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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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Development of a Dynamical Downscaling System for Improved Simulation of the
Regional Climate over the Indonesian Maritime Continent
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This study investigates the performance of a dynamical downscaling system based on the Weather
Research and Forecasting (WRF) model in simulating the regional climate over the Indonesian
Maritime Continent. The domain covers the whole region of the Indonesian Maritime Continent
at a 45 km horizontal resolution and the simulation spans three months (June-July-August, JJA)
for every year in a 20-year period (1989-2008). The initial and lateral boundary conditions to drive
the WRF modeling system are provided using the Community Climate System Model (CCSM3),
which APCC has improved the seasonal predictability of, through SST initialization using GODAS
(Global Ocean Data Assimilation System) data.

To assess the dynamically downscaled results, the seasonal mean field and interannual variability
of APCC/CCSM3 and the WRF results were compared to MERRA reanalysis data. The comparison
between the observations and model simulations shows that the WRF can improve the ability
of regional climate simulation. The regional details about the temperature produced by WRF are
much better than those produced by the APCC/CCSM3. The 20-year mean spatial distribution
of daily precipitation from APCC/CCSM3 and WRF showed a dry bias compared to MERRA data.
However, the pattern correlation coefficient of dynamically downscaled results are higher than
that of the boundary forcing data.

The results from the EOF analysis for the seasonal daily mean precipitation indicate that WRF
is able to reproduce the dominant mode of interannual variability when compared to the MERRA
reanalysis data. However, the results for temperature do not show the dominant mode of observation
From the interannual variability of the temperature anomalies, it appears that dynamically
downscaled precipitation depends on the lateral boundary data, namely APCC/CCSM3. However,
precipitation anomalies are identified similarly to variability in observations.

Statistical validation examined the pattern correlation coefficient for the simulation period for
the MERRA, APCC/CCSM3, and WRF results. The seasonal mean temperature and precipitation
predictions from the regional climate model, WRF, showed high spatial correlation, better than
the lateral boundary conditions, APCC/CCSM3 forecast over the land region. It has been confirmed
that the regional climate predictability of a dynamically downscaled model performed better than
the forcing data for the Indonesia Maritime Continent.

To investigate the regional impacts of ENSO, the research period was classified into Normal,
EL Nifio and La Nifa year, depending on the summer sea surface temperature (SST) anomalies
in the Nifo 3.4 region. Indonesian climatology is divided into three types, depending on the regional
characteristics of the precipitation. The division of analyzed areas is monsoon pattern (Region
AJ, equatorial pattern (Region B), and local pattern (Region C).

The cumulative rainfall for the entire regions is the largest (lowest) during the La Nina (EL Nino)
period. Region C shows the most significant deviation and in Region B appears the least significant
variation, according to the concerned ENSO period. WRF generally can simulate similar features
to MERRA data. However, the regional climate model results underestimate accumulated precipitation.

We analyzed the vertical distribution of the wind field and relative humidity and the lower
atmosphere divergence fields for the El Nino, La Nina, and Normal years. The easterly winds
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of the Western Pacific during a La Nina year flowed into Region C. During the El Nino period,
that easterly flow weakened.

According to the results, there are systematic biases in the dynamically downscaled model
but the seasonal mean climatology and interannual variability of regional climate models are
comparable to observations. This may indicate that APCC/CCSM3 can produce optimal seasonal
forecasts at high resolution for the Indonesian Maritime Continent.

In the future, improvements in the predictive power of APCC/CCSM3 and the application of
statistical post-treatments are expected to produce more realistic regional scale predictions.
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Figure 1 Domain and topography for model simulation. Here, three rectangles indicate subregions for the
detailed analysis.
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Table 1 The configuration of regional climate modeling(WRF)

Contents WRF model
Horizontal grid dimension 220(East-west] x 120(North-south)
Horizontal resolution 45 km
Center of model the equator, 125°E
Vertical layers/Top 28 layers / 50 hPa

WRF Single-Moment 3-class scheme

RRTM long-save scheme

Physical options Dudhia short-wave

Yonsei University scheme

Simplified Arakawa-Schubert scheme
Initial Data APCC/CCSM3 6hourly data
Study Period 1989 JJA ~ 2008 JJA

A
a1

ME

HI

3. g+1Zu 3
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311 A% B2
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(a) MERRA observation
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(b) APCC/CCSM3 forecast (d) Difference [(b)-(al]
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Figure 2 The 20-year summer mean surface temperature(®C) of the (a] MERRA observation, (b) APCC/CCSM3
forecast (c) the WRF simulation, (d) corresponding difference (APCC/CCSM3 minus MERRA), and (e
corresponding difference (WRF minus MERRA]
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Table 2 Statistics of the standard deviation, normalized RMSE, and pattern correlation for a 20-year summer
climatology of surface temperature

MERRA APCC/CCSM3 WRF
whole land whole land whole land
STD 1.487 1.868 1.029 1.113 1.621 2.169
NRMSE 0.863 0.715 0.507 0.585
pPCC 0.785 0.738 0.891 0.906
1.0
0.8 4
0.6
0.4
0.2 4
0.0 +
I MODEL(WRF) Averaged PCC IWRF 0.90
LBC(CCSM) |CCSM 0.73

1989 1991 1993 1995 1997 1999 2001 2003 2005 2007

Figure 3  The pattern correlation coefficient (PCC) of the summer mean surface temperature from 1989-2008
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Figure 4  The 20-year summer mean daily precipitation (mm) of the (a) MERRA data, (b) APCC/CCSM3 forecast
(c) the WRF simulation, (d) corresponding difference (APCC/CCSM3 minus MERRA), and (e] corresponding

difference (WRF minus MERRA]
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Table 3 Statistics of the standard deviation, normalized RMSE, and pattern correlation for a 20-year summer
climatology of daily precipitation

MERRA APCC/CCSM3 WRF
whole land whole land whole land
STD 3.205 3.666 3.266 2.669 3.185 3.886
NRMSE 0.890 1.075 1.266 1.302
PCC 0.625 0.266 0.215 0.510
1.0
0.8 A
0.6
0.4
0.2
0.0
I MODEL(WRF) Averaged PCC |IWRF 0.39
LBC(CCSM) |CCSM 0.28

1989 1991 1993 1995 1997 1999 2001 2003 2005 2007

Figure 5  The pattern correlation coefficient(PCC) of the summer mean daily precipitation from 1989-2008
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Aob A|H 02 AEo) upEFo] UeRRTHFig, 6a). AT QIEF FLO R 550
SAISHAl AL @2 ellA] At 7Y o= WEe) 717 Ueldth APCC/CCSM3
o) vlePy Rt At ARk o] Bl AR 850 hba HIRFEe] EAJo] LR Q=X jof
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O] WA BE2 Hf ZHA|, 71U Al HElEY Fe] S thas ofshA| AR It
(Fig. 6c). 700 hPa®] 4=57]9] 7 A=A 2t= Ll APCC/CCSM3L] H-3E+= -FAFSHA|TE
WRFO] 74-9- A3 1w ggfo] RigE|o] yehtal, 734 Farofa] Awi uie} o] ¢
o= HiFE AeH expt Hof A

(a) Reanalysis-2

o R .
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Figure 6  The 20-year summer mean 850 hPa wind vector(m/s), and 700 hPa relative humidity shading(%)
from the (a) Reanalysis-2 data, (b) APCC/CCSM3 and (c] WRF
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3.1.2 7|3 HEN

3.1.2.1 EOF

AESAtE e} TEAFRE] Al-37H] HEdS Hlwshr| flel 44 A wg(Empirical
orthogonal function, EOF) #41-& o W+t 7|21} 734 thste] AA|eHltt. T3 EOF
mode®]| /F5-5h= T/t AlZ|Q(Principle Component time series)& 7 UERHSIH.
W2 A4=2Q] MERRAS] o157 206710] 71200 3 Wi = i Bus= A 2Ake] 57.49%9)
14,5%5 27} /dr3tth(Fig, 7a). A WA i AAFAoNA 39 gho] vehaL, <)
Al Q19 QIEfollA 7k F9] 4 7R F ¥ HEo A= lEdAloF A HdolA
O] 2k =9l 2°s offolli= QlEellAl 22 Fhol dipole THE(E-EE] 5 ) o] LRt
T} APCC/CCSM3+= A WAl oA 49,1%9] Me/dS AWsty ARG ool 29
Holil glom 53] fulEet 4] QIte] ImefollA 73t 9 gk 7HKItHFig. Th). &
HAH0] 12.8%% AHok= T WA B0 A9 BEA1e 2 wiElo] ofstA UeRkith
WRFS] 739, ZA)| #4250, 7% AHdohe 3 WA HEr| 4] ol 29 gk 2ol
12,9%% 88l F WA == MERRAS] E—9] 3 sjda} fARSHA UepsidthFig,
Tc), FAE AAY B4 Al 3 WA 20 MERRA-APCC/CCSM3, MERRA-WRF2]
ARG Z42F 0,48, 0.48% UEIHIL & ®RIA HTofi= 0,42, 0,048 YEpyiTh
APCC/CCSM3-WRF2] 31 #7] =0] AhA|l== 0,682 Uehdth EOF £4] A}t WRF
A3 712 uide] gk Hhout 128 MEO] signal oFsl| MARSH= 210 vehdtt,

Fig. 82 MERRAS} APCC/CCSM3, WRF ATES=E Hel 95y 2
ol 8% BOFEA AT1E ekl A0R AE 7120] u]3) signalo] 451 Lebgtck
MERRA o]8% B 75l A 3 WA, 5 WA BES 217h 47.3%, 14.5%5 Awsict
(Fig. 8a). R WA HEE Ao 272 Bl 4, 2294 4, w7 4L o
A W] W X|ofo] 2 ool glo] Uehdt F WA BEE U9 108 B
GabEe} A Q1 Qlmefol 7%k ko] gL AL Solx] 82 gro] ek EE-dAe)
2—oF TElo] LERdT}, APCC/CCSM3O] 3 WA| mEL A] Hate] 33.6%5 Awska
9 512 370] B4 o] W Kool 75t ko] ke 70, ol T3 Ao} vl

& uj ohh gEmom 1192 seolthFig, 8b), A4 B4k] 21,228 AW T WA
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HEo] Ao Ak Fo] FA YFo R g glo] et H-5RoR S50 SAEE
7h e WRFS] ¢ 3 WA, A REol A 2z A 24ke) 39.6%, 19.9%E
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= 247} 0.45, 0.39% LERLAL, 7 WA BEOA= -0.20, 0.35% YeRgth 74
A Hatd B2 B A wiE7e] bias7h A5 AAIEEE Faf HaE o] vrehdd),
T WA signal ERE FARE FEE W AR AlRE
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Figure 7 The EOF modes(1st mode : first low, 2nd mode : second low) and principal component (PC) time
series of surface temperature from (a) MERRA observation, (b) APCC/CCSM3 forecast and (c) WRF simulation

091




092

APCC RESEARCH REPORT

(a) 1) (o)

MERRA 1989-2008 CCSM 1989-2008
EOF 1 47.3% EOF 1 33.6%

WRF 1989-2008

145%

.
[
T T T .
100E 1208 1008 1208
2 1.6-12-08-04 0 0.4 08 1.2 16 2
o EOF 1 30.6%
50 EOF1 47.3% 40 _EOF1 33.6% 30
20 4 » 20 4 20
g 104 M I\ A r g 10\ &) g 10+
: N \ M 2 2 004
g 00— 7 R g
<104 \/ \/ " <104\ Y <03
20 4 ' 20 20
30 T T T LT T LT T LT TR T L o 1 e B e e B B o o B o e WOTTTLT T LT T LT T LT T TR
z g '3 3 % '%§ g '8 '§ '§ ¥ '% "% i & & & 8 % 38
EOF 2 19.9%
EOF 2 145% EOF 2 21.2%
30 30 £ 30
20 - \ 20 4 K 20
8 10 | g 10 : g 10
2 2 3 00 ¢
5 001 500 s
< 1.0 - . < 104 J < -10
-20 - 204V 20
30 T T T T LT T LT T LT TR BT e A v et BOTTT T T LTI LT T LT 5T g
i g & g8 &3 ¥ "% i 8§ § 3 '§'% g & 8 g § § ¢

Figure 8  The EOF modes(1st mode : first low, 2nd mode : second low) and principal component (PC) time
series of daily precipitation from (a) MERRA observation, (b) APCC/CCSM3 forecast and (c] WRF simulation
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Figure 9  The interannual variability of summer mean (a) surface temperature and (b) daily precipitation from
1989-2008
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3.2.1 Nino 3.4 region SST anomalies

ENSO 7|7} £+ NOAAQ] 7|5 of| & AllE]of| 4] A|&-8k= ONI(Oceanic Nino Index)
AFE o-g3t3lch. ONIO| W} Nifio 3.4 A9 sl 2=0] oft=ta]7} sgdof His)
0.5 ool e, 0.5 olalo]d ehefa BEala U] FiE Hdoa BEslr)
A 9715 o] A1E 7|7kl 198920087+ Nifio 3.4 region(5°S—5°N, 120°—170°W)
] SST oR=He| S Fig. 100 UeSIth, Fig 10,0 Uehd s 2= Fig. 9(b)¢]
7 ohwte|o] WEAYl vjwsiEy Suj2-e o] ATt Nifio 3.4 region SST
o= o] BEAE MERRASL A|97| S5 E v 54H¢] APCC/CCSM3, 12]aL
2971558 WRF 2} 212} 0,85, 0,59, —0,749] AFAS 3k 71t} Ado]ZAme]
AT Aoh2] LSS AARE ARelA H w2 AREAE SIS = Sl o2t
ABAS e IMC A|99] 749} ENSOQ #AS uEhdthy AlgEW, o=
Hendon(2003) 9] @-oflA] IMC 2|9 72} g ofe] SSTE] tedide] Fugt Axjolek,
Table 5+= Nifio 3,4 index©]| W} A7 B735 A0 & 2|94 734 EAS A H7|
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SST anomalies in the Nifio 3.4 region(5°S-5°N, 120°-170°W)

SST anomalies
S o =
w o wn = w ¥

[
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Figure 10 The sea surface temperature anomalies in Nino 3.4 region from 1989 - 2008

Table 4 The classification of ENSO period based on SST anomalies in Nino 3.4 region

Classification Years
El Nino 1991 1997 2002 2004
La Nina 1998 1999 2000
Normal 1989 1990 1992 1993 1994 1995 1996 2001 2003 2005 2006 2007 2008

322 x[94 g+ EF

Fig. 112 IMC A% T S2]ol|49] #5215 MERRAS} ot2] AJA|et Adelo] ek
oRee] AA S LRSI 20147 3 WRF k= MERRA ¥ vl gl o
HE/dE 27 AL, 99%2] ATt Wol A Fefl o2 e (A
0.52). WRF 7=239] 4 W5/d-> MERRA ¥53} o3t =202 selw|glr}, 1
Aot B3R A9 S4e s INCA G A5 S4& vlashy] fisf Bt Al
WEARES}S| vl fHFo] DRt wrkEo], 2.5°%2.5° % JHES THl=
TRMM 3B42 A[&5 AMgsto] ota] g SAdntel vlwstef il g}, 19973 1199
LARE TRMM 91gAR= 19979 127 A7 A=), 199813~2008' 7174] o153

ENSO R510] BRe FAY4E AMgsHic,

A 2,470 AFEARO] IMC oS 74 BHol Tl Region AUS10°S,
102°~120°E)+~= monsoon pattern, Region B(0°—7°N, 95°-120°E) equatorial F+=
sub—monsoon pattern, Region C(5°S—2°N, 121°-133°E)+= local pattern®.= E& =
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Figure 11

Development of a Dynamical Downscaling System for Improved Simulation of the
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The anomalies of the summer mean precipitation for MERRA data and WRF results from 1989-2008
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The cumulative precipitation according to the ENSO classification from the (a] TRMM observation,

(b) WRF simulation (c) corresponding difference (WRF minus TRMM) over the total area and sub-regions are
depicted in Fig.1
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Table 5  The seasonal mean accumulated precipitation over total and sub_regions according to the ENSO
classification

Region A Region B Region C Total

Normal 429.11 453.06 800.62 522.59

RCM(WRF) Elnino 380.68 469.90 639.82 477.12
Lanina 546.89 429.15 957.93 595.96

Normal 30291 597.20 587.39 545.09

OBS(TRMM) Elnino 236.71 47231 277.32 383.92
Lanina 423,61 627.49 812.36 632.00

N Normal 126.20 14413 213.23 2250
[sg:/'fg;; Elnino 14397 240 362.50 93.20
Lanina 12328 19833 14557 36,04

250

La Nina — Normal

150 -

50 4

-50 -

-150 -

s WRF
0 A MERRA
TRMM El Nino - Normal
-350
Region A Region B Region C Total

Figure 13 The difference of the accumulated precipitation associated with ENSO effect from the TRMM
observation, MERRA observation and WRF simulation

Table 6 The difference of the accumulated precipitation associated with ENSO effect from the TRMM
observation, MERRA observation and WRF simulation

Region A Region B Region C Total

WRF 48.42 16.839% -160.801 45,4722
EL Nino MERRA -156.91 144,53 27454 149.83
-Normal

TRMM -66.19 124,89 -31007 16117

WRF 117.78 239102 157.3113 73373
La Nina MERRA 107.90 2229 189.18 99.16
-Normal

TRMM 120.70 3029 224,98 8691
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Figure 14 The vertical distribution of relative humidity and wind field according to 3°S line from the (a)
EL Nino, (b) La Nina and (c] Normal years
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Figure 15  The 700 hPa divergencelvelocity potential) fields from the (a) EL Nino, (b) La Nina and (c) Normal
years
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