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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
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715 sto] Fek FHE7E A (Intergovernmental
Panel on Climate Change, IPCC)= 3 Al 52F 7}
X I (Fifth Assessment Report, ARS)S 53l, o]
SAE: W75 2A7A9 sk, 712 s )l ¢
8 715 Alz="o] W3l Ag e AbdolH, o]#idk 7]
FUS7E Q77 ohlek AAA B9
Qe e wxadch 5, ¥} e
Fo) Ad 8%, A &, 5 45 AeolE 9
W Bom, BEe] sl dukr oz 2YHel
&S Foa Hrlelnh B3 IPCCE HESEAE
(Representative Concentration Pathways, RCP)°] w}&
715 W3l AYe B3 XH 27 BE HjE AlY

QoA 214171 Hxtel AA e Aolm, XA
o7 Aold ey} JIFE wA Zolgta F453A
THIPCC, 2013). WebA] 715 Al=gle] Wyt A
& A He nlgl 1% el o olgd e
slal 715 wstel oAl olsle} oo elat ek
H717F 8FHTh

oo ol

of o ro

SN 70 thgalr] slal Fu7)
A RCP AUl 08 AT AAT )T W

8 ARE ek et A5 Awea, %
H717d78F91-2The phase five of the Coupled Model
Intercomparison Project (CMIP5) At E3llA4 A A
T 7131 AP E < Hadley Centre Global
Environmental Model version 2 - Atmosphere and
Ocean (HadGEM2-A0)S ©|-&3}o] Historical(&E A 7]
%) 9@ RCP 2.6, 4.5, 6.0, 857 A=) Atz
AR T 713 285 A4S THA et al., 2014). ©]
Z2A ke AT 715 Wit ARe A 9 S
TR W5, slg 2xe] B oux ¢ & &
2o Wsl 5 e A7 FollA -8l 284
3 AtHe.g., Baek et al., 2013; Kim et al., 2013; Wie
et al.,, 2014).

HadGEM2-AO A&E% o|8eh &2 &899
813, 42 W km (1.875%%on x 1.25%at)e] #8]4
2k AA w o] AHHQ Mg H v 9
7t Z-8E7]ole A-s] FAIZE vkl A A"
53] A48 715 ado 9L we AE A
(Phenology)S #41317] fsiMe Alg7tdez =4
gk 715 At=27F E 23FtK(Chung et al., 2009; Hur et
al., 2014; Hur and Ahn, 2015). ]2 71448}, 3},
B 5 opget Foke] ato| o) =713t
A& 2 3d9] 4A HadGEM2-AO A&E A7)
TR YHEAERE L8t = FAo 125
km F=e] Al 715 AERE Ayl ez AYikst
ATHAhn et al., 2013, 2014).
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AEAE FolA Netd-e 7] 5ol wigtsiA vks-3)
3 HGA #ASEH, 53] A7k 715o] EA gt
oA 7153}t AFtollA AEAEEA Bol &8H
T}(Menzel and Fabian, 1999; Menzel and Dose,
2005). ©]#3+ o]fZ RCP Alyz| Lo wE hil:
B sk Aol #ak Aot 2ol FE AL
Hur et al. (2014)Z} Hur and Ahn (2014)= CMIP59]
Fodst 5~671 Rdo|A] AikEl U RCP 4.59) 8.5
ASE SAALE FRFAE 55 sl WstE
At om, Kim et al. (2013)= 9832 FRE=4
£ 53l AAHE 12.5km 374 =2] RCP 8.5 AEE ©]
&3t B3 Jistd e wskE F4s ok 22y Hur
et al. (2014)7} Hur and Ahn (2014)E X HE 7|5 =}
BE AFE3lA, Kim et al. (2013)2 303 Had
A A5} RCP 8.5 AlUgle AExRE E240 &&-3}
3 Athe HolA ohFe AlvtE] ol gk Al Ak
Y 7R Ao REeiH, stde] AAE &
Azt 2pg o] A #Aje] FriE Fasith

wel B Ao A = HadGEM2-AO AHFe) %)
A FrREL 71HS A8ske] AAkE A2E Historical
(1981~2010), RCP 4.5, 8.5 (2021~2100) A EZE o]& 3}
of 7]FWst] e fEuEte] BEE, S5Ok, H)
Netd W3t Aoz AuEgion, 93 4
< 58 A5 AIPE s BT B AT
Y714t A AL 552 A 7)1dRkE Sl
A FAastwel $hA| AY4kel Weather Research and
Forecasting (WRF) v3.4 Aol 292 F02oH, o] #
59 794 &8 7HeAe AuRe 997t

2. Atz ¥ AE w

21 HM 71& X2

2 Ao = g v 7S #stE dWe)
913l HadGEM2-AO Zt5E WRF v3.4¢] 27] 2 7
Azdez Awste] 125kme] id=z ot 5t
BEAE o2 BEH(2-49) 717 AR A Hit 7]
2 AR5 o] &35 2€ R 497MX9] A Hd 7]
2o] ¥, Bzol, v Matds} ek o] dHe 7
T} Hur and Ahn (2014)3} Jeong et al. (2011)2] <A
T AIE HIEORE o] 7|7HE o] BEE AAsa
4 sttt & Ato|A] AME-E Historical (1981~
2010) A=} RCP 4.59} 8.5 (2021~2100) AR = 7]
Z2] Ahn et al. (2013, 2014)¢] ATAEE dH=Z 2+
Z3ot] &&siith. A= A e 7hds] A st
H, HadGEM2-AOE ©]&-3td A4kt A+ 7] ¥
TE 1.875° x 1.25°9] FHEI = 6417 7HE 2] A
FRIAEE 7R, o] AA7E 57+ 34 (intermediate
format)S 7% WRF v342 Jgza52 gH0
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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 v3.42 125 km(A=Z 201 % 180), 3417 7H4
o] LS A EE L3, Fig. 1914 Hole
v} 7+o] Lampbert-Conformal X% FgHel] 71&
AEE 37.5° 127.5°2 A3t b= T4 A7)
7 AR ARE ASIATHFig 1), 1979~1981d 3}
2019~202135 7}7} Historical?+ RCP 23] A~w¢]
717vo = AR o, B AMESEA] ekttt A
3 ol gk Bk ZAIgE -8-2 Ahn et al. (2013,
2014)0014 &1 4= it}

71787 =715kl A A4kt HadGEM2-AO
9] A= o8 A3YAT(e.g, Choi et al, 2011; Ahn
et al., 2013; Hong and Ahn, 2015)°|4] T2 CMIPS 2
I g AR Azete] HwE T ASHWI|HE
o & AMs AAF 715 AR gk F71HH<1
B8 3] 9kt WRF v3.49] RoZ4as A&y
A59} viwstr] 8] B4 A9 (117°E~138°E, 29°N~
46°N)ell gk 0.5° AAF 72 ¢] ¥ Climatic Research
Unit (CRU) v3.2 (Harris et al., 2014) 7| A 82 A}
stk HlwE g3 2Y s Y AY A5:
CRUS} 5YU3HA A&7 o= A28l 2 (Ahn et al,
2013), CRUE 9A2I7FHS ©ol-8-38te] WRF| A}
AAZ WArstdch w3 71$ A5e] 284S B
sl SA45k7] fleiA ElvEtlA 30d < A=
H 467l AR e] 712 ARE A ARS-EIUATHFig. 1).

AA 7159} mEf 719 7ke] Ao|7} BAH SR K
9%tz A K 7] $J3l Student’s t-test (Bretherton et
al, 1999y F714 o2 34313t & v A3 A

w3, 30 59Fe] Historical AFE(1981~2010)9}
RCP AFF(2021~2050, 2071~2100)2 F 7§o] ®EO
2 AR5k, v t-717d (Paired t-testyS =33}
ATt =, Eq. 19 Zo] Ak T g o83t &
AA FedE A3

T = (DIFF)/(Sppp/ JN), (Eq. 1)

©37]4 DIFF+= HistoricalZ} RCP 2A} Ap5.9] X}o]
(RCP-Historical) 2 2|v| &}, DIFF ¢} Sy DIFF
o] 30d W+t #H} FFAAE 77 onlgth N
A= 295 ou|Etar, AR 7 AR 594
O 7 o]Fojth

22 8F s Xz

2dste] & Jistd WSt A7) 918, WRF
v34e o " 7S dHAERs AeAd &
F= TESNLCH, HFHOE 125km HF=ES] A
A B, ok, wie] skl A ARE 154 #
A 715 Alv2] 2 (Historical)e} 2F-2] w|zj 7] Al

Q(RCP 4.5, 8.5)0 tial] Akt BAskch 2
AgelA AHEE AEAE BEL ov o] A
T(e.g., Hur et al., 2014; Hur and Ahn, 2014; Hur
and Ahn, 2015)% &3l S-2vet B2 Askd F34
Ageltl HrtE 25 A)7F 28 (thermal-time model)
9] 432l The number of days transformed to standard
temperature (DTS) 23 (Ono and Konno, 1999)°]t}.
ZrereiAl Awshd DTS REe Fxzoz 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 s oz dud 4 glon, &
20 2= -2 QT (heating requirement)g = 7
£ 37t AlFE Y= A=Y (growing degree days)
I 2 Nd ez sE 5 9lrh DTS 42 Tt
o] Eq. 23 Zth

14 (daily DTS),

=1
(Eq. 2)
AZNX T8} daily DTS = 2H2F AR 2ol sy &

d.
=35 (exp(Ea(Ty; — T)/R-T;-T))),
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2]
s, R, Ts, Eae 27 ©1% 714 444(8.314 JK™
mol™), ¥F &5 (2714K) 283 A& 2% yke
T2 Yehig. webd DTS 28-S AMe-s7] YsiA
= (1) DTS F&#AAH A2k Ds (Julian Day, JD),
) A% &= ¥He% Ea (KJ mol™), 3) & FH %
DTS (days)7} Z} 2] &0l 9A A9 sojof gir}) +
2 A=Y (Ds)y2 7t A& H Jisld 58 Iy
ste] |, Hgol, wjo] tisl] z+zF JD 15-37, JD 18-
40, JD 22-44S 2 7¥A 0 2 [2FS AA 1A, BaE 40
KJ mol™5-8] 76 KJ mol"'7}A] 4KJ mol™ 7H4o =
1052 5o, & 120 719 23 (12(Dse] F°) x 10(Ea
o] P BAsATE RE #2404 120019 %S
A&at Mt 2zt F431a, ol dF == DTS
FAZFS At FHE st Fofl A B=d
Netd 3} H Al HXF(Root Mean Square Error,
RMSEy} 71 W& 238 FHH 9 2oz Mddst
Atk ®MF HAASE QE AFEE oE A5 HAS
AEE Fig. 1914 B vke} o] 467119 A HeA
1981 A FE 20107HA] 308 B9t =" A HF 7]
23 N3t Agolt}. 7|4 467l A H> BAE 30
| 717 5 AESE 10% olekl AFET A A
o, W4 HA3lE A& 3 F, EFol, vl o
3 B5F EYdoz YT} Figure 2= 1207 =
ol tigk RMSES] ¥slE Yehd Ao, HFHo
Z "8 Ea: 64, Ds: 37, DTS: 134, 5%%}+= Ea: 72,
Ds: 34, DTS: 170, ¥+ Ea: 64, Ds: 44, DTS: 152 9]
Zgto] AdE AL AHgE Ay ¥ BHE HE F
o= ztol7t o}, DTS 28 2 W HZ 3 Wi
o gk 7]&291 A-LE Hur and Ahn (2014)°14 T
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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.
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2 2% X7 CRU ¥k oflyz} WRFS| #x%o]
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ZHAR1 A S FASHA BAFSHAA XY &3

Witk b ok 2y R o
2H 1 9k S| (Fig. 3c), WRFE 0.5°Ce] Hd &%
2 CRU (2.3°C)9} vlwsle] Autro=z 18°C A%
HAaBALE = g & F A 53] 712 zole A
gl AN ek gE Y e FE
(125°E~132°E, 42°N~44°N)e] IAhellA] —3°C o]
o7 374 yehdtl. WRFQ| 71& #ARA} 7o)
RAEAL 2F) g =H stdoe] AAx= w47t
WA S Qi) o] 3 e BAIE FHAslE] Sl B A
TFollM = Bt 7128 ZFolE WRFE A3 a2
Hetslom, 715 Wk A4 7] A5 e 2
A5 AAsI A EYTE o) F AFH ox BA A
< U WRF (Uncorrected WRF), 248 %2 C WRF
(Corrected WRF)Z X333t}

Ahn et al. (2013)2 WRE7} Folr|olx]| ol s
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Ayel ey 713 ¥ HF 22HCRUSH U_WRF9]
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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.
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714 AE5AETE aEE AlEAel g
i e ARAAERS v R A
o7 F93% 277} ofyrigle Zlo|th(Harris et al.,
2014). ol & 9] CRU= The World Meteorological
Organisation (WMO)2} The US National Oceanographic
and Atmospheric Administration (NOAA) National
Climatic Data Center (NCDC), Zt =7} 7|&# 5 o g
Z13eA S8 A B35 ARE 7|EHOE A
g3t=t, o] #F A5EC] §A By T4 EAE
Ak o7 FAefsr] golgk 3, F W Aol
259tk Zolth Hur and Ahn (2015)2} Ahn et al.
2012214 AF= mel 3Fo], WRFS| @& Ht Il
E=7F oF 210 melE] ®hel], Aol AH-E #5 A]5 9
Ha I=E oF 70~120 m=z °F 28 o] Ao|r}t
th. CRUS} o] #3 A5E 7|2OR 3l AR:
dntrow APt AA vk EHUA, A 75
HollA wold 7l2E Ak, IAY FolA 7]
o] =A v & Sdvke dS 28 Favt 3l
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.
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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.
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olglgt WA fjuEtel] f1xIgt 4670 X0l
#5971 2AEE ]85t WRF BAF A3} fErt of
Uzt CRU AR =78 284S A9 E4Tt. Figure
5% CRUFFHA 9), U WRF(E2HY ¢1), C WRF(
ZHA £1)9] Standard deviation-Correlation-Root mean
square error (SCR) tolojzaS JePd Aoz, 7}
25, MES, 49 Arle 27 B E2F A3
(normalized standard deviation), &7} “&37]5=(spatial
correlation coefficient, PCC), RMSEZ <]u|3it}. CRU,
U WRF, C WRF= 9F 1.09] A+ %5 AR o=
#AZF A HEAEES 7= RS g0 < 3

= =

2ol gle A4 ®FE HA9 tE2A, CRU,
U WRF, C WRFE= PCCS9 RMSEdA x}o]7} weh,

RMSEE U WRF (2.2°C), CRU (1.6°C), C_WRF
(14°C) o= AA Yegomn, PCCE CRUS
C WRFIIA 2F 0.8, U WRFIA < 0.72 Lrebgte)
=, C_WRF, CRU, U WRF 2.2 #Z9] gge 7
Zofsh= Z& I 49Utk SCR Holojzd &
21& B3 WRF= 2A % CRU9 §AMSH 4239
RMSE, PCCE =tk A#, CRU A A
AEArE 9} hHE] YXEH b= Ao E FRISHATh
°o]2gk CRU, C_WRF®] 2% S 7Hobala 7)%

AEE B3t olsiske o] Yasith

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 5.1%%* 5.1%%* 4.6%* 4.9%*

744818 th 7] A|254 43 (2015)
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