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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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Forecasting future changes in monsoon precipitation is important because agriculture, water
resources, energy, the economy, and society in the world's most populous monsoon regions are
critically influenced by climatic disasters arising from monsoon precipitation variability due to
the changing climate. In the fifth phase of the Coupled Model Intercomparison Project (CMIP5),
there are various scenarios assuming that radiative forcing will be stabilized with increases of
about 2.6, 4.5, 6.0 and 8.5 Wm after 2100. Recently, several studies have revealed that most
models in the third phase of CMIP (CMIP3) and CMIP5 project show an increase in global monsoon
area and precipitation under global warming, mainly attributable to the increases in moisture
convergence and surface evaporation.

We evaluated abilities of coupled general circulation models (CGCMSs) in the CMIP5 to simulate
the East Asian monsoon system and variables during the reference period of 1979-2005 in terms
of simple metrics that were chosen to better understand the physical processes by which large-scale
meteorological variables influence the monsoon system. The metrics include: (1) the annual and
seasonal mean precipitation and (2) the monsoon precipitation intensity and the threat score in
(or over) the monsoon domain. The evaluation metrics mostly consist of global and regional
coefficients of spatial pattern correlation and root-mean-squared error between the observed
and simulated results. The threat score for the monsoon domain and the spatial correlation of
monsoon precipitation intensity were also included.

The number of selected best models for the mean field (BM_M) and seasonal variation (BM_S)
were six and five, respectively. Two best modelgroups are listed as follows: 1) BM_M: ACCESS1-0,
CNRM-CM5, FGOALS-g2, IPSL-CM4A-LR, IPSL-CM5B-LR, MRI-CGCM3. 2] BM_S: ACCESS1-0,
CCSM4, CESM1-CAM5, MIROCS, MPI-ESM-LR.

The averages of BM_M and BM_S were compared with 28MME, respectively. Variations canceled
each other out in 28MME, but BM_M and BM_S demonstrated stronger summer rainfall cores.
Though most dominant modes in the three ensemble groups were similar to each other, there
are spatially distinct differences. 28MME, BM_M and BM_S demonstrated a weakened magnitude
of rainband, a strengthened core over the peninsula and meridional dry spell-rainband dipole
mode, respectively. Under the RCP 8.5 scenario, summer precipitation increase in BM_S was
the largest among the three groups. There was a big change over the Yellow Sea and near 30-35°N.
In terms of low level circulation, southerlies were strengthened among the three ensemble groups.
Summer precipitation change in BM_S was large over the Korean peninsula and 30-35°N, compared
to the other ensemble groups. This was influenced by the convergence between the strengthened
southerly at 120°E and easterly at 30-35°N.
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Figure 1 Global monsoon domains defined according to Wand and Ding (2006) using recent precipitation
data.

135




136

APCC RESEARCH REPORT

Table 1 CMIP5 models used in this study.

No Model Institution No. of Resolution
ensemble runs Lon. x Lat.

1 ACCESS1-0 CSIRO-BOM 1 1.875° x 1.25°

2 BCC-CSM1-1 BCC 1 2.8125° x 2.8125°

3 CanESM2 CCCma 1 2.8125° x 2.8125°

4 CCSM4 NCAR 1 1.25° x 0.9375°

5 CESM1-CAMS5 NCAR 1 1.25° x 0.9375°

6 CNRM-CM5 CNRM-CERFACS 1 1.40625° x 1.40625°

7 CSIRO-Mk3-6-0 CSIRO-QCCCE 1 1.875° x 1.875°

8 EC-EARTH EC-EARTH 6 1.125° x °1.125

9 FGOALS-g2 LASG-CESS 2 2.8125° x 2.8125°

10 GFDL-CM3 NOAA GFDL 1 2.5° x 2°

" GFDL-ESM2G NOAA GFDL 1 2.5° x 2°

12 GFDL-ESM2M NOAA GFDL 1 2.5° x 2°

13 GISS-E2-H NASA/GISS 1 2.5° x 2°

14 GISS-E2-R NASA/GISS 1 2.5° x 2°

15 HadGEM2-A0 NIMR/KMA 1 1.875° x 1.24°

16 HadGEM2-CC MOHC 1 1.875° x 1.24°

17 HadGEM2-ES MOHC 2 1.875° x 1.24°

18 INM-CM4 INM 1 2° x 15°

19 IPSL-CM5A-LR IPSL 1 3.75° x 1.875°

20 IPSL-CM5A-MR IPSL 1 3.75° x 1.875°

21 IPSL-CM5B-LR IPSL 1 3.75° x 1.875°

22 MIROCS AORI 1 1.40625° x 1.40625°

23 MIROC-ESM JAMSTEC, AORI, NIES 1 2.8125° x 2.8125°

24 MIROC-ESM-CHEM JAMSTEC, AORI, NIES 1 2.8125° x 2.8125°

25 MPI-ESM-LR MPI-M 1 1.875° x 1.875°

26 MPI-ESM-MR MPI-M 1 1.875° x 1.875°

27 MRI-CGCM3 MRI 1 1.125° x 2.25°

28 NorESM1-M NCC 1 2.5° x 1.875°
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Figure 2 Annual mean precipitation for (1)-(28) each CMIP5 model and (29) OBS over the East Asian monsoon
region from 1979 to 2005 (27 years). The PCC between each model and OBS is shown in each panel.
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Figure 3 Interannual variability of JJA mean precipitation over EA monsoon region from 1901 to 2005. Black
solid indicates observed JJA mean precipitation from 1979 to 2005. Blue shaded area and solid line mean the
range among 28 CMIP5 models and its ensemble mean.
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JJA mean PRCP CMIP5 vs OBS
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Summer mean precipitation for (1)-(28) each CMIP5 model and (29) OBS over the East Asian monsoon

region from 1979 to 2005 (27 years). The PCC between each model and OBS is shown in each panel.
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Figure 6 Monthly variation of 28 CMIP5 models and OBS data over EA monsoon region. Black solid and
dashed line indicate OBS and 28MME, respectively. Colorful lines indicate climatological monthly variation for
each CMIP5 model.
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GM domain OBS vs CMIP5
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Figure 7 Declined East Asian monsoon domain in the observation with those in 28 CMIP5 models. Numbers
indicate threat scores.

146




10

CMIP5 285 0|Z3t SOtAIoF OF =9 Of2f Halet 214 28

o
rx
2

g

S 717H1979~20051) E<F 287l HFE0] 247t Adpo] Hate duh & Rofs)
A B716E7] 918141 PCCL} NRMSEZ} o8| }ltt, St ol 56, 7, 89), #A=(12,
1, 2¢) ol thsl| 22 PCC2F NRMSEE A4FeEaL, PCC o] S5 Ryo] 3%t
A 0] F2F R} B fARSHA HOJghtal & 4= 9lem, NRMSE to]
ASPE 15 7] o7} Arfar & 4= Qlrh Fig. 8& 7F=F0] PCC, Al=%0] NRMSE
Ql Abztolt}, PCC gho] Aal(xF9] @ E%o| $12/8=%) NRMSE glo] 2-&rE(y52
ofefjol] YIXTH), t% ol 2 Holet et 4= qirt. o] AbEEoflA HAe PCC
9} NRMSE®| Haia 217 Uepdict, ABet, o Baf, A& Batoll tieiA] PCCe] Bt

Z

£
»

filo
i
A

’

[e]
717} 0.88, 0.68, 0.910]3, NRMSEQ] B2 z+7} 0,54, 0.77, 0.750|c}, B+ PCCHTh
23 NRSMEHT 22 ol sk Moo Hsjel Lehgir), T Ho] Wit

Aol AFE s Gl =3k Zi2ke] gholl His HE 72lE Atsidith olE ol

¢

Y 5S oIt sotoF X9 dg+ta} ofF Hat ] 37 e & A9
SHHA] TZof gt 227t 28 2E(BM M)-S ACCESSI-0, CNRM—CM5, FGOALS—g2,
IPSL-CM4A-LR, IPSL-CM5B-LR, MRI-CGCM3 5 & 67]12] =g o g XA=|3ic}
SOt Ao A5 sk Hlol lojAl, Hatd Btk ofuel 3 A v
Fa3lth, Fig. 99 (a)& Fig. 81} o] ojF3 AZof Zfolof| tfslf PCC2} NRMSEE
Altste] o531 AL0] Apo), & £ AE & ROtk BREeS ARSI, 18
(b) oAM= E 739] Z=9] PCCE} threat scored ©]-8510] E 734 7o) e
A FoE Z el REE5S 2ARIIT, = A4 =2 PCC glo] A (x59]
QLEZ| ATE) TSV S5FGFY Bl AArR), FoMot A9 Ees
o% & ROk mygolet Wk 4= Qlr}, o] ARLo| Ak niRZiA| = WlE AZlE 0|83t
of of51} Aol Zfeolofl thgt PCCF NRMSES] o3k 4] 1071 2, ¢ 7 2=
PCCE} TSE o83t /9] 107] 28 & 354 o= 3= BPES Zollth S
of X9} F& et EeA 9o e A Atk 2E(BM_S)-> ACCESSI-0,
CCSM4, CESM—CAM5, MIROC5, MPI-ESM—-LR % & 57[9] g 50| AAE i}




148

APCC RESEARCH REPORT

(@)
1.40

1.20

NRMSE

0.80
0.60

0.40

(©
1.40

1.20

NRMSE

0.80
0.60

0.40

Figure 8

PCC

is 30°N-60°N, 90°E-140°E.

(2)
1.40

1.20

1.00

NRMSE

0.80
0.60

0.40

Figure 9

PRCP . ANNUAL
8, |
4 1 1 ?ﬂg E'? L
05 06 07 08 09 1.0
PCC
PRCP ) . , DJF,
] 55 L
i ﬁﬁ: L
] é:m L
] e 1o |
1 i
4 4 n
22 f°
05 06 0.7 0. 09 1.0

PRCP summer-winter
5]
10 & !
5 1
23 1‘1413 28
_____________ B Ty pp—p——
4 6
D
& 2

00 02 04 06 08 1

PCC

0

JJA

NRMSE

Scatter diagrams showing normalized root mean square error (NRMSE) versus pattern correlation
coefficient (PCC) from each CMIP5 model averaged for (a) the annual, (b) summer (JJA] and (c) winter (DJF)
during the reference period of the observation data. Dashed lines indicate the averaged value of models” NRMSE
or PCC. Area which is greater than mean PCC and less than mean NRMSE is shaded. Used domain over EA

(b) PRCP ,
!
0.750 - —
18 1928
g } 213g 6
g """""""""""" {z*'%‘jﬁﬁzﬁgg“““
£ 0.650 1" g L
3 27
13 }
0.550 +— . -
065 075 085 095
MP| PCC
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coefficient (PCC) from each CMIP5 model averaged for summer minus winter (JJA minus DJF) and (b] threat
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BM_M and (d) BM_S of historical run. Unit is mm per day.

8

12 14

Spatial patterns of summer mean precipitation over EASM region for (a) OBS, (b) 28MME, (c]
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Figure 11 Spatial patterns of first leading mode of summer mean precipitation over EASM region for (a)
OBS, (b) 28MME, (cJ] BM_M and (d) BM_S of historical run. Unit is mm per day.
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period(HIS) (right panels] for 28MME (top), BM_M (middle) and BM_S[bottom panels).
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RCP4.5 Scenario Future Change
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Figure 14 Future changes of EA summer monsoon precipitation against historical average from 1979 to
2005. The red, blue and green solid lines are indicate 28MME, BM_M and BM_2, respectively. Shaded area is
the variability of 28MME(pink], BM_M(skyblue] and BM_S(yellow).
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Figure 15  Signal-to-Noise ratio(SNR) of future change of summer mean precipitation over EA region. Shaded
area indicate SNR and dotted area mean that the change signal is greater than noise.
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Figure 16 JJA mean temperature during DFT (left panels] and difference with HIS (right panels) for 28MME
(top), BM_M [middle) and BM_S[bottom panels).
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