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Abstract A shift of first fowering date (FFD) of spring blossoms (cherry, peach and pear)
over the northest Asia under global warming is investiaged using dynamically downscaled
daily temperature data with 12.5 km resolution. For the study, we obatained gridded daily data
with Historical (1981~2010), and Representative Concentration Pathway (RCP) (2021~2100)
4.5 and 8.5 scenarios which were produced by WRFv3.4 in conjunction with HadGEM2-AO.
A change on FFDs in 21st century is estimated by applying daily outputs of WRFv3.4 to DTS
phonological model. Prior to projection on future climate, the performances of both WRFv3.4
and DTS models are evaluated using spatial distribution of climatology and SCR diagram
(Normalized standard deviation-Pattern correlation coefficient-Root mean square difference).
According to the result, WRFv3.4 and DTS models well simulated a feature of the terrain fol-
lowing characteristics and a general pattern of observation with a marigin of 1.4°C and 5~6
days. The analysis reveals a projected advance in FFDs of cherry, peach and pear over the
northeast Asia by 2100 of 15.4 days (9.4 days). 16.9 days (10.4 days) and 15.2 days (9.5 days),
respectively, compared to the Historical simulation due to a increasing early spring (Februrary
to April) temperature of about 4.9°C (2.9°C) under the RCP 8.5 (RCP 4.5) scenarios. This indi-
cates that the current flowering of the cherry, peach and pear over analysis area in middle or
end of April is expected to start blooming in early or middle of April, at the end of this cen-
tury. The present study shows the dynamically downscaled daily data with high-resolution is
helpeful in offering various useful information to end-users as well as in understanding
regional climate change.

Key words: RCP scenario, cherry first flowering date, peach first flowering date, pear first
flowering date, regional climate projection
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1.M 8

715 wsto] #ak FJHEZE 3 oA (Intergovernmental
Panel on Climate Change, IPCC)= < A| 52} %7}
R I X (Fifth Assessment Report, AR5)S F3l, ]
SAE: W7E 2A271A 9 S5, 712 s F) 9
g 715 Al2=Hle] ¥sh= A e Ao, o] gt 7]
FRIS7E QZHAERE o2t ZAFAAIZA] FH 91 8HA
FFE PRITL HESATE F, 715 ot
T AA &5, WA, T AS AElE TS
R om, ZEo] Fagl = dukd oz FAAQ1 9
&2 Frha Hukegth Ed IPCCE RFERE
(Representative Concentration Pathways, RCP)°] w2
715 Wsl Agg 59 39 2=/ BE WlE Ay
g oA 21471 ZAgtell AX 5T Aol A4
o= Holg ez} JFS A Aol F4sHA
HIPCC, 2013). webA] 7]5 Al=d"e] Helr 2y
gk FHA|HolA] w715 WHslol] gk o3 nlS
Al 715 Wske] A9 ol e} oo ofgk g7k
B77F a7t

Syl M= 7| EHstel ul3-3t7] fls] =7
73352 RCP AU 2 A& HAT 71 ¥
3t AR E 4MEstar v ST AAE] AR, =
Y7747+ The phase five of the Coupled Model
Intercomparison Project (CMIP5) AFE2 E3lA A A
T t7]-EF AP EFE<Q Hadley Centre Global
Environmental Model version 2 - Atmosphere and
Ocean (HadGEM2-A0)S ©]-8-3}¢] Historical(E#] 7]
<) & RCP 2.6, 4.5, 6.0, 851 A Alvg| o
AR T 71% A58 E YA THAM et al, 2014). ©]
2A ArkE AR 715 WSt AR A 2 F3
TR Q71EA, dl4 229 BX, ouX E & &
3] W3l 5 kst A ool A -85k &85
3 tH(e.g., Baek et al, 2013; Kim et al., 2013; Wie
et al., 2014).

HadGEM2-AO A&& olejdh & 849
T3k, = ¥ km (1.875%on x 1.25%1at)e] A&l 4
b AA o 2ol A9A MEd 2 o o
7holl &-8-=7]ol= 3] AV Ak XA E
53] FAHQ 71F 840 IS we s A
(Phenology)S w413H7] flallA= Algbaor 2
gk 715 k771 E 2 SFtK(Chung et al., 2009; Hur et
al,, 2014; Hur and Ahn, 2015). ©]&{3 7]4¢}, &3},
B8 5 opFgl 2oke] a7 o =973t
A2 < 39 AA HadGEM2-AO AEE A]97]
TR AHARR dgote] ke FA 125
km BFES] A 71 AR5E AU R AAtst
A THAhn et al., 2013, 2014).
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AEAE FolA Mstd- 7]5o) viztstA vhe-st
LA BSEH, 53] 77| 7]150] ER)gt=
oA 7153}t Aol AEAZEA Bol &EF
T}(Menzel and Fabian, 1999; Menzel and Dose,
2005). ©]&&k o]-F=E RCP AUz m&E giix
B NSt Aol st Art H2ol| FAEHAT
Hur et al. (2014)3} Hur and Ahn (2014)= CMIP5°]
gk 5~671) mdo A AJAtEl I RCP 4.59F 8.5
A8E SAALE FRFLE 53 Vst ¥sE
Al om, Kim et al. (2013) 983 FrEL
£ Fal A4 125km 344 =2] RCP 8.5 ARE ©]
8ot 53 Jistd e wiskE F4sith 22y Hur
et al. (2014)2} Hur and Ahn (2014)= X349 7|15 =}

£ AM2&}3, Kim et al. (2013)2 309 Ha¥® 3
A 25t RCP 8.5 Alvg]l e Agwt 40 g3}
3L Shtke AollA ek Alve] Qo gk Al Azt
@ 713 RS Aol B3, std el AAY &
Mzt Apge] AFd #Ae] F7t= H st

webd B Ao M s HadGEM2-AO AHEol g
2 FEEFA 7S A&kl Ak A Historical
(1981~2010), RCP 4.5, 8.5 (2021~2100) AZE ©]-&-3}
of 7]gHste] e fEvete] BEME, B0k, 1)
Nsld WslE Al oz Aunglon, o) 74
< B8l A5 AR A BT & At
Y7 std oA Aaket 550 Al 7R E Fell
A ksl g4 AJ4FeE Weather Research and
Forecasting (WRF) v3.4 Aol 218 F3om, o] #}
59 FHA &8 7FeAS A Eed oort A

2. X2 ¥ A 4

2.1 &M J|F® X2

B Aol = A vE 7S dstE ddsh]
3] HadGEM2-AO A5Z WRF v3.49 %27] ¥ 7
X702 AWt 125kme] =R A
4% o] HH(2-49) 717 AR A Bt 7]
AARE o] 3Ath 295 E 49714 9] A HiF 7]
o] B, o, wj /st 7k o] dHs 7H
T} Hur and Ahn (2014)3} Jeong et al. (2011)2] <A
T AHE v O R o] 7|7 ol FEHE dAsa
w4 st 2 Aol ARS-E Historical (1981~
2010) A= RCP 4.59F 8.5 (2021~2100) AHE 7]
9] Ahn et al. (2013, 2014)°] ATAEE Y- b
Z3te] &3tk Am A S 7hds] dwst
#, HadGEM2-AOE ©l-&-sto] Arkeh x5 vj7] W
T 1.875° x 1.25°¢) s dEe}t 6M7E 1A 9] Al
ZHIEE 7Y, o] Al52E 7+ 34 (intermediate
format)ye 713 WRF v34¢] gxg=z &gdo

forlo g X 1o
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Fig. 1. Locations of 46 stations (red dots) observing temperature and first flowering dates of cherry,
peach and pear overlaid with terrain height (unit: meter) over WRF v3.4 domain.

WRF v3.4& 125 km(AA 201 x 180), 3417F 7+H4
o] FFEE THIES FFHFAIL, Fig. 1914 Hole
ule} 7+o] Lampbert-Conformal A% T 715
AZE 37.5° 127.5°2 A5t k= T4 A7
7 AR ARE AYAEIATHEFig 1), 1979~19813 3}
2019~2021'dS 7}7} Historical?t RCP 23] 23
717k Ao, BAo ARESIA] ekttt A
3 e digk 2ok 2k Y82 Ahn et al. (2013,
2014)014 FR1E = Ut

717873 =714 etdollA] A4ksk HadGEM2-AO
o] Azt o) AgAT(e.g, Choi et al., 2011; Ahn
et al., 2013; Hong and Ahn, 2015)°|4 ©}& CMIP5 2
I 9 AR Azete] HwE T ASEHAI| W
of & AFolMe AAF 715 = g F7HHQL
A8 3% @kth. WRF v349 RoAaE AEA
2tz o} vlwalz] fa) 4 #19(117°E~138°E, 29°N~
46°N)el| tigt 0.5° A=} 717 e] 9 Climatic Research
Unit (CRU) v3.2 (Harris et al., 2014) 7| A5 2 A
stk vlas 98] B 59| Y A9 As=
CRU®} Y3t A5z o= A28t o™ (Ahn et al.,
2013), CRUE 9AI7FeHS ol-&3te] WRF] A}
AAZ HAFstTh T3t 715 2459 AP A
sl EA5k7] flaiA SElvEtelA 30d 9 #S5
H 467) A 712 AEE A AHEEATHFig. 1).

AR 7159} v 715 7ke] Ao|7t BAH LR #
93kx] AHr 7] 93 Student’s t-test (Bretherton et
al, 19998 71802 331t & u A5 A

—

g3k, 30 F<Fe] Historical AF5(1981~2010)%F
RCP #}5(2021~2050, 2071~2100)& F 7Ho] ZEO
2 AAste], gL 717 (Paired t-testyS a5}
Atk =, Eq. 19} 2o] ALE T @ olgst] &
A & AAsisin

T = (DIFF)/(Spirr/IN), (Eq. 1)

&]7]4 DIFF% Historical?} RCP 2A} 2FF.2] 2}o]
(RCP-Historical) & 2|73, DIFF ¢} Spy= DIFF
o] 30 W+t #H ZFUAE ZH7E onlgth N
ZHTE 295 ojulstar, AL 7 AREEE 594
O F o]FolHTh

22 2 Y Xz

2itste] W st WskE AuE7] 915, WRF
V349 o Hit 7S JEAERSI] YEAE =
P& FEHAeH, HFHOE 125km W= 4
A% ", Bgol, wjo] Jistd A ARE 159 #
7 719 Alvhe] S (Historical)? 29 w|2f 719 AJu

2(RCP 45, 8.5)° thal]l AAbatar A6kt &
AFAA ARGE AEAE B2 on] ofy dad
T-(e.g., Hur et al,, 2014; Hur and Ahn, 2014; Hur
and Ahn, 2015)% &3l F-elvel 53 Hskd FH
Agaittar Hr71E 2EA7F B8 (thermal-time model)
9] Y=<l The number of days transformed to standard
temperature (DTS) =& (Ono and Konno, 1999)°|t}.
ZrersiA Awad DTS R3S FX8o2 o i
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Fig. 2. Changes in root mean square error (RMSE) of first
flowering dates (FFD) according to the variation of parameters
in the DTS model using temperature and FFD data observed
at 46 stations for a period of 30 yrs (1981~2010).

719 A4 ghge] Fom duE - gloH, &
2O 2= .2 QT (heating requirement)s =g 7
- ME7F AFEYE A=Y (growing degree days)
I 22 hder diMd = ok DTS 542 s
o] Eq. 23 72t}
=24 (daily DTS),
d
=35 (exp(Ea(Ty = TYR-T;- 1)), (Eq. 2)

A71M 9k daily DTS = 247k mdA) gol| pis) &
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= A oM A Hit 2=9 4 FF DTSE 2]
3, R, Ts, Eae 27 °1 7|14 A448.314JK
mol™), EF SE(2714K) 2T AE] 2% WHE
=5 yehdnh mebs DTS 28-S AR-8l7] flsiA
= (1) DTS F& AL 212 Ds (Julian Day, JD),
Q) A% &% B35 Ea (KJ mol™), 3) & ¥ &
DTS (days)7} 2t 2=l 8HA] A8 mojof gt} +
2 A2 (Dsy2 72+ A& Ha Mekd 58 1y
stod ®l, Bpof, wjel] tis) z2t ID 15-37, JD 18-
40, JD 22-44% 2 M40 2 12%S AR, Eax 40
KJ mol"%¥8 76 KJ mol'7kx] 4KJ mol™ 7+4o =
105S Fol, & 120 /N9 Z3H(12(Ds8] <) x 10(Ea
o] PIE BAsIAT RE #A=20 120709 23S
2t Mstd-s 74zt FAe, oW sfFE= DTS
TAES ALttt F4E skl ol A #EE
Natd =t Ha A= HxF(Root Mean Square Error,
RMSEy7F 7MW 23H8 HA o 3oz Mds)
k. ¥ HASE el AFEE oY AR HE
At5= Fig. 1914 B vhe} 7ho] 4e719] =] 7dollA
19819 FE 2010714 30d < #22 A Ha 7]
23 Jistd AFsolt), o714 4670 A2 EA1E 30
d 717 T ASE 10% ol XHET A¥EE A
oy, M4 HA3= A& 3 T, BFok, Hhel ol
B EYdo g P} Figure 25 1207 %
Fol] tha RMSE?] W3lE Yeld Zolw, HFZ o
2 "We Ea: 64, Ds: 37, DTS: 134, E-<0}= Ea: 72,
Ds: 34, DTS: 170, ¥l Ea: 64, Ds: 44, DTS: 152 €]
5ol A=A AHSE AR 2 A AE 5
e ztol7F Yok, DTS B8 2 ¥4 HZ 3} 5y
o] that 7122l AL Hur and Ahn (2014)°14 O
A3 Bl 4= T

3.4 1

314 g7 7|2

311 ¥ B 7129 B oA

Figure 32| (a)®} (b)E Historical 7]7F(1981~2010)
of thai CRUSF WRFeIA fri=®l o]& =& 7|7k
Ha 712 EEZolt). Figure 3¢ WRFS Hd 2
2k AFHor AuEy] 98] AEA AsA
T¥ B 7123 AQ7|FRYPlA =olE Het 7]
229 zolE YePAZAo|Th, B4 Jol tigt Fdgk
2 e QLEZE A #7189 Y. Figure 3a¢t b
A HZo] WRFE RH 7] CRUONA e
F A Y 2 9ro) mE &x HIE 2
ERA L it B8k 5 f=ofe} vl st A (7N
v, S8, A9 d)ollA BHoR])= At
o= v 2w BRI F5 5 AW 4F AY
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Fig. 3. Early spring (February~April, FMA) mean temperature averaged over 30 yrs (1981~2005) derived from (a) CRU and
(b) uncorrected WRF (U_WRF) historical simulations, and (c) mean difference between CRU and U_WREF. Unit is °C.

(118°E~126°E, 40°N~46°N)ol] BHoJx| & AjHo g =
& 2% E¥7} CRU ¥7t ofyjgl WRFS| Ex x|
M= Yepdth A A o2 WRFE CRUNA YeR}
7R HEE FARHA BARHAA AY a3
zZH wrdeit . ok ¢ Aok 2y AR
2k B HS | (Fig. 3¢), WRFE 0.5°Ce] Hd 2%
2 CRU (2.3°C)%} Hlwsle] Aubzao=z 18°C A
HFAERAEE AL & F Atk 53] 7] 2ol )
wpargl, A, e a8y F5 SEF
(125°E~132°E, 42°N~44°N)2] ZA|thol|lA -3°C o]
o2 =A Yepdth WRFY 712 HARAL 7 EFo)
AEAE 2ol g =H sfstdo] X As = #A 7t
A QU ol2f gt #AIE FHAsle] flal A
TolAE Bt 7129 ZpolE WRFS AG2 9=
7Hetelom, 715 WMl A4 7] A5 B 2
kg A Ast] A EYTE o|F AT oA HA A
S U_WRF (Uncorrected WRF), 24 $& C WRF
(Corrected WRF)Z ¥ 3}93 T}

Ahn et al. (20132 WRE7} FolA|olx| ol this)
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o= ARl UEREA AR 98] 9
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4 g9 g CRUFEH-S 2X)9k U WRFE=H A
Ayl ¥ 7123 € Hd LAHCRUSE U_WRFS
zto], w28 Z)E YERATE CRUS AHRH,
Bt 718 9.0°ColH, 7, 849l 7]20] =3, 12, 1
o 7]2o] W& AP AR Forote] AE WEA
o] Uehdth U WRF= CRUS #3} JeS fAlat
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Fig. 4. Time series of monthly mean temperature averaged
over 30 yrs (1981~2010) derived from CRU (black line) and
U WRF (blue line) historical simulation, and mean
difference between CRU and U_WRF (gray bar). Unit is °C.

o} ol2 BH@4)e A5, QAT 2, 3, 48 £2
2 7P A Y=, 53] 2, 382 -2.64, —1.98°C
2 AT 2, AR 7P & oAE 7HIh ol#gh
HARAL A 59S AL BRE P YR,
53] 452 (7~9¢) ALE (12~3¥)l FslskA v
Ebdt} web WRFE 933 -2.72~+0.12°C2] W
el ex5 71HAH, o] gt WRFL] ATAEE
2 B4 g9 dial A5 Yelhe gubbel 542
2 449 4 ok

a8y 9xF BAA] CRU AE7F #2 A8ES
ol &3l A wE AR AsTE HE FdoF &
ok AA3] A, U]= CRUZF 40007 ©]732] =
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71 ASAE7 EE AEAdo] FEE AEA
g, o AEHAES rR7E R s AlEhE
o7 #7938 g7} ofytkete Zolth(Harris et al.,
2014). o] & E°] CRU= The World Meteorological
Organisation (WMO)2} The US National Oceanographic
and Atmospheric Administration (NOAA) National
Climatic Data Center (NCDC), 2+ =7} 7|3 5 oJg]
Z1#A e AEE B35 ARE VEHeRE A}
gk, o] #F ARE] §A B 5o #A=
Ak o7 #Aelslr] golgk 3, F W2 ALEoA
25 A= Aolt) Hur and Ahn (2015)9F Ahn et al.
(2012)°14 A5 npel 7ol WRFe| &3 W+ 3L
T=7F oF 210 melH] whell, A5l AHSE #5 A3
B T=E F 70~120 mE oF 2u) ©]4F zpo|7t
o} CRUSH o] #5 ARE 7|2oR e A8E

Audoz AYast A WY @A, AT
Lol wolE slenth A, uAT) FelA 7]e
o] ¥/ ek 4 etk de 2 "ast Aok
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Fig. 6. Time series of early spring (February~April)
temperature averaged over northeast Asia (117°E~138°E,
29°N~46°N) under Historical (1981~2010) and RCP 4.5 and
8.5 (2021~2100) scenarios. Unit is °C.

o] g wetollA f-gluelell X3 4671 Rl A
B=H 7| 2285 o] 43t WRF BA} A3} Hyt of
Yz} CRU AREA A571A] 212148 A E QI Figure
55 CRUEFA 9), U WRF(EZHY ), C WRF(E
ZHA £1)9] Standard deviation-Correlation-Root mean
square error (SCR) tholojzdS Uehd Aoz 7}
22 ARE, 99 arile 44 AqF #2F AR
(normalized standard deviation), 37} “337|<>(spatial
correlation coefficient, PCC), RMSEZ ¢Ju]glt}. CRU,
U_WRF, C WRFE ¢F 1.09] A ¥5 R} ez
AE FARE 18-S e AS I3 & o
T gle B #xtel 24, CRU,
U _WRF, C_WRF= PCCS} RMSEIA] zto] 7wt
RMSEE U WRF (2.2°C), CRU (1.6°C), C_WRF
(14°C) €22 AA Yeyen, PCC= CRUS
C_WRFIA °F 0.8, U WRFOIA °F 0.7%2 UERTH
Z, C_WRF, CRU, U WRF 0.2 #=9] e g 2
Bolete 2g 1 4 Utk SCR tholojzdl &
A& &3l WRF= BA & CRUS fAKE #F2
RMSE, PCCE 3= Att= A3, CRU A AA|
A=279} 2hE] AR5k e Hog FolEgi)
o]#13 CRU, C_WRF9] 93} 5§ 7i¢tety 713
A5 5 BB olsl|shs o] Fastit)

YA
AL

Table 1. Future mean temperature change in early and late 21st century from February to April over northeast Asia derived

from RCP 4.5 and 8.5 simulation.

Scenarios Feb Mar Apr Early Spring (Feb-Apr) Mean
RCP 4.5 1.5% 1.3% 1.5%* 1.5%*
2021-2050 RCP 8.5 1.6%* 1.6%* 1.5%* 1.5%*
RCP 4.5 2.6%* 2.8%* 3.2%* 2.9%*
20712100 RCP 8.5 S.1x* 5.1%%* 4.6%* 4.9%*

71448k 7] A259 45 (2015)
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