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ABSTRACT

Due to global warming, bud-burst and flowering dates of fruit crops are occurring
earlier in recent years and, as the abnormal climate increases the variabilities
of temperature in spring, the risk of frost damage has increased. This abnormal
climate contributes to the increase in the variability of fruit prices, creating a
potentially damaging situation for farmers and consumers. Despite the broad impacts
of this phenomenon, the full blooming date prediction model for peach trees,
employed by the Rural Developmental Administration (RDA), was developed using
only one cultivar (Youmyeong) and observations from a single station (Suwon). This
model might not adequately reflect the characteristics of other peach cultivars
or local orchards. Therefore, this report develops site- and cultivar-specific blooming
date prediction models for major peach cultivation regions and cultivars, presents
a framework for applications of the APEC Climate Center Multimodel Ensemble
(APCC MME) seasonal datasets, develops frost occurrence prediction models using
logistic regression and decision tree techniques, and presents applications of this
study. In addition, the prediction models of frost occurrence in spring were developed
to apply the "Ready-Set-Go" framework that different strategies for temporal scales
from seasonal to short-range forecasts can be more effective.

Multilinear regression, developmental rate (DVR), and sequential dormancy models
(chill day, new chill day, and fraction-time models) were used to develop the
locally-tailored full blooming date prediction models for major peach cultivars. For
the development of these models, bud-burst and full blooming dates of peach tree

for 5 cultivars (Cheonhong, Youmyeong, Changbangjosaeng, Cheonjoongdo, and



Janghowon) were collected from the 7 major peach cultivation sites: Chuncheon,
Suwon, Yesan, Cheongwon, Cheongdo, Naju, and Jinju. Because the observed period
of those dates in Yesan is too short to develop those models, those dates in Yesan
were not used for this study. Although the weather datasets including daily maximum,
minimum, and mean temperature were required to develop those prediction models,
the orchards where those dates were collected from did not have weather stations.
Therefore, these weather variables were collected from the nearest Automated
Synoptic Observing System (ASQS) from the orchards (Chuncheon:101, Suwon:119,
Cheongju:131, Daegu:143, Gwangju:156, and Jinju:192). APCC MME seasonal
datasets were used for the predicted temperature in April, which in turn was used
to predict the yearly full blooming dates of peach tree at the end of March. The
frost occurrence days and 8 meteorological variables (minimum temperature, grass
minimum temperature, dewpoint, wind speed on frost occurrence days, mean relative
humidity, minimum relative humidity, cloud amount on one day before the frost
occurrence days, and difference between maximum temperature on one day before
the frost occurrence days and minimum temperature on the frost occurrence days)
were obtained from the Korea Meteorological Administration (KMA]. These datasets
were collected from 8 total stations including the 7 major observed sites for the
full blooming dates of peach tree and Wonju (114), one of regions in which RDA
predicts the full blooming dates of peach trees.

For the multilinear regression model, mean temperature in March and mean
temperature in early, mid, and late April were used for the explanatory variables
to the Julian days on the full blooming dates. For this model, observed full blooming
dates for the two cultivars (Youmyeong and Changbangjosaeng) in the Suwon site
were used since approximately 30 of full blooming dates have been collected since
1979. Both linear and exponential models for the DVR model were used and compared

for the 6 major sites and 5 cultivars. It is assumed that only days when the daily



mean temperature is above 5C contribute to the development of peach trees, as
the National Academy of Agricultural Science (NAAS) proposed. Once the DVRs
for each day were calculated, the DVRs were summed until those sum reached
1.0 to determine the full blooming dates. Three sequential dormancy models
including chill day, new chill day, and fraction-time models were applied for the
6 major observed sites and the 5 cultivars. Notably, to the best of our knowledge,
this is the first application of new chill day and fraction-time models to fruit tree
crops in Korea. For these models, the threshold temperature (Tc) and chilling
requirement (Cgr) were estimated with an iteration method. Based on the literature
review, we defined the ranges of Tec and Cr (5<Tc<10, -70<Cr<-150). When
M Cil= | Cr|. rest is assumed to be broken and when Y| C.|= |Cyl,
guiescence is assumed to be overcome (where Cq is chilling accumulation and
C, is heating accumulation). The T¢ and Cr were determined where the Root Mean
Square Error (RMSE] for the estimates against observed bud-burst dates was at
a minimum. With those Tc and Cg, heating requirements (Hg) for each observed
full blooming dates were calculated and averaged. The periods when both bud-burst
and full blooming dates were observed were used for the training periods for the
models. The periods with only full blooming dates were used to validate the models.

Among the full blooming dates of peach trees developed in this study, the model
that predicted full blooming dates of peach trees most accurately [i.e., measures
of goodness-of-fit were best) was selected for the applications of the APCC MME
seasonal datasets for the predicted temperature in April were applied. However,
the APCC MME seasonal datasets are too coarse (about 250 km of resolution) for
the 6 major sites for the full blooming dates. Due to the constraints of the APCC
MME seasonal datasets, we predicted required temperature variables [e.g.,
maximum and minimum temperature) using a statistical downscaling method for

the 6 stations nearest from the 6 major sites for full blooming dates. However,



the number of the observations of the full blooming dates and the accuracy of
the predicted temperature by the statistical downscaling method were considered
selecting a site and cultivars. For the prediction models of the full blooming dates
of peach trees, daily temperature datasets are required. Unfortunately, the APCC
MME seasonal datasets currently do not provide daily temperature. We proposed
a framework adapted from the bottom-up procedure used by the Euro-Mediterranean
Center on Climate Change (CMCC) in their operational activities for watershed
management. The Maximum Entropy Bootstrap Weather Generator (MEBWG) was
used for this framework. The synthetic daily temperature generated by MEBWG
was aggregated at a monthly temporal scale. These aggregated synthetic
temperatures were compared with the downscaled monthly temperature at the
site, and those similar to the predicted monthly temperatures were selected.

Logistic regression and decision tree techniques were used to develop the
prediction models for the frost occurrence events. Based on the literature review,
a total of 8 meteorological variables were selected for the explanatory variables.
The results predicted from these developed models were summarized in the 2x2
contingency table. With this table, we calculated Hit Rate (HR), Probability of
Detection (POD), and False Alarm Rate (FAR) as the skill scores for the predictability
of the models. We selected threshold values to maximize HR and POD and minimize
FAR for each station. Because the smaller number of the selected explanatory
variables are selected, the operational applicability of the frost occurrence prediction
models can be the more useful. We compared the developed models using both
logistic regression and decision tree techniques, and proposed a better technique
for the operational use. This proposed technique may be useful to better support
farmers by providing adequate strategies to reduce frost damages through a timely
warning.

The multilinear regression model for the full blooming date prediction was not



appropriate for this study as the fitted explanatory variables were not significant
at the 0.05 probability level. We concluded that this model is not useful for the
prediction model to reflect the local and cultivar characteristics. The required days
for full blooming were fitted into both linear and exponential models and compared.
No significance at the 0.05 probability level was found in the linear model for most
of the sites, while the exponential model showed significance at the 0.05 probability
level. Fitted coefficients were varied from locations and cultivars. This result implies
that the prediction model for the full blooming dates of peach trees should reflect
the local and cultivar characteristics to better predict the full blooming dates. Three
measures of goodness-of-fit, Mean Absolute Percentage Error (MAPE), coefficient
of determination (R?), and Root Mean Square Error (RMSE) were used to evaluate
the model. The highest MAPE (5.2%) was found from the Cheonhong cultivar in
the Cheongwon site and the highest R* was 0.96 for Cheonhong cultiar in the Naju.
The RMSE values varied with the range of 0.91 and 6.31 days. The overall measures
for the dataset regardless of the location and cultivar were 2.58%, 0.75, and 3.65
day for MAPE, R?, and RMSE respectively.

For the sequential dormancy model, we evaluated the chill day, new chill day,
and fraction-time models. Tc and Cr were successfully estimated through the
iteration method, while the fraction-time models failed to estimate T¢c and Cr. The
ranges of Tc were 5 to 9°C and 5 to 77C for chill day and new chill day models
respectively. The estimated Cr values ranges were -148 to =71 and -140 to -75
for the chill day and new chill day models respectively. The ranges of Hg were
134.0 to 277.4 and 153.4 to 272.1 for the chill day and new chill day models. These
results showed that the ranges for the new chill day model were smaller than
those of the chill day model. The highest RMSE values for the bud-burst dates
were 8.67 and 7.12 days for the new chill day and chill day models respectively,
while those for the full blooming dates were 3.89 and 3.96 days for the new chill



day and chill day models respectively. Like the results of the DVR model, the
goodness-of-fit measures were different from the location and cultivars. For the
chill day model, the measures for the entire dataset regardless the location and
cultivar were 2.31%, 0.79, and 3.36 days for MAPE, R?, and RMSE respectively.
For the new chill day model, the values were slightly better than those of the
chill day model at 2.19%, 0.82, and 3.16 days for MAPE, R? and RMSE respectively.

The model results showed that the new chill day model displayed a higher
performance than the others. Based on the considerations for the predictability
of the statistical downscaling method and the observed periods of the full blooming
dates at each site, we determined that the APCC MME seasonal datasets were
applied for the new chill day model for the Changbangjosaeng and Youmyeong
cultivars at the Suwon site. The values of the goodness-of-fit measures using the
selected synthetic daily maximum and minimum temperatures reflecting APCC  MME
seasonal datasets were worse than those using those collected from the Suwon
station (119). We surmise that this is partially due to the errors generated by each
step in applying the APCC MME seasonal datasets for the prediction of the full
blooming dates of fruit tree. It should be noted that this study does not address
the question of how the uncertainties of the APCC MME seasonal datasets and
the errors from the selection of the synthetic temperatures generated by MEBWG
can contribute to the overall errors of the prediction of the full blooming dates.
It is recommended that this question be addressed in a future study.

The prediction models for the frost occurrence events were developed using the
logistic regression and decision tree techniques. The threshold values determined
for the logistic regression model varied with the range of 0.42 (Jinju station) to
0.59 (Daegu station). The HR, POD, and FAR values resulted from these threshold
values were approximately 0.9, 0.8, and 0.2 respectively. However, the FAR value

for the Daegu station was as high as 0.725. This high value can be explained by



the fact that the Daegu station has one of the fewest frost occurrence events in
Korea. A total of 7 meteorological variables were selected for the prediction model.
This result suggests that the logistic regression model may not be adequate for
operational activities to prevent frost damages. On the other hand, only 2 or 3
explanatory variables were selected for the frost occurrence event predictions using
the decision tree technique. In addition, the values of HR, POD, and FAR for the
decision tree model were slightly better than those for the logistic regression model.
These results imply that the decision tree model for the frost occurrence event
prediction can be more useful in providing a timely warning for the prevention
of the frost damages to orchards.

Prediction models for full blooming dates that reflect the characteristics of the
location and cultivar were developed in this study. However, further work is
recommended to develop an operational system for early predicting of the full
blooming dates for stakeholders including farmers. For this system development,
collaboration with RDA is suggested so that the system can properly function
according to user [i.e., RDA] preference. Since these models can better predict
the full blooming dates for each location and cultivar, these models can be useful
for the preparations of the peach blossom festivals distributed in multiple regions
in Korea. To provide enough time to prepare and advertise the peach blossom
festivals, the proposed models should be improved to predict the full blooming
dates earlier than the late March. These prosed models in this study can be also
used to project the quality of fruits by investigating the impacts of climate changes
on periods of breaking rest and flowering; it is widely known that these breaking
rest and flowering periods largely influence the quality of fruits. The prediction
models of frost occurrence events can be used to prevent frost damages to orchards
in spring by providing timely interventions for frost damages. The models can be

developed for fall to prevent first frost damages to agricultural crops. However,



since the frost occurrence events are very local and are affected by local topological
characteristics, the models should be improved to reflect these local topological
characteristics. It is concluded that this study can be useful to prevent damages

to agricultural farms and facilities.
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Figure 1 Regions where peach was shipped to Karak market in the mid of June in the years
2013 and 2014 (Source: Chosunilbo).
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Figure 2 Low temperature damages to various crops in 2013 (Source: MAFRAJ.
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Figure 3 Cultivated areas in ha of apple, pear, and peach (Source: NIHHS).
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Table 1 Low temperature damages to apple, pear, and peach in 2013. (unit: ha)
, Cultivation area  Damaged area Damage level (ha) Ratio
Fruit crops
(A, ha) (B, hal <30%  30~50%  >50% (B/A, %)
Pear 14,353 4,356 1,282 2,065 1,010 303
Peach 14,335 2,330 614 785 931 16.3
Apple 30,274 969 285 383 301 3.2

(Source: MAFRA)

olef o] FEXTA (oo} wA)2 T WIS sl vid 34 sl
RGO RN, A7t AHe GedE 5= Vel Astal SO wet A2
3f FEHSHER Bt} AN AMEShe Eoof W7 A SEEe
TUAFERNA GUEF (78 E8oto] WL HaHe HHoA|R, oy
nA

SN Aol T REe

EAoIY Y EAAS A=
HHgeR] Sk ©do] Q1S 4= Ut TR Ar|dHe] AR s gl ElH T s gl
S PFESR= 7Y diEAdo] o Erh= ZiEo| Stk APEC Climate Center (APCC)
o| A= APCC Multimodel Ensemble A& EARE TR -3-8-tofol| -8t A+

L 3ok, AlE S0, FARCRIAE on| o S RAMIEARE B85l

i



1. M2

A< AENS

i

o

B\
als

"

=

f
jus)
=
30
(s
’

AF4t, 2015).,

Cesaraccio et al. (2004)7} A3 SAFRHEY L Hthzo] Fle ERrshet
LG AL LT ()T 1 F7]% 23 HE7} Whel Antichill day S S
AlF o] dholsl= A7) 2 713t} Cesaraccio et al, (2005)-2 7]29] Chill day %3 9]
QBE A3t WEFIG O, Chill day 2FE 7JA3 New chill day 237}
Fraction-time 538 ARISHL v, B0l 5 Tk} QJmo] Mgalol 7t mASE
vl 3k v Qlt} (Cesaraccio et al., 2006). A-+Z23} Cesaraccio et al. (2006)>
Fraction—time X &0 Y& (forest tree) oA dl|&4do] FHojwtthal BFgitt %3St Chill
day %> ARFAHES] Wolr| o} ol sl =S dlSsh=tl &-857]= 513
t} (Farajzadeh et al,, 2010), Farajzadeh et al, (2010)2 A-&°| H{ X} wl=slH
Anti—chill day S2}o] 21 WhF ] o]Fo|x]7] ujzof o7 7} Wepx|ar, 4sf <]
Yz g ARt B35t Kuzmanova (2015)= Common beech UF2] WAY
S 9l SEFHsiA|l Al71E g8zt Chill day XS AR HE Itk ?HH e
L Ele Uiof| A= Murakami et al, (2009)0] W55 ES o]-§sto] Yi3zo] 75}
A= A5t WS AekdT oS st Y] exb= oF 49 AHretal HArgth vf
2Tt Sugiura and Honjo (1997)-% d-2u}o] 7|37| & ol&dt=t| A4hriidl o]
WRAE Y AYOm, WaEERGo] RMSEZ} 123 days2 AS) BaHH
242 Lrebehn SHEsteIch Sugiura ot al, (19908 RH|S] YFHNAIA7]
E N7 |7HA 8] £ o] Rl Xkl o2 ARSIt Sakamoto et al.
(2015 Q] M (Porotan) Lo thal 7120 WAlFwe] et BAS @S )
A ZABHTL o] WA ERE S AU o Fasi

2

FUe] AR ATAE Ao, 1708 5 (201322 Ohill day 2] U
ARz SURARS Bl BRAStAS aSstelon] wze] 49 RMSE
2~3UF =R 11 oS40 Arkal Bt HE Qlth &A4F 5 (2011)2 SRRy
= o835t 2k (YL F5) 2] Holr|E dAS3hh o] Ao, EeErE
0% MPAT A4 BES ALgSdon], A3 Wolelzlel RMSEA} 4% o3l
of|&Ado] il shglct, o]efgh WS& e A2 Aokl (Behdani et al., 2008)
ol X|4=g<=2dl (Aono, 1993; Aono and Omoto, 1990; Omoto and Aono, 1989;
Ono et al., 1988)0] %2 ALGEIC Bole} tjo] Chill day 58-S #85te] ule)



| APCC MME 7E0ISXi=et MSAEDSES B85t 240t Bbl7| ojSoepe

715 HSAILE] 2 (RCP 4.5 ©F RCP 8.5)3}llA =] Hofet vjo] 7iehelo] w
312 A3l9ict (Hur and Ahn, 2014). Hur and Ahn (2014) 24]7] Zojl= B

ofe] ¢ 3R, Wjol B 49 22 Ask|7} el o2 WY, B4F
5 G09S Holol FFEE WIS HRSELIE olgslol AZT o] 5
on, wgsrERYo] fYES WIS A5 483 mHolety AR

HE Qlt}, RHH SRS 7)) W etdS A9sheEE AR Ste REEA,
B717re] Bl et AmE Hige g sto] ARt ®olrt X13] F (2009)+=
Haol 259 o] 5| E 7|AFY o] Aokt S| nEy vreArE 9 Chill
day 2L ogslo] d|&sia 1 ARE vlmsgich U3 5 (20090 WEEE
w3 0] RMSEZ} 7 days® E40} /3}7] o Z4o] 7 "oldon. 7|4 3R
3L 283t BFO] RMSEE 4 daysQlal, Chill day =3 2] A= RMSE7} ¢F 2
days= 7P S-pobqirtal Wit v Qi

)9} o] WSHEWHOIL} Chill day R} 2 ABALRZE ol 5
e Eakat ofe] Aoz} e 248 W Eol dale] AeHo] Yok, & Aol
Hgole] Wl7] BEARE +UNUOTE GO B AToIAE ol Wil
o o2 el thal 714elgic & SITe) B APCC MME AdelZAi20)
Z8AS o Bokr Eglal, & EAT ZF XY EAof gk k=g Boeol
W] ojE mUS Apsle], 1 alEAe BASke Aolth mRe 7 EslAuE,
WRAEERY, SAFURGY 4] 7h) BP0 Uio] kst gkt Bak

o AT ASTRA 02 Lol APSIEO0, BE Y71} ulmste]
of2AS HrstAtt, £AFSHE S-S TtHA] Chill day model, New chill day model,
Fraction—time model®] 37}A] & O 2 o] 7|eslgtt £AEHE S = New
chill day model, Fraction—time modelS =Ujjof| o}2] A-835F AH7} Gl =3 O
B aAolA] o] He meste] Byl A4S Bk

* AR (Y=a+bX)
« QAT (MG DVR, = A+ BX T, A48 DVR, = Cx e P* 7))

* 2} EH I E (Chill day model, New chill day model, Fraction—time model)
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MME AASE 59171 91 5 71 02 BAATE S8 shic), 2
) 50| AR 0E SElo] TAVIE E ) Agehs Wt 2
APCC MME AZARE 82 SAH7mEs < ul
HhHo 7k 29 B=EAEE Q3 7R AS o
HA o2 dojxl = 7] 2AFE = hindcast X} 713k

o Sl el e U (amomain S P, 2 A|5gtel Aol 2
Jlegko.2 ARSISch, WA MR ol U ol AmE WA
AT B Ve vlEste] 71 SARE AAIY T RS e,
X oJ3Lo]| A= Srivastav and Simonovic (2015)7}F 7J238F Maximum Entropy
Bootstrap Weather Generator (MEBWG)E}L U 7S ALLS] SV AR S
AABFATE o]9} 7 HPHO 9 3 APCC MME b 2804 2}A|3] st

........ ( APcoEE .,
' Applications { Prevention of Late J

1
1
i
E Frost Damage

APCC MME Forcasts ] |
: [ Full Blooming Date ]

| . Prediction i

e : : : Assessment of Frost :
Statistical Downscaling T ) [ Prediction ] 5

- : g Rregression model
Synthetic Weather : . DVR model :
r Variable Data Subsets™ _ > . Secjju?ntial dormancy = [ Logistic Regression
i — ' Decision Tree
Synthetic Weather
[ Variable Datasets ] [ Observed Weather J | !

l Datasets [ Characteristics of Frost ]
Maximum Entropy - ; Qccurrence
Bootstrap Weather
Generator :

*Bottom-up procedure: CMCC (Euro-Mediterranean Center on Climate Change)

Figure 4 Schematic of genreal research strategy in this study.
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2009\ 0]l 7l Lot FHoA A a7t Harg upel o], Hgpolo] A9
N7 |7} th2 T2 vl whE HoR JiSrof S=Ale] o FaielEe] & Aol
olggt TsE HAIeH| flaf At W2 Figure 52F o] AR RAA ]l =
AFw O] AIZHA AA el wheh Mgk o2 FHshal PEsl= Zlo|t), Figure 59
“Reday—Set—Go" ZH|AYTE & o] A-g3te] B thg 1} A}, WA, & o
A ket Epof vl7] oS 02 APCC MME Al-AtEE E-g3te] Egof Tl
£ &3t} (Figure 59] “Ready” TA). Wef Bgol w77} Bk o w2k
9 =A1E] 9 fRo] AXEE FFWOI ApAEE ZEEAL o] AJES 2k
= oA mlE] gelo) s Attt sk 2&ell= (Figure 59 “go”
A 1ol 29 & T oS ARE E8ste] A IS dlSste] Bl Al
7F skl 2AEEEE EY 4 e i3S vlE] A 4 QS gt ol
“Reday—Set—Go" A&l ZH|JYAE & AolA] Aol WUjre g Alg] 444
o tigt 71FEA £4S EdE st Ae|dddd dSnds 2AAES7 ) YAt

AARE7IHE AEoto] WL, 1 dS5AS Bk 2 Al A8t

Set

Seasonal Mid-Range Short-Range
forecasts forecasts forecasts

Begin monitoring mid-range Continue monitoring Deploy assessment team
and short-range forecasts shorter-time-scale forecasts ;
Activate volunteers
Update contingency plans Mobilize assessment team :
Evacuate community
Train volunteers Alert volunteers
Sensitize community Warn community
Enable early-warning system Local preparation activities

Figure 5 Schematic for ready-set-go framework (Source: Hellmuth et al, 2011).



2.1 XEeE

2.1.1 B0} diopz| & 27| Xt=&

3$71% FYUNSATSIY T RE Bopol 24 ) PEAH B} o]
2} 97 AARE 42%5F0] Tables 22} 30f] QoFs1o] A|AISHATE =4, 4, A4
A, ALY, U AR T A GolA HE 1, AR, A=, A 5719

B WO/ S (uble 2, S| 43 93 9T ) Wb
7} 22} 37k AR BEST} 7P AL, S0 AzAlsh SE B o) 217}

177 (1979 ¥ 2008‘5., A= 249} 187 (197995 E 2011, A=17F 242
o7l #EAE skl 7MY 11 opr|AlRE gt A9 e yEyith S,
714 W Wolr) = HhoA MEZF 0T A5Y 68U (2003 3Y 9o, 713
A Wolgt F5-2 LR oA AFY 1019 (19799 44 11)o]qlet. THi7]
S AR = dopr| el ufg- FARSHSITE (Table 3). olitol A &3} 778552 W17
= Xﬁﬂ Z}zy 370t 470 91a, = ollA= AT frgo] 22t 2779 317l &
1:1]—7H7] 7} 7]_7<L uJ—oH;} X] th —ij?OL_tu ?1'7H7] 7} 71.7(} HH} o (5 zo] 89%_1
(2002 3%—1 30)eolglon, 7 =HE A7l AFd 1229 (2010@ 59 19)01ick.
2 AFolA= Heol Wolr|eh w7 #ETE A2 AL Al Q5T

Table 2 Observed bud-burst dates of peach trees at the 7 major observed sites.
Station Cultivar NT MIN MAXS MEAN STD"
Cheonhong 10 87 95 90.4 2.4
Chuncheon
Youmyeong 14 79 95 89.7 4.3
Changbang-josaeng 17 77 101 90.4 5.1
Suwon Cheonhong 9 82 92 88.4 3.5
Youmyeong 18 77 101 90.7 5.1
Cheonhong 3 97 99 97.7 1.2
Yesan
Youmyeong 4 87 99 95.0 5.4
Cheonhong 6 83 98 89.8 5.1
Cheongwon
Youmyeong 6 89 97 92.7 38
Cheonhong 7 68 88 80.9 7.0
Cheongdo .
Cheonjungdo 5 86 94 89.0 3.0
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Station Cultivar N MINT MAXE MEAN STD!

Janghowon 5 86 94 89.0 3.0

Youmyeong 8 A 94 84.9 6.6

_ Cheonhong 6 79 86 81.3 2.6
Naju

Youmyeong 7 79 87 82.3 3.1

Jini Cheonhong 8 69 89 78.9 6.9
inju

: Yournyeong 9 69 83 79.0 66

T Number of observed bud-burst dates

F The minimum of the bud-burst dates in Julian day

8 The maximum of the bud-burst dates in Julian day

9| The standard deviation of the bud-burst dates in Julian day

Table 3 Observed full blooming dates of peach trees at the 7 major observed sites.
Station Cultivar NT MIN¥ MAXE MEAN STD'
Cheonhong 10 102 117 112.3 4.1
Chuncheon
Youmyeong 17 103 122 1141 5.3
Changbang- josaeng 27 103 119 111.2 4.7
Suwon Cheonhong 9 102 116 109.2 4.6
Youmyeong 31 104 121 1133 4.9
Cheonhong 3 112 112 112.0 0.0
Yesan
Youmyeong 4 m 115 112.5 1.7
Cheonhong 6 97 114 107.2 6.4
Cheongwon
Youmyeong 6 105 116 111.0 4.2
Cheonhong 12 21 107 100.2 4.5
Cheonjungdo 10 98 108 103.9 3.9
Cheongdo
Janghowon 9 97 108 103.8 3.9
Youmyeong 1 98 110 103.9 4.1
. Cheonhong 6 97 109 101.3 4.2
Naju
Youmyeong 7 98 109 102.1 3.5
o Cheonhong 8 89 106 99.1 5.2
Jinju
Youmyeong 9 99 107 102.4 3.2

T Number of observed bud-burst dates

F The minimum of the bud-burst dates in Julian day

§ The maximum of the bud-burst dates in Julian day

9| The standard deviation of the bud-burst dates in Julian day
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Table 4 Monthly mean average, maximum, and minimum temperatures in the study stations
from 1983 to 2014.

TMEAN TMAX  TMIN  TMEAN sd?  TMAX_ sdf TMIN_sd?

Station Month

©
3 4.5 11.0 -1.4 1.2 1.5 1.1
Chuncheon 4 11.6 18.8 44 1.4 1.7 1.4
5 17.3 24.1 11.0 0.8 1.1 0.8
3 5.1 10.6 0.1 1.2 1.4 1.2
Suwon 4 11.6 17.9 6.0 1.3 1.6 1.4
5 17.3 23.1 12.1 0.8 1.0 0.8
3 5.8 11.9 0.4 1.3 1.5 1.3
Cheongju 4 12.7 19.5 63 1.4 1.5 1.6
5 18.3 24.5 12.6 0.8 0.9 1.1
3 7.9 13.6 29 1.2 1.5 1.1
Daegu 4 14.3 20.6 8.5 1.1 1.4 1.2
5 19.2 25.4 13.6 0.8 1.0 1.0
3 7.0 12.9 2.1 1.2 1.4 1.1
Gwangju 4 13.2 19.7 7.5 1.2 1.4 1.4
5 18.4 24.4 132 0.7 0.9 0.8
3 6.9 13.7 0.5 1.0 1.4 1.2
Jinju 4 12.7 19.8 59 1.1 1.3 1.4
5 17.8 24.4 11.6 0.7 1.0 0.8

T Standard deviation of monthly mean temperature
F Standard deviation of monthly mean maximum temperature
§ Standard deviation of monthly mean minimum temperature

2.1.3 APCC MME X|=

A APCCOA AlF-3lal Q= MME AF&= hindcast A2 APEC 97) 3|¥=H(3H,
W, ol Fa Aol W%, 5%, vtk e 167 Jae] 7|5 me 4ee
sto], A= S (quality contro) T A2 (FEehIFE 71A, teLDI
£ 7= ol&sto] AseAtE Ao AT SHARE, o237t hindcast AR
ST 257 (oF 250-km)2, Bl WY BEAAHY LA RE ALRTHe
Aol A= U5 A SAE (coarse resolution)2t & 4= i}, TEA E A oAl =
APCCOM AlFsIal = MME AEASARS A Wia A8t 2t 67 J5ot



WD) BEAE 1 PR ASOSAAER A (2 ApolA] AMSE BARE
Salo] djAE o ol AAIS] 7|451eh 510l AT, CWB (Chinese
Taipei), HMC (Russia), JMA (Japan), MSC CANCMS3 (Canada), MSC CANCM4
(Canada), NASA (USA), NCEP (USA), PNU (Korea), POAMA (Australia)®] & 97|
ndlg 7 Bl 1983 HE 2005W7FA1 9] 7]7to]| hindcastA=2E X335kl St
7} 7§ welo] EAJS Taple 50 Qoksto] AXSIT) = AtolA] ARRSE A RElEo)

OFAE ot o &HPH-S Simple Composite Method (SCM; Peng et al, 2002; Kang
et al. 2009; Lee et al, 2008, 2011, 2013a, b)7|¥Holt}. o]&3dt SCM7|H-LS 713
Q=35 Multimodel Ensemble (MME)7|H] 2] shipa a7l B o 2 &2 APCCO||A]
HAOR AL F01 of 2] WS F] oItk O B ATo|A] ALGSHE MMEL
SeM 7ME ofmjgit

Table 5 Descriptions of the nine dynamical seasonal prediction models used in this study.
Model Initialization Ens. Size  SST Specification
CWB Last 10 days(12Z) of previous month from

10 OPGSST 1.1 from CWB
(Chinese Taipei) NCEP Reanalysis version2 rom
HMC From 00hr 26 Mar. to 12hr 30Mar with ) )
. 10 Persisted anomalies
(Russial 12-hour step
JMA Predicted
BGM method (9 mermbers) and 5-day LAF 51 reciete
(Japan) (One-tier method)
MSC_CANCM Predicted
- : The CMC Global 4D-var analysis 10 redicie
(Canada) (OGCMA4)
MSC_CANCM4 Predicted
g The CMC Global 4D- lysi 10
(Canada) e oba var analysis (0GCMA)
NASA Predicted
MERRA lysi 9
(USA) reanalysis (MOMA)
Predicted
NCEP CFS data assimilation system each day at 20 (GDFL :\jOIIS/Ij lobal
oba
(USA) 00Z, 06Z, 12Z and 187 g
ocean model)
PNU NCEP/NCAR Reanalysis 2 in AGCM, OISST 5 Predicted
redicte
(Korea) data in OGCM
POAMA Nudging to the analyses from the Australian Predicted
, Community Climate and Earth System 30 (ACOM2 Ocean model
(Australia)

Simulator based on GFDL Mon2)
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2.1.4 M2| Xtz

Aot 5 (2008) Al Mol JFL A 1gasE Aol 27
718, ZHAANNL, oL £F, T4, ALgde] BRUSE, Hay

=
S, S, AeMYRT Mol enh wT H47120] 7183S S9ick 714
=

]

| S APIEA ARE AT 992 Uirol APHESRE B
2 ATLE glaA, Ao =R 919 Ayl 9T nAE 874 8
973ANE| 20147 A AHRE S Tt AT EA
EgJolE o]g3tel A £4317] o]l himl Fehe] BAE AFS W] o)
of, WA o|F £Ho| GolHES SAS FALZE || AE o] §5te] Holg
Hlo| 283t gIch, B0t Ask7]9] SAle] i) WA} o] Ml BHARE HAje A
% BAo|ng, AU Baol W/ I4RE B 1) A S AR
Wi o} WAZ1E S stel WS Adel U (AF, EEAYNL: 149F
271810l % 87 Aol s el BAUS BASE B LAe o3y BT

of &gttt (Figure 7).
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filo

d& , TAAHY A 19739 HE 2014A7FR] 2 V|20 2 F 3,7643]
9] HEV} P on, ol dER FEste] AR 1] of 8209137} LAYy
7P B 22 7150] AL, 992 &2 VIR F9t 13]9] Me|rt whlsiA 24
YR YERg o, 5do] 432 11 FE o|H (Figure 8a). 3Hd, &2 7|7 5
ot AN = 5 4,5528]9] A7k TAYAL, 124 955912 M7} 71w
o] TAIFlom, 1¢€o] 95332 HSEUrh, oM E oA v = 949
A 5o 24z 1519} 48] M7k AT Ao WEE I (Figure 8b).
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Figure 7 Location map of study sites used to analyze meteorological characteristics of frost
occurrence.
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Figure 8 Number of frost occurrence events at Suwon (a) and Chuncheon stations (b).
Table 6 Meteorological characteristics of frost occurrence at the study stations in spring.
TMIN  GMINTT  Dewpoint T_diff | RH_mean® RH_min'| Wind Cloud
Station  Statistic
T % ms' %
N 896 896 896 895 895 895| 8% 89
MIN -16.2 -23 216 3.7 25.1 80| 02 00
f::;n MAX | 118 47 09 432 978 960 60 1000
MEAN -2.6 =74 -3.7 13.9 60.9 315 1.6 369
STD 2.6 3.0 3.6 4.3 11.9 129 08 287
N 937 937 937 936 936 936 | 937 936
MIN -13.8 -16.1 -20.3 2.4 22.3 40| 02 00
Wonju MAX 8.8 4.1 10.4 40.6 94.3 820, 45 1000
MEAN -2.2 -5.0 -3.6 13.9 59.7 29.7 15 396
STD 3.0 3.0 4.1 4.3 11.8 137 07 301
N 792 792 792 792 792 7921 792 792
MIN -11.3 -15.7 -19.8 4.8 26.0 110/ 02 00
Suwon MAX 6.1 2.1 6.6 36 97.3 95.0| 55 100.0
MEAN -1.4 -6.7 -2.0 12.0 648 36.1 1.7 336
STD 2.6 32 35 39 12.0 1251 07 292




Station Statistic TMIN  GMINTT  Dewpoint T diff | RH_mean® RH_min'| Wind Cloud
T % ms' %

N 909 909 909 909 909 909 | 909 909

MIN -9.8 -14.8 -15.5 3.2 30.4 1.0 0.6 0.0

Seosan MAX 5.7 0.3 6.9 37.7 97.8 91.0 7.0 100.0
MEAN -2.0 -6.1 -2.0 12.5 67.5 37.1 23 358

STD 2.5 2.8 35 4.0 11.8 13.7 1.0 283

N 683 683 683 683 683 683 | 683 683

MIN -12 -17.4 -13.1 38 28.8 10.0 05 0.0

Cheongju  MAX 5.4 0.8 5.6 388 96.5 93.0 53 100.0
MEAN -1.6 -6.9 -3.0 13.3 60.7 31.9 19 358

STD 2.5 3.0 3.4 43 11.1 12.6 0.8 285

N 167 167 167 167 167 167 167 167

MIN -7.3 -13.4 -13.6 53 25.4 1.0 0.8 0.0

Daegu MAX 4.8 -0.4 b.4 42.4 86.8 72.0 58 100.0
MEAN 0.0 -4.9 -2.4 12.7 56.1 32.3 25 364

STD 2.2 2.5 3.4 4.7 12.1 12.5 0.9 300

N 510 510 510 509 509 509 | 510 509

MIN -10.1 -12.6 -12.2 2.9 32.3 6.0 05 0.0

Gwangju MAX 8.6 53 9.7 36.2 92.3 81.0 7.0 100.0
MEAN -04 -4.1 -2.3 12.1 61.4 33.7 21 358

STD 2.2 2.4 3.2 4.1 11.4 12.8 0.8 278

N 537 537 537 537 537 537 | 537 537

MIN -10.4 -14.1 -16.5 53 25.0 8.0 0.4 0.0

Jinju MAX 5.1 2.4 6.9 42.7 90.8 82.0 5.6 100.0
MEAN -2.2 -4.9 -2.8 15.9 56.5 26.6 1.7 299

STD 2.2 2.6 3.9 4.1 13.1 12.3 0.7 278

T Grass minimum temperature

¥ Difference between maximum [one day before frost occurrence day) and minimum (on frost

occurrence dayltemperatures

§ Mean relative humidity

9| Minimum relative humidity
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e=9 2}

bz o2 B RPN L Rae] Aeio] 2o BUHAES el o]
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o] 3% 9T}t (Kwon et al,, 2013; Nam et al,, 2012, Chmielewski and Kohn,
2000; Ozkan and Akcaoz, 2002; You et al, 2009). AJF2He Myl olua} Y4 Yoll2HE
of 3} PVpasste] BAS /e sE HWHAT ki Q7S Sd ot o)
(Ham et al,, 2011; Lee et al., 2004; Shin, 2013), 2= A9 u|g|e} A5+t
(2014)= H2l A 9 WS Z8ste] AR 93 vl 71daas
24 g vk i, 70005] 5 (009 ol FELEE| tfsio] W] o] 7}l
A ARESBEAL Q= SRS (Jung et al,, 2005)S €-8-510] Chill day H P} WSEE Y
I} vk Bl Qi) 2 Atk The Al 2 2o, 39} 499 Bl AR
51l Bapo} 7] olZsts HAROIA skt B s]9ko = slel, PROC REG
L2 A|A] (The SAS system for Windows, 9.2, SAS Institute Inc,, Cary, NC, USA)E
Apgste] o} wlY] elEnEE st

Y=a+bX (i=1, 2, 3, 4) ©)

oA7|A, Y=ai7], 19190 kel
a, b= EE 7%
X=3UB#7| 2
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X493t

Bpol WA BEA UL 1 ARE AT G Fe Aol E e
o] I (7= /\OJ/\])—OJ A2 E o]-&5lHt (Table 3). TAAHERS] 5, %
WA EEo] 1979WEE] 2008E7IA] & 27719] UY|7L BEE g on owEs
=1 FE 2011E7HA] F 31709 v ZIARE skl ok AV (&
ZAWUE: 19)8] NIARE BEARE BEoHo] Bl W] ASmLL A
3l o, waH3E (Leave—One—Out Cross Validation)< AA|SFATEH

222 Y0

e dl o ve 2T (Developmental Rate)o] ol 2S5 (Developmental
Stage) AAISHE O R, Lol oot AR Wi Aol 22t
gl (Behdani et al., 2008) oluf A4 d (Aono, 1993; Aono and Omoto,
1990; Omoto and Aono, 1989; Ono et al., 1988)0] Wo] ARE-EAT} S-44F &
Q1) e WEEERGS Bastel L= Puadele] wolr| S o|Z3t v} ek, 24
5 (201202 2ol W] dES ojet wsswe] A HaEed (6)3
8] () ALt ofel 4] (B)oM ()T} 28 Wa|4o} wa o]

N

3t © &2 De Wit et al. (1970)3} Horie and Nakagawa (1990)7} 1} 7317] o=
ofj Al ZE3FAH ol
DVI (N8t 3 25 7| 3Fo| A o] W& X 57 ) = DVER, 3)
DVIy (Z5A 2 N F-2] &5 A=) = NX DVR (4)
DVRA (EA L= N A& {5 )=1x N (5)
N'OM8t 2899 AF)=A+BxT (6)

DVRy (7= 1ol A5 &)= (4+Bx 1) (7)
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DVR (7% 7o) g b 2k & &5 ) = O P> D) (8)

pvs(ewi) = Y DVg, 9)
=1
7|14, N=7jz} 2e Y
T=AHAFLE (when T>5C)
A, B, C, D=A<

£ o)A NAAS (1990)7} AHGEE Ht= AF-257} 5C ol ujel

Foll 7lolste Ao2 sgick 91 4 (D ©)o] ABF7]0] 5T ol v A

71 st AN %2 EASH (FshAE, 1008 BotolEw) AFwIle

o] W71 mRE I O] MELY ghe Rl Aol Hek. olHa 4] (92

o] DVR ghe ABto] 100%0] wHshs A7]S ¥hi7]2 gatgict & Aol

L6l R0 Bl W] BEAHOIA 2 B FEU ST B2 sty
.

al Iﬂ_'}u 5 (Leave—One—Out Cross Validation)& @7\1’5}%‘:} et HeE e

4342 HEsl, ol BHEAAEE A}%M el AR AYARA
£ B0t w)] dlEe] BEAAS £ 4 QU ol ZdEs Aol 2
FolAhe o AR A 5Rgo] Hepol w7|E lato] wEsk 39 2698

7|20 2 k4Tt

N
mlm
_I[Nf

PROC REG X #ZA]A2} PROC NLIN ZZ2A|# (The SAS system for Windows,
9.2, SAS Institute Inc., Cary, NC, USA)7} Z}ZF Al (7)1} & A3 w8
T} A @3 T A% WREEWAL o] AFgEoch

2.2.3 &=XIgH

0

g JleR sl Wbl dZshs slde Wel AgEE welt
(Cesaraccio, 2004). 9& &9, Gilreath and Buchanan (1981)-2 Richardson et
al, <1974>ox AQEE “Utah” o] AZolLt Ao Jiglo] Yol ol g5 ek

ARk vE lek WASH7I AR 7] S ool whEbA], chilling and



forcing ¥ IA| £AFHEE (sequential dormancy model)¥} H3YEH T
(parallel dormancy model) &= Uss = Ut} =ARFHER S WARHO] S92t
FAlO g Ho] AlRMET L g o2 7PYSE Y (Sarvas, 1974; Cannell
and Smith, 1983; Hanninen, 1990; Linkosalo, 2000) o|®, H3YFHZFH- )43
FU1Z BATEA] A2 FHEe] Ak ek 7 (Hannien, 1997,
1990; Kramer, 1994) o|t},

olg] £AFEHE S = Cesaraccio et al,, (2004)7} AJA]3t Chilling and forcing
S ARgsto] o] Wolr|ef w7 & S5kt B dAARSe] FH7IZE
2 YT (rest)} S (quiescence) @ FE51% T} (Sarvas, 1974; Cannell
and Smith, 1983; Hanninen, 1990; Linkosalo, 2000). Sarvas (1974)+«= ZH=2] Aj
214 21 uiwo] FHshs 71 WARH (rest)olel AoJstar, WARHol s
Hl o= s zgo] AEASol AoA] gkot AhEol AlGsiA FHEAEE FAISkHE
= 2dFH(quiescence) 2t |53, o|2|Rt AEo] S Eluste IS
HAEst = go] A&y o] gt} (Sarvas, 1972, 1974; Fuchigami et al,, 1982;
Cannell and Smith, 1983; Fuchigami and Nee, 1987). Chilling and forcing % &
< ¥4 (COH 7 (C) Y Nde ARgste, wolr|E oSSt 2ot
(Figure 9), 242 (P9, FHAE)o] A28k (Crol o5 W7 a2 F+
HAEE FAISHL (WAFH3A, breaking rest), HA] A4t7k2eFel drigho] A
299 ot uff (2 F A, overcoming quiescence) HrolslA| Hr}, Hrol
S sk wi7kR] HA RS 3122 7 (heating requirement, Hg)2h F-Et} (Y
18] 20130), 2 QoM ALGIE WHE Figure 99 o] Yy FHo] ELbu 2ue

227} AAbo] B2 2 (heating accumulation), <AFFHEFEo|}t & 4= Qi)

2 @] We ALEREL Cesaraccio et al, (2004, 2005, 2006)©] A|A]gtF Chill
day WHG ofe] WAt} Aelo] 48] Yrh. oIS Sol, Farajzadeh, et al.
(201002 o]gke] ATLRe] Wolr|S o=t Chill day 2HE 243 it Qo
H, Fole X3 5 (2018b)2 7| FHASA 2] 2of wE Tt 73 73S
Ast= d Chill day 23S ARE-3H v QIth. Hur and Ahn (2014)2 SHIES] 7]
SRS ER Chill day 22 ARgste] Hgole} vijo] 7lghi]7] o] Hal=
ukh wh 9len], 1418] 5 (20130 S2luiete] Euloluel Chill day HHE 2
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ko =are o)) AEHo| Tuks AJHS 48t Zla,l2 | Cr| & (
A, LS ujel Hakste] AeQake] Aoizghat ol uf) wolr| & 2459
th Heol A9l yAIFHo Bk Ao B2 wilz] A7 AATes

FHAL, oS BHE P HZ APk

Cesaraccio et al., (2006)+= Cesaraccio et al., (2004)°]|X AA|et W=} 7}
2=F AAHA] (Chill day model in Table 7)2 7I|A15}¢] New chill day model (Table
8)2} Fraction—time model (Table 9)= AAIZH v} Qltt & Ao A= Fz=fa} 7}
L.7FS Cesaraccio et al., (2006)7} A|A|3t 37}A] W (Table 7 to 9)2 % AR
Shol ARISHTL, o} o §3ke] Ztzt Bl W] % BFS LS, New chil
day model?} Fraction—time model> o}2] Q-giufafo]| 2831 A7} Qle W,
et} Bapol i) 2ol L BEAS WA, B BEe W lAws} B

Nthol] S 28HA ARE= A aLgste] Wolr|eh w7 & B #Esto] I
A727F e o ZEe] A 9 2 (WA, training period)of] ARE-SEAL, T
A719E Q= sie] Atme Rdo] A5 (WSHAH, validation period)ol] 2-83hitt.
A& 501, ¢ J4 85, AHAFF] W7 Ame F 270 A, o] A

= 17700t} FB8EFY A, Wo|et wl7] WS 242t 18719} 317l & et
Wk WA A Y] A EAEEe] B 170 Aunm 2 i 9 2SS
A, WA 107 AlR R 2US HSeHnh EESY Be 29 i 9 2A
187) RS AgERL mH Aol 137e] ARE AMEYch

(¢}
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Figure 9 Conceptual diagram of chill (Cq) and anti-chill (Cs) accumulation to blooming date. Cq:

Chill days, Cg: Chilling requirement, Cs: anti-chill days, Hg: Heating requirement (Adapted from
“Improvement of chilling and forcing model to predict bud-burst,” by Cesaraccio et al., 2006).

Table 7 Equations for the five cases of Chill day Model (Adapted from “Improvement of chilling
and forcing model to predict bud-burst,” by Cesaraccio et al., 2006).

Cases Chill days Anti-chill days
0<T,.<T,<T, C,=0 C =Ty~ Te
(T»_T(*)2 (T _T(*)2
0<7T, <T,<T, o 7C — e T
st Ge-|men | as g
O<T‘71ST1£T(' Cd (TA[ j—;L) Ca:()
T2
7. <057 < T, = u C =0
0=t G [y “
T’ (T, - T,)? (1, —1T,)*
7 <0T7T,<T = — r — r = r &
' 1§ S AR TC S “= a0z,

Te: Threshold temperature, T,: Minimum temperature, Ty: Maximum temperature,
T (Te+To)/2, Cy: Chill days, Cg: Chilling requirement, C,: anti-chill days
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Table 8 Equations for the five cases of New Chill day Model (Adapted from “Improvement of
chilling and forcing model to predict bud-burst,” by Cesaraccio et al., 2006).

Cases Chill days Anti-chill days
OSTchTLSTz Od:O QI,:T]V[_TC
(T, — T,.)° (T, — To)
0<7,<T,<T, —_n T R bt Al %
¢ “= 5,1 a1
OSZLSE:STC Cd:T]I/[_T:: C{LZO
T2
T, <0<7T,<T = )= C,=0
(T, — T,) T? (T, — T,)*
T, <0< T,<T, — " _ n — e o
¢ “Tar 1) 2T,-1) T 2T -1

Te: Threshold temperature, T,: Minimum temperature, Ty: Maximum temperature,
Tw: (T#To)/2, Cy: Chill days, Cg: Chilling requirement, C,: anti-chill days

Table 9 Equations for the five cases of Fraction-Time Model (Adapted from “Improvement of
chilling and forcing model to predict bud-burst,” by Cesaraccio et al., 2006).

Cases Chill days Anti-chill days
0<T,<T,<T, ;=0 c,=1
(T,—T,) T,—Tc
<7 <T.<T == 7 =2 =
e A “~ 77,
0<7T,<T,<T, c=—1 C, =0
T,
T,<0<7T, <T, Cdsz_lT C,=0
T <0< T <T C Te o LTe
o e 1T, © I,

Te: Threshold temperature, T,: Minimum temperature, Ty: Maximum temperature,
Tu: (Te+To)/2, Cy: Chill days, Cg: Chilling requirement, C,: anti-chill days
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2.3.1 EAEARSAH
3 FARFRES 71WE thg A(10)T 2 PHOE Kim et

(9
al. (2004)°] A|¢Iet o=

Analysis, SDVA) A A R W3
o

rE

(Singular Value Decomposition
X (Empirical Orthogonal Function
TS She 7otk APCCoOlA= 7

= 1
Analysis, EOFA)E 7|Hlo & EAAO 7
T2 (2015)0] W AAMY dSof S-g5te] FHwokel 1 A8AdE HESE v Sl

B(a*.t) = Yj0,85(t)R, (x%) (10)

oA7VA, Bk =37k 2%} AZE ol 9] X|oJ71Fo] et S
SW=FF 5 1Ael) e SVDELES] A|ZHAS:
Rc?)=A12471 0] o050k 1|25 5 S uid] o
Zof ARAIGARe] o] FEAF el
o, =) SVDELES] AZHASTEe] AaAl

Al io] of SHaprof gk EOFA S SVDAS] 45 Fdfl Abge &= Qleh #A
EOFAE F3l| &5l siddhz =S AlASHL, SVDAS #|gsto] AR es F53
ojFA| FE7 A BTt WA RFE] FoP ATl X o5t FazAto]d]
WS FRITh ofeiRt AYS v R FAFRY| SRR At &S
S AIZSH "t ol2fdt Y#do] IS Figure 100]] AASHICE 2 A-tollx] ARG
AXFEZL 7IHS A7) & 714 (1997)0l|4 K} AA3] 7)< 5] o] Qi)

r2 ot
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w2 AolM= € APCC MME ARARE ¢&HE 67 8 Feof 7] ¥

R |
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3, U8 V| eARE 7} 67 2

’

(Anomaly) 9} Blalste] #-8/d2 B7IokRiT. E
SoF W7 HSAHER SAA PS4kl

gt dEARE AYshs Ueke A8kt APCC MME AdARS 48T
Hool uhrf7] o2 w7} 67 8 Epol ubf7] BEA MY b 9435 md)
& ARSI ol FARFR SRl 7 67 FRAT TPE7IRE ASOS &
oA E ASARE F48l= AL 13 Aolth, &3, A= 7|7o] vluE Fh2

717he PR ASEHE PR O R ARTIZ0] 21 AL 5T HES Shct,

IR A 7] (weather generator)S

o=

i)

Station-scale Regional scale
X% D) Y(x o)

EOF analysis

——>  SVD analysis

N /

S T (0 | ' 1 A @

Transfer function: (x*,t) = Y a; Y;(t)R;(x*)
a; = cor (T, Y))
R;(x") = Projection of T; into X

Figure 10  Schematic of the extraction of the coupled mode between large scale predictor and
station scale predictand. (Adapted from “Development of regional long-range forecast technology for
operational use,” KMA, 2012).



2.3.2 MMM 7| (Weather generator)

2 Aol ARt ol wf7] ofE Hd 5 2T 2Almet 87 2AR AN TR
HEEARDS Aot HesERFol LAFURTS AW eARI} ASH
o} TElub APCC MME A@AlRE 98 BAYRE ARE) g, BHoR
A EAA TSk (f5) 20 Wadmar of), Ao YRS

=y FEEsdjof dth, oleje AARE QuARS} slo] Agels W]

IR A 7] (Weather generator)S AREdl= HMHS oA F2 ALV =

sttt o]gjst YA 7= TA B4E] IRAIA Y] (parametric weather generator),

H

ofy

H 25 GRAPA7] (non—parametric weather generator), £3Hs SRAIA7]
(hybrid or semi—parametric weather generator)® U= 4= ¢t} (Srivastav and
Simonovic, 2015), X242 IR AYA 7| 2= WGEN (Craigmile and Guttorp, 2011),
WGENK (Kuchar, 20014), generalization of Richardson ‘WGEN’ approach (Wilks,
1999), GEM, (Hanson and Johnson, 1998), multivariate autoregressive model
(Hundecha and Bardossy, 2008), SIMMETEO (Elshamy et al., 2006), and AAFC-WG
(Qian et al., 2004)5°] Qith H|ELZAH IRYA 7| 2= KnnCAD V1 (Sharif and
Burn, 2007), KNNCAD V2 (Prodanovic and Simonovic, 2008), and k—nearest
neighbors (k—NN) (Buishand and Brandsma, 2001; Rajagopalan and Lall, 1999)
52 5 5 oy, &3ts IRAYA7|ZE LARS-WG (Wilby and Dawson, 2007),
SDSM  (Semenov and Barrow, 2002), Markov chain based k—NN model
(Apipattanavis et al., 2007) o] We] AgEl Bgolth, m4d WAl
D571 AR} ATEES T2k ol BUER), i T Rae) R
o] 174 uHEs1A] Takiz 202 kel Sl vhelo] ulEA WA BEs)
= Yoluh ARE AE) ZalAu A7 AT S
(Srivastav and Simonovic, 2015), &3+s IR AYA]7]
4= LARS-WGH SDSM2] A9~ SR & HaF Aok 4o
)t (Semenov, 2008).

Euro—Mediterranean Center on Climate Change (CMCC)©J|A4]+= bottom—up
procedure® #83to] 3749 AQNEARE Ud W AZHE A4 7| exwst 2

Q3 S| of &85l @It} (Vezzoli et al,, 2013), Bottom—up procedure~= T2
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20 49 o|2olA ik
1 SHAR7IE olgstel olel AW B4 AAD WA
2. AT 7% NAGDS ARARY AZEAAUL sAYARR F5

3. GNRAG7IREY 7 St AR T LA LN A-AR FARE A=

XA (global criteria)

4, 3¥lolA AR A F 2 AER T ol AFGSARS] 80%0]/4<l
A2E ZZE A4 (local criteria)

H oTLof| A= CMCC7} ARS8t bottom—up procedure®} F-AFSE B2 2831
t} HA] Maximum Entropy Bootstrap Weather Generator (MEBWG)S ©]-83}
20 Sool W] BEAWER AL, VAL, AT LS 7 A
B277he wEisie] AASIAT) 7 7] AARS Yus Z6E T, APCC MME
AR 2R Y 2t AdHE SAYCR R4 T 7| 2ARS}; AR AAES

Aatieh. webA o]FA AEE A VAR E dEHE SRS W A =
Sasto] oS53 Al V] RA R} /\}OM] ok, AdE 4 AR HEA L
2 ZF ol T7] oS ol ez AREET, Figure 112 & AFtoll A A
43 MEBWGO] jgf4Ql 5 5= (flow chart)©]t}, MEBWGE AAZgoz
22152 (B A= dd 7| 2A57)E A H3 (Orthogonal transformation)d}

2

11, ©]& R software package MEboot package (Vinod and L'opez—de—Lacalle,
2009)E o]-83}o] replicatesS AJASI) blx|2to 2 o]E replicatesS IHIH
(inverse transformation)sto] QA= L} FUSH FHEef=Z WHESl= XA 5 2
A 3EAZR U= 4= 9t} MEBWGE maximum entropy bootstrap (MEB)E ©]-&
Sl IEAR S AF-FEA 20} 7| FAAY EAS FEeWAL, AugrHe
ofg] Ao} 4 71 e S AdedS F=3H "ok Srivastav and
Simonovic (2014)+= maximum entropy bootstrapping= &-835to] thEX|d 2 A
SRR TR Ry

MEBWG GAA/d7]= o8 ARE Ua71ARE 4 A 9 2 71 A=

=~
AT G =S ST Aol itk olefdh Al Ehe AuAe fAsE



B ofyel dEARe] HE FAA SAS E FAAAEH (Srivastav and
Simonovie, 2015), whebA] & A-tollA= 2 6709 Egof 7] ISP e
ozl 8 ISAH S| FH ASOSHUSAHY] S st 7} 71dAk=zt
o] S P SHES Sh7]9fsl Table 103 2ol 7137 (7147, 2012)9l4 &
o SE s 107 BYLo & Yol A MEBWGE H&sloitt. o8 S0 Al 189
M= o (FEAAHE HYUSAH Y] A9, A& (FFBSAH 108), AA (&
FUHSAA 112), A8 (BEBSAA 201), 48 (FEBSAH 202), o (2T
A3 203) 52 Al 1AW th2 ASOS #EA| o] S efste] 714
B7F BQE, o] FRbE A 6001719 ASOSHSAI | MEBWGE 58 7

T e asy AT S Alofo] & The S LERt 2ot

1

o

Multisite, Multivariate Weather Variables — foeas )[ Spatially and ]\
(Precipitation, Tmase, Trnin, Trmean, and Sunshine hours) temporally correlated
M — Observations, N - Variables 3
5
8
- Spatial correlation is §
[ Qrthogonal transformation } ------ ramavad S
Loadings Factors (MxN) Scores.?Prl'm):ipaI components | Tem[aoral\y correlated
: ' i (MxNj) Spatially uncorrelated <
[ First principal componant (Mx1) ] Remaining
componant
i (Mx (N-1}}
Maximum Entropy Bootstrap =
Generate 'R synthetic replicates o
(MFx1) > 8
2
Summary statistics
Craates 'R synthetic scores/principal components | . > a”q,tem.po"?'
(MRXN carrelation is
captured in
\_transformed domain y -
o
( Inverse orthogonal transformaticn ) (" Synthetic data are ) z
generated preserving 3
mean, standard 0
[ Simulated/Synthetic ‘R’ weather variables (MFxN) ]> dleviation and 2
\_dependence structure

Figure 11 Schematic of Maximum Entropy Bootstrap Weather Generator (Adapted from “Muti-site
multivariate weather generator using maximum entropy bootstrap,” by Srivastav and Simonovic, 2015).
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Table 10 Local areas and stations belonging to 10 regions in Korea (Adapted from “Development
of regional long-range forecasts technology for operational use,” KMA, 2012).

. ) Number of
Region Local Station .
station
: Seoul, Incheon,  Seoul(108), Incheon(112), Suwon(119), Ganghwa(201), s
Gyeonggi Yangpyeong(202), Icheon(203)
2 5 v Chuncheon(101), Wonju(114), Inje(211), A
angwon Yeongseo
9 9 Hongcheon(212)
3 Gangwon Yeongdong  Sokcho(90), Daegwanryeong(100), Gangneung(105) 3
A Dac ch Seosan(129), Daejeon(133), Cheonan(232), s
aejeon, Chungnam
Jeon. g Boryeong(235), Buyeo(236), Geumsan(238)
5 Chungbuk Chungju(127), Cheongju(131), Jecheon(221), 5

Boeun(226), Chupungryeong(135)
Gwangju(156), Mokpo(165), Yeosu(168), Wando(170),

6 Gwangju, Jeonnam Suncheon(256), Jangheung(260), Haenam(261), 8
Goheung(262)

7 Jeonbuk Gunsan(140), Jeonju(146), Buan(243), Imsil(244), 4
Jeongeup(245), Namwon(247)

Ulsan(152), Busan(159), Tongyeong(162), Jinju(192),
Busan, Ulsan, .
8 Gveonanam Geochang(284), Hapcheon(285), Milyang(288), 10
yeon Sancheongl289), Geojel294), Namhael295)

ULjin(130), Pohang(138), Daegu(143), Yeongju(272),

9 Daegu, Gyeongbuk  Mungyeong(273), Yeongdeok(277), Uiseong(278), 9
Gumi(279), Yeongcheon(281)
10 Jeju Jeju(184), Seongsan(188), Seogwipo(189) 3
24 B3 M2l oSN
B LAels AR A5 e /% Fitk 53] Baole] A9 skl
3

2 TRk o] Holold kAlele Y-S nkE o Acky ¥ 4 o,
ofof & AFollA= wE (3¢, 44, 58l TAsh= A AL vhE ez A
2] dAdol tiet E4RAS 7= sho] XA 3] (Logistic regression) ¥}
A EE] (Decision tree) 7|WH2 283t A2] AAFL dSnds 7dsial
o &AL HrlstAt), et o) & dle Leave—One—Out Cross Validation”|tH2

2 @ARFE ANSI BES Baot WAy BEAA (o] A AL ZY

N ofl




A T AR Bl w7 SAag wiEshs U
2 EYHA 5 87 Aol thah Sastoic, A (2008)0] 42
o] G XL AALR AN AIYFAL] AL, 24HA7)E

o B, B4, MUERULS HRNGE, HANGGE, £, ALY

A Har)ea dldd A7) 7)eAE ARkt

TEAHHS 114)
oF 5 (

2.4.1 2X|AE! 3|7 (Logistic Regression)

logit [w(z;)] = a+B'x; (11)

TR ol mA|AE Iymdz Aol it EEd|H(probability
forecast) & A3k 7} AR5 UEtl= 0 12 oS 71 Ses

P(y=0)=1-P(Y=1) (12)
exp(a,+8'z;)
P(Y=1)= 1+exp(a,+8'z,;) (13)
A(12)2 ‘AEAEEA] ¢h5'o] E EEo|al 4|(13)2 z, 7 A Y FEo|t),

T A2 B F 2 ghoR FANE Tut

Al (13)oA ay + B x; & ZF A (A, «p, B7)= HYOF 5 (2008)9] A+
ulero = 3 Aelaele] SRS Bkl 71 pelo] 22 87 WMAg o
st om, R AZEQ o] u7]|%]9] UulstAd 2 E (Generalized Linear Model) A}
sto] (R iEETlM 3417]1]94 glm() k) BAAE I AHRAS a5k A1
Pl 7] 4 S Aol A SIS 44 0 % 2 % 2
) el shetotol, A FA Ro442 0 7% 21

0.
e USRS S Aot WHOE BE EYusEe] fO5F 0 o5o1w

>

op oo it

&O
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=

O3 wbH) Este] S,

2.4.2 OAFEXER| (Decision Tree)

U2 WE EAAE olg3to] ANAYEY YL SAsAT. WU

AN
oA Q) ol WhgHSe] 2 o] e HlEo] 7| Zste] Felz Uojupn

2 AFoAs AERY X(entropy index)E ZE|7|ELR AMGSIATH

’

E = —j;(nﬂ/n++)1og2<n+j/n++> (14)
By = = B,/ m oo /) 15)
Eyp = _jil(nzj/n’_)+)10g2(n2j/n2+) (16)
Ep = F— (ns/nes) X By — (nys [nas) % Ep (17

7|4 B Bwubtle] AERT] A%, B2 9% vitle] AER] A%, Bl
©2% nir|o] AERZS] A5, B, AERZT] 2|50 Fagolrh, pAHER mEL

3t Sy
= & Ao A4 gEs sk, F4A S A7t He HEE dlE

243 B
o] M= oS AYE vlauste] 4 HYe HF ASnFoR Albstaat sk
o 9IS 2ike 2X2 £E3F (Table 1DZ RORF & o5/ H715(skill score)
=l

ol AE=8(Hit Rate, HR), B A|2+&(Probability of Detection, POD), 3|97 11&
(False Alarm Rate, FAR)S Fo}o] v w3}t

A+ D
HR = G5 (18)



A
POD =~ (19)
B
FAR = — 5 (20)
itz oz A7} Y sH= H9-9F “RHASIA| S0 F VMR BE A Qof

g

o:

WOt £ el SmPolet & 4 Gk ek At A 390 wst 2
SIS Y AR A0 WY A0S B FaAsH] B AelUs 3
WY 979 Mol 27 uiol QAL AYSLXIepE ol ek o Mt 7
RO S RS, WA olS5hA e 2 247k 9 P s
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Table 11 Two-dimensional (2x2) contingency table.
Forecast
Observation Total
No frost Frost occurrence
No frost ) D ) 8 B+D
(negative correction) (false alarm)
Frost occurrence C (miss) A (hit) A+C
Total C+D A+ B A+B+C+D

R AN et 22875 R} A A= EEL Leave-One—Out
Cross Validation”| ¥ H&3to] MAES Sasileh, mASe] date ¢
Table 119] 2x2 BE&T g QoFslo] HEES (HR), &85 (POD), 3YA1E
(FAR'S 73131, QAR AME 499} ulwste] mago] QS Tastlrt
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Table 12 Fitted parameters of the prediction models of the full
multi-linear regression model

blooming dates using a

Station Cultivar Adjusted R*  Intercept by T b, b8 b,]
Cheonhong 0.6 147.70 -2.825 -0.820 -0.3% -0.637
Chuncheon
Yourmyeong 0.73 148.52 -2.593 -0.886 -0.640 -0.439
Changbang- josaeng 0.38 139.29 -1.132  -0.476 -0.844 -0.585
Suwon Cheonhong -0.07 174.66 -2.856 -1.832 -1.505 -0.946
Youmyeong 0.64 146.17 -1.458  -0.674 -1.157 -0.440
Cheonhong 0.91 177.75 -4738 -0.818 -1.895 -0.332
Cheongju
Youmyeong 0.95 171.35 -1.298 -1.255 -2.196 -0.691
Cheonhong -0.06 104.81 -2.296 0453  0.099 0.467
5 Youmyeong 0.02 125.39 -1.987 -0.696 -0.401  0.609
aegu
E Cheonhong -0.34 119.61 -2.048 -0.175 -0.112  0.302
Cheonjungdo 0.4 139.81 -2.938 0.027 -0.651 -0.184
‘ Janghowon 0.85 232.22 -8503 -3.863 -0.377 -1.414
Gwangju
Youmyeong 0.27 111.44 -2.332 -0431 -0324 1.084
Jin Cheonhong 0.28 147.75 -4.473  -1.924  0.016 0375
inju
: Youmyeong -0.18 110.29 -1.396 0233 -1.072 0912
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Figure 12 Observed and predicted full blooming dates for Youmyeong (a) and Chagbanjosaeng
(b) at the Suwon site. Obs: observed full blooming dates, Pred: predicted ful blooming dates, and
CV: results form the Leave-One-Out cross validation.
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Table 13 Number of days higher than 57T (req_NJ, Average air temperature when daily
temperature is higher than 5¢C from Jan. 30 to full blooming dates (Tmean), and number of
observations (NJ.

Station Cultivar Variable Observation MIN  MAX MEAN STD
req_N 10 33 44 391 3.4
Cheonhong
Tmean 10 89 103 9.6 05
Chuncheon
req_N 17 33 45 391 4.2
Youmyeong
Tmean 17 84 M2 9.7 0.7
req_N 27 23 48 379 62
Changbang- josaeng
Tmean 27 80 106 9.3 0.7
req_N 9 28 47 382 59
Suwon Cheonhong
Tmean 9 8.7 9.9 9.4 0.4
req_N 31 24 47 395 5.4
Youmyeong
Tmean 31 86 14 9.5 0.7
req_N 6 37 48 422 44
Cheonhong
Tmean 6 9.4 109 9.9 0.6
Cheongju
req_N 6 36 52 443 6.0
Youmyeong
Tmean 6 9.7 107 9.9 0.4
req_N 12 35 48 408 4.0
Cheonhong
Tmean 12 9.0 113 101 0.6
req_N 10 39 49 445 3.7
Youmyeong
Tmean 10 9.4 118 104 0.7
Daegu
req_N 9 38 49 443 35
Cheonhong
Tmean 9 93 116 102 0.6
req_N 11 37 50 439 4.2
Cheonjungdo
Tmean M 9.6 114 102 05
req_N 6 35 40 375 1.9
Janghowon
Tmean 6 9.0 108 9.8 0.6
Gwangju
req_N 7 35 43 379 2.6
Youmyeong
Tmean 7 9.0 108 9.7 0.6
req_N 8 31 42 361 3.4
Cheonhong
Tmean 8 8.6 9.8 9.1 0.4
Jinju
req_N 9 36 49 401 4.3
Youmyeong
Tmean 9 83 100 9.1 05




Table 14 Fitted coefficients (A and B) in Eq. (7) and Adjusted R?

3. A

ZAnt 2 g9 | 4]

Station Cultivar A B Adjusted R?
Cheonhong 0.0102 0.0016 0.0235
Chuncheon
Youmyeong 0.0024 0.0024 0.3681
Changbang- josaeng -0.0041 0.0033 0.1702
Suwon Cheonhong -0.0213 0.0051 0.0771
Youmyeong -0.0098 0.0038 0.3133
Cheonhong 0.0046 0.0020 0.0023
Cheongju
Youmyeong -0.0401 0.0063 0.3850
Cheonhong 0.0294 -0.0005 -0.0843
Youmyeong 0.0051 0.0017 0.2399
Daegu
Cheonhong 0.0082 0.0014 0.0998
Cheonjungdo -0.0081 0.0030 0.3453
) Janghowon 0.0127 0.0014 0.2565
Gwangju
Youmyeong 0.0153 0.0012 -0.0131
S Cheonhong 0.0211 0.0007 -0.1492
inju
Youmyeong 0.0193 0.0006 -0.1227
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Table 15 Fitted coefficients (C and D) in Eq. (8) and 95% Confidence limits.
STN Cultivar 95ClI 95Cl  95CI 95Cl| gnieance
Est. f level
LLY ULS LL UL
Cheonhong -0.004 0014 0032 -0.070 0062 0.19 ok
Chuncheon
Youmyeong 0.004 0010 0.017 0033 0093 015 o
Changbang- josaeng  0.001 0008 0016 0.029 0127 0.226 ok
Suwon Cheonhong -0.010 0004 0019 -0.165 0.194  0.553 o
Youmyeong 0.002 0007 0.012 0067 0138 0210 ok
Cheonhong -0.013 0017 0035 -0.140 0.077 0295 o
Cheongju
Youmyeong -0.004 0002 0007 -0.070 0261 0.591 ok
Cheonhong -0.003 0030 0064 -0.129 -0.020 0.090 ok
5 Youmyeong 0.001 0010 0.019 -0.007 0077 0.160 ok
aegu
: Cheonhong -0.001 0012 0.024 -0.037 0065 0.168 ok
Cheonjungdo -0.001 0006 0013 0018 0129 0239 ok
_ Janghowon 0002 0016 0030 -0.037 0053 0.142 o
Gwangju
Youmyeong -0.002 0017 0037 -0.071 0043 0.158 ok
Jin Cheonhong -0.021 0022 0064 -0.187 0.029 0244 o
inju
: Youmyeong -0.011 0020 0050 -0.143 0.028 0.198 ok

T 95% Confidence interval lower limit
F Estimate
§ 95% Confidence interval upper limit
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Figure 15  Estimated coefficients for Eq. (8] at the Suwon site: the coefficients C (a) and D (b)
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Observed Full Blooming Dates in Julian days
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Table 16 Goodness-of-fit measures for the DVR models for the full blooming dates against
observed full blooming dates.

Station Cultivar MAPE (%] R? RMSE (day)

Cheonhong 1.79 0.67 2.28

Chuncheon 1.77 0.75 2.46
Youmyeong 1.76 0.78 2.57
Changbang- josaeng  3.35 0.43 4.62

Suwon Cheonhong 3.37 3.06 0.45 0.63 4.88 4.33
Youmyeong 2.72 0.65 3.87
Cheonhong 2.50 0.74 3.32

Cheongju 3.85 0.54 5.04
Youmyeong 5.20 0.68 6.31
Cheonhong 3.22 0.27 413
Youmyeong 2.0 0.56 2.55

Daegu 2.47 0.50 3.18
Cheonhong 1.93 0.63 2.26
Cheonjungdo 2.5 0.64 3.15
) Janghowon 0.50 0.96 091

Gwangju 0.76 0.89 1.41
Youmyeong 0.99 0.83 1.73
Cheonhong 2.51 0.60 3.08

Jinju 2.78 0.48 3.40
Youmyeong 3.02 0.25 3.65

Entire set 2.58 0.75 3.65

3.1.3 =XlgHEY

Cosaraccio et al., (20062 TF2ET} 5o ofal <AFARGL] U
Chilling and forcing &2 Chill day model®} ¢]& 7413t New chill day model
I} Fraction—time model-& A|¢tstal A-231 v} Itk E - Lof| A= Cesaraccio et
al., (2006)dl A|AIRt 37HA] S Epof W7|E ol Ssh=t 4835k 1 o5
S Hrslgth 3714 B& = Fraction—time model2 7|52 % (To)2t A%
(C) 9 Fho] TAE Frarste] 3t #9] (5=Tc=<10, —70=Cp=-150) WA |2k
2 514 Fokitt, uebA Fraction—time model $-2juel E5oF W7] o=
of Zggol G Ao MEstel, 7 A W EFE BEY B0l W] S
@ Jiolebs & Ao FAof AdshA] ol & ATtoll A AlJstiet. ol=tt 4
I}= Cesaraccio et al, (2006)2] ZAylo]| A= Fraction—time model?] of|&Ajo| ¢
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At 7|2 E (To), A28 % (Cr), L2875 (Hp)> 212} Table 172} Table 18

o Kofste] A ASFAT.

Chill day 23T} New chill day 2&S 28slo] =243} 7|22 (T,), AeQ
T (Cr), AL287%= (He)= New chill day Egof o3t 4gke] Hel7} A=
ZRQkth, Chill day R3Ol oI5t 7|22 % (To)9] F42|= 5CelA 9T AA%U=
BHH, New chill day 2o 25t 7|22 % (To) 9] F42|= 5Coflx] TCALo] 9] Zho]
ek AL2FE (Cr)2] 4 Chill day EFo| ~1480|4 ~T1Ab]9] Fha H AL,
New chill day X% -1400]4] ~75AF0] 9] gl Kol T HeJ7f thas Al a1ga
% (Hp)= Chill day 283} New chill day 2&o] Z+zF 134,004 277,49} 153.4
oA 272.12] HLIE H Yt} Hur and Ahn (2014)2 E==o} 7|&}7] o= Chill
day &L AL\ A 7|FLE (T 5C, ALQTE (Cpi —99, IR % (Hy)
+ 183,32 34T} qlon, & A+e] Aute] A e ol = dhel ]tk
A2 Hur and Ahn (2014) 9] 1= Y0717} obd 7|3}7] 9] S5 A+E 12+
T (Ho)w= Y7100 vlsf o]E2| oz 22 g5 yehdt), o] o] o SX]of ot
RMSE”7} Z|tf| 8,67 day® New chill day =& 2] ZAupr} 2t 7.12 daygkS H<Ql
Chill day =Rt tha kot meallZed7]7} (training period, & dLofA:
ol7] HESARTE e 7IXb oA 91719 RMSE= 3.89 day®?t 3.96 day= New
chill day 2%0| thar of|&2o] &2 2102 Yyt HE 9] H57|1t (validation
period) oA TE77]9] RMSE&= F R0 A= Hlstt g3 E3ioh

o|e} Zo] AT 7|E 2% (To), A28 % (Cp), AL2QT%E (Hp) 2 FE Chill
day 28 (Figure 20)3} New chill day 23 (Figure 21)¢f A-83}o] 7} 67)] =X
A9 EFFE ool W7 dlSste] w53kt vluskqleh, Chill day 231} New
chill day ©&8-S MAPE, R?, RMSE®] H7[A|BE 383} H7}8}At} (Table 19
and Table 20). Chill day =& 2] % A HEAHoA GFHEFo] A}
HlEgo] oF 1 229%2 7P 2FS 7hS BN, Hx BEA| o] MG EFo] oF 3.49%
B 7P & A5 Hlth New chill day 239 o= H= #ASAF A 9
FE AT BoA A Ego] Z17f oF 1.30%2} 3.18%% F| x|} 2|t
A5 Bk, A FF0 4 glo] AAIA Rl IS A= et HF A AR
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22 v W3S W, Chill day 23] 2.31%, New chill day 2 &0] 2.19%% New
chill day H&o] thh Yo Ox7ke HYrh o= X4gRA] vhedr ny
(Figure 19)< °o| &3 W], Bt At AP Ea 2. 58%5 T 22 gre g2 AA|Ho=
New chill day 2% 2] o540l 7F¢ Hold 22 Uelth tE B7HA#ollA =
Qe T W HTE Chill day® g o]y New chill day o] A2 3t oz
et F50 A Y9e RS gl AAAFE et BER| oA = RV W
2% O] 0, 75K} Chill day E&o|A 0,792 thah 7fAE Q3L New chill day
HPolM= 0.822 7 3t A yERlH ol gt dak= %18 5 (2009)
o] Hwol Fo U FFof ol olHEG, YK=Y, Chill dayr = o]-8-5F
of N7 & dl&star 7F 2E o] AE gk ¢tof|lA| Chill day® o] 7 9=
3 Ao g Hdlh Axke}l v|=3t Auto|t}t of7| A, 723 £ (2009)-2 New chill
day B HEoH e Agfolrt

Y BSA RN F8EE (Figure 19¢) 9] -5 A ohpa] WssE nEgo|
= %711711%1:} AdEA o & o] & Al7|of] RN AL o §5k= S E =T, Chill
day ® %I} New chill day ®3 9] Auto|x= 54 ZdgFo] UehA] galeh. whabA]
9o} 7o We&w W Chill day 2&, New chill day 2§29 ZA1}E Higo
New chill day X& 9] A7} tha Hoﬂ Joerz APCC MME Al&A#EE New
chill day 2ol 2830}, APCC MME A=A 0] Bgot vhl7] o Zof A84e
Bk 28y o ARTe oEA A=A R0 A= Chill day 2E 3 New
chill day &9 H7IX| 37} WEE B9 H7IR| T tha W2 AIE 2
th, olE3t A= i HSAIR (143)0|A4 WSS B 7], 272, d2A
7]&0] thE AFETE 3HoA 5H7MA 9] Hatgho] tha #Qkal, Chill dayX g
New chill dayZgollA AREE= d&|A|7]20] thar o}, To, Ced 74 ¢ tha
Q27F 7] wjE2l Ao 2 HAFECT} (Table 17 and Table 18), &% X% o7 vF
o7l & W71 E WSSt WS ARTE ST, 728490 thE e
58 18T 4 QuE 1 Ao @3 HL} T 4 QAT
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Table 17 Estimated Threshold temperature (TJ, Chilling requirement (Cg), and Heating
requirement (Hg) for the Chill day model.

Station Cultivar  N.BBD N FBD T Cr RMSE BBD Hz RMSE Tr RMSE_Vd

Cheonhong 10 10 50 -100 6.11 2640 250 N/A
Chuncheon
Youmyeong 14 17 50 -110 7.28 2450 325 2.88
Changbang-
: 17 27 50 -107 6.06 2329 302 5.55
josaeng
S
YN Cheonhong 18 31 50 -107 596 2401 265 46k
Youmyeong 9 9 60 -73 4.24 180.2 2.30 N/A
Cheonhong 6 6 50 -133 2.04 2618 245 N/A
Cheongju
Youmyeong 6 6 70 -95 2.08 199.2 1.73 N/A
Cheonhong 7 12 51 -127 712 2757 3.96 5.94
Youmyeong 5 10 90 -73 3.63 1372 481 2.50
Daegu
Cheonhong 5 9 9.0 -73 3.63 1340 421 1.1
Cheonjungdo 8 1 52 -130 5.68 2774 1.96 1.29
. Janghowon b 6 80 -71 2.42 1496  3.08 N/A
Gwangju
Youmyeong 7 7 80 -74 3.00 150.0 2.30 N/A
Jin Cheonhong 8 8 60 -123 5.42 2157 224 N/A
inju
Youmyeong 9 9 51 -148 4.52 2110 325 N/A
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Table 18 Estimated Threshold temperature (TJ, Chilling requirement (Cg), and Heating
requirement (Hg) for the New chill days model.

Station Cultivar  N.BBD N_FBD T Ckz RMSE BBD Hz RMSE Tr RMSE_Vd

Cheonhong 10 10 50 -82 5.05 2313 197 N/A
Chuncheon
Youmyeong 14 17 52 -9 5.59 2285 271 2.08
Changbang-
. 17 27 6.0 -81 5.75 186.6  2.54 6.00
josaeng
S
MM Cheonhong 18 31 59 81 589 1963 241 364
Youmyeong 9 9 50 -93 4.91 2102 3.00 N/A
Cheonhong 6 6 70 -8 1.58 1762 216 N/A
Cheongju
Youmyeong 6 6 70 -87 2.12 186.1 2.24 N/A
Cheonhong 7 12 50 -131 8.67 2622 436 5.29
Youmyeong 5 10 50 -140 419 2721 374 3.06
Daegu Cheonhong 5 9 50 -140 419 2665 3.89 2.59
Cheonjungd 4 1M 53 131 674 2632 190 141
0
_ Janghowon 6 6 51 -114 5.38 2365 196 N/A
Gwangju
Youmyeong 7 7 51 -14 5.41 2349 259 N/A
i Cheonhong 8 8 70 -75 4.72 1534 265 N/A
inju
Youmyeong 9 9 60 -9 5.49 2007  3.09 N/A
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Predicted and observed full blooming dates in Julian days at Chuncheon (a), Suwon
(b), Cheongwon (c], Cheongdo (d], Naju (e] and Jinju (f] sites, using the Chill day model.



54 | APCC MME 7OISAI=S} AlSAERSS R85 240t By oS2di

Table 19 Goodness-of-fit measures for the Chill day models for the full blooming dates against
observed full blooming dates.

Statioin Cultivar MAPE (%] R? RMSE (day)

Cheonhong 1.69 0.72 2.51

Chuncheon 1.91 0.79 2.96
Youmyeong 2.04 0.80 3.19
Changbang- josaeng 2.94 0.54 4.15

Suwon Cheonhong 1.82 2.51 0.85 0.72 2.31 3.7
Youmyeong 2.33 0.59 3.63
Cheonhong 2.19 0.88 2.45

Cheongju 1.71 0.63 212
Youmyeong 1.22 0.83 1.73
Cheonhong 3.49 0.27 4.89
Youmyeong 2.69 0.44 3.92

Daegu 2.91 0.44 3.69
Cheonhong 2.36 0.42 3.23
Cheonjungdo 1.38 0.81 1.81
) Janghowon 2.44 0.73 3.08

Gwangju 1.94 0.57 2.69
Youmyeong 1.51 0.59 2.30
Cheonhong 1.99 0.80 2.24

Jinju 2.36 0.64 2.82
Youmyeong 2.70 0.26 3.25

Entire set 2.31 0.79 3.36
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Figure 21 Predicted and observed full blooming dates in Julian days at Chuncheon (a), Suwon
(b), Cheongwon (c), Cheongdo (d), Naju (e) and Jinju (f) sites, using the New Chill days model.
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Table 20 Goodness-of-fit measures for the New chill day models for the full blooming dates
against observed full blooming dates.

Statioin Cultivar MAPE (%] R? RMSE (day)
Cheonhong 1.34 0.78 1.97

Chuncheon 1.54 0.81 2.40
Youmyeong 1.66 0.81 2.61
Changbang- josaeng 3.01 0.56 418

Suwon Cheonhong 2.12 2.38 0.53 0.79 3.00 3.52
Youmyeong 1.91 0.74 2.99
Cheonhong 1.87 0.95 2.16

Cheongju 1.69 0.68 2.20
Youmyeong 1.51 0.67 2.24
Cheonhong 3.18 0.22 4.77
Youmyeong 2.80 0.56 3.42

Daegu 2.54 0.46 3.55
Cheonhong 2.93 0.45 3.38
Cheonjungdo 1.30 0.83 1.78
) Janghowon 1.50 0.77 1.96

Gwangju 1.83 0.65 2.32
Youmyeong 212 0.57 2.59
Cheonhong 1.97 0.71 2.65

Jinju 2.19 0.62 2.89
Youmyeong 2.38 0.36 3.09

Entire set 2.19 0.82 3.16
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Figure 22  Observed and downscaled (a) maximum and (b) minimum temperatures at the Suwon
site in April.
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Table 21 Goodness-of-fit measures for the prediction models for the full blooming dates using

downscaled MME datasets against observed full blooming dates.

Predicted full blooming dates with ASOS

Cultivar
Correlation Coefficient RMSE MAPE (%)
Youmyeong 0.89 2.75 1.8%
Changbangjosaeng 0.81 3.49 2.5%
Predicted full blooming dates with MME
Cultivar
Correlation Coefficient RMSE MAPE (%)
Youmyeong 0.62 4.67 3.5%

Changbangjosaeng 0.50 5.12 3.8%
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Figure 25  Observed and predicted full blooming dates for (a) Youmyeong and (b)
Changbangjosaeng cultivar.
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Table 22 Logistic regression models and threshold values for stations.
Station ay+pB z; in Eq. (13)
—0.384—0.761 TMIN+0.15 Dewpoint +0.019RH,, .
—0.372 Wind— 0.104 Cloud
Threshold=0.43

Chuncheon
—0.922 —0.388 TMIN—0.256 GMINT+ 0.137 Dewpoint
—0.365 Wind—0.043 Cloud

+0.068RH,,,,
Threshold=0.45

Wonju
—0.190 — 0.484 TMIN— 0.364 GMINT+ 0.264 Dewpoint

—0.461 Wind — 0.094 Cloud
Threshold=0.49

Suwon
—1.44—0.498 TMIN—0.389 GMINT+ 0.186 Dewpoint
—0.381 Wind—0.107 Cloud

Seosan + O'OZQRE[mcan
Threshold=0.44
—2.554—0.416 TMIN— 0.501 GMINT+ 0.292 Dewpoint
Cheongju +0.034RH,,,, —0.026 RH,; —0.343 Wind
Threshold=0.48
—3.169 —0.416 TMIN— 0.405 GMINT+ 0.328 Dewpoint
D +0.077TRH, —0.058 RH_. —0.468 Wind
aegu mean min
Threshold=0.59
—1.525—0.262 TMIN— 0.539 GMINT+ 0.153 Dewpoint
Gwangju +0.037RH,,,,, —0-529 Wind — 0.225 Cloud
Threshold=0.45
—1.499 —0.920 TMIN+ 0.152 Dewpoint +0.047TRH,,,,, —0.029RH,;
—0.439 Wind —0.0175 Clooud

Threshold=0.42

Jinju
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Table 23 Hit rate (HRJ, Probability of detection (POD), and FAR (False alarm rate) by the logistic
regression models in spring.

Model Cross Validation

Station
HR POD FAR HR POD FAR
Chuncheon 0.899 0.767 0.190 0.897 0.765 0.195
Wonju 0.886 0.762 0.233 0.881 0.753 0.241
Suwon 0.913 0.798 0.231 0.911 0.792 0.235
Seosan 0.918 0.812 0.154 0.916 0.809 0.158
Cheongju 0.927 0.816 0.242 0.924 0.799 0.239
Daegu 0.962 0.657 0.725 0.960 0.592 0.749
Gwangju 0.929 0.747 0.303 0.926 0.733 0.305
Jinju 0.935 0.760 0.216 0.933 0.751 0.229
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Figure 26 Observed and predicted frost dates in spring using the logistic regression models: (a)
Chuncheon (101, (b) Wonju (114), (c) Suwon (119), (d) Seosan (129), (e] Cheongju (131), (f) Daegu
(143), (g) Gwangju (156), and (h] Jinju (192).
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Figure 27  Determined number of nodes using the decision tree models: (a] Chuncheon (101),

(b) Wonju (114), (c) Suwon (119), and (d] Seosan (129). gmint: grass minimum temperature, Tmin:
minimum temperature, Wind: wind speed.
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Figure 28  Determined number of nodes using the decision tree models: (a] Cheongju (131), (b)

Daegu (143), [c) Gwangju (156), and (d) Jinju (192). gmint: grass minimum temperature, Tmin:
minimum temperature, Wind: wind speed, AHum: Relitive humidity.
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Table 24 Hit rate (HR), Probability of detection (POD), and FAR (False alarm rate) by the decision
tree models in spring.

Model Cross Validation

Station
HR POD FAR HR POD FAR
Chuncheon 0.900 0.813 0.259 0.899 0.812 0.265
Wonju 0.871 0.778 0.343 0.869 0.773 0.352
Suwon 0.903 0.808 0.311 0.893 0.784 0.337
Seosan 0.907 0.866 0.285 0.899 0.835 0.288
Cheongju 0.920 0.731 0.139 0.909 0.707 0.174
Daegu 0.964 0.745 0.754 0.952 0.396 0.772
Gwangju 0.916 0.761 0.469 0.915 0.746 0.465
Jinju 0.940 0.804 0.246 0.937 0.793 0.264
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Figure 29  Observed and predicted frost dates in spring using the decision tree models: (a)
Chuncheon (101, (b) Wonju (114), (c) Suwon (119), (d) Seosan (129), (e) Cheongju (131), (f) Daegu
(143), (g) Gwangju (156), and (h] Jinju (192).
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Figure 30 Location map of peach blossom festivals in Korea.
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Table 25 Hit rate (HRJ, Probability of detection (POD), and FAR (False alarm rate) by the logistic
regression and decision tree models in fall.

Logistic regression Decision tree
Station
HR POD FAR HR POD FAR
Chuncheon 0.931 0.833 0.119 0.921 0.812 0.139
Wonju 0.925 0.821 0.249 0.929 0.833 0.242
Suwon 0.952 0.747 0.303 0.955 0.821 0.266

Seosan 0.959 0.852 0.082 0.956 0.847 0.096
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