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Trends in flowering date of Japanese apricot (Prunus mume Sieb. et Zucc.)
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Abstract

The flowering of the Japanese apricot (Prunus mume Sieb. et Zucc.), which is representative of phenological
events in winter, is widely observed in Japan. Shifts in the flowering date are related to climate change
such as global warming and the urban heat island effect. In the present study, we analyzed trends in the
flowering date of the Japanese apricot to clarify temporal and spatial variation from 1961 to 2007 using
statistical methods. Phenological and meteorological data were recorded by the Japan Meteorological Agency
at 34 meteorological stations in Japan. By linear regression analysis of the flowering date (expressed as
the day of the year, DOY) against the year, mean trends of this parameter were shown to be significantly
negative (i.e. advancing flowering) at 15 stations (44% of the total), with no significant positive trends.
Comparison of the mean flowering dates in the 2000s with those in the four subintervals (the 1960s-1990s)
indicated that the number of stations showing significant negative trends decreased from the 1960s to the
1990s. In a few phenological stations, the flowering date was delayed. The first principal component of
the trends accounted for 55% of the variation in the flowering date for the period 1961 to 2007 at 34
stations and reflected chronological progression in the flowering. In particular, a recent trend since the
mid-1990s contributed to advancing trends during the period 1961-2007. From the mid-1980s, the flowering
date was delayed at the Owase station and several stations in south-eastern Japan, located in warm areas.
Conversely, a few stations in cold regions indicated that recent flowering dates were earlier than those in
the 1970s and 1980s, in addition to the trends shown by the first principal component.

Key words: Factor loading, Geographic distribution, Principal component analysis, Regional differ-
ences, Regression analysis
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Table 1. Location of phenological and meteorological stations and mean flowering date of Japanese

apricot for 47 years.

Phenological Lat Lon Mean Phenological Lat Lon Mean
station flowering station flowering
date (DOY) date (DOY)
Sapporo 43.06 141.33 124 Maizuru 3545 13532 54
Akita 3972 140.10 102 Hikone 3527 136.25 44
Sakata 3891 139.85 94 Nagoya 3517 13697 38
Yamagata 38.25 14035 94 Tsu 3473 136.52 35
Niigata 3791 139.05 78 Nara 3469 13583 40
Fukushima 3776 14048 68 Okayama 34.66 13392 42
Wajima 3739 136.90 72 Takamatsu 3431 134.06 25
Takada 3710 138.25 54 Izuhara 3420 12929 32
Onahama 3694 14091 48 Owase 3407 136.20 35
Nagano 36.66 138.20 80 Tokushima 34.07 134.58 36
Kanazawa 36.59 136.64 64 Matsuyama 33.84 13278 16
Utsunomiya 36.55 139.87 51 Saga 33.26 13031 33
Macebashi 3640 139.06 49 Oita 3323 131.62 32
Mito 36.38 14047 31 Kumamoto 32.81 13071 33
Matsumoto 36.24 13797 85 Nagasaki 3273 12987 25
Saigo 3620 133.34 46 Miyazaki 3194 13142 24
Kumagaya 36.15 139.38 45 Kagoshima 31.55  130.55 30
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LR Gel  2 R OENEliH L B VT IRRE L E R E
NTW%, 1961 4~ 2007 FFICH1F 2 47 FE R OBIHT—
ZxGE LT, RIBIHOR OB R RATREE, 34
g DT — 22 fNTICAE L7z (Table 1), 7 ADBA
TERVWEEE, REMEYMELT, aUNNADORIEHZ
AR d AL EH BN, 34 HiHITIE, T NA OETIT—
A EZENTOEY, BIENZFEIERE, HATOMR
TANIENTVSA, 1 A1 HEESETZEHICEEL
THA L HBEIHED 12 ALGTOBIEHIC DWW T
XA FADMHICH R Lz, BAICB 5T —%2&L
T, GBI T — 22 Uz,

BB IS I T 27 XD BTEH O #2822 b 17 72 3
N5728, BIEH & BER T — 2 ORIE A it 5347 72
1o RT —2DMRREIE 1 FR T L DORIER
DO E RS, BEHOMYETF—2%2 T 5%
Lidrld, 69 LE, BUIEIICH L TORIE IR IR 7
N, FrexRe 57 —2OERIHRITELHSN
% 7z ® (Menzel et al., 2001 ; Shimizu and Omasa,
2003), 10 4EHATCHHER T —%2%Z2 K7 Uiz R
&, 2000 4~ 2007 0 8 ERIO L ik d 5L
ICK->T, M (2000s) DFHEHZEAEL LIzl 2 DX b
2N DTz,

I 34 Mg DT RTOBMT—2ZEHLT, Tk
DAaNiEB IR, UADOREHDREICB T B
ZEAb g & M 72 M 7 AT LTz, BRI, &8
HRZ WS TEHY &L, 1961 4~ 2007
D 4T EFOFERE VT EREETHTEICES
T, FHBNEOBIEH T —2DRIERIC K> TER D %
HHAGETH B, Y IO ER D2 ERICK D
UMZ5TEICEHST, 34 MEMSERINIRENE
REZMEMZRT TENTES, LRt (34 1) 24
WCBVWTORINZHER T —2DEHICIE, ZORE
ZALDIRZYNEENTED, TNHEEHRENZVIE
WCERAPERICE>TREND, iz, BHU TR
RN S OBIEH T — 2 DRI TH 2 K B &
ICK-> T, RFZ e ORI ZEN BN sLE I,
KFEATROFLEICEKD, BIRZHT 2N TE
%o BSRONFIIZ VT AR =07z v, FEED
FHIZ1d Ward 1% (Tanaka and Wakimoto, 1983) 7 {i#i
L7z, 7535, Table 1 ICHBEIHIAICH TS 47 LEETO
SEEBHERZR DY, RBFOELISIEMRILO DOY 16
(1 Aty ) THY, ENBIIDHLIED DOY 124 (5 A
Wif) THb,
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Table 2 IZ ST IV T ADBIIEH & BIIAE KD
MIERIR AN R TS TS ROS B, BIRGREERT, [
IR A D2 R T BT 26 HSTHD, DI,

| 5 AR R 2 R 9 B AR (F-test, p < 0.05) (& 15
s, REHNO 4% THO, PHICHiRY, Thb
DIPTSR RO i —0.45 day year
TH, 1961 F:~ 2007 0 47 FRNCTBNTC, FIED
121 HRL m> T3 2Licixd, 53, BIfFHEOR
AMEIZETREICI 35 —0.78 day year !, EAAEIZALIIC
B3 -0.17 day year' TH%, —/J5, BIFREED LD
72 R I BUATIE 8 i THY, HFHNCH R Rz
R BNI3 o7z, Table 2 T3 BN 2 w i
WAENTOBD,  [lFREO K E S & BTN BT
ICHEWTHE GEAE RSN Ah o7z (R RS R,
SEEOHIBIREIL L BIE r = ~0.05),

3.2 2000 EROFHEERLMOEREDIHE

Table 2 1 2000s DBHIEH & D FEARDBITE H 72 L
L&D RT, 2000s DFHENS, fHOER
OFEZEZLFINT WSS, ADfHDEE, 2000s
DOREHM T 2FERDOBEH XD E RG> T0nB T
LR 9, 2000s & 1960s DLLiE T, 9 HisficiBWT
BITEAA R 2o TEY (t-test, p < 0.05), K& UE
WD 26% TH %, BIRBITHIRGITOWVTIE, 1960s
~ 1980s D 3 Kk dlc, AEEMNELN, 2000s OB
TEHMNRFICHRLIZ> TV BTN b5, e oEme
LT, RO SN 19608 55 1990s iIii D&
12, ARAZRTBERAEOBIHRALTHE, 2000s &
1990s D LLELTIE, BIEHDREINERICH x> TV
LEHBSIFAERS, o2 Bick LT, BERICE
BREEDNRENIZNTEZRL TV,

—J7, 2000s OBEAD, WEOERELEEELT, H
RIS E > TV BESEH S, 1960s L DLLIE T
RO, 1970s & 1980s L DI TIZRELERED 2
s THD, 1990s DL TIE, WH, BE, kLo
3N TH -z, BT T B HAEH & BRI RO [ )
AT, 47 ERICB VT, AR EEO R FHEE
R B EIEAFELE -0, 10 EHADOFEH D
PR TR BUT OB AA LT 5. FRC, R 1970s
~ 1990s D9 % 3 HR & DLEEIC IS, BEFISIC
DUVTIE 1970s & 1980s D 2 HAICHBWTC, FAEED
ELIZ>THY, FEMNEBEHOZLMN RSN T,
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Table 2. Mean trends for 47 years and mean differences between 2000s and the subintervals (the 1960s-1990s).
The asterisk denotes statistical significance (p<<0.05, F-test for mean trends and t-test for mean differences).

Phenological Mean trends Difference between 2000s mean &
station (day year™) 1960s mean 1970s mean 1980s mean 1990s mean
Sapporo —0.17* —4.3 —17* —5.8% 0.6
Akita —0.23* —6.7* —7.3% 5.0 1.6
Sakata -0.12 -1.0 22 -1.7 9.2%
Yamagata 0.07 37 29 —4.1 1.5
Niigata —0.34%* 74 -95 —11.1 47
Fukushima -0.13 1.2 3.7 0.6 6.1
Wajima -0.23 -9.3 -1.3 5.8 -0.5
Takada —0.75* -21.8 —22.6% -19.9 33
Onahama 0.26 10.8 6.2 0.1 2.1
Nagano —0.29* -8.5 1.5 1.5 -04
Kanazawa —0.59* —17.3% —22.9% —20.1% 24
Utsunomiya —0.53* —19.5% —13.5 -12.3 29
Maebashi —0.78* —25.0% —23.6* —17.3% 0.7
Mito —-0.31 -6.5 —19.3* —-12.0 -3.1
Matsumoto —-0.18 -1.3 -33 5.3 7.6
Saigo 0.06 32 0.5 -95 -1.6
Kumagaya —0.14 —6.6 27 6.5 2.8
Maizuru 0.15 9.6 10.2 4.5 11.5
Hikone 0.33 20.0* 129 33 16.1
Nagoya —0.47* —17.3% -93 -8.6 0.1
Tsu —0.30* -9.0 12 —-0.6 24
Nara —0.43* —15.5% -9.0 —11.5 0.7
Okayama -0.22 -09 1.6 3.2 17.8*
Takamatsu —0.43* —14.9* -10.7 17 1.1
Izuhara —-0.16 3.1 5.7 8.8 124
Owase 0.22 7.9 19.9% 17.7% 11.3*
Tokushima 0.13 7.5 -1.1 2.0 0.5
Matsuyama -0.77* —22.3% —17.9* -1.6 74
Saga —0.35% —13.4* -10.4 74 23
Oita —0.35% -10.6 —4.3 3.2 52
Kumamoto -0.20 3.1 2.0 6.4 11.6
Nagasaki —0.11 2.2 29 2.7 04
Miyazaki —-0.18 -39 1.5 —4.0 6.9
Kagoshima 0.15 8.6 12.3* 15.2% 10.0

M2.0LLETHD, TNEDFEITICIE 2 ZELL EOl
WEMERNENTVETLICED D, M5 d %
FRTEUTERM Uz, 3 3 FRD X TORMBE 51
70.3%THH, 34 BRICHBITS 47 FROBHEHT—
ADFFOMIREDS D, T0%ARENTED, HlEsl
TRBIREVEHM LTz, B 5, B 1 ERIH5
JEZRIC, 54.8%, 9.7%ELT58%TdHD, 1 FWKm
Z&oT, KFDBERDHIENTED, REHHDH

{EHT =2 OREECBNT, WEENHZ DD
%,
3.3.1 F£1ERTOER

Table 312, BHATLOR FAaMEZ RS, #1F
o DT B RIS RN T OB RICB W TIEDfEZ
KU, BREZERL, TRXTOBRRICENT 1% HE
(Tests of Pearson’s correlation) Td %, &5 1 F&
BENRTOBRIEH T — 2%, [EOfiZzfDEE~T
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Table 3. Factor loadings of Ist, 2nd and 3rd principal components.

Phenological Ist 2nd 3rd Phenological 1st 2nd 3rd

station factor factor factor station factor factor factor
loading loading loading loading loading loading

Sapporo 0.39%*%  —0.53**  —0.12 NS Maizuru 0.75%* 0.19 NS 0.29%
Akita 0.70%*%  —0.45%* 0.03 NS Hikone 0.61%* 017 NS 0.21 NS
Sakata 071%*  —-0.21 NS 0.30* Nagoya 0.88%** —0.04 NS —-0.14 NS
Yamagata 0.71%*%  —0.25 NS 0.56%* Tsu 0.89%* 0.10 NS -0.14 NS
Niigata 0.83**  —-0.24 NS  0.10 NS Nara 0.84** —0.05 NS —-0.19 NS
Fukushima 0.74%*%  —025 NS  0.31* Okayama 0.78** 0.15 NS -0.15 NS

Wajima 0.79%%  —-020 NS 022 NS  Takamatsu  0.72%* 0.01 NS -0.36*
Takada 0.76%*  —0.30* —0.20 NS Izuhara 0.70** 042*%  —0.09 NS

Onahama 0.61%** 0.20 NS 0.43** Owase 0.47** 0.67** 0.32*
Nagano 0.75%*  —0.37* 0.27 NS Tokushima  0.69** 0.40%* 0.16 NS

Kanazawa 0.82**  —0.16 NS —-0.20 NS Matsuyama  0.75%* —0.06 NS —0.43**
Utsunomiya 0.87**  —0.21 NS —0.09 NS Saga 0.82%* 0.19 NS -0.26 NS

Maebashi 0.83**  —0.37* -0.22 NS Oita 0.82%* 0.35* —0.29*
Mito 0.79%%  -026 NS -0.07 NS  Kumamoto 0.83%* 042*%  —0.12 NS
Matsumoto 0.78**  —0.32* 0.22 NS Nagasaki 0.75%* 0.48**  —0.15 NS
Saigo 0.74%%* 0.15 NS 010 NS Miyazaki 0.67** 0.28 NS —0.14 NS
Kumagaya 0.72%* 0.03 NS 015 NS Kagoshima 0.25 NS 0.58%** 0.23 NS

*Significant at p<<0.05, **Significant at p<0.01, NS, not significant
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Fig. 1. Changes in 1st (a), 2nd (b) and 3rd principal component scores (c) from 1961 to 2007. Each principal
component score was standardized.
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B 1 ERD S ORELITDOWVT, 1984 & 1986
D 2EFICBVT, KRELREDOMHERED, BIEHLIE
ENcEN T xR (Fig. 1(a)). 7z, 3 ~61FEE
ZNCHTEH DN RELRBERDBIND, TNHDELEETD,
1961 5 1990 FRDIITCHET, H FAODIEZ
RU, BEADRELIZZTENDNED, FNLKRICDOW
T, KHSHEFTEDR TR EV. FEX
K% 47T FBOF R R RO AT, PEFRE

WAROD, BRI A B R B O (ttest, p < 0.05)
R, 47 £V TYADBIEA D F IR DD
FERDCKTOREND, T2 | FRRFITORENE T A
DBHEH DT 2T 254 LT, 34 Hisilcs
3% 1 A~ 4 AOFESIREMRL, mRoHEiio7z
LA, KEOZICE-T, BEH DM Z(bIE
FMCHHTEBEDTH -7 (R = 0.64, F-test, p <
0.001), Fig. 2(a) 1255 1 A5 DK T ARG DZER 5
ZRTH, FE - RIS Ren

(d)
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Geographical distribution of the three factor loadings (a-c) and clusters of phenological stations based on

otz BRTAREDN 0.5 LR 3 HlNoHRT
HY, 34 MR OGN TIHNFEICAIIE S HHLIR, 21,
RETH-oTz,
3.3.2 H2ERHDER

KraEfETE, B 1 ERSERRD, BAOEZRT
Bl A DB (Table 3), KW rEAMREORAMEITEEIC
BIF30.67 TH, w/IMEFILIRICE TS -0.53 TH
%o ERATHIOREZIL T, Fig. 1(b)ITRdEED,
1980 FAREEHN LD EFEIM RSN D, DM,
EORETFE R (& LIZEENY ML ) 2RO BlED
R BEHDEN DM, & LISBEDNTE iz
DB AVRI BIEH DR EODIEAIC K> CEHENS
EDTHB, HlZE, HEE (2000s) DRHEHIE, RBET
1% 1980s BXT 1990s & Lbig L THEICHELED, HEH
BIZBWVTE 1980s KO BIES A>TV S, FfLtB X
UHikG Tl 1980s &L LT, PIEHIZREL<E>TWVS
(Table 2), Table 3 1/Rd&Bh, WT-EfisDA M
IZDWTC, IEDMHZRFDBINRAY, A OMZ R DRI
K0, 1% HAEOBMSENZL, 52 EHoEHIC
BOC, EORFAMBEEZFFOBINMOBENKENE
EZZbN%, £z, 1960s DI H5 1980s I FTFE
AT BEDETHE LN L, THUd, Table 21
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RYEFD, 2000s DFEBHEH % 1970s & LR U72BE,
K FHERTENIETH 2 BB NS THIEH D iEL,
A 7B EN A THAILBE, B, SHicBsNT, BE
HMWRLIZZEADEE R ZIT TV BEEZBN S,

B2 K DR T AR OZER A, UM i
75, WS, BEAE, HERRE GBSO TED
KEL, L - JbHEEICH T, A LT (Fig.
2(b))e K TFEMREIFE X UREOHBEREE -0.81
L 076 (LHICp < 0.01) THY, BERECIELR
R ez (bl zR"s, Lizh->7T, 1980s XL,
TICRE, MR IcB VT, FfEADENOMER
MELNSEN D DD, BERENRKEGDLLEIC
ZFOMEmIENELIRD, FIEEORRIEHD 1970s 8K
U 1980s & Hl L TR A>TV A BRI A AL - dbif
HBIZBWTRELNE TN DS, &, 0 EDKTFH
MIRARTERSE, 51 ERDICEST, BEHOR
EZLEAAVRENTED, 32 BT OEHICBNT
FHELTWEY, LIzh->TC, 52 M0 34 Himo
EHTh, EHNORIEHTE LTI AIE 3 S E AR
TRAEZLOEREE IR L TWATEN DN S,
3.3.3 EIXTHPDER

Fig. 1(c) IR EMAEATIE, 1979 4L 1984 4
D 2 FERIHED KR ZRZ(AHO, FAHITIE 1960 4
& 1970 ERDOMEHMIEL, 1990 FERLIBOMEMN LT
ENVRIMTH B, BEIEORFARBICOWVT, A
REOMEERT B, SiZELTRIDZEL,
IEOEZFFOBLIZILE, MMk, BB, mEEET
&% (Table 3), AADMZ/RT BN TIE, 1960s BX
U 1970s LT, 1990s LIRICH U BBEH DR F
DERFHELTEY, ZOMMIE Table 212779, T
FATEH DOZALRAFEIC K B [AllG 5 HT DRI D R E Elc &
DHIHENG, — ), EOEZRIERMTIE, KRL
BOD, B3 ERDORMOCEDTHS 1979 Fick
JZBEHDRED, 1984 BT BHEHDEN O
MDEE THoTz, &, ERDEABEREGREREDOE
WA 1, B2 EREERLTHRIL TV, WT
BTTROZERM R, Sy T mE <, uEse
KOMHETEOD, 52 TR IFEWHEZEDTIE RN
(Fig. 2(c)).

3.4 RAFEFEICHEIKEIEDSE

U7z R & S EINT ORITEH ORAFEZ bl
OHBMFRTHZ N AR EEB LIS, BllSES L
PRI Fig. 2(d) ISR T, 7585, BN 5.8%L{EL,
Z ORI —EB OB S OMERNC RS 5 3 D ZFRE,
B B EE 2 B OR T AR RZ 7T AR—7H
WK Uiz, 3 0 fiE N Classl h5 Class3 £,

1 FEp 0 OR T A RO FEEIE 0.64, 0.75, 0.75T
D, Class] ODHMMEL, Class2 & Class3 IciFFZ=IE7mu,
—J5, B2 ERD OWFAmfEOIf#EIZ, 0.48, —0.29
ZLT0.10 THh, Class TEIENALND (t-test, p
< 0.05).

TNEOEEN D, Classl IJJET 2B L Bk ZBRL
JUNHTS B RS, RBEOBIMAEE, H1 EXNDE
OB W 2, B 1 FRTICE>T, B
FEHDZALER DT E N TO AR WA THD,
ZTORMIZE 2 TRDICE->THib NS, 52 Tk
EOMFRZRDOTENMD, 1980 £ EIELIEORIEH
DOENZRHEL, o Class 189 2Bl AL i L
T, 2000s OFITEHDY 1980s 5K T 1990s KO EEEVE]
HEMNZ . TNSOBIH ORI D16, FEAMEL,
FIRHIC BN NI T H S

Class2 IZDW T, 2 1 Bps & EisuViE o %
FFDE RIS, 32 B ADBGRZ/RT . Lithio
T, B 1 ERDESE 2 TRk ORRELZ L2 E D,
B 1 BERRDITRENS 1990 FR YD E THIFL D
WA T, 1970s & 1980s DBIEH LD, WTFEDRIE
HMWREZ I K> TREO 5N %, #ETKY)Z%
5IE, £ 36 BB T 28R THH, I
(S8 vaw i T TATE A A

Class3 &5 1 FA LV IEDOMBRERD—F, &0
2 ERRA DO TFAREIX 01TV, LieA>T, Class3
1)@ 9 BB DOBEH OZ b 1 ElaH R0
RBAEZLDOBMIC K> THHIN T WS, #2249 581
IR - PUE - RERTFICZ O,

4. £ =

BB 2 B{EH OZ (L Em Ot T, FE
B M DS T IV T 15 S THE R S LD RS
N, FHEBEHOERTIE, 1960s LD WTH
FUCHLZZ > T BB R E 2L, 2000s (<iiD<IC
ONT, ARSI LT BRI
OWE E, 47 FRNCIBWOCHTE DRIV IREET
ZleLTWizga, &L, 1960s & 2000s DR
EHICKREGZEEN D -T2 HEIC, FHEHDZE L mIC
HATINE BRSNS TV, FRENRT O
EHDLRICINTE, MEELIMBICHT ZH{ER
MR ICEIL T 2755618, BEHNEHIT 2L & &k
LT, BMMICEI 2T —200d/NEIkD, HiExs
ERLRT WV, UL, HEEUE 1960s 705 2000s iU
T, KIROZLITIELEDD, FEHIRZLL, Ei
EHCBWTEHTEHIZIES DL, 4 DEHIEICE
37— 2O RN, AEEFEREDEVE
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EABND, —7, LI EBZLEm O T
&, BBIIETORTEHORFEZICHWT, Hmiic
Ron2MEmE TN LTENT S, Lichi>T, &#l
M TORMMORXS5DEDOXS5 %, HilOMEN T
LD, W1 FNTDOEIE FAIDOFEHITICINTRE
ENZV H 1 BRI OFLGRIEEN2ZMATED, T
DTLF, FEHAICH T BT ADBTEHDOZEEAFHLIL
TWBILZERT, &%, YIIORIEL A Fav DI
ZNGICFARRD i 2iTo8, TIID5E, B 1 Ik
NOTERFIRENN(73% ), A Favogs, FHhE
FHHINT/NELS (49% ), REVIZEEIICK ST, REZ(L
DOIETEDOREII R D EN DB,

B ERDICKSTRENS 34 HiiDBIEH D Z1E
fEmE, 1961 4~ 2007 4D 47 FMICHB WV THRLIE >
7zo TOMHMIE, dynamic factor analysis ¥ common
trend D £k (Doi, 2007) £ AR TH %, — /5, Japan
Meteorological Agency (2005) (& 2004 £ TD T —
ZaMML, FERCEBERZBEk>THEH, H
{EHDOREDIHRLGZITIER V., H 1 Elnfniz
WL, 1961 FEREEHELT, 1962 4h5 2007 X

T, BRI OT =208 5% | £ OLLEREND,

fRETLCHBE, 1998 FLiBZM ML Lz &, ARG
455 (F-test, p < 0.05) BEBN, 2005 FEKGHE LT
FERPRBERRINNEL Iz o7 (p = 0.015), #iitH
HrEE, HTBERRBIEOBIC K> THERZ
IR NEH, AFFRICTORINGTEE, 1990 4
R ELHZOZEM N RIIORIER T —2IcEENS
ZLIZE-T, FEHO R bEmAEFE L AbHTE, T
HbHb, EEOHEHNREIULOBRICTHF LS LTS
ETH%,

B 1 BRI ORENTWARWBI{EH DR FEZAL
TEIANEES 2 FERDLUZRD FROFE MNP IC K-> TEREEIN
%o BIZIE, 1984 £ 1986 DX, L OIS
KBV, FRICHTERDE 25, 51 FRD
IC&koT, TOMMAREND, —71, 2004 45 1987
F1, FTEHOEEDIRIA 34 OB MICIHBVT A
TR OTAETHY, 52 FREHOMHEN K EL
5%, 1987 £ DYH, ZLOBNMICHE VT, FHEm
SHIEHZRT N, ERLRERETE, flFEettiikl
T, BHEAD RV, 2004 FEIcBWT, FlZE, Eil (K
TAMREMNE) CREEAMIFESbEEL, EF (KT
BAMRNE) T, BEADRY, £, 62 TR0E
FISREND 1980s DBELIBOMD LFE, 551 T
BV TRES IR h o Fe I AR 22 b N BN
728D THD, VT AZ—nHikERO Classl ICJE T 581
AR B{EH DEN DM THS, Aono and Sato

(1996) I3 IRHRfRERRIEFEZ % i U7l B HBEE HEIC KD,
TADBIEHHEEZITH> TV 5, BBEFEICBWVT, KR
fRERIC L R 2ARIRICIEE NIRRT KD, IRHRAERR
MEN, BHEDNENSHRZH->TED, TOAHEED
HHHELT, ERLAD 15 HifLZEIRL W5, [
{EHOHEEFEC DN, 1991 4FFTOD 15 FERDT—
2 HLT, RIRMERERZE R LTV E LU
TW3H, KWFED Classl i@ d 28ilse —%d %
HETlE, Koy, B, ERBICEONTGREDRDZR
LTWa, filZIE, 1987 4~ 2007 FFICHHIEH DN (4F
e DMBEZRE r = 0.80, p <0.01) BEFEIN TV
JEVRISIZISWTC, Aono and Sato (1996) Ic k> THEEE
NTARROBIGHIME (11 H 19 H~ 12 H21 H) OF
SUREFEHE DRI, T 21 E-ICEBWNT, [EOM
BARATR (r = 0.49, p < 0.05) WHEBLNTz, AWZLIE, B
EHDOZN DM U T, RIRAREEREREE OISR
BRZTICEHIAT 2D TIE AW, ThboHiNicEs
BB EDORREZ LS, IRIRARBRIERE DEEN R
2LHEZBN5,

U ADBAEICEE G 2R LIS, M ks
D, MEOENERE, ZLOERDHEZHZ20]
et DB, HHULBEH T — X TldwAD MidxiE
FEXNTEST (Japan Meteorological Agency, 1985),
AP AL 2 MFEOE OO EICDOWT, D
HBHTLIFTELE oI LA, BITHRERART EED,
RIS AV ERE S Tz,

5. % &

EN 34 151315 1961 4~ 2007 4ED 7 ABIIEH
F—=REMRL, SEHEICET BT 2B EO T —
ZEMH LI BRSO E->T, BELbEmBIT
Z DU ERZ R LTz,

KEMSITI T 47 FEROB{EH OREZ LM T
i, 15HIfICBOTHIEDREDE R LI, — /5, 47
ERZBLT, BEHOENE RTBN I FEE LR
Motze 2000s &3 EDERDEIFAEH Z Lk Uiz 4%
R, 1960s & DLLHET, BAEH DL x> Tz B D
%<, 1990s icipo<icon, BlEum s Uiz —7,
BERITBWT, | ~ 3 BADBEHDENZ R LT,

FERDAHORERNS, SEHICHIBHEHOR
FEZ LS IZILENE NS AR Uz, BITEHDRE
DAY AT FERNC I B EEARZLEMTHD, R 1990
ERBLLIBOBEH OIRIAA, ZFOMEmcEHS5 LT
720 1980s Y3 LLIt%, NN S B X UCREBERE, fHH
NSRRI IC BN T, BIfEHOENYREN Tz, %
o, KEEE 36 LD TR I A7 1S B B T,
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