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m Accurate prediction of Robinia pseudoacacia flowering dates is essential for scheduling mig-
ratory beekeeping in Korea. Conventional growing degree day (GDDJ) models accumulate
heat units from daily mean temperature, and their regional variation in predictive accuracy
has rarely been examined. This study compared daily and hourly GDD accumulation using
phenological observations of R. pseudoacacia at five Korea Meteorological Administration
stations (Baengnyeongdo, Suwon, Hongseong, Yeosu, and Jeju) over nine years (2018~2026),
yielding a balanced panel of 45 observations. Flowering and meteorological observations
were made at identical sites, eliminating spatial mismatch. Leave-one-year-out cross-
validation showed that a base temperature of 5°C minimized prediction error, and that hourly
accumulation outperformed daily accumulation for both flowering onset (RMSE 4.22 vs 4.47
days, Wilcoxon P=0.029) and full bloom (4.03 vs 4.28 days, P= 0.046). Prediction error differed
significantly among sites (Levene P=0.027), ranging from 2.13 days at Hongseong to 6.09
days at Baengnyeongdo; at Baengnyeongdo the GDD model was less accurate than a simple
climatological mean. Error magnitude was not explained by island or coastal location alone, as
Jeju showed an intermediate error of 3.32 days. These results indicate that hourly accumulation
should be preferred when sub-daily temperature data are available, and that operational
flowering forecasts should be accompanied by site-specific error ranges.

LGS Robinia pseudoacacia, Growing degree days, Flowering prediction, Cross-validation, Migra-
tory beekeeping

N = olFopE U et AW shro] ARl AR 3

Aotk (Kim et al., 2021b).

A 2T B4 7 Aol wet oA U] REkAL 717
= S 9ot 72 2 aQ1e g HH HE HFAA L Y= AR HIEHA (Kim et al., 2021c),
h(Kim et al., 2021a). O U= = HE A AL 52 N3} oS AFEof| et +=27F AR 1 QU
A BES Aok 54 de=, 7S] 7] oS5 ol 3t 7|3t 27|38} optA LR HRtE 2] Fom,

OWZMA Y-S (Robinia pseudoacacia L.)2] 7§k 271

10 0 nE

Received 15 August 2026; Revised 3 September 2026; Accepted 3 September 2026
*Corresponding author. E-mail: sgiantm(@korea.kr

http://journal.bee.or.kr/




QuE, MY, UYH, 1S

= ARHE HIRRE of 2] pFoll A ZRIE A (Cho et al., H TS ok YA eRE A AE ASHA7]
2021), 71 5-R13}F A[UpE] @ Stofl A F7FAQ1 7RS} A7) o] o] Hlo]& Ao 2nt drsin S5 AF2o
ol &= °1E}(Lee etal.,2020). 718782 19208t &2 {FOWRt £EAHA] EolA] FSS HolEth S 1
HH oRAURE ZobRt 77 Z2F0 Mgt TS 0 TRE 5ol Adhs AR, olv] AR F1l 7]
s gkom, o] Z]'Et ofAlot 27 717+ BEAE B 2 WS off ARt SRR Astert 18l B E
71522 B7HHT (Pearse er al., 2023). H 2y o] Aot 2o wtet of A EEkR =7l o

OPZFAIUR-O] A3t Al7|9t 714 271 9] BAlE Ul €] ¢ HEZF B asitt, By 71E A9e diRE 48

oA e A=l At =HelA= Wep] S} o 71 & BEe dFAL- HA 7|22 olgst] A2 E A
2 ARA] Aol 1990 At HE] AEE T (Son er al.,  EolAh A4tk o] HEEl 2 g o] A7 S
1999), =l A= @7k 7] B35 AmolA 24 ¥ of #e-Hm, AZPE 7] A=E o] A4l 7H A
7|2 AF5H 3~849] e}t 27|37t HAE QT shotrt= A2 oln] I A Ik (Cesaraccio et al., 2001).
(Walkovszky, 1998). 2| o]0} m]of 2 H|ofl A= 1981 A #7]2E o83t ol F 7|2 WEo] BEs}E o,
WRE 20258712 0] oAU A3t AAIES A5t A7 A G} 22 2 Aol A FARY D atgto] A
of et ARt oF 0594 dFAROH, B4 F117] = OE AR € 4 ulsHA "o 539] 2 459
2 25 1°C &5l 7NBkE oF 459 A7 AR B A ANet WSt o7 |- 2 Ky F3k7)-20f B ZFokA| |t
I =]}t (Carbonari and Epifani, 2026). Seth= H11E oA, dE 7|2 7| A4S A A

| oMU e} dSell= A4 T (growing 2 HOlE 7H &= Qlth(Piao et al., 2015; Fu et al., 2016).
degree days, GDD) 7|9Fe] ¥4 7|HtE o] de| o]- 85 SUelA= 71747 713 EE (AS0S)S Fall ARt
o] $¥tt(Kim et al., 2021c). S Aol A= 2=t 2671 ] @91 71 2=t SN Yol o] F oAU

HollA 2006875 20178702 B=H oA 7
A D72 ARE ol &, A=l v Bag AE
she % 29, 5% Yol AHE HAASE Het 2
g, 223 Aot Ba-E mhE 2R =4 K] o
vlastglet. O A A BAASE =9
=7 2ol o Fg BPET 247} 2492}

Hoox

o
ofl ol
Hol

AL
rlo

o oG
R

2

ne,

2025). %ﬂ‘-"ﬂHE EHJ
U 7He} &2 o] Jﬁ%féi‘-EHRZ} 52
2, Tt &) o)) AUEE SHH
=] It} (Carbonari and Epifani, 2026). 0161
EL FEAHOZ 7). }4 AALAE 5

N

Ol e
o

202

Aok cllZol 2gste] Aere] A4t 27 vl Q7
217 olgitt. Eat o) Hotwl A olo] whet oj@ A &
epA=A, Tel 3 of @ A el AAReE mee] Aol
A=Al gk A BobE HEsi,

ole] £ AT The Al 7M1 E BHow
SPHAILLE: TH3t e 52 Sl AAteE o] 44 A)F
Lot AL WA FS ol 2R B, £
1 40| o2 Hstzst 2| o] utet o} @A epxlA]
Boksha, o 5o ARo] B 7Pee AE 02 4

A, A 3E 205 Zpolot w4
st

shalct. 24,

o]
-
HE AR
Q= 7|AF Qolg e o g AE

= A 1T =

W
1. =M RIH QNS REE

B QPE AV VAR ED ) AR S
% oA Ajstelt BT of
ABEA Yol w2 Ajstle

2]6]| A| 0] o)A} Zo] Tt W U

o Eol BH W Er

80%

http://journal.bee.or.kr/



ORMEAILIR JHSIAZ|OIZ S olEt XIHE HM2E FHEY HuAT
Table 1. Spring meteorological conditions at the five study sites (means for 2018~2026)
. Station Mean Daily Da.lly Diurnal Daytime Nighttime Solar radiation Precipitation
Site D temp. max. min. range temp. temp. (MJ m™ day™") (mm)
) O 0 0 °C) °C)

Baengnyeongdo 102 10.14 13.35 743 592 11.48 8.87 19.59 156.7
Jeju 184 15.35 18.89 12.20 6.69 16.93 13.83 17.59 240.6
Yeosu 168 1422 18.02 10.95 7.07 15.82 12.62 17.93 371.6
Suwon 119 12.77 18.57 7.53 11.04 15.70 9.90 18.04 204.8
Hongseong 177 12.67 18.47 7.10 11.38 15.64 9.76 18.54 208.1

*Values are means for 2 March~1 June (92 days). Daytime is defined as 08:00~18:00 and nighttime as 20:00 of the preceding day to 07:00. Precipitation is
the annual mean of the seasonal total. Solar radiation at Baengnyeongdo excludes March~April 2018, when radiation was not measured.

U o
o

A

vy

A 212 WP (A HHE 102), 5 (119)
(177), 415 (168), AF(184) 570 A Holct. A
AL 224 7|E& A8t Ao] ofdel, 71435
= 23 7Hedl oA U] Zekdat whdel o]
A Aol A4 AF glo] #EE AHS BF

Avtoltt, I AF 9= 33.5°N (Aol A 38.0°N
Tyol o2 WLt Y5 At EA 4A7T @A

s

£
oA X ol o

HOE o o ro o

rd

=]

~

=

—1r

it *%
B

OFZFAI L5
2t W= e whet
9] of7HA|
= rRe E2e S AT Aot S 4 e,
=2 B4 FAle oA AER thEel

ZAF 71782 20185 E 20261 7H4] 97l 2 5F9
t}. 2017 o] Aoll= A7 2o A ANt B v
Zo] o]Fo]x]x] gfo} 214 7k 2k=m 7|7k AR EFte
™, A ] A7t BE EA5k= A 87 2018 <)%
t}, ole] w571 A1 x 97|, F 457 TAEAE A5t

L= o]
5 9

Art.

H Ao A B (balanced panel)©|H EE 2] Z0]
HE ko tis) A5 glo] TRt g HEAE A
+ AR A5 DR A 15 At HEY §
7 Aol B Akovt §igEo] A3 et A &
W7t F4 o)A, A A4bF AFETF A1 2F @4 vt
e 4 Stk #ld S Ao EA of=et Haks
Hi A 5FA T

ARB/SL 713N U 255 g R 3

HEz, et 5T 71 BE0l T AHA o] Fo

1
Zet. ool ket A Aol M 22 2]le® 2] F o
& WER| 9} 71 TEA IFFHA 2L Aol A

+ YASHA g

pS| (73

!l
uL &

ok & &k
> Mg o

st
2. 714 X2 U M2

T4 (ASOS) Al
00~ 6

131,760417h). 62 L7A] A7 E
ohrelo] 9d F g A] g€l HEE 7]
T 78 AE 72, AEE, B 2
7t o] &<t ¥
= 7|28, - LAFFE AL 21 9]
EA4S 71&5H7] Yt 29F5 A (Table 1)ZRF A A5}
olH 3t dEnggoly FA HAS AF-Z: Aot

=
A2 AHE SR A=

A Iz X~
A

N

38
S Koo A

)

i

293



A 1S g A Ak A e

o o2t 1 4219 9 BERE oo

o2 A2sielet. et} e 2 %9
(day of year)®| H2}5 BiAISH] 218l 24t Ak 3E 19

BHEO IR ghtstgl.

A3 F o502t 2pole] 4915 HAEH] 9l A
ORF AL eFARES AFESIAT. oFhS A 20417
L 07A7EAS] 12A1RE 0 & A ostglon, of= dAA
7]20] F= Aol vreht shue] SAngzE £717F AR
oA FZEA] o= 517 flfkoltt. 7} datel] sl 5
7 ORE 12A41%F F 7]:20] 5°C mIRte] gl
O~12A7H 2 Alo] 9H ofgh A& L& A7k & Heols}
Ak, QAR s°Ce AR R VE 2ot F s A

ol

Aste] & 279 715 Ut
217 -AEE A EE 3Y 295 H 49 19704 3197
o] ¢ He B gL Alzbok

H of7t 2]& LEA]
o= JFEohleh 3¢ 192 A 200234 A= BS
7\17ve]| ESFE]R] ¢o} oF7F 12A]70] &HAHStA] gom g
A 259t A& 78 iS5t 2 -oe] ofd o2 Eo g
Qo] A Ay geh 77 ol

57+ Zole] lelsls BA7} wAel)

192 AA5H o]& o2 Al 7}
, AU OIAIGR A3} oS A
AGH o2 4ot 2 Hels mRith &
49 14,49 1592 =50 =
RMSEZ} 217} 4,849,671
AollA 71 ot 3E 1Y
71% 4229). o] 39 29| 7]0] i3t diEe] §&
ou|gtet, A, & AtefA o]&gh

195E ghrEo] glo] 11 o]H A

[¢)
O

&=
ok
ok
filo

N
KU
N
:ll:1=

x o

>
X,
e,
fu
N

= 1o nlo

FeoR 1Mk VER
oBvzg, Z—D]K_]- /\]741—01

-1 =2

i
> [I.I-IO
i

o
ol
ol
o
rir
HO,
ofl

11204

)

>,
N
N

N O

N L
k)
ii¥

Ml
_?L
2
_g

of¢H, =

294

AolA] A2t et o] T 7h2 B HTE 94
51] k9kth= M 117} Q1o (Kim et al., 2022) 2 Ao A
= oA 4%k AE] Aol 7]&stTt. AL
2= 39 192 Z4t AR ofe] T F Ao g

wEskg,

ole

AP A4t (daily accumulation)

GDD (D) = Z max(0, T,0a=T)) ey

mean,d

AP

Q] A4 }(hourly accumulation)

GDDhourlv(D) Z Z max(o Tdh (2)

24 = Ty

i

A Dt 39 1970 R, Theanat= d20] &
&, Tue d 1A9) 71, T 71E&Eol, 4]
9 Hatoll M 4= L AL N7 T Autge

o N o 2
RURET]

) gl AEE Bste] Aol 2718 47 vag
& =S 7] gl J1ELEE 0°CE 10°C7H
2.5°C HA 2= WA 7N A5 A5 Blashalt. A
SF JA A Pre WS NS (B ) Al
w4 Qe BRo s olsisitt

F*_L DD(Dobs)

= 3)

A5 D= 74 ATt Frol A EEchs §2

#olatrt.

D=min{D: GDD(D)>F*} (4)

1958 9]

O

471A D A BEA] 0] A et
AL ), ne TEA] Folnt,
o]5}of| A =2 X} (prediction error)= S Aol T
Zd-g W Zro 2 o= Zrx}(prediction residual)= T
QoA =L wl Zro g Aolsitt & gre 25U} Ht
tfo]w, Zap7t oF4eel AL Ao r mEo] &Kt
AA et =928 2Jn|gith RMSESF MAEE dl&2
25 71F08 AESHAT, 213 2t eaf Zolo] agl £
o= s o] HOE flsf oIS HAFE ARESHT

>

0x
olr

ot

sjgol AHEHA ohe Ame] g A2 AT Ax

http://journal.bee.or.kr/



OMMAILER FHStA7|GIZ 2 218t X|HE HMRE FHEY HuHT

Table 2. Flowering onset and full bloom of Robinia pseudoacacia at the five study sites (2018~2026)

Site Meanoiril(s):t/ermg Range SD (days) Mean full bloom SD (days) Onset t((()li;ﬂ:) bloom
Jeju 23 Apr 15 Apr~30 Apr 4.7 28 Apr 43 4.6
Yeosu 29 Apr 21 Apr~6 May 52 4 May 4.7 5.8
Suwon 7 May 30 Apr~13 May 4.5 11 May 4.7 43
Hongseong 9 May 4 May~13 May 2.6 13 May 24 39
Baengnyeongdo 26 May 19 May~5 Jun 4.8 4 Jun 4.1 84

*Sites are ordered by mean flowering onset. SD, standard deviation across the nine years.
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Table 3. Cross-validated prediction performance by base temperature and accumulation method (flowering onset and full bloom)

(A) Flowering onset

Base temp. (°C) Daily RMSE (days) Daily MAE (days) Hourly RMSE (days) Hourly MAE (days)
0.0 525 3.78 5.20 3.71
25 4.55 3.47 4.57 338
5.0 447 3.44 4.22 3.13
7.5 4.56 347 431 3.09
10.0 496 3.69 4.89 3.56
(B) Full bloom
Base temp. (°C) Daily RMSE (days) Daily MAE (days) Hourly RMSE (days) Hourly MAE (days)
0.0 573 442 5.77 442
2.5 4.86 3.84 4.84 3.78
50 4.28 3.38 4.03 311
7.5 4.13 3.16 3.63 2.82
100 427 3.29 3.87 3.04
Direct comparison of accumulation methods (T, =5°C)
Target Daily F* Daily RMSE (days) Hourly F* Hourly RMSE (days) Wilcoxon P
Flowering onset 4130 4.47 425.6 4.22 0.029
Full bloom 4753 4.28 4879 403 0.046

*Errors were obtained by leave-one-year-out cross-validation (n=45 for each target). Bold indicates the minimum value in each column block. F*, mean
accumulated growing degree days at the observed date. P values are from Wilcoxon signed-rank tests on paired absolute prediction errors. For full bloom, the
difference between base temperatures of 5.0°C and 7.5°C was not significant (Wilcoxon P=0.236, hourly accumulation).
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(A) Base temperature and accumulation method
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Fig. 1. Cross-validated prediction performance of the growing degree day (GDD) model for flowering onset of Robinia pseudoacacia at
five sites in Korea (2018~2026). (A) Root mean square error (RMSE) as a function of base temperature for daily and hourly accumulation.
(B) RMSE of the GDD model (base temperature 5°C, hourly accumulation) compared with a site-specific climatological mean, by site.

Sites are ordered by mean diurnal temperature range.
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Table 4. Prediction accuracy by site for flowering onset (T_b =5°C, hourly accumulation, cross-validated)

Site Mean dl(tlrcrl)al range GDD r?(?:;:)RMSE Cllrlr;?\t/?sl(])zgécclzlyg)lean Difference (days)
Hongseong 11.38 2.13 2.78 +0.64
Suwon 11.04 2.65 4.80 +2.16
Yeosu 707 542 5.56 +0.15
Jeju 6.69 332 4.94 +1.62
Baengnyeongdo 592 6.09 5.11 —0.98
All sites - 422 4.74 +0.52 (P=0.178)

*Sites are ordered by decreasing mean diurnal temperature range. A positive difference indicates that the GDD model outperformed the climatological mean.
Levene's test indicated significant heterogeneity of cross-validated error variance among sites (P =0.027).
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Fig. 2. Partial regression of the GDD prediction residual on March
nocturnal cold exposure (hours below 5°C per night, 20:00~07:00),
with site and year effects removed. Positive residuals indicate later
flowering than predicted (flowering onset, T, = 5°C, hourly accumu-
lation).
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