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ABSTRACT

Daily temperature data produced by harmonic analysis of monthly climate summary have been
used as an input to plant phenology model. This study was carried out to evaluate the performance
of the harmonic based daily temperature data in prediction of major phenological developments
and to apply the results in improving decision support for agricultural production in relation to the
climate change scenarios. Daily maximum and minimum temperature data for a climatological
normal year (Jan. 1 to Dec. 31, 1971-2000) were produced by harmonic analysis of the monthly
climate means for Seoul weather station. The data were used as inputs to a thermal time - based
phenology model to predict dormancy, budburst, and flowering of Japanese cherry in Seoul. Daily
temperature measurements at Seoul station from 1971 to 2000 were used to run the same model
and the results were compared with the harmonic data case. Leaving no information on annual
variation aside, the harmonic based simulation showed 25 days earlier release from endodormancy,
57 days longer period for maximum cold tolerance, delayed budburst and flowering by 14 and 13
days, respectively, compared with the simulation based on the observed data. As an alternative to
the harmonic data, 30 years daily temperature data were generated by a stochastic process
(SIMMETEO + WGEN) using climatic summary of Seoul station for 1971-2000. When these data
were used to simulate major phenology of Japanese cherry for 30 years, deviations from the results
using observed data were much less than the harmonic data case: 6 days earlier dormancy release,
10 days reduction in maximum cold tolerance period, only 3 and 2 days delay in budburst and
flowering, respectively. Inter-annual variation in phenological developments was also in accordance
with the observed data. If stochastically generated temperature data could be used in agroclimatic
mapping and zoning, more reliable and practical aids will be available to climate change adaptation
policy or decision makers.
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SRR Tl JErlE sla) Tt Al
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A 1149 71A8E 28k 7397 Brh(Pickering
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A= oS50l wie- Hold o= B Atk Jung
et al., 2005).
o] 73 _71:0111 7IR; ZoF A=)z 8E e

A5 A2APEelM Ak wiuFe] sloRisle i

Fr, o}, glel ol2= Fa AEAES B
¥RsE Aog JYguE tE E48 7 7L
g, dF& o] Xsplidoly &4 7Nk 7l

ArE Yl ALY A5 2 Aol Alze
7 9@ NEeE 4k 4 ek

== ASst

22. IETE

19712000 717F = ALSd=4 A= 7|eAtgd 9
3 ‘;*il”- Netd SR ys FEAA 30d 1 uipd
P, W A7 sk 58 45k 1
Bigks dof Hlue] VIEeE it A BET
7Rk FAARILRE Afstd7iAlo| =2 WA F
ARLS Aok gt Yol s AlRehe
AL 710] Azl AR oletE "ol I,
ol ofs) o] LhrollA OlE‘ﬂ—‘— 25, Tgol
7] AR YA 502 o EFES) HoUA &
3} Aslo]th(Seeley, 1996). Y Hiq—*roﬂ oAM= 7S
o Yol AFEE o] FHo Eolrke Fo=
7F38R=H] (Oh, 2004), BURE-2] 7-9- Sd7iAI DA
gt ASAET} fIs 8 oel HFA gl gk
gt FSPHo| A=A Lt 1971-2000 SA
kg0 ofshH AgelA A HAo| 72 "ol
A Hit 108 229022 o]& 7RIsle] £ Ao
A 108 190l Fas AR 7983t o] &
ARE WS ARksltieie o H#]7]2e] 7 oJsl=
W7 FA] o A Waeo] A== o

olgA sl A2 7|l vls| AF7A del AF%
Foj2 ZsllA] 7ake] Hd o T]eAlEe] o5 B
FEAE et Aol yU=A] Blas|E ok
A 197195 200068714 715814 sde] ALt
4 9l 7IRARE JA 2 Hl)E EdE
BT AL83= Z3}3l14d % (Seino, 1993)°l]
o3l sFde] U Ha % HAYR AEE WSS
o} 3ol e shuke] AJAIE (time series) ALRS

OH'T ot :l°1'
it

o8 F718 7}11% A3, & 23}k (harmonic
wave)2] FOoZ T HIITHLee, 1969; Wilks, 2011).
A A7 i, j2 FH, 499 @R jo T2
T 39olM 197=,

6

T;=By+ Y [Bkcos(/
k=1

1977 k}+ i[cksm(/“@z;z k}

k=1

gdollM 2871A)=
6
T;= BO+Z|:B cos(/ 15)2 k} Z[C sm0 15)27[ k}

Z a9

91}, HE o] Aol

O—Lzzz: (T), B, = 6Z(Tcoslk”) élz:(T inlk—”)
Z JeRd 4= th(Kim and Yun, 2008).

o] ¥hel] <Jall 1971-2000 717k djEsh= 1€ 1
AHE 129 31971 Wil FHal Bl HATE A
g AES st W 5] dlSndel dEdhe
22X 719844 Hdo] FHKE, Wsd FAZIRE, AR

5 793515t Loxl ARE A Al A
Zﬂi 719ke] 713 Hlasksitt.

TRl 0171 IAgol diall o shte] 71exkEnt
*ﬂ*éﬂ% Zpel s tihlsle] Yshs whE whEE
o7 AAgF= FEFH IR A A 7 (stochastic
weather generator)S E¥T5-8°2 &83 4 S
A 2 7k wrkskaat st B Agelxde
WGEN (Weather GENerator; Richardson and Wright,
1984)3} SIMMETEO (SIMulation of METEOrological
variables; Geng et al., 1986; 1988) =8-S EUlZ
Pickering et al(1994)°] A|Z}gt ‘WeatherMan® ~=

WS AT o] T2 e 94 4d 715%k
o zRE Il 7Pte Aol gk 2 viviw
2 2430} o] A 9 e FES o:]_,_
Markov Chainoll 2J8}] AA=31, 74 Gamma
F5 mEH o Har|d) AR Adat vl

Frd® uhro] Aieed o8 Z24=a, o A
7]%: Frehs FHSAE A AR ERE
ozt 19712000 7IRE] ME&iSA G 718w

W AL, A 7
o s 1% 193 129 319714 o Har)
23 A7 AR5 30ME AT o] ARE

Hm fr ml

RS



14 Korean Journal of Agricultural and Forest Meteorology, Vol. 14, No. 1

ol g3l W A3Y &S 3038 PEEaL L
q_

IS itk 2akow vehdl v A57eA5
o7 -5t} vlarssit.

2.3. A& s |2} oflF JHSl7|e| dxHHO| Hlw

Ziee] AslEnlel] 93 WX o gAY Al
# 54o] 54 7IAlg o d57leAiset
FARE AR 58 = AT, HFH o 458
E o o Bt S v e s g e LI I o
7] Azpelt et fARIAE ER1 ek Zlo] Z
a3t o] S8l 2H2te] 7leAlsel o8l 44 30
d gl dd-S H2E5(Box-and-Whiskers Plot)-
2 Hlwsigiet. HaZ e 77t o5 sk 3070
=2 25 AR wjdsle] 259 H4Z(minimum),
YA gk(first quartile, Ql), % &k(median or
2nd quartile), AAREZk(third quartile, Q3), Tk
(maximum) 5 F8 YN SAFS shte] 1Ho=w
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Fig. 1. Daily accumulation pattern of chill days for Japanese
cherry estimated by daily maximum and minimum temperature
observed at Seoul weather station during 1971-2000. Dotted
line indicates the mean for 30 years and bold line stands for
the model calculation using the harmonic analysis based
daily data.
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s, Al delxde AR AEE wetA
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2 AshEaE AM831 (Cesaraccio et al., 2004),
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3.2. EEEFMXAR0 27s ASAHE 4
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31712004 0.98~1.99CF7 1.54), HA712-2 0.68
21208 150024, ASAEY Hivl2 095~
1.98(F T 1.43), HA71& 0.72~2.25(F1 1.35)9F &
zto)7F gIATH(Table 1).
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Fig. 2. Daily accumulation pattern of chill days for Japanese
cherry estimated by 30 sets of randomly generated daily
maximum and minimum temperature data based on the
1971-2000 monthly climate summary for Seoul. Dashed
line indicates the mean of 30 cases and bold line stands for
the model calculation using the harmonic analysis based
daily data. The observed mean is appeared in dotted line.
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Table 1. Comparison of the monthly statistic of the observed daily maximum and minimum temperature at Seoul station for

1971-2000 with those generated by the stochastic method

Maximum temperature (°C)

Minimum temperature (°C)

Observed Generated Observed Generated
Mean Sd* Mean Sd Mean Sd Mean Sd
January 1.60 1.98 3.00 1.87 -6.10 2.25 -6.50 2.02
February 4.10 1.84 4.10 1.99 -4.10 1.91 -4.80 2.06
March 10.20 1.38 8.90 1.76 1.10 1.22 0.30 1.73
April 17.70 1.58 15.30 1.96 7.30 122 6.90 1.92
May 22.80 1.00 22.60 1.23 12.60 0.72 12.40 1.22
June 26.90 1.04 28.60 1.16 17.80 0.75 17.90 0.96
July 28.80 1.46 31.00 1.22 21.80 1.19 22.50 0.86
August 29.50 1.31 29.30 0.98 22.10 1.18 22.80 0.68
September 25.60 0.95 25.10 1.28 16.70 1.14 17.20 1.26
October 19.70 1.32 18.00 1.34 9.80 1.21 9.60 1.37
November 11.50 1.76 11.10 1.76 2.90 1.65 2.90 1.81
December 420 1.57 5.40 1.94 -3.40 1.70 -3.80 2.12
Annual 16.88 1.43 16.87 1.54 8.21 1.35 8.12 1.50

*standard deviation
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Fig. 3. Summary statistic of cherry flowering date for 1971-
2000 period predicted from a phenology model driven by
stochastically generated daily temperature data (A) and
observed daily temperature data (B), respectively. Observed
flowering date is shown for comparison (C). Boxplots show
minimum, first quartile (Q1), median (Q2), third quartile
(Q3), and maximum. Outliers are more than 1.5 inter-
quartile range (Q3-Q1) from an end of the box. Two outliers
are overlapped on 119 DOY.

B ATE S8 AEAERY 75 A 2384 7]
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A 107Y Helo EAkFig 3). FEFH 7eAsw
= 083t A9olx AA| 50%= 99YolA 108Y A}
olo] E%loH, Ak 9] 93UE HSV|RALE (92
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A F97E Atol 25%7F 1002 2ol AEE Aol
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Table 2. Phenological characteristics of Japanese cherry predicted by 3 different temperature data for 1971-2000

Predicted Output (mean =+ sd*)

Characteristics
Harmonic analysis Observation Weather generator
Endo-dormancy release date (DOY**) 26+22.5 20+16.3
Forced dormancy period (Days) 75 179+£15.4 7.7+9.1
Budburst date (DOY) 114 100+5.1 103+7.8
Flowering Date (DOY) 116 103+£5.2 105+74

*standard deviation
**Day of Year (1 = January 1, 365 = December 31)
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