 15 8/24 14 51 29 7/29 10 7/24 11
12 2250 [NERT 7/10 14 8/18 10 39 24 7/28 8 7/24 8
13 B8 /NEET 7/19 10 8/20 12 32 22 8/2  97/29 7
14 B ERIm+R] 7/13 15 8/15 12 33 27 7/29 10 7/25 9
15 EJI e 7/9 14 8/15 9 37 23 7/27 97/23 8
16 Bl g BREFHET 7/8 14 8/16 9 39 23 7/26  97/23 8
17 B &% HEE 7/13 16 8/15 13 33 29 7/30 107/26 10
18 #& LR 7/20 16 8/15 12 26 28 8/2 117/29 11
SEH 7/14 14 8/21 12 38 25 7/30 97/26 9
S A P 7/27 - 8/13 16 17 - 8/7 14 8/3 13
%E YIK BT IE 8/5 - 8/8 - 3 - 8/13 22 8/9 20
SE AR 8/10 - 8/11 - 1 - 8/16 198/11 17

20104FE C O IARRT EJITHVTRE) & A AR 2 BB HFEE - 6/26, 6/29, BRFRHFE
1) . 8/18, 8/24, Wl & Ak OHEEHEEW) - 7/25L7/21, 7/28L7/24,

RIM—] HIEBOREN2030FERDOHBHRICRIFTHE (A/H)

BT CCSR CGCM1

Hulsk HimTAT 4 5/2584 5/ 25 HH 5/10f54H 5/ 2554 5/10f4H

e plkpt ey plomd R bRl T BRI R

EE bR 8/9 8/5 8/1 7/28 7/26 7/22 1/31 7/27 71/26 7/22
7o AR 8/7  8/3  T7/31 7/27 1/26 7/22 7/28 7/24 7/23 7/19
I B 8/5 7/31 7/30 7/26 7/25 T7/21 T/27 7/23 7/22 1/18
Wk db A 8/13 8/9 8/7 8/2 8/2 7/29 8/2 1/29 7/29 7/24

s 8/9 8/4 8/2 7/29 7/28 7/24 7/30 7/26 7/25 7/21

KIM—6% M,
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FM—8 BMASLV200FRICEFTIEATIO—XREEEX (%) LEBEEFE (%) DHEME

THIE CCSR

M Hudsk mIRTAA R B i DA

x5 BE 70 B OB 7 EE OB EA 7 WA EA WA R RAE 7 RAE EA RL
RIR AE AR RIR A5 BA KRR -AE =Xl RIR A B

C_ A F C FHHE FC FEE g EE g EHE C GEE fE GER R e
1 Fel TzEmT 840 20.3 7.4 854 20.1 7.4 901 61 19.4 -0.8 7.5 0.1 907 53 19.4 -0.7 7.5 0.1
2 PR b3k 795 20.9 7.5 812 20.7 7.4 884 89 19.7 -1.2 7.4 -0.1 890 78 19.6 -1.1 7.4 0.0
3 ?’?S~Jz:BT 759 21.4 7.7 781 21.1 7.6 828 69 20.4 -0.9 7.4 -0.3 848 67 20.2 -0.9 7.4 -0.2
4 thiE Sfnmy 802 20.8 7.4 824 20.5 7.4 876 74 19.8 -1.0 7.4 -0.1 884 60 19.7 -0.8 7.4 0.0
5 B g 781 21.1 7.6 802 20.8 7.4 870 89 19.9 -1.2 7.4 -0.2 878 76 19.7 -1.0 7.4 -0.1
6 fHfE JEEHT 720 21.9 8.1 742 21.6 7.8 818 98 20.6 -1.3 7.4 -0.7 830 88 20.4 -1.2 7.4 -0.5
T Ak ERET 771 21.2 7.6 790 21.0 7.5 842 71 20.2 -1.0 7.4 -0.3 853 63 20.1 -0.9 7.4 -0.1
8 ffF VAT 772 21.2 7.6 795 20.9 7.5 848 76 20.2 -1.0 7.4 -0.3 861 66 20.0 -0.9 7.4 -0.1
9 BAF HiEEAT 753 21,5 7.7 778 21.1 7.6 836 83 20.3 -1.1 7.4 -0.4 848 70 20.2 -1.0 7.4 -0.2
10 Ze%n A RRW 777 21.1 7.6 795 20.9 7.5 849 72 20.1 -1.0 7.4 -0.2 859 64 20.0 -0.9 7.4 -0.1
11 25 BRI 795 20.9 7.5 813 20.6 7.4 878 83 19.7 -1.1 7.4 -0.1 885 72 19.7 -1.0 7.4 0.0
12 2250 /yeEmT 768 21.3 7.6 788 21.0 7.5 829 61 20.4 -0.8 7.4 -0.3 842 54 20.2 -0.7 7.4 -0.2
13 B /NFERT 737 21.7 7.9 769 21.2 7.6 801 64 20.8 -0.9 7.5 -0.4 819 50 20.6 -0.7 7.4 -0.2
14 )il R 723 21.9 8.0 752 21.5 7.8 794 71 20.9 -1.0 7.5 -0.5 810 58 20.7 -0.8 7.4 -0.3
15 )i eIl 758 21.4 7.7 784 21.0 7.5 816 58 20.6 -0.8 7.4 -0.3 831 47 20.4 -0.6 7.4 -0.2
16 BJI P REFRT 769 21.2 7.6 790 21.0 7.5 829 60 20.4 -0.8 7.4 -0.3 847 57 20.2 -0.8 7.4 -0.1
17 B 4%h 713 22.0 8.1 738 21.7 7.9 793 80 20.9 -1.1 7.5 -0.7 813 75 20.6 -1.0 7.4 -0.5
18 # bR 697 22.2 8.3 721 21.9 81 765 68 21.3 -0.9 7.7 -0.7 784 63 21.0 -0.9 7.5 -0.5
DR 763 21.3 7.7 785 21.0 7.6 837 74 20.3 -1.0 7.4 -0.3 849 65 20.1 -0.9 7.4 -0.2
BARBICL DO T I 0 —2AGHFRLEAGHROHERIT, FHEF (2010) 1IZX D, BHEORRITE T ORFI L fEM 0

T AS AR S . AL 0 A M 1R A,

R ZARIIBAEME L OZR, B HIX5A25H, MEEH X

FI—6% 58,
CGCM1
Mo Hik  TRETRA i e
&5 xE[FE 7 WMAE &@ RE ZARARE 70 WE &EA RE
iR A aa KR -AE “f
C EE g R O EE ¢ ER ¥ ER R ER
1 fEl yrzEnT 922 82 19.1 -1.1 7.6 0.2 926 72 19.1 -1.0 7.6 0.2
2 MR e 904 109 19.4 -1.5 7.5 0.0 910 98 19.3 -1.3 7.5 0.1
3 & =%k=HE" 81 92 20.1 -1.3 7.4 -0.3 871 90 19.8 -1.2 7.4 -0.2
4 ?’,_\ HFnmy 899 97 19.5 -1.3 7.5 0.0 907 83 19.4 -1.1 7.5 0.1
5  fHiE (hEm 891 110 19.6 -1.5 7.4 -0.1 898 96 19.5 -1.3 7.5 0.0
6 AR JEITET 845 125 20.2 -1.7 7.4 -0.7 857 115 20.0 -1.6 7.4 -0.5
7T AN FEEM 866 95 19.9 -1.3 7.4 -0.2 879 89 19.7 -1.2 7.4 -0.1
8 AT EVENET 878 106 19.7 -1.5 7.4 -0.2 887 92 19.6 -1.3 7.4 -0.1
9 AT HTEEAT 864 111 19.9 -1.5 7.4 -0.4 877 99 19.8 -1.4 7.4 -0.2
10 z24n JARR™ 885 108 19.7 -1.5 7.4 -0.2 893 98 19.5 -1.3 7.4 0.0
11 225 WM 914 119 19.3 -1.6 7.5 0.1 922 109 19.1 -1.5 7.6 0.2
12 225 FyvEhT 870 102 19.9 -1.4 7.4 -0.3 882 94 19.7 -1.3 7.4 -0.1
13 BHwg /NEET 843 106 20.2 -1.5 7.4 -0.5 855 86 20.1 -1.2 7.4 -0.3
4 B LR 842 119 20.2 -1.6 7.4 -0.7 855 103 20.1 -1.4 7.4 -0.4
15 EJI jEid 859 101 20.0 -1.4 7.4 -0.4 871 87 19.8 -1.2 7.4 -0.2
16 BJII EREAT 875 106 19.8 -1.5 7.4 -0.2 883 93 19.7 -1.3 7.4 -0.1
17 B &%Fh 841 128 20.3 -1.8 7.4 -0.8 855 117 20.1 -1.6 7.4 -0.5
18 #aAE JLRTH 817 120 20.6 -1.6 7.4 -0.9 831 110 20.4 -1.5 7.4 -0.7
Sy 870 108 19.9 -1.5 7.4 -0.3 881 96 19.7 -1.3 7.4 0.2
2010 D LLATET GEJITIEEE) , ARRTICE T 283AKIE (C) X2 Ehd - 915, 947, Bk
B 0906, 943, T In—REHE (%) j:EF‘EEZ 19.2, 18.8, HKfH :19.4, 18.9, BAGHFE

(%)

I 7.5, 7.8, Bk 7.5, 7.7,
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RI—9 HBHOZEHLN200FERDERT S O—REFEXELSLVEREERRICRIFTEE

BifE CCSR CGOM1
Mg mETAR 4 R OBERN 7 I e Bl O RS 7 3In & HfE B 73 o &
B ORIE —A A OH KB —2 FF M KA —2 &
=X &8 = aH E
HH C % % HAH CT H£% % HH C F£% %

o SO B

o

b= ] 8/7 804 20.8 7.5 7/30 887 19.7 7.4 7/29 907 19.4 7.5
7o AT 8/5 786 21.0 7.6 7/29 854 20.1 7.4 7/26 889 19.6 7.4
BJI 8/3 771 21.2 7.6 7/28 824 20.5 7.4 7/25 865 19.9 7.4
M bR 8/11 709 22.1 8.2 8/5 775 21.2 7.6 7/31 824 20.5 7.4
1) 8/7 768 21.3 7.7 7/31 835 20.4 7.5 7/28 871 19.9 7.4
CCSR  8/1HFE CCSR 8/10HifH CGCM1  8/1HifE  CGCM1  8/10FH

Ml TRT A4 BT Ia BEH OB TIv BAH OB TIv BAH OBRA TIn EA
FE —A FF KRB —A2 FF RE —A 6 KB —* &F

avh  F wfh  F avf P avh P

C_ _#% % C_ _£% % C_ £% % C_ _£% %

e ek 884 19.7 7.4 86 20.0 7.4 901 19.4 7.5 870 19.9 7.4
Z8H H IR 846 20.2 7.4 809 20.7 7.4 873 19.8 7.4 833 20.4 7.4
BN e 808 20.7 7.4 761 21.4 7.7 838 20.3 7.4 788 21.0 7.5
A bR 787 21.0 7.5 753 21.5 7.7 821 20.5 7.4 777 21.1 7.6
S 831 20.4 7.4 795 20.9 7.6 88 20.0 7.4 817 20.6 7.5

BAKIRIC L DRKROT I v —2AGAREEAGTAROMTAT, PHF (2010) (285, BUHEDOKRGIIFHA HHT
FOREOLRTRIE-OT AFARX v 2T —%, BRKIRIZHR%40 BB o B EYRBERIE, REZERITHR
L DFER, £ EBEIIRIM 8O & Al DY) (B HAL/25) . R FEIXHFEA 28/1L£8/101f8E LT
BHH L,

2r ARR BE T L F R T) 1] I
= = SRR 20304% jgi . BUE 2030%EA%
;\E }‘E)Hm ﬁﬁ " » . 7.8
=~ = = = JHJIT 20304 S 3
E T "' l" v
4t ~ E 7.6
X s du
| i
o g 7.4
e 20 | )
o O Waht, #4 T2 - M, ke
= R A Q [
19 ; : : : ; 7.0 . . . . .
7/10 7/20 7/30 8/9 8/19 8/29 7/10 7/20 7/30 8/9 8/19 8/29
HEES (A/R) HEES (A/R)

RI—4 REHFHEICHITAIHBHEBEXTIO—RAEEEXFLVERAEEERLDER
(BRIR™, MIITTH)  2030F DK EIECCSR.

(4) BESHE CHERRERHY) OKBZESHNOLA  M-10), ZHIEKI—1, 20CRLETH OENFY
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CCSR 8/1HEH  CCSR 8/10HEE CGCML 8/1HHEE  CGCML  8/10{HEH
HFERTIOH H#E® HMAERTI0H e HARII0H #ie HFERII0R HiE

Mk WETAN 4 DABE40 H LLE40 H R PLFE40 H R DLF40 H
Ty OHE WNE P BE WWNE Y BH NE Y HE IE
i & keg/ S OE ke/ R OE ke/ K OB keg/
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EEEE) 0.079 0.269 0.009
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1989~2010 4= 22 FFRIZISIT DU E & KB EF DR
FRZONT, %A, Y X OVEBICAbE RO
WEIE, oEEiE, RIEKIEOBRERR LZ, W
HAELMEITRD b o720, 6 HBX U6 ~9
HOREKE L IEIZAOHERA LN (FIV—5—1),
—J7, [RIFEO- PRI C 31T DUE: (1989~2009 4F)
ERGEROBHRIZIBNT, ABITIE8 H, 9ADRIE



EOFEREL, 6 H~8HHAWNL6 H~9 HDI
SR L OB b ED T (EKIV—5—2),

KRNV—-5—3 +ERFERICHITHEFEHME, 1N
ERRERLAFTHRTOTHTR
EDFERE (1989~2010 £)

e B S Jfe s = =
KRV-5—1 +HRFAMERRELLEFTHROREERL WAERE_ 6] A ] 98 674 681 697
AR 0,591 %k —0.637 sk —0.755 sok —0.784 sk —0.812 sk —0.812 %% 0,920 *x
@*HE& (1 989~2010 E) BAMESZ AL —0.616 %% —0.735 %k — - - - -
RRTHR 61 A 81 9H 6-7H 6-8H 6-9H BIHE -0.437 % -0.410  -0.866 sk —0.824 sk -0.562 %k -0.562 %% -0.818 *x
PRI 0.147 0.010 0.109 0.014 0.082 0.013 0.000 ¥ @ 0.533% 0.147 0.214 0.257 0.439 * 0.390 0.383
AR 0.182 0.030 0.202 0.185 0.108 0.034 0.010 TER  0.584 #*k 0.153 0.409 0.292 0.475 % 0.475 % 0.527 *
FARAIER 0.073 0.039 0.010 0.158 0.064 0.045 0.017 AH¥H 0.456 % 0.115 0.471 % 0.374 0.365 0.365 % 0.474 *
FE/kik  -0.434 % -0.304 -0.374 -0.263 -0.055 -0.336 -0.458 * KK 0.071 0.129 0.155 0.183 0.042 0.042 0.105
KLEkE T84 7-9H 8-9H 4AFH BiTEZ B BATEE14 FRIE -0.249  -0.127  -0.695 %% -0.507 % -0.252  -0.252  -0.530 sk
FHIRIR 0.085 0.059 0.070 0.032 0.023 0.140 0.098 Hipg k% 7-8H 7-9° 8-94 £ BTtz TR BAAE =14
eERdE 0.164 0.075 0.087 0.026 0.082 0.119 0.083 AEEWIR -0.940 %% —0.867 sk -0.904 k% -0.963 %% —0.840 %k -0.884 %% -0.600 %%
FARSEIR 0.029 0.035 0.062 0.050 0.030 0.143 0.124 BAfEZ A% - - - —0.808 % —0.910 %% -0.575 %% -0.464 *
FEzkdk  -0.094 -0.283 -0.040 -0.373 -0.055 -0.318 -0.124 TREAAEL -0.866 ** —0.820 % —-0.876 *% -0.873 % —0.591 s** -0.940 ** -0.577 *%*
MR R~ R BHAEIZ R~ BRAE AR, B BHAE AR~ Rl B # o #H o 0.223 0.255 0.248 0.349 0.374 0.190 0.261
BHAE + 14 BATEARRT# 14 A AR, FXEE 0.499 0.358 0.376 0.477 % 0.399 0.384 0.244
ok ok 5 2 5%., 1 %K UETH S FHHH 0.489 0.377 0.406 * 0.434 % 0.349 0.425 % 0.284
—HAkIE 0.132 0.183 0.190 0.133 0.044 0.150 0.337

RIV—5—2 T+ DINE L AFHRPORRER
L DR (1989~2010 £F)

e TS 6H 7H 8H 9H
PR 0.480 * 0.528 % 0.636 ** 0.644 %%
IR 0.475 % 0.492 % 0.561 ** 0.706 **
AR 0.492 % 0.492 % 0.617 ** 0.403
[EkE  -0.457 % -0.234 -0.384 -0.216
KRG BH 6-7H 6-8H 6-9H -84 7-94 8-94
SEEIRIR 0.693 #% 0.812 k% (0.828 *% 0.746 *x 0.779 ** 0.693 **
IR 0.653 k% 0.737 *% 0.809 ** 0.673 ** 0.790 ** 0.711 **
FfRAIR 0.721 %% 0.826 *% 0.766 *x 0.714 ** 0.666 ** 0.569 **
FEKAE -0.155 -0.442 * -0.488 * -0.215 -0.308 -0.149

Mok kK % 5% . 1% KIETHE

ABHIR IR 2 KO- HRIR L AFHIRSC
IV ERERR EEEE L OFIBIC OV T D L, AFB IO
HAHBIL6~8 H, 6~9 HDFHKIE L DFHETN D>
e @<, R~ B EUL 6 ~ 7 H ORI L
OFREENIN R Y o7z (EIV—5—-3),

INEBRERERIC OV, 33EREIT 6 AR E O
A<, BE9, —HRREIIFEBIDOA ST THR I
ehot-, —J5, BhEIZ6~9H, 7T~8H, 8~9
H, 2EEHMOFRIEE ORmWAOHERHY, &
IZBBHIMOKIR & =V W VADHBIN A B ALz (RIV—5
—3)
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EDRIEL —0.560 %% —0.550 %% —0.576 k% —0.567 %% —0.285 —0.708 %% -0.281

AT AR~ AN, BRAEIE SR~ BAAE LA, K50 BRAEAA~ REEAN
BAAE + 14 : BATEAATT# 14 B RIZR T,
x| wk 2 5%, 1 %KIETHIE

(2) EBHEHOFA
BRAEG, B TRIEE ORI B2 Eh
DAMEHEET D &, KIV—5—4 DX 51205, Bt
& BENZONWT I S B Ll D &, B OReR
THBEZ3HUNDORATTIT 2 Z LnTEl (KIV
—5—1), B & OFRZE 3 B LINOFRIY, BIfEARITA
RD 92%, FEAENE81% Th -7,

RIV—5—4 DVI ZRALV=/NEDFEIE & BRADT
AfEEERNE (+ERED

— B TR o
(E,’g) TR GG i EnEm s i e ke s e
(HH) (HH) (AH) (H) &Ko) (HH) (HH)  (H) &ik(c) BfEs mu
1982 5.25 8.02 9.18 117 17.1 7.27 9.22 121 17.4 6 -4
1985 5.27 7.31 9.24 121 17.1 8.02 9.21 118 17.3 -2 3
1986 5.26 8.08 9.27 125 16.3 8.03 9.29 127 16.5 5 -2
1987 5.22 7.27 9.22 124 16.3 7.27 9.26 128 16.5 0 -4
1988 5.24 8.02 10.02 132 16.0 8.02 9.30 130 16.2 0 2
1989 5.23 7.28 9.17 118 17.2  8.01 9.20 121 17.4 -4 -3
1990 5.24 7.22 9.12 112 18.4 7.20 9.12 112 18.7 2 0
1991 5.23 7.25 9.20 121 17.2 7.22 9.19 120 17.4 3 1
1992 5.22 7.30 9.29 131 15.9 7.29 9.30 132 16.1 1 -1
1994 5.24 7.24 9.09 109 19.1 7.23 9.08 108 19.4 1 1
1995 5.26 7.27 9.26 124 16.5 7.27 9.28 126 16.8 0 -2
1996 5.27 7.30 9.26 123 16.5 7.30 9.28 125 16. 7 0 -2
1997 5.26 7.26 10.02 130 16.2 7.26 10.02 130 16. 4 0 0
1998 5.26 7.27 9.22 120 16.8 7.28 9.26 124 17.0 -1 4
1999 5.24 7.26 9.13 113 18,9 7.24 9.10 110 19.2 2 3
2000 5.24 7.16 9.11 111 18.9 7.19 9.09 109 19.3 -3 2
2001 5.23 7.24 9.27 128 16.3 7.23 9.26 127 16.6 1 1
2002 5.24 7.26 9.29 129 16.2 7.29 9.28 128 16. 4 -3 1
2003 5.23 8.0l 10.06 137 15.4 8.0l 10.03 134 15.8 0 3
2004 5.25 7.20 9.12 111 18.5 7.21 9.13 112 18.7 -1 -1
2005 5.24 7.25 9.15 115 17.7 7.26 9.18 118 17.9 -1 -3
2006 5.23 7.27 9.22 123 17.4 7.30 9.19 120 17.6 -3 3
2007 5.24 7.26 9.20 120 17.6  7.26 9.19 119 17.9 0 1
2008 5.28 7.27 9.23 119 17.2 7.28 9.25 121 17.3 -1 -2
2009 5.22 7.28 9.27 129 16.3 7.29 9.26 128 16.5 -1 1
2010 5.31 7.19 831 93 20.1 7.21 9.12 105  20.2 -2 12

31983, 19934 1T FHIC L 0 BN IZRIE, 1984F X FIXOIC L D RfE s L TR L 72



140
| ©
o : BlHIfE
130 A : i
s A
= 120 | Oﬁﬂé
s 0
ﬁ[E 110 1 C EC% 20104
105 | N
\
100 L :
95 ! !
I ‘@
90 : : : -
15.0 16.0 17.0 18.0 19.0 20.0 21.0
A E BT AR (CC)
RIV—5—1 /NZRZAEOFRIE S EVREDZE (1982

~2010 £+5ER)

WIZZn S OXEFANT, BIFE (1971~2000 4F) &
2030 FARUZHNT,  HEEKIRD BIEN 15 23FTDBRE
R L ORE A L, 04BN L O
DGR EHEE L. (RIV—5—5, 6, 1), I=7°L, &
FEHI XN b B EORFRFRE & <55 A 20 H 2 487E
L7,

CCSR IZ &L ATHITIE, AEHITEBHEL Y & 5 H~19
H, F72C6OML X B FHITIE, BifELV L8 H~23 H
FFEofe, HUIgHITIE, KT, iR SHED 6
~9 HORIRAMEN MU Z 3T ORI LAYE L
oTz, HEERTIIHTE IV NEOFEEER L, #iE Lk
LA 10 A 8 HEZ2D, #IFEH (10 A7 H) 1T
<, AR FICHEE T AR m < FIEnREET
BHDD, 2030 FARUTI TGN 9 A & 720, WIEN
P 725 Z L LHUWE S THoETTRE L HEE ST,

KIV—5—5 JFE (1971 - 2000 ) O/NEEEFH
g PRAENE A A BB AT 6 — 91 8y

i;l‘

AR ABe) (H) &IECC) Xk (C)
ek 7.19 9.10 112 20.7 18.3
BEnZly 7.21 9.13 115 19.8 17.6
AR 7.18 9.09 111 20.7 18.4
w)IW 7.18 9.10 112 20.1 17.9
JEJIH 7.16 9.08 110 20.5 18.3
BREH 7.16 9.08 110 20.4 18.2
4%Fm 7.20 9.15 117 19.1 17.2
WuEm  7.21 9.12 114 20.2 17.9
MEm  7.31 9.24 126 18.1 16. 3
AFRFET 7.25 9,21 123 18.0 16.5
W 7.28 9.18 120 19.5 17.1
REfET - 7.31 9.28 130 17.1 15.9
EEr 7.23 9.18 120 18.7 16.9
bEmRET 7.28 9.26 128 17.1 16. 1
HEREET 8.08 10.08 140 15.6 15.1
FEIME 7.24 9.17 119 19.0 17.2

MIEM A A4 5 A0 LAELESE.
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RIV—5—6 2030 &4X (CCSR) D/NEAFFHR
BHAES A AT B BUAR & BT 6-91 T

% BT — 1 (9 = m (9
g gir) | D7 KR (C) &l (C)
Jespidi 7012 9.02 104 8 22.3 20.0
BEnZZHT 7.16 9.06 108 7 21.3 18.9
AERRW 7.10 9.01 103 8 22.4 20.1
w)ni o 7.13 9.02 104 8 22.6 19.5
i 7.11 8.31 102 8 21.1 19. 8
W 7.13 9.03 105 5 21.7 19. 4
44 7.15 9.07 109 8 20.8 18. 7
Bwgti 7.16 9.05 107 7 21.6 19. 2
WEEm  7.26 9.16 118 8 19.5 17. 4
A-FHFET 7017 9.10 112 11 19.8 17.9
s 7.20 9.11 113 7 21.0 18.6
KEstET  7.20 9.12 114 16 20.1 18.0
=M 7.19 9.10 112 8 20.3 18.2
bEwRET 7.19 9.11 113 15 20.1 18.0
PARHET 7.26 9.19 121 19 18.8 16.9
FEIME 7.17 9.08 110 10 20.9 18.7

MIFFEA A2 5 H208 EE LS4,

RIV—5—7 2030 &4 (CGCM1) D/NEAF TR

s e DRAEH] OB ZEE R BARL BACEY 6-971 7
b At

AB) A H) D7 FIR(C) &R (C)
ek 7012 9.02 104 8 22.8 20. 4
B0 7,15 9. 04 106 9 21.8 19.3
#HRRW 7.09 8.29 100 11 23.2 20.7
w)di 7.11 8.31 102 10 21.7 20.1
i 7.09 8.29 100 10 22.9 20.5
wREHO7.11 8.31 102 8 22.5 20.0
A 7.13 9.02 104 13 21.8 19.4
gt 7.15 9.03 105 9 22.2 19.8
fEEd 7.21 9.13 115 11 20.4 18. 2
A7 HFET 7015 9. 06 108 15 20.8 18. 7
w7019 9,07 109 11 21.7 19. 1
KA 7.18 9.08 110 20 20.9 18.6
F|ET O 7.17 9.07 109 11 21.0 18.8
AWRET 7016 9. 07 109 19 21.0 18. 7
AR 7.21 9.15 117 23 19.8 17.8
EHfE 7.15 9.05 107 13 21.6 19.3

MIERE R 2 5 A200 L HEE LA,

(3) FEEDFA

N OREIE (V) 1IAEFHROEIRE (X) ©
2 WA TROTZENTESD (FHED, 1987), £Z T,
R - 22, BN - B, RS, JER - e, TEIR, +
Bk, AR— 7 DT HFNTHOUNT 1983~2009 4 (27 4F
i) @ 6~8 HDIFHRIE & HIX V) - SEEOBMR A fi#
WrLiz & 25, LR oER=E oz (XIV—5—2, 3,
4),
FFF - 22 CaRIN) -

Y=—5.10 (X—19.47) 24+202.7 (R>=0.1116)
I BEEE (i)

Y=—18.37 (X—19.66) 2+4205.0 (R?=0.3930)
%l (HA%)

Y=-—23.27 (X—18.77) 2+236.3 (R*=0.4541)
TS - fal OREY)



Y=—11.87 (X—19.66) *+200.1 (R?*=0.7154)
MEfR (571N

Y =—9.59 (X—18.88)
5 CGE=)

Y=—17.18 (X—19.11)
FR—> 7 (BiEF)

Y=—11.14 (X—19.09) *+251.6 (R?*=0.7020)

ZNHoEIFEREFWT, BIfEE 2030 OGS
HCONEEHET D &, AFF « Z2HHIBCIIBAED
201kg/10a 7> CCSR Tl 196kg/10a, CGCM1I Tl
186kg/10a EJRUX L, _FJIIHPEE I 201kg/10a 7> HZ40

2+236.9 (R*=0.6551)

24276.9 (R?*=0.8325)

ZA0192kg/10a, 156kg/10a ST 2, F£7-, HGHK
T 231kg/10a 735 230kg/10a, 212kg/10a, EEE - Fal
HiulsCid 187kg/10a 735 195kg/10a, 187kg/10a & FHAE &
HEFRSEONE L2 5, —F, R CIT 210kg/10a
B 236kg/10a, 236kg/10a L HIUL L, Bt Tl
226kg/10a 725 268kg/10a, 277kg/10a |2, A 7R—> 7 #
1 C1E 208kg/ 10a 7> & 246kg/10a, 251kg/10a (ZHEIL 9%,

ZDEHNANRF - Z2E, B - B OE R HIEILT
IR L, %8, JER - 121LOEM CIXRKHET, R,
T, AHR—Y 7 OERTIHENDS HIAE NS (FRIV—5
—8),

360 + O IFZEH
HIFEHY=—5.10{X—19.47)2+202.7 bl
A TE T R0 1116) OCCSRR FFZ2an
300 | — OCGCH %22
ACCSR_EJIEEER
o ACGCMI B )18 g
~ My e N o 201 DRI
S , o0°° _OA CoBACNAL2 oo AZ0L0LJI[EHA
Bls0 L2 a 057 8 & _
I _ ~A A A A -
Y
120+ PR EJI[- 2295 ¥ = — 18.37(X — 19.66)2 +205.0 N
| - (R2=0.3930)
o’
80 -+
U T T T T 1
17.0 18.0 19.0 20.0 21.0 22..0
6~ 8 H¥EHzmE ('C)

XIV—5—2 6~8 AFHSEIZ K H/NEDMRFEHIRED TR (1983~2009 &, B|IF - 2240, LJI| - BBHH)
360 — ofgE
AEE - fEll
Y= — 2328 1877024+ 2363 OCCSRIE =
800 (RE=0.4541) OCTCHL =+
o o ACCSRES R
240+ 02 ACCCHLE Bfarl
g o o A 030103+
E" 180 L A o “E‘UlU‘rﬁ%TaU_l
»
-
By
HE L v=—11.87(—10.65)2+200.1
<A (R2=0.7154)
B0
U T T T T T 1
16.0 17.0 18.0 19.0 20.0 21.0 22..0
6~ 8 AFHSIR T
HIvV—5—3 6~8 A EHNRERIZCL A/NEDHMREMINEDTAIR (1983~2009 F, #%iE, ES - #&Ll)
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(o]
360 1 H% AU Y= —11.14(X~19.09)2+ 251.6
ATh-77 (RZ2=0.7020)
OfE#R ’
300+ OCCSRI-BE s a0 °
A o
| @CGIHI+B% &L
ACCSEH:-77 A
240 T acaoMIFE-oh 7
- 1 ECCSRIHER
% 180 4 WCGCHIFE TR ElA|:| P
o010 -~
= ‘ngﬁi ke BEIR: Y = —0.59(30— 18.38)2+ 236.9
e R2=0.6551
@ 120 + -ggloﬁgyg.:,g a ¢ )
/.»A/
o
60 / R Y= —17.16(X—10.11)24276.9
IA (R2=0.8325)
[] , T T T T T T T 1
14.0 15.0 16.0 17.0 18.0 19.0 20.0 21.0 22.0
6~ 8 A TSR
KIV—5—4 6~8 ATHKREIZKA/NEDHRFEHIREDFAX (1983~2009 &£, RBIR, +i AHR—V7)
RIV—5—8  6~8 ADTHSRIZL B 2030 F(tD B HugiDUNE T A
S HAE (1971-20004E)  20304E{% (CCSRE7 V)  20304F{X (CGCM1%E7 )
Hro o fig GTSHEE) MU 6-80H) MU 6-8J1 ) M i
" RR(C) (kg/10a)  KIR(C)  (kg/10a) &R ((C)  (kg/10a)
B - 2 HRR 18.9 201 20. 6 196 21.3 186
D TTIR =2 R M1 19. 2 201 20. 5 192 21.3 156
ik 18501 %¢ 18.3 231 19.3 230 19. 8 212
A AT N 18.6 187 20. 3 195 20. 7 187
JERR N 17.2 210 18.6 236 19. 1 236
+ B 17. 4 226 18.4 268 19. 1 277
Fh—v s B 17. 1 208 18. 4 246 19.3 251

2009 23T B A A MO/ NGRS R & VT
2030 AFROEE/NTAERE Z N ORDG TRIT S
b, KV—=5-90D L%, +70h, CCSRIZEDT
T, A5 - 2205 KOV CIEBITEIZ 00X
L0, %, JEE - L TCIRETETD 5002 e
v, IR, B, AR—Y 7 TIEENE D, SETIE

RIV—5—9 2009 FDIEHERT TOHUHZILEDFH

BEE 12FREHUS 5, —F7, CGOML (2 &L 5 FHITIE,
BN - 28, E)IHUSR I NI L, &, TER -
R LTI ~O0 U, i, IR, AR—
VI TIEBIE 720, AETIE 11 %REREI T2 & T
BEna,

20094F  BIE (1971~20004F) 20304Eft (CCSREF'H) MR 20304Fft (CGOM1EF )) 1[4

Hooodk o PEAMT R MR AEERE MV E EER M HiiE AEEE kit
(ha) (kg/10a) (t) (kg/10a) (1) (%)  (kg/10a) (1) (%)

AKF - 2850 2,058 201 4,137 196 4,034 98 186 3, 828 93
LI & 2,903 201 5, 835 192 5,574 96 156 4,529 78
%k 2,032 231 4, 694 230 4,674 100 212 4, 308 92
TES - Mgl 882 187 1, 649 195 1,720 104 187 1,649 100
[IE%7 1,426 210 2,995 236 3, 365 112 236 3, 365 112

+ 5 12,523 226 28,302 268 33, 562 119 277 34,689 123
AR—>2s 1,357 208 2,823 246 3, 338 118 251 3,406 121
43E 23,181 218 50,435 243 56, 267 112 241 55,774 111

AR EIE, % 2 BLEIC KT 5 2030458 T lME T O MU I & O FI & 2 R T,
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(4) MBEDHTE

1989~2009 4EDHFpEEt JIE, R O/ER
F—2 ()T 2001~2009 4F) [ZOUNT, BT - 4F
WIZET % EhiE BRI OKIR L ORRE A5 &,

BRI ORI = < 7R DI LI2d > TEREIME T L,

EFOEEHRE L 5Tz (MIV—5—5), ZOHT
B 3 DAL PR 1 X Z O HA4
BN, WIFNHHEIC I BRI/ K83 8
<, KRERINZ o T FHICZESIR DS FAENT I 0 B
HWIRINEL 2o 723 TH D,

17.0
Do

¥=-0.041x% + 0.799x + 13.671
(R*=0.7681)

16.0

15.0 |

14.0 ¢

Ho3.0 |

EAE(

AR %%

F(1991~10035)
® ik
L+-EEEE
O F)IEE

O
@
12.0 -

e

11.0

EERER

10.0 (2006%F)

9.0

8.0
15.0 16.0 17.0 18.0 19.0 20.0 21.0 22.0 23.0 24.0 25.0
BRI FHRIRCC)

NEDFRAYEOTE & BRI EDRERF
(1989~2009 FrhRiZE, +Hy=a
ENIEED

RIV—5—5

2%

EHREELZRS 26 39 HOF—ZEZHNWT, &
A OEIEE (X) O ERiE (Y) 2T 5L
TORXEST=,

ERrEHEER

Y =-0. 041 X 240. 799X+13. 671 (R?=0. 7681)

7o, BAWIRORIR & TESE AR OB 2~
D728, 2006~2009 FEDOHEERARE HERER, B
A, i, ER RO U SRR RS, 4
10 FTD 41 BRI EUT 2 BB O A KIR & Fii
Bk (4 7Tunff B B3R) ORRAE - (XIV—5—
6), B OKIEN 18. SCEIBZ. D & il NARY
IZOONFRE L 720, 21.0CEBZ D LB XKZE 80%LL I
HSPNARE MR T35,

60

100
95
90
85
80
75
70 7
65
60
55
50

FaE R PR (%)

y=-0.9978x% + 33.378x - 182.51 O
R*=0.5133

18.0 19.0 20.0 21.0 22.0 23.0

BRI o> ISR (C)

NEDEFAYPRORG & FUBRIENSE
DR (2006~2009 F44E, HuHEG
PHERERERE & VR mIEREF MR
=)

6.0 17.0

XIV—5—6

Lt C 51T B 1999~2004 4ED 6 4EH D [V &
Ta X | ORESEIRD &, BREIROKIRD F
FUZ L VN SWVBIREO T EEIG 2720, & UTER
HARIZAS 21°CLA_E OB CIIpmsks AR (4. 2 i B
) I AR NFEOEIGHRE L2 2 (KIV—5—17),

100% g
a0% |
= B 1an<
iﬁ 05 San<
g 60% 04 9an<
B4 2un<
a0% |
20%
0%
19994 20004 20014 20024 20034 20044
(241°C) (224°C) (193%C) (175%C)  (184°C)  (213%C)
B E N BMEESRCCY
HMV—-5—7 SHAHROKJEEEESHDER (PR
B, TYEY3IUR)
4) F &®

(1) [EERENEDEER

KEHR E/NEOAEFRICBE LT, AFHM &SRO
WENKE L, KB EFIC X v AFBMNEL 725,
—F, FHIROIUEIE, 6-8 A DEHKIRIE L 72 AT
ONHINT 52, 18.5~19. 5°CLL RT3 % LK T3 51
MiCH Db, —H, HBERCIAETYROXIE S IVE S
ORIHBIHEL, KIRIC K DUNEES D780,
S BRI H VO, HiEN C LR IRRE 72
BT L T A DI E L3 m <, 2 OHfHE
(1989~2010 4F) ORI TIHRIRIZ X ARV D 727035

-
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722 L, EIROFER TIIEBTESIE TR RA L,
EIRAMETTHLEINE 1T > TV RN Lick b bo L
Bbns, —77, HHEN TSR S5 55k
DR LIRS B0, (RIEAE CIIAEBERESCBTEY
DAEIIEE, A BRIEIC L AT ER EICL VRN E 72D,
IR ZIT 2 DIRINER OB 72 <, EHENZS
20, ZULETR D, BREMEFTHICLInb TS
U272 B DIE, EAE— RO DZE L < %<
72B1-0T, —WRINE ORI OB T D722
EMD, FRFENOZINERIESL O L 5 6D
LEZHND,

(2) BEEICKD/NEERNEL
OpEHO T

R O A PHRIRIC X 0 BATERA & s 2 HEE T
L&, ZORLEWIER TR L% 3 HUNDREE
THEET 5 Z ERARETH D, LvL, 1984 4FED L H I
TAZORAEETIIHEEIIZ L, 272 0 eI TR 72
D2 EMB D, 2010 - HAEFHIMAHEEIE L 0 Hve b R
<7polz (=12 H), 2010 FFHIAEE WM ORI
Hb@E<, EEREEIC X0 BINCBRTE L7TEaEFE L
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# &% 87 568 22.7 171 3.3 H49 Bh4 | ¥ B 8/2 512 96.7 200 2.6 498 —
HOF 8/8 B2l 233 159 3.3 04 BI6 | W OH 8/8 506 26.7 183 2.8 4BF —
B W 886 bIB 836 184 3.2 512 b6 | A PR &/%2 473 86.1 103 2.5 Bl —
# H 8/6 585 24.5 182 3.1 h4h BB | E O 8/14 495 96.5 197 2.5 B0l —
(¥ 8/7T 530 24.5 188 3.1 G662 L8R | =T B 894 499 95,3 189 2.6 B3/ —
' B 8/12 533 23.8 171 3.1 520 b47 | Fo¥(lL &0 480 g7.2 218 2.2 bBl0 —
% i 8/4 B10 257 175 2.9 481 — | B E¢ &/10 b1l g8.1 198 2.6 bH2L —
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¥ E 8/14 487 5.4 178 2.7 468 — | J& B 8/9 516 g5.2 191 2.7 bMd —
T O#E 7/28 524 258 198 2.6 B39 — | b O 814 493 26.9 200 2.6 486 —
WO 8/18 3956 258 165 2.4 449 — | fE_ B /5 471 28.0 230 2.1 478 —
FZI8/14 474 256 187 2.5 B8 — | &F NIl &/21 484 g8.0 191 2.6 b1l —
# OB 87 533 6.0 184 2.7 bl9 — | B B 8/17 493 $6.6 193 2.6 486 —
= (U 84 530 25,8 196 2.7 53¢ — | W&_ A 8/18 447 26.4 193 2.3 498 —
H Nl &% b1l 26.8 210 2.4 BT — g [ 8/84 484 956 185 2.8 b1l —
& F 7/31 b1l 275 219 2.3 492 0 — | & H &/28 496 856 177 2.8 490 —
(2L 8/13 538 25,2 190 2.8 B43 — | £ 0 8/23 450 25.7 188 2.4 468 —
E B 8/9 6820 237 201 3.1 626 B46 | B & 8/21 405 27.0 1968 2.5 471 —
g B 8/19 473 6.8 178 2.7 436 — | K 4y 8/24 486 857 194 2.5 533 —
% M 8/1b 515 26.3 208 2.6 b0 — | B _ & 8/24 469 $6.2 183 2.6 480 —
Z R0 o8/18 499 26.6 187 2.7 471 — | EEE 8/27 488 95.9 191 2.4 Bl —
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TRV —1—1

MESNZREBVIaL—Yay

EETIL TWOFOST] IZ&XBBFRERIZHITS

YEal— 2 A 1] #h b & =10 Ko Ko
sav LEEHE sgerL atw WM W 22 mmm s op BRECS xR e
e B E) ®TH) (mm) (kg/10a) ZEd B

Bxk PY1 R 4/25 6/19 729 40 . 1853 778 — - -
2030{%(CCSR) 4/19 6/10 7/20 40 - 1721 687 - — -
20304%(CGCM 1) 4/20 6/11 7/20 39 — 1771 724 — - —

XlfEt(40em)  HE 220+£13 1788481 71680  92.0£10.3 9+7 1+1
2030{%(CCSR) GRS 377+58 17117 681+7 99.1+1.0 1+0 4+0
20304%(CGCM 1) 337447 1763+5 721£5  99.5+0.7 2+1 3+0
& #h £ (40cm) B 15724132 510+137  65.5+17.6  24+6 0+0
2030{%(CCSR) [ k= [7] k. 1676+56 657+52 95.6+7.6 2+4 8+2
20304£(CGCM 1) 1721+£64 691457 95.4+7.8 3+4 73

ERR PY1 BE 4/13 6/8 7/18 40 — 1795 784 — — —
2030{%(CCSR) 4/3 5/29 7/8 40 - 1607 719 - — —
20304£(CGCM 1) 4/4 5/29 7/7 39 - 1648 732 — = —

{Etth £ (40cm) BE 224426 1511494 514+£84  65.5£10.8 2447 4+3
20301t(CCSR) [t 300+£25 1579+21 70519  97.9£2.7 2+3 6+2
20304£(CGCM 1) 295423 1613£31 711£30 97.1+4.2 445 6+2
I Bt £(40cm) BE 1765432 754+32 96.244.1 7+6 0+0
2030{%(CCSR) [ I [ k. 1607+0 719£0  100.0+0.0 0+0 0+1
20304£(CGCM 1) 1648+0 73240  100.0+0.0 0+0 0+0

EN PY1 B 4/17 6/10 7/19 39 - 1744 760 - — -
2030f(CCSR) 4/6 6/1 7/10 39 - 1562 694 - - -
20304£(CGCM 1) 4/7 5/31 7/8 38 — 1591 699 — — —

£ #th £(40cm) BE 213£23 1430+76 457+68 60.2+8.9 2745 342
2030{%(CCSR) [ I 282431 1518443 663+40  95.5+5.7 4+6 6+1
20304£(CGCM 1) 28140  1511£130 630+126  90.0+18.0 749 612
{4 £ (40cm) BE 1532464 557+61 73.3+8.1 2345 542
2030%(CCSR) [GES GRS 1538+10 685+8 98.7+1.2 1+1 9+2
20304£(CGCM 1) 1539491 66089  94.3+£12.7 2+5 9+2

2% PY1 R 4/24 6/17 7/26 39 — 1654 748 - - —
2030f%(CCSR) 4/20 6/10 7/19 39 — 1548 652 — — —
20304£(CGCM 1) 4/21 6/9 7/17 38 — 1590 661 — — —

& £ (40cm) BT 203£25  1303£105 421+£89  56.3+11.9  28+8 2+1
2030f%(CCSR) [7_E 305+24 1515+34 631430 96.8+4.5 244 6+2
20304%(CGCM 1) 289+26 1568422 651+6 98.5+1.0 1+2 542
& 1 (30cm) B 1268+108 399488  53.4+11.7 2948 32
2030f%(CCSR) [7_E GRS 1498+48 622439 95.4+6.0 345 10+3
20304¢£(CGCM 1) 1553430 646+10 97.7+1.5 243 8+4

BER% PY1 7k 4/16 6/14 724 40 — 1646 764 - — -
2030f%(CCSR) 4/5 6/4 7/15 41 — 1496 690 — — —
20304£(CGCM 1) 4/5 6/4 7/14 40 — 1611 715 — — —

& i £ (40cm) B 231420 1395+109 532489  69.6+£11.7  23+6 3+1
2030f%(CCSR) G 333423 1466425 672422 97.3£3.2 1+2 8+2

20304£(CGCM 1) 315431 1502+14 693+11 97.9+1.6 1+2 9+2

{E#h 1 (30cm) B 1360+111 503+84  65.8£10.9  24+6 3+2
2030f%(CCSR) G [k 1455433 664+31 96.244.5 1+3 11£3

20304£(CGCM 1) 1485+23 683+17 96.6+2.4 243 11+2

1E PY1 pizked 411 6/14 727 43 - 1800 863 — - —
2030f%(CCSR) 4/1 6/5 7/19 44 — 1624 771 - - -

20304{(CGCM 1) 4/1 6/3 7/16 43 — 1659 783 - — —

XlfEt(40em)  |E 236+13 1763+50 829+50 96.0£5.8 6+6 1+1
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20304£,(CGCM 1) 316+39 1654+5 781£2  99.6+0.2 0+0 3+1

& #h £ (40cm) B 1576£133 655124  75.9+14.3 19+11 3+1
2030{%(CCSR) G 7k 1565+67 727+62 94.3+8.0 345 8+2

20304£(CGCM 1) 1629+30 76325  97.443.2 143 7+3

IFRF PY1 B 4/16 6/15 727 42 — 1620 787 — — —
2030{%(CCSR) 4/1 6/3 715 42 - 1324 648 — — —
20304£,(CGCM 1) 3/31 6/2 713 41 - 1357 664 — = —

& tth +(40cm) BE 202+12 1504485 674+83  85.7£10.5 14+6 2+1
2030{%(CCSR) GRS 25024 1314+4 64243 99.0+0.5 0+0 542
20304£(CGCM 1) 241422 1340+25 651420 98.1£3.0 1+£3 3+1
{Etth £ (40cm) BE 1579+53 750+£51 95.3+6.5 6+5 3+2
20304t(CCSR) A [ k 131244 64043 98.8+0.5 0+0 8+3
20304%,(CGCM 1) 1347+6 659+2  99.240.3 0£0 7£2
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H= PY1 B 4/6 6/11 724 43 - 1543 758 - - -
20301%(CCSR) 3/26 6/2 7/15 43 - 1392 659 — — -

20304%(CGCM 1) 3/25 6/2 714 42 — 1437 683 — — —

KLt £ (40em) BE 316x19 153543 755+1 99.6+0.2 0+0 4+1
2030%(CCSR) GRS 435+49 1368+7 645+3 97.9+0.5 0+0 T2

20304(CGCM 1) 457+48 1410+8 66942 97.9+0.4 0+0 8+1

{E#h £ (40cm) B/ 1502+27 74249 97.8+1.2 0+0 1243
20301%(CCSR) [Al I [fl | 1323421 623+11 94.6x1.7 0+0 17+4

20304%(CGCM 1) 1364+18 648+5 94.9+0.8 0+0 1843

K PY1 BT 4/10 6/15 7129 44 — 1606 776 — — —
2030%(CCSR) 3/28 6/2 715 43 - 1356 636 - - -

20304%(CGCM 1) 3/27 6/1 713 42 — 1383 652 — — —

KL% 1 (40cm) B 398+18 1584+7 76516 98.6+0.7 0+0 62
20301%(CCSR) GRS 464+48 13317 619+7 97.2+1.1 0+0 8+2

20304%(CGCM 1) 444+36 1355+6 635+8 97.4+1.2 0+0 8+2

&tth £ (40cm) BT 1553+10 747+11 96.3+1.4 1+1 1242
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20304%(CGCM 1) 1322+16 617+16 94.6+2.4 3+2 14«1

PY1: #Hh, FAERITBIT KO REA ML AEEB LARWRT oy VLR,
HARIRER R « FERBIRA R (AEH) ~KTH () CoRFHRNR
KM - F RS DIE, EOEIEIFAAEROBRELREMHIES 10 RF—r DV o b— g VOTFEHEEIE

HeffizE,

TR LB A B OTRE 27 d, ZhUS X 0 AR BOIIMEDBOE S D,

HRV—2—1 TASIMRE - s & SR EERDHR (1986~2006 )
4 A 5 A 6 A 7A 8 A 9 A 10A b FH B o i ) & AH B AR R

[RE]

SEHEIE 0.324  0.434  0.550  -0.023  0.035  0.234  0.341 4 Adfi~6 H TH 0. 647

BERIE  0.316 0.429  0.580 -0.013  0.032 0.421 0.357 4 HtHa)~6HTAH 0. 673

BIRKIR  0.218  0.320 0.365 —0.027  0.014  0.005  0.361 4 A dhfj~6 A TH 0.532

R K -0.137 -0.268 -0.176  0.155  0.041 -0.142  0.002 5 Adf)~6 AHA -0. 420

HHREEFRY  0.205  0.173  0.311  0.089 -0.044  0.261 -—0.081 7AHH 0. 409
[4R H 5557 ]

BRI 0.230  -0.396  -0.174 -0.553 —0.753 =0.761 -0.224 7 H FA~10H Lf) 0885

KEAIR  0.280 -0.313 -0.147 -0.554 =0.684 —0.465 —0.332 7HEf~10H¥HA =Z0.808

RIE&IR  0.174 -0.370 -0.165  0.524 =0.798 =0 882 —0.144 7THEA~10HLEA 200934

Rk 7K -0.447 -0.150  0.177 -0.022  0.064 -0.352  0.271 10HTH 0.533

HRRFR  -0.025  —0.267  -0.182 -0.166  -0.280  0.202 -0.349 8 A L4 -0. 483

E) FH5%KIE. 2EFH1%KECHE
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RNV —2—2 T 94 EROFRAEERNR

1 B 5 AR FARERN A (ha) BB R &R (°C)
fifE (ha) | % (%) 4 > i % |6 A~8A TH

19864E| 1,229 1.7 |60,251 [10,620 | 1,229 0 0 1,031
19874E| 1, 262 1.8 (53,138 [17,100 | 1,208 54 0 1,048
19884F 607 0.8 |48, 164 |23, 128 596 11 0 1, 056
19894F| 1, 007 1.4 |53,565 [17, 328 943 64 0 1,103
19904E| 5,887 8.2 (33,743 32,370 | 4,876 818 193 1,175
19914F| 3,090 4.3 |36,931 31,879 | 2,785 305 0 1,088
19924E| 4,268 6.0 32,274 |34,058 | 3,788 368 112 1, 057
19934F 367 0.5 |45, 793 |23, 940 340 27 0 959
19944F| 5, 345 7.7 |34, 141 (30,315 | 5,063 240 42 1,185
19954| 1,988 2.8 38,193 (29,819 | 1,907 68 13 1,092
19964| 3,574 5.1 |41, 840 (24,286 | 3,435 139 0 1,087
19974 1,011 1.5 (43,174 |24, 315 998 13 0 1,087
19984F 664 0.9 |41, 212 |28, 324 653 11 0 1, 090
19994E| 2,456 3.5 (42,877 |24, 668 | 2,003 428 25 1, 244
20004E| 18,577 | 26.8 [14,344 |36,279 |12,708 | 4,795 | 1,074 1, 260
20014F 479 0.7 48,193 |17, 328 479 0 0 1, 045
20024F 39 0.1 |53,944 |12,617 39 0 0 1,017
20034F 0 0.0 [63,345 | 4,555 0 0 0 999
20044F 293 0.4 [60,655 | 7,052 293 0 0 1, 141
20054E| 1,192 1.8 |56,727 | 9,581 | 1,153 39 0 1,162
20064F| 5,021 7.5 |34, 785 |27,558 | 4,180 615 226 1,203
20074E| 5,237 7.9 36,129 (25,200 | 4,376 861 0 1,088
20084 | 2,622 4.0 |41,189 22,159 | 2,615 7 0 1,077
20094 1,398 2.2 |46,586 |16, 458 | 1, 398 0 0 1,077
20104E| 21,644 | 33.6 [12,549 [30,307 [16,284 | 4,800 560 1, 336

1) AL EE BEEBRATO £ & OIZIES & AhE C AR SN S Hifa 2 77 L TR L

7o (MR CTACEPESEFSR) DI, IV— 2 — 3~5[flkk,

HEV—2-3 7 41 1R

(BIRREL) OERBIFEEIRTR

i Ik FAFEENmAE (ha)
mfE (ha) | (%) % H % i

19864F 1, 951 2.7 164, 319 6,010 1,951 0 0
19874 1, 249 1.7 56,958 |13, 293 1,249 0 0
19884FE 651 0.9 |58,210 [13,039 651 0 0
19894F 647 0.9 |56,298 |14, 955 647 0 0
19904 2,983 4.1 52,577 |16, 440 2,850 132 1
19914 1, 332 1.9 |60, 820 9, 748 1, 322 10 0
19924 442 0.6 |57,136 [13,023 353 87 2
19934 96 0.1 |58,550 |11, 454 75 21 0
19944F 42 0.1 |57,658 [12,100 42 0 0
19954F 882 1.3 |54,136 (13,982 721 130 31
19964F 1, 126 1.6 |55,728 (12, 846 761 270 95
19974F 140 0.2 |58,421 9,939 116 24 0
19984 532 0.8 |57,427 |12, 241 485 33 14
19994F 4,766 6.8 |52,820 (12,415 3,715 904 147
20004 3,949 5.8 48,536 |15, 715 3, 188 751 10
20014 1,167 1.8 |54, 878 9, 955 1, 099 68 0
20024F 39 0.1 |53,944 (12,617 39 0 0
20034 0 0.0 |63, 345 4, 555 0 0 0
20044 425 0.6 |62, 923 4,652 425 0 0
20054 356 0.5 |61, 907 5, 237 356 0 0
20064 518 0.8 |60, 761 6, 085 518 0 0
20074 286 0.4 |60, 170 6,110 286 0 0
20084 0 0.0 |59,674 6, 296 0 0 0
20094 256 0.4 |55,976 8,210 256 0 0
20104 8, 553 13.3 |35,981 |19, 966 7,061 1, 445 47
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FRV—2—4 I 24 E 1 @) OFRFIFEKR

- ¢ 1 it Fe AR HEFE (ha)

i fH (ha) [ (%) Fii3 2 i %
19904 1, 380 1.9 [43,138 27,482 | 1,346 34 0
19914 795 1.1 |51, 222 |19, 883 791 4 0
19924F 450 0.6 (53,941 |16, 209 450 0 0
19934 64 0.1 [58,745 |11, 291 64 0 0
19944 404 0.6 [52,643 |16, 753 404 0 0
19954 627 0.9 147,562 |20, 811 602 25 0
19964 730 1.0 |53,921 |15, 049 708 22 0
19974 400 0.6 (49,083 |19,017 400 0 0
19984F 582 0.8 (53,217 |16, 401 551 31 0
19994 737 1.1 |53,329 |15,934 717 20 0
20004F| 4,760 6.9 (37,191 27,249 | 3,644 | 1,103 3
20014 629 1.0 42,162 |23, 209 629 0 0
20024F 16 0.0 154,372 |12, 212 16 0 0
20034F 0 0.0 57,837 |10, 063 0 0 0
20044F 45 0.1 159,724 | 8,231 45 0 0
20054F 31 0.0 |61,240 | 6,229 31 0 0
20064 278 0.4 |56,886 (10,200 265 23 0
20074 64 0.1 155,294 |11, 208 62 2 0
20084F 179 0.3 152,227 |13,563 177 2 0
20094F 400 0.6 152,905 |11, 137 342 58 0
20104F 1, 057 1.6 152,003 |11, 440 979 78 0

FRV—2—5 3 b7 (52 @) OFERFFEERKR

e ¢ T A5 SRR E A (ha)

EAH (ha) [ (%) # b A %
19904 1, 540 2.1 (47,133 [23,327 | 1,150 346 44
19914 795 1.1 [51,222 |19, 883 791 4 0
19924F 219 0.3 [57,996 |12, 385 215 4 0
19934F 228 0.3 |57,445 |12, 427 228 0 0
19944 1,643 2.4 (49,618 [18,539 | 1,633 9 1
19954E| 1,300 1.9 148,123 119,577 | 1,208 92 0
19964F 513 0.7 153,217 15,969 491 22 0
199747 536 0.8 49,454 18,510 536 0 0
19984F 451 0.6 |52,903 |16, 846 451 0 0
19994 1,963 2.8 [45,383 122,655 | 1,848 105 10
20004F| 2,991 4.3 (38,977 127,232 | 2,300 686 5
20014F 93 0.1 |52,131 13,776 93 0 0
20024F 43 0.1 |54,0568 12,499 43 0 0
20034 0 0.0 |59,466 | 8,434 0 0 0
20044F 94 0.1 {61,317 | 6,589 56 38 0
20054 130 0.2 (60,392 | 6,978 95 35 0
20064F 850 1.3 |53,898 |12,616 842 8 0
20074F 15 0.0 [57,560 | 8,991 15 0 0
20084 64 0.1 |54,360 |11, 546 64 0 0
20094 344 0.5 |54,098 |10, 000 299 45 0
20104 3,058 4.7 148,287 113,155 | 2,779 279 0
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The Impact of Global Warming on Agricultural Productivity in Hokkaido with
Adaptation Strategies: Projections for the 2030s

Summary

Hokkaido, which produces twice the food it consumes, plays an important role as a
domestic food supplier in Japan. Hokkaido’s agricultural community will need to estimate the
effects of global warming on changes in agricultural productivity and to take appropriate
actions in response to those changes to maintain this position during a time of rising unease
about the future of the world's food supply. The goal of this study is to predict the potential
impact of climate change and global warming on growth, yields and qualities of paddy rice,
upland and forage crops in Hokkaido for the decade of the 2030s, and then to suggest some

strategies for adapting to those changes.

Climatic conditions for the 2030s

Yokozawa et al. (2003) constructed "mesh climate change data of Japan" for the 2030s,
which was used in this study. This dataset provides climatic data around Japan using the
predictions of four different atmosphere-ocean general circulation models meshed together
based on the IPCC IS92a-type emission scenario (IPCC, 1996) with a resolution of 7.5' in
longitude and 5' in latitude or a resolution of about 10 x 10 km. This study primarily used the
dataset estimated by the CCSR/NIES model developed in Japan. Based on this data, monthly
mean temperatures in Hokkaido for the 2030s will increase by 1.3—-2.9°C, or 2.0°C on average,
when compared with present climatic normals as reported by the Japan Meteorological
Agency and defined by data obtained from 1971-2000. The mean temperature from May to
September, the main growing season in Hokkaido, will rise by 1.8°C, but annual mean global
radiation will be reduced by 15% when compared with the present. The amount of annual
precipitation in 2030s will increase by 20%, showing a large peak in precipitation during June
and July.

For Hokkaido as a whole, the predicted productivity of paddy rice, upland and forage crops
for the decade of the 2030s is summarized below and is compared with the present day

situation, based on these predicted climatic conditions.

Paddy rice

The period of the appropriate heading stage for achieving both good yield and desirable
food quality rice will be extended considerably, and then the risk of the occurrence of
cool-summer damage caused by delayed growth will decrease. However, the risk of floral
impotency may remain in the 2030s, because the critical growing period for spikelet sterility
caused by low temperatures will still exist and will only be moved to an earlier date. Potential

yield based on the changed weather conditions during the ripening period will be almost same
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as the present or will increase slightly. The food quality of rice will be expected to improve
because of lower amylose content and slightly lower protein content in grain resulting from a

rise in the mean temperature during the ripening period.

Winter wheat

Both the raising (immediately after wintering) and maturing stage of winter wheat will be
moved backward because of the early end of the snow cover period and a rise in the mean
temperature after wintering. The number of days for ripening will be almost the same as the
present. The crop model predicts an 8—18% decrease in potential yield because of a decrease in
global radiation after May. The effect of stress caused by insufficient water on yield will
decline but the risk of the occurrence of lodging and pre-harvest sprouting will be serious
because of an increase in the amount of precipitation from the flowering to maturing stage.

The sowing date will be delayed by 610 days.

Sugar beets

Sugar beet yield, measured by the weight of roots, will be expected to increase from 56 t/ha
at present to 62 t/ha in the 2030s but sugar content of the roots will decrease from 17% at
present to 16% in the 2030s because of a rise in temperature during the growing season, if the
number of days of growth remains the same as at present. Disease injury which occurs easily

at higher temperatures will appear earlier and will cause more serious damage to growth.

Potatoes

Potential potato yield predicted by the crop model will decrease by about 15% from the
present, not because of an increase in temperature but mainly caused by a decrease in global
radiation. An extended growing season, with an advanced planting date, will not compensate
for this decrease in yield. Harvest time for late maturing varieties will moved backward from

the end to the middle of September.

Soybeans

Both flowering and maturing stages in soybeans will move backward by 6-9 calendar days
if the sowing date remains unchanged. The current climate zone map for introducing
appropriate soybean varieties in Hokkaido is divided into 6 zones. It should be modified,
because the zone classification will shift by 1 to 3 ranks toward the warmer class. Yield of the
early maturing variety "Yukihomare" will increase in the area where the present mean
temperature from June to August is below 18°C. But in the area where the present mean
temperature during the same period exceeds 18°C, medium maturing varieties like
"Toyomusume" whose yield improves under warmer temperatures should be introduced to

offset the decrease in "Yukihomare" yield.

Adzuki beans
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The flowering and maturing stage of adzuki beans will be moved backward by 7-10
calendar days, and the growing region for adzuki beans is expected to extend into cold areas
like the eastern part of Hokkaido, where dairy farming now dominates. Yield will increase in
relatively cool regions such as Tokachi and Ohotsuku, and decrease in warmer regions such as
Kamikawa and Sorachi. Consequently, total adzuki beans production in Hokkaido will
increase by 12% if the future cultivated area remains the same as at present. However, the size

of beans will be smaller because of a rise in temperature during the period of maturation.

Grass
The first grass growing period will not change very much although the heading stage of the
grass will be moved backward by 13 days. Annual yield will be reduced by 10-20% because

of a decrease in global radiation despite a rise in temperature.

Forage corn

The total amount of forage corn production in Hokkaido will increase by 10-14% if the
cultivated area remains the same. Forage corn will not only be affected by the rising
temperatures but also by the effect of the change to later maturing varieties depending on how

many degrees the temperature rises.

Adaptation strategies towards the 2030s

It is essential to promote the breeding of varieties of paddy rice, upland and forage crops
which are both disease resistant and tolerant to various climatic conditions expected to occur
frequently with the higher temperatures and wetter summer conditions forecasted the near
future. For now, improvement of cool-weather tolerance, especially for paddy rice and winter
wheat, is still necessary. As the climate changes some cultivation techniques for paddy rice,
upland and forage crops should be modified, while changes will soon be needed in the choices
of varieties for the region, sowing and planting dates, harvest time and fertilizer application
methods. Effective countermeasures to offset the changes in occurrence of disease injuries,
insect pests and to crop damage caused by excessive water in upland fields should be also

developed.
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