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ABSTRACT

This study investigates the potential to improve regional seasonal forecast
for the East Asia during cold season using the Global/Regional Integrated
Model system(GRIMs). The GRIMs is forced by the Climate Forecast System
(CFS) seasonal prediction data for 25 years from 1983 to 2007.

This dynamically downscaled forecastis compared with the CFS produced
by global forecast model. Results of the comparison suggest that the RCM
add value in seasonal prediction application, but the improvements largely
depend on location, forecast lead time, variables, and skill metrics used for
evaluation. Generally, more improvements are found over the oceans for the
shorter lead time. This results allow us to be cautiously optimistic about the
model ability in the forecast of important climatological features as well as

extreme event of precipitation and temperature in East Asia.
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A ol i = =7he] AR8E Ardshot o] T ettt Jrolm e Hrf usdee] AlF
s A oS R Fado] spobA AL ik ey, A RS Ak o2 V)5

E —
U 2 S-8-A el A Q3 X7 %0] S0 7|4k o] H ) A2 dAE ROk 5
g8 B=Es) 71 0 7 obed A 9ok (Gutowski et al., 1997; Wood et al., 2002; Zhu et al., 2004).

o)A A A A 71 EAE 5t o e st A B I A A Y E £
dal7] o= GCME] 37t sl g 7 w7 witol ). o] Alghs sfdstr] 218, A1 715 &
2 (Regional Climate Models: RCMs) ©] A%|7" 719 &l (Hf=3h) Hox= AlREA AF5E 7]4E
O 7 =&y AR 7% Alg ol s BAkskE "8 v AAI A" Y] R AL
2= o)t (Leung et al,, 1999, 2004; Leung and Qian 2005; Roads et al., 2003; Castro et
al., 2005; Liang et al., 2007; De Sales and Xue 2011).

15t ) gk ool 2] B A £ 1 o AL A 5
§ s 29 AINEA, A0 S ZAd WEHES 5ok e B

Th(Saha et al. 2006). kA, tiaF ] Al M-S oS58k o] o = & 7hsa A 1
2Lt gt =30 of| 57 B B ob et AR, A3k =50 A9 A Q1 A gk el o) 2
& FAtelM ] A5 A o] 3] Tl E|ofof & o]t o] & lEf theket the A
A Wilo] 7 E o] ARg-E a1 QlT.
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2. A+ v

2.1 Global/Regional Integrated Model System (GRIMs)

o] A tof] ARE-H &2 Global/Regional Integrated Model System (GRIMs; Hong et al.
2013) 0.2 A+ 23} x| 7]% B o] sk A| AEo] 503+ multi—scale 302 X
9171923 (Regional Model Program; RMP) <> Hong and Leetma(1999) ©f| 2]sto] 71 L7
7} %1% National Centers for Environmental Prediction NCEP) Regional Spectral Model
(RSM; Juang et al. 1997) oA ¥ B & o]t} GRIMs—RMPE A3 23 7} -2 o8}
2 Ee & A AL QlojA ARdg AokE = glow S A wAVE AN E S
7121 Qlt}(Juang et al. 1997). B=3F spectral A4kl 2114 perturbation method (spectral
filter) & AH&-8 0 24 ZAIRR 9] large—scale WE 2 f-A5HdA 1-8l5 A2E Akt
T AU ol g X975 A E L]+ 9 8H4] down—scalings sh= W o= F A4 WY
O 2 e T Gl large—scale @70l v A= TP R BIAY HE S FHE 5 Q1o
e A Ao R gdahs A9 e ARE Al 5 Atk GRIMs—RMPO] &
2 L Fotrlof Aol sl o]n] H5H vk 3127 (Yhang and Hong 2008a, Yhang and
Hong 2008b), A9 7]3%- Al upe] @ Ak (Lee et al. 2013), A5 -¢-9F 22 =35 7] 3k &
©] (Lee and Hong 2013) oA &= 71 43501 AS= Utk

2.2 2% A7)

GRIMs—RMPE 3l 19834 2007714 25W%ke] Folalop Aol djet
A& 7155 ARGt 27] 2 AAZRACZE GRIMs?] 74191 RSM} 1At ofs)
1 534S 7FR 21 9= NCEP/Department of Energy (DOE) Atmospheric Model
Intercomparison Project (AMIP) Reanalysis II (R2; Kanamitsu et al. 2002) A} 5. 0]-8-3}¢]
AAZ L] Mg ol A BAYS Q= EAIR S HAasleko], B Y AA| 8] @A wA S
T M SSith Al S AReE 7] 9 A AF71> NCEP Climate Forecast
System (CFS) ©.= 2004 d5-E NCEPAIA AlQ A5 Ao 2 AR a1 Q1= th7] -39k
Azt ot} 2011 39 9]% version 22 10| = HA O o] A= %7
2] CFS H|o]E & AM-5F31tH(Saha et al. 2006). CFS= t]71 5.3 2.2 Global Forecast



System (GFS; Moorthi et al. 2001), 3l%F 5.3 © 2 Geophysical Fluid Dynamics Laboratory
(GFDL) Modular Ocean Model MOMS3; Pacanowski and Griffies 1998), AW 2o %
two—layer land surface model (Mahrt and Pan 1984) & AF&-3Far QIth th7] 27| 212 R2,
3ok Z27]1Z 712 NCEP Global Ocean Data Assimilation (GODAS; Behringer et al. 1998)

[e]
FE Agiteth A7 5 RS T ALASARE Aaeh] 918l 114€ 119-15Y,

ZHH S
119 219-25¢1, 119 29290—-129 329 %7|Z2AS 7H 157)12] SAFE wl S A At
skglom, o] el M= 1249 19 2715319 A5F o] 8-shalth.

A

Ay 49 a7 13 2o ALH] Ut =88 1Esk] fEvel 4 F QL
= X3 ofrfo} 1 gl on, Y= oF 30 kmo|th ARE-E =8 7
< Table1 ¥} 731, GRIMs package version 3.1% - 2 2] &) 1.2] A3 of|A] o] ] 2} H]
2 E Hof Folalotel] A aital ke 2] 5olth(Yhang and Hong 2008a; Yhang
and Hong 2008b).

i
o
e

A2l A3elE Sl didliAE 0.25°x0.25°2] dl%d=E 7F Asian Precipitation
—Highly—Resolved Observational Data Integration Towards Evaluation (APHRODITE;
Yasutomi et al. 2011) A&7} o] &=, | s Xt b dd 2o
2.5° X 2.5° 9] Climate Prediction Center (CPC) merged analysis of precipitation (CMAP; Xie
and Arkin 1997)©] AH8-5 Sl Tt

2.3 Scale—Selective Bias Correction (SSBC)

o] ATollM = AEE3E AR &2 Al AAIRIE A Alg s it el of
QRS A7) FRY AHsA ALl large—scale nudging 719 AH-8FIT
= A 8o mA A 7SR AA7E 7HA AL Q= o2l Y] e EolT e avE
gk 5= Qloh nudging 71 el a2k= A8 AFRellA A5 o] $hom (Kanamitsu et al.
2010; Yhang and Hong 2011; Hong and Chang 2012) &< Z8g] Yo} x-S tht o & 3
10 km 3FE=2] A 9AkR Ak Qo= AT AR E AAZRA R o] &5 9 8H4] thy
AAILE o] 73] A 715 A5 E A7) s BAAR] Aol ARFEHE ARE-g
Ao AREA A5 eF vl ) 52 A EE 7H S Qlvks A¥9E Bt (Kanamitsu and

Kanamaru 2007).



o] A7) 58 )
Aabsl Tt AN Hol 7@’74]3:?10] Algehs FVTES] JREo] vy
AHAAERE oe7} W8] ANA L, et A 7S EES i
AR e FYTESES Bod 7Fedo] AXIk o st ea dAlS Zo)7] 918
large—scale spectral nudging *¥= o] Al|<F= Itk (Waldron et al. 1996; von Storch et al.
2000).

Selective Bias Correction(SSBC) 712 9U%9] large—scale nudging "HFH o=
Kanamaru and Kanamitsu (2007) o1 2]&}] #|2F= 2137 Kanamitsu et al. (2010) @ Hong and
Chang(2012) | X 4 =9l o m th3 37F4] QA= FHd STt

1) Nudging= 759 2} %] 217] 551§ 2] 2po]ghell v} 2 A= &2l 48k
1

Fro(m,mn)=( )F(m,n)for m,n<m_n_

1+ a(1—0?)
F: perturbation, @ =damping coefficient, m, n: wave # of X, y

Fi= AR oA AR g A9]7] 51233 9] 21o]Ql perturbation fieldg ©]7]gtet. F o=
SSBCE #4371 49| perturbation field 502 x9Fy WrakollA] ZF2F m7) 9k n7) o] 5o
= o] o)A 9)at, &l % critical scale m ,n Bk RS 714 wpol] tial] $12] 2)o] 7
¥tk ¢ = damping Al5o] 2L A ATl A] o2 ] B]AES AA 092 g3l 5l o] 7|
Foll 1- o) o] wall A L7} oA T5 (0 glo] Zobda5) Faid] gho] 2ol A o
0 =04 w] SSBC 245 AojA|i= F*v 2] k& A2 1/28 Zo] 5] "t} 0] 21 A Wef 7}
7 WA BLololli= AV F RO A EE 50]1L, AT o R A A el g 4

ol
Ago] A= @= =t o] A of| A= critical scales 1000 km= A7 8FA T,
2) &% perturbation®] & Hzko] v ARA|7alc) 0o] =2 k5T

3) A7 R 2 AR s e Afolel| M = A7 IARE A o8t W 4 ol A

2) 8} 3) 8] = Dol vlal A4 EAIRE 1) 2 @5 02 ARSIl w Bot By g3}
£ 7 0 2 VPt (Kanamaru and Kanamitsu 2007; Yhang and Hong 2011).
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Figure 1. Regional model domain with terrain heights.

Table 1. GRIMs physics packages V3.1.

Physical parameterization |

Deep convection

V3.i
Park and Hong (2007), Byun and Hong (2007)

Shallow convection

Hong et al. (2012)

Cloud microphysics

Hong et al. (1998)

Longwave radiation

Chou et al. (1999)

Shortwave radiation

Chou and Lee (2005), Chou and Suarez (1999)

Cloudiness

Ham et al. (2009), Hong et al. (1998)

Vertical diffusion

Hong et al. (2006), Noh et al. (2003)

Stabl boundary layer

Hong (2010)

Orographic gravity wave drag

Hong et al. (2008), Kim and Arakawa (1995)

Convective gravity wave drag

Jeon et al. (2010), Chun and Baik (1998)

Land surface layer

Yhang and Hong (2008a), Ek et al. (2003)

Ocean surface layer

Kim and Hong (2010)

Ozone chemistry

Prognostic




3. - A3}

3.1 AT &5 A5 A

ol el A= A 75 o] Aate] Wiz A5 S AT ol oM #9752
o) BAZEA R AR FT o5 AR5 AS= HTskalth X7 e R o] A 3
AZAL e Bol Mo EE T olSAtRS] «5ds Hrst] flsiM= AAx
719] o 24 0] A ojok ab, whha] o] AF-e] x7] W A A7) 0 7 AHEE NCEP CFS
e A Rkt 19 2% 251 W ALt
= AR Aol et A ekl %@%"E‘%‘E‘r‘%
I AT Ao o] Ao A7) Rk A5 2] dRAIRE A 7] 9Fo] #1A] 8k A alEA] )
o RS BeFar 9lew, a|jbelr wofuheas S5 w A7Ieke] 7R ol <] A
71973 sPde] e tH(CL™ 2a, 2b). Z1efu, AllE]oF a7]]be] A E ofshAl, LAl]t

4719k okalA| welehi QrHCIH 20,

mlo

A A A R2 s 59 358 7S 0% 552 8l 98 94 712 BAEE Kol
o ole]gt 542 7|5 o] Aol A fAFeH UrEW_rD‘r( H ba, 5b). Bt} 13
9o

—Eroﬂ ol et AT LRI %

2 7443 9] )
wakA) 2ok glek. AR ARG W LPS W) AT SARE BB /)22 1 A

74%% oprJo} A 8] A= T2 s Fell M vEhdth ARE weh 2 A ils
2 3l gellM A 51019 FEE BATH(CLE 6a). CFS ASAR A = o] 2 & 7
7} LERFAL glou, Hoigko] e A9 2fel& Holal ItH(T1™ 6b). CFS=
0% A=5ghol vlal] W ) A E Rolehar glom, dilrell = 25 el A

2 Parrolsh= 548 veh i Qoh 1™ 6e).
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Figure 2. 25-year winter mean 850-hPa wind (m/s, vector) and sea level pressure (hPa, shaded)
from (a) the reanalysis, (b) CFS, and (c) difference between reanalysis and CFS.
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Figure 3. Same as in Figure 2 except for 500-hPa geopotential height (m, shaded)
and 200-hPa wind (m/s, contour).
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Figure 4. 25-year winter mean surface temperature (K) of (a) APHRODITE, (b) reanalysis, (c)
CFS, and (d) difference between reanalysis and CFS.
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a) CMAP
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Figure 5. 25-year winter mean precipitation (mm/day) from the (a) CMAP observation ,

(b) CFS, and (c) difference between CMAP and CFS.

o= A



AT A5 B9 ASAS 3disd Bl Aury] Sl Fobrlor At
255 ALKk 217 62 Liand Yang (2010) oA AIQHR Fokro} Ag e A+ 1
Epll 210 7 o] X|5== of g 9 72 2o &]8f 200hPa ol A 2] A1qF nlthe] =4 s}
2 Atk

[EAWM=(U1-U2+U1-U3)/2, where
U1=U200(30—-35"N/90—160"E)
U2=0U200(50-60"N/70—170°E), and
U3=U200("S—10"N/90—160°E)

A 27 2] Z$- 19837} 19954, 2000, 20051 ofl 32 7S, 19894, 1991,
19924, 1997, 20063 o] W& 7h-S ol 1 gtk CFSE= 19834, 19954, 1996\, 1999
W, 20050l 52 A 5EkS, 1991, 1997, 20061 d 01l W2 A|F3kS Holr o] A
2 Az ob AAsHE Alz1g S ekl sflofth v, 1989, 19942 -9 A4 Ahs
o} Wil o] Al1d-S Kol CRSS} AltA] AF7.2] Folrlol Ag #= A 5=2] AlAED
A 0.322 YeRGTh 17 62 i AR A= 9} CRSolA Alike 2422 Al1d & 4
gt 710w, AFgho] 2442t 13} —18 95 -5 el o oFEasl| 2 g oJshar Fe- A

FENoR GEhIROm, 19} —18 A & 35 +9h -9 a2 BAS,

A A5 oW R R AlLksh= el et e sl of ofmmal v ekl A
o] QLo & &52] s rIo R g ojH ke AE o] gsto] Ad WEA

t}. 1% 7-& Wang and Chen (2014) 7} #9138k & 7] 9H-8- 0]-&-3F Fola|o}
o]}, o] A= vt ol ARk

[EAWM = (2+SLP1—-SLP2—SLP3)/2, where
SLP1 = SLP(40—60N/70—120E),
SLP2 = SLP(30—50N/140—170E),
SLP3 = SLP(20S—10N/110—160E).

7] GO.E ALY Fobrlol AFEE AFE 45 M-S o g8 Aol ul3) wE
Aol 4] ko, 1983, 1984, 1985, 1995, 19991, 2004, 2005, 2007do] 7-st
Foeal 2 Lhepel,



T dlo]Efoll A At Qe A7 22 A T1d S YER 3l A7l ske] 19834, 19854,
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2o MEFE 5ol S8 Argke] =18 {A] AN = dloE 7t F AgEaold
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Figure 6. East Asian winter monsoon index proposed by Li and Yang (2010). The year colored by
red (blue) box indicates that East Asian winter monsoon is strong (weak).
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Figure 8. Composite difference (strong minus weak monsoon years) of the (a) R2, (b) CFS for sea
level pressure, and (c) R2 and (d) CFS for 850-hPa wind. Shaded areas indicate 90% and
95% confidence levels.
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a) R2 500hPa height c) R2 200hPa wind
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b) CFS 500hPa height d) CFS 200hPa wind
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Figure 9. Same as in Figure 8 but 500hPa height and 200hPa wind.
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a) R2 2m temperature
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c) CMAP
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Figure 10. Same as in Figure 8 but 2-m temperature and precipitation.
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Figure 11. Correlation of precipitation between the CMAP observation and (a) CFS,
and (b) RCM with CFS forcing and (c) RCM with the reanalysis forcing for
December, i.e., first month forecast.
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Figure 12. Same as in Fig. 11, but for January, i.e., second month forecast.
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Figure 14. Correlation of sea level pressure between the NCEP/DOE reanalysis and
(a) CFS, and (b) RCM with CFS forcing and (c) RCM with the reanalysis

forcing for December, i.e., first month forecast.
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Figure 15. Same as in Fig. 14 except for January i.e., second month forecast.
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Figure 16. Same as in Fig. 14 except for February i.e., third month forecast.
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Figure 17. Correlation of temperature at 850 hPa level between the NCEP/DOE reanalysis and
CFS in (a) December, (b) January, and (c) February, and RCM with CFS forcing in
(d) December, (e) January, and (f) February.
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Figure 18. Precipitation anomaly (mm/day) for (a) CMAP observation, (b) CFS, (c) RCM
with spectral nudging, and (d) RCM without spectral nudging.
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Figure 19. Sea level pressure anomaly (hPa) for (a) R2, (b) CFS, (c) RCM with spectral
nudging, and (d) RCM without spectral nudging.
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Figure 20. Same as in Fig. 18 except for temperature at 850 hPa.
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Figure 21. Anomaly correlation of (a) precipitation, (b) sea level pressure and (c)
temperature at 850hPa level.
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