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Executive Summary

Since its establishment in 2005, APCC has made great efforts to develop and improve the
long-term seasonal forecast technology using the Multi-Model Ensemble (MME), and as a
result, it has established a climate prediction system using various global models of the
world’s leading businesses and research institutes to provide climate monitoring information
and long-term forecast and verification information on its website every month.

For the production of stable climate forecast information, APCC developed the Automatic
Forecast System (AFS) in the early days of its establishment. AFS has been improved with
the expansion of the forecast period (3 months->6 months), the establishment of the ENSO
forecasting system, and the development of the verification system. But it was partially
improved by the person in charge, which caused lack of the overall system’s efficiency and
effectiveness in the system. Current AFS system has many limitations to applying the latest
and ever-evolving data processing technology.

Therefore, we have established a more stable and efficient climate forecast system by
diagnosing problems of the current forecasting system and readjusting them from a technical
standpoint. To this end, we have improved the structure of the climate monitoring and
verification system, gained expandability and flexibility, and improved the source code that
was heterogeneous. Along with the improvement of structure, it was performed to verify
reliability and time efficiency on the new server.

APCC uses four deterministic and one probabilistic MME (PMME) technique to predict the
global 6-month MME. The deterministic method consists of SCM, which is simply averages of
individual models, and SSE, MRG and SPM, which are statistical postprocessing. The official
forecast of APCC provided through APCC’s website is SCM (after 2005) and PMME (after
2006). The utilization of the other 3 SCM methods (MRG, SSE, SPM) is quite low, and in
particular, it takes up to 45 minutes for SPM. In terms of predictability, the SCM and SPM
show similar skill score, but, it shows that the SCM’s predictive improvements are mostly on
land (Eurasia, Australia, North America), whereas the SPM’s forecast improvement is mostly in
the oceans (especially in the Arctic and the Southern Hemisphere). Based on a comprehensive
analysis of the relative comparative evaluation of the efficiency and predictability, the
monthly production of MRG, SSE, and SPM information was judged to be ineffective in terms
of operational perspective. Only SCM and PMME is produced to ensure current efficiency.
This led to earlier provision of forecast information from 25" to 20", which will enhance the
utilization and competitiveness of APCC seasonal forecast information.

The participating models of APCC MME have changed steadily and predictability has been



increasing. Therefore, it is needed to objectively understand the predictability of APCC MME
by evaluating the APCC MME data with the other world’s leading MME in the same
conditions. We collected MME data from 3 agencies (WMOLC, NMME, C3S), which currently
providle MME forecasting information, and analyzed the overall predictability of MMEs.
Because many studies refer to the sensitivity of observations in the verification of
predictability, sensitivity to observations was investigated to ensure objectivity of evaluation.
When we analyzed the sensitivity of the observations using various reference data, we found
that although there were areas where the skill scores varied significantly depending on the
observation data, we could compare predictability under the same conditions because the
direction of variation did not vary depending on the MME.

To compare the MMEs of the APCC and other agencies under the same conditions, the
MME set was constructed by applying Simple Composite Method (SCM) techniques to individual
models over 17 years from 1993 to 2009, the common period of the four agencies’ hindcast.
Comparisons were performed for 2m temperatures, precipitation and sea surface
temperatures. MMEs from APCC and other agencies showed similar trends in predictability by
region and season. The NMME and C3S, which do not have the same individual model,
showed similar changes in predictability. This may be because most of the dynamic models
have similar strengths or weaknesses. Compared to the predictability of APCC and WMO
MME with more models, the predictability of the C3S MME with fewer models is comparable.
Since APCC and WMO are a combination of more than 10 different models, the range of
individual model” s predictability is wide and the uncertainty is greatly reduced through
application of the multi-modal ensemble technique. In the case of C3S, the predictability of
the individual models is on average high, so MME is also highly predictable. However, due to
the small number of participating models, the significantly low predictability of one or two
models can result in lower MME predictability, and the variability of predictability over the
season can be a weakness in terms of stable forecasting.
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Figure 1. A new form of data request email.
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Fig. 2. Time-longitude cross section of the observed monthly mean SST anomalies, outgoing longwave
radiation (OLR) anomalies, and zonal wind anomalies at 850hPa (U850) along the equator (5°5-3°N) in
the Indian and Pacific Oceans (40°E-80°W) for February 2017 — January 2019,

Figure 2. ENSO-related atmospheric reponses during recent
24 months.
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Fig. 5. Predicted monthly mean Nifio3.4 index from individual models (A, B, C, D, E, and F) and the
MME for March — August 2019 (top). Probabilistic MME forecasts of the status and intensity based on
3-month mean Nifio3.4 index for four overlapping 3-month mean periods (bottom). Anomalies are
computed with respect to the common base period of participating models in the APCC MME

prediction (1983-2010).

Figure 3. An example of probabilistic ENSO
forecast information.
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; Read in the data
mean=fmean—->$vname$
climO=fclim->$vname$

nlat=dimsizes(clim0&lat)
nlon=dimsizes(clim0&lon)
ntim=dimsizes(clim0&time)

(2019.02.08) blocked by Changmook Lim ~
ntim=dimsizes(clim0&time)
clim=new( (/ntim,nlat,nlon/) ,typeof(clim0))

; clim(:ntim=1,:,:)=clim0

; clim(ntim,:,?)=clim0(0,:,:)

; clim&day=ispan(1,366,1)

; ~ END

; exit
; Find day of year for the daily data set
; From time variable calculate year, month and day

time=mean&time

ntim=dimsizes(time)
; (2019.02.08) blocked by Changmook Lim ~
; tarray=ut_calendar(time,0)
; years=floattoint(tarray(:,0)) ; we don’t need this
; months=floattoint(tarray(:,1))
; days=floattoint(tarray(:,2))
; doy=day_of_year(years,months,days)
; END

=2k

S =
clim=clim0(:ntim-1,:,:) ; (2019.02.08) added by Changmook Lim
anom=mean
anom=mean-clim
anom=mean- (/ clim({doy},:,:) /) ; (2019.02.08) blocked by Changmook Lim

(&2

; Find first time for starting anomaly calculations
tanom=fanom->time
tmean=fmean—->time

; Modificatioin—dylee
; tstart=get1Dindex(tmean,tanom(0))

ht=dimsizes(tanom)

mt=dimsizes(tmean) ; (2019.02.08) added by Changmook Lim
print("anomaly-size = "+ht)

tstart=get1Dindex(tmean,tanom(ht-1))

print("Last time dimension of anomaly = "+tstart)

; Read in the mean data from tstart
; mean=fmean->$vname$(tstart:,:,:)
mean=fmean->$vname$(tstart+1:::)
clim=fclim->$vname$
clim=fclim->$vnameS$(tstart+1:mt-1,::) ; (2019.02.08) modified by Changmook Lim

(52h
; Should we just calculate the above

; if time axis is monotonic and of uniform interval
; this correspond to the indices of the array

; translated if necessary according to the starting

; time

anom=mean
printVarSummary(doy)
print(doy)
exit
if(doy.eq.366)then
anom=mean-(/ clim{doy-1:doy-1},:,1) /)
else

anom=mean-(/ clim({doy},::) /)
anom=mean-clim(:,:,:) ; (2019.02.08) modified by Changmook Lim

; anom=mean-(/ clim{doy},::) /)
; end if
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- ISADSS_DATA_HOME/Data/NCEP_SFC/Daily/Anomaly : NCEP-R1 X% W A&
- [SADSS_DATA_HOME/Data/NCEP/Daily/Anomaly : NCEP-R1 €12 W< 27
- ISADSS_DATA_HOME/Data/NOAA_OLR/Daily/Anomaly : NOAA OLR A&
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(a) Before (b) After
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Figure 4. Anomaly of surface air temperature (top) and outgoing longwave radiation (bottom)
for climatology of 1981-2003 (a: Jan 24 2019 - Jan 30 2019) and 1983-2010 (b: Jan 31 2019 -

Feb 6 2019).
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- 2] 2 : [datall/CISINEW_CMS_beta/RUN (python 7|9t M2 7] A A 2~E wEFH 7))
-2k Wl =2

- run4_CPC_OISST_monthly.py (& H+ 7]137A A5 Wl T2 713)
- run4_CPC_OISST _season.py (370¥ H+ 713 7A A5 Wl T2 73H)

1) Climate Prediction Center

2) Tropical Rainfall Measuring Mission

3) Global Precipitation Climatology Project

4) Optimum Interpolation Sea Surface Temperature version 2

_10_



(a) Before (b) After
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Figure 5. Changes of precipitation (top; CPC) and sea surface temperature (bottom; OISSTv2)
on APCC climate monitoring service : (a) before; TMI, (b) after.
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Q) FAxd /jH 2 AFEd =9
(h MME =4 7}4: BoM, CMCC, MSC

© 2
APCCE i€ 107H= 1478 718 (Figure 6)o] 7] FEol|x B4k ASHHE st T
g MME 7[H <& &83 A-ZASAHRE FHoAE Tl AFstal ot MMEd] Hofst= A=
AF71de AA 2d JHA0ES A3 =8e BYglol 7leola doH, e e =
do] dAYger FHI ASAHEE Airetd APCC =3 AUlolE € HA d5AHR
st7] gk =¥¢& Al ok Ad 6€ 5-6Y tivtelA A=A A3z APCC MME A EA]57]
3 (MPME Tl ad Foride] =24 Jid AlFel @std, A A dE 24
A AgLtE dSARE AZE AA glol sk, APCC MME @4l H&3t7] fg =25
3 md dSAEe] FA HAAE f8 ol WMo md gl g
Fo7ide] mddtel oS8 BlwH st Al o] Fol X oF Jit

# Institute Model Name  Ens. (H/F) Forecast Period Hindcast Period Resolution

1 APCC SCoPS 10/10 6-month 1982-2013 T159, L31

2 CWB CWB 20/30 6-month 1982-2017 T119, L40

3 IMA JMA/MRI-CPS2 10/51 3(6)-month 1979-2014 T159, L60

4 MSC CanSIPSy2 20/20 11-month 1981-2010 T63, L35

5 MNASA GMAD 10/11 8-month 1982-2016 288x181, L72

6 NCEP CFSv2 20/20 6(9)-month 1982-2010 T126, L64

7 PNU PNU CGCM v2 5/5 6-month 1980-2018 T42, 118

3 UKMO GLOSEAS 12/42 5-month 1993-2016 1.875x1.25, L85
9 BCC BCC 24424 6-month 1991-2015 T106, L26

10 KMA GLOSEAS 12/42 6-month 1991-2010 0.83%x0.56°, 85L
11 HMC HMC 10/20 4-month 1985-2010  1.125x1.40625, L28
12 CMCC CMCC-5PSv3 20/20 11-month 1993-2016 1°x1°, 46L

13 BOM ACCESS-S 11/11 6-month 1990-2012  N216(~&0km), L85
14 MGO MGOAM2 6/10 3-month 1979-2004 T42, 114

Figure 6. A list of APCC MME participating models (as of 2019. 11).

@ MR A
20190 WAR Fogrmde F A ol AAZ &S Table 13 2t}
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Table 1. Specifications of newly developed models (as of 2019.11).

714 BoM MSC CMCC
249 POAMA ACCESS-S1 CanSIPS CanSIPSv2 SPS2 SPS3
S¥E  T4ILIT N216L85 T63L35 T63/L35 o3ty e
e
33/33 11/11 20/20 20/20 9/9 20/20
(F/H)
MWAZE 056 months 05-6 months  05-12months o2 111 months  0.5-5 months
hindcast
Nzt 1983-2011 1990-2012 1981-2010 1981-2010 1981-2005 1993-2016
- CanAM4
BAM CanAM3
= DA R=R UM6 X - GEM4.8-LT  ECHAMb.3 CAMb.3
(Spectral) CanAM4 313
Slokmd  ACOM? Ronscanomg [ CANONE - OPASZIORC - \pnog 4
Awmg | OMPC o jEs6 CLASS HCLASeT - CLMA5
Cavitating ~* C2Vl2tng
sy =d - CICE6.0 fluid approach - CICE4
approach -ppCICE4
Atmos
_ nudging CMC Global - CMC GDPS
71271 scheme to ACCES-G 50-var (Nudging) ECMWF ECMWF
zA ERA anlaysis is - CMC GEPS analysis analysis
Interim/Bom assimilated (EnKF)
WNP
CMC SST
) and sea-ice _
8 F7) NEMO 3D analysis at  CMC Glops  GQODAS CMCC
Pseudo EnKF . CMCC 3D-Var
=zA VAR the surface analysis alvsi :
and NCEP analysis analysis
GODAS 3D
- Response
Atmos of land
_ nudging : variables to
A™Z7] scheme to Clim ogg elid\]/l;et%n atmospheric ECMWF 1 andc—l\s/lgr%a -
=zA ERA used nudged runs analysis analvsis
Interim/Bom - SPS forced ¥
WNP by CMC
analysis
Observed
i SST fields
SSTZ7] ) ) are ) ECMWF )
=zA assimilaed analysis
once per
day.
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- CMC
GIOPS
analysis,
SMv3
=7 Continuous statistical CMCC
Ui - NE\I\//IER?’D nudging is model Clim. land-surface
=3 used thickness for analysis
NH thickness
- CMC
GIOPS
analysis

@ =9 Bt
AR L HAE Bde 48 HFrt

AUy ]9 #A7|EZAE A5(Anomaly Correlation Coefficient, ACC) BIn st A
7139 ARd 2E 7 FREETG W A- AX F4E 9358 Bt 53], POAMA thH]
ACCESS-S19] a9 o] A AdolA 71 T334 veb™, CMCC-SPSv3-2 o]z 5d o

A2 dEge Bl 54 2 AFZAAM A5 Fol =4 vesttk(Figure 7).

AOG, TEM(TA)
Hirdeind- S00E

o

A

R

RO, T2 (TR
Hrdeait 5110

Figure 7. Comparison of Anomaly Correlation Coefficients between old (yellow line) and
new (red line) models of BoM (left), MSC (middle), and CMCC (right).

O g mdEHS A5E vuyr}

ASAY - AFE 7 - F5e FAZIEAE BSACO vustd s o 20199 AMEA H
28 HA RS 7]E APCC MME®] Zrodgldd /i rde] oS8 Fa v deide A
3} A tHFigure 8).
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(a) Temperature (b) Precipitation
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Figure 8. Anomaly Correlation Coefficients of individual models’ forecasts
for temperature (left) and precipitation (right) during spring, summer,
autumn, and winter.

@ AT 71€9 #FA7ZAE@ A%(Temporal Correlation Coefficient, TCC) ® L

MSCe] =9 CanSIPSv2e] A& AT H d=o] 433 4= Aoy CMCC SPS3
o A AFBHoEE dFYo] tha WolHAR dFE FSA A 458 v 4
o= Holn, o] AL A R G 7 Mo Hlg] F3e FY FH4E B
% tHFigure 9).

Temperature: TCC, DJF (9110)

Figure 9. Temporal Correlation Coefficients of individual models’
hindcast for temperature during winter.
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@ A&
Z2IF W 1278l Hi AAVIFAAASE AAHE g8 F 20199 1249 V&
ACCESS-S1#} CanSIPSv27} 2020JFMAMJ ojl Z3-E] MME®] #eistar 9l

(‘b MME =4 F7}: SINTEX

APCCoA st A-ASEH F tier-19 siEste= si-He=: A85E &8st 3/671<
ENSO ¢l& AEE wjgd Aiteta glom, BHoh bgefdt AdqSrd ] diE A% =89S 7&
ola Ut} 2019 6¥ 3-4¥ thwtolA HHHE 20199 APCC ZAAL A= A5l &S
T2 F(Japan Agency for Marine-Earth Science and Technology, JAMSTEC)7} 7jt&h
SINTEX-F(Scale Interaction Experiment-Frontier Research Center for Global Change) = d2] o]
£ FH3lon, olF ForksAdel tigk o2 Wkl FojE AAH APCC MME ENSO o Zof 3o
ALE e gkt JAMSTECA A 7)wgk SINTEX-F a2 ¢ =224 Nino3.4, IOD (ndian
Ocean Dipole), EMI (El Nino-Southern Oscillation) 2] &4 RS A3}t vyl SINTEX-F=
02 Add=rds 24 X4+ 2 ofx7|(asci) 2oz A|Fshol uwe}l APCC MME
ENSO d& Al2="] o] =275 o] ezt o]d, SINTEX-F& APCC MME ENSO <o
Z3Hsl7] 95ke] ENSO o= A28l e 278 4813, SINTEX-F7} 2338 ENSO 4= A
RBE AlFstaa o)

@D SINTEX-F A8 AR

JAMSTECe®l| A4} 7§¥glk SINTEX-F= F1, F2, F2-3DVAR®S] 359 nd =2 FAHE A2HS &
o}, SINTEX-F1(Luo et al. 20052 #H3 dHo] A3 Loz /ids ofr]-3) 3
T8 7RI 2N 20009 FH AA odF AR AFS AZSE duiAHe oFY FtE
3l SINTEX-F2(Doi et al. 2016)gt= CGCMeo| 7=t SINTEX-F2& 3lW 938 = Z
DA E 2dolr, elH U Jdxe] I 7|& B £3}% 9] Indian subtropical dipole
mode ¢} Ningaloo Nino A<= tha] SINTEX-F1ETF H& =8-S Holx= Zo] EX ot}
SINTEX-F13} F2& slH=e s |dA(hudging 71H-e AH&3 Blad] tast 7|8t 3
e 7HA Q7] vl sl g Mg dF 2 23 FHo] FEA RS FTAFOE
A3l 3xd #S S 2 98 Fo 1#"E 3DVAR 7|HE& A3 SINTEX-F2-3DVAR
(Doi et al. 20175 7Q&¢3atich. SINTEX-F2-3DVARE 538 4o U= 2 i Ad o=
< AFHo=E JfAdskAH.

do 2 ok

o

2 o

-

5]
Agsta on, uFde] I AxHle T AF gF JERE R

9ot o] s SINTEX-F= JAMSTEC E#o]A9o A Ad & F dig BlR3 e
gdsta vk i3 SINTEX-F oS FHo| Al HH= Table 23 2o,

5) http://www.jamstec.go.jp/virtualearth/general/en/index.html
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Table 2. Information for SINTEX-F system.

SINTEX-F
Model SINTEX-F1 SINTEX-F2 SINTEX-F2-3DVAR
AGCM /
) ECHAM4 / T106L19 ECHAMS / T106L31 ECHAM> / T106L31
Resolution
OGCM / OPAS / OPA9 / OPA9 /
Resolution 2° x(0.5-2° )L31 0.5° x0.5° )L31 0.5° x0.5° )L31
Couplin Every 2 hour No flux Every 2 hour No flux Every 2 hour No flux
ping correction correction correction
Sea-Ice
- LIM2 LIM2
Model
Ensemble 9 12 12
e S o SST-nudging with 3DVAR
Initialization SST-nudging SST-nudging ocean assimilation
NINO3.4, 10D, EMI, South Atlantic subtropical dipole mode index,
Prediction . . . . e
Variable South Indian subtropical dipole mode index, Atlantic Nino index,
Ningaloo Nino index, California Nino index, Dakar Nino index
Hindcast
) 1983-2015
period
Lead time 0.5-10 month
Data ASCII (.CSV)
format Observed index + Predicted index (each ensembles + ensemble mean)
Access "
] Around 15" of every month
period

@ SINTEX-F 22 FHqE 93 ENSO AFA 27 4

APCC ENSO MME ¢ AR SINTEX-F& x3sl7] 93] SINTEX-F 89 432 9 A
el Z238 AZS T3S 7)1E ENSO o= A|~d"e] z2 7388 £43519
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- SINTEX-F A&54% =219
- JAMSTEC ftp AW oA Nino3.4, IOD, EMI X< F B E APCC ftp AHZE T2

-SINTEX-F A8 =233 Y& 2 35 9
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(SINTEX-F A243 =273 8>

#!/bin/sh

FTPPATH="http://www.jamstec.go.jp/virtualearth/data/SINTEX/"
FNAME1="SINTEX_Nino34.csv” (+ Nino3.4 X|=)
FNAME2="SINTEX_DMl.csv" (+ IOD X|=)
FNAME3="SINTEX_EMl.csv”" (+ EMI X|=)

SYSDATE='date +%Y%m%d'
#SYSDATE=20190805

NYEAR='echo $SYSDATE | cut —c1-4’
NMONT="echo $SYSDATE | cut -¢c5-6'

FYEAR='date -d ${NYEAR}-'${NMONT}-'01 1-month’ +%Y | tr a-z A-Z'
FMON='date -d ${NYEAR}—"${NMONT}-'01 1-month’ +%b | tr a-z A-Z'

echo $FYEAR$FMON
mkdir -p $FYEAR$FMON

cd $FYEARSFMON

lfto $FTPPATH << EOF
mget $FNAME1

mget $FNAME2

mget $FNAME3

EOF

SINTEX-F A543 =235 A3

I$ ./get_SINTEX.sh

- APCC 9| F-U 73 A8 AE ==

<APCC 9| F-U| 73 25 2

of
(e
fu
[
)
fw)
oo
v
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#!/bin/sh

DATADIR=/$DIR/

SYSDATE='date +%Y%m%d’
#SYSDATE=20190805

NYEAR='echo $SYSDATE | cut -c¢1-4'
NMONT="echo $SYSDATE | cut -¢c5-6'

FYEAR='date -d ${NYEAR}-"${NMONT}-'01 1-month’" +%Y | tr a-z A-Z'
FMON='date -d ${NYEAR}—"${NMONT}-'01 1-month’ +%b | tr a-z A-Z'

echo $FYEAR$FMON
mkdir -p $SFYEAR$FMON

cd $FYEARSFMON
echo ${DATADIR}Y/${FYEAR}${FMON}/

fio -nv [IP] << EOF

user apcc #i#H#HH##H#H(+ PASSWORD)
bin

prompt

cd ${DATADIRY${FYEARI${FMON}
mget SINTEX_Nino34.csv

mget SINTEX_DMI.csv

mget SINTEX_EMI.csv

EOF

(APCC &JF--U 73t A5 AF =09 A3

1$ /get_SINTEX.sh

g T2 WS FP5HE KFEXGZSAZL>E FAH tdEZ (9 A 2019DEC)7T A A= H,
t#@ Eg o] SINTEX DMLcsv (IOD A <), SINTEX_EMILcsv (EMI A5#), SINTEX_Nino34.csv
(Nino34 A9 YAAE7F AE$ES 0T 4 Qo

Q A= AAg Z=239 A

3%k SINTEX-F #AEE APCC ENSO dZA|2HloA A&3] ¢lo] Y F JAEF HA
g Z2I39E A|FEgch B 2 33 SINTEX-F A5 = 1-671€ =289 F=3)

- SINTEX-F "] =213
- APCC MME ENSO <& A]2®lol] SINTEX-F& #-83l7] 98 dAg ==
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- SINTEX-F AAe] Z=233 W& ¢4 +5 3

{SINTEX-F AAg] =213 &>

begin

; SYSDATE = 20191112
SYSDATE = stringtoint(systemfunc(”date +%Y%m%d"))
FYEAR = stringtoint(systemfunc("echo " + SYSDATE + " | cut —c1-4"))
NMONT = stringtoint(systemfunc("echo " + SYSDATE + " | cut —-¢c5-6"))
FMONT = (systemfunc(’date —d "Tmonth’ +%b | tr a-z A-Z"))

YEAR = stringtoint(systemfunc("date —d " ot FYEAR + "=" + NMONT + "-01 1month’ +%Y"))

FMON1 = stringtoint(systemfunc("date -d " + FYEAR + "=" + NMONT + ""-01 1month’ +%-m"))
FMON2 = stringtoint(systemfunc("date -d ” + FYEAR + "=" + NMONT + "'-01 2month’ +%-m"))
FMONS3 = stringtoint(systemfunc("date -d ” + FYEAR + "=" + NMONT + ""-01 3month’ +%-m"))
FMON4 = stringtoint(systemfunc("date -d ” + FYEAR + "-" + NMONT + ”’—01 4month’ +%-m"))
FMON5 = stringtoint(systemfunc("date -d " + FYEAR + "=" + NMONT + ""-01 5month’ +%-m"))
FMONG6 = stringtoint(systemfunc("date -d " + FYEAR + "=" + NMONT + "’-01 6month’ +%-m"))
FMON7 = stringtoint(systemfunc("date -d " + FYEAR + "=" + NMONT + ""-01 7month’ +%-m"))
FMON8 = stringtoint(systemfunc("date -d ” + FYEAR + "=" + NMONT + ”’701 8month’ +%-m"))
FMON9 = stringtoint(systemfunc("date —d ” + FYEAR + "=" + NMONT + "-01 9month’ +%-m"))
FMO;\)HO = stringtoint(systemfunc("date -d " + FYEAR + "-" + NMONT + "-01 10month’
+%-m"
FYEAR1 = stringtoint(systemfunc("date -d " + FYEAR + "=" + NMONT + "-01 1month’ +%Y"))
FYEAR?2 = stringtoint(systemfunc("date -d " + FYEAR + "=" + NMONT + "’-01 2month’ +%Y"))
FYEAR3 = stringtoint(systemfunc("date -d " + FYEAR + "=" + NMONT + "’-01 3month’ +%Y"))
FYEAR4 = stringtoint(systemfunc("date -d " + FYEAR + "=" + NMONT + "’-01 4month’ +%Y"))
FYEARS = stringtoint(systemfunc("date -d " + FYEAR + "=" + NMONT + "’-01 5month’ +%Y"))
FYEARG = stringtoint(systemfunc(’date -d ” + FYEAR + "=" + NMONT + "'-01 6month’ +%Y"))
FYEARY = stringtoint(systemfunc("date -d " + FYEAR + "=" + NMONT + "-01 7month’ +%Y"))
FYEARS8 = stringtoint(systemfunc("date -d " + FYEAR + "=" + NMONT + "’-01 8month’ +%Y"))
FYEAR9 = stringtoint(systemfunc("date —-d " + FYEAR + "=" + NMONT + "'-01 9month’ +%Y"))

FYEAR10 = stringtoint(systemfunc("date -d " + FYEAR + "=" + NMONT + "'-01 10month’ +%Y"))

MONTHS -
(/FMON1,FMON2,FMON3,FMON4,FMON5,FMON6,FMON7,FMON8,FMON9,FMON10/)

FYEARS =
(/FYEAR1,FYEAR2,FYEAR3,FYEAR4,FYEAR5,FYEARS,FYEAR7,FYEARS,FYEAR9,FYEAR10/)

NYEARS = dimsizes(FYEARS)
NMONT = dimsizes(MONTHS)

DATADIR = /$DIR/ + FYEART + FMONT

IFILE = DATADIR + "/ + "SINTEX_Nino34.csv”

IFILE2 = DATADIR + "/" + "SINTEX_DMIl.csv”

IFILE3 = DATADIR + "/" + "SINTEX_EMI.csv”

OUTDIR = "/datal1/OPER/AFS/DATA/6-MON/MME_IN/FORECAST/JAMSTEC/” + FMONT + "/"
FYEAR1

+

system("mkdir -p " + OUTDIR)

filename = IFILE

flename?2 = IFILE2

filename3 = IFILE3

outfile = "SINTEX_NINO34.txt" (+ ¥™e[= Nino34 =)

outfile2 = "SINTEX_IOD.txt" (+ MX2[=l 10D X[F)
outfile3 = "SINTEX_EMI.txt" (+ MA2[= EMI X|=)
sintex_nino34 = asciiread(filename,—-1,"string")

ncol = dimsizes(sintex_nino34)

str = str_split_csv(sintex_nino34(ncol-11:ncol-2),”,”,0)
nino34 = new((/10,35/),"float”)

sintex_iod = asciiread(filename?2,-1,"string”)

ncol = dimsizes(sintex_iod)

str = str_split_csv(sintex_iod(ncol-11:ncol-2),”,",0)
iod = new((/10,35/),"float”)

sintex_emi = asciiread(filename3,-1,"string")

ncol = dimsizes(sintex_emi)

str = str_split_csv(sintex_emi(ncol-11:ncol-2),",",0)
emi = new((/10,35/),"float”)

do imon = 0, NMONT - 1
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nino34(imon,0) = tofloat(FYEARS(imon) + sprinti("%0.2i" MONTHS(imon)))

iodimon,0) = tofloat(FYEARS(imon) + sprinti(”%0.2i", MONTHS(imon)))
emi(imon,0) = tofloat(FYEARS(imon) + sprinti("%0.2i", MONTHS(imon)))
end do

nino34(:,1) = tofloat(str(:,2))

nino34(:,2:34)= tofloat(str(:,6:))

iod(:,1) = tofloat(str(:,2))
iod(:,2:34)= tofloat(str(:,6:))

emi(:,1) = tofloat(str(:,2))
emi(:,2:34)= tofloat(str(:,6:))

option = True
option@fout = OUTDIR + "/" + oultfile

write_matrix(nino34,"f7.0,34f7.2" option)
print(OQUTDIR + /" + oultfile)

option2 = True
option2@fout = QUTDIR + "/" + outfile2

write_matrix(iod,"{7.0,34{7.2" .option2)
print(OQUTDIR + /" + oultfile2)

option3 = True
option3@fout = OUTDIR + "/" + outfile3

write_matrix(emi,”f7.0,34{7.2" option3)

print(OQUTDIR + /" + oultfiled)
end

SINTEX-F AA g =233 A3

1$ module load ncl/6.4.0
1$ module load python/3.7.1-anaconda
1$ ncl SINTEX_pre.ncl

Axg 2298 systd offe] F=o Axed ARVE Aitdn.

- Ax8)=" SINTEX-F A=

- SINTEX_EMILtxt : SINTEX-F 671€ <= EMI A4

- SINTEX_IOD.txt : SINTEX-F 67/]€ &= IOD A&

- SINTEX_NINO34.txt : SINTEX-F 67}¥ <= Nino3.4 A<

* MMM : o= A2 €Y (A, DEC), YYYY : = AZ &) (A 2019)
@ APCC ENSO o ZA| 2] =3

A gl¥E SINTEX-F 4= 2852 APCC ENSO dZA|2Ho] AHL3}7] s Id a7
=S FAAY.

SINTEX-F 22l& e} 2d3 =24 ASCIH Ao g A4z FE
oA 2" 2 Nino3.4, IOD, EMI A2 AlAE9 9 Tableg YHE7]
HBAo A AA 72, sl T2 BF FAHA AXgH SINTEX-F A5E B2 AT st
alo g FAs AT
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_ - _ o P - o o =
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Nino3.4 Index for 2019 DJIFMAM Nino3.4 Index for 2019 DIFMAM
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Morels Dec Jan Feb Mar Apr May Hiockels Dee Jan Feb Mar Apr May
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NASA 03l 028 012 032 0.45 031
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Issued: 20 Nov, 2019

© APEC Climate Center lssised: 20 Nov, 201

9 © APEC Climate Center

Figure 10. Before (a) and after (b) joining the SINTEX-F model for
2019DJFMAM Nino3.4 index.
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(@) No SINTEX-F (b) With SINTEX-F
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Figure 11. Before (a) and after (b) joining the SINTEX-F model for
2019DJFMAM probabilistic ENSO forecasts.
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Table 3. Model description of POAMA (previous) and ACCESS-S1 (new) model.

7% BoM

v POAMA ACCESS-S1
L= (FH/F3) T47/L17 N216/L85
FIE 33 33
& 712t (&) 40 400
HEolE F7] 3-5 day Daily

Z HAYH d¢Y +9 Z==ZHE Phase diagram, 3 3E AL of by

5% & oH, BSISO AF7F AL}, o2k o= A R+= Figure 129} #o] APCC BSISO
=] o

B

(BSISO & F=27I1ZH7HA EEH U
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(a) BSISO Forecast for 31-Oct-2019 to 19-Nov-2019 (b) Probability of heavy rainfall determined by predicted BSISO

BSISO 1 BSISO 2 WEEK 1 BOM_ACCESS-§1 1C. : 3111012019 %
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E 3 z g ' &
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g e | N oy L 40
/ ' N
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© APEC Climate Center © APEC Climate Center

(d) BSISO verification for 310ct 2019
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Figure 12. (a) Phase diagram, (b) probability of heavy rainfall, (c) outgoing long-wave
radiation anomalies, (d) verification for BSISO index in BSISO forecast web contents.
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(Before Korean translation) (After Korean translation)

- p—— - AT A S

: Q 1 ’5 9 ’“:I;-%_-:{E
E‘LDt

» ENSO
7|52

» Verification

- Forecast
HE=E
s L] = o} OE
- Hindcast
= A=
I=E=
i ;A.I__SE
o S
=S
s
» Deterministic MME Forecast cCEE s
SEASON/MONTH VARIABLE REGION INFNWE B Ha 2o
« Probabilistic MME Forecas 1 [ or | . oY BEdS
SEASON/MONTH VARIABLE REGION AN Y B EES 29
aso - Precipitation - Global Kl 125220
« Individual Model predictions - Daterministic Forecast - o -m :
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Figure 13. Before (a) and after (b) Korean translation for APCC website Korean version.

@ Sotrlor A AHASHE A AF

T olgAt 7Y BE BAL /HE FohAol AY@UE TP hPOoE BET
ARANZARE AFH7) 98l APCC Feld FEMRG “FolAol ALAZ0” olgts %7}
e LSt Figure 14). lF wlirel A FolAol Aeje @ © A BEW A5 A
Bk @A APCC MME 7]%he] 6709 el 3ol i@ AW-S v AFstn, IZYRE /e, 3
. kg, OHTI_ exol 0P AARAATEA A2AR} BEAG. T 712 ool
Aol AFE L2 A9 tREo]l FA7 U AYoEH FED dF Fust YU 2
AE ﬂmom s eRE B R YRS TSl NP JPoT PAE =AY
oviFigre 14, BRE AUAS AARERe A - 0HAY GIA a2t B4 55
(850nPa) HlE-E F71 HAT & Ut alZ AREB AZFOEA U] Bl wE BF 9

< olafstal B Aol ol S dSdte Hl 71 & UAA HAKFigure 15).

6) “TolAo}l A= <l o)A FA : https:/fapcc2l.org/ser/eastasia/outlook.do?lang=ko
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Sea Surface Temperature for December 2019-February 2020
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Figure 15. Sea surface temperature forecasts for 2019DJF over
the East Asia.

Precipitation and Wind at 850 hPa for December 2019-February 2020
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Figure 16. Precipitation and Wind at 850 hPa forecasts for
2019DJF over the East Asia.
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c oMo A-C S 09 dE AHe 2
- ZolAlol AAdd S FHo| BEA A= IPES 4 HYste & gadEYd 7=

s ZolAol AFE 18 9 Xy TE oY e 9 T uy

(CEotM o Add S 19 42 A2 Z=209 W8>

#!/bin/sh

#

# EA_outlook.ncl : Create Figure for East-Asia Outlook

# APCC / Chang-Mook Lim

# completed : 16 Dec 2019

# modified (1) :

# modified (2) :

#

# # Modify Part : Forecast Time Information
# #

YEAR=2020 # First Year for Target Forecast Season (e.g. 2019DJF ——> YEAR = 2019)
MON=1 # First Month for Target Forecast Season (e.g. 2019DJF ——> MON = 12)

#

——————— #

SEAS1=( JFM FMA MAM AMJ MJJ JJA JAS ASO SON OND NDJ DJF )
SEAS2=( AMJ MJJ JJA JAS ASO SON OND NDJ DJF JFM FMA MAM )
NS='expr SMON - 1

OUTDIR=/$DIR/SYEAR${SEAS1[SNSIIH{SEAS2[$NS]}
echo ” "
echo $OUTDIR

echo ” "

mkdir -p $OUTDIR
WORKDIR=/data11/OPER/AFS/RUN/East_Asia
#

# 1st Step. Copy PMME 2m & prec
#

PMMEDIR_3m=/$DIR/$YEAR/$MON/Seasonal/${SEAS1[$NS]}/East_asia
PMMEDIR_6m=/$DIR/$YEAR/$MON/Seasonal/${SEAS2[$NS]}/East_asia

cp —-rf $SPMMEDIR_3m/t2m.png $OUTDIR/GAUS_$YEARS{SEASI[$NS]
cp -rf SPMMEDIR_3m/prec.ong $OUTDIR/GAUS_$YEARS{SEASI[SNS
cp —-rf SPMMEDIR_6m/t2m.png $OUTDIR/GAUS_$YEARS{SEAS2[$NS]
cp —-rf $PMMEDIR_6m/prec.ong $OUTDIR/GAUS_$YEARS{SEAS2[SNS

\_t2m.png
N_prec.png
\_t2m.png
N_prec.png

#
# 2nd Step. Creat SCM prec + uv850 & sst
#

ncl $WORKDIR/src/EA_SCM_PREC_UV850_3mon.ncl
ncl $WORKDIR/src/EA_SCM_PREC_UV850_6mon.ncl

ncl SWORKDIR/src/EA_SCM_SST_3mon.ncl
ncl $WORKDIR/src/EA_SCM_SST_6mon.ncl

#
# 3rd Step. Creat OBS t2m & prec
#

ncl $WORKDIR/src/OBS_prec.ncl
ncl $WORKDIR/src/OBS_t2m.ncl

9 Zead Y& F dalt oA A A ARE FAGHEA §9 28
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SINTEX-F AAg Z=23% A3

1$ module load ncl/6.4.0
1$ module load python/3.7.1-anaconda
1$ /EA_outlook.sh

9 ZEIWS FASE FolAor Ao B2 g =Hnol B

olg T3 AP ZHA B H/A0H DY
A BolAol AMAZ ANE YT e
oA AZIFOZH APCC FElgel 2
o= e,

(h AdGFHE AF HolA A4
© A% 5 "HaA

APCC FHHE 53 AlgdH+= A-AgSAHR &84 E =o]7] ] ArgAA 2a
w7 F7F D A - 7 EA =8 W Aol Zasit o)lE fE] AldYESAH R AlTE =
“Seasonal Forecast” o] Rt} t}ofFslk dSAHRE A Fstr] 93 FN=2E Frlstazl st

;:-_]__

@ 27t W&

2019 9€, 20190NDJFM ol & AIHREH REgste] dSAHEE 3 ol otd + s 8%
ohlet MME AISHRE BgHe AHAECIA #83 JBE F7F ATFOZA APCCE 715
ZA8 FEHL Anstck

@b 71%FA% & °KSummary) #W¥ 37}

7154 M AR AFA AL AFEHE VIFAA 2 dSHEE Zd=2E FH|AE
el AFeAT AGDe 7% FH, o= 671 Y ENSO H 7] - A dF ARE
shbe] Holxlo goFsl e APCC 3¢ Climate Information Services > Seasonal Forecast >
Forecast > SummaryollA gRIg <= UtkFigure 17).

@ MME ~]'H(Methodology) #¥ 7}
3}

4]

APCC MME ZA &7 A =22 MME 7Y Awst 7/jd=d gr #o]x], ADSS (APCC
DATA Service System) #o]=|, #&d &3 HIAE F7l8t¥ o™ APCC +#]3 ¢ Climate Information



Services > Seasonal Forecast > Methodologyoll4] &R1% 4= Ithk(Figure 18).
@& =2 A B (Model Description) #¥ 37}

APCCel g 7|35 E AFste 147 71359 7|FdS2d HARE T 5 o]x]9
g9 wRrE Ay 2 3Y g2t 7% Frield e Cimate Information Services > Seasonal
Forecast > Model Descriptionell A &1 4= Jti(Figure 19).
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Main Task Climate Information Services International Cooperation Notices About us

» Home > Climate Information Sarvices » Sessonal Forecast > Forecast > Summary

Climate Information

Services
- Seasonal Forecast
+ Eorecast
- SYMITarY
- Outiook
ssT
+ Vertfication
- Forecast
- Hingdcast
» Methodology
+ Model Descnption
+  BSISO Forscast
4 Applied Forecast
+  Climate Monitoring

4 Climate Serviee Toolkit

Summary
@) (F) (+

w - s x [ ]

Our seasonal ts are issued on the 20th of
they are issusd on the closest workday

ranih. (n the case that the 20th fai

an a weskend or natanal holiday,

* Summary TP

Climate Outlook for January - June 2020

(Issusd 20 Dec, 2018)

During November 2018, weak positve Nifiad 4 index was observed with weak posiive sea surface temperaturs
anomalies aver the equatorial Pacific

= The Tatest APCC ENSQ outlaok suggests the probability for ENSO neutral conditians is liksly to be dominant
(~58%) during January — March 2020 and the probability for neutral conditions is Iikely to shightly decrease to
524 through April — June 2020

Positive temperature anomalies are likely to prevail over most of the giobe. especially over the subtropical North
Pacific, southern South Pacific. subtropical North Afiantic. and the western Indian Ocean for January — June
2020.

= Above normal precipitation ancmalies are predicted for the western Indian Ccean and the central off-equatonal
North Pacific. while below nomal precipitation anomalies are expected for easterm off-equatorial South Pacific
for January - June 2020

Towes TR A et

=y Cre
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Fig 2 Pradictad menthly mean Nifio3 4 index from individual modals and the MME for December 2018 - May 2020 (1aft) Probabilistc
MME farecaats of the status and intensity based on J-mionth mean Niflo3 4 index for four overlapping 3-month mean periads (right]
Anomalies are computed with respect 1o the comman perizd of participating modets in the APCC MME pradiction (1992-2011)
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Fig 3 Pmbabilistic MME forecasts of Zm temparature (left) and precipitation {right) for December 2019 - February 2020 Normal
conditions are computed with respect 10 the camen base period of participating modals in the APCC MME prediction (1592.2011)
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Fig 3 Probabilistic MME forecasts of 2m tamparature (i) and pracipltation (right) for March - May 2020 Narmal conditions are
computed vilh respact n the camon hase period of panicipating madas in the APEC MVE prediction (1962-2011)

Figure 17. A new page for Summary of seasonal climate

outlook.
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- seascnal Forecast = 3
+ Farecast BAPCC Seasonal Forecasts

Sumimary The APCC seasonal forecast s based on muli-model ensemble (MME) prediction system and disseminaled to APEC
member economics arsund 20th of every month. Currently, 14 operational centess ang research mstiutes from 10
- OO0k countnes around the. wordd pancipate 1 the APCC MIME operational prediction system by routinely providng ther

predictions in the form of ensembles of global forecast fisids. [

The APCC's reakiime: operational forecasts are issued i both detrministc (based on ensemble mean) and

» Varfication
e probabiistic (based an fufl set of ensembie members) forms and more detailed description of the methods s as follaws

st

» Deterministic MME Forszast
Hinacast

+ Mesnodoiogy

+ Mooel Descrpbion
The detsrministic forecast is bassd on a simply avesage of bias-comenisd
ensemble means. fram sach model with equal weight o creste = rmlt-maded
[ S0 remont ‘ ) forecast The ensemble mean anamaly forecasts for each individual model is
caiciiated by their on cimatniogy from the hindcasts
+  Applied Forecast

+  Climate Monitoring

+  Climate Service Toolkit
+ Probabilistic MME Farecast

The probablistic forecast is based on an uncaibrated MME with model weights
being proptetional to the square root of ensemble size. and & Gaussian fittng
method for the estmation of the tercile-based calegoncal probabeities. that is, the
probatily of below-normal (BN). near-normal (NNJ, and above-normal (AN)
categories wih respect 1o climatology (Min e al 2008) The procedure for the
probabilistic farecast consists of foiwing two steps.

1. Estimation of individusl model probatiliies: The upper and lower terciles are determined separately for each mode!
using their mean and standard deviation of hindeasts. Then. The forecast probabifity for each calegary s estimated
353 portion of the cumulative probabiiny of ther associated with 9

Climatiogeat POF

3% 3% | 33%

1 z

Tha gper torcie. 3= 3 + ate A sty for aove o6l conation
Tha lower emcie: 2, = 4 - 430 Wi, protaaby for neal nermal condlion
a5 £ P e e o st s ey BN. prabalilly for boiow norrmal corgion

2 Whulti-modet combination The forecast probabilities far each model are averaged together with mode! weights being
inversaly proportianal fo the random emors in the fomecast probabilty assooiated wath the standard error of the
ensermble mean (e, propotanial 1o the square root of ensemble szl to create @ probabiistc muliiodel
ensemble forecast.

Combine them

al (2017) and m the please note that The authors
acknovdeage Tat the APCC MUl Model Ensembie (MME) Producing Ganters for making their hindcastforecast dala
availzble for analysis and the APEC Climale Center for coiscting and archiving them and for organizing APCC MMWE
prediction.”

The MME and indivdual modei daia can be found in the 470

Relerance.
Min, ¥-M WV N Krjjow, S M Oh H-J Lee (2017) Skill of real-time opedational forecasts with the APGC multi-model

‘ensemble prediction system duning the penod 2008-2015 Climate Dynamics, 48:4141-4156. dor 10 1007/s00382-017-
35762,

Wi, Y-M., VN Kryjov. C-K Park 2009 Probabiisic Mulimodel Ensemble Appraach o Seasonal Prediction. Weather
and Forecasting 24 812.828

Figure 18. A new page for description of Multi-Model
Ensemble methods.
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Model Description

The informatio
the comesponding operational mode! s modified

APCC Bcc BOM omee cwe HMC JMA

KMA MGO MSC NASA NCEP PNU UKMO

befow The iformation can be changed f

= APCC

1. Forucast System;

ganization

First dper:

2. Madel Description:

Atmogphenc model and re:

Forecast Hindcast
30 nudging C

3on

ure ind

cam

EAKF CFSR ST £ ARGO T/S SRSST A ARGE TiS

88T houndary conations (if ter-2 A A

4, Data Specification from APCC: Forecast Hindcast

1% and 5™ of the montn

10 membars

5. Mors information

icfion of East Asia sei

URL or Mamn terafence

“The length of lime between issuance of & forecast and the occurrence of the phenomena that were pradicted
g 2019 JJASON (1-6 month lead time) means 6 month forecast issuad on May 2019

~ - APCC: APEC Cfimate Center

~ BCC: Beijing Climate Centar

~ BOM: Bureau of Meteorology

~ CMCC: Centro Eurg-Maditaranao sui Cambiamenti Climatici
~ CWB: Cantial Weather Bursau

~ HMC: Hydrometeorological Centre of Russia

~ JMA; Japan Metsorolagical Agency

v KMA Korea Meteorological Administration

~ MSC: Meteotological Sarvice of Canada

~ MGO: Vosikov Main Geophysical Observatory

~ NASA Mational ics and Spai i

~ NCEP: National Centers for Environmental Prediction
~ PNU: Pusan National University

+ UKMO: United Kingdom Met Cfilca

Figure 19. A new page for description of individual models.

_35_



() NExd B AF

© A% % Fa A

APCC EH0|1XE 3 AT Jde= ME 2l d3HREs A4 6719 MMEd| Fojsta
JE W] g AEED T ZEEo ATk AT AEEd SHR i et H
2 S7vstal lem APCC dSAH AlF tgdFstE 98 APCCAA L Ae e =

t w¥go] FedA HA =3, A FHANE T Al

Hi e MEED oS 9 HASAHAERE 5F AASAHEDAE Z1AAT HT dgo] AL
M, APCC dZAHE 8= ZUE 3 Iyt ASAAAE g Mnl 2t} st
@ N U&

ofzfo] AMEF-S 2019 849 25%, 2019SONDJF o =3HE 2 g&3dta] EHo|AZ T Uut
A&t Al Sl AlFs At
@® A=AZ B BN

A3xF APCC MME =94 373 39](2019d 6€¥ 4, tivhHE T3 12719 =d A F#}2
Mul2z A AT Mulx AL Hgednt. ZdAFAE0MA A9 FHAE
T SR AF] oA olE HiE R FH)A MNERY FH AF HAE =

a1 AHgAE gl st thFigure 20).

;

-
o

Hd HA

HE &Y E£3 ID(opec)T HS E32 A

of | ot

A

Cutlook — Individual Model predictions — Deterministic Forecast

ME|~ S8 ENSO = Individual Model Predictions

Verification — Forecast / Hindcast

Figure 20. Updated data provision policy.
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Figure 21. Management page for updating MME participating models.
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Figure 22. Regional anomaly correlation coefficient (ACC) of hindcast of the APCC
MME participating models (gray dot), GloSea (red dot) for temperature (left) and
precipitation (right) each season (a-d, MAM-DJF). Bars indicate mean ACC of APMM

MME participating models.
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Figure 23. Same as Figure 22 except for temporal correlation coefficient (TCO).
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Figure 24. Changes of pattern correlation coefficient (PCC) of real-time forecast
of the APCC MME participating models (gray dot), GloSea (red dot) for seasonal
temperature (top) and precipitation (bottom) 2008-2018. Black lines indicate mean
PCC of APMM MME participating models.
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Figure 25. T-test between two climatologies for 1983-2010 (climl) and 1991-2010
(clim2) of observed seasonal mean precipitation, 2m temperature, geopotential
height at 500 hPa and sea surface temperature. Shaded areas are the regions

where the climl and clim2 statistically differ at the 5%, 10%, and 20% significance
levels.
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Figure 26. Same as Figure 25 except for KS-Test.
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Figure 27. KS-test between two probability
distribution for 1983-2010 (climl; black line) and
1991-2010 (clim2; red line) of observed seasonal
nino3.4 index.
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Figure 28. T-test between two climatologies for 1983-2010 (climl) and 1991-2010
(clim2) of predicted seasonal mean precipitation, 2m temperature, geopotential
height at 500 hPa and sea surface temperature by APCC-SCoPS. Shaded areas are
the regions where the climl and clim2 statistically differ at the 5%, 10%, and 20%
significance levels.
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Figure 29. Same as Figure 28 except for KS-Test.
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GloSeabE& ®t9g3t MME &&d = =239 F/Fo 1 7|52 old(Table 49 £t}

Table 4. Program lists for including GloSeab to APCC PMME

Program lists Role

GLOSEAS_fcast-mean.3m.yml Setting for 3 months mean PMME

S{AFSYRUN/Manage_MME GLOSEAS5_fcast-month. 3m.yml Setting for 3-month PMME
GLOSEA5 mme_module.rb Setting for environment
GLOSEA5_runMME.rb Run

${AFS}/CODE/PMME/GAUS/N .
GAUS_FCST.ncl Calculation for PMME

CL_GLOSEA5/

@ =239 53 Y 2 A5 At

L2 28 Wy

1$ cd /$DIR/Manage_MME
1$ GLOSEA5_runMME.rb - ¢ GLOSEAS5_fcast-mean.3m.yml

1$ GLOSEA5_runMME.rb - ¢ GLOSEA5_fcast-month.3m.ym
£33l GloSead 2dS %33 MME &9 = ZAHE AJ4ko] 7154

e Z=de =SS
w2t 713 qERES g AREAEC] Eu aFde] YFdAF FE AlEe] 7hs s $ltHFigure
31, 32).
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Figure 31. Before (a) and after (b) joining the KMA-GloSea5 model for
APCC DMME (2m temperature; top, precipitation; bottom): 2019DJF.
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Figure 32. Same as Figure 31 except for PMME.
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Figure 33. Example of BSISO verification of CWB (left) and all participant models
information (right).
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(1) NCEP GFS +&7]7} ¢
O 9% %L "eA

APCC BSISO d& A& AFMed =71 Y71 5 skl NCEPS GFSEH e o 4
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ALz o7 Uepde selstth olo whe) 2018 5ARE 20193 471X FAR md AT
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20193 49¥ NCEPo. 2 HE A2 GFS 922271 A 45391 20173 8¥€ 9¢ ~ 2019
d 497bA9) BSISO <15 AR 2 AF ARE AMIaATh £4 F GFS 2o} OLR ohc
2e] sl =3 fAEA Ul €)= 7170e) we ngagAel EEE Hold OLR 9
Ho] FAHUSe FAstATHFigrue 34). BSISO 13 BSISO 2 #|529] 9] A ajA|zko] Fof
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Zo] Z718t= AL #2189 tHFigure 35).
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Figure 34. Before (left) and after (right) modification of initial field of outgoing
long-wave radiation and forecast for GFS model.
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(7) APCC A&HH] &8
P 71343 71FAREHo] APCC MME ENSO 9 &A B AZ

O 3% ¢ "8y

APCCe] ENSO o&AH AF2 APCC TR & FalATE o] FojA L gilom o7 Ad
< B AFE ol FoAIL YA Fshk APCCe ENSO d58H &%
A FEste] 7143 718 B " (climate.go.kr)ol ENSO oSAHEE vl

TAHoE FA TAE T 7IAE BA FA Fx AU I F ENSO dS5ABR
A E st AMEATE ASARE eEE & F JEF P dH Y AEE 7
B 71FAREL E o] Ao ANT F JEF JEH BY FA A o] AR
201913 5€ol oS3 2019JJASON o SHE 7143 7IFAHKEEH vid duolEX Ut
(Figure 36).

ALk - 2HLLF HY

Figure 36. APCC’ s ENSO forecast
information in Korea Meteorological
Administration ~ Global  Atmosphere
Watch (KMA GAW).
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(W) BSISO AR &&

O a%

APCC®] BSISO “&A R A|F-S APCC & o|AE FalARE o] FojA oL I om &5 A
de B3 AFL o]Fojx 1 YA skth APCC BSISO oZAH R &84S ZA7 1
{22 3t F oI EE o]y YA FWE APCC BSISO AlHI2~ TR =88 7]&o]
}.

@ AE W&

AT B4 282l AlolE (http://mol.tropmet.res.in; MOL)2] Subseasonal Forecasts ] oll
APCC BSISO EHolXE F3 HulolE H+= =2 I NCEP CFSelAl <«=% BSISO phase
diagram¥ ¢ &5 o B 87} AA7ro R &g 9 AFs HFigure 37).
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CFSv2 MISO - Heavy Rainfall Probability Forecast

Probability of heavy rainfall determined by predicted BSISO
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Probability of eccurrence for heavy minfall event as defined by daily rainfall exceeding the 90th
percentiles value (21.4 mm/day) for Oct, during 1981-2010.

© APEC Climate Center
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Figure 37. APCC BSISO real-time forecast information in MOL
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What is All india RainFall?
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developed by the Indian Institute
of Tropical Metagrology.
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of A 715Fd&el U3 7F4A ARE A ATt o

T2y APCC /M4 o] % /MEEHAE 71 SHA] A=’ A9, AT 2 AdE wHEsAEA
Therg 2 e 2oj(dl, Shell, FORTRAN, Ruby, NCL 5)2 B33 m= F4o] Hoig)
A =3 QR ARFEE A Fs= APCC Data Service System (ADSS)e] #= A EE 9o &
of Atkete Azl R Ho| AT ol TE A A|2'E AREATE A FA —‘—:—778
A5E ASIAY ZEE A B2 Bl AR AMEE J|FAA HRE FUIE

71915 o =] AT

weba, ol AdEE o8 FAFEES Bgstr] f8 A4 BE-2 python, 18 F&2 NCL
IR AAE TYst AMEL 7|FHA A2EE I EN JF BEAHE Eol
Az AT FAXNS FatetnA) stth Figure 382 71& 713704 Alzgle] EAA
I A2 Al=EHe] MAHEES YERE Aol
218 7|FEA Alafe A MER 7| A Al2He| 7MY
ADSS % HPC local storage2) U HE|ElE APCCDBE] HEALE AS
7I5E XI= AR (time BE £d™z2h (time & HEh
Cheksin SEist 2A3E0| 0| EHA A 4k (Python)t OB (NCL) REE 3T
(C-Shell, Ruby, NCL, C}CHA| 28) (25 THA| St AEH I3 9)
ADSSU| 9| =5t xH-E5} time 2 E 0| 28t XtZ35} U £F5}
(=8 XNl % 3= £H 0\ (FS NEl % 3= =3 H\)
- weekly, monthly, seasonal S 0= 7|710|2lE 7=
NCEP1(Tsfc, Wind10m, Z500), NCEP1(T2m, Wind10m, Z500), NOAA
NOAA OLR 444t OLR %! T850, CPC PREC, OISST 37} A4t
(global X| %) (global =& 771 X%, level HH 7}5)
2 AAfo B8d X 2TY ] 2> A|ARQ Y N REY TE

Figure 38. Improvements in the new climate monitoring system.

W A=
© = A= AL

71374 ARE ALElr] 3 AMSE #S A5 BT d¥(daly) AEEH
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Radiation (OLR, +&#s}E-A}), NOAA Optimum Interplation Sea Surface Temperature (OISST,
HrHes)=E 72 AR thak kg A ofel Table 5~83% ot
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Table 5. Summary of NCEP/NCAR Reanalysis 1.

Contents

FTP ftp://ftp.cdc.noaa.gov/Datasets/ncep.reanalysis.dailyavgs/

surface gauss : 2m temperature (air),
10m wind (uwnd.10m, vwnd.10m)
pressure : 850hPa temperature (air),
500hPa geopotential height (hgt)

Period  1948. 1. 1 - present (daily update)

Variable

surface gauss: T62 Gaussian grid with 192x94 points

Resolution pressure : 2.5 x 2.5 degree

Webpage https://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis.html

Table 6. Summary of CPC Precipitation.

Contents

FTP ftp://ftp.cdc.noaa.gov/Datasets/cpc_global_precip/
Variable  precipitation (precip)

Period  1979. 1. 1 - present (daily update)
Resolution 0.5 x 0.5 degree

Webpage  https://www.esrl.noaa.gov/psd/gridded/data.cpc.globalprecip.html
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Table 7. Summary of NOAA OLR.

Contents

non-interp : ftp://ftp.cdc.noaa.gov/Datasets/uninterp_OLR/olr.day.mean.nc

FTP interp : ftp://ftp.cdc.noaa.gov/Datasets/interp_OLR/olr.day.mean.nc
. non-interp : outgoing longwave radiation (olr)
Variable . . .
interp : outgoing longwave radiation (olr)
Period non-interp : 2002. 1. 1 - present (daily update)
interp : 1974. 6. 1 - 2018. 12. 31
. non-interp : 2.5 x 2.5 degree
Resolution interp : 2.5 x 2.5 degree
Webpage non-interp : https://www.esrl.noaa.gov/psd/data/gridded/data.uninterp_OLR.html

interp : https://www.esrl.noaa.gov/psd/data/gridded/data.interp_OLR.html

Table 8. Summary of NOAA OISST.

Contents

FTP ftp://ftp.cdc.noaa.gov/Datasets/noaa.oisst.v2.highres/
Variable sea surface temperature (sst)

Period  1981. 9. 1 - present (daily update)
Resolution 0.25 x 0.25 degree

Webpage https://www.esrl.noaa.gov/psd/data/gridded/data.noaa.oisst.v2.highres.html

Q@ #F A5 A=
#S A5 #AE= APCC 7|3 ARFTHAHLIE T3l A5 =X, HJUolE &
o} gom, APCC HPC ~E& A (APCCDB)o| A A= o] &5 Yot 7|E73A A
S 93 B#= A 59 APCCDB 7 &Z+ Table 9% -t}

>
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Table 9. Observation data directory in APCCDB.

Variable and Directory

surface gauss : 2m temperature (air),
10m wind (uwnd.10m, vwnd.10m)
- lapccdb/Observation/Reanalysis/NCEP1/Daily/surface_gauss/
pressure : 850hPa temperature (air),
500hPa geopotential height (hgt)
- /apccdb/Observation/Reanalysis/NCEP1/Daily/pressure/

NCEP1

CPC precipitation (precip)

PRCP - lapccdb/Observation/Grid/CPC_GLOBAL_PRECIP/

non-interp : outgoing longwave radiation (olr)
- /apccdb/Observation/Grid/NOAA_OLR/Daily/uninterp_OLR/

NOAA OLR . : L
interp : outgoing longwave radiation (olr)
- [apccdb/Observation/Grid/NOAA_OLR/Daily/interp_OLR/
NOAA sea surface temperature (sst)
OISST - Japccdb/Observation/Grid/OISST/Daily/sst/

Q #F A5 A

= A5e ABE AA7IT A 7|F5S Aststr AAECAA Z1FES W ol
g & A4kete] AbgStth AA] Al =Elo| A&H 7]$gk 71Xk 1983 ~2010d ]t

NOAA OLR®E] A f-o= HAY7LA HUHlo]Ex+= ¥ A&7} non-interpolationzxt 52 2002
| 1D FE AZE T, 7] E3kS Al4ketr] el 19749 695 E 2018 12€74A] A8 & AF
3}+= interpolation A& E AH8-3F4 T

(th 71324 AN2"e] 743 44
© 71%F72A =" 74

71374 A 2~"lo] Alg-¥ o] python version 392+ NCAR Command Language (NCL)©]
3 python2 A5 A, NCL& 19 4F&S 93] AFEE Utk python o1& AHE3H7] 91384
= o2 F7HA< python #71A7F a7 EHed, @ Ax"dAEs dvbHo® gol] ALEHE
numpy, netCDF4, xarray, pandas 3| 7] x| & A}-&3}H T

d AxEle 7 #35 A8E2 A48 )8 python TP FAHHI, o] /Y Z=
a9 A1FG 2 ohwel AL ne Y 2], 1Y A& 9% python RES BF s}
T A% F #S AsdEE A NE Z2a99 74 A IHRE Ue e, A
WAL apccdbRRE BE AR A%, 4%, %YW, W, 717 B¢ ¢l0] Bl yam
* 2k ne 3 7] 55 9% python E F&, vpxE

&, F HAs 715%, ok A
ncl 3 A4k, ncl 23S A% python Z& F&olt
olg g E =

fu
i
)
rlo
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ZRIHE FoA AAHF o2 FYPE JhEsith o|EA Z2IOME FAFOEZN AEAVE F
2% #AF A5 g AEHCE FF5oE AYE JhesiH, AA Z2IHE Fo] crontab
& o8] Ass 8 £TeRE HIYE JHestES shglth Figure 39+ /W Z=a9 3 A
A Z2a9 HAYPS A 71534 Az’ FAEE YEW I, Figure 402 A3 2 53}

A% WE&e yeEhdt

W
m2

Figure 39. Configuration of climate monitoring system.
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time YEE 0| 8¢ A53t A +52t

X532} (crontab 0|8)

¢ MH AJARIO] 95 UWE 23 ¢ AEAPL 571 €W U

- weekly : A4 ()~AHF () A ofy AI=FE: 2019-05-23, 22: 2019-05-29
- crontabO]| A OfF QU 3 P~ Bl e P = ) 2 P B o=

- monthly : X|H Zj 4+ - AF X X £ 7(2Hof O W Y

> crontabO A T 10U =54
- seasonal : otAH 370 At
> crontabOA] Y 10 438

Figure 40. Automation and manualization of climate monitoring system.

@ APCC HAAH S343

71574 A28’ APCC HPC 27181 Au e dAPA oA Hdo] HH o]F #s)A
+ HPCO AZEJo] EES EE3tY /\}%B‘}OE]O]E gt} 72 o= dagk 212 python¥
NCL ®EEolt}.

AR 220 & G AIA A pythond}t NCL &S Z =3}

m 25 &F<2l(module avail)

1$ module avail
Jopt/Modules/versions
3.2.10
Jopt/Modules/3.2.10/modulefiles
dot module—git module—info modules
Japp/modulefiles/compiler
gnu/4.9.0 intel/14.0 pgi/13.10 python/3.6.1(default)
intel/11.1(default) intel_mkI pgi/14.6 python/3.7.1
intel/12.0 pgi/10.9(default) pgi/9.0 python/3.7.1-anaconda
intel/12.1 pgi/11.10 python/2.7.15
intel/13.1 pgi/12.10 python/2.7.15-anaconda
/app/modulefiles/library
atk/2.7.5 libffi/3.2.1 ncl/6.2.0
atlas/3.10.2_GNU libgd/2.2.2 ncl/6.3.0
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| atspi2/2.7.5 libjpeg/6c(default) ncl/6.4.0

Y5 ZX(module load)

1$ module load python/3.7.1-anaconda ncl/6.4.0

&)

AN rle

713 A A &F 874 A

714 Al2Hlo] AdE = ZE tEEeEl= Figure 419 RUN tE e o|H(AHd =
Table 10 #+31), U x] DATA, NCL, FIG g e g e AF&A7F o A HAT 5 K
g ME Z2T904 WA 7).

o (r

CMS

| | | |
RUN DATA NCL FIG

Figure 41. Directories of climate monitoring system.

RUN &gy . #= x5 9¥ python =9} yaml 3+,
A5 3Hcrontabg) T &, %53 F= 5 EA
¥ RUN/my_packageoll+= python Al8A} B& F&= =4
DATA HH e : #5 A5 7|53k, ofxdg nc 3L A 4=
NCL 98 Elg] : 19 AAHES 93 nd ZE A A=
FIG 99 E] : eps, png 12 HL S 93 A% B=
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Table 10. Individual program and Python user-defined module in RUN directory.

RUN Individual program

NCEP1 NCEP.yaml, NCEP.py
CPC PRCP CPC_PRCP.yaml, CPC_PRCP.py
NOAA OLR NOAA_OLR.yaml, NOAA_OLR.py
NOAA OISST OISST.yaml, OISST.py

For crontab

For user—defined
Etc

rundcrontab_week.py, rundcrontab_season.py,
run4crontab_month.py

runduser.py

update_check.py

RUN/my_package

User-defined module

Climatology,
Anomaly

nc file
ncl file

Etc

calc_daily.py

nc_out_daily.py

ncl_NCEP.py, ncl_CPC_PRCP.py,
ncl_NOAA_OLR.py, ncl_OISST.py

check_dates.py, run_command.py

DATA, NCL, FIG t#¥Elgl& ®

73t7] fslAE otk o] RUN tjgEe]o] /i ==

I3(el, NCEP.py)& €9°] 74 7Fsdtth AH8A A4 tda g el & $USER}2AL &td, A3 T
A g= ofgiel 2o, ncout_path (DATA), ncl_path (NCL), ncl_figure (FIG) ZA2E $A3

.

= 43 e

${USER}/CMS/RUN

m DATA, NCL, FIG 9 &g g H7(d, NCEP.py)

#
# User defined

# Select plot type in NCL
ncl_ptype = "x11”

#ncl_ptype = "eps”
ncout_path = "${USER}/CMS/DATA/"

# NCL codes directory path
ncl_path = "${USER}/CMS/NCL/"

# NCL figures directory path
ncl_figure = "${USER}/CMS/FIG/*

#

# for convert eps to png

# "daily mean climatology” and "daily mean anomaly” NetCDF files path
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=9 ncl_ptyee “x11” o=,

“eps” 2 43t Hoh
@D 715734 N2=" A3
O NE =219 A3

T A5 M 2239 AYsr] YsiAe 1A A9 #F A5 AsY, A48T
2, 34, Ae, 7135 713 215784 713ES yaml gtdol] 4#H S s)Fojof ok ALEA
o] A48 e RUN e v #F A5E yaml FdE& FA3H 7|4 = NCEP
A7 ) AE BRAFa YA FZ= A5 U yaml L Holl g
@ 2% tHdEe 2 o]F % NCEP.yaml €7]

1$ cd ${USER}/CMS/RUN
1$ vi NCEP.yaml

@ NCEP.yaml ¥7

DataList:

- Source_name : NCEP_SFC

Source_path

: /apccdb/Observation/Reanalysis/NCEP1/Daily/surface_gauss/air.2m/

File_name 1 air.2m.gauss.%s.nc
Variable_name : air

Climate_sdate : 1983-01-01
Climate_edate : 2010-12-31
Recent_sdate : 2019-09-01
Recent_edate : 2019-09-30
Source_name : NCEP_SFC

Source_path
File_name

: /apccdb/Observation/Reanalysis/NCEP1/Daily/surface_gauss/uwnd.10m/
: uwnd.10m.gauss.%s.nc

Variable_name : uwnd
Climate_sdate : 1983-01-01
Climate_edate : 2010-12-31
Recent_sdate : 2019-09-01
Recent_edate : 2019-09-30
Source_name : NCEP_SFC

Source_path
File_name

: /apccdb/Observation/Reanalysis/NCEP1/Daily/surface_gauss/vwnd.10m/
: vwnd.10m.gauss.%s.nc
Variable_name :

vwnd

Climate_sdate : 1983-01-01
Climate_edate : 2010-12-31
Recent_sdate : 2019-09-01
Recent_edate : 2019-09-30
Source_name : NCEP

Source_path

: Japccdb/Observation/Reanalysis/NCEP1/Daily/pressure/air/

File_name I air.%s.nc
Variable_name : air
Climate_sdate @ 1983-01-01
Climate_edate : 2010-12-31
Recent_sdate : 2019-09-01
Recent_edate : 2019-09-30
Source_name : NCEP

Source_path
File_name

. fapccdb/Observation/Reanalysis/NCEP1/Daily/pressure/hgt/
: hgt.%s.nc
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Variable_name : hgt
Climate_sdate : 1983-01-01

HHTHS o

AR} ARE USRS WS QAT T 4 21%) Fel 2
DS

_/r_
A= NCEP 7| 524 AHE Aibstr] 9 BE ). yaml o] gl “%s”
&2 python ZEAA AE7F So7ls FESE CEPA U A7} BF JAnEE TR

o] o 7] wjEolth
yaml 34 474 %, NCEP.py python ZE=E A3 7]|F74A JR7F A4k, o714
713?—7”\1 AN 2El S A ZEstdxel, 299 3tAEY, png #Y LS S =
, DATA, NCL, FIG d9Hgx HAo] 7153l

@ NCEP.py 413

$ python NCEP.py

Uex #2 5ol td yaml FA e ofeleh el UdsaAt

s CPC_PRCP.yaml

DatalList:

- Source_name : CPC_PRCP
Source_path  : /apccdb/Observation/Grid/CPC_GLOBAL_PRECIP/
File_name ! precip.%s.nc
Variable_name : precip
Climate_sdate : 1983-01-01
Climate_edate : 2010-12-31
Recent_sdate : 2019-09-01
Recent_edate : 2019-09-30

= NOAA_OLR.yaml

DatalList:

- Source_name : NOAA_OLR
Source_path1 : /apccdb/Observation/Grid/NOAA_OLR/Daily/interp_OLR/
Source_path2 : /apccdb/Observation/Grid/NOAA_OLR/Daily/uninterp_OLR/
File_name : olr.day.mean.nc
Variable_name : olr
Climate_sdate : 1983-01-01
Climate_edate : 2010-12-31
Recent_sdate : 2019-09-01
Recent_edate : 2019-09-30

m OISST.yaml

Datalist:
- Source_name : OISST
Source_path  : /apccdb/Observation/Grid/OISST/Daily/sst/
File_name 1 sst.day.mean.%s.nc

Variable_name : sst
Climate_sdate : 1983-01-01
Climate_edate : 2010-12-31
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Recent_sdate : 2019-09-01
Recent_edate : 2019-09-30

@ &3 Z=239 dYEA7IT A B9

TEoE EAVIZHE dEsty 7SN Alx"lS Adstr] A e AFERle As oY
EJZ]J(RUN g e el A+ “runduser.py” ZEE AE3ITH o] Z=9] 7133k 7|7t EA7]
e dAE, 9, 942 ¥ s 3 AY%e stH O] AE

@ A8 tIgdgE 2 o]F L runduser.py E7]

1$ cd ${USER}/CMS/RUN
1$ vi runduser.py

O runduser.py® 7|3 713, 3717 HA

#
# User defined
# Climatology and recent period

clim_start_date = "1983-01-01"
clim_end_date = "2010-12-31"

recent,star’[,date = "2019-05-16"
recent_end_date = "2019-05-22"

#

@ runduser.py A 3J

1$ python runduser.py

Q@ AF3 Z=2a9 4Y(2Es ERE Yo 4D

AEo 7 FFZA AzES AFstr] YE APCC EF o)A “rTAF-HII|F o
AZE He APEAGEE, 28, AZD) wgt 25 E/E AsoE ¢o] o] He A
T3 ZE IMNE AASIATE s AES o wel dEste] Abgake] s tEE 2 (RUN o
dElZDel A ABS FH =i, wreF AHEA7L crontaboll A AEo R AYHEE St 4
H crontab 2T HEo| wjd AA HPSAE A3 crontab ~IAHE] 3T python T =&
Yoz HAt} o] 253 FTo|ME 713 Z) 0T Ay WA HEE ZAE o] glo
M, &5 95 9o A F, A ¥, Ad A s 7|FHA ARE AFOoR AYAEHA
A=y

l

@ 4 HIE=E olF H sig = I

1$ cd ${USER}/CMS/RUN
1$ vi run4crontab_week.py
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rr

<.

run4crontab_month.py

rr

% IR » A

<.

rundcrontab_season.py

@ 7 Z=9 71F%% 713t 87

#
# User defined : Climatology period
clim_start_date = "1983-01-01"
clim_end_date = "2010-12-31"
#

@ A 2= Ay

1$ cd ${USER}/CMS/RUN
1$ python rundcrontab_week.py

CC —
P el

1$ python rundcrontab_month.py

CC —
—_ T

1$ python rundcrontab_season.py

(mh) AH&A HelE AR 7|Eh&

O &F AR 7|t &F ¢F

7137 A /\l*E*‘oﬂ AHEEE B#S AEE WY HHCIET Ha oy, AEdte e 7l
ol wet FY~AdFY AE =A dulelEVE 2 F Utk wEbA HT 71FHA ARE AL
st7] <l 41 A2t 5-< Jé EAE A5 Hew ARY =& HUOlER Q] Al2=Fo]
AR 1 dHE St HFA Ak ol& 4 #F A5 ZE I £ @R E
A A8t == sl A}%XM A5E Y F AEF A, HEL A5 JUO|EE AT
T e Z=EE A AFsAH.

m 7|2 F ERe| ddele AR §le Al &F &E wAA
The "recent_end_date” and source file's end date is not maching!!!
The source file’s end date is 2019-11-14,
Please modify "recent_end_date”!!l
n A= 250 HUolE ARE AT F UE FE AlF - AHEAe] A3 gHEE(RUN
A ] g])oll A “update_check.py” 23}
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1$ cd ${USER}/CMS/RUN
1$ python update_check.py

APCCDB directory path
/apccdb/Observation/Reanalysis/NCEP1/Daily/surface_gauss/air.2m/

Starting date = 1948-01-01 00:00:00
Ending date = 2019-11-15 00:00:00

APCCDB directory path
/apccdb/Observation/Reanalysis/NCEP 1/Daily/pressure/air/

Starting date = 1948-01-01 00:00:00
Ending date = 2019-11-15 00:00:00

APCCDB directory path
/apccdb/Observation/Reanalysis/NCEP1/Daily/pressure/hgt/

Starting date = 1948-01-01 00:00:00
Ending date = 2019-11-15 00:00:00

APCCDB directory path
/apccdb/Observation/Grid/NOAA_OLR/Daily/uninterp_OLR/

Starting date = 2002-01-01 00:00:00
Ending date = 2019-11-14 00:00:00

APCCDB directory path
/apccdb/Observation/Grid/CPC_GLOBAL_PRECIP/

Starting date = 1979-01-01 00:00:00
Ending date = 2019-11-14 00:00:00

APCCDB directory path
Japccdb/Observation/Grid/OISST/Daily/sst/

Starting date = 1981-09-01 00:00:00
Ending date = 2019-11-14 00:00:00

APCCDB directory path
/apccab/Observation/Reanalysis/NCEP2/Monthly/pressure/

Starting date = 1979-01-01 00:00:00
Ending date = 2019-10-01 00:00:00

@ NCL 19 A

NFHA Azd BAMRNA 712@ wiel o] DATA HgE el nc o] A%
2, NCL HleEl 2ol ndl shedo] Az Hew, of7] NCL Hae o] A28 nd e
A AeA A4el Het 19 Huse =k png Y AHow wE AL T 57} Y
. webd 39 SASAY A7) S8 Z1F3bA AzHe] python AHER REL A
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FAsEA &3 NCL vdE e J&= nad Z=E FHSA dstA Flo] =7 wiol A
27y dA ades FA8Y F A "En o®gA #4¥ nd A=
RUN/my_package & B glol Q1+ python AH&A BEC] & &3tHA

Hol A=A ot

@ 71FASAEH Y 2A4H Ad R A

b d% 2 984

dddE 571 A 2 e ' =Y :
I, FHOIAE T SobAor AMA S, AATF A-AS BEE AFsta 9ler, olg ¢
o] A< 7|FdFl 3 7153 AERE A ATt o
a2y APCC 7R o] % ZPEHAY 7154F Al="e 3, /id 3 7ide vHEsha A
thekdt Z2 e doj(dl, Shell, FORTRAN, NCL B)& E#3 I=2 Ao
3 B= 2379 A9 oz /U FORTRAN ZE=Z ARg3te] GrADSolA AR5 & Hio
A8 (gdahE AJ4HeE F 44 NetCDF A2 2 W8t 59 o8 o] Folq Y} o
7|=E 71—?73%‘— Al 2=’ ARG AEA B 71 ASARE AAdEAY Ee
AR L AHET 7N1FAS BEE F7HCE ofE o] AU
2] e Bstr] fs) At &2 python, 71H l"%%i‘—%
Lt AMEE 7]*574—2— A"l MEFoEN HJF 84S =l
= Al A 5

A4¢ Bekstaz stk Figire 425 /1% 713

APEC 7]2AIE(APCO= 20053 74 o]|% F - A7] d=7|s 4
L

lﬂ
2
29
- 30
=

218 7|2ES AaHe BHH M22 7|2dT Al2aRe 7jey
HEX2 O regridE 918l (73x144) ESMF2| bilinear regrid 28 & Al2310
0f2{ 7HQ! FORTRAN ZE AR =z Y2
(regrid HEe ELT Hoj) (regrid 2E2] Y2 Fx))
Ci¥stn S&ot 2A3E0| 0| EM A AHPython)Zt 1 2(NCL) 2EE 3T
(C-Shell, NCL, CHEHA| 2 &) (2 Tl T2l EEE 39)
HI{I IE runs E3 XHE3 7HE FE runs 0|3 XE55 & =53
S Xel % 3= +7 02 §) (+S M2l % 3= +H 4\
N JH42E B > A2xt S=of ozt H
> A|A®io] B8 U BTY BT > A2 2¥4d A /A4 g8

Figure 42. Improvements in the new climate monitoring system.

W 2= 2 By

O =24 A8 e
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A 10N =(@=, 98, 35, F7, g5, =, 7=, Ay, oleE], HAoh 147 Y
g AF7HANA wlE MY == /1L o
D, AsA Ade 71+4
INE 2 6MYe Hes FhA =
38 & 2 (probabilistic) o =S 1

o|\
>
[
T
rlo
N
N
=
g
o
g,

=R
2 APCC taE2YdE dSHE tish
Mo AA 22 (deterministic) o =3}

Table 11. Global climate models participating in APCC multi-model ensemble (MME).

Ensemble No.

Institution (Nation) Model Resolution (Fore/Hindcast)
APCC (Korea) SCoPS T159L31 10/10
BCC (China) BCC_CSM1.1m T106L26 24/24

BOM (Australia) ACCESS-S N216L85 11/11
CMCC (Italia) CMCC-SPS3 1x1, L46 20/20
CWB (Taiwan) GFST119L40/OPGSSTv2 T119L40 30/30
HMC (Russia) SL-AV 1.125x1.40625, L28 20/10
JMA (Japan) JMA/MRI-CPS2 T159L60 51/10
KMA (Korea) GloSea5GC2 N216L85 42/12
MGO (Russia) MGOAM-2 T421.14 10/6
MSC (Cnada) CanSIPSv2 T63L35 10/10
NASA (USA) GEOS-525-2.1 0.5x0.5, L72 4/4
NCEP (USA) CFSv2 T126L64 20/20
PNU (Korea) PNU CGCM v2.0 T421.18 5/5
UKMO (UK) GloSeas N216L85 42/28

Table 12. APCC multi-model ensemble (MME) methods.

Method Description

Simple average of individual model forecasts with equal

Deterministic SCM o
weighting

Non-calibrated probabilistic  MME with model weights
Probabilistic GAUS  being inversely proportional to the random error in the
forecast probability (Min et al. 2009)
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@ #F A% N8

71$4E ARE AMSr] 8 AR B AsEs EF f¥(monthly) A EEH
NCEP/DOE Reanalysis 2 (@2m 7], 850hPa 7], 500hPa X]$1%), Climate Analysis
Monitoring System and Outgoing longwave radiation Precipitation Index (CAMS-OPI, Z+<),
NOAA Optimum Interplation Sea Surface Temperature (OISST, S|sFH )2 ZF AT t)dh
ZreFgl A2 Table 13~159F 2t

Table 13. Summary of NCEP/DOE Reanalysis 2.

Contents

FTP ftp://ftp.cdc.noaa.gov/Datasets/ncep.reanalysis2.derived/

surface gauss : 2m temperature (air)
Variable pressure : 850hPa temperature (air),
500hPa geopotential height (hgt)

Period  1979. 1. - present (monthly update)

surface gauss: T62 Gaussian grid with 192x94 points

Resolution pressure : 2.5 x 2.5 degree

Webpage https://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis2.html

Table 14. Summary of CAMS-OPI.

Contents

FTP ftp://ftp.cpc.ncep.noaa.gov/precip/data-req/cams_opi_v0208
Variable  precipitation (comb)
Period 1979. 1 - present (monthly update)

Resolution 2.5 x 2.5 degree

Webpage  https://www.cpc.ncep.noaa.gov/products/global_precip/html/wpage.cams_opi.html
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Table 15. Summary of NOAA OISST.

Contents

FTP ftp://ftp.cdc.noaa.gov/Datasets/noaa.oisst.v2
Variable sea surface temperature (sst)
Period 1981. 12 - present (monthly update)

Resolution 1.0 x 1.0 degree

Webpage http://www.esrl.noaa.gov/psd/data/gridded/data.noaa.oisst.v2.html

o{ﬂ

A%9] #ele APCC 71FHRERSUIAE B3l A2 G2E, YuolE Fo| o
©m, APCC HPC 2~EeX(APCCDB)e] A35|o] #elsm vk 71504 F1 4

=
=
A 913 #S K59 APCCDB 7 &2+ Table 1637 #Zt.

Table 16. Observation data directory in APCCDB

Directory

surface gauss : 2m 7]-&(air.2m)

NCEP? - lapccdb/Observation/Reanalysis/NCEP2/Monthly/gaussian_grid/
pressure : 850hPa 7]-&(air), 500hPa =] a2 %(hgt)
- lapccdb/Observation/Reanalysis/NCEP2/Monthly/pressure/

CAMS-  Z}4~(comb)
OPI - /apccdb/Observation/Grid/ CAMS_OPI/nc/

NOAA af) 7= 2 5=(sst)
OISST - [apccdb/Observation/Grid/OISST/Monthly/

71FASE A AR =T 8 5 AEE 25x25HEY fE, AEE e ARE
regridg sl ®&3} st TE=I =S AHgE 98 Earth System Modeling Framwork
(ESMF, https://earthsystemcog.org)®] regrid 7' % bilinearg 28333, python #H7|AZ&
xESMF (xESMF: Universal Regrrdder for Geospatial Data, https://xesmf.readthdocs.i0)& A}-&3}
Aot = A= A 223 A= A8 9 gEFndgyE o= 289 landsea maskingS ¢
3] NCEP/DOE reanalysis 204 A]&3}= landsea mask At=55 AF&-3l3th
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4485 FEAPILOMDY 43 93 #3 43E AR FAN G %5
Ghe A ARzolN NFGe W ol D E ANt ASSAL@A Ao 48w
7154k 713k 1983 ~ 2010dolt}) &8 HTRAGGEPMMEY HSdAes #5 A=
o AA4EE gt

® A% 99

NEAZ Gode

WMO/CBS <}
Experiment) %<
5 AN2"R F

23} oHFigure 43). =3F
4~469} 2t}

Faste] HFHOo=E 127)
Adslt}. o =7 S(Forecast)¥ 377 Z(hindcast) &
dYx % 10D AF HAF Al AMEH+=

CORDEX (Coordinated Regional Climate Downscaling

A 9-e AA3Y 2 (Table 17), ] A 7154

FUW Yooz 2

=
i 25 5¢

492 Table 183} Figure 4

Table 17. Domains used in APCC verification.

Region Longitude, Latitude
Globe 0° - 360° E, 90° S - 90° N
Tropics 0° - 360° E, 20° S - 20° N

Northern Extra-tropics
Southern Extra-tropics

0° -360° E, > 20° N
0° -360° E, < 20° S

East Asia
South Asia
North America
South America
Australasia
Australasia + South Pacific
Northern Eurasia
Middle East

75° E - 150° E, 15° N - 60° N
60° E - 140° E, 10° S - 35° N
190° E - 310° E, 10° N - 75° N

270° E - 330° E, 60° S - 10° N
110° E - 180° E, 50° S - 0° N
110° E - 260° E, 50° S - 20° N

25° E - 190° E, 40° N - 80° N
20° E - 75° E, 10° N - 45° N
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Figure 43. Verification domains in climate verification system.

Table 18. Domains of tropical ocean indices.

Index

Domain

Nino Indices

Nino 1+2 (0-10° S, 80° -90° W)
Nino 3 (5° S-5° N, 90° -150° W)
Nino 4 (5° S-5° N, 150° -160° W)

Nino 3.4 (5° S-5° N, 120° -170° W)

IOD Indices

IOD = WIOD - EIOD
WIOD (10° S-10° N, 50° -70° E)
EIOD (10° S-0°, 90° -110° E)

ENSO-Modoki
Indices

EMI=A-05x @B+ 0
A (10° S-10° N, 165° E-140° W)
B (15° S-5° N, 110° W-70° W)
C (10° S-20° N, 125° E-145° E)
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Figure 44. Domains of Nino

indices.
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Figure 45. Domains of WIOD and EIOD indices.
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Figure 46. Domains of ENSO-Modoki indices.
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e ol g3tel BATL ol FolATh AFE 71Me WMO/CBSS] AmAGS $4
Qom, oo EFEA G HEL A AAVIBAIA T2 ALHL JE WL F7H
2 &3} th(Table 19).

o % oY
o oy

Table 19. Verification methods in APCC forecast/hindcast.

Forecast Verification Method
WMO/CBS Mean Square Skill Score (MSSS)
Deterministic
APCC Anomaly Correlation Coefficient (ACC)

Reliability Diagram

WMO/CBS Relative Operating Characteristic (ROC)

Probabilistic ) )
Brier Skill Score (BSS)

APCC Heidke Skill Score (HSS)
Ranked Probability Skill Score (RPSS)

Tropical ocean Comparisons of indices from
L APCC .
indices observation and forecast

(th #AFAE BE3} A" 74, 8444, 43
O #3ZAR EEF A2H 74

A=28 53} A|2Hoo ALE® <oj= python version 3°]th. python 1o1E AL&3}7]
A= o8 B7EA Q] python 3|71A7F 875 =0, A A=HoA s dRbE o2 @ol A&
¥+ numpy, netCDF4, xarray, pandas 3| 7]1X| & AF&38}% 1L, regride {13l xesmf 3| 7]A & A}

US52s 2F23 A" 4 35 ARE=E A" J)E python 22O o2 A=A,
X A= K

AR A7 fAETt 25X255RIEXAE, T3X4HE 2S ZA9E HE 3d 2o g
ARE FE30 S H$ol= xesmf regrid AF&3te] W3k (Y. = AsEEZ ZAAE )
H Z2 I3 AL A 27HAE Us F ded, A WMAE apccdbEHE #S A5 A
59, 4%, 344, A5, 73 55 ¢o] ol yaml H&, 7T HA = regrid ¥, nc 3
»7] 55 93 python =& HEo|t}

olfg /i ZEIE #S ARHE ZHZHOoE T2 Fo] i, F 7HE
Z2IAE FojA AAACE FIPE 7Mssith o|FA ZE2IHE FATOEA AEAVE
£ B= A8 i) NEHer FEoer FYE JHesH, WA Z2aWE Fol crontab
T2 ol&d AEE H FEoE FIPE JHESIEE ST Figure 472 NE =209 9 A
A Z238 FP& 93 ASAE Z2F3 A 2EH FAEE YERAT
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Figure 47. Configuration of observation data standardization
system.

@ APCC HIAW &7 473

A28 FF3 AJ2"S APCC HPC 27190 An == dAPA oA AdPo] = o
A= HPCol AZESo] EES EELste] AREstoof 3ty 7B o= Had A
python3} NCL EE&o|th

AHEA7E 2190 3 s dA Gl A pythonst NCL ZES 2E3kT)

s 25 3l(module avail)

1$ module avail

Jopt/Modules/versions

3.2.10

Jopt/Modules/3.2.10/modulefiles
dot module—git module-info modules

/app/modulefiles/compiler
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gnu/4.9.0 intel/14.0 pgi/13.10 python/3.6.1(default)

intel/11.1(default) intel_mkl pgi/14.6 python/3.7.1

intel/12.0 pgi/10.9(default) pgif9.0 python/3.7.1-anaconda
intel/12.1 pgi/11.10 python/2.7.15

intel/13.1 pgi/12.10 python/2.7.15-anaconda

/app/modulefiles/library

atk/2.7.5 libffi/3.2.1 ncl/6.2.0
atlas/3.10.2_GNU libgd/2.2.2 ncl/6.3.0
atspi2/2.7.5 libjpeg/6c(default) ncl/6.4.0

m 25 ZX=(module load)

1$ module load python/3.7.1-anaconda ncl/6.4.0

® #EAE ®ES A2d 87 47

H=25 EF3 Al2Ho] AdE= 7|E g E g = Figure 482] RUN g o] (4
&) FZ =+ Table 20 F3), YA DATA " EeE = ARV 28 A HAT & JH(I=
A5 A8 Z2 YA WA 7).

STD_OBS

RUN DATA

Figure 48. Directories of observation data
standardization system.

= RUN ddde : %= %849 python Z=¢} yaml 3},
25 3Hcrontab8) ZE, 53 I 5 EA)
¥ RUN/my_packageoll+= python Ab&x =& F&= =X
m DATA faEg - &= A89 7133, olxwy] nc 3 AA A=
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Table 20. Individual program and Python user-defined module in RUN directory.

RUN Individual program
NCEP2 NCEP2.yaml, NCEP2.py
NCEPZ2_gauss NCEPZ_gauss.yaml, NCEP2_gauss.py
CAMS_OPI CAMS_OPLyaml, CAMS_OPLpy
OISST OISST.yaml, OISST.py
For crontab run4crontab.py
For user run4user.py
Etc Ismask_OISST_180 x 360.nc
RUN/my_package User-defined module
regrid esmf_regrid.py
nc file nc_out.py

DATA dag & WAsH] faiA+= ofeiel o] RUN ddelggle] 7iE =& 730(d,
NCEP2.py)& €ol +4 7Festth. A& AA ddH & ${USERIZ 1L 614, A3 HdE =
olgf =} o, ncout_path (DATA) A=E A3t}

= 49 e

${USER}/STD_OBS/RUN

= DATA tig e g W7(e], NCEP2.py)

#
# User defined

# NetCDF outfile path
ncout_path = "/data07/songbg/OPER/STD_OBS/DATA/"

#

@ MY zzaH A

e ZEa9e d9s] gaE B4 Y B3 ARe] ARY, 4EH

2 siFolok Atk AHgARe 4 e

(RUN HlelEehel] gl B2 488 yaml $9< 548tk 17145 NCEP2 Asol tal o
2 o Ao ugsef gk

@ A8 fde = o]F B NCEP2.yaml €7]
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1$ cd ${USER}/STD_OBS/RUN
1$ vi NCEP2.yaml

@ NCEP2.yaml ¥ 7

DataList:

- Source_name : NCEP2

Source_path

: Japccdb/Observation/Reanalysis/NCEP2/Monthly/surface/

File_name ! mslp.mon.mean.nc
Variable_name : mslp
Start_date : 1979 01
End_date 1 2019-08
- Source_name : NCEP2

Source_path
File_name

: /apccdb/Observation/Reanalysis/NCEP2/Monthly/pressure/
I air.mon.mean.nc

Variable_name : air

Start_date : 1979 01

End_date 1 2019-08
- Source_name : NCEP2

Source_path

: Japccdb/Observation/Reanalysis/NCEP2/Monthly/pressure/

File_name I uwnd.mon.mean.nc
Variable_name : uwnd
Start_date : 1979 01
End_date 1 2019-08
- Source_name : NCEP2

Source_path
File_name

: /apccdb/Observation/Reanalysis/NCEP2/Monthly/pressure/
: vwnd.mon.mean.nc

Variable_name : vwnd

Start_date : 1979-01

End_date 1 2019-08
- Source_name : NCEP2

Source_path
File_name

. /apccdb/Observation/Reanalysis/NCEP2/Monthly/pressure/
: hgt.mon.mean.nc

Variable_name : hgt
Start_date 1 1979-01
End_date 1 2019-08
A8AZ AR dste WS DRI A £ ) INA WA+
A= NCEP2 =3} A5 E A4tstr] $3 25 g 2EQ).
yaml 3 44 & NCEP2.py python Z =2 A3PsH 23 771 A4

@ NCEP2.py 413}

AT o

A},

1$ python NCEP2.py

Umz #= 250 tig yaml 32 ofeo} 2o Yds
Aol Al “%s” F-IE-E python IZEoA AX7}t Sojrte FEO=E
EF ARER FEo] FHo 7] W&ot

m NCEPZ2_gauss.yaml
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Datalist:
- Source_name : NCEP2

File_name I air.2Zm.mon.mean.nc
Variable_name : air

Start_date : 1979-01

End_date 1 2019-08

Source_path  : /apccdb/Observation/Reanalysis/NCEP2/Monthly/gaussian_grid/

= CAMS_OPLyaml

DatalList:
- Source_name : CAMS_OPI

File_name : cams_opi_merged.%s.nc
Variable_name : comb

Start_date 1 1979-01

End_date 1 2019-08

Source_path  : /apccdb/Observation/Grid/CAMS_OPI/nc/

m OISST.yaml

DataList:

- Source_name : OISST

File_name I sst.mnmean.nc
Variable_name : sst

Start_date : 1981-12
End_date 1 2019-08

Source_path  : /apccdb/Observation/Grid/OISST/Monthly/

® %3 279 A3

FEoE ARIIE dEste JIFEA Al
EZRUN H&E )] A= “runduser. py A=Y

Asol 9 Y4Ysty AL A wEE Ams Yaao,

@ A3 tIdgE 2 o]F L runduser.py E7]

g2 A AL Agae d9 e

£ AR

o] Frol 7|7+ w}xA| Tt

1$ cd ${USER}/STD_OBS/RUN
1$ vi runduser.py

@ runduser.py®] A&7|3t ¥A

#
# User defined

# End date
end_date = "2019-08"

#

@ runduser.py 3}
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1$ python runduser.py

® A=3 219 HAPYRE ERE g0 A3)

AFor AR XF3 A2Ee AFsh] s Ao o5 EAE AEToE gof 4
Fo] He= Aed} Z=E AAsT ©o] AEd} Z=E AYNst
ThoF ARg-AL7} crontaboll Al AHEo 2 AYEEE ki ATH crontab ~IHE wlE AA
AP SRS AsA crontab 2T HE| A%53} python ZES QolFHA At}

@ rundcrontab.py ZE A3

1$ cd ${USER}/STD_OBS/RUN
1$ python run4crontab.py

@) 71FAF A2 TS 8444
@ 71#HF A="d 74

715 A% A 2" Ag" o= python version 394 NCAR Command Language (NCL)©]
3 pythone A5 A, NCL2 I8 4t=S& 98] A=t python ol& AH8317] 9l3lA]
= o8 F7FH<Ql python #7127} &F=H =, @ Alxddis ity oz o] ALgHE=
numpy, netCDF4, xarray, pandas 3| 7] x| & A}-&35}H T

d Al2"le o &% /7 (Forecast/Hindcast), dl&717FEG/HL/671 )2 F83] AS 71
H2 249 /N8 python L2 o2 FAFI, o] AE T2 7| g ofzy] A
b A5 A4 ne 3 27], a9 A4ES 9% python BRES 25 X3St Aok & AF
ZIEE AP ANE 2233 FAL A IHHE vE 5 ded, A HAlE AR
HE gF3rdddsE dF A5 odFY, d3dE, U4 58 9o Eole yaml FE, F
HA = 7135, okxede] Axl A4S A4k ne Y 7] 5& 9% python =& FE, vpxgt

A4 ncl A& 9% python =& F-Eo|t}

23 #AF A4 dis] MEHer F5or FYPE JheetH, HA Z=IHS Fo crontab
TE o83 AF3} 9 FFEoE FYL Jhest=R st Figure 49+ AE 209 g oA
A I FPe AT 71F4A 2" FAEE YE AL Figure 502 #5352 53}
A We&s veEhdn
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Python Python
+ +
run ncl run ncl

Figure 49. Configuration of climate verification system.
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¢ Al AAHI0 @5 URE 20| ¢ ASXTE SHA % ©5 S2 Yistol
BA7IZ0] he BN BE T atA7|zt0) Thg HHNE BS
L R R R R P P 1
¢ 713 ABAAHY O DEE MANOE FYj0] XIS Y 58 U Ths

- FORECAST, HINDCAST / DMME, PMME / 3-MONTH, 6-MONTH/ #Z 7|H
| ™ (2019 JA), ©4 (PREC 5) S ALS X Y=
| - ol2 RS 3HOZ SA0| £ 75

¥ T, crontabS 0| 8¢ XHESHE AshME SHO| St AEE BEE 80t S

Z A2"e APCC HPC 219 A = dAPAHoA o] = o2 94
+ HPCe A£ZE9 o] RES EE3IY A}%S}OM sty 7|2 d o= PQgk AL pythont
NCL ®=Eo|t}.

A2 290 F s A A YA pythondt NCL &S Z =3kt

s 25 Z2l(module avail)

1$ module avail
Jopt/Modules/versions
3.2.10
Jopt/Modules/3.2.10/modulefiles
dot module-git module-info modules
/app/modulefiles/compiler
gnu/4.9.0 intel/14.0 pgi/13.10 python/3.6.1(default)
intel/11.1(default) intel_mkI pgi/14.6 python/3.7.1
intel/12.0 pgi/10.9(default) pgif9.0 python/3.7.1-anaconda
intel/12.1 pgi/11.10 python/2.7.15
intel/13.1 pgi/12.10 python/2.7.15-anaconda
Japp/modulefiles/library
atk/2.7.5 libffi/3.2.1 ncl/6.2.0
atlas/3.10.2_GNU libga/2.2.2 ncl/6.3.0
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| atspi2/2.7.5 libjpeg/6c(default) ncl/6.4.0

m 25 ZX(module load)

1$ module load python/3.7.1-anaconda ncl/6.4.0

@ 71EAF A" 874 44

71374 % Alx"Ho] Adr= 7|E fd 2= Figure 512 RUN tdE g ojH(Ady F=
= Table 21 #a1), U™ A DATA, NCL, FIG tgdlHg s AeA7 e A |iAS & Yok
Z a5l QY 2 A ¥A 7S,

CVS

RUN DATA NCL FIG

Figure 51. Directories of climate verification system.

= RUN ddHg : A3 7159¥ python =9} yaml 39,
A58k crontabg) ZE, F53F Z= 5 EA)
% RUN/my_packageoll+= python AF&A =& I&= =X
% RUN/so_packageoll = &&7 = FORTRAN Al&2F RE F= ZEA(so 3Y)
= DATA g . AF A4 nc 39 AF B=
s NCL fdEg : 29 AAL 93 ncd Z= AA A2
» FIG 9 : eps, png 1HHY XS 93 A H=2

Table 21. Individual program and Python user-defined module in RUN directory.

RUN Individual program

Forecast FCST_DMME_3month.yaml,

DMME FCST_DMME_3month_ACC.py, FCST_DMME_3month_RMSE.py

3 month

Forecast

DMME FCST_DMME_6month.yaml,
FCST_DMME_6month_ACC.py, FCST_DMME_6month_RMSE.py

6 month

Hindcast HCST_DMME_3month.yaml,

DMME HCST_DMME_3month_ACC.py, HCST_DMME_3month_RMSE.py,

_83_



3 month

Hindcast
DMME
6 month

Forecast
PMME
3 month

Forecast
PMME
6 month

Hindcast
PMME
3 month

Hindcast
DMME
6 month

Tropical ocean
indices

For crontab

HCST_DMME_3month_MSSS.py

HCST_DMME_6month.yaml,
HCST_DMME_6month_ACC.py, HCST_DMME_6month_RMSE.py,
HCST_DMME_6month_MSSS.py

FCST_PMME_3month.yaml,
FCST_PMME_3month_RELLpy, FCST_PMME_3month_ROC.py
FCST_PMME_3month_BSS.py, FCST_PMME_3month_HSS.py,

FCST_PMME_3month_RPSS.py

FCST_PMME_6month.yaml,
FCST_PMME_6month_RELLpy, FCST_PMME_6month_ROC.py
FCST_PMME_6month_BSS.py, FCST_PMME_6month_HSS.py,

FCST_PMME_6month_RPSS.py

HCST_PMME_3month.yaml,
HCST_PMME_3month_RELIpy, HCST_PMME_3month_ROC.py
HCST_PMME_3month_BSS.py, HCST_PMME_3month_HSS.py,

HCST_PMME_3month_RPSS.py

HCST_PMME_6month.yaml,
HCST_PMME_6month_RELILpy, HCST_PMME_6month_ROC.py
HCST_PMME_6month_BSS.py, HCST_PMME_6month_HSS.py,

FCST_PMME_6month_RPSS.py

FCST_DMME_3month.yaml,
FCST_DMME_3month_SST.py, FCST_DMME_6month_SST.py

run4crontab_FCST_DMME.py, run4crontab_HCST_DMME.py,
run4crontab_FCST_PMME.py, rund4crontab_HCST_PMME.py

runduser_FCST_DMME.py, rund4user_HCST_DMME.py,

For user runduser_FCST_PMME.py, runduser_HCST_PMME.py
RUN/ User-defined module
my_package
. calc_OBS_DMME.py, calc_OBS_PMME.py
Observation/MME calc_DMME_MME_OUT.py, calc_PMME_MME_OUT.py
Climatology,
calc_MME_IN.py
Anomaly - .
calc_regional_domain.py
Verification calc_determ_score
(Deterministic) - - Py
nc file nc_out_DMME.py, nc_out_PMME.py
ncl_FCST_ACC.py, ncl_HCST_ACC.py
ncl_FCST_RMSE.py, ncl HCST_RMSE.py
ncl file ncl_HCST_HSSS.py

ncl_FCST_RELI_DIA.py, ncl_HCST_RELI_DIA.py
ncl_FCST_ROC_Curve.py, ncl_HCST_ROC_Curve.py,
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Etc

ncl_HCST_ROC_Score.py,
ncl_FCST_BSS.py, ncl_HCST_BSS.py,
ncl_FCST_HSS.py, ncl_HCST_HSS.py,
ncl_FCST_RPSS.py, ncl_HCST_RPSS.py,
ncl_FCST_SST.py

calc_regional_domain.py, read_MODEL_HIND_TIME.py,
make_season_month_name.py. run_command.py

RUN/
so_package

User-defined module (FORTRAN)

Forecast
(Probabilistic)

Hindcast
(Probabilistic)

TERC_OBS_FCST.cpython-37m-x86_64-linux-gnu.so,
CATE_OBS_FCST.cpython-37m-x86_64-linux-gnu.so,
AGGR_ROC_FCST.cpython-37m-x86_64-linux-gnu.so,
RELI_DIA_FCST.cpython-37m-x86_64-linux-gnu.so,
RPSS_FCST.cpython-37m-x86_64-linux-gnu.so,
BSS_FCST.cpython-37m-x86_64-linux-gnu.so,
HSS_FCST.cpython-37m-x86_64-linux-gnu.so

TERC_OBS_HCST.cpython-37m-x86_64-linux-gnu.so,
CATE_OBS_HCST.cpython-37m-x86_64-linux-gnu.so,
AROC_MC_HCST.cpython-37m-x86_64-linux-gnu.so,
AGGR_ROC_HCST.cpython-37m-x86_64-linux-gnu.so,
RELI_DIA_HCST.cpython-37m-x86_64-linux-gnu.so,
RPSS_HCST.cpython-37m-x86_64-linux-gnu.so,
BSS_HCST.cpython-37m-x86_64-linux-gnu.so,
HSS_HCST.cpython-37m-x86_64-linux-gnu.so
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DATA, NCL, FIG ddgglE ®WA3st7] fsliAe ofefiel o] RUN HEdE g fE Z=2
J3(d), NCEP.py)S do] +4 7}s3ith A8A A4 v e S $USER}e T 314, 238 T
A g = ofga 2o, nc_dir (DATA), ncl_dir (NCL), fig_dir (FIG) A 2Z& $+A 3}

= 49 ey

${USER}/CVS/RUN

= DATA, NCL, FIG 99 &g W7 (s, FCST_DMME_3month_ACC.py)

#
# User defined

# Select plot type in NCL
ncl_ptype = "x11”
#ncl_ptype = "eps” # for convert eps to png

# Scores output files path
nc_dir = "$IUSER]/CVS/DATA/"

# NCL codes directory path
ncl_dir = "$IUSER]/CVS/NCL/”

# NCL figures directory path
fig_dir = "${USERI]/CVS/FIG/"

6&, ﬁ‘r‘?i%gi ag8E %?ﬂ(display)é‘}ﬂ %B‘Hﬁh < iEQ] ncl_ptyeg “x11” o2,

D N8 =239 A3

AS 71HE ME Z2a3E Adgsr] AsiAE WA dd dsEddTE dF A 59
d&d, dFd=E, AFH 5& yaml FYo] J=ES dFolof st AMEAY] AHd Y EE
(RUN  gdggaDel  AdE d=ZFFECST/HCST),  <=71'H(OMME/PMME),  oZ7]3}t
(3month/6mont)’¥ yaml & F83t o 7]4+= FCST_DMME_3month #AF=ol thsl A&
HoF3 YA A5 tiek yaml YL Heoll Ydsof Qo

= 1]

@ A3 gHe g2 o]F ¥ FCST_DMME_3month.yaml €]

1$ cd ${USER}CVS/RUN
1$ vi FCST_DMME_3month.yaml

@ FCST_DMME_3month.yaml ¥ 7

DataList:

- Forecast_month @ JUL
Forecast_year : 2019
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Variable_name : prec
Landsea_mask : landsea

- Forecast_month @ JUL
Forecast_year : 2019
Variable_name : t2m
Landsea_mask : landsea

- Forecast_month : JUL
Forecast_year : 2019
Variable_name : t850
Landsea_mask : landsea

- Forecast_month : JUL
Forecast_year : 2019
Variable_name : z500
Landsea_mask : landsea

- Forecast_month : JUL
Forecast_year : 2019
Variable_name : sst
Landsea_mask : landsea

A& A8l S deke WS st AY W ) FAd gl FAITHS] o
Ae IMd AAHER dFHFForecast) ARE A4bstr] g BE g 2EQ). yaml 39
Landsea_maskel| 4 landsea® <J&3tH X 2 & Fol digt FR7E, landgE ¢
g AR A4rEg. a8]lar o &Y(Forecast_month)S dHs= FEAA A
seasons 71EL &, 3N oA F9 75+ target seasone AF AdFLE JH
o] 7 f-ol& target season®] 37NY He| A2 d =4S dHIHY, JJAVE A
o w, /Y dF2 JUN, 671€ 435S MARS 49)

yaml 3 4 & 3 4S5 7'M python Z=(FCST_DMME_3month ACCpy)E A &3stH 7] 34
AE7} ALkET 7]—?7&% AN2=" g AAoA Tlsstdxel, 189 A=Y, png vt
AL AAE 4= 913, DATA, NCL, FIG g dg g = "7 o] 713t

,_1
o
[@]
—
wn
@
o
wn
@]
=}

=
S

Q)
=

@ FCST_DMME_3month_ACC.py A3

1$ python FCST_DMME_3month_ACC.py

U A Agel ek yaml A2 offel o] ydstH

» FCST_DMME_6month.yaml

DataList:

- Forecast_month : MAR
Forecast_year : 2019
Variable_name : prec
Landsea_mask : landsea

- Forecast_month : MAR
Forecast_year : 2019
Variable_name : t2m
Landsea_mask : landsea
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- Forecast_month : MAR
Forecast_year : 2019
Variable_name : t850
Landsea_mask : landsea

- Forecast_month : MAR
Forecast_year : 2019
Variable_name : z500
Landsea_mask : landsea

= HCST_DMME_3month.yaml

DatalList:

- Hindcast_month : JUN
Current_year : 2019
Variable_name : prec
Landsea_mask : landsea

- Hindcast_month : JUN
Current_year : 2019
Variable_name : t2m
Landsea_mask : landsea

- Hindcast_month : JUN
Current_year : 2019
Variable_name : t850
Landsea_mask : landsea

- Hindcast_month : JUN
Current_year : 2019
Variable_name : z500
Landsea_mask : landsea

» HCST_DMME_6month.yaml

DataList:

- Hindcast_month : MAR
Current_year : 2019
Variable_name : prec
Landsea_mask : landsea

- Hindcast_month : MAR
Current_year : 2019
Variable_name : t2m
Landsea_mask : landsea

- Hindcast_month : MAR
Current_year : 2019
Variable_name : t850
Landsea_mask : landsea

- Hindcast_month : MAR
Current_year : 2019
Variable_name : z500
Landsea_mask : landsea

m FCST_PMME_3month.yaml

Datalist:

- Forecast_month @ JUN
Forecast_year : 2019
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Variable_name : prec

- Forecast_month : JUN
Forecast_year : 2019
Variable_name : t2m

- Forecast_month : JUN
Forecast_year : 2019
Variable_name : t850

- Forecast_month @ JUN
Forecast_year : 2019
Variable_name : z500

» FCST_PMME_6month.yaml

DataList:

- Forecast_month : MAR
Forecast_year : 2019
Variable_name : prec

- Forecast_month : MAR
Forecast_year : 2019
Variable_name : t2m

- Forecast_month : MAR
Forecast_year : 2019
Variable_name : t850

- Forecast_month : MAR
Forecast_year : 2019
Variable_name : z500

» HCST_PMME_3month.yaml

DataList:

- Hindcast_month : JUN
Current_year : 2019
Variable_name : prec

- Hindcast_month : JUN
Current_year : 2019
Variable_name : t2m

- Hindcast_month : JUN
Current_year : 2019
Variable_name : t850

- Hindcast_month : JUN
Current_year : 2019
Variable_name : z500

= HCST_PMME_6month.yaml

DataList:

- Hindcast_month : MAR
Current_year : 2019
Variable_name : prec

- Hindcast_month : MAR
Current_year : 2019
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Variable_name : t2m

- Hindcast_month : MAR
Current_year : 2019
Variable_name : t850

- Hindcast_month : MAR
Current_year : 2019
Variable_name : z500

@ &3 =239 439

_/r_
gaE2(RUN tlaE g =
Z=9(forecast_month)a} of 213 %(
s F

o2 54 seasone Ut ZIFHS Az=®ES AIFsr] M= AREA] A

=
A=E

“runduser_xCST_xMME.py” A3t} o] FE=9] 4
forecast_year, HCST9] 7-$-+= current_yean s U=t WS

st AL W /1 FAF Rt 4HE

@ A3 tde 2 o]F 2 runduser_xCST_xMME.py €7

(al, runduser_FCST_DMME.py)

1$ cd ${USER}/CVS/RUN
1$ vi runduser FCST_DMME.py

© runduser_FCST_DMME.py<] <

54, 9=, i H73

#
# User defined
# Forecast month and year

forecast_month = “JUN”
forecast_year = "2019"
#

MONTH3 = """

DatalList:

- Forecast_month : {0}
Forecast_year : {1}
Variable_name : prec
Landsea_mask : landsea

- Hindcast_month : {0}
Current_year : {1}
Variable_name : t2m
Landsea_mask : landsea

with open("HCST_DMME_3month.ya
file.writelines(MONTH®6)

""" format(hindcast_month, current_year)

ml”, "w") as file:

@& runduser_FCST_DMME.py 43}

1$ python runduser_FCST_DMME.py
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©® AFs =9 A3

AFo 2 NFAFE A28 s 98 25 GRS AT o] U] Hi A%
3l ZE=E AAEATE AEAY 23y OAE g RUN g g)ol AE
“rundcrontab_xCST_xMME.py” ZEZ A3, wheF A&7} crontaboll Al A5 o2 A3 g
T& 33 Atd crontab ~2AHE vl AR HATAE A A crontab ~AHE 3T
python ZEE YolFH Hr} o] AF3t FSoAE WL HAE 7HE A2 FMe
AEE ZAg=Eo] glom, 25 55 ¢o Ad AAGHE E 67/1€ d3) g 7545
ARE AFo 7 AsHA At

B A8 HYEIARE olF € T ZE E7]
(4, run4user_HCST_DMME.py)

1$ cd ${USER}/CVS/RUN
1$ vi rundcrontab_HCST_DMME.py

Q A7 2= W, AF 7I¥ F7F == A WA

MONTH3 = """
DataList:

- Hindcast_month : {0}
Current_year : {1}
Variable_name : prec
Landsea_mask : landsea

- Hindcast_month : {0}
Current_year : {1}
Variable_name : t2m
Landsea_mask : landsea
""" format(hindcast_month, current_year)

with open("HCST_DMME_3month.yaml”, "w") as file:
file.writelines(MONTH3)

run_command.run_python("HCST_DMME_3month_ACC.py”.format("./"))
run_command.run_python("HCST_DMME_3month_RMSE.py" .format("./"))

@ AT 2= 43

1$ cd ${USER}/CVS/RUN
1$ python run4crontab_HCST_DMME.py

@h AeA delE 98 AE ue

Eﬂ:] A A AN 713 vkl o] DATA daEEolE nc ddo] A4 H
=4, oJ7] NCL ddg g A&AE ncl L&
= png JY Aoz nlzE g I F7} 9l



ot A a9 FASAY Ay Qs 714 &
FA43A 23 NCL "dgEge & nd Z=E F£A3d 13dsiAl &2lo] 5
A7 GA 28& A £ JdA A oA F£HE nd ==
RUN/my_package T & Efg]ell A& python A& ZE] 2 &3t4

Ho] FA=A =}

ofN
>,
[
i)
o
b=
=
<
=
o
=
Dt
>

() M| AFSS a&A4 2 84 Hrt
Obh A= AFSe &84 FY 584 B7)

71E AFS Alz=d"le H4 163942 713 APCC MME <& HRE A4tsta 9o
HE Aol AF Ade st Jd FAe AR Aok st HARE A
Atk o7 FAM S Hesty] s Abee] Aste HlTe £olal W Al i
3 Z2A|AE FEFoZH APCC MME 23] 8848 SXA7) 1A 3

,—‘Fu

o

o

)

ol
off 30 X

2

ARE AFS A z"lolAE 71 MEEE g 47 Be 1 2y 2 MME 2ol
s A5 S8 Zzade Adeld dBHo Aol A & AL UL AF 5
Z239¢ Fata APCC MME o= ARE g Qold 287 29 a4 B71s)
) 71 AFS A|2®l3} /fAE AFS Al2® 2F 2 Ao tigk HnE Y5 | o (Table
22). 7]—‘— AFS Al28l2 MME <] =(SCM, GAUS, MRG, SSE, SPM) A5 E5 A4kstr] 93] 13 7]
2 £ 545)9) &Y BAS AXNAG AHD AFS AZHE BE Y SO AEsE] = 63
o 49 WANE SASES ANHNG ol AR o 48t} BEE WA oF 88.9%9]
227 2 B84 BT APCC B4 dZ ARE AZsr] old 714H drEe AL
A3 = AR Aol ARE Asorats dol WAL wi WE 3o Wl sk

(o]

g 227 & 74 = AR AFS A2
E w=319 0 (Table 23). 71 AFS Al ~HI&
ZaE WA Asde] @A s mEnA s AL 34740 1EoR ol 2
3 3l 1 3 40319 A WAR Fagolokis WY
AAE AFS A28 ) z}% 9 m2aUe B8 F 439 YL FYeE RE G
AAE AFS A28l ARl Aak AzEE AAE QAT 71E AFS f\léEﬂJ
M2 o] 49e St HHE A5 F98 & AAY AR g
Q FEAHEC BT B8 ooy e Y +F BY F Mg 2, ge v

S‘i 2 o nl
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Table 22. Comparison of existing AFS system and improved AFS system for MME work processes.

1 AFS Al2d

Hp
=

Z20Y I AAFE

Y WHE

—
D

models.3m.afs
models.6m.afs

MME &0 28 list =712t & ME

flet MME OIEXZ

runMME.rb
- fcast-mean-3m.yml
- fcast-mean-6m.yml
- fcast-month-3m.ym|
- fcast-month-6m.ym|
- hcast-mean-3m.yml
- hcast-mean-6m.yml
- hcast-month-3m.yml
- hcast-month-6m.yml

MME DO 28 T2 7%
- forecast 37H& A& L (13)
- forecast 6702 A& L= (23])
- forecast VHE & L= (13
- forecast 67HE = B (13

4

- hindcast 37H& A& T (13)
- hindcast 67H& A& T (23))

(
(
- hindcast 372 & T (1
- hindcast 672 & T (1

fot fot

models.3m.afs
models.6m.afs

Flol 71E A= MM H 2Y THAIE

) MME GIEXE 44
: SCM, GAUS, SSE, MRG

runMME.rb
- fcast-mean-3m.yml
- fcast-mean-6m.yml
- fcast-month-3m.ym!
- feast-month-6m.ym
- hcast-mean-3m.yml
- hcast-mean-6m.yml
- hcast-month-3m.yml
- hcast-month-6m.yml

MME M|l == T =724
- forecast 3/HE HZE T
- forecast 6/H& HZE T
- forecast 3/ & T
- forecast 6/H& & LW
- hindcast 37H&E A& =
- hindcast 67H& A& =
- hindcast 374 & T
- hindcast 6/H& & o (

AHH
@@E@

1ot ot

@}GSA

models.3m.afs
models.6m.afs

SPM &S 2lot 2d THMIE

) MME GI=EXtZ

runMME.Tb
- fcast-mean-3m.ym|
- fcast-mean-6m.ym|
- fcast-month-3m.ym|
- fcast-month-6m.ym|
- hcast-mean-3m.yml
- hcast-mean-6m.yml
- hecast-month-3m.yml
- hcast-month-6m.yml

MME |2l =24 =728
- forecast 37HE HZE T (13])
- forecast 67H& HZE T (22)
- forecast 37HE & T (12))
- forecast 6/H& & T (12))
- hindcast 37H& A& T (13))
- hindcast 6/H& A& T (23)
- hindcast 37HE &2 B (1))
- hindcast 6718 = e (19])
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Table 23. Same as Table 22 except for graphic work processes.
4 AFS AIAH JHMEL AFS AIAHE
A = Z=T% 3 AARE A1 L= il =T34 3 AARAE
MME Ol XI2 JeHE HE=
JIMEZE 202 2B MME CISTI2 mme__graphics__3monthsrb ~ dmonth /- 6-montf |
‘ - monthly / seasonal 1 run__mme__graphics
e mme__graphics__6months.rb ‘
- forecast / hindcast
- 4 sub-regions
MME Ol X2 O™ E=
- 3-month -month
APCC Z|& (34 mme__graphics__3months.rb 3 /6 .
‘ - monthly / seasonal 2 run__mme__graphics
JIeHEl mme__graphics__6months.rb ‘
- forecast / hindcast
- 4 sub-regions
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(Wb /A" AFSe] A4 2 5284 B7t

ChAz gol AMA AFS Axde A4F 58 Zeade 59 BUd 49 BAS 0E
FEatel wheh BHA A mggol A FAHUTH, AT AFS Ax® 2o sl
AZEYY MM A AYSE T/ AF 5B LIPS Bl 2 Aztol
=5tk Table 242 71&9] AFS Al 2=®la} 7)€ AFS A" b 2 A g3 2y 48
b2 e Eoln), 20191A AME # Aozl hE AP JFOE Mk o] FoiHch,
AFS Azgle] StEslol 8 AXEG ol e WE AY FE Ao|E AUH O L]
A3 A2 & ARS A9 ] 1€ AFS A9 SUT 2R T I)E AR A2
Aol A so A wad As 72 A A Aole AT F 4

e 712 A 428 ARbelA 3A7F B OF oF 588 FTrt BEH AT
ol tls) MRS AFS Aol shEslo] B AZEsold] WE g AM
b E8 A0 Urhgth AZe Axde Hodol B AZEL 7%
9 HYASYERIY R 2o AUE 2F 2@ A9
MME Z2js) spgol A 71& 147k 5680 2e] 48 A7He 4y AxE o
B REe 29 AT BE Zh AU, ok LA G AF e Dol ]
Azdlel e 2e] AAE AzEA @A st AgER 3-47]e)

de Sasiordn ZAHC YUY WHe] ARe AFS AxwoqE B
A7 ARl Wb Vel &3¢ ZoE AR RE A9 9AS
o] % 2A3F 28] 229 O2M 7|E AFS Azglo] Hs) of 2413k 28%0] BHE o] oF 54.8%
o Azt 9% &7} A9

> rxL NE o
oy

71& AFS Al
EJ‘L}E °F 21.5%

Table 24. Comparison of production working time of seasonal prediction data for each AFS
system.

MME ME MME ENSO == _ _
A 2-H) . A 2e4
AFAE A agE Ay aHy A4 A4

71& AFS 0lh 36m 03s  00h 40m 11s  0lh 56m 38s  00h 18m 20s 04h 31m 12sT -

AMEE& AFS 00h 58m 17s
0lh 14m 24s  00h 34m 29s  0lh 29m 10s  00h 14m 52s 03h 32m 5557

1& 7E) (2F 21.5%)

AMEE& AFS 02h 28m 27s
0lh 10m 58s  00h 21m 42s  0Oh 24m 44s  00h 05m 21s  02h 02m 45s T

Ofd =ZE (°F 54.8%)

(th /A9 AFSe] tHA4 Bt

AAA AFS A 2ES E&) 2874 - AztFe g 84 =3 axrt 34 yehgoy, o
e a84 Wrhe A AIFY A5 ATt saokste AATE Fasith o], i
AFS A 2"l o] QMAA & -’%‘ 7¥st7] 918 71& AFS Al2HloA 4k&d oS AHRE 7|HloE F
A B7vE TSR, EEA FIEet PRI R 2019JJA oSl et MRS Jﬂ7}o}°i
t}. Table 253 26 Z}z} SCM3} GAUS A AIZF 3719 o= A Zo thdt anomaly correlation
coefficient (ACC)9} &7+Z <l root mean square difference (RMSD)S W< 2 APAZF HZ
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Uebd #olth ACCOl A% SCM¥ GAUS 25 124 F A 2HloA i o= 2
2l WEAdol A% AS=E YEsa, RMSDY 4% SCM2 EF 022 F AlX
Aoy, GAUSE 24 5648 Fo sidste vl-¢ 22 2x7F dAsEAT o]
b2 QALEN FAIE F e FFY Aotk wEkA T AI2"HOA A4kE 2
AR EH ol JMAE AFS Alz=HElo] bHAH R oF A 5E A4S 9n| gt

ir e g
rr N
off 2
e 2 9 of
4 T X

gl fo o

Table 25. Anomaly correlation coefficient (ACC) of forecast of the APCC MME (SCM and
GAUS) between two AFS system.

SCM GAUS
LT1 LT2 LT3 Mean LTl LT2 LT3 Mean
prep 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000
t2m 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
t850 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
2500 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
u850 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 26. Same as Table 25 except for root mean square difference.

SCM GAUS
LT1 LT2 LT3 Mean LTl LT2 LT3 Mean

prcp 0.000 0.000 0.000 0.000 1.32E-06  3.12E-06  3.55E-06  4.17E-06
t2m 0.000 0.000 0.000 0.000 1.12E-05 4.06E-05 1.23E-05  1.49E-05

slp 0.000 0.000 0.000 0.000 2.06E-06  1.68E-06  8.23E-05  2.97E-05
t850 0.000 0.000 0.000 0.000 1.03E-05 1.63E-05 1.55E-05  1.81E-05
2500 0.000 0.000 0.000 0.000 1.66E-05 1.68E-05 1.93E-05  1.20E-05
u850 0.000 0.000 0.000 0.000 - - - -
v850 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 - - - -

1983-20101 @) o3t hindcast A& U E AlFHH o2 T3 A5YE dlsr] ¢
3l 4 temporal correlation coefficient (TCC), AlZ+% RMSD, ACC, &-3t24 RMSDS %3l H7}s}
Ao I A3 SCM 2 GAUS 25 F3H3 AHRMSD)+ E5F 022 Yeya, 3713 ACCE
% 124 598 42 AU, 1A GAUSSl A% A RVSDH ohF 46 &

o o Ao] A VEntiE AN dZelAe] A H7h Aol o] o) a4
15720 oK FASE B Ao &e golr] WEel U Ame v Ty

(Figure 52).
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Figure 52. Temporal correlation coefficient of hindcast (1983-2010) of the APCC GAUS
between two AFS system.

S5 £Ee} ninodd Agel HAAE TAT A BAE FAT A A 2ol
A obF e 93t Hol: S AHY T AsY BF 5Y8 ARE PSS

g 4 A A cHFigure 53).

TCC

RMSD

&0F 120F B 120w 60w 0

Figure 53. Temporal correlation coefficient
and root mean square difference of hindcast
(1983-2010) for sea surface temperature
between two AFS system.
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(4 MME 71 HE9 884 37}
b ¥3 £ g9y

APCCE Yl 7ol ZAEZH MME 7I1¥H¥ g 719 s&E% MME(Probabilistic Multi-Model
Ensemble) 7S 93t Jom, 2422 MME 7|He NMERDEe] HAE G HA35)
= SCMY FAIH FAHelE AX= SSE, MRG, SPMe.2 FA4HEHT, APCC d=HH 8%
e fall, dPd=A=E A=A L A-d A 2==(Automated Forecast System, AFS) =7 H]
F3 20199 11€R3E dSAHRE Z7|AF25-209) AFstATE olds =8 dsto=z &
A dPoE P Y= TFs MME 7|HES] &84 H7HE T3l APCCY A-ASA 2-H)

< Bt §870F Yt ot

>

m{ru o]}l

r°l'

W 29 5284 #71
APCC Fe]d€ B3l AF=HI e APCC F2 o] 2 SCM(2005d ©] $~)3 PMME(2006d
o] F~)olH, ymz Z7IHEMRG, SSE, SPMe] A ZA45 %}%Et 3

oft
ol
HE
o
mi)
o
v
J|m
ol

2024 Hl AR YA ZPE S0l HlsiA AEE AlRbe] 4~gHH
SCMoll ®lsl Hth 45u) o] At £L8%+= T PHA SHAA &9
(Figure 54).

1:55:12 : A800:00—
B SCM W SS5E ® MRG ESPM BSCM ESS5E ®MRG ESPM
1:26:24 A2:00:00+ . I
0:57:36 - 160000+
0:28:48 I I i 02:00°00 - . z l .
0:00:00 -+ _-J y : . 000000 __. __. L_I : -_.
3-MON 3-MON 6-MON G-MON 3-MON I-MON 6-MON G-MON
SEASONAL MONTHLY SEASONAL MONTHLY SEASONAL MONTHLY SEASONAL MOMNTHLY

Figure 54. The time cost for operation of Deterministic Multi-Model Ensemble methods for
real-time forecast (left) and hindcast (right).

() A4 B}
A 7132 & (1983-2005F) L A A 7F| =(2008-20181 )0l ek AAF+ 734 2 850hPa 7]-&2]

ApEARE =82 wmBIHTCC, ACO) Shach

© FANFAY 4%

8) SCM: Simple Composlte Method, MRG: Multiple Regression Method, SSE: Synthetic Super Ensemble, SPM:
Stepwise Pattern projection Method
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2 %A YEhte 4% ugd. Aedde

giajol, &5, Hul tfF)lA yElus ®EE,

Uk slepel A thebgte,

Temperature

FollA SCM¥ SPMe] MRG, SSEX.t} % Stth(Figure

< HolH, 53] 7| 2(F)dA = SCMSPM)°] o

2 AvHEy SCMe| A=Y Fd2 tFE SAGT
j=i)

SPM o2 e tRE SHES, B

Precipitation

Figure 55. Temporal
MMEs’ hindcast for winter temperature (left) and

summer precipitation (right).

@ ANRAE 4%

Correlation Coefficients of

Atz o2 AAZIFAAS ST AHE RJYHIY 56). 53], A2 ZFE SPMI

Hlgl SCMe] d&59 o] Frlst=
training period2 &3l 7@ o)

200541 o] )l Lpehbe 7] 554
A

SR L E e e RO R

biasE FAXHOZ HAS
So] vt R o} H o7 ZS5E AR o =AH Ko EH
Hojv(Figure 57, 58) 3% Mg B4 I asic)

FAE Bt o= FAAHA7)7H1983-2005)S

| .

OI'L SPM-/I o"r‘ J’]:L(
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(b} SSE {0.13)  (b) SSE-SCM

{c) MRG {0.16)  (c) MRG-SCM

A&t b2

Figure 56. Temporal Correlation Coefficients of
MMEs’  real-time forecast (left) and their
differences from TCC of SCM  during
2008JFM-2018DJF.

. ﬁ(a) Temperature _ Average
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Figure 57. Pattern Correlation Coefficients of MME’ s real-time
forecast for global temperature and precipitation during
2008JFM-2018DJF.
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Figure 58. Pattern Correlation Coefficients of SCM and its
difference from those of SPM for global temperature and
precipitation during 2008JFM-2018DJF.
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G dEFAHR =7 AF

oh B84

APCCe] @92 APCC AY Z7]d MEdE AsdSA2HAFS)S 78t g Fx1
o 1 % AEAHR] AFS JjAde] o] FojA AL Aoyt F "HEA oo o) sfEZ R
P=jo] &Y Aol HFS AA|AT m= dHY xAFo] mEt ddo] o] FofA =
o HFHOo=E wigd 259 HFo dryt IdxEHM ol B 7Y Mg 7 =& o=
o] 2 QI3 APCCe| ASA K Z8&Ao] HoiAA dth APCC dSAH R &84 FoE 9l A
Ao S Azl dFS otsta, Bop 82 dY 9 T3 APCC dSAHKRE =
7] A3 @25¥8—202)st] APCC AldA S HRE E8AFH BAHS =FolA ot

A APCCY| & 2AE 2 =4 7heA FobstdthFigure 59). o] 5o #xoA /ER
g 25 F3HE MME AsA371374e] J5s 53l /e FEolth AT WEH o2 AFS 7
|4 F3rE 53
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H
[ dASA 2Rl B8 02 TN A FIMNLS DSAA dE AHe 4T
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12 RE AB 7ol AHCISXE 2F oY wh
|
6 NUmd xE FX/EIHA/EES
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61.3% 57~ % HFigure 60). =
tHFigure 61). A5+ AlHolAl &
AFSE &3t oF 21.9%8 *%F AIRE =0l UEtUA T Agt A /i E AFSE TF
A 71 oF 49%°] &9 AIRF S0 YERdT
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Figure 60. Reduction of operational steps and its efficiency.
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Figure 61. Comparison of operational efficiency among each Automated Forecast
System and each server.

SCM GAUS

LT1 LT2 LT3 Mean LT1 LT2 LT3 Mean
prcp 1.000 1.000 1.000 1.000 1.000 0.99¢ 1.000 1.000
tZm 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
1850 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
z600 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
ugsl 1.000 1.000 1.000 1.000 = = = =
vBh0 1.000 1.000 1.000 1.000 o = = o
200 1.000 1.000 1.000 1.000 7 = = T
w200 1.000 1.000 1.000 1.000 - - - -

Figure 62. Evaluation of stability of advanced Automated Forecast System (Anomaly
Correlation Coefficient, 2019JJA).
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SCM GAUS

LT LT2 LT3 Mean LT1 LT2 LT3 Mean
Ercp 0.000 0.000 0.000 0.000 1.32E-D& 312E-06 3.55E-06 4 17E-0b
r2m 0.000 0.000 0.000 0.000 1.12E05 4.06E-05 1.23E-05 1.49E-05
slp 0.000 0.000 0,000 0.000 2 06E-O6 1.68E-0& B.23E-06 2 9TE-OL
1850 0.000 0.000 0.000 0.000 1.03E-05 1.63E05 1.65E-05 1.B1E-05
z 0.000 0.000 0.000 0.000 1.66E-Q5 1.68E-05 1.93E05 1.20E-05
uBs0 0.000 0.000 0.000 0.000 = = = =
vB5D 0.000 0.000 0.000 0.000 = = = =
w200 0.000 0.000 0.000 0.000 = = = =
v200 0.000 0.000 0.000 0.000 = = = =

Figure 63. Evaluation of stability of advanced Automated Forecast System (Spatial Root
Mean Square Difference, 2019JJA).

(th g MME 7|HE¢] 584 W78 58 284 39 &9

SCM, PMME®|| ®l MRG, SSE, SPM &@ o ©@2 Algto] AQ8Fo &85 9 Y &84
o] gt} &Y FHAAE, AAVIFAT P AAAZFH4A SCM, SPME] € =¥o] MRG,
SSE9] d=8rtt Hom xgH o7 SCMSPMe o=8 o F7 SXEIPANA Yerd
o T3 HIoR ZgF SPMo| HlE] SCMY &3 o] Frtstes FAE Holal Ut
<, 1l¥ MRG, SSE, SPM oA R A4ite] §8A4 2 HojX= Aoz #Arx o], SCM3 PMME
=g rut Paksle] §82 07 AFSE 93tz 3
) A&
201949 11¥€ 20¥, 2019DJEMAM o HEE A2 AMuo|H A= AFSZ SCM3} PMME
g AF ARE AieAch MME 7o 2874 &9 2 AFA59 mE AYS F3l
ARE 27)(25Y¥—-20Y)0l A &3t

1

t}. APCC MME A 7]9F A3

D & 71&# MME 8% ¥ DB 7%

A gEZnddds /WS L3 o= HARE A TE= 7|FES NMMENorth American
Multi-Model ~ Ensemble), WMOLC(World Meteorological ~ Organization Lead Center),
C3S(Copernicus Climate Change Service)7} 1o, EUROSIPS] 74 20198 10€HE AH]| 27}
T = A

APCC, WMOLC, NMME, C3S, EUROSIP MMEE FA3st= MEEDIH A-Fsts Avlae
Table 273} 2t Z+ 7|9 MMEE TA4sts /MERE T L3 2d2 22 o= wAs
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ATk APCCe} WMOLC MMES] 4 mdlo] 7p wom, of 75%9 Rdo] 5d3 Ae &
AT NMME®} C3S MME+= 5719 Rd =2 FA4d5o] lom, Anxrt Fa¥ EUROSIPY| 74 -¢
C35¢} titke] mdo] Fdstitt AlFH= =S A3 EA APCC, WMOLC, EUROSIP©]
2.5° x25° o] B E AFsHF o, ol HF NMMES} C3S+= 1° x1° o] d&x85E A &sta
Atk APCCe NMME<®] hindcast 713t ©t& 7|#=ol Hls| 21 Heo= Zbzh 1983d-2010,
198213-2010 9] ~717ke 7IEeo 2 3tar dom, WMOS C3S& 1993dFH  Zhzh 2009d 24
20169 7HA1 & 7o = At ot ol 7|BHEL oS HEE oty HAF A EI A
Fotal edl, APCCeF WMOZ}F vl @2 W tial ot A5 WmEIAE AT A
= A#}E Z/sta 9o, NMMEE real-time forecastoll tigh A= Axve AFsta ok
AZo AHEEE B dHoly IA ZF ZFERE Fo|ste] APCCe 7|23 5ol tis)A
+ NCEP-DOE reanalysis 1 (Kanamitsu et al. 2002; NCEP2), 7<=+ CAMS-OPI (Janowiak and
Xie 1999)¢} vlwstH, WMOLCS] 749 hindcast 5 Alol+= ERA-interim(Dee et al. 2011) 34}
GPCP(Huffman et al. 1997), real-time forecast 7% Aloll= NCEP/NCAR reanalysis [ (Kalnay
et al. 1996)% CAMS-OPIE Atg&3star  th. NMME+= real-time forecast 73l
GHCN(Lawrimore et al. 2011) 7|52} CPC(http://www.esrl.noaa.gov/psd)) ZF+FAEE o]&
st 2o 2 ZAEATH

23] dFolA= NMME, WMOLC, C35¢] MME 7R =9 o =2 Z(hindcash) S WHFEE &
Fsted APCC MMES] A5 FHZE ZF3ste AABS ¢dEstAoH, &5 AFdAE Z

S 2 o]&7ls SIEE HolHMWo| g FS3HAUTH
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Table 27. MMEs of different operation centers.

APCC WMO NMME C3S EUROSIP
A 7]/
oqli7]] 7]} 25" / 6-month 20" / 6-month 9" / 6-month 13" | 6-month 15" / 6-month
Hir?dca;E
7 1983-2010 1993-2009 1982-2010 1993.02-2016 1991-2010
. V7 2 T O N = I T T
BCC_CSM BCC_CSM
BOM_POAMA | BOM_POAMA
CMCC_CM2 CMCC_CM3
(HMC_GCM) HMC_GCM
UKMO_GLOSE | UKMO_GLOSE
A5 A5
NCEP_CFSv2
o] mul NCEP_CFSv2 | NCEP_CFSv2 NCEP_CFSv2
H o= UKMO_GLOSE | UKMO_GLOSE
A5 A5 DWD_GCFS2
ECMWF_SEAS
DWD_GCFS2 5 ECMWFE _SEAS
ECMWE_SEAS 5
5
APCC_SCOPS | (CPTEC_GCM) | GFDL_FLORB MF_SYS6 MF _SYS6
CWB_CWB (SAWS_EPS) | NCAR_CCSM4
(MGO)
PNU CGCM
A= 2.5x2.5 2.5x2.5 1x1 1x1 2.5x2.5
) ACC, RMSE, ACC, RMSE,
Matrix ] ]
(DMME) MSSS, Gerrity | MSSS, Gerrity ACC
_____________________ Skill Score | .Skill Score | . . .
| T2M, P
T2M, P, SST
= T2M, P, SST * North ¥ Allowed for
H T850, 7500, _ )
A T850, Z500 SLp America, Sep A= all Member
e 2000 States
. ERAINCEPT
= NCEP-R2 GHCN
A5 GPCP/CAMS-0O
o] & CAMS-OPI Pl CPC-URD
OISST OISST
QISST

(2) APCC % E} 71% MMEY] ]34 £

b #ZSTolE A tid = ZA

APCCe} ©+2 7]#2] MMEE Hlwalr|ol oA Z+ 7]#Eo] HFo AMg3tE &= dolH
S5 Hlwst #S HolE 9 AolfolA BT F e NHEE AR

Figure 64= APCC&} T & 7|#HEolA Tl AH&ste BS HlolHE Abol9 4
T3 Aotk o detol A AF 3 ukel o] APCCY ¢ 712 ZFo NCEP2 A4 A3
WMO+ ERA-interim, NMME+ GHCN A& & o]&3ta ot 7|9 AH$ of=zg7le}
o, A, 2 A oA AddATE A YEuH (Figure 64a) o] A ot

f
ol
ol

X

i

b
b 4z
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g7}, ot gzl Folwglzl R2 el oA B Atolo] AFHAATY oFsiAl UERT
(Figure 64b). =& #AZAHAA L] HolHE A8 F =
A7F AL EoAe Bdo] RostE Fhol oEsHA Enh I8 EE, EiFETgE FoFos
HEA Mol A Fe oA AREA ARE Atole] Aol oFg ZoE HIT
(Gleckler et al. 2008). Fre SART= T2 3ol zol7t & 7

CMAP, GPCP¢} & CAMS-OPIZ} &l eFol|l Al passive microwave Eo]E]S A}R-&1A %7] wfi
o, CMAP9] 7% 94z59] nlololxE Fol7] 93l FHIH L rain gauge reportE ©]-&
g 1A AAHS AX7] "ol GPCPee] Afolrt BAst= Ao = Hltk(Janowiak and Xie
1999). =3k CAMS-OPI= CMAPCS. 2 HEH Efoldd AAAE FAHLES ALE3IEE F doly
o] Aol AA YT
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NCEP2 & ERAI MAM NCEP2 & ERAI A

48 48 47 48 43 04 03 02 01 O 01 0Z 03 04 05 05 07 08 08 45 48 47 48 43 04 03 02 01 4 01 02 03 04 05 05 07 08 08

NCEP2 & ERAI SON NCEP2 & ERAI DJF

T T T [T 1

03 48 07 08 45 04 03 02 0.1 0 01 02 03 04 05 D5 07 0B 08 05 98 07 08 45 04 03 92 01 9 01 02 03 04 05 08 07 0B 09

Figure 64. Temporal correlation coefficient between observations of 2m temperature for

MAM, (b) JJA, (¢) SON, and (d) DJF.
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(a)

T2M TCC Ditference (MAM 1993-20009)
APCC WMO NMME C3S

NCEP2-ERA| NCEPZ2-ERA| MNCEP2-ERAI NCEP2-ERAI

T2M TCC Difference (JJA 1993-2009)
APCC WMO NMME C3S

NCEP2-ERAI NCEPZ-ERAI NCEP2-ERAI NCEP2-ERAI
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©

T2M TCC Difference (SON 1993-2009)
WMO NMME

NCEPZ2-ERA| MNCEP2-ERAI NCEP2-ERAI

3 .
| T [ - -
04 03 02 -0 [] 0.1 02 03 0.4 0.5 0.6 o7

T2M TCC Difference (DJF 1993-2009)
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Figure 65. Difference of temporal correlation coefficient for (a) MAM, (b) JJA, and (c) SON,
and (d) DJF using different observations for 2m temperature (NCEP2-ERAI, NCEP2-GHCN,
ERAI-GHCN).
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Figure 67. Maximum difference of temporal correlation coefficient for 2m temperature owing
to different observations (blue), different MMEs (when using NCEP2, pink), and different
MMEs (when using ERAI, pattern) in various regions.
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Figure 68. Temporal correlation coefficient between observations of precipitation for (a)

MAM, (b) JJA, (o) SON, and (d) DJF.
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Figure 69. Difference of temporal correlation coefficient for (a) MAM, (b) JJA, and (c) SON,
and (d) DJF using different observations for  precipitation (CAMS-CMAP, CAMS-GPCP,
CMAP-GPCP).
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Figure 70. Temporal correlation coefficient of precipitation using CAMS-OPI and GPCP for

various regions.
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Figure 71. Maximum difference of temporal correlation coefficient for precipitation owing to
different observations (blue), different MMEs (when using CAMS-OPI, pink), and different
MMEs (when using GPCP, pattern) in various regions.
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Figure 72. Temporal correlation coefficient between observations of sea surface temperature
for (@ MAM, (b) JJA, (c) SON, and (d) DJF. Blue and yellow boxes are regions for Nino
indices.
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Figure 73. Difference of temporal correlation coefficient for (a) MAM, (b) JJA, and (c) SON,
and (d) DJF using different observations for sea surface temperature (OISST-ERSST).
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temperature using OISST and ERSST for various regions.
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Figure 75. Temporal correlation coefficients of 2m temperature over globe for APCC, WMO,
NMME, and C3S MME during (a) MAM, (b) JJA, (c) SON, (d) DJF.
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Figure 76. Temporal correlation coefficients of 2m temperature over East Asia
for APCC, WMO, NMME, and C3S MME during (a) MAM, (b) JJA, (c) SON, (d)
DJF.
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Figure 77. Anomaly correlation coefficients of 2m temperature for APCC, WMO, NMME, and
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Asia, (f) South Asia, (g) North America, (h) South America, (i) Middle East, (j) northern
Eurasia, (k) Australia, and () South Pacific.
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Figure 78. Temporal correlation coefficients of 2m temperature for APCC, WMO, NMME, and
C3S over (a) globe, (b) tropics, (c) northern extratropics, (d) southern extratropics, (e) East
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Figure 79. Regional variations of (a) anomaly correlation and (b) temporal correlation for
2m temperature.
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Figure 80. Root mean square error (RMSE) of 2m temperature for four different MMEs over
various regions.

124



[ 2 a8 [ ] [T "= 1 IF] o8 03 ob n

Figure 81. Linear trend of 2m temperature for (a) MAM, (b) JJA, (c) SON, and (d) DJF.

(th APCC ¥ E} 7]& MMESY] «&A ¥4 <

Aol A LEet g Mo BAS FYstart

- 125 -



(a) PREC TCC (MAM 1883-2009) (b) PREC TCC (JJA 1993-2009)
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Figure 82. Temporal correlation coefficients of precipitation over globe for APCC, WMO,
NMME, and C3S MME during (a) MAM, (b) JJA, (c) SON, (d) DIJF.
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Figure 83. Anomaly correlation coefficients of precipitation for APCC, WMO, NMME, and C3S
over (a) globe, (b) tropics, (c) northern extratropics, (d) southern extratropics, (e) East Asia,
(f) South Asia, (g) North America, (h) South America, () Middle East, (j) northern Eurasia, (k)
Australia, and (I) South Pacific.
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Figure 84. Temporal correlation coefficients of precipitation for APCC, WMO, NMME, and C3S
over (a) globe, (b) tropics, (c) northern extratropics, (d) southern extratropics, (e) East Asia,
(f) South Asia, (g) North America, (h) South America, (i) Middle East, (j) northern Eurasia, (k)
Australia, and (I) South Pacific.
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Figure 85. Regional variations of (a) anomaly correlation and (b) temporal correlation
for precipitation.
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(c) NMME, and (d) C3S) for MAM, JJA, SON,

’

Figure 86. Seasonal mean bias of sea surface temperature of MME ((a)

APCC, (b) WMO
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Figure 87. Spatial distribution of seasonal mean temporal correlation
C3S) and observation (OISST) for MAM, JJA, SON, and DJF.
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Figure 88. Anomaly correlation coefficients of sea surface
temperature for (a) MAM, (b) JJA, (c) SON, and (d) DJF over
global

(80 "S-80 "N, 0-360 " E), tropical region (20 °S-20 "N,

0-360 " E), and North pacific (15~ S-60 ~ N, 120 " E-60 ~ W).
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Figure 89. Same as Figure 88, but for tropical region (20 ~ S-20 °
N, 0-360 “ E)
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Figure 90. Same as Figure 88, but for North pacific (15 ° S-60 " N,
120 “ E-60 © W).
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Figure 92. Seasonal variation of (a) anomaly pattern correlation (ACC) and (b) temporal
correlation coefficient (TCC) for sea surface temperature over global (80 " S-80 " N,
0-360 * E), tropics (20 * S-20 * N,0-360 * E), and North pacific (15 *S-60 N, 120 " E-60 °
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Figure 96. Temporal correlation coefficients of MME
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models (dot) from (a) APCC, (b) WMO, (c) NMME, and (d)
C3S for 3-month mean sea surface temperature over global
(80 " S-80 " N,0-360 " E) with lead-time.
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Figure 97. Same as Figure 96, but over tropical region (20
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Table 34. Speaker and presentation title of poster session
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UKMO 27171 A9 Abd 43 f45)sta, A 19 ExuE 92 Al 29 EE FAVF &
At Al 3z RRBAF7H oo 22 Table 359 Zth.

Table 35. Program of the 3 APCC MME model providers’ meeting
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Table 36. Speaker and presentation title of session 1
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; EA_SCM_PREC_UV850_3mon.ncl : SCM 3-mon prec & 850 wind for East-Asia Outlook
; APCC / Chang-Mook Lim
completed : 16 Dec 2019 (Ref. Sang-Myung Oh)

modified (1) :

modified (2) :

load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_code.ncl”
load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_csm.ncl”
load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/contributed.ncl”

begin
FYEARI = stringtoint(systemfunc(”date —-d "1Tmonth’ +%Y"))
FYEAR2 = stringtoint(systemfunc(”"date -d ‘2month’ +%Y"))
FYEAR3 = stringtoint(systemfunc(”date -d ‘3month’ +%Y"))
FMON1 (systemfunc("date —d '1month’ +%b | tr a-z A-Z"))
FMON2 (systemfunc("date —d '2month’ +%b | tr a-z A-Z"))
a-z A-Z"))

FMONS3 = (systemfunc("date —-d 'S3month’” +%b | tr a

FMONTH/1 (systemfunc("date —d “1month’ +%B"))

FMONTH2 (systemfunc("date —d "2month’ +%B"))

FMONTH3 (systemfunc("date —d ‘3month’ +%B"))

SEAST = (systemfunc("date —-d 'imonth’ +%b | cut -c1"))

SEAS? = (systemfunc("date —d "2month’ +%b | cut —c1"))

SEAS3 = (systemfunc("date —d '‘3month’ +%b | cut —c1"))

SEAS4 = (systemfunc(’"date —-d '4month’ +%b | cut -c1"))

SEAS5 = (systemfunc("date —d 'Smonth’ +%b | cut —-c1”))

SEAS6E = (systemfunc("date -d '6month’ +%b | cut —-c1”))

SEASON = SEAS1 + SEAS2 + SEASS3

FULLSEAS = SEAS1 + SEAS2 + SEAS3 + SEAS4 + SEAS5 + SEAS6
MON = (systemfunc("date —d ‘Omonth’ +%b"))

YEAR = stringtoint(systemfunc("date —d 'Omonth’ +%Y"))

if ( FYEAR1 .ne. FYEARS ) then

SEA = FMONTH1 + " " + FYEAR1 + "=" + FMONTH3 + " " + FYEAR3
else

SEA = FMONTH1 + "=" + FMONTH3 + " " + FYEARS3

end if

Fillvalue = 1e+20

dir = "/datal1/OPER/AFS/DATA/3-MON/"

addfile(dir+"MME_OUT/FORECAST/SCM/"+FMON1+"/"+SEASON+"/"+FYEAR1+"/prec.nc”,"r")
addfile(dir+"MME_OUT/FORECAST/SCM/"+FMON1+"/"+SEASON+"/"+FYEAR1+"/u850.nc","r")

addfile(dir+"MME_OUT/FORECAST/SCM/"+FMON1+"/"+SEASON+"/"+FYEAR1+"/v850.nc”,"r")
P_tmpF = InFileFp—>prec

U_tmpF = InFileFu->u850
V_tmpF = InFileFv—>v850
;. FIGURE

InFileFp =
InFileFu =

InFileFv =
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wtyp = "eps”

wtyp = "x11”

outdir = "/data11/OPER/AFS/FIG/EA_OUTLOOK/” + FYEAR1 + FULLSEAS + "/"
latlon=(/-20,60,60,200/)

pltfil = outdir+"SCM_" +FYEAR1+SEASON+ "_prec_uv850”

wks = gsn_open_wks(wtyp,pltfil)

clevs=(/-1.6,-1.2,-0.8,-0.4,-0.2,0,0.2,0.4,0.8,1.2,1.6/)
colors = (/ (/255,255,255/), (/0,0,0/), \
(/100,050,002/), \
(/128,070,004)), \
(/192,104,008/), \
(/206,131,012/), \
(/239,171,039)), \
(/244,197 055/) )\
(/254,227 137/) \
(/255,235,180/),\
(/255,255,220/),\
(/243,255,230/), \
(/200,240,195/), \
(/160,220,155/), \
(/130,200,115)), \
(/090,160,070/), \
(/060,130,040/), \
(/040,100,020)), \
(/020,080,015/), \
(/010,050,010/) /) 1.0

colors = colors/255. ; normalize (required by NCL)
mag=3 ;m/s
len=0.1
gsn_define_colormap(wks, colors) ; generate new color map
res = True ; plot mods desired
res@gsnDraw = False

res@gsnFrame = False

res@vpXF =02
res@vpYF = 0.8
res@vpHeightr = 0.6
res@vpWidthF =06

res@gsnMajorLatSpacing = 20
res@gsnMajorLonSpacing = 30

res@cnlLevelSelectionMode = "ExplicitLevels”

res@cnlLevels = (/-1.6,-1.2,-0.8,-0.4,-0.2,0,0.2,0.4,0.8,1.2,1.6/)
i = NhINewColor(wks,0.6,0.6,0.6) ; Grey60

j = NhINewColor(wks,0.28,0.24,0.55) ; SlateBlue4

k = NhINewColor(wks,1.0,1.0,0.0) ; Yellow

| = NhINewColor(wks,1.0,0.2,0.7) ; Maroonf

m = NhINewColor(wks,0.55,0.45,0.33) ; BurlyWood4

n = NhINewColor(wks,0.95,0.95,0.95) ; Grey95

res@ gsnSpreadColorEnd = -7 ; don't use added gray
res@gsnAddCyclic = False

res@mpMinLatF = latlon(0)

res@mpMaxLatF = [atlon(1)

res@mpMinLonF = latlon(2)

res@mpMaxLonF = latlon(3)

res@mpCenterLonF = (res@mpMinLonF+res@mpMaxLonF)/2.
res@IblLabelBarOn = True

res@cnSmoothingOn = True

res@cnFillOn = True
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res@cnLinesOn = False

res@cnLinelLabelsOn = False ; turn off line labels
res@gsnScalarContour = True
res@cnLineColor "black”

res@cnlinfoLabelOn False
res@gsnContourNegLineDashPattern = 1 ;

res@gsnSpreadColors = True
res@mpDataBaseVersion = "MediumRes”
res@mpLandFillColor = -
res@mpQutlineBoundarySets = "National”
res@mpNationalLineColor = "Black”
res @ mpGeophysicallLineColor = "Black”

MainTitle = "Precipitation and Wind at 850 hPa for " + SEA
unit = "mm/day & m/s”

MAP GRID RESOURCES

res @ mpProjection = "CylindricalEquidistant”

res@mpLimitMode = "LatLon”

res@gsnlLeftString ="

res @ gsnlLeftStringFontHeightF = 0.014

res @ gsnLeftStringOrthogonalPosF = 0.01

res @ gsnRightString = "Unit:"+unit

res @ gsnRightStringFontHeightF = 0.014

res @ gsnRightStringOrthogonalPosF = 0.01

res@tiMainFont = "times-roman”

res @tiMainFontHeightF = 0.02
res@mpQOutlineOn = True
res@mpQOutlineBoundarySets = "Geographical”
res@mpOQutlineBoundarySets = "National”
res@mpGeophysicalLineColor = "Black”
res@mpGeophysicalLineThicknessF = 1.2
res @ mpNationalLineColor = "Black”
res @ mpNationalLineColor = "Black”
res @mpNationalLineThicknessF =12
res@mpUSStatelLineColor = "Black”
res@mpUSStateLineThicknessF =12
res @vcRefMagnitudeF = mag ; define vector ref mag
res@vcRefLengthF = len ; define length of vec ref
res@vcRefAnnoOrthogonalPosF = -1.0 ; move ref vector
res@vcRefAnnoArrowLineColor = "black” ; change ref vector color
res@vcRefAnnoArrowUseVecColor = False ; don't use vec color for ref
res@vcMinDistanceF = 0.025
res@vcGlyphStyle = "CurlyVector” ; turn on curley vectors
res@vclLineArrowColor = "black” ; change vector color
res@vclLineArrowThicknessF = 1.0 ; change vector thickness
res@vcLineArrowThicknessF = 1.2 ; change vector thickness
res@vcVectorDrawOrder = "PostDraw” ; draw vectors last
res @tiMainString = MainTitle

res@tmYROnN = False
res@tmXTOn = False

res@tmXBMinorOn = False
res@tmYLMinorOn = False

res@tmXTOn = False
res@tmYRON = False
res@tmxXBOn = True
res@tmYLOn = True

res@tmXBLabelFontHeightF = 0.01
res@tmYLLabelFontHeightF = 0.01

res@IbLabelBarOn = True
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res@IbLabelAutoStride = True
res@lbBoxMajorExtentF = 0.75
res@IbPerimOn = False
res@IlbLabelFontHeightF = 0.01

res@pmlLabelBarOrthogonalPosF = 0.09

; INSIDE TEXT SETTING

insidetext = "Anomaly fields are displayed ~C™"
resinside Text = True

amres = True

resinsideText@txPerimOn = True

resinsideText@ txPerimColor = "Black”
resinsideText@txPerimThicknessF = 1.0

resinsideText@txPerimSpaceF =10

resinsideText@ txBackgroundFillColor = "Grey95”
resinsideText@ txFont "simplex_roman”

resinside Text@ txFontColor "SlateBlue4”
resinsideText@ txFontHeightF = 0.007
amres @amParallelPosF = -0.499 ; This is the right edge of the plot.
amres @ amOrthogonalPosF = 0497 ; This is the bottom edge of the plot.
amres @amdJust = "BottomLeft”
; POLYLINE SETTING
resQutBox = True
resQutLine = True
sres = True
txres = True
dxres = True
intxres = True
amres = True
; TEXT CONTENTS
bottomsimbol = "¢”
bottomtext = "APEC Climate Center”
issuedate = systemfunc(”date +%d")
issuemon = gsystemfunc("date +%b")
issueyear = gystemfunc("date +%Y")
creatdate = "Issued: 20 " + MON + ", " + YEAR
; creatdate = "|ssued: " + issuedate + " " + issuemon + ", " + issueyear

; POLYLINE SETTING
resOutBox @ gsLineColor = "Gray”
resOutBox@gsLineThicknessF = 2.0

resOutLine @gsLineColor = "Black”
resQOutLine@gsLineThicknessF = 2.0

; TEXT SETTING
txres @txFont = "times-roman”
txres@txFontHeightF = 0.0135

dxres @txFont = "times-roman”
dxres @ txFontHeightF = 0.013

sres@txFont = "text-symbols”
sres@txFontHeightF = 0.012

; POINTS LOCATION FOR POLYLINE
bxpts = (/0.02, 0.98,0.98,0.02,0.02/)
bypts = (/0.10, 0.10,0.80,0.80,0.10/)
Ixpts = (/0.04, 0.96/)
lypts = (/0.16, 0.16))

- 163 -




simbolxpt=(/0.755/)
simbolypt=(/0.1397/)
textxpt=(/0.86/)
textypt=(/0.14/)
datexpt=(/0.131/)
dateypt=(/0.14/)

OUTSIDE BOX PLOTTING
gsn_polyline_ndc(wks,bxpts,bypts,resOutBox)
gsn_polyline_ndc(wks,Ixpts,lypts,resOutLine)

BOTTOM TEXT PLOTTING
gsn_text_ndc(wks,bottomsimbol,simbolxpt,simbolypt,sres)
gsn_text_ndc(wks,bottomtext,textxpt textypt,txres)
gsn_text_ndc(wks,creatdate datexpt,dateypt,dxres)

plot=gsn_csm_vector_scalar_map_ce(wks,U_tmpF(0,:,),V_tmpF(0,:,:),P_tmpF(0,:,),res)
intext = gsn_create_text(wks, insidetext, resinsideText)
annoid = gsn_add_annotation(plot, intext, amres)
; gsn_text_ndc(wks,bottomsimbol,simbolxpt,simbolypt,resBottomSimbol)
; gsn_text_ndc(wks,bottomtext, textxpt,textypt,resBottomText)

draw(plot)
frame(wks)

delete(wks)
delete(plot)

it ( wtyp.eq.”"eps” ) then
system("convert —trim —density 300 —geometry 1200X960 "+pltfil+".eps "+pltfil+".png")
system("rm -rf "+pltfil+".eps”)

end if

end

0 A-2: ZolA o} AAHER 7}4 9D 850hPa vl 671€ = 1Y A4 =279

EA_SCM_PREC_UV850_6mon.ncl : SCM 6-mon prec & 850 wind for East-Asia Outlook
APCC / Chang-Mook Lim

completed : 16 Dec 2019 (Ref. Sang-Myung Oh)

modified (1) :

modified (2) :

load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_code.ncl”
load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_csm.ncl”
load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/contributed.ncl”

begin

FYEAR1 = stringtoint(systemfunc(”date -d ‘4month’ +%Y"))
FYEAR2 = stringtoint(systemfunc(’date —d ‘5month’ +%Y"))
FYEAR3 = stringtoint(systemfunc(”"date -d ‘6Bmonth’ +%Y"))
FMON = (systemfunc("date -d ‘Imonth” +%b | tr a-z A-Z"))
FMON1 = (systemfunc("date —d 'd4month’ +%b | tr a-z A-Z"))
FMON2 = (systemfunc("date -d '‘5month” +%b | tr a-z A-Z"))
FMON3 = (systemfunc("date —d ‘6month’ +%b | tr a-z A-Z"))
FMONTH/1 = (systemfunc(”date —d "4month’ +%B"))

FMONTH2 = (systemfunc(”date —d ‘5Smonth’ +%B"))

FMONTH3 = (systemfunc(”date —d ‘6month’ +%B"))

SEASH (systemfunc("date —-d “1month’ +%b | cut —c1”))

SEAS? = (systemfunc("date —d "2month’ +%b | cut —c1"))
SEAS3 = (systemfunc("date —d '‘3month’ +%b | cut —c1"))
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SEAS4 = (systemfunc("date —d '4month’ +%b | cut —c1"))

SEAS5 = (systemfunc("date —d '5Smonth’ +%b | cut -c1”))

SEAS6 = (systemfunc("date —-d '6month’ +%b | cut -c1"))

SEASON = SEAS4 + SEAS5 + SEAS6

FULLSEAS = SEAS1 + SEAS2 + SEAS3 + SEAS4 + SEAS5 + SEAS6
MON = (systemfunc("date —d ‘Omonth’ +%b"))

YEAR = stringtoint(systemfunc("date —d '‘Omonth’ +%Y"))

if ( FYEAR1 .ne. FYEAR3 ) then

SEA = FMONTH1 + " " + FYEAR1 + "=" + FMONTH3 + " " + FYEAR3
else

SEA = FMONTH1 + "=" + FMONTH3 + " " + FYEAR3

end if

FillvValue = 1e+20
dir = "/data11/OPER/AFS/DATA/6-MON/"

InFileFp
addfile(dir+"MME_OUT/FORECAST/SCM/"+FMON+"/"+SEASON+"/"+FYEAR1+"/prec.nc”,"r")

InFileFu
addfile(dir+"MME_OUT/FORECAST/SCM/"+FMON+"/"+SEASON+"/"+FYEAR1+"/u850.nc","r")

InFileFv
addfile(dir+"MME_OUT/FORECAST/SCM/"+FMON+"/"+SEASON+"/"+FYEAR1+"/v850.nc”,"r")

P_tmpF = InFileFp—>prec

U_tmpF = InFileFu->u850

V_tmpF = InFileFv—>v850

;. FIGURE
wtyp = "eps”
; wtyp = "x11”

outdir = "/data11/OPER/AFS/FIG/EA_OUTLOOK/" + FYEAR1 + FULLSEAS + "/
lation=(/-20,60,60,200/)
pltfil = outdir+"SCM_" +FYEAR1+SEASON+ "_prec_uv850"

wks = gsn_open_wks(wtyp,pltfil)

clevs=(/-1.6,-1.2,-0.8,-0.4,-0.2,0,0.2,0.4,0.8,1.2,1.6/)
colors = (/ (/255,255,255/), (/0,0,0/), \
(/100,050,002/), \
(/128,070,004/), \
(/192,104,008/), \
(/206,131,012/), \
(/239,171,039)), \
(/244,197 055/) )\
(/254,227 137/)\
(/255,235,180/),\
(/255,255,220/),\
(/243,255,230)), \
(/200,240,195/), \
(/160,220,155/), \
(/130,200,115/), \
(/090,160,070/), \
(/060,130,040/), \
(/040,100,020/), \
(/020,080,015/), \
(/010,050,010/) /) 1.0

colors = colors/255. ; normalize (required by NCL)
mag=3 ;m/s
len=0.1

gsn_define_colormap(wks, colors) ; generate new color map

res = True ; plot mods desired
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res@gsnDraw = False
res@gsnFrame = False

res@vpXF =02
res@vpYF = 0.8
res@vpHeightF = 0.6
res @ vpWidthF = 0.6

res@gsnMajorLatSpacing = 20
res@gsnMajorLonSpacing = 30

res@cnlLevelSelectionMode = "ExplicitLevels”

res@cnlLevels = (/-1.6,-1.2,-0.8,-0.4,-0.2,0,0.2,0.4,0.8,1.2,1.6/)
i = NhINewColor(wks,0.6,0.6,0.6) ; Grey60

i = NhINewColor(wks,0.28,0.24,0.55) ; SlateBlue4

k = NhINewColor(wks,1.0,1.0,0.0) ; Yellow

| = NhINewColor(wks,1.0,0.2,0.7) ; Maroonf

m = NhINewColor(wks,0.55,0.45,0.33) ; BurlyWood4
n = NhiNewColor(wks,0.95,0.95,0.95) ; Grey9s
res@gsnSpreadColorEnd = -7 ; don't use added gray
res@gsnAddCyclic = False

res@mpMinLatF = latlon(0)

res@mpMaxLatF = latlon(1)

res@mpMinLonF = latlon(2)

res@mpMaxLonF = latlon(3)

res@mpCenterLonF = (res@mpMinLonF+res@mpMaxLonF)/2.
res@IblLabelBarOn = True

res@cnSmoothingOn = True

res@cnFillOn = True

res@cnLinesOn = False

res@cnLinelLabelsOn = False ; turn off line labels
res @ gsnScalarContour = True

res@cnLineColor = "black”

res@cninfoLabelOn = False

res@gsnContourNegLineDashPattern = 1 ;

res@gsnSpreadColors = True

; res@mpDataBaseVersion = "MediumRes”
res@mplLandFillColor = -1
res @mpQOutlineBoundarySets = "National”
res @ mpNationalLineColor = "Black”
res@mpGeophysicalLineColor = "Black”

MainTitle = "Precipitation and Wind at 850 hPa for " + SEA
unit = "mmj/day & m/s”

; MAP GRID RESOURCES

res @ mpProjection = "CylindricalEquidistant”

res@mpLimitMode = "LatLon”

res@gsnlLeftString ="

res @ gsnlLeftStringFontHeightF = 0.014

res @ gsnlLeftStringOrthogonalPosF = 0.01

res @ gsnRightString = "Unit:"+unit

res @ gsnRightStringFontHeightF = 0.014

res @ gsnRightStringOrthogonalPosF = 0.01

res@tiMainFont = "times-roman”

res @tiMainFontHeightF = 0.02
res@mpQutlineOn = True

res@mpQutlineBoundarySets "Geographical”

res@mpQutlineBoundarySets = "National”
res@mpGeophysicalLineColor = "Black”
res@mpGeophysicalLineThicknessF = 1.2
res@mpNationalLineColor = "Black”
res@mpNationalLineThicknessF =12
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res@mpUSStatelLineColor = "Black”
res@mpUSStateLineThicknessF =12
res @vcRefMagnitudeF = mag
res@vcRefLengthF = len
res@vcRefAnnoOrthogonalPosF = -1.0
res@vcRefAnnoArrowLineColor = "black”

; res@vcRefAnnoArrowUseVecColor = False
res@vcMinDistanceF = 0.025

res@vcGlyphStyle = "CurlyVector”
res@vclLineArrowColor = "black”

; res@vclLineArrowThicknessF = 1.0
res@vcLineArrowThicknessF = 1.2
res@vcVectorDrawOrder = "PostDraw”
res @tiMainString = MainTitle

res@tmYROnN = False
res@tmxXTOn = False

res@tmXBMinorOn = False
res@tmYLMinorOn = False

res@tmXTOn = False
res@tmYRON = False
res@tmxXBOn = True
res@tmYLOn = True

res@tmXBLabelFontHeightF = 0.01
res@tmYLLabelFontHeightF = 0.01

res@IbLabelBarOn = True
res@IbLabelAutoStride = True
res@lbBoxMajorExtentF = 0.75
res@IbPerimOn = False

res@lbLabelFontHeightF = 0.01

res@pmlLabelBarOrthogonalPosF = 0.09

; INSIDE TEXT SETTING

insidetext =
resinside Text = True
amres = True
resinside Text@txPerimOn = True
resinside Text@ txPerimColor = "Black”

resinsideText@ txPerimThicknessF = 1.0
resinsideText@txPerimSpaceF =10

resinsideText@ txBackgroundFillColor = "Grey95”
resinside Text@txFont

; define vector ref mag
; define length of vec ref
; move ref vector
; change ref vector color
; don't use vec color for ref

; turn on curley vectors
; change vector color
; change vector thickness

; change vector thickness
; draw vectors last

"Anomaly fields are displayed ~“C™"

"simplex_roman”

resinside Text@ txFontColor "SlateBlue4”
resinsideText @ txFontHeightF = 0.007
amres @amParallelPosF = —0.499 ; This is the right edge of the plot.

amres @amOrthogonalPosF 0.497

amres@amdJust

; POLYLINE SETTING

resQutBox = True
resQutLine = True
sres = True
txres = True

dxres = True
intxres = True

amres = True

; This is the bottom edge of the plot.
"BottomLeft”
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TEXT CONTENTS

bottomsimbol = "¢”
bottomtext = "APEC Climate Center”
issuedate = systemfunc("date +%d")
issuemon = gystemfunc("date +%b")
issueyear = gystemfunc("date +%Y")
creatdate = "lssued: 20 " + MON + ", " + YEAR
; creatdate = "|ssued: " + issuedate + " " + issuemon + ", " + issueyear

POLYLINE SETTING

resOutBox@gsLineColor = "Gray”
resOutBox@gsLineThicknessF = 2.0
resOutLine @ gsLineColor = "Black”

resOutLine@gsLineThicknessF = 2.0

TEXT SETTING
txres@txFont = "times-roman”
txres@txFontHeightF = 0.0135

dxres @txFont = "times-roman”
dxres@txFontHeightF = 0.013

sres@txFont = "text-symbols”
sres@txFontHeightF = 0.012

POINTS LOCATION FOR POLYLINE
bxpts = (/0.02, 0.98,0.98,0.02,0.02/)
bypts = (/0.10, 0.10,0.80,0.80,0.10/)
Ixpts = (/0.04, 0.96/)
lypts = (/0.16, 0.16/)

simbolxpt=(/0.755/)
simbolypt=(/0.1397/)
textxpt=(/0.86/)
textypt=(/0.14/)

datexpt=(/0.131/)
dateypt=(/0.14/)

OUTSIDE BOX PLOTTING
gsn_polyline_ndc(wks,bxpts,bypts,resOutBox)
gsn_polyline_ndc(wks,Ixpts,lypts,resOutLine)

BOTTOM TEXT PLOTTING
gsn_text_ndc(wks,bottomsimbol,simbolxpt,simbolypt,sres)
gsn_text_ndc(wks,bottomtext,textxpt, textypt,txres)
gsn_text_ndc(wks,creatdate,datexpt,dateypt,dxres)

plot=gsn_csm_vector_scalar_map_ce(wks,U_tmpF(0,:,:),V_tmpF(0,:,:),P_tmpF(0,: ), res)
intext = gsn_create_text(wks, insidetext, resinsideText)
annoid = gsn_add_annotation(plot, intext, amres)
; gsn_text_ndc(wks,bottomsimbol,simbolxpt,simbolypt,resBottomSimbol)
; gsn_text_ndc(wks,bottomtext,textxpt,textypt,resBottomText)

draw(plot)
frame(wks)

delete(wks)
delete(plot)

if ( wiyp.eq."eps” ) then
system(”convert —trim —density 300 —geometry 1200X960 "+pltfil+".eps "+pltfil+".png")
system("rm -rf "+pltfil+".eps”)

end if

end
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EA_SCM_SST_3mon.ncl : SCM 3-mon SST for East-Asia Outlook
APCC / Chang-Mook Lim
completed : 16 Dec 2019 (Ref. Bong-Geun Song)
modified (1) :
modified (2) :

=== 1st block

load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_code.ncl”
load "$NCARG_ROOQOT/lib/ncarg/nclscripts/csm/gsn_csm.ncl”
load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/contributed.ncl”

begin
FYEAR1 = stringtoint(systemfunc("date —d 'Tmonth’ +%Y"))
FYEAR2 = stringtoint(systemfunc("date —d '2month’ +%Y"))
FYEAR3 = stringtoint(systemfunc("date —d ‘3month’ +%Y"))
FMON1 (systemfunc("date —-d ‘1month’ +%b | tr a-z A-Z"))
FMON2 (systemfunc("date —d '2month’ +%b | tr a-z A-Z"))
A-Z"))

FMONS3 = (systemfunc("date -d '‘3month” +%b | tr a-z

FMONTH!1 (systemfunc(’date —d "Tmonth’ +%B"))

FMONTH2 (systemfunc(’date —-d "2month’ +%B"))

FMONTH3 (systemfunc(”date —d ‘3month’ +%B"))

SEAS1 = (systemfunc("date —d ‘1Tmonth’ +%b | cut —c1"))

SEAS2 = (systemfunc("date -d "2month’ +%b | cut —-c1”))

SEAS3 = (systemfunc("date —d '‘S3month’ +%b | cut —c1"))

SEAS4 = (systemfunc("date -d '4month’ +%b | cut —c1”))

SEAS5 = (systemfunc("date —d '5Smonth’ +%b | cut -c1”))

SEAS6 = (systemfunc("date —d ‘6month’ +%b | cut —c1”))

SEASON = SEAS1 + SEAS2 + SEASS3

FULLSEAS = SEAS1 + SEAS2 + SEAS3 + SEAS4 + SEAS5 + SEAS6

MON = (systemfunc(’date —d '‘Omonth’ +%b"))

YEAR = stringtoint(systemfunc("date —d 'Omonth’ +%Y"))

if ( FYEAR1 .ne. FYEAR3 ) then

SEA = FMONTH1 + " " + FYEAR1 + "=" + FMONTH3 + " " + FYEAR3
else

SEA = FMONTH1 + "=" + FMONTH3 + " " + FYEAR3

end if

OutDir = "/datal1/OPER/AFS/FIG/EA_OUTLOOK/" + FYEAR1 + FULLSEAS + "/”

oflename = OutDir + "SCM_" +FYEAR1+SEASON+ "_sst”

=== 2nd block

infle = addfile("/datal1/OPER/AFS/DATA/6-MON/MME_OUT/FORECAST/SCM/" + FMON1 + /"
+ SEASON + "/" + FYEAR1 + "/sstnc”,"r")
FSST = infile—>sst

p_type = "eps”

wks = gsn_open_wks(p_type, ofilename)
res = True

res@cnFillMode = "CellFill”

4

res@mpProjection = "LambertEqualArea”
res@pmTickMarkDisplayMode = "Always”
res@gsnDraw = False

res@gsnFrame = False

- 169 -



res@cnFillOn = True
res@cnLinesOn = False

res@mpGridAndLimbOn = True
res@mpMinLatF = 10
res@mpMaxLatF = 55
res@mpMinLonF =110
res@mpMaxLonF = 185
res@mpMinLatF = 15
res@mpMaxLatF = 60
res@mpMinLonF = 70
res@mpMaxLonF =150
res@mpCenterLonF = (res@mpMinLonF+res@mpMaxLonF)/2.
res@vpXF =02

res@vpYF = 0.8

res@vpHeightF = 0.6

res@vpWidthF = 0.6
res@mpLandFillColor = "gray”
res@ mplLandFillColor = "white”
res@mpGridAndLimbOn = True
res@mpGridLineDashPattern = 2
res@mpGridLineColor = "grey60”
res@mpGridLatSpacingF =20
res@mpGridLonSpacingF =15
res@mpGridMaskMode = "MaskLand”
res@mpNationalLineThicknessF 1.2

res@mpGeophysicalLineThicknessF = 1.2
res@mpDataBaseVersion = "MediumRes”
res@mpQOutlineBoundarySets = "National”
res@mpNationalLineColor "Black”
res@mpGeophysicalLineColor "Black”
res@mpLimitMode = "LatLon”

res@mpPerimOn = False
res@mpFillOn = False

res@tmXBMinorOn = False
res@tmYLMinorOn = False
res@tmxXTOn = False
res@tmYROnN False
res@tmXBOn = True
res@tmYLOn = True
res@tmXBLabelFontHeightF = 0.01
res@tmYLLabelFontHeightF = 0.01

res@IbLabelBarOn = True
res@IbLabelAutoStride = True
res@IbBoxMajorExtentF = 0.75
res@IbPerimOn = False
res@IbLabelFontHeightF = 0.01

0.09
0.02

res@pmlLabelBarOrthogonalPosF
res@pmlLabelBarOrthogonalPosF

res@gsnMajorLatSpacing = 10
res@gsnMajorLonSpacing = 10

3nd block

SST Anomaly

res @tiMainFont
res @tiMainFontHeightF
res @tiMainString

"times—-roman”
0.02
"Sea Surface Temperature for " + SEA
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res @ gsnRightStringFontHeightF = 0.014

res @ gsnRightStringOrthogonalPosF = 0.01

res @ gsnRightString = "Unit: “ST0"NTC”
res @ gsnlLeftStringFontHeightF = 0.014

res @ gsnleftStringOrthogonalPosF = 0.01
res@gsnlLeftString ="

res@cnlevelSelectionMode = "ExplicitLevels”
res@cnlevels = (/ -1.8,-1.4-1.0,-0.6,-0.2,0,0.2,0.6,1.0,1.4,1.8 /)
res@cnFillColors = (/ (/000,097,128/), \
(/000,161,191/), \
(/000,191,224/), \
(/000,224,255/), \
(/204,252,252/), \
(/255,255,255/), \
(/255,255,255/), \
(/252,252,000/), \
(/252,192,000/), \
(/252,129,000/), \
(/252,063,000/), \
(/128,000,000/) /) /255.

plot = gsn_csm_contour_map(wks, FSST(0,::), res)

=== 4th block

; POLYLINE SETTING

resQutBox = True
resOutLine = True
sres = True
txres = True

dxres = True
intxres = True

amres = True

; TEXT CONTENTS
bottomsimbol
bottomtext "APEC Climate Center”
issuedate systemfunc("date +%d")
issuemon = systemfunc(’date +%Db")

NG

C

)

issueyear = gystemfunc("date +%Y")
creatdate = "lssued: 20 " + MON + " " + YEAR
; creatdate = "|ssued: " + issuedate + " " + issuemon + ", " + issueyear

; POLYLINE SETTING
resOutBox @ gsLineColor = "Gray”
resOutBox@gsLineThicknessF = 2.0

resQutLine@gsLineColor = "Black”
resOutLine@gsLineThicknessF = 2.0

; TEXT SETTING
txres@txFont = "times-roman”
txres@txFontHeightF = 0.0135

dxres@txFont = "times-roman”
dxres@txFontHeightF = 0.013

sres@txFont = "text-symbols”
sres@txFontHeightF = 0.012
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; POINTS LOCATION FOR POLYLINE
bxpts = (/0.02, 0.98,0.98,0.02,0.02/)
bypts = (/0.10, 0.10,0.80,0.80,0.10/)
Ixpts = (/0.04, 0.96))
lypts = (/0.16, 0.16/)

simbolxpt=(/0.755/)
simbolypt=(/0.1397/)
textxpt=(/0.86/)
textypt=(/0.14/)
datexpt=(/0.131/)
dateypt=(/0.14/)

; OUTSIDE BOX PLOTTING
gsn_polyline_ndc(wks,bxpts,bypts,resOutBox)
gsn_polyline_ndc(wks,Ixpts,lypts,resOutLine)

; BOTTOM TEXT PLOTTING
gsn_text_ndc(wks,bottomsimbol,simbolxpt,simbolypt,sres)
gsn_text_ndc(wks,bottomtext,textxpt textypt,txres)
gsn_text_ndc(wks,creatdate,datexpt,dateypt,dxres)

; INSIDE TEXT SETTING

insidetext = "Anomaly fields are displayed ~C™"
resinside Text = True

amres = True

resinsideText@ txPerimOn = True

resinsideText@ txPerimColor = "Black”
resinsideText@txPerimThicknessF = 1.0

resinside Text@txPerimSpaceF =1.0

resinsideText@txBackgroundFillColor = "Grey95”
resinside Text@txFont "simplex_roman”

resinside Text@ txFontColor "SlateBlue4”
resinside Text@ txFontHeightF = 0.01

; resinside Text@txFontHeightF = 0.007
amres @amParallelPosF = -0.499 ; This is the right edge of the plot.
amres @ amOrthogonalPosF = 0497 ; This is the bottom edge of the plot.
amres@amJust = "BottomLeft”

intext = gsn_create_text(wks, insidetext, resinsideText)
annoid = gsn_add_annotation(plot, intext, amres)

draw(plot)

frame(wks)
delete(wks)

if p_type.eq.”"eps”
system("convert -trim -density 300 -geometry 1200X960 " + ofilename + ".eps " +
ofilename + ".png”)
system("rm —f " + ofilename +
end if

"

.eps ")

end
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EA_SCM_SST_6mon.ncl : SCM 6-mon SST for East-Asia Outlook
APCC / Chang-Mook Lim
completed : 16 Dec 2019  (Ref. Bong-Geun Song)
modified (1) :
modified (2) :

=== 1st block

load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_code.ncl”
load "$NCARG_ROOQOT/lib/ncarg/nclscripts/csm/gsn_csm.ncl”
load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/contributed.ncl”

begin
FYEAR1 = stringtoint(systemfunc("date —d ‘4month’ +%Y"))
FYEAR2 = stringtoint(systemfunc("date —d ‘Smonth’ +%Y"))
FYEAR3 = stringtoint(systemfunc("date —d ‘6month’ +%Y"))
FMON = (systemfunc("date —d '1month’ +%b | tr a-z A-Z"))
FMON1 = (systemfunc("date —d '4month’ +%b | tr a-z A-Z"))
FMON2 = (systemfunc("date -d '‘5month” +%b | tr a-z A-Z"))
FMONS3 = (systemfunc("date -d '‘6month” +%b | tr a-z A-Z"))
FMONTH!1 = (systemfunc(’date —d "4month’ +%B"))
FMONTH2 = (systemfunc(”date —-d ‘5Smonth’ +%B"))
FMONTH3 = (systemfunc(”date —d ‘6month’ +%B"))
SEAST = (systemfunc("date -d "1month’ +%b | cut —-c1”))
SEAS2 = (systemfunc("date —d "2month’ +%b | cut —-c1”))
SEAS3 = (systemfunc("date —d '3month’ +%b | cut —-c1”))
SEAS4 = (systemfunc("date —d '4month’ +%b | cut -c1”))
SEAS5S = (systemfunc("date —d '‘Smonth’ +%b | cut —c17))
SEAS6 = (systemfunc("date —d ‘6month’ +%b | cut —c1”))
SEASON = SEAS4 + SEAS5 + SEAS6
FULLSEAS = SEAS1 + SEAS2 + SEAS3 + SEAS4 + SEAS5 + SEAS6
MON = (systemfunc(”date —d ‘Omonth’ +%b"))
YEAR = stringtoint(systemfunc(”date —-d '‘Omonth’ +%Y"))
if ( FYEAR1 .ne. FYEARS3 ) then
SEA = FMONTH1 + " " + FYEAR1 + "=" + FMONTH3 + " " + FYEAR3
else
SEA = FMONTH1 + "=" + FMONTH3 + " " + FYEARS
end if
OutDir = "/datal1/OPER/AFS/FIG/EA_OUTLOOK/" + FYEAR1 + FULLSEAS + "/"

ofilename = OutDir + "SCM_" +FYEAR1+SEASON+ "_sst”

=== 2nd block

infle = addfile("/data11/OPER/AFS/DATA/6-MON/MME_QUT/FORECAST/SCM/" + FMON + "/" +
SEASON + "/" + FYEAR1 + "/sst.nc”,"r")

FSST = infile—>sst

p_type = "eps”

wks = gsn_open_wks(p_type, ofilename)

res = True

res@cnFillMode = "CellFill”

res @ mpProjection = "LambertEqualArea”

res@pmTickMarkDisplayMode = "Always”
res@gsnDraw = False
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res@gsnFrame = False

res@cnFillOn = True
res@cnLinesOn = False

res@mpGridAndLimbOn = True
res@mpMinLatF = 10
res@mpMaxLatF = 55
res@mpMinLonF =110
res@mpMaxLonF = 185
res@mpMinLatF = 15
res@mpMaxLatF = 60
res@mpMinLonF = 70
res@mpMaxLonF = 150
res@mpCenterLonF = (res@mpMinLonF+res@mpMaxLonF)/2.
res@vpXF =02

res@vpYF = 0.8

res@vpHeightF = 0.6

res @ vpWidthF = 0.6
res@mpLandFillColor = "gray”
res@mplLandFillColor = "white”
res@mpGridAndLimbOn = True
res@mpGridLineDashPattern = 2
res@mpGridLineColor = "grey60”
res@mpGridLatSpacingF =20
res@mpGridLonSpacingF =15
res@mpGridMaskMode = "MaskLand”
res@mpNationalLineThicknessF 1.2

res@mpGeophysicalLineThicknessF = 1.2
res@mpDataBaseVersion = "MediumRes”
res@mpQOutlineBoundarySets = "National”
res@mpNationalLineColor "Black”
res@mpGeophysicalLineColor "Black”
res@mpLimitMode = "LatLon”

res@mpPerimOn = False
res@mpkFillOn = False

res@tmXBMinorOn = False
res@tmYLMinorOn = False
res@tmXTOn = False
res@tmYROnN False
res@tmxXBOn = True
res@tmYLOn = True
res@tmXBLabelFontHeightF = 0.01
res@tmYLLabelFontHeightF = 0.01

res@IbLabelBarOn = True
res@IbLabelAutoStride = True
res@lbBoxMajorExtentF = 0.75
res@IbPerimOn = False
res@IlbLabelFontHeightF = 0.01

0.09
0.02

res@pmlLabelBarOrthogonalPosF
res@pmlLabelBarOrthogonalPosF

res@gsnMajorLatSpacing = 10
res@gsnMajorLonSpacing = 10

3nd

block

SST Anomaly

res@tiMainFont = "times-roman”
res @tiMainFontHeightF = 0.02
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res @tiMainString = "Sea Surface Temperature for " + SEA

res @ gsnRightStringFontHeightF = 0.014

res @ gsnRightStringOrthogonalPosF = 0.01

res @ gsnRightString = "Unit: “STo"NC”
res @ gsnlLeftStringFontHeightF = 0.014

res @ gsnlLeftStringOrthogonalPosF = 0.01
res@gsnlLeftString ="

res@cnlLevelSelectionMode = "ExplicitLevels”
res@cnlevels = (/ -1.8,-1.4-1.0,-0.6,-0.2,0,0.2,0.6,1.0,1.4,1.8 /)
res@cnFillColors = (/ (/000,097,128/), \
(/000,161,191/), \
(/000,191,224/), \
(/000,224,255/), \
(/204,252,252/), \
(/255,255,255/), \
(/255,255,255/), \
(/252,252,000/), \
(/252,192,000/), \
(/252,129,000/), \
(/252,063,000/), \
(/128,000,000/) /) /255.

plot = gsn_csm_contour_map(wks, FSST(0,:,:), res)

=== 4th block
; POLYLINE SETTING
resQutBox = True
resQutLine = True
sres = True
txres = True
axres = True
intxres = True
amres = True
; TEXT CONTENTS
bottomsimbol = "¢”
bottomtext = "APEC Climate Center”
issuedate = systemfunc("date +%d")
issuemon = gystemfunc(”date +%b")
issueyear = systemfunc("date +%Y")
creatdate = "lssued: 20 " + MON + " " + YEAR
; creatdate = "|ssued: " + issuedate + " " + issuemon + ", " + issueyear

; POLYLINE SETTING
resOutBox @ gsLineColor = "Gray”
resOutBox@gsLineThicknessF = 2.0

resOutLine @gsLineColor = "Black”
resQOutLine@gsLineThicknessF = 2.0

; TEXT SETTING
txres @txFont = "times-roman”
txres @txFontHeightF = 0.0135

dxres@txFont = "times-roman”
dxres@txFontHeightF = 0.013
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sres@txFont = "text-symbols”
sres@txFontHeightF = 0.012

; POINTS LOCATION FOR POLYLINE
bxpts = (/0.02, 0.98,0.98,0.02,0.02/)
bypts = (/0.10, 0.10,0.80,0.80,0.10/)
Ixpts = (/0.04, 0.96/))
lypts = (/0.16, 0.16/)

simbolxpt=(/0.755/)
simbolypt=(/0.1397/)
textxpt=(/0.86/)
textypt=(/0.14/)
datexpt=(/0.131/)
dateypt=(/0.14/)

; OUTSIDE BOX PLOTTING
gsn_polyline_ndc(wks,bxpts,bypts,resOutBox)
gsn_polyline_ndc(wks,Ixpts,lypts,resOutLine)

; BOTTOM TEXT PLOTTING
gsn_text_ndc(wks,bottomsimbol,simbolxpt,simbolypt,sres)
gsn_text_ndc(wks,bottomtext,textxpt, textypt,txres)
gsn_text_ndc(wks,creatdate,datexpt,dateypt,dxres)

; INSIDE TEXT SETTING

insidetext = "Anomaly fields are displayed “C™"
resinsideText = True
amres = True
resinsideText@ txPerimOn = True
resinsideText@txPerimColor = "Black”
resinsideText@txPerimThicknessF = 1.0
resinsideText@txPerimSpaceF =10
resinsideText@txBackgroundFillColor = "Grey95”
resinside Text@txFont = "simplex_roman”
resinside Text@txFontColor = "SlateBlue4”
resinside Text @ txFontHeightF = 0.01
; resinsideText @ txFontHeightF = 0.007
amres@amParallelPosF = —0.499 ; This is the right edge of the plot.
amres @amOrthogonalPosF = 0497 ; This is the bottom edge of the plot.
amres@amdJust = "BottomLeft”

intext = gsn_create_text(wks, insidetext, resinsideText)
annoid = gsn_add_annotation(plot, intext, amres)

draw(plot)

frame(wks)
delete(wks)

if p_type.eq.”eps”
system("convert -trim —density 300 —-geometry 1200X960 " + ofilename + ".eps " +
ofilename + ".png”)
system("rm —f " + ofilename + ".eps ")
end if

end
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p— 1st

block

load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_code.ncl”
load "$NCARG_ROOQOT/lib/ncarg/nclscripts/csm/gsn_csm.ncl”
load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/contributed.ncl”

begin
MON = (systemfunc("date —d ‘Omonth’ +%b"))
NMON = (systemfunc("date —d 'Omonth’ +%m"))
YEAR = stringtoint(systemfunc("date —d 'Omonth’ +%Y"))
BMON = (systemfunc(”"date —-d ‘-1 month’ +%b"))
BNMON = (systemfunc(’date —-d ‘=1 month’ +%m”"))
BYEAR = stringtoint(systemfunc(”date —d ‘=1 month’ +%Y"))
LASTDAY = (systemfunc("date -d " + YEAR + "=" + NMON + "-01 -1 day’ +%d"))
FYEAR1 = stringtoint(systemfunc(”"date -d “1month’ +%Y"))
SEASH = (systemfunc("date —d '1month’ +%b | cut -c1”))
SEAS? = (systemfunc("date —d "2month’ +%b | cut —c1"))
SEAS3 = (systemfunc(’date —-d '3month” +%b | cut -c1"))
SEAS4 = (systemfunc(’date —-d '4month’ +%b | cut -c1"))
SEAS5 = (systemfunc("date —d '‘Smonth’ +%b | cut —c1"))
SEAS6 = (systemfunc(”"date —-d '6month” +%b | cut -c1"))
FULLSEAS = SEAS1 + SEAS2 + SEAS3 + SEAS4 + SEAS5 + SEAS6

infile = addfile("/data11/CIS/INEW_CMS_beta/DATA/precip.” + BYEAR + "=" + BNMON +
+ BYEAR + "=" + BNMON + "=" + LASTDAY + ".daily.anomaly.nc”,"r")

var = infile—>precip

OutDir = "/datal11/OPER/AFS/FIG/EA_OUTLOOK/” + FYEAR1 + FULLSEAS + /"
system ("mkdir —-p " + OutDir)

=== 2I’ld

"-01."

block

p_type = "eps”

wks = gsn_open_wks(p_type, OutDir + "OBS_prec.eps”)

;——— "olr" variable colors

colors = (/ (/255,255,255/), (/0,0,0/), \
(/100,050,002)), \
(/128,070,004/), \
(/192,104,008/), \
(/206,131,012)), \
(/239,171,039/), \
(/244,197,055/), \
(/254,227 137/), \
(/255,235,180/), \
(/255,255,220/), \
(/243,255,230/), \
(/200,240,195)), \
(/160,220,155/), \
(/130,200,115/), \
(/090,160,070)), \
(/060,130,040/), \
(/040,100,020/), \
(/020,080,015/), \
(/010,050,010/) /) *1.0

- 177 -



colors = colors/255.

gsn_define_colormap(wks, colors)

3nd

block

res = True

res@gsnDraw = False
res@gsnFrame = False

; X=Y LABEL and TICKMARK

res@tmXBLabelFont
res@tmYLLabelFont
res @tmXBLabelFontHeightF
res@tmYLLabelFontHeightF

res@tmXBOn = True
res@tmYLOn = True
res@tmXTOn = False
res@tmYRON = False

; MAP BOUNDARY

res@mpOutlineOn
res@mpQOutlineBoundarySets
res @ mpNationalLineColor
res@mpNationalLineThicknessF

; MAP GRID

res@mpGridAndLimbOn
res@mpGridLineDashPattern
res@mpGridLineColor
res@mpGridLatSpacingF
res@mpGridLonSpacingF
res@mpGridMaskMode

; CONTOUR and LABELBAR

res@cnFillOn = True
res@cnLinesOn Fal
res@cnLinelLabelsOn
res@cninfoLabelOn

res@gsnSpreadColors = Tru

0.70
0.25

res @ lbBoxMajorExtentF
res @lbBoxMinorExtentF

"simplex_roman”
"simplex_roman”
= 0.008
= 0.008

= True

= "National”
= "Black”
=12

= True
2
"Grey60”
=20
=30
= "MaskLand”

res@cnSmoothingOn = False

se

False
False

e

res@IbLabelBarOn = True

;——— "east_asia” region
RegionName
res @ mpProjection =
res@mpLimitMode

res@mpMinLatF
res@mpMaxLatF
res@mpMinLonF
res@mpMaxLonF

res@vpXF 0.2
res@vpYF 0.8
res@vpHeightFr = 0.6
res@vpWidthF = 0.6

= "EastAsia”
"LambertEqualArea”
= "LatLon”

res@pmTickMarkDisplayMode = "Always”

= 15

60
70
= 150

res@mpCenterLonF = (res@mpMinLonF+res@mpMaxLonF)/2.
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=== 5th block

;——— "olr" variable

res@cnlLevelSelectionMode = "ExplicitLevels”
res@cnlLevels = (/-6,-5,-4,-3,-2,-1,0,1,2,3,4,5,6/)

res@tiMainFont = "times-roman”
res @tiMainFontHeightF = 0.021
res @tiMainString = "Precipitation Anomaly”

res @ gsnRightStringFontHeightF = 0.014
res @ gsnRightStringOrthogonalPosF = 0.01
res @ gsnRightString = "Unit: mm”

res @ gsnlLeftStringFontHeightF = 0.014

res @ gsnlLeftStringOrthogonalPosF = 0.01

res@gsnlLeftString = BMON + " 01 " + BYEAR + " = " + BMON + " " +
LASTDAY + " " + BYEAR

=== 6th block

plot = gsn_csm_contour_map(wks,var(:,:),res)

)

; POLYLINE SETTING
resQutBox = True
resOutLine = True

sres = True
txres = True
dxres = True

intxres = True
amres = True

; TEXT CONTENTS
bottomsimbol C
bottomtext "APEC Climate Center”
issuedate = systemfunc("date +%d")
issuemon = gystemfunc("date +%b")
issueyear = gystemfunc("date +%Y")
creatdate = "lssued: 20 " + MON + " " + YEAR

N

; POLYLINE SETTING
resOutBox @ gsLineColor
resOutBox @ gsLineThicknessF

"Gray”

2.0
resOutLine @gsLineColor = "Black”
resOutLine@gsLineThicknessF = 2.0

; TEXT SETTING
txres@txFont = "times-roman”

txres@txFontHeightF = 0.0135

dxres@txFont = "times-roman”
dxres@txFontHeightF = 0.013

sres@txFont = "text-symbols”
sres@txFontHeightF = 0.012

; POINTS LOCATION FOR POLYLINE
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bxpts = (/0.02, 0.98,0.98,0.02,0.02/)
bypts = (/0.10, 0.10,0.80,0.80,0.10/)
Ixpts = (/0.04, 0.96/)
lypts = (/0.16, 0.16/)

simbolxpt=(/0.755/)
simbolypt=(/0.1397/)
textxpt=(/0.86/)
textypt=(/0.14/)
datexpt=(/0.131))
dateypt=(/0.14/)

; OUTSIDE BOX PLOTTING
gsn_polyline_ndc(wks,bxpts,bypts,resOutBox)
gsn_polyline_ndc(wks,Ixpts,lypts,resOutLine)

; BOTTOM TEXT PLOTTING
gsn_text_ndc(wks,bottomsimbol,simbolxpt,simbolypt,sres)
gsn_text_ndc(wks,bottomtext,textxpt, textypt,txres)
gsn_text_ndc(wks,creatdate,datexpt,dateypt,dxres)

AnnoTitle = "DataSource : " + "CPC_PRCP" + "~C™

AnnoTitle = AnnoTitle + "Climatology : " + "1992 - 2011”

; BOTTOM TEXT SETTING

resinside Text = True

amres = True
resinsideText@ txPerimOn = True
reslnside Text@ txPerimColor = "Black”
resinsideText@txPerimThicknessF = 1.0
resinside Text@txPerimSpaceF =10

resinside Text @ txBackgroundFillColor = "Grey95”
resinside Text@txFont "simplex_roman”

reslnside Text @ txFontColor "SlateBlued”

resinside Text @ txFontHeightF = 0.01

amres@amParallelPosF = -0.499 ; This is the right edge of the plot
amres@amOrthogonalPosF = 0.497 ; This is the bottom edge of the plot
amres@amJdust = "BottomLeft”

intext = gsn_create_text(wks, AnnoTitle, resinsideText)
annoid = gsn_add_annotation(plot, intext, amres)

draw(plot)
frame(wks)

delete(wks)

if p_type.eq.”"eps”
system(”"convert —trim —density 300 —geometry 1200X960 " + OutDir + "OBS_prec.eps” +
" + QOutDir + "OBS_prec.png”)
system("rm —f " + OutDir + "OBS_prec.eps”)
end if

end

"
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=== 1st block

load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_code.ncl”
load "$NCARG_ROOQOT/lib/ncarg/nclscripts/csm/gsn_csm.ncl”
load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/contributed.ncl”

begin
MON = (systemfunc("date —d ‘Omonth’ +%b"))
NMON = (systemfunc("date —d 'Omonth’ +%m"))
YEAR = stringtoint(systemfunc("date —d 'Omonth’ +%Y"))
BMON = (systemfunc(”"date —-d ‘-1 month’ +%b"))
BNMON = (systemfunc(’date —-d ‘=1 month’ +%m”"))
BYEAR = stringtoint(systemfunc(”date —d ‘=1 month’ +%Y"))
LASTDAY = (systemfunc("date -d " + YEAR + "=" + NMON + "-01 -1 day’ +%d"))
FYEAR1 = stringtoint(systemfunc(”"date -d “1month’ +%Y"))
SEASH = (systemfunc("date —d '1month’ +%b | cut -c1”))
SEAS? = (systemfunc("date —d "2month’ +%b | cut —c1"))
SEAS3 = (systemfunc(’date —-d '3month” +%b | cut -c1"))
SEAS4 = (systemfunc(’date —-d '4month’ +%b | cut -c1"))
SEAS5 = (systemfunc("date —d '‘Smonth’ +%b | cut —c1"))
SEAS6 = (systemfunc(”"date —-d '6month” +%b | cut -c1"))
FULLSEAS = SEAS1 + SEAS2 + SEAS3 + SEAS4 + SEAS5 + SEAS6

infile = addfile("/data11/CIS/INEW_CMS_beta/DATA/air2m.” + BYEAR + "=" + BNMON + "-01."
+ BYEAR + "=" + BNMON + "=" + LASTDAY + ".daily.anomaly.nc”,"r")

var = infile—>air

OutDir = "/datal11/OPER/AFS/FIG/EA_OUTLOOK/” + FYEAR1 + FULLSEAS + /"
system ("mkdir —-p " + OutDir)

=== 2nd block

p_type = "eps”

wks = gsn_open_wks(p_type, OutDir + "OBS_t2m.eps”)

- "t2m” variable colors

colors = (/ (/255,255,255/), (/0,0,0/), \
(/035,000,215)), \
(/060,134,255/), \
(/085,175,255/), \
(/117,210,255)), \
(/187,248,255/), \
(/234,255,255/), \
(/255,255,221)), \
(/255,240,187/), \
(/255,213,153/), \
(/255,120,085)), \
(/255,044,000/), \
(/215,020,046/) /) 1.0

colors = colors/255.

gsn_define_colormap(wks, colors)

=== 3nd block
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res = True

res@gsnDraw = False
res@gsnFrame = False

; X=Y LABEL and TICKMARK

res@tmXBLabelFont = "simplex_roman”
res@tmYLLabelFont = "simplex_roman”
res@tmXBLabelFontHeightF = 0.008
res@tmYLLabelFontHeightF = 0.008
res@tmXBOn = True

res@tmYLOn = True

res@tmXTOn = False

res@tmYRONn = False

; MAP BOUNDARY

res@mpOutlineOn = True
res@mpQOutlineBoundarySets = "National”
res@mpNationalLineColor "Black”
res@mpNationalLineThicknessF 1.2

; MAP GRID

res@mpGridAndLimbOn = True
res@mpGridLineDashPattern 2
res@mpGridLineColor "Grey60”
res@mpGridLatSpacingF =20
res@mpGridLonSpacingF =30
res@mpGridMaskMode = "MaskLand”

; CONTOUR and LABELBAR

res@cnSmoothingOn = False
res@cnFillOn = True
res@cnLinesOn = False
res@cnLinelLabelsOn = False
res@cninfoLabelOn = False
res@gsnSpreadColors = True

res@IbLabelBarOn = True
res@lbBoxMajorExtentF = 0.70
res@IbBoxMinorExtentF = 0.25

;——— "east_asia” region
res @ mpProjection = "LambertEqualArea”

res@mpLimitMode = "LatLon”

res@pmTickMarkDisplayMode = "Always”

res@mpMinLatF 15

res@mpMaxLatF 60
res@mpMinLonF 70
res@mpMaxLonF = 150

res@mpCenterLonF = (res@mpMinLonF+res@mpMaxLonF)/2.

res@vpXF =02
res@vpYF = 0.8
res@vpHeightr = 0.6
res@vpWidthF = 0.6

=== 5th

block

;=== "t2m" variable

res@cnlLevelSelectionMode = "ExplicitLevels”
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; res@cnlLevels = (/ -6,-5,-4,-3,-2,-1,0,1,2,3,4,5,6 /)
; if ( region_name .eq. east_asia ) then

res@cnlLevels = (/ -3.0,-2.5,-2.0,-1.5,-1.0,-0.5,0,0.5,1.0,1.5,2.0,2.5,3.0 /)
; end if

res@tiMainFont = "times-roman”
res @tiMainFontHeightF = 0.021
res @tiMainString = "2m Air Temperature Anomaly”

res @ gsnRightStringFontHeightF = 0.014
res @ gsnRightStringOrthogonalPosF = 0.01
res @ gsnRightString "Unit: “STo"N~C”

res @ gsnlLeftStringFontHeightF = 0.014

res @ gsnlLeftStringOrthogonalPosF = 0.01

res@gsnlLeftString = BMON + " 01 " + BYEAR + " = " + BMON + " " +
LASTDAY + " " + BYEAR

=== 6th block

plot = gsn_csm_contour_map(wks,var(:,:),res)

; POLYLINE SETTING
resQutBox = True
resQutLine = True

sres = True
txres = True
dxres = True

intxres = True
amres = True

; TEXT CONTENTS
bottomsimbol = "c
bottomtext = "APEC Climate Center”
issuedate = systemfunc(”date +%d")
issuemon = gsystemfunc("date +%b")
issueyear = gystemfunc("date +%Y")
creatdate = "Issued: 20 " + MON + ", " + YEAR

N

; POLYLINE SETTING
resOutBox @ gsLineColor
resOutBox @gsLineThicknessF

= "Gray”
=20
resQutLine@gsLineColor = "Black”
resOutLine@gsLineThicknessF = 2.0

; TEXT SETTING
txres @txFont = "times-roman”
txres@txFontHeightF = 0.0135

dxres@txFont = "times-roman”
dxres @txFontHeightF = 0.013

sres@txFont = "text-symbols”
sres@txFontHeightFr = 0.012

; POINTS LOCATION FOR POLYLINE
bxpts = (/0.02, 0.98,0.98,0.02,0.02/)
bypts = (/0.10, 0.10,0.80,0.80,0.10/)
Ixpts = (/0.04, 0.96/)
lypts = (/0.16, 0.16))
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)

)

)

simbolxpt=(/0.755/)
simbolypt=(/0.1397/)
textxpt=(/0.86/)
textypt=(/0.14/)
datexpt=(/0.131))
dateypt=(/0.14/)

; OUTSIDE BOX PLOTTING

gsn_polyline_ndc(wks,bxpts,bypts,resOutBox)
gsn_polyline_ndc(wks,Ixpts,lypts,resOutLine)

; BOTTOM TEXT PLOTTING

gsn_text_ndc(wks,bottomsimbol,simbolxpt,simbolypt,sres)
gsn_text_ndc(wks,bottomtext,textxpt textypt,txres)
gsn_text_ndc(wks,creatdate,datexpt,dateypt,dxres)

AnnoTitle = "DataSource : " + "NCEP_SFC"” + ""C™"

AnnoTitle = AnnoTitle + "Climatology @ " + "1992 - 2011”

; BOTTOM TEXT SETTING

resinside Text = True

amres = True
resinsideText@ txPerimOn = True
resinside Text@ txPerimColor = "Black”
resinsideText@ txPerimThicknessF = 1.0
resinside Text@ txPerimSpaceF =10

reslinside Text @ txBackgroundFillColor = "Grey95”
resinside Text@ txFont "simplex_roman”

resinsideText@txFontColor "SlateBlue4”

resinside Text@ txFontHeightF = 0.01

amres@amParallelPosF = -0.499 ; This is the right edge of the plot
amres@amOrthogonalPosF = 0.497 ; This is the bottom edge of the plot
amres@amdJust = "BottomLeft”

intext = gsn_create_text(wks, AnnoTitle, resinsideText)
annoid = gsn_add_annotation(plot, intext, amres)

draw(plot)
frame(wks)

delete(wks)

if p_type.eq."eps”
system(”"convert —trim —density 300 —geometry 1200X960 " + OutDir + "OBS_t2m.eps” + " "

+ OutDir + "OBS_t2m.png")
system("rm —f ” + OutDir + "OBS_t2m.eps”)
end if

end
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Figure Bl. T-test between two climatologies for 1983-2010 (climl) and 1991-2010 (clim2) of
predicted seasonal mean precipitation, 2m temperature, geopotential height at 500 hPa and
sea surface temperature by each individual models (a-g) for 4 season (MAM, JJA, SON, DJF).
Shaded areas are the regions where the climl and clim2 statistically differ at the 5%, 10%,
and 20% significance levels.
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Figure Al. (Continued)
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Figure Al. (Continued)
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Figure Al. (Continued)
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Figure B2. Same as Figure Bl except for KS-Test.
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Figure B2. (Continued)

195 -



(e) NASA

—
a4 waomeoar wwoweoar woar o

Figure B2. (Continued)
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Figure B2. (Continued)
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1 News and Notice

1.1 Earlier Seasonal Climate Outlook

Starting from November 2019, APCC has changed the official seasonal climate outlook
release date from the 25" to the 20™ of every month by courtesy of the agreement of all of
the APCC Multi-Model Ensemble (MME) Producing Centers (PCs) on the earlier release at the
3¥ APCC MME Providers’ Meeting (MPM). The change of the official seasonal climate
outlook release date is aimed to promote the harnessing of APCC’ s climate information and
strengthen its competitiveness with other MME groups. APCC could even more advance the
outlooks release date as early as the middle of the month if PCs send the forecast data to
APCC a few days ahead in near future.

1.2 New Hindcast Period

APCC has changed the hindcast period for the APCC MME from 1983-2010 to 1991-2010
since the forecast for January - June 2020 this month. APCC collects climate forecast
information from 14 climate forecasting centers/institutes, and only 8 climate models whose
hindcast periods encompass the period 1983-2010 were participating in the MME until
recently. This new hindcast period makes the newly developed/advanced models join the MME
and increases the total number of MME participating models, which facilitates the
improvement of APCC MME skill.

1.3 The 3" APCC MME Model Providers’ Meeting

APCC held the 3@ APCC MPM at the Central Weather Bureau in Taipei, Taiwan between
5 and 6 June 2019. The APCC MPM was attended by representatives of the 11 climate
prediction institutes (model providers) from 8 countries around the world that provide climate
prediction models for APCC.

The climate prediction experts in the meeting shared and discussed issues related to the
performance and improvements of their seasonal climate prediction systems as well as early
release of the Climate Outlook and possibility of PCs’ earlier provision of their data. In
addition, the discussion focused on making resolution of MME data higher and shifting
hindcast period to the recent one to secure competitiveness of APCC’ s climate information.
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3 APCC MME
‘M*I Providers’ Meeting

bl ososhr 9 .
1 .

Figure Cl. Representatives of Model Providers in
Central Weather Bureau in Taipei, Taiwan, 5-6 Jun
2019.

1.4 APCC Climate Data Service

The APCC Data Service System (ADSS; https://adss.apcc2l.org), which offers traditional
download methods such as FTP and OPeNDAP, has changed the structure of directories and
file names since December 2019 to make it easier for users to handle the data.

APCC is planning to open a new data service, APCC Climate Data Service (ACDS), in
January 2020. ACDS will provide digitized APCC MME, individual models and truncated CMIP5
data using advanced technology, Open API, to allow users to apply their program directly.
The users will be able to obtain and handle selected data easily and quickly.

2 New models for MME and BSISO

2.1 MME seasonal forecast
2.1.1 ACCESS-S]1, SPS3, CanSIPSv2: Advanced models for the APCC MME forecast

The Euro-Mediterranean Center on Climate Change (CMCC) started providing data of its
new model SPS3 from March 2019. ACCESS-S1 of Bureau of Meteorology (BoM) and
CanSIPSv2 of Meteorological Service of Canada (MSC) data were provided from July and
August 2019, respectively. The spatial resolutions of three new models are higher compared
to that of old ones, and the hindcast periods of ACCESS-S1 and SPS3 were shifted to include
recent years (Table C1).
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Table C1. Summary of old and new models of BoM, CMCC, and MSC.

Organizatio BoM CMCC MSC
nggelgn POAMA  ACCESS-S1| SPS2 SPS3 CanSIPS CanSIPSv2
. CanAM4/T63L35(
: The Unified CanAM3/
Atmosphioric | BAM(Spectral)  vodel(Ume)/ | EcHAMs 3/ CAMES/ T63L31 GEM 45 2hs13/
resolution T47L17 N216-60k and | T63L19 146 CanAMY/T63L3 1.4()8164;;?%)@)79)
. a
ACOM2/ CanOM/1.40x0.9
cha?/ 2deg in zonal N, y OPA8.2/ 1%%?/% CanOM4/T63L4 4deg(1.40)
mode! direction ORCA2 ’ 0 NEMO3.6/1x1deg
resolution L25 0.25 deg, L75 L50 (L50)
Ense_zmble
S1Ze
(forecmms ndca 33/33 11/11% 9/9 20/20 20/20 20/20
st)
Hindcast B B B 1993-201 B B
period 1983-2011 1990-2012 1981-2005 A 1981-2010 1981-2010

Real-time forecast anomaly fields are produced by the APCC’ s graphic system after
being extrapolated to 2.5° x2.5° grid system (Figure C2). Forecast anomalies of three models
are calculated based on the APCC MME hindcast period, 1991-2010.

All of three models show the improvement of hindcast skill (Anomaly Correlation
Coefficient; ACC) for 2m temperature over the tropics all year round (Figure C3). The
highest skill improvement is shown in BoM’ s models (0.44 of POAMA—0.55 of ACCESS-SD).
The improvement of ACCs of SPS3 during spring and summer is more significant compared to
the improvement during autumn and winter.
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Figure C2. Forecasts of 2m temperature (left column) and
precipitation (right column) anomalies of each model for
November 2019 - January 2020.

{a) BoM (b)Y CMCC {61 MSC
ACC, T2M (TR} AGC, T2M (TR} ACC, T2M (TR} :
Hindcast: 9011 _ N ACCESS (0.55)  Hindcast: 9305 o' SPSV3 (0.58) Hindcast: 8110 o L CangiPve (0.55)

a—

Figure C3. Anomaly correlation coefficients of hindcast of old (yellow)
and new (red) models for 2m temperature over the tropics.
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Compared to the average skill of other models participating in the APCC MME forecast,
the hindcast skills of ACCESS-S1, SPS3, and CanSIPSv2 rank higher in most of the regions
and seasons (Figure C4). It is notable that all of three models rank highest for both
temperature and precipitation globally during JJA season. These newly developed/advanced

models’ participation in the APCC MME could contribute to improving the MME forecast
skill.
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Figure C4. Anomaly correlation coefficients of hindcast of the APCC MME
participating models (gray), ACCESS-S1 (black), SPS3 (blue), and CanSIPSv2
(red). Bars denote average ACC of APCC MME participating models (except
for three models).

2.1.2 SINTEX: A new model for the APCC ENSO MME forecast

SINTEX of Japan Agency for Marine-Earth Science and Technology (JAMSTEC) has joined
the APCC MME ENSO forecast since November 2019. APCC has been trying to increase MME
participating models, and encouraged JAMSTEC to provide APCC with SINTEX data in the
2019 International Workshop on Climate Prediction which was held in Taiwan between 3 and
6 June 2019. JAMSTEC agreed on the cooperation with APCC MME ENSO forecast and
started providing their ENSO related data to APCC.

SINTEX predicts a number of sea surface temperature indices e.g., Nifio3.4, Indian Ocean
Dipole, El Nifio Modoki Index, Atlantic subtropical dipole model index, South Indian subtropical
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dipole mode index, Atlantic Nifio index, Ningaloo Nifio index, California Nifio index, and Dakar
Nifio index with 33 ensemble members (9 from SINTEX-F1, 12 from SINTEX-F2, and 12 from
SINTEX-F2-3DVAR).

APCC exploits Nifio3.4, 10D, and EMI out of them and uses Nifio3.4 in the ENSO
probability forecast as well. The forecasts of time series of Nifio3.4 and ENSO probability
with SINTEX data for December 2019 - May 2020 were officially issued on November 2019.
The forecast of 10D and EMI as a time series for January - June 2020 was also issued this

month.

Probabilistic ENSO Forecast Nino3.4 Index for 2019 DIFMAM
36 .
ons
DIF 2019 MAM 2020 T e
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g ;
WE A
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g B PR —— s § = b e E
@ ENSO Neutral (70.3%) @ ENSO Neutral (54.2%) ]
b OBs Foat
‘2§ T H H 3 T T H T T
@SugL Shedomiel SWekL SNeursl WeskE @WodrsioE @SIngE . oar 5080 58 APR
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Figure C5. Probabilistic ENSO forecasts (left) and Nino3.4 index forecast (right)
with SINTEX for December 2019 - May 2020.

2.2 BSISO forecast

One of the participating institutions, BoM has upgraded POAMA with a new forecasting
system referred to as ACCESS-S1. Table C2 highlights some of the major differences between
POAMA and ACCESS-S1. The BSISO forecasts from ACCESS-S1 model have been updated on
our website (https://apcc2l.org/ser/casts.do?lang=en) every day since September 10th, 2019
(Figure C6).

Table C2. Summary of old and new model of BoM.

Organization BoM

System name POAMA ACCESS-S1
Resolution(H/V) T47/117 N216/L85
Ensemble 33 33
Forecast Period (Day) 40 40
Update frequency 3-5 day Daily
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We are pleased to provide phase diagram, spatial fields of OLR (Outgoing long-wave
radiation) anomalies, heavy rainfall probability, and their verification for BSISO indices. In
addition, APCC has a plan to provide the various composite and anomaly fields related to
BSISO impact next year. We are looking forward to our collaboration to provide reliable and
useful forecasts by generating BSISO information. If you want to participate in the BSISO
forecast, please contact us (BSISO@apcc2l.org).

BSISO Forecast for 31-0ct-2019 to 19-Nov-2019
BSIS0 1 BSISG 2

Narmakzod PC1
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— A — 5O 10140 15- 15

& APEC Climate Center
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Figure C6. Phase diagram of BSISO1 and BSISO2 (left) and OLR anomaly field
from ACCESS-S1 up to 20 forecast days (right) serviced on website.

3 Current status of APCC MME

3.1 MMEs from various prediction centers

The MME technique has been considered an effective way of improving seasonal forecasts
so that various MME prediction systems are currently utilized at major operational centers
around the world. It is time to examine prediction skill of APCC MME compared to other
MMEs. We collected other institution’ s MME data from WMO (World Meteorological
Organization Lead Center), NMME (North American Multi-Model Ensemble), and C3S
(Copernicus Climate Change Service). Table C3 summarizes APCC and other MMEs’ current
status. Four forecast centers have different hindcast period and resolution. In this study, MME
hindcasts are evaluated for common period from 1993 to 2009. We present the overall
performance of MMEs for 3-month mean temperature and precipitation with 1 month lead
time. The prediction skill is evaluated by comparing the model hindcast with the 2m
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temperature of the NCEP/DOE reanalysis I (Kanamitsu et al. 2002), precipitation of CAMS-OPI
(Janowiak and Xie 1999), and sea surface temperature (SST) of NOAA Optimum Interpolation
SST V2 (OISST; Reynolds et al. 2002). Observations and model data are interpolated to a
2.5° x2.5° grid to reduce uncertainty associated with different resolutions.
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Table C3. Summary table of different MME groups’ characteristics. Models in
parentheses were not used for SST analysis due to Tier-2 model or no SST data.
APCC WMO NMME C3S
Hindcast
. 1983-2010 1993-2009 1982-2010 Feb1993-2016
period
.14 (11) models | 12 (10) models | 5 (4) models | 5 models
BCC_CSM BCC_CSM
BOM_POAMA BOM_POAMA
CMCC_CM2 CMCC_CM3
(HMC_GCM) (HMC_GCM)
UKMO_GLOSEAb
Parthlpatln NCEP_CFSv2 NCEP_CFSv2 NCEP_CFSv2
g models | UKMO_GLOSEA5 | UKMO_GLOSEA5
DWD_GCFS2
DWD_GCFS2 ECMWF _SEAS5
ECMWF_SEASSH
APCC_SCOPS (CPTEC_GCM) GFDL_FLORB MF_SYS6
(CWB_CWB) SAWS_EPS NCAR_CCSM4
(MGO)
PNU_CGCM
Resolution 2.5°x2.5° 2.5°x2.5° 1°x1° 1°x1°

3.2 Seasonal hindcast skill

We applied simple composite method (SCM) to models collected from four MME groups for
common hindcast period from 1993 to 2009. Figure C7 and C8 shows temporal and anomaly
correlation coefficients of 2m temperature from four different MMEs. A comparison of
variables and regions suggests that the forecast skill is generally higher for the tropics and
boreal winter than for the extratropics and summer. This is consistent with previous studies
on the skill of seasonal forecasts (e.g., Hagedorn et al. 2005; Min et al. 2014; Becker and

Van Den Dool 2016).

The overall performance of APCC and WMO MMEs are quite

comparable because 60% of participating models in APCC and WMO MMEs are identical.
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Figure C7. Temporal correlation coefficient of 2m temperature for (a) APCC, (b) WMO,
() NMME, and (d) C3S. The area-averaged scores are displayed above the panels.
Contour lines indicate that correlation coefficients are statistically significant at the 95%
confidence level using Student’ s t-test.
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Figure C8. Anomaly correlation coefficient of 2m temperature for (a) globe
(90S-90N, 0-360E), (b) northern extratropics (20N-90N, 0-360E), and (c) tropics
(20S-20N, 0-360E).

General features of precipitation are similar to those of 2m temperature. Figure C9
summarizes the regional dependencies of anomaly and temporal correlations for precipitation.
It is found that higher skills are shown in tropics (TR), Australia (Aus), and South Pacific
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(SPac) which are oceanic and equatorial regions, while lower skills in northern Eurasia (NEuw).
The overall performance of APCC MME is comparable to WMO and C3S across regions.
Meanwhile, APCC MME shows stable skill (small box) regardless of season, which is an
important point in operational perspective to provide the consistently high-quality information.
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Figure C9. (a) Anomaly correlation coefficients and (b) temporal correlation coefficients
of precipitation. A box consists of the highest (top), lowest (bottom), and mean (cross
mark) value during 12 seasons.
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Figure C10. Anomaly correlation coefficient of precipitation for (a) APCC, (b)
WMO, (c) NMME, (d) C3S, and (e) their mean of 12 seasons over the globe.
Red line is MME skill, blue is mean of individual models, and gray lines are
individual models.

In Figure C10, MME (red) shows higher ACCs than individual models (gray), although this is
not always true (Min et al. 2017). The MME efficiency, defined by the difference between
the MME skill and averaged skill of individual models (Wang et al. 2009), is dependent on
individual model prediction skill and inter-model independency (Yoo and Kang 2005). The
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spread of the individual model correlation skills of APCC and WMO is generally larger than
those of NMME and C3S because of more participating models. In spite of few models, C3S
MME shows comparable skill to APCC and WMO because a prediction skill of individual model
is highly ranked. In the APCC MME, MME efficiency is most significant in terms of global
precipitation prediction due to the diversity of the participating models. MME technique is
more effective for precipitation than temperature, mainly due to the mutual independence of
the individual models’ precipitation forecasts (e.g., Yoo and Kang 2005, Wang et al. 2009)
or, more accurately, due to the independence of the individual model’ s errors in
precipitation forecasts (Min et al. 2017).

To identify the spatial structure of the MME bias, seasonal mean difference of sea surface
temperature between four MMEs and observation (OISST) are analyzed in Figure C11. All
MMEs exhibit cold biases over northwestern Pacific during the boreal spring, while warm
biases over the northern part of North Pacific in the boreal summer are evident. Many
studies show that these biases or drifts in SST are evident in the current general circulation
models, which are commonly liked with the Atlantic meridional overturning circulation (Wang
et al. 2014; Zhang and Zhao 2015).
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Figure C11. Seasonal mean bias (MME-OISST) of sea surface temperature from (a) APCC,
(b) WMO, (c) NMME, and (d) C3S.

As shown in precipitation, the averaged correlation of individual models is highest in the
C3S MME, while the best skill in MME is shown in APCC MME for Nino index (Figure C12).
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Again, we can find the MME efficiency of APCC MME derived from intermodel dependencies.
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Figure Cl2. Temporal correlation coefficients of MME
(red square), mean of individual models (black circle),
and skill range of participating models (arrow) for
Nino 3.4 index.

In summary, the level of prediction skill for temperature and precipitation of APCC MME
is comparable to the other MMEs of major operational centers. Interestingly, C3S MME shows
comparable performance, even though relatively few participating models, owing to skillful
individual models. On the other hands, APCC MME shows an advantage of the MME
technique over a single model based on diversity of the model errors and their mutual offset.
In addition, forecast skill is generally more stable than the other MMEs.
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