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Table 1. Equations to calculate chill day (Cy) and anti-chill day (C,) for the five cases that
relate the daily maximum (T,) and minimum (T,) termperature to the threshold

temperature (Tc) and 0C, where Ty, is the mean daily temperature (Cesaraccio et al.,

2004).
Number Temperature Chill day Anti-chill day
1 0<Te<Tn<TXx C;=0 C,=Ty-T¢
T, -T, -
2 0<Tn<Tc<Tx Cy= {(TM —R)—%} C, = Tx ZTC
3 0<Tn<Tx<Tc  Cyq =—(Ty -T,) C,=0
T T
4 Tn<O0<Tx<Tc Cij=-—2 = . 0
JS ==SECS
T T T, -T ]
@F ) [ EEIET o il c 5 c
5 Tn<0<Tc<Tx d { ™ j{ > J ( > H of >
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Fig. 1. Locations of the synoptic (triangle symbols) and automated (circle symbols)

weather stations of the Korea Meteorological Administration in 16 watersheds of Jeju
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Fig.2. Changes in the number of days required for bud-break of '‘Hayward" twigs after
moving from the optimal condition for chilling (5C) to that for growth (25C). Empty

symbols indicate the same changes but those from the open field condition to the optimal
condition for growth (25C). Each vertical bar indicates one positive and one negative
standard deviation from the center symbol which is the arithmetic mean of the 10 buds

each.
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Fig. 3. The time course change in chill-day accumulation for ‘Hayward’ Kiwifruit grown at
Jeju during the 2008/2009 season. Simulated by the chill-day model parameterized with Tc

=7C and Cr=-115.9.
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Fig. 4. Relationship between the day number to the flowering since the first day with 7°C

or above and the daily mean temperature.
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Table 2. Development rates and development stages calculated by daily mean air

temperature for estimation of blooming stage in ‘Hayward’ kiwifruits

Month Daily mean air DVR(%) DVS(%) Month Daily mean air DVR(%) DVS(%)
/Day temperature(C) /Day temperature(C)
3/16 8.4 0.83 0.83 4/21 145 1.57 41.11
3/17 8.4 0.95 1.78 4122 13.6 1.46 42.57
3/18 8.6 1.14 2.92 4/23 12.7 1.35 43.92
3/19 7.2 0.90 3.82 4/24 12.0 1.34 45.26
3/20 7.8 0.87 4.68 4/25 12.3 1.37 46.64
3/21 8.7 0.98 5.66 4/26 12.4 1.33 47.96
3/22 8.4 0.95 6.61 4127 12.6 1.33 49.30
3/23 7.7 0.88 7.49 4/28 13.7 1.45 50.74
3/24 7.6 0.93 8.42 4/29 14.9 1.53 52.27
3/25 7.8 0.90 9.32 4/30 15.6 1.65 53.91
3/26 8.6 0.93 10.25 5/1 15.9 1.69 55.61
3/27 9.3 1.01 11.26 5/2 15.9 1.73 57.34
3/28 7.9 0.80 12.06 5/3 16.0 1.72 59.06
3/29 8.0 0.82 12.88 5/4 16.1 1.75 60.80
3/30 8.7 0.85 13.73 5/5 16.4 1.79 62.59
3/31 9.3 0.94 14.67 5/6 15.7 1.76 64.35
4/1 10.2 1.04 15.71 517 16.1 1.79 66.14
4/2 9.8 0.98 16.69 5/8 16.0 1.84 67.98
4/3 9.4 0.99 17.68 5/9 16.0 1.82 69.80
4/4 9.3 1.04 18.72 5/10 15.7 1.81 71.60
4/5 10.0 1.08 19.80 5/11 16.1 1.78 73.39
4/6 10.7 1.05 20.85 5/12 15.7 1.68 75.07
417 11.0 1.14 21.99 5/13 16.0 1.71 76.78
4/8 11.6 1.31 23.30 5/14 16.5 1.76 78.53
4/9 12.0 1.40 24.70 5/15 16.9 1.86 80.40
4/10 11.6 1.34 26.04 5/16 16.9 1.85 82.25
4/11 11.6 1.25 27.29 5/17 16.8 1.85 84.10
4/12 11.9 1.30 28.60 5/18 16.9 1.86 85.96
4/13 11.8 1.29 29.89 5/19 17.1 1.85 87.81
4/14 11.7 1.20 31.09 5/20 17.6 1.89 89.70
4/15 12.0 1.26 32.35 5/21 18.3 2.01 91.71
4/16 11.8 1.22 33.57 5/22 18.6 2.08 93.78
4/17 13.1 1.34 34.91 5/23 18.5 2.03 95.81
4/18 14.4 1.59 36.50 5/24 18.5 2.06 97.88
4/19 13.4 1.51 38.01 5/25 18.9 2.12 100.00
4/20 13.6 0.83 0.83
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Fig. 5. Comparison of the model performance in predicting flowering date of ‘Hayward’
kiwifruit during 2006-2011. Filled symbols for the chill-day model and empty symbols for

the DVS model.

- 20 -



4.4 AFAQ  FHolAE" A3 olF

Aidoez AFRE7t 22 FUHAAIRI S AFXEe 1981-2010 HW 7|22 =
(Bom 3= AAE dE Ha L HA7|2)o F FEAIA slolH= e
TELRE AT A HAoRFE 4~10km WA= 59 WA wlEhE

Aow FAAUT) B8 AAEE TR s dE sl H2elA st} (Fig

=21 -



[ 14M0-4/20
I 4/21 - 4/30
[ 51 - 5/10

[ 5/11 - 5/20
B 5/21 - 5/25

I 5/26 - 5/30
[ 5/31 - 6/4
6/5 - 6/9
[ 6M10-6/14
[ 6/15 - 6119
[ 6/20 - 6/24
[_]6/25-6/29
[_16/30-7/9
7M0 - 7119
T 17/20-7/29
[ 7/30 - 8/18

I 8/19 -9/7
[_] No blooming

1981-2010

2041-2050

2081-2090

Fig. 6. Geographical shift of the full bloom stage in ‘Hayward’ kiwifruit at Jeju Island

expected for the current (1981-2010) and the A1B scenario projected future climatic

-22 -



conditions.
AlB AlvpEl oo 47tsk cEell= o wm W] oA SEEE HW,
dAQF ] wlE o Nsr7F ARG AT AR For Aol A

A7 v mHAAY obd AsTE HA fe ddE At
il

FAAARRANE A%/ F ALLTEL FEHA 28 A4S wol
BegHt HE AeE s mEolth  @AAAdAE  AWAQ
WolRERoE FUSA R Wolrk ¥ FEUA Al JFE

mA Aow med &

=)

FHwew BE o

_—

AL ol Y
SR X kol A &3] 115 o] $hrh(National Institute of Fruit Tree Science, 2003). =3}
AL wFEo vty Fo]=re AFr) oHYGAE NALe e B4EE Zr)st

o7 oE=d, 204120500 = A= AAC] 6.7% Mol AR, 2061-20700] =

S

32.7%, 2081-2090°1 = 58% = Zrth= # o] t}(Fig. 6).

A4 AFolA HAoezt Bol AuiEe= AY
ZEZA0E, o] AZIE BFH AAF g Ew9 HI F87] Add wE
Hdo JHeAE dEE BT A¥ £ gle HAFHVE & ¢ Jdvh oA

zodzte] o w77} o] Al7lel Bt A He FHAMAGer HFD

lo

W7 59 s - 69

At AF= oA T7I7F 58 SheollA 6¥ T Abole] slgEtE x99
HAe F2beE, 1981-201090+= 118,200hac] 1o 2021-20300 =  129,300ha®
Z7tst Ao ® o Adc) AT 2041-205001 = 119,300ha®  7FAEtH o] FAl7}
A& ¥ o] 2081-2090¢+= 52,100haz= WS Fo=m  FAHETH A AA= @A
3 FA o (o 1L 114myell A mefel=  ghepil FRel A aEvE S

X]o_]ﬂ(ré = 371, 5m)°i xJz]— ] iy Z‘\]Q_i Oﬂ}b}%q(ﬁg- 7)'



1981-2010

2081-2090

Date of flowering
7] May 21 -June 5

Fig. 7. Geographical shift of optimal for ‘Hayward’ cultivation at Jeju Island expected for

the current (1981-2010) and the A1B scenario projected future climatic conditions.
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ABSTRACT

Geospatial Shift of Kiwifruit Blooming Date in Jeju Island as Influenced by
the Global Warming

Young soon, Kwon

Department of Ecosystem Engineering
Major in Ecosystem Informatics

Graduate School of Kyung Hee University
Advisor: Jin I. Yun, Ph.D.

A kiwifruit cultivar ‘Hayward’ is a promising economic crop for farmers in Jeju Island where
the current climate is favorable for growing this crop. Visualization of the geographical shift of
the phenology in the future might be helpful for the kiwifruit farmers to adapt to the local
climate change. Two phenology models (chill-day and DVS) were parameterized for estimating
flowering date of ‘Hayward’ kiwifruit based on the data collected from both field plot and
chamber experiments in the southern coastal and island locations in South Korea. A spatio-
temporally independent datasets were used to evaluate the performance of these models in
predicting flowering date of ‘Hayward’. Results showed better performance of the chill-day
model than the DVS model and the chill-day model was applied to the high-definition daily
temperature data for Jeju Island during 2021-2100 under the A1B scenario climate. Model
calculations predict flowering of kiwifruits would be accelerated and the area with poor
flowering due to insufficient chilling could be found in Jeju Island in the future. Optimal land
area for growing ‘Hayward’ could increase for a while in the near future (2021-2030), followed
by a rapid decrease to half the current value by the year 2100. Geographic locations optimal for
‘Hayward’ cultivation will move from the current coastal proximity toward Mt. Halla at an

altitude range between 114~371 m a.s.l.
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