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Abstract

The generalization of model to estimate flowering dates for cherry trees (Prunus yedoensis) is
attempted, considering processes both of endodormancy completion and development. As the basis
of estimation, an accumulation model using an exponential function of daily mean temperature,
called DTS (the number of days transformed to standard temperature) method, is used for
expressing development of flower buds. The flowering date is estimated as the date on which the
DTS, accumulated since a suitable starting date, reaches a predetermined DTS value.

In this study, three models with different procedures to determine suitable starting date and DTS
accumulations for flowering are constructed and verified, using data from meteorological stations in
the warm region of Japan. The model A requires the complex procedure with analysis of previous
temperature and phenological data to determine suitable starting date and DTS accumulations in
each station, although this model gives accurate estimations. The generalized model B, without
consideration of endodormancy completion process, includes the simplified procedure for determina-
tion of starting date and the constant DTS accumulations for flowering for all stations in Japan.
However, in the warm region of Japan, interannual variation in advancement of the endodormancy
completion process, which was influenced by winter temperature conditions, causes the change in the
DTS accumulation required until the actual flowering date, and is attributed to the reduction in
accuracy of estimations from models A and B.

In generalized model C with consideration of endodormancy completion process, the suitable
starting date is determined for each station, applying the equation, which includes some climatic and
topographic factors, and the DTS accumulations for flowering are deduced as a function of the
chill-unit accumulations, which represents the degree of endodormancy completion advancement in
each year. On Hachijojima island, near the warm-side boundary for growing, model C reduced
RMSE of estimates to 3.1 days from 6.4 days of that from model A. In the model verification using
data from the warm region, the averages of RMSEs in estimations from models A, B and C were 2.7,
3.0 and 2.8 days, respectively. It means that the consideration of endodormancy completion process
in model C compensated the decrease in model accuracy, which is attributed to introducing some
simplified procedures into the model.

20015 6 H29 0 2EASKC TR
200011 H 158 TR TRE
2002fE 10 A3 H A4, 200353 H4H <H
EITE, MASHKEE

— 165 —



BES S (J. Agric. Meteorol.) 59 (2), 2003

Key words: DTS-method, Endodormancy completion process, Flowering date, Generalization

of model, Prunus yedoensis.

F—0— k: EELHEANE BER, NEFERER vaMay/, TFLO—RIL

. C®HIC

v A4 3y OFTERHE, FLoRBos L whE
KEEMSH D, FRRUOLEORRIChIE 7 -0
ZHOMETESRTVAEE, ZOTFHICHT 20
BT ENS, ZOBEHOKERFNATICOVLTE
IHhETRELDHAMBITONTE I,

BE/EA W L TS 3 2 SRR EFSE 1T 5 BE
SRS LBITER & OBIRAERNIC, MoIEREIRD
BNEND D, BEICE, AVY, BREEREEZHV
[ (Sakai and Kawahara, 1952; Fushiki Weather
Station, 1953; Kumano, 1957) %, REEXMEE TV
(Lindsey, 1963; Ebata and Ishikawa, 1987) %{# -~ T
L Bl s A SN, ZoD%, Konno and
Sugihara (1986) i< & » THEDIEHORE I S Z1L
ARIIGETH 2BEEROAK W, DTS &idd) »8
222X N, Omoto and Aono (1989) #3, CDfEF%E
8423 DTS itk » TeE ety A (2 ¥
7 OEATEH %2 RMSE CEYE P ARRE) ¢ 1~3H
OEHFNTH IO EHIHETES %R LT,

L, TOHEHOWTIIEBICHETEE OHECH
93Tt ohoR@ELES W, DISEEZAL
LBTEHOHEE T, BV HEERE R S 1o il E,
BATEE TICEY 5 DTS O EEMES DTS oBE %
T BRI & - 7o, HISEE ORI D BRI &
BN A OB EES, BEOEHED B
BOHERPEBOBITER 2/ LTRSS EMUEITE
%, P EoMHAT, BEEBECRHECRERT -5 D
WTEEOHSE TO DTS oA NEEE 155 2 &5—
SHOBEE B ~1oo T LEBEERRT 37201,
Aono and Omoto (1990b) 1%, & H* DTS HHEE
DOREHEEBELL, BE3RTEOEEEE>L I
@ L n e PV OERE RS 72,

L Ligais, @EOAE 2L Thido k) cEE
{ba ik, WThoBs b INPREE LojED
&S BB, HEERESEEICE B AMES RS
hi, DISEZE&0-KETRAVL—BNsEEs 7
Wi, BEOEBRF - VEOBEME —ELBEL T
HEAZITH bDTH B, & T ADIEMTRIAFORIER
oBEOENAEL, F0%, Bt TTERICHLE
72 DTS BB b FIC & » THIBIELT B cdic, #
E/REHNEIMT 2B HS5  (Omoto and Aono,

1989), DTS Ll iFET b & —oOFEE, 5Lk
BEHIIC > WO TIKIRERBR OB - EAELSEE LBV LE
BIfEHOKE SHEEBREEESR T ETH -1,

T DRRBIT ] S ORIREMR OMFE S DTS ikicE
BT A0ENbHE, INETIKSY 213/ (Ebata
and Ishikawa, 1987; Aono and Omoto, 1990a) & %
Wiz 2 (Aono and Sato, 1996) DEIIEH*®, 7 7D
B53EE (Tto, 199D K ER-SWT, KiR%EE - HEEE
BeF gk, HEKEZBERS Y2 0ICEMRERICS
5 & N B D E BRSPS Rt - THIET 5 C
Sk, WEBEAR LSS RFINS D, L, &
HolE~0@HEO oIz, 20D EHERER/ S
A—YDRELANBELTEIENS, ZOEETE, @
EOEKFEOREPRBHBOF—s2landE, 2oL
1B T FNANOKIBFRBREOERITTE LW,

BITEA @ L THEMc ot 2 RURR A SRl 4 285, i
AL AET A S VREE LB EER
SN B, EAFA v ¥ a KURIETS &% M TRMISE]
ASHEEMELZD, SSERICESRABREND
PR~ OIGH GRS L 555, MAT, HETER
AL AEE L A EEEmb LI LIETbhb L5 1id-
T &7z (Murray et al., 1989; Kaiet al.. 1993), % D55
Hitid, BEL D BAFEREOEVIENIERS 52 &
BFEENBEmD, EFAO—BLICIZ, KIEMR
RERAEE LIV E, B0 &S SEEHH~OITH
ORI B EEZOND, FITCHRIRETH, v
AAay ) E2flicE - T, ) BEEKTFA2OREEE QR
#EoF—yoVilEIcB ) 2EBORES, i) B
o B B RIREFRBREOFETA b /o o THITEH OHE
EREDETO 2 FEBOWH % FEd 5 & 5715, —#ik
AN DTS i & 2B{EH OHEE & F L OE Z A
tro T T TRAZEOEHKUR DM A - TIRIRMELR
BESEETNEMLEIMEHUEL, BETNEHILIK
SVWTEHEEDD i) Ko\, ZEAELHES
feigIc oW TR D) DA EELT &S BHILE OHEE
EFNO—RLERRYISEITE Ll

2. F—IBIUBRTHLEOME

2.1 FRITHARY & BATith

ARE IR EFAMERDOIZDIC, 1961~1990 FD 30
FRSKEEcHA SRR E Y 4 4 2 v OBE
HoF—3 &0, 18, KRRERBELEZRL C6H

— 166 —



HH - FEB: v A4 3 v/ HE#EEE TV

TEHEZHET 2EIE, BERTFEOMKE, SEXFILh
FTOKRT— 9 BHELLEZ0T, 1961 EOREH
BEFAMERICERB LB P -t EFNVICLLEEAD
SEEEY i HEERE 1T, _REC 30 R (KRR EERE S
BIEAICIE 29 /-] © RMSE CEHTIHVAREZS)
ELTHELK,

£ FIULERR DT IC AV 7o g, BT 30 e s
WCBITEBIRAOD I8 p - 1 EHP LHEEE TO 551
A (Fig. 1 HOHIERS 1~55) & L. D5 HKiE
FRBR DBIR DAL 2 ERE L 72T FAERIC O /oS
BRBOBEND 25 A TH 2 (TS OHS DEBIRE
HEOFMII>WTIR 3.3 1 HCBWTHBRE), F1,
KIEFRRBREEER L7 VA RIET 2 HHNT, £
O 55 HimE 1FAlic, KEFERED 5 OIZHEE OBy
5 6HiE (Fig. 1tho A~F) %#E0, iTicluvis
2.2 BEZEH®AH (DTS) (20T

DTS & i3, 33 —EDEEDOT, &5 OKELLIE
T oMY OEREREY, HEOEERE O N TORMA
ICEMT 3 LR AN OERBERICHY T 2hERLIE
HThb, HEHTEN T; K) TH5iF0o@EH H
B 5, EHEERE T, (K) ~OREFREA ), 1.
PTFoxX (D ickhitBshsd,

CITE REEFMME Jmol™), R ITENVIUEEHK
(8.314JK 'mol™") T» 3, AFAETIHIEEER T, %
15°C (288.2K) iz, E,%* Aono and Omoto (1990a)
%5%1C 70kImol ' & L CB{ER OHEE € 7 VICEH
L7

2.3 HEFEEFIVERTOEE

DTS T, AT & IED @Y siE D (KR
DVTHOEFNICBVWT HEIC L » TIHELS R
W e (D) O (), OBEEED, Hob LDy
THBL I EOHEMIEL L HEHEHRER L T 5,
2T, MATEoBYISEED St TIcET S
DISEEEAL 0L I CEDIPIcL-T, ROEF
VA, B, CEIEERL, BIERAZ#EEL, 2z 0BESE
Hig L 7o,

2.3.1 EFIA GEED DTS i&)

TFNAR, BYSEER D, &, BEIEHE TITKNE
L5 AREEEOYAE DTS, & %, BEOHEH LR
F— & O L TS I &I MRy A HET
&% (Omoto and Aono, 1989; Aono and Omoto,
1992), AFETIZ, 30 FEMOERO B EEKIBOHE
LBEROF -y 2Bt 5 C Ltk - T, #E 1~70
BorhrhoiREHE, Fhicnd 2t co

(= {EJE—R)} - 30 &0 DTS PHRHEME D7 — 5+ v b ELERL
YUTEP1TRILT oo COBE, FNTOF— Sty b EE-T, TH
' N)
40 [ o ¢onsidered in model A and B 5
® considered in model A, B and C
38 | A for verification of all models
36 |
7o
34 4
l‘é4
32| E
#D
Mo
30 . . . . . . .

128 130 132 134

136 138 140 142 (° E)

Fig. 1. Map showing meteorological stations used in this study. The numbers and letters indicated in this
figure correspond to those in Tables 2 and 4, respectively.
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Table 1. Conversion of selected temperature to
chill-units (Richardson et al., 1974).

Temperature (C) Chill-unit contributed

-1.4 0.0
1.5-24 0.5
2.5-9.1 1.0
9.2-12.4 0.5

12.5-15.9 0.0
16.0-18.0 —0.5
18.0- —1.0

— 168 —



= . SFE: VA A 3V BEREEE T

BEME (TR DTS £i89) &, ThThofibdo
U - HIBAIEZ D Sk 128 H D, OHEERE (D &
L) ARk ohdksicli, CoLHITTNE,
BATERIE~BI{EH Z CORBHE S A/ Sshnid, i
2H 7 HEBEOHSE T HARIRRGOBEELEE L LN S
BITEHAMETEX 5O Icn b L EZ, LidoFEcE
SO BRI EFVOER EFEE OEER R 5 O
KHEREOZEE LT 1.

3. BREBIUEER

3.1 EFIVA

WERZEFHZ /NS LALEED D, S PYEEE
DTS, & &HMOFAEHE % Table 2 10”9, &8EH D i
HicHs ©E@H 20 B (1 HhE) LiEioR VWi EH,AE »
H, FNLOEHLVEOADIZEA L OMLTIE D,
H5EH 30~50H Q2 Ath - ) TH o, 11~1 AD
SEARBEEED 13.4°C LTS o h TR b RIER
ALETE, DASEHSSH Q2H24HB) E&bES
% - 72, Omoto and Aono (1989) 1, T O&HIOEE
H D, 7, BfLicKEPEE LD 5HE LTV 5, —
7, Goi (1982) % Hanaokaet al. (1980) ik 3 &,
EBEo4 7 SHORRE T 5D LR, BRL L
HET31ALE-hEERLRE, CO2 20K
FNAHERBERIRBIEERET LTV 500, KRS

WhDIEER s ,BERS OB EEZ SN
B, LI LEMSTS LIS MREREHRE
KRB THENS L TEL BRI ENTFHENS, K
SEHAEORBERHIPEE & W - R T IR £ s EEE
T, HEHD AL I SEOLEKIEETHEL LW
EARET AHEER S H 5 (Aono and Omoto, 1990
a)o DA SARHE CIE, T OIEH D%, Eicsiy
BB E 2 0% OEFRE OMOBEROELE E LT
Dk o
BHoHERIfEH © RMSE % Fig. 2 12789, Hib»
SALEEE D& 1~2 HOHM, ThlFEoi3EA
EORSETIZ 2~3 HOPAE 15 - 72, BIFTHEOFT
bEDbFRELSALECER, &2 Vvid#EEinwichL
BT 5 FOHMTIEI RMSE 3 HA#Z 2558 &
3 -1z, Fig. 3 ICBIEA OHETERE OB - 18k A
LB, EEoEMTEAOMEERT, LobiF/ LS
TRIKBERFROEN - #ADOFEL OEHHREVERS
NBTEMOERDOBIEEMN 1 7 AEDEEDL - T
EHT 20, KIEFBREEZEB LS L EF L A OHE
SEBETEEICIZIE E A EEFN L, £ - 72 ERORTE
HOE#AIEL TV I &b b, £, $hFPE
BFTHERC L > T 10 BEWHEERENHN, +XT
OEDHEACEFH AR Z -t LIS VHVERLE

s t,

M Model A
A Model B

o s TrITITE ra rrrn

Dt s i a7 4

1 P———

2 ey S

3

4

5

6 31

7 32

8 pyy——" 33

9 34

10 35

11 36

12 2 a 37
o 13 o 38
Z 14 Z 39
3o
prar) =) 41
87 g 42
o 18 rs rovia v 43

111111111111

21 ) 46
22 I 47
23 v s z2 48
24 [ ———— E——— 49
25 RSP 50 [m—y
26 Ry 51
27 — 52
28 S —— > rra 53
29 s L, 54 Pr—
30 e, 55
0 2 0
RMSE (d)

RMSE (d)

Root mean square errors of the flowering dates estimated by use of models A and B.

— 169 —



SR (J. Agric. Meteorol) 59 (2), 2003

32 EF/IB

3.2.1 £EHBOTHEEE DTS

EFN A ORI ICIER L 7o (ER B - PR EE-
BITEH® RMSE) 7 — %+ » b 2HUVT, ST
DR RME & 2 S 2B H & 2 HEEICH O
Be&ic ki 5 RMSE O 55 HipS EigfEhs, & oFEk
BEOEESICR /NS B2 0 EHEN (Fig. 4). T
R, 2E—FHTTHYREEME 238 HE LIIGGICSS
i > RMSE OSHRE BN RN E 18 - 72, LILEDKE
Hpo, BftE TIcEY 2 DTS BEMHO 2EH--#D
M, 98b5DIS.& LT, 23.8 B €5 BICHEHA
ERL NPt U

3.2.2 EHEROFHER

3D DTSR icisd 28 H DL %, % 3 EBRICH]
WwDF—s €y bhpoRDI, 2LT, IO D.EFE
TXBEERABERAF R ORD LS & L, HIAZE
BE LT, Be i onw ks - EESEOEE

110

—O=— Actual

Moy

100}

Flowering date (DOY)

90~

80

901

801

Nagasaki

70 ’ -
1960 1970 1980 1990

Year

Fig. 3. Yearly variation of actual and estimated
flowering dates of Prunus yedoensis. Estimated
flowering dates deduced by the use of models A,
B and C are shown.
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was calculated by use of eq. (2).

ErRHEST BEEE, 7 C ORI > TR
WHT BT Ui, B TRIBREZOSKIRD 12 DI Rk
BRIEDS DB BT EDB Y, FRITGLT DTS
DR EMENZ 55 L EA NS, Table2 DEF
VA LB AEER D, S PEEEE DTS, =25 &,
B2 IR IE & Dy 3B <, F 7 DTS, 3% < 75 2 dHIA]
DHRON, £ TAME TR, HEFEICEMICMEL T
B, KIEMREROE 4 OEHEOHEOEEHARR EH
WrahaifoR#Es LT, Table 210 D, A55@H 40
HLUMTH YD, tiBh> DTS, 524 BYL L& - ot
ME Ui, TORECNTIZE »HORHE, T #
m, /LB, TR, &k, B0 7TH&EATH -7, 20
7 HIAOHRT, KIEMERERICKE (%Y 5 11~1 A
D 3 71 ABOFERIROFEEH 7.5C EmbEr -
HEA, AHECEDEKSEMOIR (&bEOiD)
EERL, 11~1 A PHKEOEE (Table 2 F0 T
73 7.5°C % LA 3 25 His (Fig. 1 ®RBA TR L AHIED
%, KIRRIRBREOZESHLEN (0F D EFVC EHE
Ad~x) A E LTRSS cEic i

3.3.2 Fiaz.y b& DTS HEEESDORER

BIE N, KIEBRREOZEENEERICHNELE
ZEE, ALESE THISIRSVT, EF0 ADER
HDAIHE CRBELLESEOF V= FEEE
CU, &, BEH D »oEBROBMERE TItERS N
FE LD DTS OREE[E DTS, & O ERH 1 (Fig.
6) B BHISICET 2ESN D ZICbhPDOT, CU
pDIE L IS BEPHIAIR EBEE TIRE L © DTS
HBE L5 A ER DRI N, Z OBGRES LIk
B, ko 3) wELsR,

DTS.=58.56—4.467x1072CU.+1.43x107°CU,*

(R=0.863) 3

A Lk onmRoEAE, AuikeEFT Lo
HEHEZFECL > TESER VI LD S, ZFOK
Bi3@EE, KIEFROESRICEEL, BAFEIRED
SET¢ 28 AMEN 2, /& 23 Sugiura and Honjo
(1997) DiT- & S IKIEDTE T L 5% JUBRRE
MOEFANTHEEL, ThUBROKREREBZEEE 7V
AW TEEROBIEE EHET 31581, KIESET
HOBEH £ ClcnE L B ABREHEOFERMEIZES
NV, KFEOEF LTSI EOREH 2E1ITh
P OTELITIC>OEERVE Y, BHIORICHE
KAFIZ FIRIESE TURETICEB T %2 DTS Db BEI NS
T&do, RN E, Fig. 6 X578 DTS AHNT %
BFEMRE SNz EELZ ONB, —F, XMPEL CUNE
(- 1EE, L0bi CUHH 1,500 LIECEL B
GBI DTSR EAEER/LL TV RRVWEDILRA 5,
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Table 2. The suitable values of starting date (D,) and DTS accumulations (DTS,) for model A, and
other starting dates of Dme for model B and of D. for model C. The normals of averaged
temperature over November-January T. are also shown. Station numbers correspond to those in

Fig. 1.
Station D, DIS, D oT & De. Station D, DIS, Dn L De.
(DOY) (d) (DOY) (C) (DOY) (DOY) (d) (DOY) (C) (DOY)

1. Aomori 22 27.1 42 1.8 — 29. Owase 47 22.4 43 8.8 41
2. Hachinohe 17 28.7 45 2.2 — 30. Yokohama 38 23.7 37 8.4 39
3. Akita 3 311 40 3.2 — 31. Hachijojima 55 30.4 64 134 53
4. Morioka 3 29.0 36 1.2 — 32. Saigo 38 23.8 37 7.2 -
5. Miyako 21 27.3 38 3.5 — 33. Yonago 38 240 38 7.2 —
6. Sakata 33 252 39 4.7 — 34. Tottori 35 24.6 37 7.1 —
7. Yamagata 14 26.5 29 2.7 — 35. Toyooka 45 21.0 34 6.0 —
8. Onahama 34 25.8 41 6.4 - 36. Hamada 40 23.5 39 8.7 40
9. Wajima 39 23.7 38 6.1 — 37. Kyoto 38 24.3 39 7.3 —
10." Aikawa 34 26.8 44 6.5 — 38. Hikone 45 20.4 33 6.5 —
11. Niigata 20 29.1 41 5.6 — 39. Shimonoseki 42 24.2 42 9.2 41
12. Toyama 35 24.5 38 5.8 — 40. Hiroshima 41 23.0 37 7.3 —
13. Nagano 23 25.1 30 2.6 — 41. Okayama 38 234 36 7.8 36
14. Takada 37 22.8 32 5.5 — 42. Osaka 38 25.9 43 8.8 38
15. Utsunomiya 40 21.2 29 49 — 43. Sumoto 39 22.7 35 8.2 39
16. Fukui 32 25.1 37 6.2 — 44. Wakayama 41 23.8 41 8.8 38
17. Matsumoto 9 27.4 27 2.5 — 45. Nara 37 23.0 34 6.6 —
18. Maebashi 39 21.6 31 6.2 — 46. Fukuoka 43 243 44 9.0 45
19. Mito 39 22.6 34 5.7 — 47. Saga 43 22.7 40 8.2 38
20. Tsuruga 40 24.8 42 7.5 42 48. Oita 43 22.6 40 8.6 40
21. Gifu 34 24.5 36 7.2 — 49. Nagasaki 43 24.1 43 9.6 42
22. Nagoya 37 227 33 7.1 — 50. Kumamoto 46 21.7 40 8.1 33
23. Kofu 39 21.5 30 5.3 — 51. Miyazaki 63 16.2 49 9.8 41
24. Choshi 40 26.0 45 9.3 39 52. Matsuyama 43 22.5 39 8.6 38
25. Tsu 40 23.8 40 7.8 39 53. Takamatsu 42 22,6 38 8.0 36
26. Hamamatsu 43 23.1 41 8.8 37 54. Kochi 49 19.7 39 8.8 35
27. Shizuoka 44 24.3 45 9.3 42 55. Tokushima 44 22.4 41 8.7 40

28. Tokyo 41 23.2 39 8.6 38

%7 (3) i CU A 1,560 ©IF5E I DTS O8/NME
2378454 2, ZoOlRTFNVBOD DTS Dff,
+bb 23.8 HIZE VW, # I TAME T, 7o & A KIR
BpAaEELIZEFVCTH->Th, X (3) D DTS
OWMEE5Z % CUs (1,560) LLEDEDE b7
iZoWV T, DTSe & LTRB/MED 23.7 BHEEL CHV
&L,

3.3.3 EEBD.OREICDNT

3.3.2 OB AW T IS LA OB A & 1oE
25 Hikic oW, & (3) © CUs & DTS, OEEFRICK
LW HOREE#A - 5T ER%E D. & LTH®
TRHBI&icLi, BEARHETOF VA=Y +O
BEfESVT, BHoREA» SEBORIEAET
wET 3 DTS EEE2R () %> TEI L icEE
L, BfEA DBV 3 WA FIEE, @EH 1~70 H
01 BB TRERE2EA MBS I NTOERTHY
\EL, 1962~1990 F» 29 FEROHEERTEH O RMSE

DENEE AERETSBAR, £ L TIhERIREZRE
L-B&icdEsEER D. s LTS I it L,
#EHQ D R LEP-AENTEH 27T H, &ZbEL,-
ATETREES2HTH » 1M, EEAZOHAT
EH 35~45 BORIE 1 -7z, EF ) A OFREEH D, &
H#d 2, BCioTwaiiEANsE V00, 25 M
th, 18HSId 1~6 HEEOREIcE LT, 2K
WWKRERIE -, BT, BED D 3EHHE D, &[FE
Beic, KIREARI & 2 0%k o4 BN E 0EROKEZ B
BLERBMLAEBDEEZ DN D,
EFAE—RLT A 03, BEA%E 1 2DOLIAR
THLFIEBIIRDONE L DI L T LEND
3, BEHNE L TH DK - 7z 25 HificoW TR o hiz D,
iconT, & () ki & % LREIBOFIETERRS
FEiT- 7 Z0ER, UToR () BELNT.
D..=3.913T.,— 1.33L —34.64S +20.105*+19.95
(R*=0.78) @
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TEEIRE =R HHIEXE A » Y2 T3l A v valH) I
BUAHEBEO LD ZEETHE, K Q) TET.IZHOV
TRIECEH, LIioWTRAOEE, Sicowiik™
ROEE TER LN, THFEEHRD. Y, BHruii
B, LrbEBEORPHEId 2HILIZ & EN S AR
HHEIEAERMLESE LIz EICL B, 25HIED D,
& D & OBRE DD FEE, RMSE 3 25 HTH »
ol &, s, HEMFEICEEREN 4) 12X > THEE
TELHDLEM L, X @) »ofELASHORE
HD.DfEZ Table 2 iR L7EBDTH B, BB, K
WRTIHEER D, L Z 0B F5 L KEOE
e LT 12~2 B OVETRTER/ERAILD, 0
Mo FEEKQEAEED D. OBHICES & &AET» I
SVTRELLIERELES 3,

3.3.4 EFINCICLZHEERHERE
PRt~z ko, X @ kTR ohilZE
HD. &, D.HiIHEFCOEBFEDOF VL= FTEEME
(CU;ELTEED), FLTZDOCUH»BHR (3) %2fFH-»
TRDLBEEE TR ESTZE L0 DTS HEHE
(DTS, &329) 2T, BT H - 2GS OBERD
EEHA, IhF TN 2 oDEFMICL BHEERS
HOMERELANR L, 3o0F Mk 3EEED
HERAE (RMSE) % Table 3 2739, £FMICR2
&, 25 IS0 RMSE B & 57V A OIS 2.7
H, ChiciLTEFVBTIR30BEED, EFLOD
—fRfbic - THEERRZ G L 2, RU—tshz

60 T T —
S 5 .
‘&
[%2]
~
S 40t
(%]
(=
2
E
o
5 30
£
=)
Q
o
s 20
(2]
'_.
a
10 : - .
500 1000 1500 2000
Chill-unit accumulations CUg;
Fig. 6. Relationship between DTSy and CUs.

Solid line means the relation of eq. (3) and
broken line means 23.7d of DTS accumulations.

EFNLTHRIEFBEREZZELLEFLVC TR
M28HB&LEY, EFLO—RickZEEOHINES
WD EHIMA I EVS T EBTE S,

KIRRRRROE & & O BEOE, BIEH OHEEREE
KRHEEL, TF VB TCRMSEX 67 HERKLE
ot ALETE, £FCoHEMKLH RMSE 2
31 BHETRD L, CoftiotiETd, BREBATREF
NVBIHLTEFNVC TRMSE %505 BRE/V T %513
&, 25 HIED S BEEEMO 14 HIHTEF BN
C ©RMSE #Eb L7z, Fig. 3 OHEERTEE OB
B3 \LEBPERBOMAERTS, EF VAP BT
WETEUDL > L REUEB S FoBERIC, 57
W C OWEBIEESPEDESVWTWVWE Z Ehbh b,
IhooHE TR, KIEROEBEBMhoSER T TR
25 EDTERORRMRROEROLEIC & 5 ERR
DOBIEHDO KX BEFHIC>VTHEFLVCTIEASN
el Ems, EFLO—RLick ZETEH OHEERED
RLAMA I ENTERLEVIL B,

—%, ¥V CoOEHICE->TEFIVB LBEEH
DHEEBRENDI D RKE DL oS8T (RMSE

Table 3. Root mean square error (RMSE) in
estimation of flowering dates in the warm
region of Japan, applying models A, B and C.

Root mean square error (d)

Station
Model A Model B Model C
20. Tsuruga 2.0 2.2 2.1
24. Choshi 3.1 3.1 43
25. Tsu 2.9 3.0 29
26. Hamamatsu 24 2.6 3.1
27. Shizuoka 2.2 22 2.0
28. Tokyo 2.5 2.5 2.1
29. Owase 2.5 2.7 2.6
30. Yokohama 2.0 2.0 2.1
31. Hachijo-jima 6.4 6.7 3.1
36. Hamada 2.3 2.4 2.6
39. Shimonoseki 2.7 2.7 2.8
41. Okayama 2.1 2.3 2.9
42. Osaka 2.4 2.5 34
43. Sumoto 2.6 2.7 34
44, Wakayama 2.4 2.4 2.4
46. Fukuoka 3.1 32 33
47. Saga 2.5 2.9 2.8
48. Oita 2.7 2.9 3.0
49, Nagasaki 3.1 3.1 2.6
50. Kumamoto 2.5 2.8 2.6
51. Miyazaki 2.8 3.1 34
52. Matsuyama 2.2 2.5 2.4
53. Takamatsu 2.3 2.3 24
54, Kochi 2.6 2.9 32
55. Tokushima 2.5 2.7 2.4
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o 1.2 8), KBk (FBL< 0.9 H), A (EULL<
0.70) Th-to COEAE, KX @ B3 EEH
D. 03tEBEECRAT 5 bDTH - /2, Fig. 3 DT
KB AMESERERSE, =7 CIckBHERMIE
HOeicBW I Eaibh sk, ThidX @ ki
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oL, & @) & B3HETHEDIBH39HE
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NREEEH D OFTERENSHERD OWEREILE5A 5
EEA ChOOHAIC>WTHENTAS L, kFTL3
H, ABRT 1.2 H, MAT0.8 H® RMSE Oz b
oLkl Edbhot, ThODOHIETOETNVC
ik AHEEREoE Eokbicit, EEHD.AKD2
12O () 12>V, BFESic AV 23R E
2XOIRFTANEDH L EBEL SN S,

3.3.5 £/ C O:EE

ChETEFLVOERICAVT E AL Ic> VT
b, BEFVPEBAE,EESD ZEHNT, 3.3.174
THFERIE LT DM (11~1 A OEEKROFE
A 7.5CELLE) wlTirE % 60K RES (Fig.
1o A~F) %#FIRL, VA4 3 v/ OR{EHOHE
KEEFALEERL TBREEREE TS it
Table4 iz, Th oD 6HiEIc>VT, FEFIVICH
Wi iREH LETEH offtFEEE (RMSE) 277, €5
)V A OBIfEH® RMSE B&/hoiisi 2.9 B G,
BEAROMSTII 698 ETE) TH- 1, —H, —iit
BOEFNBTREFN ADOEFICHNRT, WIho
15 RMSE 33U 3.0~102 HO&EF &4 -
720 KIEMERAZEER LTSNV CAEALLBEICHE,
6 HisS D> b 45T RMSE 25 7L B D&t~
T 0.4~1.1 ARD Uiz, BricEioEa i, —Bfbd
ZEIDET IV A L0 & RMSE #4075 {150, (RERAZER

BEEEE LI &Ik A OMEERES RN
EINT, LHLEAS IS 6HIED S B, RLIRE
BRETETIIEF N COMAK & - THEIZ RMSE ##
7B OB~ T 32 HEML, 132HE4-
126

7NV B, ClicXk3MEHOHEERROP % Fig. 7
T, O CIEF IR 4 AT, RFOKES
EGT A KRR OEN - #A &, 2 HTAELUBROKE
DEES AT ORE, WHOFIC L 5EVORELR
ELZFB0T, BRANICKESET HEANICH 2,
KIERERRBREEEE L TOLRWEF IV B OHEEREH
i1, BFBUADERE I HENEERORILE OHEFIC
TV S LA, FEMICTIN S LD 1974 4F, 1985
F, FHMED 1974 4, 1989 5, 1990 &, KED 1966
0 1989 1L L, HICBIEABAKE K E(LLFIZIE
HEmEEN 10 HARic B 2BA6RoN, £, &
FETIEEBOMILH I THEERETEE OZEEAE 2
MIINE L, EFVBTIREEALHIEAOHEENA
AEED X HILRZ B,

—%, EFNVCRLLMEMEHOHBEERTA S
LRETELS iz T, it FER oW TIIBE
AP 1y, EROBRTEH ORI AL DS Wi,
BT > W TIRERORLH ORI BRI
Ny — v OWEERITEE OB BB SN bO D, 2R
ICHEEBITEH DG B 18 B HER & 12 - foo AR TR~
&3, Fig 3 O$TOF TR H Do, D EMEL
EROREHAD. LD 4HRL Bl &itd-T,
FClck HEEMIEHNEERELI VBRI Y7 + L,
ZOBTFEOFIIIMIcE SV C ik BHEERTEE 058
NAHRICY 7 P LTVWAR I EDDS, $hF& kR
H D OHEBMSEL B -2l &Itk B EEZL, BT
HMLTENEEIDLS ELE, L LML, BTFE
DA EFLCREBLWTEEHE W SREEIE
FLTHRMSES I3BATEAZEFEA -1,

Table 4. Results of the verification for models A, B and C using temperature and flowering dates
from six stations in the warm region of Japan. RMSEs were calculated over the periods of 1961-90

for models A and B, and 1962-90 for model C.

Model A Model B Model C
Station D, RMSE De RMSE D.. RMSE

(DOY) ()] (DOY) @) (DOY) (d)
A. Oh-shima 45 2.6 43 3.1 40 2.6
B. Shionomisaki 47 3.2 51 33 45 2.3
C. Nobeoka 45 3.7 44 42 40 4.2
D. Tanega-shima 46 6.9 70 10.2 58 13.2
E. Fukue 48 3.0 47 3.0 45 2.8
F. Uwajima 47 3.0 42 3.7 39 3.0
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Fig. 7. Yearly variation of actual and estimated flowering dates at the station, which was selected from
the warm region of Japan for the purpose of verification for models.
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