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ABSTRACT

This project was designed to improve the stability, predictability, and utilization
of the APEC Climate Center (APCC) seasonal forecasting system. The structure of
the current prediction system has been reorganized and its efficiency improved to
maintain stable and efficient operation. An additional East Asian Winter Monsoon
(EAWM) prediction system has also been constructed using a newly developed
prediction technology. To improve real-time forecast information, the APCC
real-time forecast was evaluated and a hindcast sensitivity test performed to
improve the utilization of the individual models contributing to the APCC MME
prediction.

The APCC Sea Surface Temperature/El Nifio-Southern Oscillation (SST/ENSO)
prediction system was systematically integrated with the improved APCC
Multi-Model Ensemble (MME) prediction system, and the APCC SST/ENSO
prediction and graphics system and MME graphics system were developed and
improved to ensure the stable and efficient operation of the APCC Automatic
Forecast System (AFS). The ruby-, NCL-, and shell script- based run scripts were
converted to the python programming language and the folder structure of
SST/ENSO and MME graphics systems were improved. In addition, the running time
of the SST/ENSO graphics system was improved using parallel processing and
developing MME and SST/ENSO automatic run scrips. It is expected that the
enhanced MME system in this project will operated more efficiently and

systematically than the existing systems.



In 2017, a project to develop forecasting technology for the East Asian winter
monsoon was carried out to improve the predictability of the winter season in East
Asia, which is a weak part of the APCC seasonal forecast information. We developed
a dynamical-statistical hybrid prediction model for the East Asian Winter Monsoon
(EAWM) based on APCC MME seasonal forecast and have confirmed the former
is stable even during the four month lead time. In this project, we established an
automatic system to systematically operate the EAWM prediction model and wanted
to provide improved winter forecast information for East Asia by commercializing
previously developed prediction technology. It is expected to provide additional
information on the intensity of the EAWM that dominates the East Asian winter
climate, along with the APCC MME forecast information.

Assessing the skill of the seasonal forecast is essential to investigating the current
levels and limitations of the performance of the APCC MME prediction system. This
study was assessed the predictability of the individual models and MME forecasts
that were disseminated to APEC member economies every month in 2017 (2017JFM
-2017/18DJF) via our website, following the project from last year. The year 2017
was characterized by warmer to much warmer than average conditions across much
of the globe; it was the warmest year without an El Nifio present in the tropical
Pacific Ocean. The skill of the real-time MME forecast for temperature is generally
higher than that of hindcast (1983-2005) and the recent nine-year (2008-2016)
period. This may be due to global warming but it also shows that there is a limit
to the predictability for precipitation in ENSO-neutral or weak La Nifia conditions.

To improve the usability of models that could not participate in the APCC MME
prediction because of the constraints of the hindcast period, we conducted a
sensitivity test using a different hindcast period, statistical significance test between
climatologies from different hindcast periods, and comparing the skill of MMEs using

different model sets. Results indicate that the 23—year common period for individual



models used in the APCC MME predictions can be extended to 28 years with a
relatively low sensitivity according to the different hindcast period. For these reasons,
we also confirmed the possibility of including several models, including at least
GLOSEA5S and UKMO, that did not participate in the APCC MME predictions.
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2.1 MME OIS AIAH O 23 9 JHY AIAH AIY 2%
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dgto e FAAARG2HE 2FAANA NIAAR(64RE 2FAAN 2R osh=
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MME 9|5 299] oS Zikg 7|& ] AA"HO v B4E 53 4l HHHE
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(SCM, GAUS, MRG, SSE, SPM)9] @a+5 E4519tt.

H o= MME 9= 24 & GAUS 2ES tito s vhed Q@ XHround-off
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= oA B QA2 QIS PYAS FUHE BUelGinh TS s AT
7|H& ol-8sto] SCMI}F GAUS Z&o] X5 AISZ27HE vl BAJ613) QP H71 B
GAUS R dlof| A AAtel= W= 2 (1) PREC(precipitation) B4E tiAfo2 A/t
AW A3k vla, (2) Hakgke] 7P 2 e/A%/9 24, (3) 291 @9l NCL/Fortran
AAFEE ALHEA 5) Hla, (4) 27 I EE= AARE Multiple-Precision
Arithmetico] 7Fsgt gto|Ee2]/AZEY oS o]-&ato] Hlwoh= IO = ZgPste]
tHadg 2.1). @Y Al2"T 7 A4 ZF GAUS 229 vl A3olle 20174 1149
37HE &A= o] &=t

PREC H#=2| S &i/7H2AH Zatgt Bl

l GAUS 22| FORTRAN Z& T4
Max. HAHE 7HEl lat/lon/mon Ef A
(GAUS 22 0M mon2 an, nn, bn, combined) (1) TERC:MAKE_TERC
NCL/Fortran £2AZ3E & Line T2 A Mk(=4 &) H —> (2) PROB:MAKE_PROB

(3) PMME:MAKE_PMEE

QXt7t M E|= A ALHAS Multiple precision ArithmeticO]

7|‘§§" gfo|H g/ Az ES|0{E 0|83}0] @ === REAL*8(float), REAL*8(double), Casting operator

Figure 2.1. Stability evaluation process of AFS MME prediction system.

vl H3o AREE GAUS E29] PREC H|°o|El:= time, level, lat, lon, prec ¥
2 7ZEH, time &9 X33 371Y, level> FEZ ol& 711 (AN: Above
Normal, NN: Near Normal, BN: Below Normal, Combined), lat= ¥1% A&, lon
< BE A&, prece 7 /B E GEAROIL F Al4H ZF PREC o€ 9] HA}
£ 19 2.29 Zr}h F AIA" 7F GAUS 99| PREC W4=9] HARH= -0.0002555847
~0.0002670288 #9 UiolA ZolgE HIth A dHoly WAl #HEHAN=
0.000004001061°19, B2 0.000001951477= Yepdtt. HAke] He, BEHA,
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BHCE H|Fo] & o 4le] HFE TEoE no| g0 o] & H AL E WHEn
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2.3). T2y 2] A goflA A2 HARgEE EAINE A7 A o] ThE X Hoj H]sf
AL 2 2 By AA wAkgke] HrE vl A2 gh2 HAAEE vha 2 HAkgh
o] W¥sh= UAS 451 sl NCL# Fortran© 2 71HE GAUS &l AAFE
ERIGRZ 2 AL 2HE IR Blu H5S HAISHIH
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Figure 2.2. Plot of deviation between PREC variables in each an equiprobable category of probabilistic
forecast calculated from existing and new systems.



Table 2.1. Statistical table of Figure 2.2.
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time  level max min std ave
0 0 0.000019073490  -0.000015258790  0.000003228%40
0 1 0.000267028300  -0.000022888180  0.000004746896
0 2 0.000022888180  —0.000255584700  0.000003795832
0 3 0.000267028300  —0.000022888180  0.000008793061
1 0 0.000019073490  -0.000011444090  0.000003125276
1 1 0.000030517580  -0.000038146970  0.000004062452
1 2 0.000049591060  -0.000022888180  0.000002906736
1 3 0.000030517580  -0.000038146970  0.000006813872
2 0 0.000015258790  —0.000015258790  0.000003210108
2 1 0.000019073490  -0.000041961670  0.000003965048
2 2 0.000053405760  -0.000015258790  0.000002859380
2 3 0.000030517580  —0.000053405760  0.000006924832
Total 0.000267028300  —0.000255584700  0.000004001061 0.000001951477
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Figure 2.3. 3D surface map plot of deviation between PREC variables at time=0 and level=0 calculated
from existing and new systems.
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= o] o] AL stejete 5 AATE Yollifs M4 BAIGl0] g0l 7Fset A
= & 5 Utk 273 A9 A9} o] double ARY E= F B AAALE o835
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e IS H8oh= Zlo] £5 A& ) E5] double A= F0] float A=
o} dlole o] 2717} 28] 7] wize] A4t Alzto] B FQsitt TIHHR HA HolH

float AR FS FAGHHA LF 4] W ¥4 312 @ BIg A4t 2-8sk= o]
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AFS A 2" 7§ 34 5 APCC in-house 2@ 2l CCSM3(Community Climate
System Model Version 3)7} SCoPS(Seamless Coupled Prediction System)Z 7
%31, CWB(Central Weather Bureau)= T42°4] T1192 sfidEe] HE7T AL
™, NASAQ] GMAO(Global Modeling and Assimilation Office) Z@o] 7fA%+ &
APCC MMEQ] #tofsh= U5 7 Kol Hslo] we} 7|& AY A|AH AAFTO)
A7} ARSI, o He] At MANTS Eetelo] A B2 AAHolE FUSH

2) WolframAlpha ¥ C1E https://www.wolframalpha.com/R= 8t 423 ¢34to| 7153t Wolfram Mathematica
Z JJst Wolfram AlOlA] 7dl/20] =01 Axallz]
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Table 2.2. ACCs between existing system and improved system for 3-month MME (SCM and GAUS)
real-time forecast results.

SCM GAUS
LT LT2 LT3 Mean LT LT2 LT3 Mean
prep 1.000 1.000 1.000 1.000 0.999 1.000 1.000 1.000
2m 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
slp 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
850 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
z500 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
u8s0 1.000 1.000 1.000 1.000 - - - -
v850 1.000 1.000 1.000 1.000 - - - -
u200 1.000 1.000 1.000 1.000 - - - -
v200 1.000 1.000 1.000 1.000 - - - -

Table 2.3. Same as Table 2.2 except for spatial RMSEs.

SCM GAUS

LT1 LT2 LT3 Mean LT1 LT2 LT3 Mean
prcp 0.000 0.000 0.000 0.000 0.099 442E-06 4.47E-06 5.05E-06
2m 0.000 0.000 0.000 0.000 | 1.89E-05 2.04E-05 1.04E-05 2.25E-05
slp 0.000 0.000 0.000 0.000 | 845E-06 9.67E-06 1.64E-05 1.09E-05
1850 0.000 0.000 0.000 0.000 | 2.09E-05 1.61E-05 1.78E-05 1.25E-05
z500 0.000 0.000 0.000 0.000 |1.31E-05 1.67E-05 1.50E-05 1.59E-05
ugb0 0.000 0.000 0.000 0.000 - - - -
v350 0.000 0.000 0.000 0.000 - - - -
u200 0.000 0.000 0.000 0.000 - - - -
v200 0.000 0.000 0.000 0.000 - - - -
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Figure 2.4. Distribution of temporal RMSE between operational system and developed system for GAUS
hindcast (1983-2005) (a) precipitation, (b) 2-m temperature, (c) sea level pressure, (d)
temperature at 850-hPa, and (e) geopotential height at 500-hPa.
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2.2 ENSO 0I5 & 24T AJAR JHM
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* Abbreviations

ETR: Exception to Rule

(a)

y wn
i LAFSIENSOSSAONEH D s L e o ) L€ Lowes: Gharacters
| .1 AFS ENSO 6mon.nd | e UC: Upper Characters

S ey 1 Start Index and End Index of Substiing
% AFS parameters NSO 3monncl €7 L a natie

DMME Users.mon _g...-+-LOAD”

NCLCODE Smon | ISST.ENSO SMON_CALC_MODULE LS
[ | ISSTENSO IMON GRAPHICS MODULE ALES)

<
FIG ENSO_prediction . AFS_parameters_EN: smon.ncl
o A NSO g whle s

DMME.Users.6mon <

. {SST_ENSO_6MON_CALC_MODULE FILES)

NCL_CODE_6mon
(% (SST_ENSO_GMON_GRAPHICS MODULE FILES)

BT AFS_DATA land mask.nc

£ ano_month_sst sealandinc

DATA o
2
OUTPUT {YEAR:0000HSEASON-6} Hovmoller | (HOV_6-MON_FIGURE_OUTPUT_FILES)

Spatisl (B (SPATIAL SSTA 6-MON_FIGURE_OUTPUT FILES)
Table (G (TABLE SST_INDEX_6-MON_FIGURE OUTPUT FILES)
Timeseries  E) (TIMESERIES 6-MON_FIGURE OUTPUT_FILES)

fig

COMMON  NCL

- {AFS_COMMON_MODULE FILES}

Existing AFS SST/ENSO

{SEASON}
{VEAR:0000)

(YEAR:0000}

£ st

FORECAST

(PREDMODEL}  (MONTH)

Eisstac

SAME

HINDCAST

{MODEL PROVIDER ENSO_3}

P ano_month sst sealand.nc

ENSO_prediction

Hovmoller (& (HOV_3-MON_FIGURE_OUTPUT FILES)
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Figure 2.5. Diagram of system structured analysis of (a) existing and (b) improved AFS SST/ENSO
system (see appendix 2 and 3 for details).



2. AFS GISAIAR 7 | 17

(@ (b)

Figure 2.6. (Example: AFS_ENSO_3mon) Migration result from (a) an existing Ruby—based run script
to (b) a Python—based run script.

Table 2.5. Running time of AFS SST/ENSO graphic system.

Graphic module 3-MON 6-MON

MME timeseries JOB #1 ENSO 00:42.1 00:33.5
JOB #2 EMI 00:07.6 00:06.2

JOB #3 0D 00:06.7 00:06.1

Total 00:56.4 00:45.8

IND Model timeseries JOB #4 ENSO 16:54.6 13:17.5
JOB #5 EMI 00:09.8 02:06.3

JOB #6 0D 00:09.4 02:02.7

Total 17:13.8 17:26.5

Spatial distribution JOB #7 ANO 00:26.4 00:14.3
Total 00:26.4 00:14.3

Hovmoller graphics JOB #8 Hov_OBS 00:07.3 00:07.2
Total 00:07.3 00:07.2

Table JOB #9 ENSO 00:04.4 00:05.2

JOB #10 EMI 00:08.8 00:05:4

JOB #11 0D 00:13.2 00:05.3

Total 00:13.2 00:15.9

Total 18:67.1 18:49.7
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Figure 2.7. Graphic processing approaches of AFS SST/ENSO system: (a) serial model (b) parallel model.
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Table 2.6. Running time of parallel model of AFS SST/ENSO graphic system.

Graphic module 3-MON 6-MON
JOB #1 00:41.0
Worker #1 JOB #1 00:43.4
JOB #4 01:36.8
JOB #5 02:27.6
JOB #4 01:45.8
JOB #9 00:05.2
02:29.2 04:50.6
Worker #2 JOB #2 00:07.5 JOB #2 00:075
JOB #3 00:07.4 JOB #3 00:14.8
JOB #4 06:03.7 JOB #4 05:04.8
JOB #38 00:07.2 JOB #38 05:11.8
JOB #9 00:04.5
06:30.4 05:11.8
Worker #3 JOB #4 02:36.2 JOB #4 02:09.3
JOB #5 00:10.5 JOB #5 02:22.4
JOB #6 00:10.5 JOB #6 00:05.2
JOB #10 00:04.5 JOB #10 00:05.1
JOB #11 00:04.5
03:06.3 04:42.0
Worker #4 JOB #4 04:54.9 JOB #4 03:43.1
JOB #7 00:26.6 JOB #7 00:18.1
05:21.5 04:01.1
Total Running Time 06:30.4 05:11.8
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Figure 2.8. Diagram of system structured analysis of (a) existing and (b) improved AFS MME graphics

system (see appendix 4 and 5 for details).
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Figure 2.9. (Example: mme_graphics_3months) Migration result from (a) an existing Ruby-based run
script to (b) a Python—based run script.

(range (int (ss[01), int(ss[11)+1))

Figure 2.10. (Example: graph_module) Migration result from (a) an existing Ruby-based module to (b)
a Python-based module.
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Table 2.7. ACCs and spatial RMSEs between existing system and improved system for SST of 3-month
SCM real-time forecast.

LT LT2 LT3 Mean
ACC 1.00 1.00 1.00 1.00
RMSE 0.00 0.00 0.00 0.00
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Figure 2.11. Distribution of temporal (a) correlations and (b) RMSEs between existing system and
improved system for SST of SCM hindcast (1983-2005).
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Figure 2.12. Comparison of (a) existing system and (b) improved system for Hovmoller diagram.
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Figure 3.1. Anomaly pattern correlation coefficients (ACC) of 2-meter temperature over East Asia from
nine individual models and MME for each month and season during the period 1983-2010
at lead times of 1 month.
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Figure 3.2. Schematic diagram illustrating the dynamic-statistical hybrid EAWM prediction system.
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Figure 3.3. Correlations of Correlations of observed and APCC MME hindcast DJF T2m and SLP with
the observed EAWM index.
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Figure 3.4. Schematic diagram of two hybrid prediction methods.
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Figure 3.5. Correlations of predicted EAWM indices with 1-month lead time from MME and individual
models. Black dots denote the cross-validated correlation coefficients.
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Figure 3.6. Prediction skill of dynamic and hybrid EAWM forecasts with varying forecast lead time and
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Figure 3.7. The directory structure of the EAWM hybrid prediction system.

7 geze] 74 WS ket gt

7t AATE(NCL version 6.4.0 7[Hh

O ${HOME}/NCL
0-1.update_obs_surface.ncl
0-2.update_obs_pressure.ncl
1. get_model_names.ncl

2-1.seasonal_hindcast_anomaly.ncl
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2-2.seasonal_forecast_anomaly.ncl
3-1.merge_hindcast_forecast_individual.ncl
3-2.merge_hindcast_forecast_ mme.ncl

4-1.cal EAWMI_WangC_P_obs.ncl

4-2.cal EAWMI_WangC_P_individual_mme.ncl

4-3.cal EAWMI WangC_P_individual_mean.ncl
5-1.hybrid_prediction_ EAWMI.ncl
5-2.hybrid_prediction. EAWMI_individual_mean.ncl
6-1-1.draw_prediction_ EAWMI_timeseries.ncl
6-1-2.draw_prediction_ EAWMI_reconstruction.ncl
6-1-3.draw_prediction_Kor_t2m.ncl
6-2-1.draw_verify_hindcast EAWMI_TCC_bar.ncl
6-2-2.draw_verify_hindcast. EAWMI_TCC_table.ncl
EAWMI_ Functions.ncl

L}, AiSst 2 HAIZEE(csh 712

O ${HOME}/SHELL
Run_EAWM_hybrid.csh: % € AFHE

C}. /&2 ColH

O ${HOME}/DATA
O = A=: ${HOME}/DATA/PRE
O 948 #A=: ${HOME}/DATA/INPUT

O Z3} #A&: ${HOME}/DATA/OUTPUT
- Total ¥ anomaly field
${HOME}/DATA/OUTPUT/${YYYY}$ {MMM}/${SEA}/MODEL/${MODEL}
- HEEE, MME 3 #55 o8 ¢ Jk A5
${HOME}/DATA/OUTPUT/${YYYY}${MMM}/${SEA}/EAWMI/${MODEL}
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- slojEEE A& At
${HOME}/OUTPUT/${YYYYI${MMM}/${SEA}/HYBRID/${MODEL}

% ${HOME}: SlO|EZ|E KISAA & CHER
$YYYY) Kz E(ex. 2018)
HMMM}: Rtz 4gAtE(ex. DEC)
${MODEL}: /&2 2 MME
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+ ${HOME}/SHELL/Run_EAWM_hybrid.csh

apccdbZFE ERA-interim Al= H|0|E

0-1.update_obs_surface.ncl
0-2.update_obs_pressure.ncl

ol 2| Real-time forecast MMEO AIZEl 2H 0| F&

1.get_model_names.ncl

HE2H U MMES! hindcast/forecast Of=Z2| Akt

2-1.seasonal_hindcast_anomaly.ncl
2-2.seasonal_forecast_anomaly.ncl

HEEE 2 MMEQ| hindcast/foreacst Of2IE St IUZ merge

3-1.merge_hindcast_forecast_individual.ncl
3-2.merge_hindcast_forecast_mme.ncl

2E, 7EEE 2 MMES A2EEX (Wang and Chen, 2014) Akt

4-1.cal_LEAWMI_WangC_P_obs.ncl
4-2.cal_EAWMI_WangC_P_individual_nmme.ncl
4-3.cal_EAVWMI_WangC_P_individual_mean.ncl

SO0t 73=% ol01=22|E 0=

5-1.hybrid_prediction_EAWMI.ncl
5-2.hybrid_prediction_ EAWMI_individual_mean.ncl

OF 2t 2=

6-1-1.draw_prediction_EAWMI_timeseries.ncl
6-1-2.draw_prediction_EAWMI_reconstruction.ncl
6-1-3.draw_prediction_Kor_t2m.ncl

= -
Hs Zi 5=

6-2-1.draw_verify_hindcast_EAWMI_TCC_bar.ncl
6-2-2.draw_verify_hindcast_ EAWMI_TCC._table.ncl
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1) sfojHE A& AL HA]

AAE Yol= gAE o) U= A(BAWMI Prediction_v1.0.tar)S& EAF

ot
Lo
Ol

» cp EAWMI_Prediction_v1.2.tar ${HOME}

> cd ${HOME}

y tar -xvf EAWMI_Prediction_v1.2.tar

yls

DATA EAWMI_Prediction_v1.2.tar NCL SHELL

Of

2) spolEzE o5 3

y cd ${HOME}/SHELL
» csh Run_EAWM_hybrid.csh
#i#t# 1. User Defined #ittHt#HHt
set NowDate = ‘date —u +%Y%m' # (ex. 201708)
set ObsUpdate = 1 # observation for last year (1:on/0:0ff)

#i## 2. Set date #HHHHHHHHHHHHHHEHHEHHHEHHE
set AnalYear = ‘date —-d "${NowDate}01 + 1 month" +%Y"
set AnalMon = ‘date —d "${NowDate}01 + 1 month" +%b | tr [a-z]' '[A-Z]"
set FestYear = ${AnalYear}
set FestMon = ‘echo ${AnalMon} | tr '[a—2' '[A-Z]"
set Season = DJF
set sHYear = 1983
@ eOYear = ${FcstYear} - 1

#HHE 3. Set directories #HHHHHH#HHHHHH##HHE

set DIrDATA = ../DATA
set DirPRE = ${DirDATA}/PRE/
set DIrINPUT = ${DirDATA}/INPUT/
set DirOUTPUT = ${DirDATA}/OUTPUT/
set DirNCL = ../NCL/
set DIrfSHELL = ../SHELL/
set DirFIG = _/FIG/

cat Y $H{DirNCL}/dir_info.ncl {EQOF
DirPRE = "${DirPRE}"
DirNPUT = "${DirINPUT}"
DIrOUTPUT = "${DirOUTPUT}
DirNCL = "${DirNCL}"
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DIrSHELL = "${DirSHELL}"
DirFIG = "${DirFIG}
EOF

echo ${FestYear} ${FestMon} ) ${DirSHELL}/FestYearMon

### 4. run Pre—precessing script ##HHHEHHEE
cd ${DirNCL}
set inDir = ${DirPRE}/ERA/POST/
set inFil = OBS_ERA ${sHYear}${eOYear} ${Season} t2m.nc
if (1 -e ${inDirl/${inFil} ) then
ncl —Q ${DirNCL}/0~1.update_obs_surface.ncl
ncl —Q ${DirNCL}/0-2.update_obs_pressure.ncl
endif

##H 5. run Main script #HHEHEHEHHHHHHEHEHE
echo "1 Get model names from SCM forecast file"
ncl -Q ${DirNCL}/1.get_model_names.ncl

echo "2 Calculate hindcast anomaly”
ncl -Q ${DirNCL}/2-1.seasonal_hindcast_anomaly.ncl
ncl —Q ${DirNCL}/2-2.seasonal_forecast_anomaly.ncl

echo "3 Merge anomaly”
ncl —Q ${DirNCL}/3-1.merge_hindcast_forecast_individual.ncl
ncl —-Q ${DirNCL}/3-2.merge_hindcast_forecast_mme.ncl

echo "4 Calculate EAWMI (Wang and Chen, 2014) for models and obs"
ncl —Q ${DirNCL}/4~1.cal_EAWMI_WangC_P_obs.ncl

ncl -Q $H{DirNCL}/4-2.cal_EAWMI_WangC_P_individual_mme.ncl

ncl —-Q $H{DirNCL}/4-3.cal_EAWMI_WangC_P_individual_mean.ncl

echo "b Predict EAWMI using hybrid model"
ncl =Q ${DirNCL}/5-1.hybrid_prediction_ EAWMI.ncl
ncl -Q $H{DirNCL}/5-2.hybrid_prediction_ EAWMI_individual_mean.ncl

echo "6 Draw figures'

ncl -Q ${DirNCL}/6-1-1.draw_prediction_ EAWMI_timeseries.ncl

ncl —Q ${DirNCL}/6-1-2.draw_prediction_EAWMI_reconstruction.ncl
ncl -Q ${DirNCL}/6-1-3.draw_prediction_Kor_t2m.ncl

ncl =Q ${DirNCL}/6-2-1.draw_verify_hindcast_EAVWMI_TCC_bar.ncl
ncl —Q $HDirNCL}/6-2-2.draw_verify_hindcast_ EAWMI_TCC_table.ncl

echo "-—— END —"
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Ct. Ofef0lH
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T2 43
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EAWM Index for DJF 2018 (4-lead)

3.0 e b b b b b b b by
g é [CObs
e = E e Mean of Models
1.0 —S S— + MME
3 F POAMA
0.0 3 F + NcEP
-1.0 _: :_ + NASA
E E o+ cws
-2.0 = F +cmce
8.0 I R - Apce

1982 1986 1990 1994 1998 2002 2006 2010 2014 2018

Figure 3.8. Time series of the DJF-mean EAWM indices obtained from observation (gray bar) and
dynamic-statistical hybrid forecasts (marked black line) with 4-month lead time.
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Geopotential height at 500hPa for DJF 2018 (4-lead)

Temperature at 2m for DJF 2018 (4-lead)
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Reconstructed T2m, 2500, SLP fields over East Asian region based on the bybrid EAWM
index.
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Figure 3.10. Correlations of predicted EAWM indices with 4-month lead time from MME and individual

models.
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Temporal Correlation Coefficient: EAWMI, DJF (1983-2010)
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Figure 3.11. Prediction skill of dynamic and hybrid EAWM forecasts with varying forecast lead time
and their difference.
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Temperature at 2m (1-lead)
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Figure 3.12. Observed and predicted 2m temperature patterns over East Asian region using APCC MME,
hybrid MME, and hybrid Mean during DJF 2013-2017.
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Figure 3.13. An example of APCC outlook of Korean temperature and precipitation for OND 2018.

¥ EE Hav|2 3 Z= dEiia 34U i H2el 7IERE= ERGFEE, ST
517+ 129 19 29
22 W | W oH 9| WE | WS H H9 | WA | W H% e
HAZ|2 1.5°C -0.5 ~ 0.5°C -1.0°C -0.6 ~ 0.6°C 1.1°C -0.7 ~ 0.7°C
PA R 24.5mm 85 ~ 115% 28.3mm 80 ~ 120% 35.5mm 75 ~ 125%

Figure 3.14. Standard table of near-normal range of Korean temperature and precipitation for December
January, and February, respectively.

Temperature at 2m for DJF 2017 (1-lead)

APCC MME Hybrid (MME) | Hybrid (Mean)
DJF 2017 0.78 0.06

-1.00
Figure 3.15. An example of table of 1-month forecast for Korean temperature using APCC MME, hybrid

MME, and hybrid mean for DJF 2017. Yellow, gray, and sky blue shading denote above-,
near—, and below-normal category, respectively.
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Table 3.1. Categorical forecasts of 2m temperature for DJF 2013-2017. +, 0 and - denote the above-,
near—, and below-normal category, respectively.

OBS MME Hybrid (MME) Hybrid (Mean)
2013 + 0 + 0
2014 0 + + 0
2015 + 0 0 +
2016 + 0 0 0
2017 - + 0 -
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Table 4.1. Global combined land and ocean annually-averaged temperature rank and anomaly for each
of the 10 warmest years on record (from NOAA, 2018).

Rank
1 = Warmest Year Anomaly °C Anomaly °F
(period: 1880-2017)
1 2016 0.94 1.69
2 2015 0.90 1.62
3 2017 0.84 1.61
4 2014 0.74 1.33
5 2010 0.70 1.26
6 2013 0.67 1.21
7 2005 0.66 1.19
8 2009 0.64 1.15
9 1998 0.63 1.13
10 2012 0.62 1.12
L e T mapocio s AL sviorasc pormy o s e 1 11 S ooy - e

Dasa Source: GHCN-M vorsion 3.3.0 & ERSST varsion 4.0.0 Data Source: GHCN-M version 2
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Figure 4.1. Annual mean temperature departure with respect to a 1981-2010 based period (left) and
percent of normal precipitation with respect to a 1971-1990 based period (right; from
NOAA, 2018).
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4.2 2017'4 JHEZHE ¥ MME G52 Gt

421 die™ 2= 3 ENSO 0I5

APCC EHo|RAF &3l AlFstal Sl A dSFEY ASAdS Auir] s s
M 25 (Sea Surface Temperature, SST) ¥ Nino 3.4 A(AY ke TFATEY 3.4 XY
(5°8-5°N, 170°-120°W) SST B9 Bt gDl tish A1 AHEIT. 4o Yept=
TS 2 g5 E s B 30 B (AEE gt 2ol 201549 oEEF
AeggollA det ASHEARR} A FEIEGONA At &Y SST HARE Hol7] Alxts
oF I8 AL of ARt Ay e o|% AEHEINA FTHAT YERHA 3t
oFs}E]o] oFst Bk Al S HATHIY 4.2a, 4.32). £3], 201792 2015/16\ 743t
AUk o]F 2% Lo ALE Rt Syt Uehgth olEeh A -EHd75(El
Nino-Southern Oscillation, ENSO) ¥&4 ¥ 850hPa 5 % vFEH(U850)=
MME ENSO dll&o] &ofsh= 7NERE2 171 APAIZoIA 2 Rofsh= Ao R HAl
THI® 4.2b-h, 4.3b-h). 3FAIRE 20179 2Rt giue] tisiA= CMCCY, POAMASE
AlQlRt i a2 #EHT “efA| Holshe B oW o] 2015/16W ARt
AYi 3 20169 °FRt ol Hlsf al&Eo] tha "ojAl= AL AT 5= U

@} 2016/179 okt ke Ak 9 de A¥S /fER o] v IS} FAH
Tolslgint. shRIRE 2017/184 Rt Suke] A%, kAl TR Eof A Hget viel 2
o] tiRE9] HelEo| SST ¥ U850 #=ol Hlsl <FobA|, LejA ZostHA MME
FE3 FUS AHE HYth APCC MMEE AgA|7to] Zojd42(1719—-4719)
ENSO9| H== oFsHA, e A7l “8A 2oshk= Aol A2H(APCC, 2017), &
5] APARE 4711 €oll= 2017/18 =HuRe] iEI(SST € U850 =9] HAhS HO|SHA]
L Bale Aog yehgt

4) Centre Euro-Mediterraneo sui Cambiamenti Climatici
5) Predictive Ocean Atmosphere Model for Australia
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o202 ALefigF 2 H(20°S-20°N, 120°E-80°W) 37H2 B+t SST E Nino 3.4
Aol thigk 7= E 9 MME &8 AwEgtth A, AZejgF SST &8
Nino 3.4 X&4= =} o] =52 RIS 4= UtHAZEEE A9 SST MME &
A3t 3719 1t Nino 3.4 A59ke] F¥eE=0.78). &, 2% ENSO 540l & A<
(e, 2015/169 7%t AU g 9 AHAY]) A=sjHG SST S50l =4 Ueht
AL, S, 20149) E= ofRt ENSO ¥5d 7394, 2016/174, 2017/18'd et
gLk A7) A O = signal-to-noise ratio(SNR)7} ZoHA|HA] al&8o] ¥aS
& 4= Ut} o= ENSO f1dol W SST dl&e= 7Rt 71&9] B2 Aot A4
sl= Aol Jin et al., 2008; Larson and Kirtman, 2016; Zheng et al., 2016).
I A 717bof AA APAIZE 1, 470 B MMEZE 7R do] H]sf| oS o] ARk
0% H22 ¥ T 4 Uk =5 MMES] Hlsf| 78R E] a&2o] &2 F7F 55
74 sfi/AEel vz shARHe], 20149 B~9153E 717E 20179 7R 1 X1
9] AE5g2 HojE HE2 HE di/Addd= E te 542 EolH dTAolx] it
&2 Holi ok SHAF MME= A 71710l thsf] M¥E o & Qg Aolil, &2 oI
g Holil glom oj7lo] HiE MMES] A3olakal & 4= ItHe]l, Doblas-Reyes et
al., 2005; Hagedorn et al., 2005; Min et al., 2009; Wang et al., 2009; Min et
al,, 2014). A 437 B &8-S /iE ZEEE AmEH, YA 1(4)7HLofA=
CMCC, MSCO®, NASAD(MSC, NASA, POAMA) Zdlo] 77§ 2d Hyt dl&2(Mean)
Hop =7 Yehue, MME= A3 AlZE 1, 47]LoflA 22 78R d 9 Mean Bt =2
0.72%2} 0.689] AT a6 HAuch 201790 High dl&8E & ¢ AWHEH, A4
Age viel Zo] Ay WE/AE A171Q] 2015~2016d0] Hls 7/E=ETY o5
R (spread)7t WA #25HH, 71 A3} 20179 HZejHY SST 522 A F sfjol
HI3] Aiidog "ojxl= A &g 1t}

upR|eto g2 370 et Nino 3.4 Aol tigt &8-S AwEH(TH 4.6), 2014~
2017@7HA] 7R do] 25k 37RE B+ Nino 3.4 Alg== TSHolA vehd Haed<
AFe] & w211 9lom, AEIO] A= APAIE 1(4)71EoA 0.86~0.97(0.48~

4
;:O

6) Meteorological Service of Canada
7) National Aeronautics and Space Administration
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0.84) HE R} 11 A3}, APCC MMEZ} 2OJ3t At 41¥7te] 371 Ha Nino
3.4 Ag= AYAITE 171olA] 0.979] 46| =2 52 Btk AFAIZo] Lo
AL JiE BEZo oS Hert AXEA S22 WA ojx|ARE, MMES] 3¢
AR oA etz ABAIZM o2 diEE 4 F=rt A YepeA Azt
470 Qo 5] =2 0.859] S-S Kol vt I7 4.2-4.5004 A&Ho= 1t
ERd HEel o], Nino 3.4 Z|5o|A % 2017/18Y 2t kg =0 vl QFebA|, 181
oA g Ao iR Bl 9 MMEA HOlE sFHA T 7|7t Hg| &

o] tha Holx g el & % ek

- (a) OBS J e (B} CMGGC . (c) MSC
s .

o - 2018
i d o

. [@POAMA (n)SCOPS

Figure 4.2. Seasonal evolution of equatorial Pacific SST anomalies (5°N-5°S) from (a) observation and
(b-h) individual model predictions for the period 2014JFM to 2017/18DJF.
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Figure 4.3. Same as Figure 4.2, except for 850hPa zonal wind anomalies.
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Figure 4.4. Seasonal evolution of equatorial Pacific SST and U850 anomalies (5°N-5°S) from (a, )
observation and (b-e, g-j) MME predictions at lead times of 1-4 months for the period
2014JFM to 2017/18DJF.
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Figure 4.5. Anomaly pattern correlation coefficient (PCC) of 3-month mean tropical Pacific SST
(20°S-20°N, 120°E-80°W) for individual models (grey) and MME predictions (black) at lead
times of (a) 1 and (b) 4 months with the amplitude of 3-month mean Nino 3.4 index (blue
line) for the period 2014JFM to 2017/18DJF. Histograms indicate the averaged PCC over
the whole period for each individual models and MME.
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Figure 4.6. Time-series of 3-month mean Nino 3.4 index from observation (red), individual models
(grey), and MME predictions (black) at lead times of (a) 1 and (b) 4 months for the period
2014JFM to 2017/18DJF. Temporal correlation coefficients for the MME prediction are also
displayed.

20179 £ 2015/169 A% Ay JFo= o] e 20169 ojo]
18804d = o]l F WA= TRt 5o 7ISEATHNOAA, 2018). TS Hids 4
HEHE 4.7), Aol IdHE, Ju), AFs| FH, FA] ofxglrl, 55 %‘%‘—7} w4
Bt sl mEEgon, sigolMs o] s 2 A, AQlEge] HdET
THESE Ao g YeRdt) 2016/179 ALH9 okt EMHE PO AHEYF U7 &
o< Bt 43 A7 fAEEA(EE BAD) Al Sk, SEEENAY
PAET 70| stEo] J& A5 B ﬂif—rzl FeEHor HE(=5 BAl
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APCC MME®] 7%- 218} o W2 E8H 19 Z|FG(60°N o) E s
HE20] By E A, AR1EP)9] T2dFS & Hogt AR Hlrt. sfA|Tt 1Y
< RO tiE(A otz gr] 55 X9 Aol thef Hof HoJoh= FRRE Hol
o, 9] WS Hole A9 B9 Foh= AT EAUTHE, ook, it 5%,
A A7t of2AEY 5 1 4.8). Aukdog 20179 £ ist APCC MME 7]-&
&2 1983-20059°] gt Hindcast GI&E ()0l vl Heidke Skill Score(HS
98)o] &2 AL Fhol gt 4 Qlom(T1Y 4.16), YAl AFTE He} Zo] TEo|A FdR
o} 7]20] Wk AH(F, dotrlopol dsixls BSHES BOokA] ZolHA B
]38 dl&go] WA UeRgdth. 19 4.162 APCC HASAAE ] 127] %3 A Fo]| tigt
A& Azto|n], 7 Ao igt Hol= E 4.29 Lt

79 B9 2016/17A st eyl oJgt ti7|9hg o2 Mgy A 9] diF 7
SHAFE "A)7F TSoA] vERE vk, 201749 £33 MMEE BE(ENSO A
HIo] TRESHA HOSHAA(TLE 4.6), AlEB Yol ot AFHAE d&sigieth. 1 A
AEfE ] e 5ol vl @EZ% 02 HfE o] o 51, dextolut E e
o] vty 53 9] 4t W&} v 1molslgir). o]o) v FotefHore] ARy
£ = fARH melgt Aoz yepdtt 1 A3l 20174 B8 e A9 B
&2 23 Fdol Hlg] A UEhdtHI 4.10).

8) 3EA(FEET E5/vs/H2) ZEASA oA AAF ez g ARBE AL = AS71H(Cl, NOAA/CPC,
IRl 9152 BrlolM= E-8)0= ofuel #50] ghe 790 sl Mg Fofslal, 71580 s 9915 gha
SEZ viAlsks ARl B7F o s A9 Hadt gl
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Table 4.2. Description for verification regions used in the study.

Type a3
Globe (GL)
Regions recommended  Tropics, 20°S - 20°N (TR)
by WWMO/CBS9) Northern Extratropics, ) 20°N (NH)
Southern Extratropics, € 20°S (SH)

E. Asia, 75°E-150°E, 15°N-60°N (EAs)
S. Asia, 60°E-140°E, 10°S-35°N (SAs)
N. America, 190°E-310°E, 10°N-75°N (NAm)

Regions interested in  S. America, 270°E-330°E, 60°S-10°N (SAm)

APCC Australia, 110°E-180°E, 50°S-0° (AU)

Australia + S. Pacific, 110°E-260°E, 50°S-20°N (AU_SP)
Northern Eurasia, 25°E-190°E, 40°N-80°N (NEu)
Middle East, 25°E-75°E, 10°N-45°N (ME)

Global Patterns for 2017MAM

(a) T2M & 2500 (b) PREC & UV850
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Figure 4.7. Observed three-month mean anomalies of (a) temperature at 2m (T2M, shading) and
geopotential height of 500hPa (2500, contour), (b) precipitation (PREC, shading) and wind
fields at 850hPa (UV850), (c) sea-level pressure (SLP), and (d) outgoing long-wave radiation
(OLR) for 2017MAM.

9) Commission for Basic System
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MME Forecasts for 2017MAM

Temperature at 2m for March-May 2017 Precipitation for March-May 2017
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Figure 4.8. APCC MME forecast anomalies (a) T2M, (b) PREC, (c) Z500, and (d) UV850 for 2017MAM.
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Global Patterns for 2017JJA

(b) Z500
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Figure 4.9. Observed three-month mean anomalies of (a) T2M, (b) Z500, (c) OLR, and (d) PREC and

UV850. (g) Monthly mean anomalies of Z500 (5880gpm) for June, July, and August of 2017
(red contour-line) and climatology (blue dashed-line, 1983-2005).
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MME Forecasts for 2017JJA

Temperature at 2m for Jun-Aug 2017 Precipitation for Jun-Aug 2017
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Figure 4.10. Same as Figure 4.8, except for 2017JJA.
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2017¥ APCC MMEQ] AuF# Q] o=
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Global Patterns for 2017SON

(2) T2M & Z500 (d) PREC & UV850
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Figure 4.11. Same as Figure 4.7, except for 2017SON.
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MMIE Forecasts for 2017SON

‘Temperature at 2m for Sep-Nov 2017 Precipitation for Sep-Nov 2017
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Figure 4.12. Same as Figure 4.8, except for 2017SON

Global Patterns for 2017/18DJF
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Figure 4.13. Observed three-month mean anomalies of (a) T2M, (b) PREC and UV850, () Z500, (d) SLP,
and (e) OLR for 2017/18DJF. Figs. c—f are obtained from Tokyo Climate Center (TCC, 2018).
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Antarctic Oscillation (AQ)
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Figure 4.14. Time-series of Antarctic Oscillation (AQ) index for the period of Aug. 2008 to Jul. 2018.
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Figure 4.15. Same as Figure 4.8, except for (c) SLP for 2017/18DJF.
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Figure 4.16. Heidke Skill Score (HSS) of seasonal mean APCC MME prediction for (a) temperature at
850hPa and (b) precipitation for the period 2017JFM - 2017/18DJF. For comparison,
hindcast skill (1983-2005) is also displayed with star markers.
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Figure 4.17. ACC of the individual models and MME predictions for temperature at 850hPa over (a)
globe, (b) northern Hemisphere, (c) tropics, and (d) East Asia region for the period
2008JFM to 2017/18DJF. Dashed line indicates the average of all-single model's PCC.
The values in the brackets are the PCCs of the MME predictions averaged over the whole
period for each region. The amplitude of Nino 3.4 index is represented in the right Y axis.




4. APCC MME AARRE 01528 =7t | 71

(a) Globe (0.36)

+ 1 FEMBEL L | Tabia
s " '.'-:i. ""t" o

T Tt

no 3.4 ;'\mré tude
et

08 = 2008 | 2009 201r:§ 2011 © 2012 [ 2013 § 2014 | 2015 : 2016 § 2017

ITTTTTTTTTTTTITTITTTTI ITTTTTTTTI

I 1T
EEﬁgEt§Eﬁﬁi“ﬁi?ﬁi?ﬁgétﬁ?étﬁ §§ EE g%

Figure 4.18. Same as Figure 4.17, except for precipitation.
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Figure 4.19. ACCs of APCC MME hindcasts (1983-2005) of (a) global temperature at 850hPa and (b)
precipitation produced by each year's MME prediction system (2008-2017). Relative skill
difference is calculated by the difference between the recent 3-year (2015-2017) and the
first 3-year (2008-2015) mean ACCs divided by the first 3-year ACCs.
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Figure 4.20. Skill difference for each region calculated by Figure 4.19.
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Figure 4.21. Same as Figure 4.5, except for CCSM3 and SCoPS models.

Table 4.3. Changes and improvements of the participating models in the APCC MME prediction system
(since 2012)

Year Changes / Improvements
2012 UKMO, MSC_CANCM3, and MSC_CANCM4 participated.
2013 POAMA increased the number of ensemble.
2014 CMCC participated.
KMA replaced their model from GDAPS to GLOSEADL.
2015 JMA corrected biases in the forecasted SST.
2016 BCC improved their model from 2-tier to 1-tier prediction system.
2017 UKMO extended hindcast.

APCC replaced in—house model from CCSM3 to SCoPS.
CWB increased model resolution (T42 — T119).
2018 NASA replaced their model from GEOS-S2S-1 to GEOS-S25-2.
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Table 5.1. Description of participating models in the multi-model ensemble (MME) predictions from
several operational centers.

Institute Model Hindcast Period Climatology
BCC 1991-2010
CPTEC 1979-2010
SEASH 1982-2016
Exeter 1993-2015
POAMA 1980-2011
MSC 1981-2010 _
WMO LC-LRF' HMC 1981-2010 coneron period
SAWS 1982-2009
GLOSEA5 1991-2010
TCC 1979-2014
Toulouse 1993-2016
NCEP 1982-2010
DWD 1981-2015
NCEP CFSv2 1982-2010
NASA GEOSH 1981-present
NCAR CCSM3.0 1982-present _
NMIME? GFDL CM2.1 1982-present coneton period
GFDL CM2.5 1982-present
CanCM3 1981-2010
CanCM4 1981-2010
NCEP CFSv2 1982-2010
EUROSIP® FMAF 196172016 a0
Meteo-France 1991-2014 (except for UKMO)
UKMO 1993-2015
ECMWF 1981-2016 _
C3s* UKMO 1993-2015 coneton period
Meteo—France 1991-2014
IRI? same model set with NMME common period
(re—calibrated NMME) 1982-2010

1. https:/maww.wmolc.org/contents2.php?sm_id=18&tm_id=1&cdepth=3&upnum=6&ca_id=116&s1=4&s2=1&t1=4
2. http://www.cpc.ncep.noaa.gov/products/NMME/users_guide.htm

3. https://www.ecmwf.int/en/forecasts/documentation-and-support/long-range/seasonal-forecast-documentation/
eurosip-user-guide/eurosip-operational-history

4. https://climate.copernicus.eu/seasonal—forecasts
5. https://climate.copernicus.eu/seasonal—forecasts
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Table 5.2. Model description from 14 institutes and operational centers in 10 different countries that
provides seasonal forecasts to APCC.

Forecast Hindcast

Institute Model Hindcast Exp. Ens. (H/F) Period Period Note
APCC SCoPS CMIP 10/10 6 1982-2013
CcMCC CMCC-SPSv2 CMIP 9/9 " 1981-2005
CWB CWB SMIP/HFP 30/30 6 1982-2017
JMA JMA/MRI-CPS2 CMIP 10/51 3(6) 1979-2014 participating
models in MME
MSC CanCM CMIP 20/20 11 1981-2010  (common period:
1983-2005)
NASA GMAO CMIP 10/11 8 1981-2010
NCEP CFSv2 CMIP 20/20 6(9) 1982-2010
PNU PNU CGCM CMIP 5/5 6 1980-2015
BOM POAMA CMIP 33/33 6 1983-2011
MetOffice UKMO CMIP 12/42 5 1993-2015
BCC BCCV2 CMIP 24/24 6 1991-2015
N non—participating
KMA GLOSEAb CMIP 12/42 6 1991-2010 models in MVE
HMC HMC SMIP/HFP 10/20 4 1985-2010
MGO MGOAM2 SMIP-2 6/10 3 1979-2004
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clim4 17 years
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Figure 5.1. Example of sensitivity test for hindcast experiments with respect to the 17-year climatology
using 39-year (1979-2017) historical data.
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Figure 5.2. Maximum difference of several climatologies with respect to the different period (18, 22,
26, and 30 years) for observed seasonal mean temperature.
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Figure 5.3. Same as Figure 5.2, except for precipitation.
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Figure 5.4. Same as Figure 5.2, except for sea surface temperature.
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(a) Temperature Trend(C/10yr) (b} Precipitation Trend(mm/day/10yr) (c) SST Trend(C/10yr)
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Figure 5.5. Trends of observed seasonal mean (a) temperature (°C/10-year) and (b) precipitation
(mm/day/10-year) from 1979-2017, and sea surface temperature (°C/10-year) from
1982-2017.
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Figure 5.6. Maximum difference of several climatologies with respect to the different period (14, 18,
22, and 26 years) for seasonal mean temperature from NCEP model using 28-year hindcast
(1983-2010).
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(a) OBS, Temperature Trend (b) OBS, Precipitation Trend (c) NCEP, Temperature Trend (d) NCEP, Precipitation Trend
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Figure 5.7. Trends of seasonal mean (a, c) temperature (°C/10-year) and (b, d) precipitation
(mm/day/10-year) from observation and NCEP model for the period of 1982-2010.
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Figure 5.8. T-test between two climatologies for 1983-2010 (8310clim) and 1993-2010 (9310clim) of
observed seasonal mean temperature. Shaded areas are the regions where the 8310clim
and 9310clim statistically differ at the 1%, 5%, and 10% significance level.
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Table 5.3. Description of real-time forecast and hindcast information from fourteen models used in the

study.
Institute Model Forecast Period Hmdgﬁs;[a;?ggg for
APCC SCoPS 2014JFM-2017/18DJF
CWB CWB 2014JFM-2017/18DJF
IMA JMA/MRI-CPS2 2014JFM-2017/18DJF
MSC CanCM 2014JFM-2017/18DJF 1983-2010
NASA GMAO 2014JFM-2017/18DJF (common peried)
NCEP CFSv2 2014JFM-2017/18DJF
PNU PNU CGCM 2014JFM-2017/18DJF
BOM POAMA 2014JFM-2017/18DJF
cMCC CMCC-SPSv2 2014MJJ-2017/18DJF 1983-2005
MetOffice UKMO 2014JFM-2017/18DJF 1993-2010
BCC BCCV2 2016FMA-2017MAM 1991-2010
KMA GLOSEAS 2014JAS-2017/18DJF 1991-2010
HMC HMC 2014JFM-2017/18DJF 1985-2010

% Bold: Forecast periods are not fully covered for the period 2014JFM-2017/18DJF.
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Figure 5.9. Pattern correlation coefficients (PCCs) of 3-month mean global temperature and precipitation
from GLOSEAbL, UKMO, HMC, and BCC for 2014-2017 (dot with black color) as compared
with 9 individual models (plus with grey color) and their mean PCC (dashed line). Histograms
indicate skill difference between four models and averaged PCC of 9 individual models.



92 | APCC 7|2 CIEAIAR Jhid

(a) Temperature

=2 o g
S o @

o
(]

o
=1

L]
; s i . 9
!5 —— i'E s
s By A 2
L] + + || ¥ || + *
+ || % + L]

| | | [ | | | [ | | |
GL NH SH TR EA SA NAm SAm AUS AUS+SP NEu

(b) Precipitation

g 14 o
> =) 2]

bt
o

® GLOSEAS e UKMO
® BCC ® HMC

+
+
I

+

——||_;7 T| &

.+ + .

=
=]

Figure 5.10.

— t++-|-rn
-l
+ i R

:
]
.
|

$
T

i

G[L NH SIH TR EL SA MNAmM Snll'l'l AJJS AUS+SP NIEI.J
Averaged PCCs over the period 2014-2017 of 3-month mean temperature and
precipitation from four models (GLOSEAB, UKMO, BCC, and HMC; circle with different
colors) and 9 individual models (plus with black color) for each region. Histograms indicate
mean PCCs of 9 individual models. GL: globe, NH: northern hemisphere, SH; southern
hemisphere, TR: tropics, EA: east Asia, SA: south Asia, NAm: north USA, SAm: south
USA, AUS: australia, AUS+SP: australiatsouth Pacific, NEU: northern Eurasia.
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Temperature: TCC (2014-2017)
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Figure 5.11. Temporal correlation coefficients (TCCs) of seasonal mean temperature from individual
models for the period 2013JFM-2017/18DJF (except for CMCC, GLOSEA5 and BCC;
details in Table 5.3). Averaged TCCs over the globe are displayed for each model.



94 | APCC 7|2 CISAIAR Jhid

Precipitation: TCC (2014-2017)
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Figure 5.12. Same as Figure 5.11, except for precipitation.
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Table 5.4. Description of MME experiments with different number of participating models.

Experiment Description
SCM Simple averaged MME with equal weighting from 9 models
(APCC, CMCC, CWB, JMA, JSC, NASA, NCEP, PNU, POAMA)
SCM1 SCM+GLOSEAS (10 models)
SCM2 SCMHGLOSEAS+UKMO (11 models)
SCM3 SCMH+GLOSEAS+UKMO+HMC (12 models)
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Figure 5.13. Pattern correlation coefficients (PCCs) of 3-month mean global temperature and
precipitation from simple averaged MME with equal weighting (SCM; solid line), mean
of 9 models’” PCC (MEAN; dashed line) and 9 individual models (plus with grey color).
Histograms indicate skill improvement of SCM as compared with MEAN.
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Figure 5.14. (a) Pattern correlation coefficients (PCCs) of 3-month mean global temperature from
different MMEs (SCM, SCM1, SCM2, SCM3). (b) Skill improvement of SCM1, SCM2, and
SCM3 as compared with SCM (PCC, %).
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Figure 5.15. Same as Figure 5.14, except for precipitation.
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Figure 5.16. Skill improvement of SCM1, SCM2, and SCM3 of 3-month mean (a) temperature and (b)
precipitation as compared with SCM for each region during 2014-2017 (PCC, %).
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