Vol. 31, No. 5 (2021) pp. 577-592
https://doi.org/10.14191/Atmos.2021.31.5.577
pISSN 1598-3560  eISSN 2288-3266

Atmosphere. Korean Meteorological Society I o 1 =2
)

PNU CGCM-WRF Chaing 0|28t H8HX|] b{e| W=ttA[" =23
M2s LA het 0jSA AT

Ads? - HBFID . 4DBY - HELD - ZM2P - orSuyh
VAo S o 7) 873 3, Ak Sk BK21 AT B4 26 sl o7 8348,

R R E ]
(<, 2021 8Y 22, Y 20211 10 27, AIA A L 202119 10Y 28Y)

A Study on the Predictability of the Number of Days of Heat and Cold Damages
by Growth Stages of Rice Using PNU CGCM-WRF Chain in South Korea

Young-Hyun Kim", Myeong-Ju Choi"?, Kyo-Moon Shim”, Jina Hur”,
Sera Jo”, and Joong-Bae Ahn"*

" Department of Atmospheric Sciences, Pusan National University, Busan, Korea
Y Department of Atmospheric Sciences, BK21 School of Earth and Environmental Systems,
Pusan National University, Busan, Korea
I National Institute of Agricultural Sciences, RDA, Wanju, Korea

(Manuscript received 22 August 2021; revised 27 October 2021; accepted 28 October 2021)

Abstract This study evaluates the predictability of the number of days of heat and cold dam-
ages by growth stages of rice in South Korea using the hindcast data (1986~2020) produced by
Pusan National University Coupled General Circulation Model-Weather Research and Forecast-
ing (PNU CGCM-WRF) model chain. The predictability is accessed in terms of Root Mean
Square Error (RMSE), Normalized Standardized Deviations (NSD), Hit Rate (HR) and Heidke
Skill Score (HSS). For the purpose, the model predictability to produce the daily maximum and
minimum temperatures, which are the variables used to define heat and cold damages for rice, are
evaluated first. The result shows that most of the predictions starting the initial conditions from
January to May (01RUN to 0SRUN) have reasonable predictability, although it varies to some
extent depending on the month at which integration starts. In particular, the ensemble average of
01RUN to 05RUN with equal weighting (ENS) has more reasonable predictability (RMSE is in
the range of 1.2~2.6°C and NSD is about 1.0) than individual RUNSs. Accordingly, the regional
patterns and characteristics of the predicted damages for rice due to excessive high- and low-
temperatures are well captured by the model chain when compared with observation, particularly
in regions where the damages occur frequently, in spite that hindcasted data somewhat overesti-
mate the damages in terms of number of occurrence days. In ENS, the HR and HSS for heat
(cold) damages in rice is in the ranges of 0.44~0.84 and 0.05~0.13 (0.58~0.81 and —0.01~0.10)
by growth stage. Overall, it is concluded that the PNU CGCM-WREF chain of 01RUN~05RUN
and ENS has reasonable capability to predict the heat and cold damages for rice in South Korea.
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o A:= Pusan National University Coupled General
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2.1tz A UH

2.1 PNU CGCM-WRF Chain

B Aol AR AAT Hdries 2¥ PNU
CGCM (Sun and Ahn, 2011, 2015; Ahn and Lee,
2015; Ahn et al., 2018a, b}> APEC Climate Center
(APCC)«] A7 Z =R E GAE A|2EHe] Zo
RBE F shteln, o] By t)7] HEEE-2 National
Centers for Environmental Prediction (NCEP) Community
Climate Model version 3 (CCM3; Kiehl et al., 1996),
% AFEE3-L GFDL Modular Ocean Model version
3 (MOM3; Pacanowski and Griffies, 2000), 3] A&
232 Los Alamos National Laboratory (LANL)
Elastic-Viscous-Plastic (EVP) Sea-Ice Model (Hunke
and Dukowicz, 1997; Ahn and Lee, 2001)Z €T}
(Table 1). PNU CGCM<] th7]/dE 27172 National
Centers for Environmental Prediction/Department of
Energy (NCEP/DOE) Reanalysis2 At55 ©]-&3}] A
Abstgdh AWEAE %7142 Atmospheric Model
Intercomparison Project (AMIP)-type A& 53l A}
etk Al E %7172 Global Ocean Data
Assimilation System (GODAS)e] AZE A& om,
Variational Analysis using a Filter (VAF)Z 40% A
o date] A555E &8k PNU CGCMel A}
|5 t7], g 2 AH 271 A 2 Ahn
and Lee (2015)¢} Ahn et al. (2018a)°|A4] =PAI3] A
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Table 1. Specification of PNU-CGCM.

Component model Resolution Reference
Atmosphere Horizontal ~ Spectral truncation T42 Community Climate Model
Vertical 18 hybrid sigma-pressure levels (top: 2.917 mb) [CCM3; Kiehl et al., 1996]
. 2.8125° longitude, ~0.7° (low lat.), Modular Ocean Model
Ocean Horizontal 7} 4o (1id Tat) and ~2.8° (high lat) latitude [MOM3;
Vertical 40 levels (top: 10 m, bottom: 5258 m) Pacanowski and Griffies, 1998]
Land Horizontal ~ Spectral truncation T42 Land Surface Model
Vertical 6 levels [LSM; Bonan, 1998]
Horizontal 231350 l'ongitude, N0-7ﬂ0(10}’v lat.), ' Elastic-Viscous-Plastic Model
Sea-ice ~1.4° (mid lat) and ~2.8° (high lat) latitude [EVP; Hunke and Dukowics, 1997;
Vertical 3 levels Ahn and Lee, 2001]
Topography height (m) A} 243le] 242 Dudhia scheme (Dudhia, 1989),

¥ ’ j Rapid Radiative Transfer Model (RRTM) scheme
(Mlawer et al., 1997), A 7}l Noah Land-Surface
Model (Chen and Dudhia, 2001), A% 3 MMS
Monin-Obukhov scheme (Paulson, 1970), 343 73 A| =0l
Yonsei University (YSU) scheme (Hong et al., 2006),
& R3lo| Kain-Fritsch (Kain, 2004) scheme, —L
22 mAE- ol WRF Single-Moment 3-class
(WSM3) scheme (Hong et al., 2004)°]TtH(Table 2).
PNU CGCM< ©]-&3te] A5 Fo ol mi<d
2713sto] 8702l lead (lead 0~7)% 19864 5-E]
: : e 202037k A1 7HE (hourly) Hindcast AFEE AAFa1$)
fl Tl t}. PNU CGCMO.Z AJ2+3 Hindcast AFEE WRF2)
| e . AA zAoz 0%vitt Agate] etk 2o s
BN T s P A8 d FrEAe 67/1Y(lead 2~7)¢] Hindcast A&
i yF @ = AakE9THAhn et al., 2018b; Kim et al., 2019).
19 27102 YH 55 A28t 4S5 01RUN,
29 Z7|FCRHE AlFfsteE AES 02RUN 52
BHsiith B AFelA EA sk e A=
7E5E 10979 sjFste® o] 7|7hE 3=
0IRUN~05SRUN A5E &40l AMS-8F3Ath(Fig. 2).
o Ry BFHALS F017] 95kl 7} RUNS 4
o] FLF 715X (weighting) S FL B3 A
Fig. 1. Domain of WRF and ASOS sites with topography (in 7 BAsly, olgd IR d=AIE ENSTI
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Table 2. WRF configuration used in this study.

Contents Description
Horizontal dimensions 150 x 245

Horizontal resolution 5x5km

Vertical layer (top) 30 eta levels (50 hPa)
Lateral boundary condition PNU-CGCM
Relaxation zone 4

Integration time step 40s

Shortwave radiation
Longwave radiation
Land surface

Surface layer

Planetary boundary layer

Dudhia Scheme [Dudhia, 1989]

RRTM Scheme [Mlawer et al., 1997]
Noah Land-Surface Model [Chen and Dudhia, 2001]
MMS5 Monin-Obukhov Scheme [Paulson, 1970; etc.]
Yonsei University [Hong et al., 2006]

Cumulus Kain-Fritsch [Kain, 2004]
Microphysics WSM3 [Hong et al., 2004]
WRF
l 8-month lead hindcast > downscaling
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
01RUN | Lead0 Lead1 Lead2 Lead3 Lead4 Lead5 Lead6 Lead7
02RUN Lead0 Lead1 Lead2 Lead3 Lead4 Lead5 Lead6 Lead7
03RUN Lead0 Lead1 Lead2 Lead3 Lead4 Lead5 Lead6 Lead7
04RUN Lead0 Lead1 Lead2 Lead3 Lead4 Lead5 Lead6 Lead7
05RUN Lead0 Lead1 Lead2 Lead3 Lead4 | Lead5 Lead6 Lead7
06RUN | Lead7 Lead0 Lead1 Lead?2 Lead3 Lead4 Lead5 Lead6
07RUN | Lead6 Lead7 Lead0 Lead1 Lead2 Lead3 Lead4 Lead5
08RUN | Lead5 Lead6 Lead7 Lead0 Lead1 Lead2 Lead3 Lead4
09RUN | Lead4 Lead5 Lead6 Lead7 Lead0 Lead1 Lead2 Lead3
10RUN | Lead3 Lead4 | Lead5 Lead6 Lead7 Lead0 Lead1 Lead2
11RUN | Lead2 Lead3 Lead4 Lead5 Lead6 Lead7 Lead0 Lead1
12RUN | Lead1 Lead2 Lead3 Lead4 Lead5 Lead6 Lead7 Lead0

Fig. 2. 8-month lead hindcast experiment. Left column and upper row indicate initialized month and predicted month,

respectively. Lead 2~7 (dark grey shaded) are dynamically downscaled by WRE.
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Table 3. Threshold of cold and heat damages in rice by growth stage.

Growth Stage Cold damage Heat damage
Reduction Division Period o o
(From 15 July to 15 August) 17°c 38C
Heading Period 0 0
(From 25 July to 28 August) 15°¢ 35°C
Grain Filling Period 10°C 30°C

(during 40 days after heading date)

(average temperature during 40 days)

(average temperature during 40 days)

Table 4. Definition of symbols and sub-/superscripts used in text.

Symbols
Y7 Mean (location parameter of Gaussian distribution
lo} Standard deviation (scale parameter of Gaussian distribution)
(d) Daily

Sub-/superscripts

* Final bias-corrected
*1, *¥2, *3 Bias-corrected in an intermediate step
m Within monthly interval
obs Observed
model Model simulated
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A 37123 o HA 7o et W EAE B
F RAIF= WA Variance Scaling 71HS 44
3} tH(Teutschbein and Seibert, 2012). 2ol A&
A= A8E F B4 717H1986~2020, & 359)%F
A Harl2 9 o HAIE B AlEshks 7270
Ao 71744 FB71°$B5AE (Automated Synoptic
Observation System, ASOS)©|THFig. 1). 7271 A& <]
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Table 5. Contingency table for the calculation of RMSE, NSD, HR and HSS.

Verification method Define

RMSE (M- 0)’
(Root Mean Square Error) RMSE = P — (Perfect: 0)
NSD _ % .
(Normalized Standardized Deviations) NSD o (Perfect: 2)
FesT above below
normal normal normal Total
OBS
above
A B C D
normal
normal E F G H
. below I I K L
HR (Hit Rate) normal
and Total M N 0 P
HSS (Heidke Skill Score)
Hit Rate = # (Perfect: 1)
A+ 1;+ K_

Heidke Skill Score = — = — (Perfect: 1)

Cl=((MxD)+ (NxH)+ (OxL))+(PxP)

3& YH~109) & Harle B A HA72e o

7h oA S SEAY FAT B4 SN
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Ast Zolt}. HSS7T 1
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3
o
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2
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o
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olmgtl, HRZ} HSSE widel w2s] 2 #-23)

AL HxlAnomaly)E AAE EEE Ve
uf, AJAIE ] £0430 (Standard deviation)S 7|02
3Feo], X = Above normal, Normal, Below normal®
o] A5 ¥ ket th(Wilks, 1995). HEgh,
HRZ 3392 ro] 72919 2 &3S of 4
Ao} Ax)sk FFo] oF (.330]2F (.33 oA M
E Uele A5 d3SAel va ddedin. 4%
A FE F3HE 42 Table 59 UeEPAT AZol A}
|8 A5e 720 AR 71H SHVEAESAE
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o AR} e FEIAL
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A o HX7|2e BolME
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#3144 535 (2021)

o w7kl HE FAE AH TS BP9
R0l ASI FAEHS omigth. A2, =g
A ZEA apdAl | Bl kAl ARz o) 2 Zh
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o] o Hrl2 2 o HA7| Y3k(Tmax_ORG B
Tmin ORG)# Variance Scaling ¥HS 53] 293
% (Tmax_VS ¥ Tmin VS)S UeRAT) 7 €9 ENS
E 7-892 7% 0IRUN~05RUN, 9¥-& 02RUN~
05RUN, 1092 03RUN~05RUNS %73+ 5 Variance
Scaling P2 HAT Ayjo|mZ ENSE ALt
u] A}2-3F RUN9 7l47F 9 2 tf20) 28 RUN 2
ENSel4 Tmax ORG$} Tmin ORG®l H]3] Tmax VS
©} Tmin_VS®] RMSEZ} ¥ 232 NSD7F 1.0 1 7+
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g 4 At 2 AFolA ARE-E Tmax_VSeF Tmin VS
of thdk RUN % ENSQ| RojAeS vlwsu, 79
o] 9 7] (Fig. 3a)2 0IRUN~04RUN % ENS9|
Reojdsol fFARSHA vel ™, 53] 04RUNO] #=
I 74 fAkslch BEA | 0SRUNS] NSDE tf2 RUN
9 ENS$} 2 Zpo)7t GIAI9E, RMSEE dUld oz =
o} 8~1099] d H17]2(Figs. 3c, e, ) AMEE &
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(a) Tmax (JUL) (c) Tmax (AUG) e) Tmax (SEP) (9) Tmax (OCT)
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Fig. 3. Root Mean Square Error (RMSE) and Normalized Standardized Deviations (NSD) for daily maximum temperature
(Tmax) in (a) July, (c) August, (¢) September, (g) October and for daily minimum temperature (Tmin) in (b) July, (d) August,

(f) September, (h) October for in-situ 72 stations.
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