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Abstract This paper aims to provide a detailed introduction to the concept of the Ratio of Pre-
dictable Component (RPC) and the Signal-to-Noise Paradox. Then, we derive insights from
them by exploring the paradoxical features by conducting a seasonal and regional analysis
through ensemble expansion in KMA’s climate prediction system (GloSea). We also provide an
explanation of the ensemble generation method, with a specific focus on stochastic physics.
Through this study, we can provide the predictability limits of our forecasting system, and find
way to enhance it. On a global scale, RPC reaches a value of 1 when the ensemble is expanded
to a maximum of 56 members, underlining the significance of ensemble expansion in the cli-
mate prediction system. The feature indicating RPC paradoxically exceeding 1 becomes particu-
larly evident in the winter North Atlantic and the summer North Pacific. In the Siberian
Continent, predictability is notably low, persisting even as the ensemble size increases. This
region, characterized by a low RPC, is considered challenging for making reliable predictions,
highlighting the need for further improvement in the model and initialization processes related
to land processes. In contrast, the tropical ocean demonstrates robust predictability while main-
taining an RPC of 1. Through this study, we have brought to attention the limitations of poten-
tial predictability within the climate prediction system, emphasizing the necessity of leveraging
predictable signals with high RPC values. We also underscore the importance of continuous
efforts aimed at improving models and initializations to overcome these limitations.
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S (Murphy, 1990; Talagrand et al., 1997; Raynaud
and Bouttier, 2017; Ahn et al., 2018; Kim, 2019;
Weisheimer et al., 2019; Hyun et al., 2020; Park et
al., 2021).
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(Ham et al., 2017, Ham et al., 2019; Kim et al.,
2021a; Kim et al., 2021b; Park et al., 2021; Hyun et
al., 2022).

2.2 FH|E2|H (Stochastic Physics)

2 Y7 YoM oE BFAAFLe Y 98 i)
AEREelv A, 7%, M3t Ao, 2l E£¢
g mstcddst BAL O, viAlTEEE, t71E
A, A, GR £, Y9 3 2esh, A% &
A7, A, al <, i) 20 BAsA "ok 2
i o] T =gy B3Ry ow B
=] AR Qlste] WAA ZALE AT U]
wjitol] WA s Zlolm, o |x] #go] JEAY =
= HgolM & A FE 7= Uk

717473 715 EA 2 7 Rdd FEEY
(Unified Model, UM)el|Al= o]t B3} 7g ol 4
o] B3-S wkdsly] flal 2710 A dEE
71 (Random Parameter scheme, RP)Z} FA|& W&

%= 7] (Stochastic Convective Vorticity scheme,
SCvye] JHdEo] AREEHAOH, ThFO 82 FAH &
TRl FHakek 7191 (Stochastic Kinetic Energy
Backscatter scheme version 1, SKEBI1)°] AF&-=$it)
8|4l o] & SKEBIO 9} o] /FHA A 7=
SEoUA] &4 a3E ¥3sle] SKEB2 (Stochastic
Kinetic Energy Backscatter scheme version 2) 2 &4
Hon, of & FAA AHE 43 7R (Stochastic
Perturbed Tendencies scheme, SPT)©] E3r= At
(Beare et al., 2019).

olf g WHENME BFAGAM o= HeS W
@3l 7] 218 AE EH(Random Number) ¥4 21-&
Aggity, WY g e] A= A A= (Random Seed)
o o 2AHEM, dF 7Hsd SAE WEA Hrh
Y Alee HIFE 22 Bl 7IRtete] ALk
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GloSeadll M AFE-E3L = FAED 48 A7)
He T qUAE v FE0 FHE HalFe
$-5olA] FaPAkeE 7192 (Stochastic Kinetic Energy
Backscattering scheme version2, SKEB2; Shutts, 2005;
Bowler et al., 2009; Tennant et al., 2011)2} U, V, T,
Q9] 73 W2 (tendency equation)°l] 452 tls)
F= FA4 45 A 71¥(Stochastic Perturbed
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=715 2 A (Predictable Components, PC)E 37}l
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o 7l f4Fe AL B34S I Wxst
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o|Z7}58.4H] (Ratio of Predictable Component, RPC)
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Pcmod

% RPCE H3T) BAo)A wol=o] Bt A1y
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dol B2 VAR 738 HaollA AA Has
Wl BEAlolw | o= BAF VAR, ZF iE WHE
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& A% P 59
VARtofal = O—fm = ngtz/](xm n_ Xj)z (7)
NME S
: ensemble members variance about total mean,
‘signal + noise’
_ 2 _ 1M _2
VARsignal = GCsig = NZ(OC n> - X) 3
m

: ensemble mean variance, ‘signal’

2 1 XM 2
VARnoise = Onoi = NMzz(xm, n- <x n>) (9)
n m

. ensemble members variance about ensemble mean,
‘noise’

a3 B9 dEZ7F5QA(PC, )= AA B2 o
v Alad BAF H] O] AlFo R ok o] ALkt
tHEade et al., 2014).

[ 2 2
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: ‘predictable component’

FH1 2 A5 5-31](Signal-to-Noise Ratio)e =0]=
kel gk Al 24ke] BI(S/N = VAR gl VAR s =
Ol o) 2 TR, dlZ7s 249 A SIS
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2 & F7F QU AF =REdAE FZddA Al
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HEE
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Atmosphere, Vol. 34, No. 1. (2024)



60 717878 715l EA Rl o] A antae] A 543 o5 220 9

33 01[*7[-9_,?__¢_H|°| odA-Ix-I Exljl_} o|.|)\-I

RPCIIM ERe|] Yl o Z7bs Alade] Att=
5 Bdo] A5 & o Este] BAbe JdAs
T At A grletH, Bd o F7bs Aol
At A 2 RS on|ste R o 3Rl ¢ RPC
e 1o]ofof L Zoh. SHAIRE 7] F o] SA] AH o
A RPC7Y 1HY 22, RH| ST Alade] &
& 797t WA 1 olfE e ST U
A, BY Az Esh 84 @o} o] 2E
P 5L e A9 Fe mae T2HQ o2t
EAlst] 4GS ﬂ g FekA] EetAY, A=
z718F HX] Zetal 7] &3vt e 29 Ao
ok AAS AL = th(Scaife and Smith, 2018).

ol EAl= A Ade] A} frge] we) o
B e FE Fusta, F o Jud AsEs)
o} A% A8EIE A=EFoEM Hds] Urtast
skal Qlok

WA RPC7E 1RTE & A= BYe] ko=t A
99 |57k Aol ofste] maAl Al
A% 270] Wgolw BT, A BES A5
278 27 vehbe Z3olnE Qusow 47t
7] {E 7Zd$-oltf. ZHY Eade et al. (2014), Scaife
et al. (2014), Kang and Lee (2017), Scaife and Smith
2018yl = 53] Hulx e NAO W54 Add
A o] 719t WA RPC7E 1R T 2 797 v
HE HolaL, o]& g HolgtaL o]opr]EtaL Sl ]
2 @4o] Urhts olfol tstels, /1 FWEA
o Wl HERE ARo Aolel Es) A5
I xd 7 ”JMHF e 2A YepARE, 2d gl
= % ofsfe] Rm7} vl 2 ekt
Aom Ay st
1714 "1]%‘7 =92, (o ig (o;lg/o;wl))o o]z
ade] 3718 shsele AR AleEE
22 Aladikae] 94 (Signal-to-Noise Paradox)’
2 ol ¢ Aeg AtEHM

3.4 BA 0% AUWYE o5 2)

JADAM #E] A Z/h kT el g
=gste] Aolst ANY, wde] 2 b rasg v
W gBe Ade =9ste] Al & 4+ Atk

sh=r7)108ks U] 41349 15 (2024)

%, A7) A Y PIEE BEAY AT,
PRS2t N BRRE el gag 79
o

==
TOE- = PCmod% Xég]—g}ui’ q—%y’}_ 7151_-0] RPC% H]’
= T ok
PC,,.
RPC = obs _ T'mo (12)
Pcmod "mm

A7NA rper o] AZFS &3 2o, 5,2
Bdo] 27] 2LlE dE53 22N Bdo] o &3
ZF A= FHuske A dF ~Zo ]ﬂu”- Hr, w9
2 e (perfect model)?] o2t x St} re B
%o] HIE Ha er*ﬂ_ﬂriq ABAT ZEel™, rum
2 RYo] YHE Had BE NE FE w9
FEATE T3 ﬁi‘ﬂ 7L°]‘:]'
o] Jid-& E4ste] thA] AZts) R
Atks AL, 2do A 4F =7 EEL._ A
=5 d3&5e W &Zo] ¢ = AE v

Lo

=

3},

ol RHE RY dFAe] Al A7t A=
A A& 2Zo] HA FAHEL Aok AS A A5t
3 J71= 3FcKScaife and Smith, 2018).

AAEA = 71FASAEF A o]y 3E a2
E4o] Yehte A9 Alzdo] v 2e-S 7Rt
sto] dBof| Farstal, olE FF BAgsks WS AL
Hall B F S Aot 22y 2EFSZ= 9 Al
2do] ofsh, ofgA| shi o] AldS AL
AEAE & F Jvd 2d el IA 719
A Folt}, AHo 2 o3 AlzdS gk SR
at7] flete] mol=E HUjg Azl o w2 B4
e Fojof Fthal B, o SA| A A A
o] 7Fsgk Huighe] HE W E drsjof 3 o]

oF7]skal Qlth.

olgfdt ATt HHE AFT npe} o] F
2 Bk NAO Do) 28 maoe] =05},
g} Solrle} 7]Eo]Ze] HAAQ QIS =i
B o1 EIFF] JIFe o

A
o
=

N

mlo

‘:1-% x]oﬂo]tt] ;(4
=-Z9% SSTO ¥84#3 T SHAE

E Z1%9]
doAgo] HAls Aol e AgEelt.
A 71 71T EA| A" GAE OE AR
gg-ate] RPCO] AATFA EE 5AS ReiE g

o) e Ao Hystel B sich. ol
A% 7 AR 54 hro] Asingion,
P2 sl webE o A AAAEEA B ST,



470 (2F f?f} 9] AIZE A" 2718S AREST
a8 4 o & 27] G oAl FAIED W
el AE5S T A7 Jle] FES Aitst=T, o
AToNME GloSease] A 71F¢&H e FAE

GAE FE 219 Y9 29 A A 374
4A7HA 58 593 119 A 20:8(1991~20109)
717k tisl] g} AJket A o] 8-ske] sl

o|AH A 7| Fe S o 171}011*1 A 7154
=7 Hag WA 2d Fx2F QA5 BAY3h=t
AREEARE, 2 AA 2 71? 17J ekl HA <l
&S Hrishe AER 454 ") o] =&
Me A P33 24E Y %0% o= & Ad
(&3 A9 ol 3 Gzt 49 27|HE AME-
& % AAE ARSIl weEb F A o S
A %P@H;— S 43 27) DAY A 1409 F
AEY e £ se700]th

548 1}

51 MX|7 RPC 2%
Figure 12 7154 SA =8 sH7|qre] AgH o
A | FollA vebd RPCE] AR T E2olth ¥
Xﬁ Fig. 1adlA A&H FM G 59 60% o] A
ANAS FTHoR A3 AT-ENA =28 RPC/}
150 2 grol 7P 75l vebd g9l 4 ik
WA Fig. 1bollA] o Solle 9IXE &7 SH% FNP)
I ESAAoNA FEEHA 18T & Fro] vEeRES
g Jdon, FF Ao AAHoRL (1K1 & 3
o] Yepdtt. Ade] FsA Aol WE(SBy
0ol 7W7k-g vi§- 2He kS Hold o, Hx ¥
HYTR)F A% AN E 13E FXFHL
o} 2P AL o] 9ol thE AR KT} IAAY 22

(a) DJF

(DJF) M56: MSLP

90N
60N
30N

30S
60S

90S

60E 120E 180 120W 60W 0

| - I
0.2 0.4 0.6 0.8 1

]
12141618

> it
B-IN [o
o M fu
N 2
o & 2
2 2
(N £
ng =
2 o2 &
g OOHS
i rlmigo"*'}ﬂlg
of g farjo %0,
18 ox gy KT
o oo &
> o Jzir%
it T rloﬁ
itﬂ w&irlr
e o
=2 'z o
I’N'_u 4 2

o
o
h)
N
2
25
i3
i,
rr
Jm
oX
tilo
H
2
o

5.2 7|R0EA AR olF ﬁ

RPC7} o]& st Eig A= Y AR 7] 9
& Fig. 29} 3914& RPC Akl /\} H (@) Alz2d
(Eq. 8) &4t (b) o]0 sfdsh= HAl EAH(Eq.
7), ZL2] 3L o) 2 gin] Alrde] A7)E 7HEshE (o)
ndo] o|Z7 5 24 (Eq 10)9} (d) #=2 93715
Q40(dHHE 7+ A5 Agol diste] Aurgit)

Figure 2a4 A& AR Ao = FelshA Yehdt
= A2 SEEG gFAF A7tk 2y
o] A& o]z HESH vl AAM(Fig. 2b) HAEA
v Alzde] A7l AxrE @8 s YeRhdtt
(Flg. 20) /\]_—_—LL-I [e) l:Ezs]_ o]: H].:[L'/] :L;(]O:]J,]_ gHOO]:/\é

Hn
m“’ m

W% 55 Be A9 Tela 9EesE Ao
Gehtn Qich ze da) Bake FA9S F40
= 53, 53] %33 %3 A% 9P e IR
A A 7193 NAO Aol A ul$- Zgsfed, gl

oFgt Huly y9wel IR Gor o Azo] g
= e oﬂ oi___q ;dsz‘ﬂ— e 01011—4_

Flgure 2ce Ed9 °1]—7P1 K407 E AN
283 @ ogET 741/\].5]043_ 739 3484 A
Halgzol mdo] /M & Aste] A o%
220 gt %}{0]7].-_ o]—q- w2hA Fig. 2collA]
74 = 01]2?— ]/\Eﬂoﬂ}\ﬂ 7]1;H6L )1‘: xLszq JJEH
2 l*EéMVH A5 27

;gl —L-E TA]

;‘<} I9xE

rlo

60E 120E 180 120W 60W 0

[ I I I [— |
02040608 1 121416 1.8
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