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Temperature over South Korea
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Abstract The performance of the newly designed Pusan National University Coupled General Cir-
culation Model (PNU CGCM) Ensemble Forecast System which produce 40 ensemble members for
12-month lead prediction is evaluated and analyzed in terms of boreal winter temperature over South
Korea (S. Korea). The influence of ensemble size on prediction skill is examined with 40 ensemble
members and the result shows that spreads of predictability are larger when the size of ensemble
member is smaller. Moreover, it is suggested that more than 20 ensemble members are required for
better prediction of statistically significant inter-annual variability of wintertime temperature over S.
Korea. As for the ensemble average (ENS), it shows superior forecast skill compared to each ensem-
ble member and has significant temporal correlation with Automated Surface Observing System
(ASOS) temperature at 99% confidence level. In addition to forecast skill for inter-annual variability
of wintertime temperature over S. Korea, winter climatology around East Asia and synoptic charac-
teristics of warm (above normal) and cold (below normal) winters are reasonably captured by PNU
CGCM. For the categorical forecast with 3 x 3 contingency table, the deterministic forecast generally
shows better performance than probabilistic forecast except for warm winter (hit rate of probabilistic
forecast: 71%). It is also found that, in case of concentrated distribution of 40 ensemble mem-
bers to one category out of the three, the probabilistic forecast tends to have relatively high pre-
dictability. Meanwhile, in the case when the ensemble members distribute evenly throughout
the categories, the predictability becomes lower in the probabilistic forecast.

Key words: PNU CGCM, seasonal prediction, ensemble forecast, probabilistic forecast, deter-
ministic forecast
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O 2 (Meehl, 1995), 3 2] European Centre for
Medium-Range Weather Forecasts (ECMWF) (Molteni
et al, 2011), &52] Predictive Ocean Atmosphere
Model for Australia (POAMA) (Lim et al., 2012), ¥
=+2] Meteorological Office (MacLachlan et al., 2015),



510 PNU CGCM Y3E o B A28l e] ALd Pt 7|2 o & A5 H7t

Y E9] Japan Meteorology Agency (JMA) (Takaya et
al., 2010), "]=r<] National Centers for Environmental
Prediction (NCEP) (Saha et al., 2014)3} 72 AlA] o
2] A7 HANAME HIHEFRF S o]&ate] A7)
55 Fstal Ak AA sl A= 71733, Asia-
Pacific Economic Cooperation Climate Center (APCC),
Sk gtal 7S S A Ao M FREHRE S o]
&3t AAIE A7 E AEE AL the.g.,
Jeong et al., 2008; Ahn et al., 2012; Williams et al.,
2015). ©] & Tt 7] ST A A o
2 JPEERIE ] PNU CGCMS 71 8 7l st
o mig 1271€ A9 AEE AAEl 3o (eg,
Kim and Ahn, 2015), o1&t o|EA5+= APCCY| A
SE 3L gtk #ek olyg} PNU CGCM A9 7] 55
3 9 FAAE WHS o]83 R EF2A(downscaling) S
AAste] vt 9 s, S 50 F8 =7l
ik A 7S ARE Altete FEXSH F
o A3t AThe.g., RDA, 2014; RDA, 2018).
T APATES J¥NenFF 2 SR
ol BAHE dEAES s Eol7] fste] B
FJule] 918 Aol Uist =43k (parameterization)
£ JldstA Y e.g., Collins et al., 2001; Kiehl and
Gent, 2004), 28 2] )= (resolution)ys ZHU3}A| 3t
£ S(e.g., Guilyardi et al., 2004) =X 2&S 7fA3}
= WEo 2 =88 A, AE-535H(data assimilation)
(Alves et al.,, 2004; Balmaseda and Anderson, 2009)
2 JE 7] (ensemble method) (e.g., Lu et al., 2007)
55 o]8-8k] Z7]ZZ(initial condition)ol] ot &3
AE £ d58%Ss FHANEL =88 st
oh B 2y sfErtEe ZyoA] Ak zlE

o

Al

=
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PSS ,

A AR WEYS BAtE 5 A3A459
E ° =

bl = hal

oi o)

A

+ Global Seasonal Forecast System version 5 Global
Coupled configuration 2 (GloSea5GC2) (Williams et
al., 20150 thate] 347 71599) AFAol 7154
2¥l9] AE MBS setehs 1 FREAS of
2452 43U, ASH0E B ATEL &
Pl o (e.g., Lee et al., 2016; Ham et al., 2017)
olglgt ATE 7IWe ' A7 F A LHE 758
2% Folth T3k Ahn et al. (2012)2 20009t =
FE 7S A3 PNU CGCMo] 12719 «1Z27]7F
T AE77be] ARl = B4 H 2%(sea surface
temperature, SST)2] o|&/Jo] TA HoIx|A| ¢+ A
I AE BEYE 9SS T "G I st
o] 53] =2 AFEE FAEE B3t PNU CGCM
o] SAFE Fk ALH Al A 5
Yol B2 %5 (Arctic oscillation)ol] i3t =& 4

§=7145ks] 7] A28 43 (2018)

hedl]
LR ER R
98 olgale PNU CGCMS] ALE yate] 7]eol
Batel L ASAR) HAE % = Az
A B 76 S0] F8Y Troleiel e AN
S ST B ATE BHe FHOR @
T ASE s)ee) tistel 29 BHAh

21 X8
2 Afa= AlEA 5% PNU C
o B A|&=EHoA AitE o EA8E A5 H PNU

e Festal Qe BP0 R 7] AREHS NCEP
CCM3 (Community Climate Model version 3; Kiehl
et al, 1996; Bonan, 1998), 1% A& 23S GFDL
MOM3 (Modular Ocean Model version 3; Pacanowski
and Griffies, 1999), W2 &-& LANL (Los Alamos
National Laboratory)®] EVP (Elastic-Viscous-Plastic)
Sea-Ice Model (Hunke and Dukowicz, 1997; Ahn and
Lee, 20022 FAE 3o o chhttp://
apcc21.org/attach/ser/Data_Description-PNU.pdf). 7]
22 CCM39 3 E=E T42 (2.8125°)°]3
FAEEG ] TR EE AELFORE 2.8125°,
WEko 2= 7THRIARAA 2 H=R2o A oF 0.7°,
Tl ME oF 1.4° ATl E oF 2.8°9) =
7FItHKim and Ahn, 2015).

Ao ARE-SE PNU CGCM YP3E dli Al~
oA AiE dE3AsE 73] 2017d AA5H
71 FAE7E B oFH AEA AlTE o BALE E(Fig.
1), Kim and Ahn (2015)°14 &7)8t 233} 5U3A|
W ThFE 2713} Weke BalA 3B ATt 8
d AFo|th MEE E B AEHES F 45F
o] FARY 2727 aFoR AU ti7]et
el 271Z27AL Atmospheric Model Intercomparison
Project (AMIP) E}Y] 2 Ocean Model Intercomparison
Project (OMIP) E}9] %713} W?F(Ahn and Lee, 2015)
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Fig. 1. Schematic diagram of PNU Global Long-term Seasonal Ensemble Prediction System of which produce 40 ensemble

members on monthly basis.

%3}(Variational Analysis using a Filter; Huang, 2000;
Ahn et al, 2012)Z ﬁ%okt— Wil wEbs ZbzE =
T = LP—rloﬁ%lE‘r. 2t 27120 e A A W
1 (time-lag method)S ©]-8-3 107]2] Y FERHE A
AFaled (Brankovié et al., 1990), & 4071 E wH)
2 =] ok o] 7k ] e WHe
kel ARk 2712718 o83t & 7%
2] (National Agency Meteorology and the Environmental
Monitoring)"ﬂ/‘i Y e AUAREE Aketal 9l

Aol A= 35712 HFERH L 1218 A

“o 55 A, ole B 71 AEAYS
Qs HE AT ArhFig. 1).
239] ST IHE WY F 2 BY 54

R 2 o st FE WS ATl m
e d=HE37E dEltk(Seong et al, 2017;
Suh, 2017). & AP E 7} GAE W E
simple composite method (SCM)Z- ©]-&-3}
°W‘; HAENS)Z ME e AHE
A BTt o714 AREE SCM
W ENA TS TS E Fo HF
o%zi, e Ha Wy T
cH Zol7] wite] iR A7)
ARES R F& 3k= "W oltMin et al., 2014; Ahn
and Lee, 2016). & AFNME 119 Z71Z2AS o) &
slo] AAE 1980 H-E 201737HA] & 3813¢] 4070
e ASAEE ol8ste] A& (DEC-JAN-FEB)
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512 PNU CGCM 4E o B A28l o] AL2 33l 7]& o

o] 71 g el 2HS T A E A THEFig. 1).

2 dAolX= 71839 A3 7173383 (Automated
Surface Observing System, ASOS) X HENA &=
H AEE IS HHF|R HISAEER AMESIEL
™, 2] #4717k 4T 1980 dFE 20177k
A A&z A5 607 A ASOS AEE At
4319 tH(Lee et al, 2017). 53, 28 A5 9%
A5 2 NCEP-Department of Energy Reanalysis 2(&
Atolre AgE 918 R2gr WH)E ARESST
(Kanamitsu et al., 2002). R20[4] A}8-H HEE= 2m
7122 m air Temperature, T2m), 371} (Sea Level
Pressure, SLP), 500 hPa #]$]32%=(500 hPa geopotential
height, Z500), 850 hPa -5*]H}%(850 hPa zonal wind,
U850), 850 hPa ‘& -H}H(850 hPa meridional wind,
V850), 300 hPa 5A18F2H300 hPa zonal wind, U300)
olth. A4l A5 == BRI HE 95|
2y o 9 A =St sLaA Watste] A
&3kt

2.2 Sty

2 Atelrls AR AAA A1 (deterministic
analysis)2! A]7Hg2HA|4=(temporal correlation coefficient,
TCC)$} QA A (root mean square error, RMSE),
HSAEE o835t st FEFWAH(normalized
standard deviation, NSTD)E AFE-5}1th(Jolliffe and
Stephenson, 2003). T3, WF3 AGZH EAWUY
(categorical deterministic analysis)?] “d&-&(hit rates,
HR)Z} L EE (false alarm rates, FR) 22|32 Z& o] 2
gk o So] Yol SHT; U2 AEE Yel= 3ol
=A 27 2Fo](Heidke skill score, HSS)E 2]
A& TH(Wilks, 2006). 53 22 4= H
Wes 7|08 “wd¥ v, “Hdit 557,
PRtk 92 A7 MFE ARSshe A9 4
1ol dF4S Hrtstlon ojuf AMEHE 7ES #
THTFEEE 33%, 34%, 33%E e £0436S 7]
Fo0= 39, 7| o XEHAE YEPAT(Ahn
and Lee, 2016; Jo and Ahn, 2017).

WEE el e dEAds wstE AuEr] 9
sle] FE2EN 7]% (bootstrap method)S AHE-31S3
o FEXEH 7y Folxl HlolH AERNE
29 AFES ASE o83 MEL FAFE 4=
W 0 2 (e.g., Wilks, 2006), 2 AFolME T8-S 3
SEA] €3 1,000,000 9] A4 E (resampling) 8
< FHsAT

71 PNU CGCM 7o & Al2HoA = 57 &
g8 WY AR YHKim and Ahn, 2015), A
AMEA FE5E PNU CGCM GAE o5 Al 25 o A
4071 GFE W] AYAETL AAE wE 71E

o

§=7145ks] 7] A28 43 (2018)
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Iy

off
o,

7t

N\

E2% d] B (Probabilistic forecast)”} 7l Ht}. o]

Aol = ALE dFetel 7120 et 44
2 dRe} SEEA dHe] dF s B 7 4R
EA4L Avp iy sigith nEHos ALgHE
E&4 dEe A F 7R, vE53E U (non-
parametric method)®} 2573} W (parametric method)
o] ARg-Eth HEF3ke] A1 WH A E 7Y
(Ranking method)l] &J3t EE4] dH= F=9 Met
officett ¥ ¢ ECMWFX ARg-staL Qlow, way
st o5k 2l Wl 7H-AIE 71 (Gaussian
method)l] €3+ SEE4 di= I 71473} APCC
oA ARESEAL Qdth. 2E]aL 7)1 M e T 7] v
HE Al AHgete] SEEF ARE FY3ta Q)
THKMA, 2012). ¥ AFdA s 7F-AIQE 7IHS o]
g3t gEEA AqHE FIAUT TR 71H
A EA#e] g5 Fx o] el +0430 S
= W2l Ve fe® st AR AdS 4
atal, Bo] A& Ayt g5 EX T o

ol fIXsh=A] Altete] GEEA UYeEh=

AA 24 o X (Deterministic forecast)#+ o} z}
z

fo o rf 2 o fo

oX Hif rlo

3.2 =

ekl 7)o tiste] GFE W
d 245 2polE Am R 7] 98 Fig.
Ay FEZEF 7HS ]85 PNU CGCM 40

3} ASOS 7] ARole] AJZH
plo o2 YERHITH IS $% 35-38°N, A=
125~131°E). Figure 29| xF2 A& 48 7l
E YE, ofE Sk Hde 9
(confidence level), $1&-2 99% AZFES el
ok A" o] e A7 HAgke HEe vEr
W vk2o] W= 7 25, 75 HAERY (percentile)
e, vh vked A2 F7Hgk(median)S YERATE
AR GFE W 7 AEFE o FE WY
£ Aulshitel] w9 FAe] Aozt vl A Y
Eon S diEoz vk A8 o 4
5w 37t S7HERE AP ERA S
HEE HAr =24 veisen, 53] 2071 o)
I3E WM E AT woll= FTHe] 99% ©]7F
A FES YERN AL 3071 o)de] YE A
= 75% o] ZFol 99% AlF Tl FAA
o2 {03 =4S B ol A i e
HWHZ A2 PNU CGCM A 7]¢l S A|2~d) B w3}
o] dAle] PNU CGCM L oli Aj2=E|o] Pt
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Fig. 2. Temporal correlation coefficients (Y axis) between ASOS and ensemble mean according to ensemble size (X axis). All
possible ensemble combinations are calculated without duplication within 40 ensemble members.
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Fig. 3. Spatial distribution of the ratio of ensemble numbers
to 40 ensembles (shaded) which have statistically significant
TCC. Dashed areas denote where ENS have statistically
significant TCC. Value at Upper-right corner is area averaged
TCC of ENS over S. Korea region (Boxed). Statistical
significance is evaluated at 95% confidence level.

gt FH Ao g ASA4S ARy e, 7
FFE wWuel R2 Aole] AZMFRASE Fig 300

[e] =
YR ST o714 407 S2dE 71l 9
oA FoT AR AFE TR E IR
F(%)E Moz yepfslon, Bl 21 992 ENS
7} R29} 95% Aol BAFLZ st A7t
FEATE el Fdolth. SAFSRE Foldt o
A4S 7T e PFE WHrt B2 JY9dd4 ENS 9

Al fFolgt 712 3 ES YEA, 53] st
o A& FEo] ), 23 WFL] FEFA oA 7]
29 7Ad 5SS & d3she= e Atk
gho] 7|2 54358 AEA AEWE olv2k ASOS
AARE o] gste] Hris] B, ukx oo i) o
o HFH ENSQ 7|23 ASOSE o] &3l 3l A
7127k A7 AR AIG7) 0447, Student’s t |
I BAFSRZ 99% AF oA Folsh g
AL o] ghth(Wilks, 2006).

wate] AL 7]29] gk PNU CGCM9| o &4
< o s A E7] 9)ste] ENSEERF ol 2} 4071
$E wivel S k] AIZWFAIS, AtskE &
Azl 283 QAAFZE Fig 49 YeERAAG.
Figure 4a= H|Y& tlo]o]Z3(Taylor diagram; Taylor,
2001)2.2 REF Aol 7M7&55 #53 A A7]
o] FFHAPS} T2 AIVIES 7S om|gt) 40
7N e W 7 75% o]l BAHSE 90%
AF 77 v XA Bl AIZPFRASE YeRl=
HHH ENS A 99% AlFF7telA] FAHo= &
oIt dEF e Ko, FE W Aol &y
EFtH(Figs. 4a, b). QXAlFZ GA] A|HA =9
A 2 Fgke] 7] s ENSTF JHE E
WSl Hls 7Pg e kS YERAThFig. 4e).
ENS®| #FHak= thE f@HEd] vla] ohi A U
EPt o, o]= SCME ©]-8-3F WdE HarollA] ek
e A4 EAoltkJo and Ahn, 2014).

et 710 Ad MEAAER ol ARES] o’
o] | &2A4S F<18l7] Y8l Fig. 5914+E HR, HSS L
2|3l FRE 407 G73E HH el thete] el &
HZ YAtk HRF HSS BF &4 %50 v
o) &3k 3] 50% YFE WH Hihes dEAo]
ES Zo| &Ee A9 50%2 dEAe Az
(spread)’} O 2 Ao = Yelyton ENS7F 7HE =

N o2
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Fig. 4. a) Taylor diagram and box plots, b) Temporal Correlation Coefficient and ¢) Root Mean Square Error (unit: °C) for
temperature over S. Korea. Each ensemble member is denoted in grey open circle (a) and box (b, ¢) and ensemble mean is

marked in red closed circle.
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Fig. 5. Box plot of Hit rate, Heidke skill score, False Alarm
Rate for the 40 ensemble members for surface temperature
compared with ASOS over South Korea.

< HR (0.58)3} HSS (0.37)2 YEM AT FRS ENS
7F 7P W 302D JEh, MY 24 24
WL AHES] 5T A ENSTE 7P =2 Al
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Byo]l AgH F3e] 7|g & dSsh= %
dste] ALHO] T WY 7198 5HE =Y
o] ofgAl mejsh=A] A K] 98, Fig. 6=

o
:11‘
:i

§=7145ks] 7] A28 43 (2018)

R29} ENS9] s 719}, 850 hPa =31l 500 hPa #|
3% 223 300 hPa sA18HE 719788 A8 B
k. WA &5 719 9 ks AT B (Figs.
6a, b) R2oIA = &9 Awlg]ob a7]kat e o]
Ak A74e] mggo] EHHOR viehta glom,
FEE 57| TRl AXste] HAA
HAEFY dFE e A& Yeydth ol= 53 &l
ool mjdtel ols) et A Fopalo}l B
o] EX S Z(e.g., Zhang et al, 1997; Chan and Li,
2004; Jhun and Lee, 2004; Chang et al., 2006; Wang
and Chen, 2010) H3te] AL 7| FA AH o] FolA]
of Ag Bee) @ REde ¢ 5 lth ENS 94
BZ3 FARE AN Adelol 79k FRAE
A7) 92 % F/NE fARA Bl ST, Al

o} A7IgFe] AlEE Hew A7 i \A =

Sk ST AVI] FAS BEU v P}

wolshe £4o] viehgort, gulEst Aluee}

71942l 7Pt f1Aste] BAAIEFS] &S
#B23} vl fARA 2983tk Figs.
HEE A E™E 500 hPaolA] Yeh =
B2 FAKE AXo) melse o BEE
o 23 9 27 melsls Aow UE
(300 hPa sA1HuHe] HYlgko] Yl

wgo] A3} FAA 2 melSIATH
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Fig. 6. Climatology of sea level pressure (shaded), wind at 850 hPa (vector) (a, b) and geopotential height at 500 hPa (shaded),
zonal wind at 300 hPa (contour) (c, d) from R2 (a, ¢) and ENS (b, d) during boreal winter.

a) Above Normal (R2) b) Below Normal (R2)
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Fig. 7. Normalized anomaly composite map of sea level pressure (shaded) and 850 hPa wind (vector) for the case of Warm (a,
¢) and Cold (b, d) winter in observation (a, b) and PNU CGCM (c, d).
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Fig. 8. Normalized anomaly composite map of 500 hPa geopotential height (shading with light grey contour) and 300 hPa zonal
wind (bold black contour) for the case of Warm (a, ¢) and Cold (b, d) winter in observation (a, b) and PNU CGCM (c, d).

3] 712S 7|Fo g HAdRT wsEd A& (Above
Normal)Z} F& A& (Below Normal)?] 53 F9
o & A=A ATE7] 9@ R29F ENSO| iy
mEst AL, 7 AL I BAS AAEh
R29] 7% ASOS 7]2%, ENS9 7% mdeo] ot
P Htghes wEEe ALy F ALl V|FEem
AH&-sHATh. Figure 72 A 7tshe s 7|47} 850 hPa
vl ol ] (anomaly)e] FAFE ERH 1]
o} 1A #HSoA A rE wEdt Agole 7158t
Ho g tFd wdshs 17| Gl 22 )
¢ o= 7t YeRaL sdelle o eIt of
) 7F e st EE AIge] o=
7b Wt FdRth st Ago] Yeie As
& AThFig. 7a). @O s ALH T3
M= & YeRd 59 sH7Ist olge e} s
of vepd o] WY ob=E] vt F518] vERt
o} didel Yehde 4o w1 ohedE]s A3
of vty FH FEOZ HUFE ] Qlof shite FH
ol 850 hPaollA T9% AlGe] ofmda 23 ulgt
o]l Faro wEst ALS Fed A0E YR
thFig. 7¢). WHZ HART FL& AZoles U5
a1 71gte] ZsbE AL s ol A 7194 ekl 7Sl of

§=7145ks] 7] A28 43 (2018)

MALZS 73tA 7]

eSS ™ (Fig. 7b),

I Wdro mEes A
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Table 1. Warm, normal and cold winters classified by the 3 x 3 contingency table based on the deterministic forecast of PNU

CGCM with threshold & 0.436.
Hit rate MODEL
58% - 0 + Hit rate
1980 1981 1983
- 1984 1985 1995 1982 2005 2011 2017 67%
2010 2012
1987 1999 2000 o
ASOS 0 1993 1996 2009 2002 2004 2014 1990 1994 2007 50%
1988 1989 1991
+ 1997 1986 1998 2008 1992 2001 2003 57%

2013 2016

2006 2015

Table 2. Warm, normal and cold winters classified by the 3 x 3 contingency table based on the probabilistic forecast of PNU

CGCM with threshold + 0.43c.

Hit rate MODEL
47% - 0 + Hit rate
1981 1983 1984 )
- . 1980 1995 2011 1982 2005 2017 50%
1993 1996 2000 1990 1994 2004
0 1987 1999 17%
ASOS 2002 2009 2007 2014
1986 1988 1989
. 1997 1998 2008 1991 1992 2001 10
2016 2003 2006 2013 ?
2015
AAE A= A 2o vbd 71l e 100
e ol S48 Ao vlg) FFd 913} Zz
Aom T F& JGoA FslA B 50 o
9»11\ 60

Tables 17} 2941+ PNU CGCM YAE o1 A] X
o] dESAEE ol&ste] Zhzt AFEA 2 3
EEZ RS @IEA o 245 Hrhe] Bkt
A AREA AR R e WA F"HEC] 58%
Z Yelgta, Hds) 853 §(50%) Rt Hd 2o
71 0] SAL67%) =2 AZ(57%)° d =2 AT

dot |

¢

H
ES YERATK(Table 1). SEEZ] R A A
A ALELS 47%2 AR EF oRKt) tih e 7
I5 Houy, WdH 7]Ro] & AL AT
71%2] AFGEZ vl =4 Jeplidth F& ALl
el E 50% AEERE 2P 22 He} v=d
o] AEES Bel vk FHda) v =250 A
of A= 17%= He)e] d53E(33%)HET) e

AEES e 3523 dud d&) S A
A3 AR Q& HAdRY =AY e o o5t
o] 4070 AAEHMEo] 371¢] FHH o) EFE 7Y

Hit rate (%)
8

0-2 ‘ 2-3 ‘ 3-4 ‘ 4-5 I 5-6 ‘ 7-8

B PROB e DETE
Fig. 9. Hit rate (%) of probabilistic prediction (bar) with
respect to the distribution of 40 ensemble members and
deterministic prediction (line).
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