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Impact of global warming on flowering of cherry trees (Prunus yedoensis) in Japan

Tomohiro MARUOKA', and Hisanori ITOH

(Department of Earth and Planetary Sciences, Kyushu University)

Abstract
This study predicts cherry blossom (Prunus yedoensis) flowering in Japan during global warming

periods. First, by developing current models for cherry blossom flowering, a model suitable for assessing

the climate impact is constructed. This model can predict the dormancy breaking and flowering dates by

temperature data alone at any points and for any periods. Applying this model to actual data for 25 years
(1979-2003), the average RMSE (root mean squared error) of predicted flowering dates in comparison to

actual ones at 36 points in Japan is 2.87 days.

An indicator of the southern border of flowering is also proposed. The flowering model is applied to
projected future temperature based on the IPCC A2 scenario. The predictions for the years 2032-2050
and 2082-2100 indicate that flowering dates will become much earlier than at present in cold regions,
while later along the coasts in warm regions. It also shows that cherry blossoms will not come out in

Tanega-Shima and southern Kyushu, which are currently the southern flowering borders.

Key words:

Chill-unit, Dormancy breaking, DTS-method, Global warming, Prunus yedoensis.
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Fig. 2. Change of the average temperature from
19812000 to 2081-2100. The unit is °C.
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Table 1. Relationship between tem-
perature ranges and chill-units.
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o= oo 2057 m
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KIRHP A K LTI RITo 72, 25332 THEmi
(RHCARE ) TOFMHER OMBAFHIZEETEDEE R T
FEBRICE R F 2BV T, Sugiura and Honjo
(1997), Sugiura et al. (2003) ic&k~>T, 0CETHE 6C
FIEAREOKIRAICHT 2 E3MA B0, E5iC
6 CETINENERSEFMENDHZEENT NS, K

HHRDOREZINLEBENTHBLEZEMELNIE,
72 ¥5 Asakura et al. (2009) OEFIVEKE T CORKIE
FIBOEIEZBEDIAATIZET IV TH B,

C, TV IEDWTIE, BHITOREEEDDICRITT:
LEDTHBHDT, BGHHTIREMES, EHTOHER
THBHESIGREI LT, T27e8E IR B X5 GRIEDVFSE
BEWDT, GHHBNJLWHETAA—T®2To7, &8,
T\ &F N2y b DTS BNEBICEEINEDIEHEYT
TWEEX TS, THEE 12.5°L LT3, C,lid Aono
and Moriya (2003) TODTSEEHE KK T D
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Omoto and Aono (1989), DTS,, l& Aono and Moriya
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Table 2. Adjusted parameters and their most optimal values. They are determined so that the

average of the RMSEs at the 36 points takes the minimum, under the prescribed parameter

sweep ranges and increments.

parameter description

rg, one critical value of temperature range of chill-unit (see Table 1)

rg, one critical value of tempetature range of chill-unit (see Table 1)

C accumulated chill-unit to decide the first initial date of DTS

C, accumulated chill-unit to decide the second initial date of DTS

E, temperature characteristic value of DTS

T lower bound of temperature above which DTS is accumulated after the partial
dormancy breaking

DTS, accumulated DTS value at forecast flowering date

parameter unit parameter sweep range increment optimal value

rg, °C -10.0~0.0 1.0 -8.0

g, C 0.0~24 04 0.0

C 50~600 50 50

C, 1000~1600 50 1300

E, J mot” 70~94 2 90

T, C 12.5~17.0 0.5 13.5

DTS | day 22.0~270 0.5 24.5
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RMSE of the flowering date at the 36 points. The abscissa shows RMSE (unit: day) while the ordinate
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Fig. 4. Flowering date of the average for 25 years (1979-2003) reproduced by our flowering model. The left
panel shows the forecast flowering date, represented by the day counted from January 1 of each year (day of
year, hereafter, referred to as DOY). The right panel illustrates the difference from observations. The light (dark)

shade indicates that forecast flowering dates are earlier (later) than observations.
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Average for 25 years (1979-2003) of the partial dormancy breaking period (black), the complete dormancy

breaking period (white), and the forecast flowering date (full length) at the 36 points. The points where the
complete dormancy breaking period is negative show that the second DTS initial date is before January 1, and
the DTS accumelation has started at that day. The abscissa shows DOY, while the ordinate indicates the point

name.
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Fig. 6. Accumulated chill-unit values at Tanega-shima

and Naze until DOY 70. The triangle indicates years
when cherry blossom did not become fullbloomed in
Tanega-shima.

HTHHETBIE 549.3, C) DHIEATH

BT -262.0 LADEE Tz,

Fig. 6 RETEBLAWOEFEOF )1y MEREEE
L TWEE0T, ZAREETEICBO TR R
Lol FERLT VS, BT ETHRMICEDED ok
FICDWTE, Fbazy MEEEMEDEI G- TY
BN hB, ThabB, RMEHCRLROVEIRARIRTT
WSS 52 E X LNARAOKIRNEH N TEETREL
TWB, ZFEL, FLazy  EEESSAEMUTICES
RV EV SRR A DB TERLY,
¥z, BEOFN Iy MEEBEERTARSE, BTk
BOETHBLTVBIEN DN B, KETIEEARNIC
BIET BRMITZNEVSTERDT, FLay MEE
BAELZHIEEBIELZ N EEZSNEDE LN,
LL, BFEBEOREOFT Iy MEEEL AR TH
Th, HBAELITICRBEFTELRWEWSIHMER BRI,
TSR DR WEE FRRIC R DTN,

CNHOBAICED, KBEOZELERA5EITT A),
B), O) ZECLICHETHOTIEARL, ST EIF I
a2y MEEEZ AR T L THIE S I 0NEYTH
BLEZLND, HEICHAVADER, HEHEICKSH
RTERLF I Ay MEEMANEOALE, ZLTHE
FBELWOEHE 70 AETOF LAy MEEETH B,
TSI BEMIC 2R e Ui, HERICIZ 2007
FRFICE > TRV, LU, R TIE 2003 4
FTCOT—2BHHLTVAEDT, TTTRMEICkDH
RELUTEEER RV, /LB, BTE, 4lorn?
NOEOMICER D’ DB EEZONST8, KIFETIE
A) & B) DRI\ L BEETFBLOF Ly M
{HDF, B) & C) OBFRIIFEFELAEEDTF Iy
MEEMEOFEE LTHET R LI L, ThbE, A)
ORI F IV MEREOFEN 7557 LLE, B)
DU FTIX 755.7 K, 143720 E, C) DOHliflk 143.7
Fe UTHE L,

BIEL7m e 3 RHEE, DTS BB @A DTS, iE
LEWEEEOSHIEDEFEH 5, FILa=y MEEE
A CUZELZTNUL, #hcBfELiRw, C ISELTE,
FNAVNECBEEBEICES RN EEZLNS, 2IEL
B HEPREEE R, DIScr IC8ETBIEEH
DBBHDT, MEBHMORKERDZLENDS, FIE
FTIPELZUNERTELRZNELT, ThE 5 A 30
H(#E 150 B) IKERELEZ, TOXSRFETERED
HROHERITY, LROFEE R,

— 290 —



Al - e DAEDYSF (VAIY ) ORTEIKS S HERRE LD

4. AEFROEREEER

4.1 BEEEDTH

PERR L7=BIEE IV SR — S F U5 2 R (2004)
DF MG Lz,

Fig. 713, BIEEF L% 1981 ~ 2000 £ FHEIR
U TESETHEEATHB, MBS AES
723, Fig. 4 & MAIE EE TEROD, SOV
B CIIEIE Fig. 4 E—BL T 0

FCTRIERO TR EITo72, Fig. 8, Fig. 9137
NEN, 2032~ 2050 4, 2082 ~ 2100 EDTFHEIE
B 19 %R T, Fig. 8 & Fig 9 #H5L, Wl

LN D ERROWEEN BN LA TETRITEL,

FOBRINLOEETIZEREKICEEL, BV THILT
MMSIHICHTEL TWA e bbb, Fig. 7 TD 1982
~ 2000 TR E N SIRICILABITEE D HER L
TWBTLEFZBE, HILHOHEBORTHREE
boT3,

¥ 7z, Fig. 10, Fig. 11 1 1982 ~ 2000 £ i 5 D
2032 ~ 2050 £, 2081 ~2100 FOE{LEFTNF N
#9, Fig. 10 £ Fig. 11 ZR2L, WHMELELLH
ZEFB TN OWER THIEADSEZ> T
BTN, WBICHILL BN, WReks
500 m SRHSOHUHED > BIEE O LR il Tld ok
CELIE->THBD, HERMORKFENOFTIEHED
ZAid a0,

745, Fig. 70 1982 ~ 2000 4/, 5 Fig. 8 0 2032

R |
98 105 112 119 126 133 140
(DOY)

77 84 9t

Fig. 7. Forecast flowering date of the average for
19 years of 1982-2000, reproduced by the flowering
model. Temperature data are taken from the Japanese
Standard Climate Scenario ver. 2 (2004) provided by
the Japan Meteorological Agency.

~ 2050 F TR BTEHOZEEIE MR REWVD, FTh
5 Fig. 9 D 2082 ~ 2100 EO W TIRHE I &
W, UL, OO IR LEE TRAAZ LA,
SR DRI TH B IHRER RO B AT BORIER
R B e B NS e KIRET S (Fig. 2
1) BT HRTHS 451 IS TEERROELERBE,
1982 ~ 2000 5 2032 ~ 2050 £ TN 2.0C LA
LTWBDITHL, 2032~ 2050 £ 5 2082 ~ 2100
FETEPN0.6CLAERELTVEY, TTHhECDEI%
WERELE-IEEIDNG, TORMMICDWTIZE TS
WNHEDELNGEND, %O RERURIRELTH
BBV,

40

38 f

134
77 84 91 98 105 112 119 126 133 140
(DOY)

Fig. 8. Forecast flowering date averaged for 19 years
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Fig. 10. Difference between two average periods
(2032-2050 and 1982-2000) of the forecast flowering
date. The dark (light) shade shows regions where the
forecast flowering date becomes later (earlier).
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Fig. 11. Same as Fig. 10 except for 2082-2100 instead
of 2032-2050.

4.2 BTERROFA

E9, Fig. 121 1982 ~ 2000 O BIERITE R L
KTHs, R BABLEAMNO—ETEEILL
THHL RSB, ke UTRAORR %S
TETVBEEZDND,

FEDRTEIRNZR LIZOMN Fig. 13, Fig. 14T, %
NF 2032 ~ 2050 4F, 2082 ~ 2100 4EICH T BED
ThHB. FHF LTy MBS R BITEL A U
B3, 2032 ~ 2050 4EC 3 Hig, 2082 ~ 2100 £T 5
MR LT, ChbOHIEE, BIEEFLTHELE
W (19 4851 ThT= B E, 2032 ~ 2050 T 12, 11,

Tiae 186 188 140
Fig. 12. Flowering conditions in 1982-2000. Circles
show the points where the cherry blossoms do not

become full-bloomed in some years.
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Fig. 13. Flowering conditions in 2032-2050. Stars show
the points where cherry blossoms do not flower. The

meaning of circles is the same as in Fig. 12.

Fig. 14. Same as Fig. 13 except for 2082-2100.

114E, 2082 ~21004ET 18, 18, 16, 7, S4ETH-
Too BRHED 2 HUSEROT, BEHROENRELEVE
ToTEY, BENTHD, X2 HETE, 4 ALHO
PATEEZNZF N 6 4E, 10 FIBES, RE RIEHEL
BOVERZNEEZSZHE LNV, BITELTERMILA
WEEDH BRI R TN A FOIC 2032 ~ 2050 (£ T
23 i, 2082 ~ 2100 £ T 30 HisiH ALz, Tnd
DHF DN DOMTBO TR, BHETTIVTHRELZW,
ELLIFUEREL TV S,

PLEDEoic, BELUaaaiiE, WL Auyidm
WA DM THRE LR, FELARBIE, 2082 ~

— 292 —



I - R DAEDOY TS (VAT ) OBTEICHTY HliBRiRE Lo %

150 {a)Aomori
40

*“x vav\

128 [

110 —M—w e —

o o
30

30

70

1982 20002032 20502082 2100
150 {b) Hamamatsu
140

130

120

110

100 A‘ P‘

s ANV A i
AV m A
7% ! w v

1982 20002032 20502082 2100
150 {c} usuki
140

130 |

120 }

100 | N | r [\

Y Y TV

7%982 20002032 20502082 2100

year

Fig. 15. Annual forecast flowering date at three grid
points near (a)Aomori, (b)Hamamatsu, and (c)Ibusuki.
In years when the line breaks up in (c), accumulated
DTS does not reach DTS, until May 30. The three
periods (1982-2000, 2032-2050, and 2082-2100) are
shown. The ordinate indicates DOY, while the abscissa
shows year.
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