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PREFACE

It is our pleasure to present this report on the APEC Climate Center (APCC)’s

research activities in 2013, which has been a very productive year for our Center.

APCC has expanded its research scope, in response to regional societal and
scientific needs. While building expertise in climate prediction remains a priority,
we are extending our reach to include policy-relevant climate applications and

value-added climate information products.

APCC has accelerated efforts to better our service to the region. As one of
the main services provided by APCC, the MME 3-month prediction information
has been productively applied by scientists in developing countries that are unable
to produce their own prediction information. Furthermore, in order to better
prepare for climaterelated hazards in a timely manner, APCC launched its 6-month
MME prediction service in September 2013. We also began to release forecasts
of the Boreal Summer Intraseasonal Oscillation (BSISO), starting from July 2013,
as the world’s first operational BSISO forecast service. Our researchers also achieved
great success in publishing their papers in noted academic journals. Dr. Ok-Yeon
Kim, for example, published a paper in Climate Dynamics and her research was
later selected as one of the Research Highlights by another distinguished journal,
Nature Climate Change. The following research report provides more information

about our research outcomes from 2013.

We will continue to promote the best use of our research outcomes in various
scientific and application areas. Our successes and achievements would not have
been possible without the support of our valued partners. In this regard, I extend

my thanks to you and I hope you enjoy this 2013 Research Report.

Chin-Seung Chung
Director, APEC Climate Center
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This study investigates the ability of a regional climate model to reproduce the characteristics
of the East Asian climate, focusing on the summer and winter monsoons, using the Global/Regional
Integrated Model system (GRIMs). GRIMs is forced by the National Centers for Environmental
Prediction (NCEP)/Department of Energy (DOE) reanalysis data for 30 years, from 1979 to 2008.

The model can reproduce large scale features associated with the East Asian summer and
winter monsoon in terms of the 30-year seasonal mean climate. The precipitation and surface
temperature from the regional climate model are evaluated against observational data. The
simulated precipitation climatology reasonably agrees with that from the two analysis datasets
based on station and remote-sensing data. Outstanding characteristics of precipitation, including
the location of the main rainband, climatological mean, and the spatiotemporal variability, are
well represented in the hindcast. The most notable bias in the simulated precipitation is an
underestimation of summer rainfall over the oceans. However, the daily evolution and northward
propagation of the summer precipitation are fairly well simulated. This suggests that GRIMs can
be useful for subseasonal prediction. The simulated surface temperature agrees with observation
as well. In particular, the maximum and minimum temperature in the summer of 1994, when
a heat wave was observed in Korea, is well captured by the regional climate model. These results
allow us to be cautiously optimistic about the models” ability to simulate important climatological
features, as well as extreme events, as far as precipitation and temperature, in East Asia.
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2.1 Global/Regional Integrated Model System (GRIMs)

o] ATto A= H 32 Global/Regional Integrated Model System (GRIMs;
Hong et al, 2013) 0= ZF M} 2|4 7|5 K o] gt AARIY] F03= multi—scale
HEog X¥7]|3 R T (Regional Model Program; RMP)-2 Hong and Leetmaa (1999)
of oJste] 1 A7i7} &5 National Centers for Environmental Prediction (NCEP)
Regional Spectral Model (RSM; Juang et al. 1997)o4 24% R o]t} GRIMs—RMP
L TR 22 o5 % BTG /AT Yol AUE Hofat 4 glen] Sul
A A AaEe S 7HA AL QT (Juang et al, 1997), E3F spectral A4
O] 4] perturbation method (spectral filter) S ARE-EHO. 2 A FAALZ 2] large—scale
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% v} 9J2™ (Yhang and Hong 2008a, Yhang and Hong 2008b), A|¥7]3 Alue] L
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11 9]&= NCEP-Department of Energy (DOE) Atmospheric Model Intercomparison
Project (AMIP) Reanalysis II (R2; Kanamitsu et al, 2002) AR2E o]-&3}o] HAAZA
o] Wk yPoll A AT 4= Sl wAIR S Fasteiginh, AY 9 19 13 o] %
Ul A, S5 RS 3L FopAlot FHoln, == oF 50 kmo|th, AR
=2 742 Table 13} 231, GRIMs package version 3,12 Z+- W 2|&] LLo] Agof|A
ofe] ZH| BIAE E|o] Fopalotef] AAsirtar ke E2jigE0lt) (Yhang and Hong
2008a; Yhang and Hong 2008b).

o] Aol SA]ol disliAl= 0.25°<0,25°9] d =S 7H<] Asian Precipitation
— Highly—Resolved Observational Data Integration Towards Evaluation (APHRODITE;
Yasutomi et al, 2011) A&7} o] &=L, ¥ 7S 35 71 wd EAo=
2.5°X2.5°9] Climate Prediction Center (CPC) merged analysis of precipitation
(CMAP; Xie a nd Arkin 1997)°] AM-E|QItt, APHRODITE Hlo|El= Hat AHLE 2
vl aof| = o] §Elom, /2 7122 HES 18l 1.257<1.25° 4 =2] Japanese
55—year Reanalysis (JRA-55; Ebita et al. 2011)E ARSI}

2.3 Scale-Selective Bias Correction (SSBC)
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et al, 2010; Yhang and Hong 2011; Hong and Chang 2012) &<+ ZiZ]EUo} XS
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(Kanamitsu and Kanamaru 2007).

o] A7 eRge AARANA AYEe R HAYY AAES
AL, AN ol 152 Az AT FUFRE] r5o| Has]
ol X ER of2|7} AYSH7| FYRIAL, wEba] X 97| SRF L A RAA T2
QRET} 02 FRFIAES BT R0l AR, olaid 23 WAL Zol]
large—scale spectral nudging ¥ o] A|et=]@ITt (Waldron et al. 1996; von Storch

et al. 2000).

Selective Bias Correction (SSBC) 7|HHE U+£9] large—scale nudging o=
Kanamaru and Kanamitsu (2007)¢] 2]} A|2t=]2)1 Kanamitsu et al. (2010)Z} Hong
and Chang (2012)0]A4] =7 =]o] Th3 3714 Q4R H/JHr},

1) Nudging® A0} 97| F 23] Aolghol] cheat 22 A2 $) Hgeck

1

4)F”]d’ (m,n) form,n < m_n,
1+a(l—a?) """ e

F, (m,n) = (

F. perturbation, a = coefficient, m, n: wave # of x, y

Fy= ARE oA AR a2 7] 555 O] 2}o]Ql perturbation fieldE om[Rltt,
FYM= SSBCE 28317] 29 Perturbation field HO.& x9F y HWaFol| A 272} m7)2}
n7f ] aFo 2 o]FoA] Qla1, X critical scale m,, n EHT} & FEE 7HA]= o+
of thall $1¢] Aol A-&Hth. a+= damping AlF=o]al AYAFofA o] HAES
A 0,92 AaFct o] Aol (1-0°) o] FalA w7t ol (ogko] Zord
=) FU19] gro] ZolxA Ho] 6 =0 U u] SSBC #EF Hojxji= 7 V9| gk 79
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A, SR AR AR ofgt AAYe] AXE AvE Fh o] A=
critical scale= 1000 km= Z|Hs}3Ct,




008

APCC RESEARCH REPORT

2) I perturbation®] g
3) A7 SR} A o
A BASI3AT

ko] o) HEAkte} 00] WS s
W HololA] 21 AL/ Hefat Al

{0

O

2)¢} 3)9] A= Do vlsl A ARt DS TEo 2 ANSIS TR 2y Ay
7F 2 e 2 YeERTh (Kanamaru and Kanamitsu 2006; Yhang and Hong 2011),
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Figure 1 Regional model domain with terrain heights. All the statistics for evaluation of the simulated results
over East Asia and the corresponding plottings are made in the inner box of analysis zone.

Table 1 GRIMs physics packages V3.1.

Physical parameterization

V3.1

Deep convection

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)




GRIMs-RMPEZ 0|23t SOfAlo} 7137t0] A5
Physical parameterization V3.1
Vertical diffusion Hong et al. (2006), Noh et al. (2003)
Stable 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. g+ Zut

3.1 AR B2 VI

[

1§ Aoz 7H 7120l He AR Bt 715kl dit de< +sidinh. 11
2= 309 Fatd AF] "t £3S Uehd ZloR, BE2 AEA A= yehd
A5d &2 54 2 e Aok, 719 7RRREE w20l es S| |/
He g E|le] FEoMRE Mal7iA] E S 7|0 7T 3ok Let
et (29 2a, 2b). Z12fY, A= 47 Q] AAoA ofsiAl Zoj=|al 9lor,

E3] fjokol|A] A Zpgof v]E)] AxsE ATE Holh (1% 20). T3F Aubd oz 29
TES s welske 4ol ek gl (Table 9)

AWt SBe] AL wrQlo] Ao $xI3 Alulelo} 117]gtelA ol
= SAF} o] 35 uheh wershs Z|okgolt (18 8a), RBE olejdt 5L %
HOJSIL QLo AW Bk Thas OFsi mOfslal At ShibE o] 7188
SOJSIIL 9Jr} (Table 2). 71£0) 9 AEA A50) HAES} 2,5°%2,5° U AN
u el b Z12ARE SR Aolol A ok Alolet Az

o}5H PEHe] NELEL 59 305 of2oA] 4%& ol 3, W3 Helol
ol Qlrk (1% da), AR Awo] A9 /)& B fsg% %é—ﬂ
SAFBIA LR 9Lt (1 4b), olfdt RS m @Mw EE
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glo] LERtaL Qlth (39 4do). T2, @RS W] 2= AubE o2 W mojsial
AT, W& ] B9 40% oA FdighS Holoh o= ARA 2tz el GAlst A}
2 AARAL 97t \97|ZmF o] At HES ujA Aolg B 2= g}

AL AE2 e AFHRT F o A9 REE WITH (1Y ba). HY] 35=5
NEoR BEL ofel, YHL o] 71 Bug Hon] of2jgt 5L Aoy Fuyo)
A A= FARSHA ‘/}E‘r"”/} (13 50). E3] AJBA AFEr} s} QB o] )L

=] LR v GRIMs Aaks z|eEE AAEE 712 Bzl mojsio]
A AR 2ol 84S Holal Qtt (Table 2). ALHL o 2o ulg) i1 <8k4to]
o] 2 Adolnw, mojgl Lglo] ofE 71eo] uls) ABHo] £& Ao Rk
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b) GRIMs c) GRIMs-R2

o)

~|

Figure 2 30-year summer mean 850-hPa wind (vector), relative humidity (%, shaded), and 500-hPa height
(m, contour] from (a) the reanalysis, (b} GRIMSs, and (c) difference between reanalysis and GRIMs. Shaded areas
corresponds to relative humidity over 65 % in (a) and (b). Yellow shaded areas in (c) denote that the model
underestimates relative humidity by more than 5%.
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b) GRIMs c) GRIMs-R2

ol
nl

Figure 3 29-year winter mean 10-m wind (m/sec, vector), and seal level pressure (hPa, shaded) from (a)
the reanalysis, (b) GRIMs, and (c) difference between reanalysis and GRIMs. Yellow (green) shaded areas in (c)
denote that the model overestimates (underestimates) surface pressure by more 1 hPa.
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a) APHRODITE sfcT JJA c) GRIMs sfcT JJA

=

Figure 4  30-year mean summer surface temperature (°C) of (a) APHRODITE, (b) reanalysis, (c) GRIMs, and
(d) difference between reanalysis and GRIMs.
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a) APHRODITE sfcT DJF c] GRIMs sfcT DJF

[
—-24-21-18-15-12-9 -6 -3 0 3 6 9 12 15 18 21 24

b) R2 sfcT DJF d) GRIMs-R2

Figure 5 Same as in Figure 4, but for 29-year mean winter surface temperature.

a9 69k 1% T 47 o2 B 4ok ALH BF Agolth B A4k
0.25°X0,25°9] =5 712 APHRODITE AR} 2,5°%X2, 5° A E2] CMAP A=
UrEhGIT) oS 3re] Hrhahe F3 WEET} SH, Qo] AAYE Ant AN
we Uehdth (13 6a). CMAP Blo]El 2,5°<2,5°9] Ajsabme] o Holgh 1o
AP L) S5t 744 Weo] SRt ek 0 2 Melet (13 6b). GRIMs:
744-2] Helgk 2|%& APHRODITES} AP BOJSHaL qLovt (19 6o), uhgo:
87 744 T mofakan ajof At MmOk RS Helth (1 6d), ol
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5152 At S ool HEREE sfe] Az eAjel dAshe AR A 47 TR
A S ] Agte] S AMRITE RS A e EE5 E YERiAL gle
U, Hdigke © 2A Zefsial Qe (1™ 7).

a) APHRODITE JJA c) GRIMs JJA

Figure 6  30-year summer mean precipitation (mm/day) from (a) APHRODITE, (b) CMAP, (c) GRIMs, and (d)
difference between CMAP and GRIMs.
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a) APHRODITE

c] GRIMs

=

b) CMAP

~

Figure 7 Same as in Figure 6, but for 29-year mean winter precipitation.

Table 2 Statistics of the bias, the root mean square error (RMSE), and pattern correlation for 30-year summer

and winter mean over the whole domain.

Bias RMSE Pattern corr.
Summer | Winter | Summer | Winter | Summer | Winter
precipitation (mm/day) -0.27 0.24 1.53 0.71 0.74 0.94
surface temperature (K] -0.03 0.16 1.19 1.59 0.97 0.99
500-hPa height (m) -5.10 -3.94 529 434 0.99 0.99
sea level pressure (hPa) 2.70 21.12 83 78.31 0.98 0.99
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3.2 W HsN

[

Aoj7|wmgo] mofFt 7|Fgke A
O
=

1z

(Empirical Orthogonal Function) -4
AHE o]EHo|= 500-hPa 1%, AL

mgo] dgehs W4 F AT/ A4k oS3 ALl ) B Hlwstac

roo

19 82 9154 500-hPa 21%=2] EOF Al Wxje} = WA Kojnt Al ¥ HEojA
© Al At By AiolM FEH 2R Ay YA FEe] A AladE Holi
AT (C17H 8a, 8b). ARtA] A=} GRIMs WLof 23] A WA RE= A 9] of 30%E
Argeit), 7 WA Hee SAZN BEEoR oFof ATEE, 1 9 AH2 59 Al
dol WA Qe FHE Hlvk (TH 8d, 8e). + WA = A HE & of 2025
AL ek, AR AIAIEE A A REo)A 0,99, F WA HEofA 0,839 At
|5 Kol - FARSHAl vEhdt (2™ 8c, 8f).

D

AL A7l tigt BlofA = AT Amofl ThRh Aol et miRk7FA = A A
Aot o> FARE $7HA RE2E Holw, AAE BAAE 0,999 & A AleE
7HIY (29 9). a1=ef s 7|Fe] - tifid Hepo] B2 large—scale nudging®]
FFS A A Heh 2ER, SSBCE ARRFORHA HFo] 7HA|AL Sl eALE £
A Hatge] B Wsds A A=Y e fAH s AdE 2ot
(Kanamitsu et al. 2010).
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d) R2 EOF2 (19.72%)

a) R2 EOF1 JJA HGT (29.66%)

e) GRIMs EOF2 (19.25%)

c) PC1 (corr: 0.99) f) PC2 (corr: 0.83)

—_R2
800 800 —— CRIMs

600 600
400 400
200 200{ ofa
0 0
~200 -200~0

_s00{ & -400

600 -600

800 -800

-1000

1995
time(year)

1980 1985 1990 1995 1990

time(year)

2000 2005

Figure 8 EOF 1% mode of the 500-hPa height in summer from the (a) reanalysis, (b) GRIMs, and (c) time
series associated with the eigenvectors. EOF 2 mode from (d) reanalysis, (€] GRIMs, and (f) time series
associated with the Eigenvector.
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a) R2 EOF1 DJF SLP (37.95%) d R2 EOF2 (19.84%)

el GRIMs EOF2 (19.50%)

f) PC2 (corr: 0.98)

—__R2

12000 —— CRIMs
9000
6000

3000

-3000

-6000

-9000

12000

15000 1—— — —
1980 1985 1990 1995 2000 2005 1980 1985 1990 1995 2000

time(year) time(year)

2005

Figure 9 Same as in Figure 6, but for sea level pressure in winter
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o548 A#2E9 A M HEs AT G 5552 ALt Fobrlor HAolA
22 A1EE Holw, oF 30% F=E ti3EstaL It (1F 10a, 10b), F ¥iA HE=
S v}, Y-S weh WiE BoFo] 59 Al Holu, o]= FoAlof o} 54
7R QIFE AE2E0] AAE el AR BRItk (19 10d, 10e), HE-2 AEAA}
=of vjg] HEC & 93] S0 AlT1dE BOEGirt (17 10e), webA A ¥R mE9]
[AE A Alg= 0.96 02 w9 7| UERd ¥ (7 100), & HA B9 AJA Y
A= 0.730.2 Zastqint (719 106),

S~
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At} (27 11d, 1le), A WA HEO] HEA]S K 1980dT) FHHLE] A 9
Alz1go] oFsf Al AL B 4= itk (1 o). o= A3 AtolA] ¥a] 7l Bolrlol AL
w20 oksl7} iy AdfolA A A YERAL ok AE oJu|git} (Watanabe and
Nitta 1999; Wang et al, 2009), A4 A T2 == AEA 217910 v|w oA &
o QA A E HEERRE fARE 21kE HolA] skl olok e ol Al B
H] ol Al A H Qo] Aol Al ArETh Y A7t ¥ Ak (APHRODITE)
OF AR A EEE HS7] fiiZoll EOF E40lA] Ut Zfolfo] My o] g4 @4t
2kl ®H7)= ofYr}
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a) R2 EOF1 JJUA sfcT (29.33%) d) R2 EOF2 (12.66%)

c) PC1 (corr: 0.94) f) PC2 (corr: 0.73)
— R2 ! — R2
100 — GRIMs 100 —— GRIMs
80 80
60 60

-80 -80
-100 -100
1980 1985 1990 1995 2000 2005 1980 1985 1990 1995 2000 2005
time(year) time(year)
Figure 10 Same as in Figure 8, but for surface temperature in summer
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a) R2 EOF1 DJF sfcT (34.13%) d) R2 EOF2 (18.94%]

c) PC1 (corr:0.95) f] PC2 (corr: 0.81)

— R2 —_—
100 — CRIMs 100 — GRIMs
80

1980 1985 1990 1995 2000 2005 - 1980 1985, 1990 1995 2000 2005
time(year) time(year)
Figure 11 Same as in Figure 8 except for surface temperature in winter.
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ey, pat e ATl w5 wE Ferh gea gou, mye] 4
Hla) e Fefrh EetelA Ui oRert (19 12a, 12b), CMAPS] 3 HiA) mEL
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a) CMAP EOF1 JJA RAIN (22.41%) d) CMAP EOF2 (16.66%)

c) PC1 [corr: 0.30)

1980 1985 1990 1995 2000 2005 1980 1985 1990 1995 2000 2005
time(year) time(year)

Figure 12 EOF 1* mode of the summer precipitation from (a) CMAP, (b) GRIMs, and (c) time series associated
with the eigenvectors. EOF 2" mode from (d) CMAP, (d) GRIMs, and (f] times series associated with the
eigenvectors.
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2000

2005

1980 1985 1990 1995
time(year)

Same as in Figure 10 except for winter precipitation.
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a) JJA sfcT (corr: 0.98)
2
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time(year)

b) DJF sfcT (corr: 0.98)
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Figure 14 Surface temperature anomaly averaged over the whole domain for (a) summer, and (b] winter.
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Figure 15 Precipitation anomaly averaged over (a) the whole domain for summer, (b) rainband region

(110°E-140°E, 30°N-38°N] for summer, and (c) the whole domain for winter.
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Figure 16 Hovmoller diagram of 30-year mean precipitation anomaly averaged over 109°E-145°E from the
(a) APHRODITE, and (b) GRIMs.
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Figure 17 Daily precipitation averaged over (a) land, and (b) rainband region (110°E-140°E, 30°N-38°N).
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Figure 18  Daily maximum temperature (open circle] and minimum temperature (closed circle] in summer

of 1994 from JRA5S5 (black), R2 (blue), and GRIMs (red).
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