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Abstract This study assesses the prediction skill of regional scale model for the mean tem-
perature anomaly over South Korea produced by Pusan National University Coupled General
Circulation Model (PNU CGCM)-Weather Research and Forecasting (WRF) chain. The initial
and boundary conditions of WRF are derived from PNU CGCM. The hindcast period is 11
years from 2007 to 2017. The model’s prediction skill of mean temperature anomaly is evalu-
ated in terms of the temporal correlation coefficient (TCC), root mean square error (RMSE) and
skill scores which are Heidke skill score (HSS), hit rate (HR), false alarm rate (FAR). The pre-
dictions of WRF and PNU CGCM are overall similar to observation (OBS). However, TCC of
WREF with OBS is higher than that of PNU CGCM and the variation of mean temperature is
more comparable to OBS than that of PNU CGCM. The prediction skill of WRF is higher in
March and April but lower in October to December. HSS is as high as above 0.25 and HR
(FAR) is as high (low) as above (below) 0.35 in 2-month lead time. According to the spatial dis-
tribution of HSS, predictability is not concentrated in a specific region but homogeneously
spread throughout the whole region of South Korea.
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Table 1. Description of PNU-CGCM.

Component model  Resolution Reference
Horizontal ~ Spectral truncation T42 Community Climate Model

Atmosphere - — .
Vertical 18 hybrid sigma-pressure levels (top: 2.917mb)  [CCM3, Kiehl et al., 1996]

Land Horizontal ~ Spectral truncation T42 Land Surface Model

an

Vertical 6 Levels [LSM, Bonan, 199§]
Horizontal 2.8125° longitude, ~0.7° (low lat.),

Ocean ~1.4° (mid lat) and ~2.8° (high lat) latitude Modular Ocean Model

- [MOM3, Pacanowski and Griffies, 2000]

Vertical 40 levels (top: 10 m, bottom: 5258 m)
Horizontal 2.8125° longitude, ~0.7° (low lat.), ) )

Seaice ~1.4° (mid lat) and ~2.8° (high lat) latitude Elastic-Viscous-Plastic Model

[EVP, Ahn and Lee, 2001]

Vertical 3 levels
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Table 2. WRF configuration used in this study.
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Fig. 1. The topography heights (in meters) of the WRF

domain and locations of ASOS (bigger dots) and AWS
(smaller dots) in South Korea.

Mol Aztz 9| chFig. 1). AHEE B8] ek
SE2] A WRF Single-Moment 3-class (WSM3)
scheme (Hong et al., 2004), ©@33-A} 253} Dudhia
scheme (Dudhia, 1989), & }E-A}L R 4=3}o Rapid
Radiative Transfer Model (RRTM) scheme (Mlawer et
al., 1997), A3 3ol Monin-Obukhov scheme (Paulson,

Contents Description
Horizontal dimensions 150 x 245
Horizontal resolution 5x5km
. Vertical layer (top) 30 eta levels (50 hPa)
Configuration Lateral boundary condition PNU-CGCM
Relaxation zone 4
Integration time step 40s
Microphysics WSM3 [Hong et al., 2004]
Shortwave radiation Dudhia Scheme [Dudhia, 1989]
Longwave radiation RRTM scheme [Mlawer et al., 1997]
Schemes Surface layer MMS35 Monin-Obukhov Scheme [Paulson, 1970; etc.]

Land surface
Planetary boundary layer
Cumulus

Noah Land-Surface Model [Chen and Dudhia, 2001]
Yonsei University [Hong et al., 2006]
Kain-Fritsch [Kain, 2004]
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Fig. 2. Lead-times in 5-month lead hindcast experiment. Left column indicates initialized month and top line indicates predicted
month. Lead2~4 (dark-gray shaded) are dynamically downscaled by WRF.

1970), A 3o Noah Land-Surface Model (Chen
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Fig. 3. Spatial distribution of mean temperature (°C) derived from NCEP-R2 (upper), PNU CGCM (middle) and WRF (bottom)

in the WRF domain for the period of hindcast (2007~2017).
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Fig. 4. Taylor Diagram of surface temperature (°C) for the period of hindcast (2007~2017) during (a) MAM, (b) JJA, (c) SON

and (d) DJF for 2~4 month lead-times.

Aol )X Eh=
WRFol|A 22
2 A e ut
Ao e 7]
=25 Jehed), o) st NCEP-R29] 1€
712 E¥(Fig. 3a)%t 71 FE(KMA, 2012)¢] 7]
2 715%41981~2010) EFENM = FALSHAl Lrehdt)
WRFOIA Zolst 443} 10€9] Fet A Ha7]L
© 747} 8.65°C, 16.56°CE PNU CGCMo| &l H
7128 =4, 193 799] dek Ao Hr|ee 7}
7} —0.06°C, 21°CE PNU CGCMol| vl8)] SA =2&]3}
ARE ARkAQ 71 Bx AEA A9 G 9
H3ke]l NCEP-R2 2 PNU CGCM 41814 Lrek

s=71448ks] Tl 7] A28 45 (2018)

ot

Figure 4= 3 XY 7] thgk PNU CGCM
I WRFe| 245 AEEZ Yeld Taylor Thol
olago|tt. A5 FFHA ik =Y FFHA}
H](Normalized Standardized Deviations, NSD)
TCC (Temporal Correlation Coefficien)yS YERd L
Ho g 19 7heas #53 vsgs rigith =,
T4 OBSZE #AIH0INE Mol 7S Ko
%50] 43k 2 o]tKTaylor, 2001). TCCS 90%
(0.521), 95% (0.602), 99% (0.735) A B FF=e wxlo
2 AN Aty oz B3 v wsk WRF9
PNU CGCM?®| 2] F& fAH vehhd, #5
o] A4S PNU CGCMETH WRFIIA Tt =7

m
=



(a) Temporal Correlation Coefficient (TCC)

0.8
0.6
0.4
0.2

| | I | I I I I
01RUN 02RUN 03RUN 04RUN 0SRUN 06RUN 07RUN 08RUN osnun 1onu~ nnuu 1zauu 01RUN oeauu

~\ N/

0.0
-0.2

b b b b i

T 1T T 1
M A M J J

I T
A S

III
O ND J F M A

(b) Root Mean Square Error (RMSE)

35

3.0
25
2.0
1.5
1.0
0.5

llllllllllllllllllllllllllllllllll

| | T | | | | | | | | | | |
01RUN 02RUN 03RUN 04RUN 0SRUN 06RUN 07RUN 08RUN 09RUN 10RUN 11RUN 12RUN 01RUN 02RUN

NN L

00 =—T1——T—T1T T T 71
M A M J J

A S O N D J

T 1T 1T 1T 1T T
F M A

Fig. 5. The (a) temporal correlation coefficient (TCC) and (b) root mean squared error (RMSE) of WRF prediction result. The
upper x-axis indicates initialized month, lower x-axis indicates predicted month. Each line indicates prediction from lead-time 2
to lead-time 4 of initialized month. Filled (open) circle of (a) TCC indicates the values that are statistically significant at the

95% (90%) confidence level.
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(a) Heidke Skill Score (HSS)
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Fig. 6. Same as Fig. 5 but for (a) Heidke Skill Score (HSS), (b) Hit Rate (HR) and (c) False Alarm Rate (FAR).
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