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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.

The participating models in APCC MME have been constantly changing. Hindcast period
of recently improved and developed climate models have been pushing up hindcast period to
reflect recent climate trends, and have not been consistent with the hindcast period of APCC
MME. As a result, the number of MME participation models has been decreasing. Therefore,
to reflect the recent climate trends, we recently changed the hindcast period to improve
predictibility.

In order to increase the utilization of APCC climate information, we developed new contents
and improved various contents. Forecast from Individual model, which has been provided only
with anomaly field, has been expanded to probability forecast in MME, and impact forecast
based on BSISO forecast index has been added for more intuitive information. In the forest
fire forecast for Indonesia, the forecast system was improved and graphics were improved.
Moreover, various informations were added in monitoring part to provide expanding the
information. In addition, we expanded East Asian monitoring/forecasting information provided
on the Korean website by improving the quality of graphics. New and improved contents are
applied to a new global climate outlook in Korean to distribute to domestic subscribers.

Starting with APCC MME forecasting system improvement in 2017, the three-year
improvement in SST/ENSO forecasting system Integration and graphics system improvement in
2018 and climate monitoring and verification system improvement in 2019 have been
advanced in order of operation. In 2020, we integrated three  systems,
monitoring-forecast-verification. This integrated prediction system resulted in shorter operating
hours and increased reliability of the prediction system.

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
provide MME forecasting information, and analyzed the overall predictability of MMEs. 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 and precipitation. APCC and WMO MME
with the same number of participating models showed similar predictability as expected, and
NMME and C3S with relatively less models showed similar predictability and variability. This is
because most of the dynamics models participating in MMEs have similar strengths or
weaknesses, but APCC MME, which have a large number of participating models, have a high
MME efficiency and stable predictability.

Sensitivity experiments show that the higher the number of participating models, the
higher skill, but predictability converges with 10-12 participating models. The lower number
of models, the greater the uncertainty in forecast skill. This suggests that there is a limit to
extending the participating model beyond the number of participating models where forecast
skill converges in order to improve predictability. Sensitivity test to components in a model
showed different results for variables. In the case of temperature, the better the combination
of good models, the better the MME skill, but in precipitation we could say that not only the
superiority of individual models but also the diversity of models in MME also affected the
MME prediction skill. It demonstrate that the effectiveness of MME is effective way to
decrease uncertainty from individual model, especially in variables with more uncertainty such
as precipitation.

Based on these results, we suggested methods to optimized and improve MME
predictability. To this end, skill scores of individual models and the contribution of MME
prediction of individual models were evaluated. It was shown that some of the participating
models with low predictability undermines the averaged skill of the participating models, and
that models with negative effects in terms of MME prediction contribution could be removed
for combinations of models participating in the MME for better skill.
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and difference (bar) between SCM3 and SCM2 for seasonal (MAM-DJF) 2m temperature during
the period 1983-2010.
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Figure 9. Averaged anomaly correlation coefficient of SCM2
(black; Mean_7M), SCM3 (red; 13M), and SCM4 (yellow; +6M)
for seasonal mean global 2-m temperature and precipitation
during the period 1991-2010.

() MME Foj=zd 734

Ob ¥% 2% "a4

APCCE A 14F9 713 =
Ao el o] FofAn ARe] T
48T F At AAe ZEIPL AW 9
t gL BAstE glo] Bas,

20203 ell= ot 7174 H(CWB)3 FA S (PNU)e| =dlo] JfAdE o a2 71443

_’l’l_



(Météo-France, ©]3} METFR)-& APCC MME o] oAIE Zalz oz uhg )
W Fo =d QA A

CWBe] mdo] GFST119L40914 TCWBITVI.1Z WA PNUS =@o] CGCMvl.1o] A
CGCMv2.00.2 MA=EUL AZ =942 oA METFRe] mdwe SyS7olt) zF mdle] 14
2 ExS Table 13 2t}

Table 1. Model configuration of CWB, PNU, and METFR

714 CWB PNU METFR
GFST119L40-
=g TCWB1Tvl.l CGCMvl.1 CGCMv2.0 SYS7
OPGSSTVv2
. TL359; 91 levels;
H;E= T119L40 T119L.40 T421.18 T421.18 top 001 hPa
SIE
30/30 30/30 5/5 35/35 51/25
(FH)
A8PAIZE 05-6 months  0.5-6 months  1-6 months 1-6 months 0.5-6 months
hindcast
- 1982-2011 1982-2019 1980-present ~ 1980-present 1993-2016
i zd GFS GFS CCM3 CCM3 ARPEGE-Climat v6.4
=g - MOM3 MOM3 MOM3 NEMO 3.6
AHED NOAH NOAH LSM LSM SURFEX v8
Y=g - - LANL EVP LANL EVP GELATO v6
= Interpolated Interpolated NCEP NCEP .
71 %7
71271 from from Reanalysis Reanalysis IFS ;I?:rlz;%onal
=4 CDAS/NCEP ~ CDAS/NCEP data 2 data 2 Y
NEMO-GELATO
_ OMIP run foreced run nudged
3 F=x7] ) mte%rg)rl;lted OISST with the (T,S) towards
=7 CDAS/NCEP MOM3 & ODA  Mercator Ocean
with GODAS International
operational anaylsis
AW z7 Interpolated Interpolated . .
=3 CDAS/NCEP ~ CDAS/NCEP Y
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BC:
SSTx7] Interpolated

from - - _ _
E3 OPGSSTV2/CW
B, 2-tier)
NEMO-GELATO
e foreced run nudged
=71 - _ _ ?Ml\/ilhp tr}lllen (T,S) towards
Zz7] Mercator Ocean
o MOM3 International

operational anaylsis

(th d=¥ 7t

O AQ A - *2 459 W3k CWB, PNU

CWB¢} PNUS] 7iAE Yl 2% siH25Ninod. )9 AAZFAA sl Aol oA
EdR o SHo] P AckFigure 10). 53] 17Hd AAAZEe =58 FgHEG 4714 A3

NZre] AZ8 sgol FEAAA etk ©, CWBS o]d RHle 2-ter R A S5
SE BERL Mo & SARde Aot
AT A FANFAD AslAE AR wHle] gabo] YehdriFigure 11). CWBE

N
A&FHDIF, JFM, FMAF Z=ZMAM<S AAd =& AlddlA <32 (Anomaly Correlation
Coefficient, ACC) &/do] FE&H A PNU= AFHAMI, M), JJAE A U A] AlH A
dZ9 ol et
E A=l oM HAE B FAVIFAH Y5 £ FEATHFigure 12). o=
MME &= Ae Fdel 5841
-

||!||||.:||_|_:|"|I-|II: i P EdignLni | AEEE

Figure 10. Temporal Correlation Coefficients of Nino3.4 index of CWB (left) and PNU
(right) during hindcast period (1991-2010). Blue(red) lines indicate old (new) model, and
upper (lower) panel shows 1 (3) month lead time.
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Figure 11. Anomaly Correlation Coefficients of global 2m temperature of CWB (left)
and PNU (right) during hindcast period.
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Figure 12. Relative Operating Characteristics Curve of global 2m temperature of
CWB (left) and PNU (right) during hindcast period for winter. Dotted (sold) lines
indicate old (new) models.
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Figure 13. Anomaly Correlation Coefficients of global 2m temperature (left) and precipitation
(right).
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Figure 14. Anomaly Correlation Coefficients of global 2m temperature (left) and precipitation
(right).
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Figure 15. Anomaly Correlation Coefficients of global 2m temperature, precipitation,
geopotential height at 500hPa, and sea level pressure of METFR.
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Figure 16. Difference of Anomaly Correlation Coefficients between MME with old
models and MME with new models. Upper, middle, and lower panel shows CWB,
PNU, and METFR, respectively.
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(vh BSISO =4 7}/d: CWB
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ZH s

FAo] S| o]FojAa glom ofd met FARFPo] A2 RdE N Ze £
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L3l W9H7]+H(Chinese Taipei, Central Weather Bureau; CWB)e] ¢
GEPSellA TCWBIT1.12.2 ®HZAH | wzt = D IHdE W57 71EF3= Zol7F
TR G EE T31990A4 TI19=2 WAEHIJL, IdE AFes DlodA Iz 2‘7]'01'}%311]
AZFa5e HHOlE 4L 7|EH FLEA S5Y TEeE A FEHIAKTable 2).
TCWBIT1.1e A4 2015~2017 @52+ APCC BSISO d=9o] HA=EHJHE TCWB 2Fe 7/jAd
HAoln 7|& 2-tierol Al l-tier Rl 2 wWAYE Zo] EARHo|tt BSISO =3 7)7H4¥

s~)Eer TCWBITL1I 2d oA AZE $£33o H2E ZAF}ES Y4393, OLRO)
flat field Feje] wBlo]dAQl ofmte] Fro] Yehy sigr|aa sty Jed
A5 FE AA oF HIZHoE JMHE md ASE BSISO B dAHGd d"€A
=gkt FEE NF7E Gl wEed ol 2 dAY &9 =+
2 &3k At

rot
(o]
o

Table 2. Summary of old (GEPS) and new (TCWBI1T1.1) model of CWB

71% CWB
2dvy GEPS TCWBITL1
A= (F8/53) T319/L40 T119/L40
G438 () 1 3
HdEOIE F7] (¥) 5 5
@ A
HFHow ¥ZA"E CWB TCWBITL1 & AHEE &3 Y AXLS 4€ 2745 H
AgHARL 2 HAY Aol A" dY *F ZE==2FE Phase diagram, FEFF3HEA
of-te] I, T & X, BSISO AF, dF AF ol A4bEo APCC BSISO
EHolxE &3] Figure 173 Zo] T&HAJ¢t
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Figure 17. (a) Phase diagram, (b) probability of heavy rainfall, (c) anomlay of outgoing
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website
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APCC MME %! BSISO+= 747} 2006 2013\ 5Bl Al 2=®lo] JfdtE o] A7 JSAHRE
AT A TE APCCO F2 oS AHEYE &7t =d WA 3 A2E A 52 A
ol"g AFHA %ot AH&AE FHA ol¥d i ARE T F JU FAD 5 Hl
AT = dd E8AAE F42d HA o) El AAZY mwlste A HHE W&
EHow AEsto] skt ofo we} AREAEONAl 4 MRlzEE Hu {83 ARE F7] 9
sto] 7 oy AAE ridsta HFHoR A AE T HA oY HRE At
Sk

APCCel A Algst= MME A7 o ZFols @A 7€ 1070= 1470 Edo] st glo
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Figure 18. Example of model description.
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BA o)y Hu ot APCCSH Fel 71#z FAH AR AT BA BASH AR
dZ A5(@A 9AE #A5) 9 APCColA AFste EF3E dF A5 5 HESA oA
4 FYAEY A5UA ARES BEIAGT =D WG L AA Aol Bha FHHA #
A7b p ALY BRRE ol AAAE L EEHE AR WP AFEL FUS %
ofEtgTh UG PHES MHOE A WEe Y FPAV WEel B AA e 2
Fol o]y FRE FHAIEE UL, ASANA APHoR Basny FUHE Bd £Y

9 JNAEZ] AL st Qo)A E F3 A FEEE AT dE A
o] APCC &#o]A - HAAF Al-dF - RAdHBAA AT F Jon, IS A& A
Aol E & o A o] thhttps://apcc2l.org/ser/global/modelDescription.do?lang=ko).

ije]

Figure 19. Example of model history for APCC MME participating model in APCC website
(www.apcc2l.org).
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Figure 20. Process of research to operation (R20)
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m APCC 7|&BRE oJ9A &8&3ta YA FAHORE 7[Es)] FAHAL

SHUE T 7HEoH %57
I have been constructing a world model summary forecast
every month since July 2006 and have been using APCC
since 2007. . TFEAJETIR
https://agriculture.vic.gov.au/support-and-resources/newsletters/t
he-break/the-fast-break-victoria
= | We use as teaching materials. =715/t s
9] |It's part of our group of models we  look at before we | Bf%/7]$/8 77
A} | agree on our forecast for the next 3months iy
£ | Distribute the forecast to Asean  stakeholders on possibility | =] o] A o}/peat
A} | of dry weather or wet weather forest fire/NGO
We use APEC forecast information product for our | "]Fu}/ 7S/ F7]
operational weather forecasting. iy
Use weather forecasting for  agricultural activity plannings E7HEsH/A 57 H
As one of the references in formulating our long-term | & =51 %/ 18 13
forecasts ISR H
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As a result compared with different climate center

h et/ 7] %/ s}

, & %]
http://www.meteo.gov.lk/images/Seasonal-outlook-for-SON.pdf 27 %77}]/ ;1"?‘/ Chi
View climate forecast information by  images, download data _

to see specific values. H EG/7] 5/ 57

To make climate forecasts for the area under their
management.

-
1l

Use APCC forecast as one of various forecast guidances
used in CWB’s climate forecast.

7] 38 7718

I use the information to have a  global vision of reference
in relation to the climatic situation and forecast for the
decision-making process.

el sd/AF718

My main interests and research focus on South Asian (in
particular India) and East Asian (in particular Chian,  South
Korea) monsoons and their teleconnetions. Based on the APCC
seasonal forecast outlooks and monthly/seasonal climate, I
compare whether my earlier published results match with
any of the information displayed in your outllok  bulletins.
On several occasions these match very well.

Q1 %/7] /& 5 7))
A

B 55 HEE A4/ 7|59 FAH T ol A

Not yet used at present, but have a plan to use them for
improving our long-range forecast in the future

%2 %3 o] AuEs Fustq & w APCC JITAM g daakikl
A [ EE AFAZEAT AdANZ)0] FaG W A48 AEEE]
g | 71FHse] 4E 3 fE = TAL/A T4
A [FA ) A 7144 AnEd AOJEoA APCCS] i, of JEp—

Ut ARe A8d A gle i

We utilizes APCC’ s seasonal forecast and BSISO as

reference information for weekly and monthly forecasts

We use as reference 3-month and second-season

precipitation forecasts in briefing materials at Water Resource oy wt

Agency’ s meetings for water resource management and

drought adaptation  decision making. ‘

We use seasonal forecast data to  evaluate the forecast skill

of CWB, NMME, and APCC individual models.

APCC’ s forecast is one of the  references in formulating ey
W our seasonal forecasts. °°
G Use in a seasonal outlook discussion for 6 months ahead. g o] Al o}

We use the three and one month (+1) forecasts to compare

with other centres when generating national seasonal

outlook. . . A7tEE

We have not used it yet, but we are planning to

investigate the CLIK for MME development in Southeast Asia

We used some of APCC products as reference for our

outlook.

Yes, in hydrology and agriculture B =
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Figure 21. Example using APCC seasonal forecast
in agriculture victoria.
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Figure 22. Examples using APCC seasonal forecast in climate outlook in Australia
(left) and monsoon forecast in India (right).
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Figure 23. Papers (yellow bar) and news (gray bar) using APCC climate
data from 2005 to 2020.
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Figure 24. Example using APCC seasonal forecast in Kiribati
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The APEC Climate Center Data Service System was developed for real-ime climate monitoring and provision of digital data service 1o APEC member
economies. This system underscores the role of APCC in playing an important role as a hub of climate data and services in the region. The main
objective of the ADSS Is to provide a comprehensive set of models and observational climate data to various researchers and users to establish a
scientific basis for climate prediction. ADSS also aims to monitor climate information using near real-time in-situ observation and prediction data in a

standardized and accessible format for various users.

NOTICE
1. When you use MME and individual model dala, Please acknowledge us by include i

ving text, “The authors acknowledge that the APCC Multi Mode!

Ensemble(MME) Froducing Centers for making their data available for analysis and the APEC Climate Center for coliecting and archiving them and for organizing

APCC MME prediction ™

2 When you use BSISO index, please acknowiedge us by inciude following text. “The authors

the

data avaiiable for analysis. as well as the APEC Climate Center for collecting. archiving, and organizing the APCC BSISO farecasl"

centers for making thelr forecast

Dataset Areal Coverage Grig Size Time Step Access
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Figure 34. Provide BSISO index in APCC ADSS website.
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Figure 37. 6-month precipitation forecast in 2020 over Barat.
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Figure 41. Probabilistic Forest Fire Forecast on 2020.

Monthly History of Probabilistic Forest Fire Forecast for 2020
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Figure 42. Monthly History of Probabilistic Forest Fire Forecast on 2020.
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Ec’ﬂ HATH o, 75344 AEIE vl F53 AAo]ti(Table 3). o]# 3 Z23= APCC
FH oA AHEA HEFA N E ‘?i F o] YeY(Table 4), EF 71# ZAAR A3 gots

%611 APCC 71374 AR E Hetstaia sk tiTable 5).

Table 3. List of climate contents provided by APCC

H7¥ SR ASHR*
(A T NERd N5HZ IS
ACC
H 2} H A2} ACC MSSS
SEd BA S5 o 1A RMSE MSSSC
e e AN ERE ANT-AEREE RD GSS
ENSO A+ ENSO A+ ROCC RD
Modoki A<=  Modoki A<~ HSS ROCC
IOD =< IOD =]+ RPSS ROCS
BCC
FIFAS 2O e

Table 4. Total number of page views of APCC climate contents for 3 years (2017-19).
g4 AEUAS

AATF ARAS

s (Seasonal Forecast) (BSISO Forecast)
(Climate Monitoring) e PEEL ZaN o=
(Forecast) ~ (Verification) ~ (Monitoring)  (Forecast)
¥ o] A 7 10,4984 65,7391 8,120 6,14171 12,2687
¥ /G HolAR FH (IF AHolA = AFEH= A-PFE FA)

* 7154

=.
o -

219 Qg

Table 5. List of climate monitoring information provided by other climate centers.
E|# AR R

BOM DWD IMA NOAA UKMO IRI
EE - _
= ° y= B4 ] A
7 (normalize ( & ‘—1.° n R ) a ﬂ;]
A2 d) formenze NALD Ha
10014 ozl j]—XL ‘\ilj_ X]_;é) bzl ;—(]_;q_ ‘il_:]_ ]: Pe T
#€l=  History 1) L5 AA=ER 70T o
714974 AAY SSNTS x e a X}Oﬂ
-\-HA_HE]_?E] ;‘_ﬂkﬂa'?——'_] ‘1710'6‘1:} _%17:]}6]_—7 J—iHE‘] /\]7:”1‘5'_ ]Z‘T;
T - U b | | LY - —
Trend  F1%¢ L 0. %A% Ad-A
Trend 71 E =¥
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Figure 44. Monthly temperature anomaly normalized by standard deviation.
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Figure 45. Monthly precipitation ratio (%).
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Figure 48. Summary map of global climate outlook by APCC.

Table 6. Definition of 14 regions for APCC MME prediction and verification.

A4 A= A=
A -90° ~ 90° 0° ~ 357.5°
oy -20° ~ 20° 0° ~ 357.5°
Bk 20° ~ 90° 0° ~ 357.5°
e -90° ~ -20° 0° ~ 357.5°
S oAl of 15° ~ 60° 75° ~ 150°
golA o -10° ~ 35° 60° ~ 140°
Holu 2] 7} 10° ~ 75° 190° ~ 310°
ol ] 7} -60° ~ 10° 270° ~ 330°
ZF -50° ~ 0° 110° ~ 180°
el oF -50° ~ 20° 110° ~ 260°
EfrebAlof 40° ~ 80° 25° ~ 190°
5 10° ~ 45° 25° ~ 75°
o}z g 7} -40° ~ 40° 30° ~ 60°
3 30° ~ 75° 15° ~ 40°
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Figure 49. Summary maps of temperature and precipitation probabilistic MME forecast and
hindcast Heidke Skill Score (HSS).
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Table 7. Definition of APCC ENSO alert system

AR B A ]

r

7}

o
'L
fz
o

Yk Fo|/FH

(T=) HT 5/MY7F Nino3d F99 s4He
A}
(E1 Nino) c

0.5°C o]/, H 37§47 ONI 0.5°C o]
(@2) FF A% 449 I de) A

(F=) A< 3L Ninodd 99 s
AYn A 0.5°C o)A}, H 171€7F ONI 0.5°C ©]
(El Nino Alert) (A=) &FF A< 27047E ONI 0.5°C o)A, < 37/0Y 70% o] 4
o FEE dUs HEH A%
(#F=) HZ NILEZE Nino3dd F499 s =rt HdXRO
AU W 0.5°C o] =& H 171€3F ONI 47
(El Nino Watch) (=) &% 6714 5 H€Eolgt= ONI 0.5°C o], % 3714
55% ©o]49] SHEZ AUk e AW
(I3 dyx 9 gyt @g Aol YEhA &%
=9 (< Nino34 +99] dFH2=7F B3} H] 53131, ONI
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(=) &% dyx 2 Uy 3g 43 JeyA obs
(ZF=) FHZ 571€3 Nino3dd 99 dledH=rl HERG
-0.5°C o]s}, H 371€3F ONI -0.5°C ©o]3}
(=) &3 A% 1Y Uk A" A
(=) H /ML Ninodd F99 dFd2=7F FdHRG
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(La Nina Alert) (=) k5 AL 270L7F ONI -0.5°C ©]3}, A% 37E 70% ©]
del EE gUU AE A%
(=) FHT 1/H¥EZ Nino3dd 99 dedH=rl HErRG
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APCC ENSO Alert History
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Figure 50. The status of real-time ENSO alert (left) and history (recent 5 years) of monthly
ENSO alert (right).
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Figure 51. Example of monthly outlook written in Korean.
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D 71FZAN-AdE-HF THAN2H 75
(D AFS ¥3 2 ZA4A g

AFS(Automated Forecast System; APCC 2008)= APCC A@ Zx7]d F=d Adq=
ANzglogxn A 43] A-E-AL) dFA=HoE Zdste o 123 4 dFA o=
o F719 4 A INLA23/ DY A 7IZtelA 6714023/ ) oS Tt =
d= 717Hs g5t H A, 2008 A ¢ S(hindcast) A5 ZF=2 20143 A A 7o Z(forecast)
A5 ARE AYist= Al2"lo] JIEEJTHMin 2015). E3F, 71E dSoA TR o7&
ENSO®] =& st AR EZH MME 7|'HS 7|Wre g g ofge} 2 s ¥ 7%
ENSO o= XA]<=(Table 8, Figure 52) 7]¥ke] ENSO d= AJx="Hle] 7jxto] 2013 9]
o] Foi L, 2018 119 E ENSO T/ 2 A& FEEZ 4= 7S AE&ste 59 /o]
o] Folx HMin et al. 2017) .
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Table 8. Definition of SST Index.

Index Definition (Region)
Nino 1+2 (0-10° S, 80° -90° W)
o Nino 3 (5° S-5° N, 90° -150° W)
Nino index :
Nino 4 (5° S-5° N, 150° -200° W)
Nino 3.4 (5° S-5° N, 120° -170° W)
I0OD = WIOD - EIOD
IOD index

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

ENSO-Modoki index

EMI = A-05x B +0C
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)

; """i"'"'""" thn ir .- il ‘. : ...-.:.......E bt et .' ; e
v o T : g E 3
i T : : : Nmu 1+2\
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12IE 1HIE 160E 12&:'# 1u:uur
Figure 52. Region of ENSO index.
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- 20 : =2[=Z0 1671, =220 3274
m oo 22|

- 192GB

B OS 2LAHA

- Linux CentOS-7.0

B Fortran compiler

- GNU 7.3.0

® Python

- anaconda 3.7

= NCL

- version 6.5.0 / 6.6.2
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Figure 53. Configuration of new AFS system.
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Figure 54. Changes to individual model forecasts for new AFS.
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Table 9. Anomaly correlation coefficient (ACC) of each variable for real-time forecast of
SCM and GAUS produced on old AFS and new AFS systems.

SCM GAUS
LT1 LT2 LT3 Mean LT1 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 10. Same as Table 9 except for root mean square difference (RMSD).

SCM GAUS
LT1 LT2 LT3 Mean LT1 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 - - - -

B A o Z(hindcast) Az el = AlF7HA <l £ 3}7] 9ske] temporal
correlation coefficient (TCCO)2F A7+ RMSD, ¥%+d RMSDE && 43t o1 A3} @_/\]
=3 FL3HA SCM3 GAUS 25 33 o3& EF 022 Yehwta, 33148 ACCE =
5124 F Aol A AFYe FUAstde. 28y GAUSS ZH$ AItd RMSD7F
T AL 27 Ao 2 ety ol &AFH 4-5AEY foeEH fostA] & At
gt ¥ = Fbslci(Figure 55).
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Figure 55. Temporal correlation coefficient (TCC) of each variable for hindcast (1983-2010)
of SCM and GAUS produced on old AFS and new AFS systems.
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Figure 56. Temporal correlation coefficient
(TCC) and root mean square difference (RMSD)
of sea surface temperature for hindcasts
(1983-2010) of SCM and GAUS produced on old
AFS and new AFS systems.
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Table 11. Regional anomaly correlation coefficient (ACC) of temperature at 2m for
individual models and SCM produced in old AFS and new AFS systems.

Individual Model MME

REGION  APCC CWB MSC NASA NCEP PNU BOM SCM

1 -4.77E-07 1.828E-05 -1.97E-06 -2.38E-07 8.941E-07 3.576E-07 8.941E-07 5.96E-07
2 -1.19E-07 1.451E-05 -2.21E-06 7.153E-07 1.132E-06 1.371E-06 1.669E-06 4.172E-07
3 -1.01E-06 3.725E-06 0 -3.58E-07 1.49E-06 4.172E-07 -1.31E-06 7.153E-07
4 -1.22E-06 5.037E-05 -2.92E-06 -1.37E-06 -1.73E-06 -2.38E-07 -1.34E-07 -1.49E-06
5 2.384E-07 2.98E-07 =7.75E-07 0 4.172E-07 -8.34E-07 2.98E-07 2.98E-07
6 1.013E-06 1.365E-05 -1.31E-06 -1.55E-06 -1.79E-07 -2.32E-06 1.431E-06 -4.17E-07
7 3.204E-07 1.661E-05 -1.31E-06 1.132E-06 5.96E-08 7.749E-07 7.153E-07 4.768E-07
8 4.545E-07 1.875E-05 4.768E-07 5.402E-07 -8.72E-07 -6.3E-07 1.431E-06 -2.53E-07
9 -2.24E-06 1.52E-05 -3.1E-06 -2.38E-07 -4.77E-07 1.252E-06 -9.83E-07 -1.07E-06
10 -3.28E-06 1.15E-05 -3.04E-06 -7.15E-07 -5.36E-07 2.384E-07 -1.97E-06 -5.36E-07
11 -4.47E-07 1.977E-05 -1.19E-06 -2.98E-07 -2.38E-07 -1.79E-07 1.252E-06 -5.96E-08
12 2.831E-07 5.066E-06 -2.89E-06 -1.37E-06 4.709E-06 1.192E-06 2.682E-07 2.98E-07

Table 12. Same as Table 11 except for precipitation.

Individual Model MME

REGION  APCC CWB MSC NASA NCEP PNU BOM SCM

1 -4.17E-07 -1.61E-06 -1.73E-06 -7.15E-07 -2.59E-06 -8.2E-07 -2.35E-07 -2.38E-06
2 1.341E-07 8.196E-08 -8.34E-07 7.637E-08 -4.47TE-07 7.451E-08 -1.19E-07 -1.64E-07
3 5.96E-08 7.451E-08 -1E-08 6.17E-08 -4.47E-08 8.941E-08 7.451E-09 9.686E-08
4 1.192E-07 -4.77E-07 -3.87E-07 1.788E-07 -1.19E-07 -3.87E-07 -1.86E-08 -8.94E-08
5 -2.98E-07 -2.98E-08 2.086E-07 -8.2E-08 -2.05E-08 -2.24E-08 0 1.192E-07
6 1.192E-07 -2.09E-07 5.96E-08 -2.68E-07 1.788E-07 -4.77E-07 1.192E-07 -2.98E-07
7 -1.79E-07 6.706E-08 -1.04E-07 1.043E-07 -1.19E-07 2.235E-07 -4.47E-07 1.788E-07
8 -4.47E-08 -5.22E-08 5.96E-08 3.062E-08 1.341E-07 8.941E-08 -1.49E-08 8.941E-08
9 -1.79E-07 1.192E-07 -5.96E-08 4.47E-08 -1.19E-07 -1.49E-08 -1.79E-07 1.341E-07
10 -2.98E-08 -4.47E-07 1.49E-07 -2.24E-08 -1.79E-07 1.001E-08 4.47E-08 -5.96E-08
11 7.451E-08 -1.27E-07 3.576E-07 -7.45E-09 -2.09E-07 1.527E-07 7.451E-09 1.49E-08
12 1.676E-08 1.341E-07 1.937E-07 5.96E-08 2.328E-08 -7.45E-09 -1.49E-07 2.384E-07
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Table 13. Same as Table 11 except for temperature at 850hPa.

Individual Model MME

REGION  APCC CWB MSC NASA NCEP PNU BOM SCM

1 2.682E-07 3.278E-07 1.371E-06 0.0005226 -8.94E-07 1.967E-06 -4.17E-07 1.013E-06
2 4.768E-07 -1.46E-06 2.384E-07 0.0007924 5.364E-07 3.576E-07 -3.28E-07 1.55E-06
3 -3.87E-07 5.96E-08 1.788E-07 0.0002087 -8.34E-07 6.557E-07 2.384E-07 5.364E-07
4 1.997E-06 2.831E-06 1.073E-06 -2.43E-05 2.98E-06 8.047E-07 4.619E-07 1.669E-06
) 2.98E-07 5.96E-08 0 0.0072251 4.172E-07 5.96E-08 -6.56E-07 1.192E-07
6 9.835E-07 -4.23E-06 3.099E-06 0.012096 4.768E-06 -1.07E-06 2.98E-08 2.265E-06
7 1.013E-06 -1.03E-06 1.311E-06 0.0002683 8.643E-07 3.576E-07 5.662E-07 1.013E-06
8 1.192E-06 -1.28E-06 1.848E-06 1.758E-06 2.027E-06 1.222E-06 2.682E-07 1.431E-06
9 -1.46E-06 8.345E-07 -6.56E-07 8.941E-07 1.431E-06 1.669E-06 -4.98E-06 1.371E-06
10 -4.17E-07 1.132E-06 -2.68E-07 1.848E-06 2.027E-06 1.252E-06 -9.09E-07 1.431E-06
11 -4.47E-07 -3.25E-06 -8.34E-07 0.0007398 -8.94E-07 3.576E-07 -2.38E-07 -9.36E-07
12 6.683E-06 4.172E-07 -1.88E-06 -0.000144 2.027E-06 1.162E-06 -1.22E-06 8.047E-07

Table 14. Same as Table 11 except for geopotential height at 500hPa.

Individual Model MME
REGION  APCC CWB MSC NASA NCEP PNU BOM SCM
1 -8.34E-07 -1.19E-07 -4.29E-06 -1.55E-06 5.96E-07 2.682E-07 -8.94E-07 -3.58E-07
2 -3.87E-07 -7.9E-07 -3.28E-06 -1.13E-06 -5.96E-08 1.008E-06 8.345E-07 1.907E-06
3 -1.55E-06 1.788E-07 -2.56E-06 -5.96E-08 2.384E-07 -1.91E-06 -1.97E-06 1.073E-06
4 1.192E-06 4.083E-06 -4.77TE-07 1.192E-06 1.192E-07 3.576E-07 8.047E-07 4.172E-07
5] -1.31E-06 4.172E-07 -2.68E-06 2.98E-07 2.384E-07 5.96E-08 1.192E-07 0
6 5.364E-07 -3.76E-06 -3.99E-06 -2.38E-07 1.252E-06 -5.96E-07 7.451E-07 -5.96E-08
7 2.98E-07 8.941E-08 5.96E-08 1.013E-06 5.96E-07 1.08E-06 9.537E-07 1.192E-06
8 -1.25E-06 2.98E-08 -3.76E-06 -1.19E-07 9.537E-07 8.941E-07 -9.83E-07 -1.79E-07
9 -5.66E-07 -1.45E-07 -9.48E-06 1.192E-06 2.146E-06 8.047E-07 5.662E-07 1.013E-06
10 -5.07E-07 -1.23E-07 -6.2E-06 1.252E-06 7.749E-07 9.537E-07 6.855E-07 4.768E-07
11 -4.17E-07 -2.44E-06 -1.49E-06 1.192E-06 8.345E-07 1.431E-06 3.576E-07 1.132E-06
12 -8.64E-07 -5.96E-07 -1.95E-05 -2.38E-07 -7.75E-07 5.96E-07 9.835E-07 2.98E-07

FANZANAE AAAZ A A, BE Wgo] thate] a5 574 epEH T
A% NzE el Ad AAF ARE Verh ATk

teog FEEZ o =9 ROC (relative operating characteristics) A= 23 o]0l thd}e]
T A2EZEY] 2o]lE AmEgdt) Table 15~18 AAZ =2 ROC HF: 230 20]E
lead time ¥, A9, ZF AFEZ e A 091, AN Above Normal, NN Near Normal, BN
£ Below NormalS 9u|3tt)t, mE Hlmw A3, ztol7} gAY 25434 4~7x48l9 e 93217}
Uty A F A 2" AgAakE ROC 2FojE Ao Y3 AxYS By
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Table 15. Regional relative operating characteristics (ROC) score of temperature at 2m for
real-time forecast of PMME (GUAS) produced in old AFS and new AFS systems.

Lead Time 1 Lead Time 2 Lead Time 3
Region AN NN BN AN NN BN AN NN BN
1 0.000102 0 0 0 0 0 0 1E-07 1E-07
2 0 0 1E-07 -1E-07 0 -1E-07 0 0 0
3 5.17E-05 0 1E-07 -1E-07 1E-07 0 0 0 0
4 0.000443  -1E-07 1E-07 0 -1E-07 0 -1E-07 -1E-07 0
Table 16. Same as Table 15 except for precipitation.
Lead Time 1 Lead Time 2 Lead Time 3
Region AN NN BN AN NN BN AN NN BN
1 1E-07 22E-06  -1E-07 3E-07 8E-07 8E-07 1E-07 0 1.5E-06
2 -1E-07 8E-07 -1E-07 6E-07 5E-07 2.1E-06  -1E-07 1E-07 1.2E-06
3 0 0 ~TE-07 0 -1E-07 1E-07 1E-07 -1E-07 2.7E-06
4 0 L41E-05 0 -1E-07 48E-06  1E-07 0 0 0
Table 17. Same as Table 15 except for temperature at 850hPa.
Lead Time 1 Lead Time 2 Lead Time 3
Region AN NN BN AN NN BN AN NN BN
1 8.1E-06 0 0 1E-07 0 0 -1E-07 0 1E-07
2 0 0 0 0 0 -1E-07 0 0 0
3 -1E-07 0 0 0 0 -1E-07 -1E-07 1E-07 0
4 6.33E-05  -1E-07 0 0 0 0 0 0 0
Table 18. Same as Table 15 except for geopotential height at 500hPa.
Lead Time 1 Lead Time 2 Lead Time 3
Region AN NN BN AN NN BN AN NN BN
1 0 0 1E-07 1E-07 0 0 0 1E-07 0
2 1E-07 -1E-07 0 0 0 0 ~2E-07 0 -1E-07
3 0 1E-07 0 0 0 0 1E-07 0 0
4 0 0 0 0 0 0 -1E-07 1E-07 0

Table 19-2291 X% 919} SAe PO HAAZe] thek ROC AF 230] Aol g 4]
worth 4ol thak ROC 3ol #ol7h AN oS A% Asel wls] ox7} tha 2
JEIA R, of =@ 45 34T olshe] eAEM A FAF Aset T & YA o] I
ol 7} AzElolA BEoA so Y A B BE Folw T
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Table 19. Regional relative operating characteristics (ROC) score of temperature at 2m for
hindcast of PMME (GAUS) produced in old AFS and new AFS systems.

Lead Time 1 Lead Time 2 Lead Time 3
Region AN NN BN AN NN BN AN NN BN
1 -75E-05  -47E-06  -6.4E-05  29E-06 0 42E-06  3E-06 -3E-07 2.8E-06
2 0 1E-07 -1E-07 0 0 0 3E-07 0 0
3 -0.00022  -45E-06  -0.00019 0 0 0 -1.4E-05  -19E-06 0
4 2.69E-05 0 3.22E-05  221E-05 0 3.12E-05  553E-05 0 2.08E-05
Table 20. Same as Table 19 except for precipitation.
Lead Time 1 Lead Time 2 Lead Time 3
Region AN NN BN AN NN BN AN NN BN
1 0.00061  0.00194  0.00078  0.00059  0.00185  0.00069  0.00158  0.0075  0.00369
2 0.00066  0.00401  0.00175 -1E-07 76E-06  -4E-07 0.00212  0.0009%  0.00444
3 0.00016  0.00051  0.00023 ~2E-07 1E-07 -2E-07 4E-07 0 1E-07
4 0.00176  0.00445  0.00017  0.00120  0.00434 000150  0.00177  0.00141  0.00069
Table 21. Same as Table 19 except for temperature at 850hPa.
Lead Time 1 Lead Time 2 Lead Time 3
Region AN NN BN AN NN BN AN NN BN
1 34E-06 0 41E-06  24E-06  -1E-07 2E-06 2E-06 0 2E-07
2 -1E-07 -1E-07 1E-07 0 0 0 0 1E-07 0
3 0 0 0 0 -1E-07 0 0 0 0
4 2.48E-05 0 3.13E-05  187E-05 0 1.34E-05  15E-05 0 2.5E-06
Table 22. Same as Table 19 except for geopotential height at 500hPa.
Lead Time 1 Lead Time 2 Lead Time 3
Region AN NN BN AN NN BN AN NN BN
1 95E-06 0 161E-05  -6.9E-06  -17E-05  19E-06  -3E-07 0 1.8E-06
2 -1E-07 0 0 0 -1E-07 0 -1.8E-06  -1E-07 0
3 2.62E-05  -2.3E-06 0 -1.3E-05  -3E-05 1E-07 0 0 0
4 1.37E-05 0 0.000120  1.21E-05  -14E-05  1.26E-05  9E-07 1E-07 1.24E-05
Reliability 23] 01] tisted Zb AJ2=®"ZE 2ol & Bt e A9 Reliability 2~
o} & Wlwd Axrt 25 FAFSHAl yebdel wel 4 AAZE o=l thgk AT Reliability
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o] Apolgk& Table 23~26 A 23T

Table 23. Reliability score of temperature at 2m for real-time forecast of PMME
(GUAS) produced in old AFS and new AFS systems.

Lead time 1 Lead time 2 Lead time 3
AN NN BN AN NN BN AN NN BN

x1 5.215E-08 3.725E-09 -7.45E-09 0 59.588E-09 -7.45E-09 0 0 0

x2 -4.47E-08 -298E-08 O 1.49E-08 -745E-08 0 2.235E-08 -1.49E-08 O

x3 -2.98E-08 -298E-08 O 0 0 1.49E-08 -2.98E-08 0 0

x4 0 0 0 0 -2.98E-08 0 -2.98E-08 0 -2.98E-08
x5 -5.96E-08 -2.98E-08 -5.96E-08 -5.96E-08 0 -2.98E-08 -5.96E-08  2.98E-08 0

x6 0 5.96E-08 -1.79E-07 0 0 5.96E-08 0 0 2.98E-07
x7 0 0 -5.96E-08 0 0 0 -5.96E-08 0 0

x8 0 0 2.98E-08 0 0 -5.96E-08 0 0

x9 -5.96E-08 O 0 -5.96E-08 0 0 0 0 0

x10 -1.19E-07 0 0 0 0 0 0 0 0

x11 0 0 0 0 0 0 0 0 0
Table 24. Same as Table 23 except for precipitation.

Lead time 1 Lead time 2 Lead time 3
AN NN BN AN NN BN AN NN BN

x1 0 0 0 1.49E-08 0 0 0 0 0

x2 7.451E-09 0 -7.45E-08 0 0 0 0 0 0

x3 -1.49E-08 -6.26E-07 O -1.49E-08 -7E-07 -2.38E-06 -1.34E-07 O -2.09E-06
x4 0 1.49E-07 -4.17E-07 -1.94E-07 1.192E-07 1.282E-06  2.98E-08 0 -1.79E-07
x5 0 -2.98E-08 -1.67E-06 1.401E-06 -2.98E-08 0 0 0 4.351E-06
x6  5.96E-08 0 0 0 -5.96E-08 -1.19E-07 O 0 5.96E-08
X7 -5.96E-08 -2.98E-08 1.192E-07 O 0 0 0 0 5.96E-08
x8 0 5.96E-08 -1.19E-07 O -5.96E-08 0 0 0 0

x9 0 0 0 0 0 0 0 0 0

x10 0 0 0 0 0 0 0 0 0

x11 0 0 0 0 0 0 0 0 0
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Table 25.

Same as Table 23 except for temperature at 850hPa.

Lead time 1 Lead time 2 Lead time 3
AN NN BN AN NN BN AN NN BN

xI 0 0 ~7T45E-09 0 0 -3.73E-09 0 0 2.98E-08
X2 0 -745E-09  -1.49E-08 0 0 -5.22E-08  -1.49E-08
X3 -4.47E-08 0 -4.47E-08 -1.49E-08 0 -1.49E-08 7.451E-09 -1.49E-08 0

X4 0 0 0 0 0 -5.96E-08 0 0 0

X5  5.96E-08 -2.98E-08 0 2.98E-08 0 0 2.98E-08 0

X6 0 5.96E-08 0 0 0 0 0 0 0

X7 -5.96E-08 0 0 0 0 0 0 0 0

x8 -5.96E-08 0 0 0 0 0 0 0 0

X9 -5.96E-08 0 0 1.192E-07 0 0 0 0 0

X10 0 0 0 0 0 0 0 0 0

X110 0 0 0 0 0 0 0 0
Table 26. Same as Table 23 except for geopotential height at 500hPa.

Lead time 1 Lead time 2 Lead time 3
AN NN BN AN NN BN AN NN BN

X1 0 0 0 0 0 0 0 0 1.49E-08
X2 0 0 0 0 0 0 0 0 0

X3 -2.98E-08 0 -1.49E-08 -2.98E-08 0 0 2.235E-08 0 ~7.45E-09
x4 -5.96E-08 -2.98E-08 -5.96E-08 0 -2.98E-08 -5.96E-08 -2.98E-08 0 2.98E-08
X5 0 596E-08  -1.19E-07 0 0 0 596E-08  -2.98E-08  -5.96E-08
X6 0 0 0 -5.96E-08 0 -1.49E-08 0 0

X7 -5.96E-08 0 0 -5.96E-08 0 0 0 0 0

X8 0 0 0 0 0 0 0 0 0

X9 0 0 0 0 0 0 0 0 0

x10 0 0 0 0 0 0 0 0 0

x11 0 0 0 0 0 0 0 0 0

AAZE Sl gk 7 A 2EIZE Reliability 251019] Aol 00]AY & 7-8%18] <
o mlWRk Aol =M Reliabilityl] wistel A3t AT Axdlo] (Ao AMd=dTGT &

T Ao FAd S tsi A= Reliability ~5ojol] tisf zb AJAEIZE 2ol &
o o]l yehlglen, o] =3 At HAF Al="I 7E A=) A3t 7

UEpste,
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Table 27. Reliability score of temperature at 2m for hindcast of PMME (GUAS)
produced in old AFS and new AFS systems.

Lead time 1 Lead time 2 Lead time 3
AN NN BN AN NN BN AN NN BN

x1 0 0 0 0 0 -3.73E-09 0 0 0

x2 2.503E-06 O 0 0 0 0 0 0 0

x3 -3.28E-06 O 0 0 0 0 1.547E-05 0 0

x4 0 0 0 0 0 0 2.682E-07 -5.93E-06 0

x5 1.898E-05 0 0 0 0 0 0 0 0

x6  -4.4E-05 0 0 0 -2.98E-08 -5.96E-08 0 0 0

X7 0 0 0 0 0 0 0 0 0

x8 0 0 -5.96E-08 0 0 0 5.96E-08 0 0

x9 -L19E-07 O 0 0 0 0 0 5.96E-08
x10 0 0 0 0 0 0 0 0 0

x11 0 0 0 0 0 0 0 0 0
Table 28. Same as Table 27 except for precipitation.

Lead time 1 Lead time 2 Lead time 3
AN NN BN AN NN BN AN NN BN

x1 0 0 -7.45E-09  -7.45E-09 0 0 0 0 0

x2 1.043E-07 1.49E-08 -3.13E-07 1.639E-07 0 0 1.043E-07 0 0

x3  5.96E-08 2.682E-07  2.98E-08 1.192E-07 -1.76E-05 -8.94E-08 0 5.96E-07 -5.96E-08
x4 5.96E-08 -149E-07 0 5.96E-08 1.758E-06  1.49E-07 -2.98E-08 -2.98E-08 -1.19E-07
x5 2.98E-08 -1.49E-07 1.147E-05 1.788E-07 0 -1.58E-06  8.941E-08 -5.96E-08 -9.24E-07
x6 0 0 -6.24E-05 0 0 0 0 0

x7 0 5.96E-08 0 0 0 5.96E-08 0 0 5.96E-08
x8 0 0 0 -5.96E-08 0 -5.96E-08 0 0 0

x9 0 -5.96E-08 -5.96E-08 0 0 0 0 0 0

x10 0 0 0 0 -5.96E-08 0 0 2.98E-08 0

x11 0 0 0 0 0 0 0 0

_74_



Table 29. Same as Table 27 except for temperature at 850hPa.

Lead time 1 Lead time 2 Lead time 3
AN NN BN AN NN BN AN NN BN

x1  -3.73E-09 0 0 0 0 0 0 0 -3.73E-09

X2 0 1.49E-08 0 0 0 0 0 0 0

X3 0 0 0 0 0 0 0 0 0

x4 0 -5.96E-08 0 0 0 0 0 0 0

X5 0 0 0 0 0 0 0 0 0

X6 0 -5.96E-08 0 0 0 0 0 0 0

X7 0 0 0 0 -5.96E-08 0 0 5.96E-08 0

x8 0 0 0 0 0 0 0 0 0

X9 0 0 1192E-07 0 0 0 0 0 0

x10 0 0 -5.96E-08 0 0 5.96E-08 0 0 5.96E-08

x11 0 0 0 0 0 0 0

Table 30. Same as Table 27 except for geopotential height at 500hPa.

Lead time 1 Lead time 2 Lead time 3
AN NN BN AN NN BN AN NN BN

x1 0 0 0 0 -4.66E-09 -1.86E-09 0 -1.86E-09 0

X2 0 -1.49E-08 0 4.685E-05 -7.45E-09 0 0 0

X3 -2.98E-08 -2.98E-08 0 1.949E-05 0 0 1.997E-06 0 0

x4 0 -8.17E-06 0 0 -2.98E-08 0 0 -T45E-07 0

X5 0 0 0 -9.39E-05 0 0 0 0

X6 0 0 0 0 0 0 0 0 0

X7 0.0001419 0 0 0 0 0 0 0 0

X8 0 0 0 0 0 0 0 0 0

X9 0 0 0 0 0 0 0 0 0

x10 0 0 -5.96E-08 0 0 -L19E-07 0 0 0

x11 0 0 0 0 0 0 0 0 0

npxjato 2 RPSS HF 3o tiste] HAA HI7HE F3sSth Table 31~342 A A%
Ao thet] 47kx] W8 7} lead timeoll Wik Zb A|2~®IZF RPSS ~30]9] zto]E yERd
2 1270 Aol disted Gttt 1 Zole 00AY 453 7824 o]ste] Aol =M
RPSSol thgk A5 A7t + A 2="3E A9 FLFS on|dth
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Table 31. Ranked probability skill score (RPSS) of temperature at 2m for
real-time forecast of PMME (GUAS) produced in old AFS and new AFS systems.

Region Lead 1 Lead 2 Lead 3
1 0 0 0

2 0 -1E-07 0

3 1E-08 -1E-08 -1E-08
4 0 0 0

5 0 0 0

6 0 1E-07 0

7 1E-07 0 -2E-08
8 0 0 -2E-08
9 0 1E-07 0

10 0 0 1E-08

11 2E-08 0 0

12 0 5E-08 2E-08

Table 32. Same as Table 31 except for precipitation.

Region Lead 1 Lead 2 Lead 3
1 0 0 2E-08
2 -1E-08 1.4E-08 0
3 0 -2E-09 9E-09
4 1E-07 1E-08 0
5 1.3E-08 1E-08 -1E-08
6 0 -1E-08 -1E-08
7 -2E-08 1E-08 0
8 -1E-08 1E-08 -2E-08
9 0 0 0
10 0 -1E-08 0
11 2E-08 1E-09 1E-08
12 1.4E-08 0 2E-08
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Table 33. Same as Table 31 except for temperature at 850hPa.

Region Lead 1 Lead 2 Lead 3
1 0 0 0
2 1E-07 -1E-07 0
3 0 -1E-08 -2E-08
4 0 0 0
) 2E-08 0 0
6 1E-07 0 3E-08
7 0 1E-07 0
8 0 -1E-07 0
9 0 0 5E-08
10 -1E-09 0 -5E-08
11 0 0 0
12 0 -2E-08 -3E-08

Table 34. Same as Table 31 except for geopotential height at 500hPa.

Region Lead 1 Lead 2 Lead 3
1 0 0

2 1E-08 -1E-07 0

3 0 -3E-08 0

4 1E-07 1E-07 0

5 0 0

6 0 0 1E-07
7 0 0 0

8 0 -1E-07

9 0 -1E-07 0

10 0 0 0

11 0 -1E-07 0

12 -1E-07 0 -1E-07

HAdSAE AAZTASIH FARE 2HolE YEtaL 9loen, o]= RPSSol tigk A+t A
S AMzdlo] dFHom AHEHNEE & o JTHTable 35~38).

_77_



Table 35. Ranked probability skill score (RPSS) of temperature at 2m
hindcast of PMME (GUAS) produced in old AFS and new AFS systems.

for

Region Lead 1 Lead 2 Lead 3
1 0 -2E-08 -1.15E-06
2 0 0 3E-08
3 -1E-08 -1E-08 -3.39E-06
4 1E-07 0 0

5 1E-08 2E-08 2E-08
6 0 -1E-08 0

7 0 -2E-08 0

8 0 3E-08 -1E-08
9 1E-07 1E-08 1E-08
10 0 -1E-07 -1E-07
1 -1E-08 -1E-08 0

12 0 1E-08 -1E-08
Table 36. Same as Table 35 except for precipitation.

Region Lead 1 Lead 2 Lead 3
1 0 -1E-08 0

2 0 0 0

3 -2E-08 1E-08 0

4 0 -2E-08 -3E-08
5 0 -2E-08 1E-08
6 -3E-08 1E-08 -2E-08
7 2E-08 1E-08 -1E-08
8 2E-08 1E-08 0

9 0 0 1E-08
10 -1E-07 1E-08 -2E-08
1 4E-09 2E-09 5E-09
12 1E-08 1E-08 4E-08
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Table 37. Same as Table 35 except for temperature at 850hPa.

Region Lead 1 Lead 2 Lead 3
1 -3E-08 2E-08 0

2 -1E-08 -2E-08 0

3 0 1E-08 0

4 0 0 1E-07
) 0 -1E-08 -2E-08
6 0 -2E-08 -3E-08
7 1E-08 0 -2E-08
8 -2E-08 -1E-08 -5E-08
9 -2E-08 1E-08 0

10 0 0 -4E-08
11 0 -1E-08 -5E-09
12 2E-08 0 0

Table 38. Same as Table 35 except for geopotential height at 500hPa.

Region Lead 1 Lead 2 Lead 3
1 6.9E-06 -5.2E-06 -2E-07
2 -1E-08 1E-08 -5.9E-07
3 2.042E-05 -4.66E-06 0

4 1E-07 -1E-05 0

5 -1E-08 1E-08 0

6 0 0 0

7 -1E-08 1E-07 0

8 0 -1E-07 0

9 0 0 -1E-07
10 0 -2.14E-05 0

11 1E-08 -1.1E-08 -1E-09
12 -1E-08 -1E-08 -4E-08
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Table 39. Work flow and number of step to produce seasonal prediction data for old AFS and new AFS systems.

4 AFS AIAEH] JHME AFS AIAE]
Al il EES % 2 AAFE &Y = Gl EE2TO8 Y AAFE
models.3m.afs s Yo rm__models__set_mme_ da
1~6 models.6m afs MME 01 24 list =73t 2! Mg 1 fash
runMME.rb MME O 21 =3 Z=7)2H
- fcast-mean-3m.yml - forecast 3/HE HE T (13)
= —~ N - focast-mean-6m.yml - forecast 612 A2 Bz (22])
JleEd O“EEOT‘SCM C;AMQAE O=A= S - fcast-month-3m.ym! - forecast 3/HE & T (132))
' 7~16 - fcast-month-6m.ym! - forecast 67HE = B (13)) 2 auto__mme.py
- hcast-mean-3m.yml - hindcast 37H& A& = (13))
- hcast-mean-6m.yml - hindcast 67H& A& = (23
- hcast-month-3m.ym| - hindcast 3/H& & T (12))
- hcast-month-6m.ym| - hindcast 6702 & T (13))
N models.3m.afs ° = T - rm__models__set__mme__da
17~28 models.6m afs IO 71E XzE MM 2 29 THME 3 fash
runMME.rb MME O 21 =% Z=72H
- fcast-mean-3m.ym! - forecast 3/HE HE T (13)
=) ~ . - foast-mean-6m.yml - forecast 6/HE AlE Eo (23])
APCC aSCM G‘AUI\QMES(ENTA;FEE S - feast-month-3m.ym! - forecast 3/HY o L (1§|>
’ ’ ' 29~38 - fecast-month-6m.ym! - forecast 67HE & T (1)) 4 auto__mme.py
- hcast-mean-3m.ym| - hindcast 37H& A= T (13))
- hcast-mean-6m.ym| - hindcast 6/H& A= T (23))
- hcast-month-3m.ym| - hindcast 37H& & = (1))
- hcast-month-6m.ym| - hindcast 67H& & T (13])
N models.3m.afs Al ola O - rm__models__set__mme__da
39~44 models.6m.afs SPM SRS 2let 22 MS 5 ta.sh
runMME.rb MME O Q! =& T= 2y
- fcast-mean-3m.ym| - forecast 37HE HZE T (13])
(= A — - fecast-mean-6m.yml| - forecast 67H& AIE o (22))
APCC %= 04. SMP%E UIEINERAES, - fcast-month-3mym| - forecast 37HY ¥ LW (13))
45~54 - fcast-month-6m.ym! - forecast 67HE & = (13)) 6 auto__mme.py
- hcast-mean-3m.ym| - hindcast 37H& A& T (13))
- hcast-mean-6m.yml - hindcast 6/H& A& T (23)
- hcast-month-3m.ym| - hindcast 37HE &2 B (1))
- hcast-month-6m.ym| - hindcast 672 & T (19])
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Table 40. Work flow and number of step to produce prediction graphics for old AFS and new AFS systems.
o AFS A|AHE JHME AFS AlAE]
EHA| = Z2T J AAFE A U= T Z2 D AAFE
MME Ol= Xt2 Dy B
- 3-month / 6-month
- monthly / seasonal 1 auto__mme__graphics

mme__graphics__3months.rb
mme__graphics__6months.rb

- forecast / hindcast
- 4 sub-regions

MME OIl= Xt2 i E5

- 3-month / 6-month

auto__mme__graphics

mme__graphics__3months.rb
mme__graphics__6months.ro

- monthly / seasonal
- forecast / hindcast
- 4 sub-regions
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Table 41. Work run time to produce seasonal prediction, graphics and ENSO prediction data
at old AFS and new AFS systems.
MME A e MME 139

Al 2~ Hl Al 2~ =l 3] g S Al
]—— 1= /\]Z\_Eé! /\]i\_"%ﬂ /\]Z\_E{E ENSO ]—— = 1:}7"“ s e}

71& AFS 0lh 36m 03s 0% 22m 34s  0lh 56m 38s  00h 18m 20s 13h 13m 35s -

06h 28m 44s

A5+ AFS 0lh 10m 58s  05h 03m 48s  00h 24m 44s  00h 05m 21s 06h 44m 51s
(°F 49.0%)

At AT A"l teiAE =94 A 2843 A 284de Adsith WA 7
T AT N2"S 2823 2 FEEH dSARCd et 3 /i e BElsk 7 2
Y AdS s WY, At ASAZE L S7EEE 3 Mo s N 6
Mo dZatzel disf d&F oz A7t 7hestH, ENSO A= tid As A4S £33}
A 71E9] 539 A} 3 Sl 339 A ¥ dAR d=HAT. 54 & o]
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Table 42. Work run time to produce verification data at old AFS and new AFS systems.

2 2ol AR EH Q%%@ ENSO 9 284
a9 AF A% A5 9% AF

712 AFS 06h 12m 33s 02h 22m 42 00h 21m 37s 08h 56m 52 -

=& AFS 00h 59m 15s

1A o) 05h 48m 02s 01h 55m 13s 00h 14m 225 07h 57m 37s ©F 1L0%

A AF Az2"e B3 - AE ELARYOE ASA HolA Fo] E Aot} 7
9 AT N2ge ARV d3te AS ARE As] HsiAe 71 dY A FIT5E
FAE T Y ¥ A AulEe AFGS FAAA kAT AT At HF AlaEHS
AHEA7E A3k A 713, deke AS 2FoThe AEstd A 4 Jon, AF AR
g 28E A55 A o AMEATE Hike ABAY, A 5 A9 &2 FEE
FASA X1 FPL F Ae Aol AUtk ofdiE AHEA WA FXo Ui JAR FEE
Z o Zo th3+ python Wl T2 18e] golth

1$ vi runduser_HCST_FCST_PMME.py

from my_package import run_command

# For 3-MON Real-Time Forecast Verification

forecast_monthl = “NOV*
“2019“

forecast_yearl

# For 6-MON Real-Time Forecast Verification

forecast_month?2 =

forecast_year2

“DEC*”
“2019"

hindcast_monthl =
hindcast_yearl

“DEC”
“2019°

# “JUL®
# “2020“
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# For 6-MON Hindcast Verification
# - - - - - ————

hindcast_month2 = “JUL“ # “JUL®
hindcast_year2 = “2020“ # “2020“

AZsnA st AU 6L, WA B AAd S A deo] 7}

%6‘]’]:':]’ iL‘H fEs H

AS Zdol FdHA 4 S 2FoHEE X0 Uit diolg 2 I A5E A4St %
NCL 2= 9 EV} olgo} 2o AEZZ AF AAEY g 2IHEE 831 ALEA7F Y3}
= contour, 99 & AATL & A= HAAF LS AFsr Aok

oX
r2
o,
b
N
(@}
Q
o
Q
o
N
~
@)
v
25
J
~
a
<
A
N
=
o)
=
1
©«
U
>
H
T

1$ vi $PATH/3-MON/FORECAST/PMME/2019DJF/Seasonal/ROC_Curve/t2m.ROC_Curve_aggregated_seasonal.ncl

;=== ]st block ====================================================================================

load “$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_code.ncl®
load “SNCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_csm.ncl®
load “$NCARG_ROOT/lib/ncarg/nclscripts/csm/contributed.ncl®

begin

infilel =
addfile(*/data02/OPER/CVS/DATA/3-MON/FORECAST/PMME/2019DJF/Seasonal/ROC_Curve/t2m.ROC_Curve_aggregated_seasonal.nc
)

infile2 =
addfile(“/data02/OPER/CVS/DATA/3-MON/FORECAST/PMME/2019DJF/Seasonal/ROC_Curve/t2m.ROC_Score_aggregated_seasonal.nc”
)

region = infilel@region
num_reg = dimsizes(region)

year = infilel@year
month = infilel@month
num_mon = dimsizes(month)

do imon = 0, num_mon-1
do ireg = 0, num_reg-1

rocc_h = infilel->t2m(ireg,:imon,0,:)
rocc_f = infilel->t2m(ireg,:,imon,1,:)
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aroc = infile2->t2m(ireg,:,imon)

; INFORMATION

diag = new((/11/),float)

do i=0,10
bin = 0.1 * i
diag () = bin
end do
(3=

upx|eto 2 Al 7HA] Al 2HY tig g8 ) o
ole AlF AH| 2=l ADSSOIA A El Xﬂ%é}—b #ASAEE AHESt] A4 2"e Aatkshs
AAelH, ADSSell ofEstrtiy A5 A2 = %78‘?3‘}311} @ o 71E A /\li
£ HBo| ADSS A2® & FEES BE S0
ol#|k ADSSe] ofEAelA Eyjste] FY A Al LEC
Fa AR @ el AT F e AdEgn B Auﬂur U pythonur NCLZ

91 Radsl A 2 HEE AAGE AL, A8 A7 FAALEH G0l AEA dol 24
B A4 2 B A T 5 Atk AE A Axge Fa, 28, AR Axd Az

o= HaA A7l st A 19 ARE ANss AARoY, 48R} Ase
B Z\zkel thte] e WAT S Qor, Asks Al talA AfEA WHel b

ol = Al Al Al2"le] HEd S RoFE oA 22 O8(FE A A= A4 python
g2 ") o)t}

1$ vi /data02/OPER/CMS/RUN/run4_Weekly.py
import dateutil.relativedelta as rdelta

import datetime

from my_package import run_command

# User's define : Climatology period

clim_start_date = "1991-01-01"

clim_end_date = "2010-12-31"

# _______________________________________

today = datetime.date.today() # ex) YYYY-MM-DD
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#today = datetime.date(2019,12,16) # for test
#today_dayname = today.strftime('%A") # ex) Monday
m_type = "weekly"

# past THURSDAY : ex) YYYY-MM-DD
recent_start_date = today + rdelta.relativedelta(days=-1, weekday=rdelta.TH(-2))

# past WEDNESDAY : ex) YYYY-MM-DD
recent_end_date = today + rdelta.relativedelta(days=-1, weekday=rdelta. WE(-1))

Aok o] =&Y FIAYE FEe FAHsY V5T Bd e 8T e,
“today” et Wl st A7t AET o 2o
obefol Ze& 2 9, 4, A, A8
AAA 7138 A = A AlzEle] 7HA|
A e FAE Bgste] ARgAe] "Hold i E&4o] FEHEHE & g Ao

R

1$ vi /data02/OPER/CMS/RUN/run4_user_setting.py

from my_package import run_command

# User's define
# Climatology and recent period

clim_start_date = "1983-01-01"

clim_end_date = "2010-12-31"

recent_start_date = "2019-12-01"

recent_end_date = "2019-12-28"

m_type = "monthly"

# --- m_type lists : monthly , seasonal, PPT, PPT_MONTH
# ______________________________________

51:} §_07<-lo] AFS A28 24L& 95t 7+ A28"E 252 A 2HS %7]5-1‘
gt3}o Hol Z2A 22 MME 9= — 7l E/MME 1818 — ENSO 9= — A% %
2 AR AHYste TF AN2ES HAITH R FE3AuY Y §% 73 22
9E¥7#IE sAH 0w dEAYste AAZN MME 3ol 2d 4, MME AAIZE oS A
F, MME 37 o= 283 A4 A8 249 o= a8y A5 A4k MME o= 183 =
2k ENSO ol & 2 g A8 A4 ZAEF 371 d5 2 298 A5 AL FEEF
7Y AF 2 198 A5 AL £o= Agdn. i ¢ 2299 F=Ee W& of
g o} 2t
[ - 5% =233 %= : [data02/OPER/AFS/Auto_AFS.sh |

_IE r°"
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1§ vi /data02/OPER/AFS/Auto_AFS.sh

#!/bin/sh

B 5
ER bt b S

# Auto AFS Run Script ( MME -> Graphics -> ENSO -> Verification ) #

# Made by Chang-Mook Lim (Since 2020.JUN) #

HFHAF R R HH HHFFHH SRR RS H SRR AR S F S R F A A R R R R S H HHH SR8
HHAFE R E RS S HH A

SYSDATE=‘date +%Y%m%d"
#SYSDATE=20191115

Recent_Year=‘echo $SYSDATE | cut -cl-4'
Recent_Mon=‘echo $SYSDATE | cut -c5-6°

Python_Insti_3Mon="\'APCC\’, \'BOM\’, \'CMCC\’, 'CWB\’, V'HMC\’, \'JMAY, \'KMAY, \'MSC\’, \'NASA\’, \'NCEP\,
\'PNU\’, \'UKMO\'™®

Python_Model_3Mon="\"SCOPS\’, \'ACCESS-S1\’, \'SPS3\’, \'GFST119\, \'SL-AV\’, \'MRI-CPS2\’, \'GLOSEA5GC2\’,
\'CANSIPSv2\’, 'GEOS-S25-2.1\', \'CFSv2\’, 'CGCMv2.0\", \'GLOSEA5\"™*

Python_Insti_6Mon="\'APCC\", 'KMAY’, \'MSC\", \'NASA\’, 'NCEP\’, \'PNU\'*
Python_Model_6Mon="\'SCOPS\’, \'GLOSEA5GC2\’, \'CANSIPSv2\’, \'GEOS-S25-2.1\", \'CFSv2\’, \'CGCMv2.0\""

MME_Method=“SCM GAUS*
HCST_Period=“1991 2010 20“ # Start year, End year, Period(years)

NCL_Insti="\"APCC\“, \"BOM\“, \“CMCC\*, \"CWB\“, \"HMC\", \"JMA\*, \"KMA\*, \"MGO\“, \"MSC\", \“NASA\",
\“NCEP\“, \“PNU\", \“UKMO\“"

NCL_Model="\"SCOPS\“, \“ACCESS-S1\“, \“SPS3\“, \“GFST119\", \“SL-AV\“, \“MRI-CPS2\“, \“GLOSEA5GC2\",
\"MGOAM-2\", \“CANSIPSv2\“, \"GE0S-S2S-2.1\", \"CFSv2\", \"CGCMv2.0\", \“GLOSEA5\""

Graphic_6mon_run=X # O = 3 & 6 Month all run, X = Only 3 Month
#:::::============================

# Setting for MME Graphics

#:::::============================

Graphic_MME_Method="\"SCM\“, \“GAUS\""
MME_Graphic_6mon_run=X # O = 3 & 6 Month all run, X = Only 3 Month

# Setting for ENSO Prediction
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ENSO_Insti=“\"UKMO\“, \“PNU\", \“NCEP\“, \"NASA\“, \"MSC\“, \“KMA\“, \“*CMCC\“, \“BOM\“, \“APCC\"“"“
ENSO_Model="\“GLOSEA5\“, \“CGCMv2.0\“, \“CFSv2\“, \“GE0S-S25-2.1\“, \“CANSIPSv2\“, \“GLOSEA5GC2\“,
\“SPS3\“, \“ACCESS-S1\“, \“SCOPS\**“

Start_Year=1991

End_Year=2010

JAMSTEC=0 # no JAMSTEC=X , else JAMSTEC=0
# ============== Gelect Part ============= #
# O = Run, X = No Run

PART1=X # Setting Model list in MME
PART2=X # Run MME : Forecast
PART3=X # Run MME : Hindcast
PART4=X # Run Graphics : Individual
PART5=X # Run Graphics : MME
PART6=X # Run ENSO Prediction
PART7=X # Run DMME Verification
PART8=0 # Run PMME Verification
PART9=X # Run ENSO Verification
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Figure 57. Summary of efficiency assessments for AFS Integrated system.
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Table 43. Improvement in ARGO pre-processing system.

ARGO AAg 2=

T 7 A (Matlab) 7N 3 (Python)

w2l mk_argo.sh init_ARGO_loop.py
T4 Z= imsi.argo, imsi3.argo_3 DATE.yaml
A4k AZE 20%/171 € /144
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Figure 59. Ocean definition for text generation
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Procipatation for Movember 2020-January 3021

Figure 60. Generate algorithm for categorical data (precipitation).
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Figure 61. Generate algorithm for categorical data (temperature)
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Figure 62. Text generation process for precipitation
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Figure 63. Text generation process for temperature
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Figure 65. Text generation results for Outlook service
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Figure 66. Text generation results for global summary map service
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Table 44. Directories of observation data in APCCDB

=2

surface gauss : 2m 7]-&, s|lH71gt
- /1fs/apccdb/Observatlon/Reanalys1s/NCEP2/Monthly/gaussian_grid/

NCEP2
pressure : 850hPa 7]+, 500hPa A]¢Ja1l%, 850hPa H}&, 200hPa W}
- /Ifs/apccdb/Observation/Reanalysis/NCEP2/Monthly/pressure
CAMS_ &
OPI - [/Ifs/apccdb/Observation/Grid/CAMS_OPI/nc/
s
OISST i

- [ifs/apccdb/Observation/Grid/OISST/Monthly/

ZA 8 APCC AFS Al28lo] 23} AZ228 A4 28 28] 255 X2552 7
w28 A2E ST BA Axwel A8 71Fgk 71k 19917 20104 o] o,

e

Q@ MME FArd(ldnd) x5 FZE

MME ZHoqmdUidrd) =285 APCC AFS Al2®le] Axg Ak T2 3o 93]
20 X252 AALE xHF3 ABE AFESIHTE hindcaste} forecast AF=2] A Z = Table
459} 2o},

Table 45. Directories of individual model data in MME

=2
hindcast - [data02/OPER/AFS/DATA/MME_IN/HINDCAST/
forecast - /data02/OPER/AFS/DATA/MME_IN/FORECAST/

(h ¥4

MME o md(ZjdErd)
(Image Similarity)S Hlwaslz T HA, AERD] zke] HMYYE v}
o] 27k GAIE T3 FHAAE Fda, HTHoERE FHAAA
A

dde %*ZVP NEED e FHZHE oL ma7 osid - s HRE AFstaLza Ao



® olm A FAHA(Image Similarity) ¥z

olmlz]  HAA  mHmE Y8  Python®  imagehash @ HIIAE o] &3IFth
(https://pypi.org/project/ImageHash/). imagehash= + ©Jv|X|7} FH3A Ho|=AE #3517
23 AF8EW T o]u A9 hash HEE o]&3tA Htkhash : 4o Z71E 7% HolH
14E A7) HolHE WSt dolHe gh(value)E o] &34 LF3 g 2(ndex)E ®F
< 4.

o]

imagehash 3|71 X]ll= average hashing (ahash), perceptual hashing (phash), difference
hashing (dhash), wavelet hashing (whash) 47}#] 7]¥{o] A& Uwtx S 2 phash 7|Ho] &
o] AHgHET. Iy ArldAeE MERD Wt o A E g 53] s H-25(6ST)
9 A §A AYo] npAF(masking) H o] ¢lo] phash 7| o2& o|uR FAA 0] =A ek
U o] Wojx|7]o SSTe] 74 %ol whash& Al&3slal thE W49 7 f-o|= phashE A}
23}t phash 7ol A= discrete cosine transform (DCT)E AF8-3}al, whash 7R oA =
wavelet transform (WT)& A}-&-3th

Figure 67 phash® ©] 8319 wel ouA §A4S Uehith 9% A8 ol g =7]
7b 512x5120)31, F3F olElAe] A9 Aejsh AolxE WANGL, LEE olmAE FAR
Aeush B 2EE F719 Agolth 9% AR olmA g F oulAe] hash 2ol 0%o]
3, %2k olul A9} 9% oju]x o] hash o]t 31.2% Ehdth

ME B3 WA= Ay LR ETHGT, WAE
et N ] 1N12% 1 5 el [fed] PR s lera! 1] 1T Tkl
Haah diffésamze (lgnd - Bmal| Q0% Hach cfferarnce (ona - lenad] - 20 13T 24
§ i e ool
LE 134 BE =

Figure 67. Samples of image similarity using phash method
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https://pypi.org/project/ImageHash/
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Figure 68. Step 1: Image similarity check
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Figure 69. Step 2: Models data check
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Figure 70. Step 3: Result table

() A2de T BF4A
O N=" 74

FAAAN AN 2zd"o] Ag" do]E python version 30]3L python A& AH&3L7] YA =
o] B7FA<Ql python 3 7]A|7F Q75 =d, & AlX="el|A = yaml, numpy, xarray, pandas,
matplotlib, basemap, imagehash 3}71A& Ab&3stAth Al2=ElS] FA =+ Figure 713 o] 274
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Figure 71. Structure of quality check system for
invidual model data in MME

¥ QC : MME #Holnd ZAAA Al 2HE
RUN : =273 A8 tjzdgg
FIG : &3 HolE 138 A faEg
@ =239 74

QC =92 RUN, FIG9] sh¢] " Ezlz 745, RUNS Z=209 43 3=, FIG
HF 42E 198 93 Aok RUN OdE e 3= 742 Table 463 2o

Table 46. Codes and modules Directories of quality check system and codes/modules

RUN NE 203 Ay F&
@5, | T4 hindcast.yaml, forecast.yaml
mol Ze hindcast_ensemble_mean.py, hindcast_ensemble_all.py

forecast_ensemble_mean.py, forecast_ensemble_all.py

runduser_hindcast.py, run4user_forecast.py

RUN/my_package Abg2 RE A=
7187k BEHA calc_OBS_monthly.py, calc_MME_IN_monthly.py
h= read_MODEL_HIND_TIME.py, run_command.py

@ APCC dAAH B54A

A z=E2 APCC dgAH oA Aol HH o]F Hsfires LZE O BRES ZESIA A}
gstojof o} 7EZAc® Had A& python EEo|Th

AREAE =l & gAYl A python RES ZEJH

A

rr



m 25 3l(module avail)

1$ module avail

Jopt/Modules/versions
3.2.10

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

Japp/modulefiles/compiler
gnu/7.3.0(default) python/anaconda—3.7(default) python/anaconda-3.7-plot

Japp/modulefiles/util
cdo/1.9.8(default) ImageMagick/7.0.8-67(default) wgrib2/1.9.5.1(default)
cmake/3.16.5(default) java/1.8.0_112(default) wgrib2/2.0.8
grads/2.2.1(default) nco/4.9.2(default)
gv/3.7.4(default) ncview/2.1.7(default)

Japp/modulefiles/library

emos/000382(default) libarchive/3.4.2(default) netcdf/4.6.3
grib_api/1.21.0(default)  libuv/1.34.2(default) proj/5.1.0(default)
hdf5/1.10.5 ncarg/6.5.0(default) szip/2.1.1(default)
hdf5/1.8.18(default) ncl/6.5.0(default) udunits/2.2.26(default)
jasper/2.0.14(default) netcdf/4.4.1.1(default)  zlib/1.2.11(default)

m 25 ZE=(module load)

1$ module load python/3.7.1-anaconda-plot

(mh) A" 43
DO =233 A3
@ Hindcast (FA o)

= 23 DUEz 0%

1$ cd ${USER}/QC/RUN

By
~
[.4—\‘1_‘
+
o

» runduser_hindcast.py H7 &3 €, 715
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1$ vi runduser_hindcast.py

#

forecast_month = "JUL"
climate_syear = "1991-01-01¢
climate_eyear = “2010-12-01"

#

= runduser_hindcast.py 4! 3}

1$ python runduser_hindcast.py

m A Oy A=

$H{USERYQC/FIG/ & =& H}

@ Forecast (AAIZt o)

= 43 DUz 0%

I$ cd ${USER}/QC/RUN

» runduser_forecast.py W7 (Gld A=, 3

1$ vi runduser_forecast.py

#

forecast_year = “2020”
forecast_month = "JUL"
climate_syear = "1991-01-01*
climate_eyear = “2010-12-01"

#

= runduser_forecast.py 2 3}

1$ python runduser_forecast.py

w A O A=

HUSERYQC/FIG/aH S =2 H /i S oA =}/(5H

0
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¥ d o] hindcase} forecast /AEEE T4 YeERd QFgkel tis] 1A oA oA F-A}
el A zpolghe B, 28l EHghe] WMeE BE Ao,

® CMCC =dzts : i 2E A7 §4 np2F(masking)d] @ ¢ AZ EA

CMCC =99 hindcast MA7]13t &t 7€ s ATAAN A vpzAol g AR
WG oA st Aol EA7F TR Ag-olthFigure 72). FEAA A3 1@A A o]
A Ael= 9.375%% YA S%E SHEkA XA, 2eAlelM = EREke] Hagho] -
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Figure 72. Example of result for SST of CMCC_SPS3 using quality check system

@ CMCC rdx s : ¥ 19 =

X

o 22 %

ro

Al

o

CMCC =4 9] hindcast AA7]7F S<F 59 850hPa 71L& A oA F¥r 1% A (=
Aol Aoz F2 ks M= AV B A SoltkFigure 73). o] EAE 2 A
Ao AZAE FY 605~90% X AEE missing valueE g3t MMEo] &% )
o FEAA 1Al A= EHk 195 A9 gho] AtiFoE drgs o|n XA FE7t
At FHAAAE BHSIAAT 2FAN A= Zdgke] HAgko] 5367652 EAHAAE 53
shA] Xt
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Figure 73. Example of result for temperature at 850hPa of CMCC_SPS3 using quality check
system

@ CWB 24 : 9= HAIY EA

CWB =2¢] hindcast AA7]17F &<+ 109 2m 7]& &ABoA =7t HHE EA7} HAY
7 S-o|tHFigure 74). ZAZAA 1GA | AE Eubel Juke] ojulx] 9]4o] uitjo]7] uf
o olulx] =Fol7} 46.875%F ZAAAES EFslx EatQa, 29A A= mdzlo] @
el A ool S0 AU o)A B AV oyt A& Al 9o A= AR
H 2 9& Ao R Zro= olAo] v ASoth

L O e

13 thn o CWE TOWRITYE T, P 1S rendcaan 19 1

< VERAOR|E] b T = o] A10] fsh o re s TFdE 8 R0 A 1% B
 a

+ PR EED A SRR R0 O R ma, el W el 5 A
EEFIAEE DR R men T -A5085 mie T 3515 BT

Figure 74. Example of result for 2m temperature of CWB_TCWBITv1_1 using quality check
system

@ HMC 24 : @it thE g9 o]z &4

HMC =29 2020d 10¥ forecast 2m 7] ABolA ot UHF A Yo Auzoz
wo ghol vERd EAIVE HAS A f-olthFigure 75). FEHA 19 AlA & olmA] zto]7t

- 110 -



15.625%2 EAAAE SA5HA FHGL, 20ANME Bagke] Hagrol 64065, HArigtol
3200252 =@ 71Fgke] A Welel B4 Rshel BAUAE A Basinh

- I8 1Fm TR 5] -AW TTARE 1T erec e

SRR B - HU UL FI"-I-E-!-I}"-I"H""I“I‘I-:II“III"IH"J'I difterare ] TE 1S SV RITIAE PYR) ]S

« TR ""?"'E-‘-ll"‘iﬂi{.‘*}:'—lil-nﬂ e Bl 25 O]E T
FI A E o MR e T A8 T, s v 3508 R e 7 A AT e 30000

III-|I|'

ll

Figure 75. Example of result for 2m temperature of HCM_SL-AV using quality check system

. 0FRd GFE A AL 7 75

(1) APCC ¥ E} 7|# AA dF =24

A TRAIEE 7IHe A8 A5 ZEE AFs= 7182 APCC 9o NMME
(North American Mult1—Mode1 Ensemble), WMOLC(World Meteorological Organization Lead
Center), C3S(Copernicus Climate Change Service)”} 1.9, EUROSIPS] 7Z-¢- 20191 10€HH
Au| 27 SEEAG. o2k APCC 2 WMOLC, NMME, C3Sel #ojsl= Aldd = ndo
hindcast A&7} =3 = Atk APCC, WMOLC, NMME, C3S MMEo¢l| #odl= /fErdo] F4L

5 g

Table 473 %t} APCC MMEo| #ojste ndl 47} 714 ®ow, o]lE 5 °F 62%2
WMO2] Hondy TAd AL & 4 Atk NMMESF C3S MMEE 5719 mdlg LA o] )
o, Au|~7} ¥ EUROSIPS] 79 C3S¢ tiths=2] mdo] HYUsAitt.

gzrd AR 218 NS 93 AFAE PCC FAst= 13719 AA o= nd s
Bl%atel, WMOSIA 470, NMMESIA 270, 123 C3sellA 174e) A% mal 487} AH8-5
Ao, o]= Table 489 A A3} o},
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Table 47. List of individual models participating in MMEs of different operation centers.

ECMWF_SEASS

APCC WMO NMME C3S
Hindcast
. 1983-2010 1993-2009 1982-2010 1993.02-2016
1371 =4 127 =4 57 29 571 =4
BCC_CSM BCC_CSM
BOM_ACCESS_S1 | BOM_ACCESS_S1
CMCC_SPS3 CMCC_CM3
HMC_GCM HMC_GCM
JMA_JRAB5 JMA_JRA55
KMA_GLOSEA5 KMA_GLOSEA5
Fhoj g MSC_CANSIPSV2 | MSC_CANSIPSV2 | MSC_CANSIPSV2
NASA_GEOS5 NASA_GEQOS5
NCEP_CFSv2 NCEP_CFSv2 NCEP_CFSv2
UKMO_GLOSEA5 | UKMO_GLOSEA5 UKMO_GLOSEA5
APCC_SCOPS CPTEC_GCM GFDL_FLORB MF _SYS6
CWB_CWB SAWS_EPS NCAR_CCSM4
PNU_CGCM DWD_GCFS2 DWD_GCFS2
ECMWE_SEAS5H

- 112 -



Table 48. The information of 20 climate models participating in MMEs.

Model Institution e, @
ensemble
- 13 climate models from APCC MME system
SCoPS APEC climate center (APCC) 10
BCC Beijing Climate Center (BCC) 24
ACCESS-S Bureau of Meteorology (BOM) 11
CMCC-SPS3  Centro Euro-Mediterraneo sui Cambiamenti Climatici (CMCC) 20
TCWBITvV1.1 Central Weather Bureau (CWB) 30
SL-AV Hydrometeorological Center of Russia (HMC) 10
JMA/MRI-CPS2 Japan Meteorological Agency (JMA) 10
GloSea5 Korea Meteorological Administration (KMA) 12
CanSPISv2 Meteorological Service of Canada (MSC) 20
GEOS-525-2.1 National Aeronautics and Space Administration (NASA) 4
CFSv2 National Centers for Environmental Prediction (NCEP) 20
PNU . L
Pusan National University (PNU) 35
CGCMv2.0
GloSeab United Kingdom Met Office (UKMO) 12
- 4 climate models from WMO MME system
CPTEC_GCM  Centro de Previsao de Tempo e Estudos Climaticos (CPTEC) 10
GCFS2 Deutscher Wetterdienst (DWD) 30
European Centre for Medium-Range Weather Forecasts
SEASH 25
(ECMWEF)
EPS South African Weather Service (SAWS) 10
- 2 climate models from NMME system
FLOR Geophysical Fluid Dynamics Laboratory (GFDL) 12
CESM1 National Centers for Atmospheric Research (NCAR) 10
- 1 climate models from C3S
MF_SYS7 Meteo-France (MF) 12

(2) APCC MME ¥ E} 71 MMEY] 4 =8 nvln

Figure 762 2 7]3dE JIEEde AEE ACC(anomaly correlation coefficient)2}
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TCC(temporal correlation coefficient)& UElbd Ao =2 EA mdo] EX AH oFA0]
T @A YEhdE A7 e 8% 4+ Aok APCC MMES$} C3S MME] #ojstar 9l
CMCC 29 7% ghtg 299 7| o Fgo] g o} /ERI o SH2 A
WA gk, APCCol A= MME A4F Al @it Sx 9 ASH & et vk €359 4% &
3 AP E A v ALE Ho SCM A& Aok 7} 7|3 A BHAS g shurh

e W 2

Figure 76. Anomaly correlation of (a) 2m
temperature and (b) precipitation of APCC, (c)
2m temperature and (d) precipitation of WMO, (e)
2m temperature and (f) precipitation of NMME,
and (g) 2m temperature and (h) precipitation of
C3S over the globe.
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Figure 772 ZAFolA 7]&#¥ MMES] AAEE ACC(anomaly correlation coefficient)<}
TCC(temporal correlation coefficien)E YebH A2, BE 7|39 o FAdo] A w2t
AFSHAl WEskal lee HAFT ACCY A tE AlEd vls] o599 AddA7E ofstA
UehaL flom, 53] C35¢] dS&go] & 7|#d Hls] @& 54 Bt (Figure 77a). ©]
+ C3S MMEE A3t S+ /IEED T 2709 Edo] dulgt SA QoA &5 ofg]
5 Pldddor wosta 7] wjEo®E FRlHen, /Y mdRE TR e C3S
MME®] 7% 1~27] =de] a7 AAH I F3Fo] MMEoE FA WidH = AAE Hole
Zlolgt & & Atk TCCx AEH AL AUH oz ve gs Hola om, oz EF
2 EE MMEdA FL3A vebdtiFigure 770). Z49] A% tiF-E9 2dlEo] dois|de
ForgE & BosteE ACCE A YErATHFigure 77b), 9 &< & REo5HA] XEtE=E
CCe A Yehue= AeS HAtk(Figure 77d).
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1| =1 .

Figure 77. Anomaly correlation of (a) 2m temperature
and (b) precipitation, and temporal correlation of (c)
2m temperature and (d) precipitation over the globe.
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Figure 78. Anomaly correlation of (a) 2m temperature and (b) precipitation for
APCC, WMO, NMME, C3S, and their mean of 12 seasons over the globe. (¢) and (d)
is same as over East Asia. Red line is MME skill, blue is mean of individual models,
and gray lines are individual models.
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1= GERagiel Foishs mue Fob THED PHol weh AR,
= = | < Hrkskstr APCC, C3S, NMME, WMO T 2@ Y& o
I e B(Table 47) & TEIE= 2RSS X5t 2059 229 o325 (Table 48)7}
2899, GFRAG o] Folshs DL S5 @ Ak 27olA A 207174 <)
STk o714 AgR PAR 29 PHe

)=]
S
t AU 249

2EY WHOEA 3B B HYE 2 2
WE) FEFHA e Aol AgH, Fol =Y S uleh BEPRBL 500008 HUE
9 7 3% 88 FEetel =RPOEA AW AAS FAsnA SEcHEfon and

Tibshirani, 1994; Efron, 2003). o]2]3k WHo =z o] wdl o w2l HAX|, do, FolAo}

Aol GFk 7] D Ao o]=HS Awmgla, 10th, 25th, 75th, 90th, ZAZS A AA

st APCC, C3S, NMME, WMO<2] 7zt 7|#¥ g dYdE 9= AR £F& s
O:] 2]

£F, A 5Hg Rol: Y AL B4std §F 7t :

ksl

W 4+ 23

WA AT 71 D Ao tlete #He md 25 E 20774 29 23S £ gEnd
YL d=2S AMAEZ B hFigure 79). 18 194 A HEe 7 234 thEmuo
4B &2¥S oulati, 224 whx: HA 50,0007 23FE =g o 251 3} 75" AlE}
A Apoleo] Fzh, wbx Y Ao FUgh 1 9ol st @ A Ao zkz 1003 90" AlErY &
ouith, w3, 7 gFEdGdE AT 7| o md Lo E AEE o8 e ¥x
(APCC: w7+ NMME %%ﬁ,WM}EHHRC%-Hi”ELEMad 7} 7| Ho]| =" 4
S vustgnh AEEE Fo md £ 9 FA wgt Jebd A= d=4He Hele o
FatA et on, 3 o2 7129 d=8ge] WalZo] 34 H%ﬂ olx Fo] md
s} PO WA oEH 7 d=gdl A NgE dFL vxE AL & F U =%
o= 90" HAEFY ool sigahs Wlol ws) 10" HAEHS vk 5 Wlel A W
g Z3 1 WEHol E Aow 45}%@ Zel e SU1 SV w) dZEe) wstE dne
ﬁdﬁﬂéﬁlﬂg’VPZﬂQ dzHx 7 F71etE FAES BolAw 11 FA

=k
=
%Y v =Zo)7h A3, el md 57

] 1=
= a-
SHAAE A WAL TA UL ASE GEiT. T B 2W S} 484
7w =x E4e
=8, ol o Ed 7t Aess 2d 74 29l we g% 3

°l i EOSNERSESE

Aol an, Fo 2l F7 STHEFE g Ses Fel FAEIR wet 4 7HEA

g 10~127)ell A o =Ho] st Ha, 1 ol rd 7} Fosiogts Fxk o= W

ol EoEA Hol obie Be Rl E}%‘—Et—é%%%oﬂ Fosit et A58 o] 3
A7ZF D5 AAET
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Figure 79. Anomaly correlation coefficient according to number of participating models in MME
of (top) 2m temperature and (bottom) precipitation for MAM, JJA, SON, and DJF over the
globe.

APCC, C3S, NMME, WMOI A A Fste FsRAGGE dFAsE 242 1370, 570, 570,
13709 Fojmdo] Fojsta 9o, 7zt ZYAEE AdE 7L 9 F5 428 nwd d3,
Feimd 71 13702 w2 APCCeE WMO9| ¢ == e] 75" 90% HAAetd o] de && o5
< Holm, C3S9 NMME+= AlAEZ 439 £99 HEL JAT A=z 57 mdz =33}
= WY F A9 AAEE AE AT F Utk 53] AF 7129 A9 APCC 71#e o
FTRIAYGE d=go] 13749 = 23 F 90" HAEt oo HAAdo = YT

A Bk ofys A3} FopAlof A He HeiE 24 & FASHAT. 1Y 29 32
24z dojel Fobalol A Fel Hit Fo 4 5 FAC mE AR V2 B A A5
< Uehle 2A2A g A94 540 we gFHeo] Bxe AdolstA UetuAT A=
=8 e AT} FAEHA UEa, Fel md £ 10~1270 Abeldl A d &8 8 771
o] Yely= 5Y 5AS ®Ao. (Figure 80, 81)
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Figure 80. Same as Figure 79 except for Tropics.
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79 A2 ECMWF, KMA, MSC, NCAR, UKMO 5o] #a@52 52 o28g ngon, %
49| 7 APCC, DWD, ECMWF, JMA, UKMO %5o] @45 %o 928g nyrh sAw
ECMWFS] 7% #el mdo] 5-77) o] 3 #4 o3¥ 2o TIHe 202 vehyr
ot Fel Bd 7t AE A% 74 Fol Bd AA SYo] H24E HAo BFRAYY

APCC MME #ro{xdl 1374} 713 oA Ed F APCC MEERDY FEFHA &= Ty
EAES SFrdy oty 2r2AE J|FEeR2 BERS EJtHTable 49). sidmdol ¢
NEMO$t MOMe2 W& ¢ gz, 7] Z7|z=xdLe =4 ECMWFAA Al &sks
ERA-interim(Dee et al. 2011) &2 ERA5(Hersbach et al. 2020)2} NCEP Aj+#4] z}&.(Kalnay et
al. 1996; Kanamitsu et al. 200202 i < Aok sigrdo] NEMOQ! A-¢ dF&E o7 =
71z o 2 ERA-interim& AFEStE A2 ¢ 5 dod, sfudkrdo] MOMQ 749 NCEP A
A ARE AHESHE ASE YEyt. ol TFMEH A MMEC Fosti U= =
AA NEMO<®} ERA-interim %2 ERASE AR&3ste FH3d 2234 MOM, NCEP A &4 725
AbEStE Pl E REe] 7 BRE Uroiite A

=4
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Table 49. Categorization of models based on (a) ocean
model and (b) atmospheric initial condition of hindcast.

a NEMO MOM

Model BCC_CSM1.1 (4)
NASA_GEOS5v2 (5)
NCEP_CFSv2 (4)
PNU_CGCMv2.0 (3)
SAWS_EPS (3)
GFDL_FLOR (5)

METFR_SYS7 (v3.6)

b ERA-interim NCEP
Model BCC_CSM1.1
PNU_CGCMv2.0
SAWS_EPS

APCC_SCoPS (CFSR)
NCEP_CFSv2 (CFSR)
HMC

DWD_GCFS2 MGO

METFR_SYS7 (ERA5) CPTEC_GCM

T3l ek th(Figure 82). 1

2 o oln] 98] 207 mAERke] ACCE
Rz M HeMo] NP5S F mHe ofwme] Fol FAFTHE AL ulste], Y
7] 712 B ohUet thy] B AWz, PRI EAAA WS FA GloSea AL A

=g BOM, KMA, UKMO9| Aol 78 E& oz Uehytth MSCo #-$ CanCM4ish
GEMNEMO % =delA 77 10719 dEg Abste] 20719 F3Es AlFsied,
GEM_NEMO~7} NEMO %= @3} ERA-interim < tj7] Z7]z7o2 Agstn ot wapa,
MSC =& 9 A 2d3o] o A4aATAES Yehd 2102 Mtk GloSea AlGe] v =d 9
o] = NEMO, ERA-interime A}&3 }—‘5 THY EFE Alo]o ABAA= 06 o2 =4 o
Bhd uhd, M EE 2dE Aold HBBAL T UehtA 2gith

Figure 83« 207 2259 #F A59e AAAAE T A= Ya3 o=, F2
A Abdo g mAE =de NEMO, ERA—mterlmg /\}%3}% FHY ZdE& YERA Aolw F
EM Ao ®E FAE 2de MOM, NCEP Al ZAAEE A&ste v=d 2dES UeRd Ao
o 7123 FolA BF §9Y mdEo] Afdd HAEe AL AT & = v, m)
7y REEL 20/ BY HF AZFHEG ofgel U= AS ¢ F Utk ol 79YY mdE
o tiF-Eo] HITo /ML/AHE 2 wis) v5E EAES Y oE o M e
Edojm g o] A4 FE hindcast 7]zt Z A3 19931d~2009d o el vl d HT 7|&
EJEE wkgeteddd ofEge] e ALE HRh

- 120 -



L8

e

-

AHLTRITTE TSR N LITE

i%lf!l*lllliliillili T T

Figure 82. Anomaly correlations of (a) 2m temperature and (b) precipitation between 20
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Figure 83. Anomaly correlations of (a) 2m temperature and (b) precipitation of 20 models.
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Figure 84. Anomaly correlation differences of 2m temperature and precipitation for (a)
seasons and (b) regions.
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Table 50. Schedule of collecting individual model’ s data

=4 Al7](oh<) 2]
1~54 BOM. MSC
6~10Y CWB. HMC, MGO. NASA,  NCEP
11~159 APCC, BCC. CMCC, JMA, KMA, UKMO

2ds AREEHA %%%2:%&1 %Hg o}% ﬂl—;ﬁ %}T%% E7193 Aoz ®molt E3] KMA,
UKMOs9} o] o Z2o] 43 ndg AMg3A] E31A] Heol uet 71%°1W° ol
o] ol M B F ASE AT, AE Aol Yo A B
HojA &= AH}E BT

MMEE FA3te 2d Fo & 59 3 7318 10~12702t £ o 10709 /i =g
2 o]Fozl MMES] o&¥€¥ MMEE FA3te EdEY B+ 3" J3#A, 181
MME <83 AR ER FAAEHS #AE A9 ET) Figure 86 107 =] %3&
TES 3 &3stA ¥ FAHE 10003 RHEZYS a3 7o, AdEgd 107 RdEe
MME <Z83} o =8 3 FFigure 86a), 107 ZAE Alo]le] ACC ¥+ (Figure 86b)E ehd
Zolty, 71 A BE JpERde] Fit gFY Ex+= 0.27~0.37 Afo]Z fFAFSEA T MME
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Figure 85. Anomaly correlation differences of 2m temperature and precipitation for
(a) seasons and (b) regions.
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Figure 86. (a) Anomaly correlation of MME and mean of individual models’
anomaly correlation, and (b) anomaly correlation of MME and anomaly correlation
between individual models.
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ATT B & ok AARLS] d245e Cisel Ha) FAT MME d=8e fAaA U
B MME E842 RelF3 gor 53 mde] PRl Jimes Be W T A
of tlald Aol 9 Zolet AZET Ed, FJRd F7) ol a4 mde] dF4 shet
o] MME®] mX& o] =4 gol @Y sug & k. W

= } ZHol| A A2 Yo] Fng
MMES] oZ8o 7jRA o7 A ndo o=Ho| gurxgojof 3HFE o=
7 98 4 Arh
(5) SCM F# 3} =% 9T d=zs B4
Op A+ ¥H 2 A5

APCC MME o= 3kAae 93t HA3 %3 Weks AAsH7] ala A ALE 7153

BEAAAS 2dS AFs] Bz stk B Aol A= APCCol Frodsk= 13709 Al o
5 2dS vRsto], WMOoNA 47], NMMECIA 270, Z18]ar C3SellA 1718 Ao S =d 2}
S7F AHEE Rl e, o]& Table 48 A AT

MERD FgE H otetels FgE MNE 7Ede Basta 249 AAle] B+ 7]
45

20191 oiH] 20201 APCC MME d &9 wsE 4317 A8 471 23] MME7} T4 =
Atk 2019¢ APCC MMEZ 4% MME1S SCOPS, GFST119, JMA-JRA55, GEOSv2, CFSv2,
POAMA, CMCC, CanCM, PNU_CGCMv1.0¢] 97 mdo] Z35m, & 1527]9 YL HWH=z +
dEth MME2+ 2019 MME ®iHoll A Aj&2 F718 4719 mdllo] ke o] SCOPS, GFST119,
JMA-JRA55, GEOSv2, CFSv2, POAMA, CMCC, CanCM, PNU_CGCMv1.0, BCC_CSM, HMC,
KMA_GloSea5, UKMO_GloSea5¢] 137} =do] x3t=Ew, & 210719 448 "=z A9
MME3E 20193 MME @ o| A 5719 mde] 7jxzo] wmwAgoZm SCOPS, TCWBITVL.1,
JMA-JRA55, GEOSv2, CFSv2, ACESS_S1, CMCC_SPS3, CANSIPSV2, PNU_CGCMv2.0¢] 97 =2
o] 23, F 160719 YdE #WHE FHRAT. npA o MME4AE 4719 2d 7|7 470
o] g Ho7t BE o]Fojzl 2020 APCC MMEZ SCOPS, GFST119, JMA-JRA55, GEOSv2,
CFSv2, ACESS_S1, CMCC_SPS3, CANSIPSV2, PNU_CGCMv2.0, BCC_CSM, HMC, KMA_GloSea5,
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Figure 87. Comparison of Anomaly Correlation Coefficients (ACCs) of 2m
temperature and precipitation for EXP1 (black line) and EXP4 (red line).
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Figure 88. ACCs difference of EXP4 2m temperature and precipitation as compared with
EXP1 for each regions for hindcast (1981-2010) seasonal prediction from all 12 initial months
and annual mean (AM).
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Figure 89. ACCs difference of EXP2, EXP3, and EXP4 of 2m temperature and precipitation
as compared with EXP1 for hindcast (1981-2010) seasonal prediction from all 12 initial months
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Figure 90. Same as Figure 89 except for the region.
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Figure 91. Difference of temporal correlation coefficient between EXP4 and EXP1 of
temperature and precipitation. These skill difference contains the skill for all seasons.
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Figure 92. ACCs of individual models and ACCs difference
depending on the participation of individual models.
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Figure 93. ACCs difference of W2D, W3D, and W4D of
2m temperature and precipitation as compared with
APCC MME for hindcast (1981-2010) seasonal prediction
from all 12 initial months and annual mean (AM).
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Figure 94. Scatter diagrams of hindcast skills of temperature and precipitation between
(right) PCC and NRMSE, (middle) PCC and TCC, and (left) PCC DF and TCC DF over the
globe. The symbols of round and cross indicate MME and individual models from all 12 initial
months, respectively. The colors indicate individual models participating in APCC MME.
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Figure 95. Scatter diagrams of hindcast skills of temperature and precipitation between
(right) PCC DF and PCC over the globe.
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Figure 96. ACCs difference of Ref_SEA and Ref_AM of 2m temperature and precipitation as
compared with APCC MME for hindcast (1981-2010) seasonal prediction from all 12 initial
months and annual mean (AM).

- 136 -



Table 51. Lists of models excluded from best combination of SCM
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Figure 97. Difference of temporal correlation coefficient between new SCM and
reference SCM of temperature and precipitation. These skill difference contains the skill
for all seasons.
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temperature and precipitation. These skill difference contains the skill for all seasons.
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Table 52. Description of MME Experiments with different number of
participating models.
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Figure Al. Code configuration of APCC BSISO impact system.
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Figure A2. Same as Figure Al except for APCC BSISO composite sytem.
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7L 9BHEAHEYEY) A8AE F8 T2

o 2 #A) ¢ Nifs/datal9/BSISO_R1/IMPACT

cd SHEL
vi IMPACT_MONI.CSH - JEFHHEUED) TP AT 49 4

 JHAHEIEY) & AT HY)

iet4

e Aggow A% 9%

c FAMHEYEHT) 7 s EUHD 2R=2 AAEHY, dA ex JlE 3<A
(ZUH Y 7|Ed#hol A& AEH

« YRS AR W] AL VEF ez A 107 Mol ha) Aike]

* 1078 W4 OLR&850WIND, T2M, SH, MCONV850, MSLP, OMEGA500, 7500, RH600, VP200,
SF200, PRCP

[IMPACT_MONI.CSHI

#!/bin/csh
setenv LANG C
echo ““

echo ““

echo ““

echo ““

echo ““

echo “*

echo “*

echo  “HEHHHHHHHEEEEEEEEEEHHHHHHHHHHHH R R R R R H H H "
echo “ IMPACT_MONILcsh start : “‘date +%c'

echo  “HEHHEHHHHHUEE R HEEH S HHHHHH SRR R R H H H H H "

Ed@edadatatebededededatatetidedededad sttt pisisdedad ot inin et d i bl b e bttt el S ap st
#
#C# Directory

O s s s
#

#3A V2o vipAY Bdg FopA AYHESE I AA

if(§1 == “%) then

set YMD = ‘date +%Y%m%d’
else

set YMD =51
endif

set YEAR = ‘date +%Y -d “${YMD}"*
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set BSISO_DIR = /Ifs/datal9/BSISO_R1
setenv IMPACT_ROOT  ${BSISO_DIR}/IMPACT

set IDX_DIR = ${BSISO_DIR}MONI/09.STEPY/text/${YEAR}

set EXEC = S{IMPACT_ROOT}EXEC

set DAGR = S{IMPACT_ROOT}/DAGR

set DAIO = ${IMPACT_ROOT}/DAIO

set DAOU = ${IMPACT_ROOT}/DAOU

set DREF = ${IMPACT_ROOT}/DREF

set PLOT = ${IMPACT_ROOT}PLOT

set SHEL = ${IMPACT_ROOT}/SHEL

set SRC = ${IMPACT_ROOT}/SRC

set LOGDIR = ${IMPACT_ROOT}LOG

set WORK = ${IMPACT_ROOT}/WORK/MONIL_$$

set LOG = ${LOGDIR}/“‘date +%Y%m%d‘ Response_MONI_AUTO.log"

echo CHEHEH R R H H H H H H H S S R R B H 8
>> $LOG

echo “ IMPACT_MONI.csh start : “‘date +%c’ >> $LOG

echo CHEHEH S R R R H H H H H H S S R R R B H H H
>> $LOG

mkdir -p ${LOGDIR}
mkdir -p ${WORK}
cd ${WORK}

A Qhnededatndededetedededtndededatndededatndededatndededatedeedatndededateiefedatndeedatndeudatededededndeudadededudade e et dod
#
#CH# setting : etc

ACHARS A A R e S g g g g e
#
setenv ANAL “MONI“

HFCHHHHHHH R H R H R R R R H R R R A R R R R R R R R
#
#C# Library Path Setting
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HFCHF R A R R E R R B A R R R R R R R R R R S R R R S R R R SR
#
setenv NCARG_COLORMAPS  ${DREF}/NCL_COLORMAP:$NCARG_ROOQOT/lib/ncarg/colormaps

HFCHEH A H AR A A S e e g e Hd g e H a
#
HCH# Set time

O R
#

if($1 == “*) then
setenv TFILE ‘Is -1  ${IDX_DIR}/BSISO.${YEAR}???? INDEX.NORM.LY .data | tail -1 °
else

setenv TFILE ‘Is -1  ${IDX_DIR}/BSISO.${YMD}INDEX.NORM.LY .data | tail -1 °
endif
setenv ITIME ‘basename S${TFILE} i cut -d’." -f2°
setenv YYYY ‘date +%Y -d “${ITIME}“‘
setenv MM ‘date +%m -d “SUTIME}**
setenv CCC  ‘date +%b -d “SUTIME}* | tr ’la-z] [A-Z]"
setenv DY ‘date +%d -d “SUTIME}"*

setenv TDD ‘cat ${TFILE} | tail -1 | cut -c 8-10°
setenv TEN 0

setenv TIME ‘date -d SUTIME} +%d%b%Y"
setenv MTIME S${TIME}
HCRHHHH AR HH F AR H R H  H R E R R R R R R R R R R R R R H R
##
#C# PHASE WRITE

HFCHE R R R E R R R R R R R R SR R R SR R R S R S R SR8
#

setenv INFILEO1 ${TFILE}

setenv OUTFILEO1  ${DAOU}YMONI/INDEX/${YYYY}/${ITIME}_OBS_BSISO.PHS.AMP

mkdir -p ${DAOUYMONI/INDEX/${YYYY}

echo ““

echo “========================="

echo “ PHASE WRITE®

echo “- - - - --*

echo “ - INPUT : $INFILEO1®

echo © - OUTPUT : $OUTFILE01®

echg “==================s======="
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#C# compile

cd ${SRC} — RUHY AFZHE el BSISO phasesl amplitude A4t
.Icompile.csh INDEX.PHASE.WRITE.5t010.f90

cd -

#C# run

${IEXEC}H/INDEX.PHASE.WRITE.5t010.exe ~ >> ${LOG}
echo ’~ * Response Main 1 : OK ’ >> ${LOG}
unsetenv INFILEO1 OUTFILEO1

foreach VAR ( MCONV850 MSLP OLR U850 V850 OLRWIND OMEGA500 T2M Z500 RH600

VP200 SF200 PRCP )
set VAR_check = ${VAR}
if(${VAR} == “OLRWIND®) then
set VAR = “OLR"
endif
echo ’ Variable [ * $VAR " 1 Run ~ >> ${LOG}

set GROUP = R2’
setenv XGRID '144’
setenv YGRID 73’
setenv Slon 0.0’
setenv Elon ’357.5°
setenv Slat ’-90.0’
setenv Elat '90.0’

if ( $VAR == 'SH850° ) then
set GROUP = 'RI’

else if ( $VAR == 'OLR’ ) then
set GROUP = 'NOAA’

else if ( $VAR == 'SST’ ) then
set GROUP = 'NOAA’
setenv XGRID '1440°
setenv YGRID 720’
setenv Slon ’0.125
setenv Elon '359.875’
setenv Slat '-89.875’
setenv Elat ’89.875°

else if ( $VAR == 'HeavyR’ i $VAR == 'PRCP’)  then

set GROUP = 'GPCP’
setenv XGRID '360’
setenv YGRID 180’
setenv Slon 0.5’
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setenv Elon '359.5°
setenv Slat '-89.5
setenv Elat ’89.5°
else if ( $VAR == 'T2M’) then
set GROUP = 'R2’
setenv XGRID '192’
setenv YGRID '94’
setenv Slon 0.0’
setenv Elon '358.125
setenv Slat '-88.54
setenv Elat ’88.54’
else if ( $VAR == 'PPTN’ ) then
set GROUP = 'APHRO’
setenv XGRID '360’
setenv YGRID 280’
setenv Slon '60.125
setenv Elon '149.875’
setenv Slat '54.875’
setenv Elat ’88.542’
set VAR = 'PRCP’ ;#check
endif
bl @rdedatadodadatededatededaededadebodadefeded tdiat bt tided fedod bt b et t Sedat dodat toded petodpidodat s dadsdada
#C# Cal Response
HCHERH SRR R R R AR A R S R R AR S R R A R R R H a4
setenv  TDD 1
setenv INFILEO1 ${IDAOU/MONI/INDEX/${YYYY}SUTIME}_OBS_BSISO.PHS.AMP

setenv INFILEOZ2 ${BSISO_DIR}/../D.PHASE_CYCLE/${GROUP}.${VAR}.BSISO1.${MM}${DY}.
ampl.b.sig  #check
setenv INFILEO3 ${BSISO_DIR}Y/../D.PHASE_CYCLE/${GROUP}.${VAR}.BSISO2.${MM}${DY .

ampl.5.sig  #check

setenv  OUTFILEO1 ${DAOUYMONI/OUTPUT/${YYYY}/S{UTIME}. OBS.MONLBSISO.Rt.
ANO.${GROUP}.${VAR}

mkdir -p ${DAOUYMONI/OUTPUT/${YYYY}

echo ““

echo  “s========================"
echo “ Cal Response”

echo “--- - e “
echo “ - INPUT : $INFILEO1®
echo * : SINFILE02“
echo “ : SINFILEO3“
echo “ - OUTPUT : $OUTFILEQ1"
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echo “========================="
#C#  compile
cd ${SRC}
rm -f ${EXEC}IMPACT.ANO.exe
Jcompile.csh IMPACT.ANO.f90 — 34 BSISO A=<t HlFS Fall 98 A4t
cd -

#C# run
S{EXEC}/IMPACT.ANO.exe >> ${LOG}
unsetenv INFILEO1 INFILEO2 INFILEO3  OUTFILEO1

echo * * Response Main 2 : OK * >> ${LOG}

e B SR
#C# DRAW FIGURES

HCHHFRHF A HHAH A RAF A H R HRAF AR F R H R F R A H AR HHRA I RAF R R IR SR H F AR

setenv AREA ASIA

setenv VARO1 ${VAR}

setenv INFILEO1 ${DAOUIMONI/OUTPUT/$IYYYY}/$UTIME}. OBS.MONI.BSISO.Rt.
ANO.${GROUP}.${VAR}

setenv INFILE02 “null®

setenv INFILEO3 “null”

setenv OUTIMG $IDAGRYSIYYYY}MONI/SUTIME}_OBS_MONI_IMPACT_${AREA}_
${GROUP}_${VAR}.png

mkdir -p ${DAGR}/${YYYY}/MONI

if(${VAR_check} != “OLRWIND®) then
echo “*
echo  “s========================"
echo “ DRAW FGURES®
echo “- - e “
echo “ - INPUT : $INFILEO1®
echo “ - OUTPUT : ${OUTIMG}"
echo  “s========================"

ncl ${DREFYNCL_SOURCE/impact_moni.ncl — FFHHEUEH) I3 18 2HA
endif

#C# 239 A5 A

setenv REMOTE_ID apcc2l

setenv REMOTE_IP 10.200.111.32

setenv REMOTE_DIR  /data/apcc_images/BSISO/MONI/impact/${YYYY}/
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setenv OUTIMG_W  ${ITIME}_OBS_MONI_IMPACT_${AREA}_${GROUP}_${VAR}.png
scp -P 2224 ${OUTIMG} ${REMOTE_ID}@$REMOTE_IP}:${REMOTE_DIRI${OUTIMG_W}

if( ${VARO1} == “U850“ i  ${VARO1} == “V850" i ${VARO1} == “OLR") then
setenv VARO1 OLRWIND

setenv  INFILEO1 ${DAOUYMONI/OUTPUT/${YYYY}/SUTIME}. OBS.MONLBSISO.Rt.
ANO.NOAA.OLR

setenv  INFILEO2 ${DAOU/MONI/OUTPUT/${YYYY}/S{ITIME}.OBS.MONLBSISO.Rt.
ANO.R2.U850

setenv  INFILEO3 ${DAOUYMONI/OUTPUT/${YY Y Y}/SUTIME}. OBS.MONLBSISO.Rt.
ANO.R2.V850

setenv  OUTIMG $IDAGRYS{YYYY}/MONI/S{UTIMES_OBS_MONI_IMPACT_${AREA}_

NOAA_OLRWIND.png
mkdir -p ${DAGR}${YYYY}/MONI

if( -e $S{UNFILEO1} && -e  S${INFILE02} && -e ${INFILEO3}) then
echo ““
echo =========================
echo “ DRAW FGURES®
echo ‘- - ‘
echo “ - INPUT . SINFILEO1“
echo © : $INFILE02*
echo © : SINFILEO3“
echo “© - OUTPUT : ${OUTIMG}"
echo =========================
— FFHEAH 5 OLRY U0 A<l % OLR, U, V 37/l A7 of glod I9 24
ncl  ${DREF}/NCL_SOURCE/impact_moni.ncl
setenv OUTIMG_W  S{ITIME}_OBS_MONI_IMPACT_${AREA}_NOAA_OLRWIND.png
scp -P 2224 ${OUTIMG} ${REMOTE_IDI@${REMOTE_IP}:${REMOTE_DIR}${OUTIMG_W}
else
echo “*
echo  “s=s====s==================="
echo “ ERROR : Input file is not found.”
echo  “s====s=s==================="
echo “ check INPUT : ©
echo * ${INFILEO1}"
echo “ ${NFILE02}"
echo “ ${NFILE03}"
echo “—————————— - “
endif
endif
unsetenv INFILEO1 INFILEO2 INFILEO3
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unsetenv INFILEO1
end #foreach VAR
echo ““
echo “*
echo “*

>> SLOG
echo “ IMPACT_MONILcsh end : “ ‘date +%c

$LOG

exit

echo “HHASHESH A A R AR R AR R A R R S R A A A R A R R S R A R

echo “###Ep#HERFHEGHHERHAAR SR A AR A AR A S A AR H AR A B AR HHAR" DD

>> SLOG

o ojmx]  AA  Heg £A  (FE, #HHE, ZHuy, =AY 5 WA

DREF/bsiso_module.nclol| Al 4&& 02 o] Fo|H

. QgEHEUED) 2 21

rlo

cd LOG
vi YYYYMMDD.Response_ MONI_AUTO.log

e APV T WY FFUA A|F AP E T2

- FERAHEUE ) Agjo] 205 A7 B

o PAAEZ) A Fo T2Y

¢l "= (cron.ly.log)

o

cd SHEL

IMPACT_FCST.CSH — A=) B 93 Ay A

C JHFANAZ) & AT AP de ARWOE AF FU g

- FgRAEUHD) 7)E

(ZYUE P 7|Edmhol A& A=

[IMPACT_FCST.CSHI]

eds EUHEY exE2 AAEY, dA e Jle 3dA

#!/bin/csh
setenv  LANG C
echo “*
echo “*
echo ““
echo ““
echo ““

eChO X3
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echo ““

echo “HifHfhddgdddidaddtddgdtdhdataadad gty b A A g
echo “ IMPACT FCST.csh : start “

echo “HifHfhtdutHEhddddtddddtdhddtdddhd sty b d A Ey A"

HFCHAHHHHH R H R R R R H R H R R E R R R R R R R R
#
# argument

HCHHRHHHHH AR H R F R R H R R F A F R H R IR A F R H IR A H R R F A IR R F RS E R RS
#

set FCST_date = $1

set MONI_date = $2

HFCHF R R R E R R R R R R R R R S R R R S R R R R R SR
#
# Directory

FCHARSE A S E g g e S g g e g g g g d
#
set BSISO_DIR = /Ifs/datal9/BSISO_R1

setenv IMPACT_ROOT  ${BSISO_DIR}/IMPACT

set MONLDIR = ${BSISO_DIR}MONI/00.PREPR/U850/ORG ;#check
set IDX_DIR = ${BSISO_DIR}/FCST/11.BINAR ;#check
set MDL_DIR = ${BSISO_DIR}/../11.BSISO ;#check
set DAIO_01 = ${BSISO_DIR}/../D.PHASE_CYCLE/ ;#check
set DAIO = ${IMPACT_ROOT}/DAIO

set EXEC = ${IMPACT_ROOT}EXEC

set DAGR = ${IMPACT_ROOT}DAGR

set DAOU = ${IMPACT_ROOT}DAOU

set DREF = ${IMPACT_ROOT}DREF

set PLOT = ${IMPACT_ROOT}PLOT

set SHEL = ${IMPACT_ROOT}/SHEL

set SRC = ${IMPACT_ROOT}/SRC

set LOGDIR = ${IMPACT_ROOT}LOG

set LOG = ${LOGDIR}/“‘date +%Y%m%d‘ Response_FCST_AUTO.log"

mkdir -p ${LOGDIR}
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HCHEF AR HH SRR H AR S R AR R R R R R R R R R R R g
#
#C# setting : etc

O R R st s s s
#

setenv ANAL “FCST*

echo ’ ’ >> SILOG}

echo  ’==================z=========s=s===ssss=zssssszssssszsss==z===z=z==’ > ${[ OG}
echo ’ ’ >> SILOG}

echo ’ FORECASTING start: ~ ‘date +%c‘ >> ${LOG}

echo ’ ’

HCHFHH AR H A AR A R R R R R R R A A A R RS R R S e
4
#C# Library Path Setting #

O R R
#

setenv NCARG_COLORMAPS  ${DREF}/NCL_COLORMAP:$NCARG_ROOT/lib/ncarg/colormaps

HFCHAHHHHH I H R R R R R H R R R R R R A R R R
#

#C# Cal Response

HCH - MDL : GFS, CFS, BOM, ECM, CWB

#CH - MODEL : GFSA, CFSA, BOMA, ECMA, CWBC

HCHEH A RS A A R A R R R R e b h R e E R S H h
#

foreach MDL ( CFS BOM ECM CWB ) #foreach_01

eCho " = = = = = = - - - - - m - m - s s - " >> ${LOG}

echo ’ Calculate [ > SMDL ° 1 model’ >> ${LOG}

# if( SMDL == 'CWB’ ) then
# set MODEL = ${MDL}A

e else
set MODEL = ${MDL}C
# endif

setenv MDL_NAME ${MDL}
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if

if

#CH# A=AE e &<
#C AS2H &<l

if( ${FCST_date} == ““) then
set MDL_FILE = ‘Is -1 ${MDL_DIR}/${MDL}/???2????_${MODEL}_U850_BSISO 1| tail -1°
else
set MDL_FILE = ‘Is -1  ${MDL_DIR}/${MDL}/${FCST_date}_${MODEL}_U850_BSISO | tail -1*

endif

( -e ${MDL_FILE} ) then
set FCST date = ‘basename ${MDL_FILE} | cut -c¢ 1-8°

else
goto NEXT
endif
echo ’ - model available date : 7 ${FCST_date} >> S${LOG}

#C# A H &<l
if( “${MONI_date}“ ==  “*) then
set MONI_FILE = ‘Is -1  ${MONI_DIR}/pgb.f0???22??18 1| tail -1°
else
set MONI_date_tmp
set MONL_FILE
endif

‘echo ${MONIL _date} | cut -c 2-8°
Is -1  ${MONI_DIR}/pgb.f0${MONI_date_tmp}18 | tail -1°

if ( -e ${MONL_FILE}) then
set MONIL date = “2‘basename  ${MONIL FILE} cut -c 7-13‘“

else
goto NEXT
endif
echo ’ - observation available date .’ ${MONI_date} >> S${LOG}

if ( ${MONI_date} >= ${FCST_date}) then
setenv today ${FCST_date}
else if (${MONI_date} < ${FCST_date}) then
setenv today ${MONI_date}
set j =1
sett =0
set yesterday_F = ‘date -d  “${FCST_date} 1 days ago“ +%Y%m%d'
echo $yesterday_F
echo Stoday
( $fyesterday_F} == ${today} ) then
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## AY modified v2020.04 s#gfRsa8HH
if ( $MDL} != 'CFS’ &&  ${MDL} != 'GFS’ ) then
setenv today ${MONI_date}

if (-e ${MDL_DIR}/${MDL}/${today}_${MODEL}_OLRA_BSISO) then
setenv today ${MONI_date}
else
while (! -e  ${MDL_DIR}/${MDL}/${today}_${MODEL}_OLRA_BSISO)
setenv today ‘date -d  “${today} $j days ago” +%Y%m%d’

end
endif

endif

pedatetigededadbisidede b pit el St et s e gt d s
else
set tomorrow = ‘date -d  “S${today} +1 days® +%Y%m%d’
if (-e S${MDL_DIR}${MDL}/${tomorrow}_${MODEL}_OLRA_BSISO) then

if ( ${MDL} == 'CFS’ i ${MDL} == 'GFS’ ) then
setenv today ‘date -d  “${MONI_date}" +%Y%m%d’
else

setenv today ${tomorrow}
endif
else
while (! -e  ${MDL_DIR}/${MDL}/${today}_${MODEL}_OLRA_BSISO)
setenv today ‘date -d  “$itoday} $j days ago” +%Y%m%d'

@ j = $fj} + 1
@t =5t} +1
end
endif
endif
endif
set  YYYY = ‘date -d “${today}” +%Y°
set MM = ‘date -d “${today}” +%m°
set DY = ‘date -d “Sftoday}” +%d’
echo ’ - real-time BSISO prediction date : * ${YYYYI$IMM}${DY} >> ${LOG}

setenv CCC ‘date +%b -d  “SIYYYYISMMIS(DY}“ | tr Ta-z]' TA-Z]*

# TDD = Forecast period
# TEN = Ensemble size
echo *’ >> ${LOG}
if ( SMDL == 'AAA’) then
setenv TDD 20’
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setenv TEN "1’

else if (SMDL == 'BOM’) then
setenv TDD '20°
setenv TEN 33’

else if ( $MDL == 'GFS’ ) then
setenv TDD 16’
setenv TEN 1’

else if ( $MDL == 'CFS’ ) then
setenv TDD '20°
setenv TEN 4’

else if ( $MDL == 'ECM’ ) then
setenv TDD 20’
setenv TEN '51°

else if ( $SMDL == 'UKM’ ) then
setenv TDD 15’
setenv TEN 24’

else if ( $SMDL == 'CWB’ ) then
setenv TDD 20’
if( $YYYY <= 2017 ) then

setenv TEN 6’
else if( SYYYY >= 2018 && $YYYY <= 2019 ) then
setenv.  TEN 1’
else if( $YYYY >= 2020 ) then
setenv TEN '3’

endif

endif

echo T " $MDL ‘forecast day : ~ $YYYY $MM $DY ° 1’ >> ${LOG}

echo ’ FORECASTING start: ~ ‘date +%c‘ >> ${LOG}

foreach VAR ( MCONVS850 MSLP OLR U850 V850 OLRWIND OMEGA500 T2M Z500 RH600
VP200 SF200 PRCP )

#foreach VAR ( MCONV850 MSLP OLR OMEGA500 QU850 QV850 \
# SH850 T2M U850 V850 WIND850 \
# 7500 RH600 VP200 SF200 PRCP  OLRWIND ) #foreach_02

set VAR_check = ${VAR}

if(${tVAR} == “OLRWIND®) then

set VAR = “OLR"
endif
— ¥ AR s 2 IF AR

echo ’ Variable [ * VAR " ] Run ’ >> ${LOG}
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set GROUP = 'R2’
setenv Slon 0.0’
setenv Elon ’357.5°
setenv Slat ’-90.0’
setenv Elat '90.0°
setenv XGRID 144’
setenv YGRID 73’

if ( $VAR == 'SH850hPa’ ) then
set GROUP = RI’

else if ( VAR == 'OLR’ Ii $VAR == ’'OLRWIND’ ) then
set GROUP = 'NOAA’

else if ( $VAR == "T2M’) then
set GROUP = 'R2’
setenv Slon 0.0’
setenv Elon '358.125
setenv Slat '-88.54
setenv Elat ’88.54’
setenv XGRID '192’
setenv YGRID '94’

else if ( $VAR == 'SST’ ) then
set GROUP = 'NOAA’
setenv Slon ’0.125’
setenv Elon ’359.875’
setenv Slat '-89.875
setenv Elat '89.875
setenv XGRID '1440°
setenv YGRID 720’

else if ( $VAR == 'HeavyR’ il $VAR == 'PRCP’) then
set GROUP = 'GPCP’
setenv Slon 0.5’
setenv Elon ’359.5’
setenv Slat '-89.5
setenv Elat ’89.5°
setenv XGRID 360’
setenv YGRID '180’

else if ( VAR == 'PPTN’ ) then
set GROUP = 'APHRO’
setenv Slon ’60.125°
setenv Elon '149.875
setenv Slat '54.875
setenv Elat '88.542°

setenv_ XGRID 360’
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setenv YGRID '280°

set VAR = 'PRCP’ ;#check
endif

e R S L s
#C# PHASE WRITE

HCHHFRHF A HHHH A AR F R F R R HF R A F R H IR H A F A H BRI RAF R HH R RS F 4

#C# env-var : TEN, TDD

#C# input : BSISO.20187???.INDEX.NORM.LY.data

#C# output : YYYYMMDY_OBS_BSISO.PHS.AMP

setenv INFILEO1 S{IDX_DIRY$MDLY${YYYY}/${today}_${MODEL}_BSISO.20d.INDEX.LY

setenv OUTFILEO1
${IDAOUYFCST/INDEX/${YYYY}/${MDL}/${today}_${MDL}_BSISO.20d.PHS.AMP

mkdir -p ${DAOUYFCST/INDEX/${YYYY}/$IMDL}

echo ““

echo  “s=s===s=s=====s=============="

echo “ PHASE WRITE®

echo “- - - “

echo “ - INPUT : $INFILEO1“

echo “ - OUTPUT : $OUTFILE01®

echo “- - e “

#C# compile
#cd ${SRC}
— BUHY AFZRE o= 3L BSISO phaseet amplitude A4k
# rm -f ${EXEC}/INDEX.PHASE.WRITE.5t010.exe
# .Jcompile.csh INDEX.PHASE.WRITE.5t010.f90
#cd -

#C# run
${EXEC}/INDEX.PHASE.WRITE.5t010.exe
unsetenv INFILEO1 OUTFILEO1

echo ’ * IMPACT Main 1 : OK ’ >> ${LOG}

HCHEFHHH AR R R S R F R R S R R R R R i
#C# Cal Response
#C# - variable group-1 :
#CH - variable group-2 :
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O R e S it
#C# env-var : TDD, TEN, XGRID, YGRID
#C# input : $ftoday}_${MDL}_BSISO.20d.PHS.AMP

HCH - ${GROUP}.${VAR}.BSISO1.${MM}${DY}.ampl.5.sig

HCH - ${GROUP}.${VAR}.BSISO2.${MM}${DY}.amp1.5.sig

#CH# output :  S$itoday}.${MDL}.FCST.BSISO.Rt.ANO.${GROUP}.${VAR}

HCH => o]u] x| AJAFE-(nx:XGRID,ny:YGRID,nt:20)

setenv INFILEO1

${DAOU}/FCST/INDEX/${YYYY}/${MDL}/${today}_${MDL}_BSISO.20d.PHS.AMP

setenv INFILEO2 ${DAIO_013}/${GROUP}.${VAR}.BSISO1.${MM}${DY}.ampl.5.sig

setenv INFILEO3 ${DAIO_01}/${GROUP}L.${VAR}.BSISO2.${MM}${DY}.amp1.5.sig

setenv OUTFILEO1
${IDAOUYFCST/OUTPUT/S{YYYY}/$IMDL}/${today}. $IMDLY.FCST.BSISO.Rt. ANO.${GROUP}.${VAR}

mkdir -p  ${DAOUYFCST/OUTPUT/${YYYY}/${MDL}

echo ““

echo  “s=s======================="

echo “ Cal Response®

echo “- - e “
echo “ - INPUT - SINFILEO1”
echo * : SINFILE02®
echo “ . $INFILE03®
echo “ - OUTPUT : $OUTFILE01®
echo “- - e “

#C#  compile
#cd ${SRC}
# rm -f ${EXEC}/IMPACT.ANO.exe
— FA A o= BSISO
# .Jcompile.csh IMPACT.ANO.f90
#cd -

1

oN
bt
o
R
of\
o
i
%
of
o
o
o
2

#C# run
${EXEC}/IMPACT.ANO.exe
unsetenv INFILEO1 INFILEO2 INFILEO3  OUTFILEO1

echo ~ * IMPACT Main 2 : OK ’ >> ${LOG}

HCHAR AR R R H H H H A H A R R R H H H H R A A A R R R
#C# DRAW FIGURES

FCHEH RS HA AR A A A S g g s S g g e g S e g S h d Hd H a
#C# IMG info.
HCH XPIX : 1125
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#CH YPIX : 1126
#C# env-var : today, MDL_NAME, XGRID, YGRID, Slon, Elon, Slat, Elat,

#CH INFILEO1, OUTIMG_H, OUTIMG_T, VARO1, AREA

HCH TDD

#C# input :  ${today}l.${MDL}.FCST.BSISO.Rt.ANO.${GROUP}.${VAR}

#CH => o|u] A AY4H-8(nx:144,ny:73,nt:20)

#CH# weekl : average(time 1 ~7)

#CH# week?2 : average(time 8 ~ 14)

#CH# week3 : average(time 15 ~ 20)

#CH outimg
[YYYYMMDD]_[PERIOD]_[MODEL]_FCST_IMPACT_ASIA_[GROUP]_[VAR].png

HCH ex) 20191031_WEEK1_ECM_FCST_IMPACT_ASIA_NOAA_OLR.png

#CH#

setenv AREA ASIA

setenv VARO1 ${VAR}

if(${VAR} == “500HGT") setenv ~ VARO1 Z500

setenv INFILEO1
${IDAOUYFCST/OUTPUT/S{YYYY}/$IMDL}/${today}. ${IMDLY.FCST.BSISO.Rt. ANO.${GROUP}.${VAR}

setenv  INFILEO2 “null”

setenv INFILEO3 “null®

setenv INFILEO4  ${DAIO}/${GROUP}L.${VAR}.DAY.ANOS2.noLY.real.1981.2018.mean

setenv OUTIMG_H  ${DAGRYS${YYYY}/${MDL}/${today} WEEK

setenv OUTIMG_T  ${MDL}_FCST_IMPACT_S${AREA}_${GROUP}_${VARO01}.png

mkdir -p ${DAGRY${YYYY}/${MDL}

if(${VAR_check} == “PRCP*“) then
setenv INFILEO4  ${DAIO}/${GROUP}L.${VAR}.DAY.ANOS2.noLY.real.1997.2018.mean

endif
if(${VAR_check} '= “OLRWIND®)  then
echo ““
echo  “s=s====s==================="
echo “ DRAW FGURES®
echo - - “
echo “ - INPUT . $INFILEO1*
echo “ . SINFILE02“
echo “ . $SINFILEO3*
echo © - OUTPUT : ${OUTIMG_H}#_${OUTIMG_T}*
echo - - “
ncl ${DREF}/NCL_SOURCE/impact_fcst.ncl — YFHAS) T 18 2A
endif

#C# A3 A5 AE
setenv REMOTE_ID apcc2l
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setenv REMOTE_IP 10.200.111.32

setenv REMOTE_DIR /data/apcc_images/BSISO/FCST/impact/

setenv OUTIMG1 ${OUTIMG_H}1_${OUTIMG_T}

setenv OUTIMG2 ${IOUTIMG_H}2_${OUTIMG_T?}

setenv OUTIMG3 ${IOUTIMG_H}3_${OUTIMG_T?

setenv OUTIMG1_W WEEK1_${MDL}_FCST_IMPACT_${AREA}_${GROUP}_${VARO1}.png

setenv OUTIMGZ2_W WEEK2_${MDL}_FCST_IMPACT_${AREA}_${GROUP}_${VARO1}.png
setenv  OUTIMG3_W  WEEK3_${MDL}_FCST_IMPACT_${AREA}_${GROUP}_${VARO1}.png

scp -P 2224 ${OUTIMG1} ${REMOTE_ID}@${REMOTE_IP}:${REMOTE_DIR}${OUTIMG1_W}

scp -P 2224 ${OUTIMG2} ${REMOTE_ID}@${REMOTE_IP}:${REMOTE_DIR}${OUTIMG2_W}

scp -P 2224 ${OUTIMG3}  ${REMOTE_ID}@${REMOTE_IP}:${REMOTE_DIR}${OUTIMG3_W}

unsetenv INFILEO1 INFILEO2 INFILEO3

if( ${VARO1} == “U850“ i  S${VARO1} == “V850“ i ${VARO1} == “OLR") then
setenv VARO1 OLRWIND

setenv INFILEO1
${DAOUYFCST/OUTPUT/${YYYY}/$IMDL}/${today}. ${MDL}.FCST.BSISO.Rt. ANO.NOAA.OLR

setenv INFILEO2
${DAOUYFCST/OUTPUT/${YYYY}/${MDLJ/${today}. ${MDL}.FCST.BSISO.Rt.ANO.R2.U850

setenv INFILEO3

${IDAOUYFCST/OUTPUT/S{YYYY}/$IMDL}/${today}. ${MDL}.FCST.BSISO.Rt. ANO.R2.V850
setenv INFILEO4  ${DAIO}/NOAA.OLR.DAY.ANOS2.noLY.real.1981.2018.mean
setenv OUTIMG_T  ${MDL}_FCST_IMPACT_${AREA}_NOAA_OLRWIND.png

mkdir -p ‘dirname ${OUTIMG_H}'

if( -e ${NFILEO1} && -e  S${NFILE02} && -e ${INFILE03}) then

echo “*
echo =========================
echo “ DRAW FGURES®
echo “———————————— - “
echo “ - INPUT . $SINFILEO1®
echo “ . SINFILE02“
echo “ . SINFILEO3“
echo “ - OUTPUT : ${OUTIMG_H}#_S${OUTIMG_T}"
echo “--——————mmmm “

— FFHAE F OLRFA U8S0 &4 A9 OLR, U, V 37 W=7t o 9lew 119 A4
ncl  ${DREF}NCL_SOURCE/impact_fcst.ncl

#E  AY Am AE

setenv OUTIMG1 ${OUTIMG_H}1_${OUTIMG_T?}

setenv OUTIMG2 $IOUTIMG_H}2_${OUTIMG_T?

setenv OUTIMG3 S{OUTIMG_H}3_${OUTIMG_T}
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else
echo ““
echo “=========================“
echo “
echo =========================
echo “ check INPUT : ©
echo “ ${UNFILEO1}"
echo “ ${NFILE02}"
echo © ${UNFILE03}"
echo * ${INFILEO04}“
echo “——————mmmm “
endif
endif
unsetenv INFILEO1 INFILEOZ2 INFILEO3

end #foreach_02

echo " IMPACT ALL STEPS ARE SUCCESSFULLY DONE ’ >> ${LOG}

setenv OUTIMG1_W WEEK1_${MDL}_FCST_IMPACT_${AREA}_${GROUP}_${VARO1}.png
setenv OUTIMG2_W WEEK2_${MDL}_FCST_IMPACT_${AREA}_${GROUP}_${VARO1}.png
setenv OUTIMG3_W  WEEK3_${MDL}_FCST_IMPACT_S${AREA}_${GROUP}_${VARO1}.png
scp -P 2224 ${OUTIMG1}  ${REMOTE_ID}@${REMOTE_IP}:${REMOTE_DIR}${OUTIMG1_W}
scp -P 2224 ${OUTIMG2}  ${REMOTE_ID}@${REMOTE_IP}:${REMOTE_DIR}${OUTIMGZ_W}
scp -P 2224 ${OUTIMG3}  ${REMOTE_ID}@${REMOTE_IP}:${REMOTE_DIR}${OUTIMG3_W}

echo  '-mmmmmmmmmmmm oo - - -———=" 2> ${LOG}
echo '’ >> $ILOG}
set FCST _date = $1
NEXT:
end #foreach_01
echo 'FORECASTING end: ’ ‘date +%c' >> ${LOG}
echo T e R E Y EECTT TP EEEE >> ${LOG}
exit
o oJuz]  FAMo] FQ3d HAH (FE, HIE= AHn, 2AY ) WA

DREF/bsiso_module.nclol| Al d&x o2 o] Fo| A

ot SFHE2EF) Y 23

cd LOG
vi YYYYMMDD.Response_FCST_AUTO.log
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2. BSISO €A%
7h g% AsAE F8 z2O9Y

. 29 9% : [Ifs/datal9/COMPOSITE

run.csh — AREAF Aol BHA FAF W 4 FEe A 4
COMPOSITE.CSH - FE4E Y A% wd 4
s S AT v de A 1078 " 217 ZIZbel tisl olm] AAtE s (A
712k o] 13 A4k o] F FH oA &F)

*10 7} "4 OLR&850WIND, T2M, SH, MCONV850, MSLP, OMEGA500, Z500, RH600, VP200,
SF200, PRCP

* 2178 71zF © MAY, JUN, JUL, AUG, SEP, OCT, MJ, JJ, JA, AO, SO, MJJ, JJA, JAS, ASO,
MJJA, JJAS, JASO, MIJJAS, JJASO, MJJASO

- @Y 71 o ARPIA WY FEAE AL obd

cd SHEL
COMPOSITE.CSH

[run.cshl

#!/bin/csh -f
= ZF AAEZ 19 FFES AT HF 2do]x2 FE
time ./COMPOSITE.csh 1981 2018 MAY R2.U850 BSISO1 1.5 ASIA

S 7 A4 Bee] AYe FAT AS 47 Qo) 2o iE TRY BE AR A
time ./COMPOSITE.csh 1981 2018 “MJJ JJA JAS ASO MIJJA JJAS JASO MIJJAS JJASO MIJJASO®
“R2.U850 R2.V850 NOAA.OLR R2.MCONV850 R2.MSLP R2.OMEGA500 R2.T2M R2.Z500 R2.RH600
R2.VP200 R2.SF200“ “BSISO1 BSISO2“ 1.5 ASIA

« 54 Aol tig 8 A runcsholl A A A F A

1% =E W5 g 7zl BalA FAT A4S runchE FHEA Wols 4

L]
ol

[COMPOSITE.CSH]
. @} runcsh o4 148 7198A k3 COMPOSITE.CSH & 213 a8 49 7|83 (RE
LR EOT IE L I SR Rl

#!/bin/csh -f
HCHEH A A A A A R R e e R S e e H h
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#
#C# argument — run.csh oA ZAI3F 21z} Qo] So)

i
"

1=
T

FCHEHH SR H R H RS RS R H R S R R R A R R A R R R H R
#

set ARG_SYEAR = §$1 ;#1981

set ARG_EYEAR = $2 ;#2018

set ARG_MONTH = ( $3 ) ;#MAY

set ARG_VAR = ( $4 ) ;#NOAA.OLR

set ARG_INDEX = ( $5 ) ;#( BSISO1 BSISO2 )

set ARG_AMP = ( $6 ) ;#1.5

set ARG_AREA = ( $7 ) ;#ASIA

set PROC_ID = $$

#C# check - argument
if( $1 == %) then
echo “Run : All case®
setenv SYEAR 1981
setenv EYEAR 2018
set LIST_ AMP = ( 1.5 ) ;#1.5, 1.0, 2.0
set LIST_MONTH = ( MAY JUN JUL AUG SEP OCT MJ JI JA AS SO MJJ JJA JAS ASO

MJJA JJAS JASO MIJJASO ) — 7|ZF 1Akl gk 71 & gk
set LIST_VAR = ( R2.U850 R2.V850 NOAA.OLR R2.MCONV850 \
R2.MSLP  R2.OMEGA500 R2.T2M  R2.Z500 \
R2.RH600 R2.VP200 R2.SF200 GPCP.PRCP \

R2.QU850 R2.QV850 R2.SH850 R2.UWND R2.VWND )
— W Aol gk 7|2 g
set LIST_INDEX = ( BSISO1 BSISO2 ) — BSISO Aol thgt 718
set LIST_AREA = ( ASIA ) ;#( INDIA ASIA SKOR ) — A Yo tig 71 &
else if( ${# == 7 ) then
setenv SYEAR ${ARG_SYEAR}
setenv EYEAR ${ARG_EYEAR}
set LIST_AMP = ${ARG_AMP}
set LIST_MONTH = ( ${ARG_MONTH} )
set LIST_ VAR = ( ${ARG_VAR} ) ####LAY
set LIST_INDEX = ( ${ARG_INDEX} )
set LIST_AREA = ${ARG_AREA}
echo “Run - - “
echo “start year : $SYEAR®
echo “end year : $EYEAR"
echo “amplitude : $LIST_AMP®
echo “month : $LIST_MONTH *
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echo “variable : $LIST_VAR
echo “index : $LIST_INDEX
echo “area : SLIST_AREA
else
echo “error... check argument®
exit
endif

O

#
#C# setting - directory

O R

#
set COMP_ROOT = /Ifs/datal9/COMPOSITE
set EXEC = ${COMP_ROOT}EXEC
set DAGR = ${COMP_ROOT}DAGR/${SYEAR}_${EYEAR}
set DAIO = ${COMP_ROOQT}/../BSISO_R1/MONI/09.STEPY9/text
set DAIO_02 = ${COMP_ROOT}/../JANOS2/noLY/DATA
set DAOU = ${COMP_ROOT}/DAOU/${SYEAR}_${EYEAR}
set DAOU_02 = ${COMP_ROOT}/../BSISO_R1/IMPACT/DAIO
set DREF = ${COMP_ROOT}/DREF
set SHEL = ${COMP_ROOT}/SHEL
set SRC = ${COMP_ROOT}/SRC

mkdir -p ${DAOU}
HFCHE R R B E R R B R R R A R R R R R R S R R R S R S R SR

#
#C# Library Path Setting #

O R R

#
setenv NCARG_COLORMAPS  ${DREF}/NCL_COLORMAP:$NCARG_ROOT/lib/ncarg/colormaps

foreach AMP ( ${LIST_AMP} )#foreach_01
foreach VAR ( ${LIST _VAR} )#tforeach 02

O R st

#
#C# set : COMMON-1 - HEE ASAse s 2 5 2F
HCHAHHAHHHHHHHHHHHH HHHFHHHH AR AAAARA SRR A A A S AR A AR AR RS S A S S R S S ay
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setenv VARIABLE ‘echo ${VAR} i cut -d’." -f2-*
setenv Slon 0.0’
setenv Elon '357.5°
setenv Slat '-90.0°
setenv Elat '90.0°
setenv Clon 2.5’
setenv Clat 2.5’
setenv XGRID 144’
setenv YGRID 73’
if (JVAR == 'NOAA.SST") then
setenv Slon ’0.125
setenv Elon '359.875’
setenv Slat '-89.875
setenv Elat '89.875°
setenv Clon ’0.25°
setenv Clat ’0.25
setenv XGRID 1440’
setenv YGRID 720’
else if (VAR == 'R2.T2M") then
setenv Slon 0.0’
setenv Elon ’358.125’
setenv Slat '-88.54
setenv Elat ’88.54’
setenv Clon ’'1.875
setenv Clat ’'1.875
setenv XGRID '192’
setenv YGRID '94’
else if (VAR == 'GPCP.HeavyR’ Ii $VAR == 'GPCP.PRCP’) then
setenv Slon 0.5’
setenv Elon ’359.5’
setenv Slat '-89.5
setenv Elat ’89.5°
setenv Clon ’1.0°
setenv Clat ’'1.0°
setenv XGRID 360’
setenv YGRID 180’
else if (§VAR == 'ERA.T2M’) then
setenv Slon 0.0’
setenv Elon '359.25°
setenv Slat '-90.0°
setenv Elat 90’
setenv Clon '0.75°
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setenv Clat ’0.75°
setenv XGRID 480’
setenv YGRID 241’
else if (§VAR == 'APHRO.PPTN’) then
setenv Slon '60.125’
setenv Elon '149.875
setenv Slat ’54.875’
setenv Elat '88.542°
setenv Clon ’0.25°
setenv Clat ’0.25’
setenv XGRID ’360’
setenv YGRID 280’
endif

HCHE R R B R R R R R R R R SR R R SR R R S R S S R SR
#

#C# 10.STEP1.f90
HCHE R H R R R H R R R R R R R R R SR R R SR R R S R S S R SR
#

HCH env-var : VARIABLE, INFILEO1, OUTFILE01~04, SYEAR, EYEAR

setenv INFILEO1 ~${DAIO_02}/‘echo ${VAR}cut -d’."  -f2°/${VAR}L.${SYEAR}O101${EYEAR}
1231.noLY

setenv OUTFILEO1  ${DAOU}/${VAR}LDAY.ANOSI.noLY.real

setenv OUTFILEO2  ${DAOU}/${VAR}LDAY.ANOS1.CTL

setenv OUTFILEO3  ${DAOU}${VAR}.DAY.CLIM.H.noLY

setenv OUTFILEO4  ${DAOU}Y/${VAR}L.DAY.CLIM.noLY

echo “s========================"

echo “ 10.STEP1.f90"

echo “- - e “

#d#---- compile
#cd ${SRC}
#rm -f ${EXEC}/10.STEP1.exe
#./compile.csh 10.STEP1.f90 — climatological annual cycleel 4] 1-3harmonics A A
echo “run : ${EXEC}/10.STEP1.exe
${EXEC}10.STEP1.exe #d#check
unsetenv INFILEO1 OUTFILEO1 OUTFILEOZ2 OUTFILEO3 OUTFILEO4

O R R s
#

#C# 11.STEP2.f90
O R R
#
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HCH env-var : VARIABLE, INFILEO1, OUTFILE01~03, SYEAR, EYEAR
setenv INFILEO1 ${DAOU}/${VARL.DAY.ANOSI.noLY real

setenv OUTFILEO1  ${DAOU}/${VAR}L.DAY.ANOS2.noLY.real

setenv OUTFILEO2  ${DAOU}/${VAR}.DAY.ANOS2.CTL

setenv OUTFILEO3  ${DAOU}/${VAR}L.120MA.noLY

echo “s===s=====================
echo “ 11.STEP2.f90“
echo “- - e “
#d#---- compile
#cd ${SRC}
#rm -f ${EXEC}/11.STEP2.exe
#./compile.csh 11.STEP2.f90 — 120¢ H+ AAZ otz ALF F ctl A
#cd -
#CH---- run

#C# ¢ 13] A A 2833%

echo “run : ${EXEC}/11.STEP2.exe
${EXEC}/11.STEP2.exe #dtcheck

unsetenv INFILEO1 OUTFILEO1 OUTFILEOZ  OUTFILEO3

O R R
#

#C# FCST_RESPONSE_FVAR _pre.ncl

#CH FFHE WY x2S AT A

FCHARS S S A g g e S g g g g d
#

HCH env-var : INFILEO1, OUTFILEO1, SYEAR, EYEAR

setenv INFILEO1 ${DAOU}/${VAR}LDAY.ANOSI.noLY.real

setenv OUTFILEO1  ${DAOU_02}/${VAR}.DAY.ANOS2.noLY.real.${SYEAR}.${EYEAR}.mean

echo  “=========================
echo “ FCST_RESPONSE_FVAR_pre.ncl”
echo “- - S “
#CH---- run

echo “run :  ${DREF}/FCST_RESPONSE_FVAR_pre.ncl *
— of=dglo] thk EA4F AL
ncl  ${DREF}/NCL_SOURCE/FCST_RESPONSE_FVAR _pre.ncl #d#check
foreach MONTH (  ${LIST_MONTH;} )#foreach_03
foreach INDEX ( ${LIST_INDEX} )  #foreach_04

O R R
#
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HC# set : COMMON-2

O R
#
if( ${INDEX} == “BSISO1" )  then

setenv E1 1 #EOF mode 1
setenv E2 2 #EOF mode 2
else #if( ${INDEX} ==  “BSISO2“ ) then
setenv E1 3 #EOF mode 3
setenv E2 4 #EOF mode 4

endif

setenv PERIOD $IMONTH;}
setenv AMPLITUDE ${AMP}

HCHAHFHHHHHHHH R A HF A HHRAHF R H AR A A SR H AR A H AR H AR H AR H AR ISR ISR I AR A S
#
#C# 20.BSISO.PhaseCycle.amplitude.f90

#CH => 20.BSISO1.PhaseCycle.amplitude.f90
#CH => 20.BSISO2.PhaseCycle.amplitude.f90
#CH env-var : EOF model(3)/2(4), MONTH, AMPLITUDE, INFILE01/02,

OUTFILE01~09
Ed@rdedaededededaidedetedededadatededatedefibofatitod fidod dofad fodatitof gt todttod st bt tod g idad bodat sod s ded bt
#

setenv INFILEO1 ${DAIO}/BSISO.INDEX.PHASE.8118.txt

setenv INFILEOZ ${DAOU}/${VAR}L.DAY.ANOS2.noLY.real

setenv OUTFILEO1  ${DAOU}/${VAR}.${PERIOD}.${INDEX}.Phasel

setenv OUTFILEO2  ${DAOU}/${VAR}.${PERIOD}.${INDEX}.Phase2

setenv OUTFILEO3  ${DAOU}/${VAR}.${PERIOD}.${INDEX}.Phase3

setenv OUTFILEO4  ${DAOU}/${VAR}.${PERIOD}.${INDEX}.Phase4

setenv OUTFILE0O5  ${DAOU}/${VAR}.${PERIOD}.${INDEX}.Phaseb

setenv OUTFILEO6  ${DAOU}${VAR}LS{PERIOD}.${INDEX}.Phase6

setenv OUTFILEO7  ${DAOU}/${VAR}LS{PERIOD}.${INDEX}.Phase7

setenv OUTFILEO8  ${DAOU}/${VAR}.${PERIOD}.${INDEX}.Phase8

setenv OUTFILE09  ${DAOUYS${VARLSINDEX}.${PERIOD}. AMP${AMPLITUDE}

echo “  20.BSISO.PhaseCycle.amplitude.f90“
echo “_ _ [ “

#d#---- compile
#cd ${SRC}
#rm -f  ${EXEC}/20.BSISO.PhaseCycle.amplitude.exe
#./compile.csh  20.BSISO.PhaseCycle.amplitude.f90
#cd -
— BSISO Z%=7F 1.5 o] =& dol s &84 A4t
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#C#---- run

#C# : 13] A4 0.2%

echo “run : ${EXEC}/20.BSISO.PhaseCycle.amplitude.exe”

${EXEC}20.BSISO.PhaseCycle.amplitude.exe

unsetenv INFILEO1 INFILEO2

unsetenv OUTFILEO1 OUTFILEO2 OUTFILEO3 OUTFILE04

unsetenv OUTFILEO5 OUTFILEO6 ~ OUTFILEO7 OUTFILEOS OUTFILE(O9
Ed@rdedaededadedaiededatedededadatededatedefibodatitod fitod gt fodattod st bodtitod tedad fodat togpidad bodat sod s ded bt
#

#C# 21.BSISO.PC.AMP.sig.f90

H#CH => 21.BSISO1.PC.AMP.sig.f90
H#CH => 21.BSISO2.PC.AMP.sig.f90
HCH env-var : EOF model(3)/2(4), MONTH, AMPLITUDE, INFILE01/02,

OUTFILE01~09
Ed@rdedaededededaidedatedededadatededatededebofatitod bttt fodatitod gt todtitod bt bodt tog s eded bodat sod s ded bt
#

setenv INFILEO1 ${DAIO}/BSISO.INDEX.PHASE.8118.txt

setenv INFILEO2 ${IDAOU}/${VAR}.${INDEX}.${PERIOD}. AMP${AMPLITUDE}

setenv INFILEO3 ${DAOU}/${VAR}.DAY.ANOS2.noLY.real

setenv OUTFILEO1 ${DAOU}/${VAR}L.S{INDEX}. ${PERIOD}. AMP${AMPLITUDE}.SIG ~ #for
image

echo “==s======================="

echo “  21.BSISO.PC.amp.sig.f90*

echo “- - e “

#d#---- compile

#cd ${SRC}

#rm -f  ${EXEC}/21.BSISO.PC.amp.sig.exe

#./compile.csh ~ 21.BSISO.PC.amp.sig.f90

#cd -

— 7} phase® & 95%°]¢ o] &< MFete 7 Y F=

#CH---- run

#C# : 13] A A 0.2x

echo “run :  ${EXEC}/21.BSISO.PC.amp.sig.exe”

${EXEC}/21.BSISO.PC.amp.sig.exe

unsetenv INFILEO1 INFILEO2 INFILEO3  OUTFILEO1
HCHHRHHHHH AR H R F R F R HH R F A F R HH R IR H R R F R AR R F AR IR R F RS E R RS
#

#CH# make image

#C# 29T

#CH# - NOAA.OLRWIND : OLR, U850, V850 &% Q& 75 olm x| A4t
Ed@rdedaededededaiededetedededadatededatedefitofat tod fitod dofat fodatitod s et todtitod tedad bodat tod pidad bodat sod s ded bt
#

- 181 -




cd ${DREF}
setenv GROUP ‘echo ${VAR} | cut -d’." -f1'
setenv VARO1 ‘echo ${VAR} | cut -d’.” -f2°

if( ${VARO1} == “U850" i ${VARO1} == “V850" 1 ${VARO1} == “OLR" i
${VARO1} == “MCONV850“ 1 ${VARO1} == “MSLP“ &  ${VARO1} == “OMEGA500"
${VARO1} == “T2M" i ${VARO1} == “Z500“ 1 ${VARO1} == “RH600" i
${VARO1} == “VP200" i ${VARO1} == “SF200" I ${VARO01} == “PRCP" ) then

setenv INFILEO1 ${IDAOU}S{VAR}LSINDEX}. ${PERIOD}. AMPS{AMPLITUDES}.SIG

setenv INFILE02 “null”

setenv INFILEO3 “null”

setenv OUTIMG_H
${IDAGR}/${GROUP}_${VARO1}Y/${GROUP}_${VARO1}_${INDEX}_PHASE

setenv OUTIMG_T ${PERIOD}_AMPS${AMPLITUDE}_SIG.png

setenv INDEX2 ${INDEX}

foreach ZONE ( ${LIST_AREA})
setenv AREA ${ZONE}
mkdir -p ‘dirname ${OUTIMG_H}‘

ncl  ${DREF}/NCL_SOURCE/composite.ncl - @8 19 A4
end

#C# 2% A5 AF

setenv REMOTE_ID  apcc2l

setenv REMOTE_IP  10.200.111.32

setenv REMOTE_DIR /data/apcc_images/BSISO/COMP/${VARO1}

#scp -p 2224 ${OUTIMG_H}*${OUTIMG_T}
${IREMOTE_ID}@${REMOTE_IP}:${REMOTE_DIR}
if( ${VARO1} ==  “U850" I ${VARO1} == “V850“ i ${VARO1} == “OLR") then

setenv VARO1 OLRWIND

setenv INFILEO1 ${DAOU}/NOAA.OLR.${INDEX}.${PERIOD}. AMP${AMPLITUDE}.SIG
setenv INFILEO2 ${DAOU}/R2.U850.${INDEX}.${PERIOD}.AMP${AMPLITUDES}.SIG
setenv INFILEO3 ${DAOU}/R2.V850.${INDEX}.${PERIOD}.AMP${AMPLITUDES}.SIG
setenv OUTIMG_H ${DAGR}YNOAA_OLRWIND/NOAA_OLRWIND_S${INDEX}_PHASE

foreach ZONE ( ${LIST_AREA}
setenv AREA ${ZONE}
mkdir -p ‘dirname ${OUTIMG_H}'
if( —e ${INFILEO1} && -e ${INFILE02} && -e ${INFILEO3}) then
ncl  ${DREF}/NCL_SOURCE/composite.ncl
endif
end
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endif

Hscp -P 2224 $IOUTIMG_H}*${OUTIMG_T}  ${REMOTE_ID}@${REMOTE_IP}:
${REMOTE_DIR}

endif

HFCHEH A H AR A A S e e g e Hd g e H a
#
#C# unset : COMMON

O R
#
unsetenv E1 E2 PERIOD AMPLITUDE

end #foreach_04
end #foreach_03
end #foreach_02
end #foreach_01
echo “END RUN................ “

exit
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(3) Probabilistic Forest Fire Forecast
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Table Bl. Plots of FHEWS
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Rl I
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APN__HPC.csh

APN_HPC.R
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module load R # (R.3.4.0 default)

R

> install.packages("/Ifs/datal1/APN/apn_0.1.11.tar.gz",repos=NULL,type="source")
# ol #79] apn_0.1.11.tar.gz T7|X] IS AHX]

> library(apn)

> quit()
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cd /Ifs/datall/APN
gsub APN_HPC.csh
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A 10 =@k, 98, 5F, F=, Uvh, I, vl=, 7y, olgglol, EAlop 157 &
A = AFTHANA wjE MY = 2 dS HARE SFE FHE AFSF »‘E}(Table
CD, APCC MME A& o= A|~®l2 Z} 7ﬂﬁé.‘?_%1 2 APCC %E%‘%%P% dZH Kol )3k 3

Nd 2 6L ALANE AR YLS
W o AR 27 (deterministic) o) =3} 3} QDTObabthUC) 01]* 714
£ A4HgtHTable C2). &, MGOS MGOAM-2 7% hindcast 713F B¢ o]#E & MMEo]
ARE3EaL AR 4Tt

Table C1. List of participating modles for APCC MME.

SNE N

ey =es mades (Fore/Hindcast)
APCC (gt=) SCoPS T1590L.31 1010
BCC (&=) BCC_CSM1.1m T106L.26 24/24
BOM (&%) ACCESS-S N216L85 11/11
(O?EZJ;%H CMCC-SPS3 1x1, L46 20/20
CWB (CHEH) GFST119L40/OPGSSTV2 T119L40 30/30
HMC (21Ao}) SL-AV 1.125x1.40625, 28 20/10
JAVISTEC (&2) SINTEX-F 0.5°x0.5°, L31 33/~
JMA (&) JMA/MRI-CPS2 T159L60 51/10
KMA (&h=) GloSeabGC2 N216L.85 42/12
MGO (2{A|o}) MGOAM-2 T421.14 10/6
MSC (ZHLtct) CanSIPSv2 T63L35 10/10
NASA (0]=) GEOS-525-2.1 0.5x0.5, L72 4/4
NCEP (o]|=) CFSv2 T126L64 20/20
PNU (8t=) PNU CGCM v2.0 T421.18 5/5
UKMO (& =) GloSeab N216L.85 42/28

- 194 -



Table C2. List of APCC MME method.

7| g

Deterministic SCM Simple ayergge of individual model forecasts with
equal weighting
Non-—calibrated probabilistic MME with  model
Probabilistic GAUS  weights being inversely proportional to the random
error in the forecast probability (Min et al. 2009)

2.2 SST/ENSO/IOD/EMI & A"l 7i8

SST/ENSO/IOD/EMI o] & A 288 AFS MME dolZ&3} 12§ Alx"lo] 7d® o]3o] MME
AN 2ElS Zzxste] AdEgon, XA o ENSO &5 o= A2= =9 JAMSTECS ENSO
o= Hojo] WE Al2® A T ThFe Aol AT o]k SST/ENSO/IOD/EMI & ZA
< o] AEE F3 Jted dd-tr] AF BEY AUV Ed S A5E &85t ot}
A=A o] AAHEZ d FEEZ oS HRE AYLITH

T

fo o

UMDY

=24~ : Nino3, Nino3.4, Nino4, Ninol+2, 10D, WIOD, EIOD, EMI

ASA o] NAE #x OE 2d 2& GFE 23

of| Zx] 9] FX|gkel ik & 19

A= - BN Y sl 25 oy X &£

e L% ofx-2He] o] Hovmoller diagram (7 =-A|%t cross section)
- ENSO(Nino3.4 71¥h) && o= AR

ok

Table C3. Definition of ENSO indices.

Z5F e
Nino 1+2 (0-10°S, 80°-90°W)
_ Nino 3 (5°S-5°N, 90°-150°W)
Nino X|== .
Nino 4 (5°S-5°N, 150°-160°W)
Nino 3.4 (5°S-5°N, 120°-170°W)
IOD = WIOD - EIOD
ol o

WIOD (10°S-10°N, 50°-70°E)
EIOD (10°S-0°, 90°-110°E)
EMI=A - 05x (B + C)

ENSO-Modoki A (10°S-10°N, 165°E-140°W)

x| = B (15°S-5°N, 110°W-70°W)

C (10°S-20°N, 125°E-145°E)

Ctol Z(I0D) Xl
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Figure C5. Forecast procedures and monthly time schedule at APCC MME.

Figure C5¢} Zo] APCC MME HF dSAHRE A|Fstr] 98], © 7/M1E o= Ag 2 #
A5 73, @ dF A5 2 #HF A5 1A, @ A5 FE B £ APCC MME o =
AA, @ MME <= 22(DMME, PMME) A4+, & MME SST/ENSO ¢& 28 A4k, ® 70E
o 9 MME o= 22 289 A5 A @ A g7 9 AN =28 A= 2D
Y A5 A2 © obxE A4 E wE, © YuolA] 2 d3AE HolH R AAH o
2 Z¢do] ¥ HArh
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APCC MME ] gH R RS Slstel B AW 2 AxdoE 7
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Ao R AglokshE d9ld ASCIA dnE] AU $ol Betel 6= s} 1
5 ARst 94 daEd bal g2 AWl e ARL WFE & Atk APCC

MME o5 A28l dd A8 BEE ofelieh 2o

= MME o] 24 28] Apo)
CPU

- model : Intel(R) Xeon(R) Gold 6137
- 2% : 3.90GHz

- 30 : 22|20 167, =&l=0of 3274
o 22|

- 192GB

0S 2G|

- Linux CentOS-7.0

Fortran compiler

- GNU 7.3.0

Python

- anaconda 3.7

NCL

- version 6.5.0 / 6.6.2

O APCC MME & A"l dg AR BH
m AW [P F4 : 10.100.9.116 (&
m AlA: OPER

JE PR L

3.2 APCC MME #o 2d oF 28 8F WY EF

APCC MME®| #st= 1571 71#2] d= ARE 33517 st wid 19 7 sid 29
Aol W A-E& Wty =3, APCC MMEE 93t ©9 39 A3 d¢ #d AdaA #
Z3, WY U89 A= ol 2o
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Thank you for your continuous support of the APEC Climate Center (APCC).

We would like to kindly request for your institution to provide prediction data on a monthly
basis for each subsequent six-month period to contribute to the APCC MME prediction.

If the extended data is not available from your organization, we would still like to receive the
3-month hindcast/forecast datasets as in previous years for other applications.

We hope to start the process by collecting the July August September (October November
December) forecasts in 2020.

Details of data provision will be arranged through communications with the focal point at your

center.

If you have any questions on our MME prediction, don't hesitate to contact either Ms. Daeun

Jeong (downy@apcc2l.org)* or Dr. Young-Mi Min (ymmin@apcc21.org)**.

(*: APCC MME @9 &9 &2# **: APCC MME @4 &9 #3)

Hd gl F52 ofefe] Table 43 2t
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Table C4. List

of model provider in APCC MME.

Institute Country Model Name Representative Working Staff
- Dr. Yoobin Yhang Ms. A-Young Lim
APCC Korea SCoPS (ybyhang@apcc21.0rg) (limay @apcc21.0r)
' _ - Dr. Aihong Zhong Mr. Lixin Qi
BoM Australia ACCESS-ST (a.zhong@bom.gov.au) (LQi@bom.gov.au)
= Dr. Tongwen Wu Mr. Xiangwen Liu
- (twwu@cma.gov.cn) (xwliu@cma.goc.cn)
BCC China CSM1.1m ~Dr. Zongjian Ke
(kezj@cma.goc.cn)
- Dr. Sivio Gualdi - Dr. Stefano Materia
(silvio.gualdi @ingv.it) (stefano.materia@cmec.it)
= Dr. Andrea Borrelli
CMCC Italy SPS3 (andrea.borrelli@cmec.it)
- Others
(panos.athanasiadis@cmec.it)
(antonella.sanna@cmee.it)
Chinese = Dr. Jyh-Wen Hwu — Mr. Taun-Tang Lin
CwB Taipei GFST119L40 (jwhwu@cwb.gov.tw) (hance @cwb.gov.tw)
= Dr. Dmitry Kiktev = Dr. Vladimir Kryjov
HMC Russia SL-AV (kiktev@mecom.ru) (_krg\k/gyahoo.co.uk)
(khan@mecom.ru)
B — Mr. Takayuki Tokuhiro — Mr. Takayuki Tokuhiro
JMA Japan MRI-CPS2 (tokuhiro@met.kishou.go.jp) (tokuhiro@met.kishou.go.jp)
= Dr. Yu—Kyung Hyun - Ms. Hee=Sook Ji
KMA Korea GloSea5GC2 (ykhyun@korea.kr) (sookkool @korea.kr)
. B - Dr. Vadm Matyugin = Dr. Vadm Matyugin
MGO Russia MGOAM-2 (matyugin@main.mgo.rssi.ru) (matyugin@main.mgo.rssi.ru)
= Dr. Bertrand Denis — Mr. Ryan Muncaster
MSC (Bertrand.Denis@ec.gc.ca) (ryan.muncaster @canada.ca)
(ECCO) Canada CanSIPSv2 ~ Benoit Archambaut
(benait.archambault @ec.ge.ca)
- Dr. Steven Pawson - Dr. Nakada Kazumi
NASA USA GEOS-S25-2 1 (steven.pawson-1@nasa.gov) (_kaé[uhrglr nakada@nasa.gov)
(andrea.mmolod@nasa.gov)
- Dr. Mingyue Chen - Dr. Mingyue Chen
NCEP USA crsv (mingyue.chen@noaa.gov) (mingyue.chen@noaa.gov)
- Prof.Joong-Bae Ahn = Dr.Joonlee Lee
(jpahn@pusan.ac.kr) (lecjl@pusan.ac.kr)
PNU Koea CGCMv2.0 ~Ms. Chan-Yeong Song
(cysong@pusan.ac.kr)
UKMO UK GloSeas — Dr. Peter McLean - Dr. Peter McLean
(Met Office) ) (peter.mclean@metoffice.gob.uk) (peter.mclean@metoffice.gob.uk)

APCC MMEOI #ofstr] fiste] 24 Fofz]aol] 2438k= A

oz 4" PR @A Bk
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MODEL REQUEST FORM (Revised, July 2019)
1. Forecast Data
(1) Period: more than 6 months (3 months if 6 months is unavailable) for each month
(2) Variables

(All entries are strongly recommended. If possible, other available variables are welcome.)

- Surface (2m) air temperature [K]
- Sea surface temperature [K]
- Total precipitation [kg/m2]
- Mean sea level pressure [hPa]
- 850hPa Temperature [K]
- 200hPa geopotential height [m]
- 500hPa geopotential height [m]
- 850hPa geopotential height [m]
- 850hPa zonal and meridional velocity [m/s]
- 200hPa zonal and meridional velocity [m/s]
(3) Data type
- Monthly mean (total) data for individual ensemble members
- Daily mean (total) data for individual ensemble members
(4) Data format
- Resolution: 2.5° x 2.5° degree interval over global domain (144 x 73 grids)
(if possible, original resolution of the data is also welcome.)
- GRIB (including data control file; e.g., ctl) and NetCDF formats are encouraged. Other formats are

also acceptable.

2. Hindcast Data

(1) Period: 1979-present (If this is not available, data from a shorter period are also welcome.)

(2) Experimental design
- Dynamical seasonal prediction with an atmospheric general circulation model using predicted sea

surface temperature (i.e., SMIP-2/HFP type simulation)

- Dynamical seasonal prediction with a coupled general circulation model (i.e., 1-tier simulation)

(3) Data type
- Hindcast monthly mean (total) data for individual ensemble members

(4) Variables and data format should be consistent with forecasts.

3. Requested Information
(1) Data description (Appendix I)
(2) Data readme file

4. APCC FTP server
(1) 1P address of APCC FTP site: 210.98.49.14
(2) Login ID & Password: assigned to each model provider
(3) Directory: /apccdata01/{MODEL}/{YEAR}{MON}
* YEAR: forecast year (e.g., 2010, 2011)
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* MODEL: name of system (e.g., BCCv2, CWB)
* MON: (the first forecast) seasonal mean (e.g., MAM, AM)J)

* We would greatly appreciate it if data could be submitted no later than the 15" of the month.

5. APCC website
(1) Homepage: http://www.apcc2l.org

(2) The APCC website is now freely open to the public.

APCC MME®] A7 Folshs 718 3 2de A% 5 712 2l Aa/azss
B o oAZAEe] A ARE AL ANl oS ge FAS) B Adescripon
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I _w
g

T I o T " i
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T ==
ey rmm g gy | L '

Flr=wm el i v pindiom
_l . l..ll.'."\':-""'_'l_'"“."-"'

T e T
b g == ol | AT

[F_ S FL L R.T] o —

ir -|.H.|l I—IIIIIH-I-
!r- l"'l F‘-'II'-'l'-1
L =N
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T ek :.; i |F 1 11
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.!.".‘.'::;"'.'.'.!'_"'."."E."."‘."f.T'
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Ll & lukivw H-rlrl_l_l-
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! T el rewy s Feomerery ol geiereeny ey reroererer oF Ve g rren o e presierrd
F & o v ey e ooy o ey e i ey
B o TR T W Sl e B e T M B AL Gl B BT

S T e B el Pl el el T sl S o ST E

3.3 APCC MME #o =d A5 3 9 AAE

APCC MMEe] #Fa3tE= 157) 7139 o= A5 E (Pftp 9F (ADftp AW S o] &3] =3
3t 9th o] & BCCE =33t 87) 71ZHBCC, CMCC, CWB, HMC, KMA, MGO, MSC, PNU)<]
d= A5E g 71FANA A mE A5E 2= siF AT APCCE H|&E3 774 71&
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http://www.apcc21.org/

(APCC, BoM, JAMSTEC, JMA, NCEP, NASA, UKMO)®] & A5+ AH g 71&9] ftp AH
of A&akel AR YHlOlE i RE HUSD LT sof k. APCC ENZ B Ao
Mol A4 ARE FE 84 /B P ARARE AEees A2DE APHel sl AlE
W MEYZAEECHAAY AT 8 A FPACIRA AT AF D A HE F
=g agslopsiul, nake S8l 2 W fip A% ARY ANAHEE IS, FAH T2
2 9z fasels vldsty oo Bd YRE AR Folol Ak Y Fue WY wHA
7 A&HoE FSH, WANG] Y A FAHOE WY @ Fhselor drh (Pftp
Sk (Dftp Aol Fash AW Fui obelet Lok

om\

m

O (Dftp AW = Dftp AW P F49 A AR
n (Pftp A P 4 10.200.111.14 (] F-; & Foll A= 210.98.49.14)
(7)ftp AlA: apcc
(Fftp A=K = (F 37
B (ADftp AW IP F4x: 10.200.111.116 (&]F-4; ¢ F-o A= 210.98.49.116)
(2Dftp AlA: downy
(ADftp A== (WHF F/)

34 APCC MME /¥ =2d FE9Z A5 A4

3.34 oA APCC MME9®] HoJsl= z+ 7|13 Mund A7 gda5d MErde] 35
A2 ARE

341 MEEd FEGS A5 A4t A 2 AHE F=

APCC /W R EAF A2E Aitstr] A A F=2e otdfior 2o, 24, 3/674<

=71t = A & Ao

s APCC 7 xd FEq= 28 Y4 29 A=

/data02/OPER/AFS/RUN/Manage_MME (0| 5t $PATH_MME)

o] AAS Tl AME HFT AAELS offo AroA Ul & F Aok

s APCC 7 rd &= 275 AH4E A2

/data02/OPER/AFS/DATA/MME_OUT/3-MON/FORECAST/GAUS_INDI (37H¥ forecast)
/data02/OPER/AFS/DATA/MME_OUT/6-MON/FORECAST/GAUS_INDI (67H¥ forecast)

= APCC 7HE R &EAS A5 A3E AR F=
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2l 5
=

$PATHAMODEL}Y/AMONTH} " AYEAR}™
$PATHAMODELY{MONTH}/{SEASON}™

colle HEl

‘{YEAR} : aff &

S

of AH

MME ol & X2
g MME ol & Xtz

% SPATHE 9o 252 A2E one
713 2 A rdd (e.g. APCC_SCOPS, ...
. d & A2 ¥ (e.g. JAN, FEB, ..., NOV, DEC)
& AR A% (e.g. 2019, 2020, ...)

R ol & AlA (e.g. JFM, FMA, ... , NDJ, DJF)

, UKMO_GLOSEA5)

342 NErd g&549F A5 A4t

B Ao A= 3/671€ forecastoll st AP H3 € Hd 4E AAHES 44 Yot
W el 2 7W(GAUS_INDI forecast.py)oll A 71# 2 wdw o= A2 Wx, o= AZF o A
g ANZGE6NE), dSF AHAIE BE] FF) o2 FAS F3std H.
s N AEED ARG F P FE ASAE AL HY 53

1$ vi SPATH_MME/GAUS_INDI_forecast.py

models = [ "APCC_SCOPS” ] # =¥ 351X} 5l 22 M LA
os.environ['START_YEAR'] = "2020"

os.environSTART_MON'] = "FEB”

os.environ[LEAD_TIME'] = "3"

os.environSEASONAL’] ="Q"

0s.environSEASONNAME'] = "FMA”

os.environPREPOST’] = "PRE"
"N AEED Y Bkl S B G SAT AN A A

1$ vi SPATH_MME/GAUS_INDI_forecast.py

models = [ "APCC_SCOPS" ]| # T3 st Al st= ZEy LA
os.environ'START_YEAR’] = "2020"

os.environSTART_MON'] = "FEB”

os.environ[LEAD_TIME'] = "3"

os.environ['SEASONAL’] = "X"

o0s.environ'SEASONNAME'] = "FMA”

os.environPREPOST’] = "PRE"

674 A5 ¢ L3, AEBH
#o= Uylmz “PREPOST” =g 7z}

L Lead time 1~3¢
‘SPRE!! ,
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S “SEASONNAME” o AA3s}o] 4383
MERd FEGS A5 4AE T2 39S FYPsoh o, S5 A 47 5
_/,: [e) o

1$ python $PATH_MME/GAUS_INDI_forecast.py

o] gaHW YoM AFH 2 AFss ARE tdELe) 487t FPHo= A
AFAEA FAFth MAEE ARAF) B2e ey} gt
= AERY HEdS AR WS B
prec.nc  slp.nc sst.nc t2m.nc t850.nc  z500.nc
2O FAo] a3 AF

WHgo] =4 B &5, hindcast 713He] Al A4 F 42
ote) H=29o HYdg FAg.

n MME o SA| 28 A2 =273

/data02/OPER/AFS/CODE/PMME/GAUS/NCL_INDI/GAUS.ncl
Y 2O 4B AA nel Tt ZE2Kso T )S load L.
/data02/OPER/AFS/CODE/PMME/GAUS/NCL_INDI/GAUS_FCST.ncl (forecast A+A|

=)

¥ Ml A FEOM ME M FF hindcast 7|2 § AT MMl =H 2 HE Tts

b
1>
kU

3.5 APCC MME ¢& A5 A4k

3.5.1 APCC MME A&A 5 44k &7 A3

{0

APCC MME ¢ ==}
< AA3|FooF
(& .bashrc Y =

28 AN 9iste] Azde] BHEZEI ] BE L Axd AR
Y T Y AR AET F b WA pythong 2=k,

2 Bl A% A A% load @ 5 A=S BT

O

P

1
o

—

n 25 g<l(module avail
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1$ module avail

Jopt/Modules/versions
3.2.10

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

Japp/modulefiles/compiler
gnu/7.3.0(default) python/3.7.1-anaconda

/app/modulefiles/util

cdo/1.9.8(default) ImageMagick/7.0.8-67(default) wgrib2/1.9.5.1(default)
cmake/3.16.5(default) java/1.8.0_112(default) wgrib2/2.0.8
grads/2.2.1(default) nco/4.9.2(default)

gv/3.7.4(default) ncview/2.1.7(default)

/app/modulefiles/library

emos/000382(default)  jasper/2.0.14(default) ncl/6.5.0(default) szip/2.1.1(default)
grib_api/1.21.0(default) libarchive/3.4.2(default) netcdf/4.4.1.1(default)  udunits/2.2.26(default)
haf5/1.10.5 libuv/1.34.2(default) netcdf/4.6.3 zlib/1.2.11(default)

hdf5/1.8.18(default) ncarg/6.5.0(default) proj/5.1.0(default)

m 25 ZX(module load)

1$ module load python/3.7.1—anaconda

T3 APCC MME o SA|2~®l& Adgstr] 9 4% 7|8 HZE olgel 2o

m 7|2 A2 A% 3¢9 (/home/oper/afs2.rc)

1$ vi ~/afs2.rc

alias afs2="cd /data02/OPER/AFS"
alias pre2="cd /data02/OPER/PRE"

# for MME

export AFS="/data02/OPER/AFS”

export MyAFS=$AFS

export AFS_NCL="/data02/OPER/AFS/CODE/COMMON/NCL"

m 7|2 H2 AH A3 (/home/oper/afs2.rc)
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1$ source ~/afs2.rc

3.5.2 APCC MME 4= A4t 24 8l AitE A=

APCC MME clZA42E A48 918 49 A=s ofds gom, Fom

forecast/hindcast 3/671€ «&713F 5 24 & 4 It

m APCC MME 9 Z23 A2k 2 A=
/data02/OPER/AFS/RUN/Manage_ MME (0|3t $PATH_MME)

= APCC MME o] 245 A4S 913 44 5ta
model-3m.py : 37l ¥ MME Zo{zd M MH
model-6m.py : 670 ¥ MME Zo{z2%d TM MH
runMME.py : APCC MME OIEXI& A= ool =238
- fcast-mean.3m.yml : 37§ ¥ MME forecast HIEH 7+ AN utel
- fcast-month.3m.yml : 37l ¥ MME forecast & B AX ntd
- fcast-mean.bm.yml! : 6742 MME forecast AIZE 7 AN i
- fcast-month.6m.yml : 670 2 MME forecast & Eo A& ntgd
- hcast-mean.3m.yml| : 371 € MME hindcast A2 &+ A& njed
- hcast-month.3m.yml : 3708 MME hindcast & Ho MX ngl
- hcast-mean.m.yml! : 67 ¥ MME hindcast Al 2 ¥+ MH& nd
- hcast-month.6m.yml : 670 &€ MME hindcast ¥ "o A%

9ol A& B3 A" MME®] <3t
=3

il
B

= APCC MME 9578 A= 7

4% Ashze okl AR HY

GAUS (3711 & forecast)
GAUS (671 & forecast)
GAUS (370 € hindcast)
I GAUS (671 hindcast)

/data02/OPER/AFS/DATA/MME_OUT/3-MON/FORECAST/SCM
/data02/OPER/AFS/DATA/MME_OUT/6-MON/FORECAST/SCM
/data02/OPER/AFS/DATA/MME_OUT/3-MON/HINDCAST/SCM
/data02/OPER/AFS/DATA/MME_OUT/6-MON/HINDCAST/SCM

#2 M2 yo yo

= APCC MME o528 A3z AlF 4=

SPATHAMONTHYAYEAR}” = slile =2l ¥ MME ol F X2
SPATHAMONTHYASEASON} "AYEAR}” : sh & A2l AHE H+ MME Wl A&

% SPATHE 99 472 A=2E ofud
* o= A2 € (e.g. JAN, FEB, ..., NOV, DEC)
**ool& AR W= (e.g. 2019, 2020, ...

**r & AlA (e.g. JFM, FMA, ..., NDJ, DIJF)
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353 APCC MME o =d 74 423

FHE Fo A 1d 4= AZE Vo E A7 FF HAES 53 MME 3o mdo] A
BEH SR S-S st 70, 671 Ao MME o 2d 74 24& s
o o714 dS Al 4, dS AR dE, o] mdo] Va5l mdyge Hste] Eoh

= 370 MME o] 29 74 74

1$ vi $PATH_MME/model-3m.py

#!/usr/bin/env python
# —— coding: utf-8 —+—

min

Created on Tue Apr 25 14:19:00 2018

@author: Seongkyu Lee @ APEC Climate Center

min

# For migration Python 2 to 3
from __future__ import print_function

import 0s

# options
force = True

# variables
lead_time = 3
start_mon = "FEB”
start_year = "2020"

institute = [ 'APCC’, ‘BOM’, 'KMA’, 'MSC’, 'NASA’, 'NCEP’, 'PNU’, ‘UKMO’ ]
models = [ 'SCOPS’, ‘ACCESS-S1’, 'GLOSEA5GC2, 'CANSIPSv2, 'GEOS-S2S-2.1',
'CFSv2, 'CGCMv1.1", ‘GLOSEAS’ |

(2

[ |

» 671 MME #o 29 74 4

1$ vi SPATH_MME/model-6m.py

#!/usr/bin/env python
# —— coding: utf-8 —*—

min
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Created on Tue Apr 25 14:19:00 2018

@author: Seongkyu Lee @ APEC Climate Center

mirn

# For migration Python 2 to 3
from __future__ import print_function

import 0s

# options
force = True

# variables
lead_time = 6
start_mon = "FEB”
start_year = "2020"

institute = [ "APCC’, 'KMA', 'MSC’, 'NASA’, 'NCEP’, 'PNU’ ]
models = [ 'SCOPS', 'GLOSEA5GC2, 'CANSIPSv2, 'GEOS-S2S-2.1, 'CFSv2,
'CGCMv1.1" ]

(A EI:)

(=R |

= MME 3o md 4 44 3

1$ python $PATH_MME/model-3m.py (37 MME &0 2@ FMH MXH
1$ python $PATH_MME/model-6m.py (671 MME #0{ 22 M MH)

sk ol MME ¥l mdl 74 44 S olgfs g A=
Sdo] YA, AZAR AN A+ A T HL] MME FHol

oA "t

= MME o 2d 74 244 d3ds Fo 2 74 =5)

o] MME.MODEL o]&}&=

1
g 7Y 22g 9ol

/data02/OPER/AFS/RUN/.models/3-MON/FORECAST/AMONTH}/AYEAR}/MME.MODEL
/data02/OPER/AFS/RUN/.models/3-MON/HINDCAST/AMONTH}AYEAR}/MME.MODEL
/data02/OPER/AFS/RUN/.models/6-MON/FORECASTAMONTH}/{YEAR}/MME.MODEL
/data02/OPER/AFS/RUN/.models/6-MON/HINDCAST/AMONTH}AYEAR}/MME.MODEL

(ofl AT)

I$ vi /data02/OPER/AFS/RUN/.models/3-MON/FORECAST/FEB/2020/MME.MODEL
APCC_SCOPS

BOM_ACCESS-ST
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KMA_GLOSEA5SGC2
MSC_CANSIPSV2
NASA_GEOS-525-2.1
NCEP_CFSv2
PNU_CGCMv1.1
UKMO_GLOSEA5

3.54 APCC MME 493 A5 A4t

3.5.3d 4 MME o 2d F4& A3 $ APCCAA A4ibkst= 272 MME 71
(DMME; SCM, PMME; GAUS)¢| d&atsg& A4kstth. B FA A= 3/671€ forecast/hindcast
of st A-FHH 9 H A4E AAHS 44 FHIY A AEHAF Y yaml LA
hindcast 7]Zkhindcast &1 A9, A= Al W5, odF Az ¥, £33 MME 719, o=
A-AAE B B9 €22 774 runMME.pyE 38t o

>4
Y
QL
%
= N
©
[
ftl
i
= |
ﬂz

m 37}€ MME forecast AldH+ dSA5 A4k A 4

I1$ vi SPATH_MME/fcast-mean.3m.ymi

year: 2020

month: FEB

lead: 3

MME: SCM GAUS
type: Forecast
season: FMA

= 372 MME forecast € Ht oS5aAs AL 24 +4

1$ vi $SPATH_MME/fcast-month.3m.yml

year: 2020

month: FEB

lead: 3

MME: SCM GAUS
type: Forecast

= 37§ MME hindcast A H¢ AS5AE A4 24 4

1$ vi SPATH_MME/hcast-mean.3m.yml

year: 1991 2010 20
month: FEB
lead: 3
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MME: SCM GAUS
type: Hindcast
season: FMA

= 37§ ¢ MME hindcast € Hi AgSA7 A4 AH +4

1$ vi $PATH_MME/hcast-mean.3m.ym!

year: 1991 2010 20

month: FEB

lead: 3

MME: SCM GAUS

type: Hindcast

o/¥e] AE Yo sy, A-LHTY HBS Lead time 1~3¢] H 3 Lead time 4~6

o] BFe 2zt FAs|Folor Gk WAl guHW ofefel Ze WHORE 7+ A8 MME
ASAR E ZRIAL FART @, FY7) A 44 s AAE ddze s
=8 AEE AT & FdstAok ot GFEE |gdo] = AS o @A)

s MME =228 A= Z2 79 3

1$ python $PATH_MME/runMME.py - ¢ fcast_mean.3m.yml
1$ python $PATH_MME/runMME.py - ¢ fcast_month.3m.yml

1$ python $PATH_MME/runMME.py
1$ python $PATH_MME/runMME.py
1$ python $PATH_MME/runMME.py
1$ python $PATH_MME/runMME.py
1$ python $PATH_MME/runMME.py
1$ python $PATH_MME/runMME.py
1$ python $PATH_MME/runMME.py
1$ python $PATH_MME/runMME.py

- ¢ hcast_mean.3m.yml|

- ¢ hcast_month.3m.ym|

- ¢ fcast_mean.6m.yml (lead time 1-3 H )
- ¢ fecast_mean.6m.ym! (lead time 4-6 I
- ¢ fecast_month.6m.yml

- ¢ hcast_mean.em.yml (lead time 1-3 H
- ¢ hcast_mean.6m.yml (lead time 4-6 E )

- ¢ hcast_month.6m.yml

o] SEeH QoM AFT A It

A&7 ) 9

e =R gelRith A E

= MME 73 348 W4 %2

<SCM>
prec.nc slp.nc
<GAUS>
prec.nc slp.nc

t2m.nc

t2m.nc

t850.nc  u200.nc u850.nc v200.nc v850.nc z500.nc (sst.nc)

t850.nc  z500.nc (sst.nc)
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(e
o
ojf
b~
[>
[
fu
&
)
lo
+
ol
o
)
ko
r
ol
o

22 hindcast 717Fe] A
olg) AR HYS FAg.

n MME o SA| 2" A2 2277

<SCM>
/data02/OPER/AFS/CODE/DMME/SCM/NCL/SCM.ncl (M2l A ZE)
/data02/OPER/AFS/CODE/DMME/SCM/NCL/SCM_FCST.ncl (forecast &Ml A

/data02/OPER/AFS/CODE/DMME/SCM/NCL/SCM_HCST.ncl (hindcast AHM| A~A
¥ MM AN FEOAM ME B F5F hindcast 7|72 S UE MM =HES H

=)

In

=z
aE)
2 b

[=)

J

or

<GAUS>
/data02/OPER/AFS/CODE/PMME/GAUS/NCL/GAUS.Ncl

sie ZzaolM ZE A nol Zfdnt ZEKso THY)S load StCk
/data02/OPER/AFS/CODE/PMME/GAUS/NCL/GAUS_FCST.ncl (forecast &Ml &4 T E
/data02/OPER/AFS/CODE/PMME/GAUS/NCL/GAUS_HCST.ncl (hindcast &M &A =
¥ MM A FEOM ME HE 55 hindcast 7|72t & 24T MM =HS #WHE Tt

r

—

[N

olr

3.6 APCC MME AdASHR T35 A5 P2
3.6.1 9= 1g9 s A 34 AA

33URE S5EAA AU % sled 29 ASAR 5L APCC MME ol 25l cs)ed
FollolA A& 1 AR Yaebr) A BALAL 99 35183 FYsth

3.6.2 d= Y A= A4S A R AR B2

Zy 713 o] mdl 2 MME o259 Ty o)A AlFdg 1T 55 AyLstr] s
29 A2 oldiet 2o, dF AF dR, dF Al d, T, 3o 7]% g 2, o
= A9 $¢ 49T + Aot

« A AE AL Ay AR

/data02/OPER/AFS/RUN/Manage_Graphics (015t $PATH_GRP)

"0 AR AL AT B Y ¥ T2l

model_graphics_3mnth.py : 7Hd =2 37 oz ME TefE ME AY =233
model_graphics_6mnth.py : 7He 2@ 67 of & ME Jelz ME MY =z
mme_graphics_3mnth.py : MME 371 & o= HE Jei= &M&E A8 =23
mme_graphics_émnth.py : MME 67H€¥ o= M&E Tz A& MY =23
ind_graph_modulepy : 7HY 22 ofx HE JefE ME ool =224
graph_module.py : MME o& M2 Jef= AtE ool =272
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GAUS_INDI_graphics.py : 7HE 22 =0 & JefE ME ool =233
auto_model_graphic.sh : 7i8 2@ 3671 oE ez Az 8 AFEE
auto_mme_graphic.sh : MME 3670 & o & ez dztxz| & A58 E

Z

g2 oj7)o

,4
N,

of ®9 B MME dZA50 e F3olA AEE 18 2o HE A
oA el @ 4 ik

fru

==]
=
7d

s 2 A AnE AR

/data02/OPER/AFS/FIG/MME_IN/3-MON/FORECAST : 7H¥ =Z& 374& of & JeiZ Xtz
/data02/OPER/AFS/FIG/MME_IN/6-MON/FORECAST : 7H¥ =Z& 6742 of & JeiZ Xtz
/data02/OPER/AFS/FIG/MME_OUT/3-MON/FORECAST : MME 37H€ of £ JeiZ X=
/data02/OPER/AFS/FIG/MME_OUT/6-MON/FORECAST : MME 670 € ol £ T4 X2

n 7 2ls AE AR AR
$PATH/AMODEL}/{YEAR}Y{MONTH}Monthly/{REGION}" : 7 =& X|ojw dxg 2
$PATH/AMODELYAYEAR)/{MONTH}/Seasonal{REGION}" : € 2@ X|oid HHEZEF 18
SPATHAMME} “AYEARI{MONTH}/Monthly//REGION}” : MME x| & of 518
SPATHAMME} “/{YEARY{MONTH}/Seasonal/{/REGION}" : MME %A/ HEHF ofs 2
$PATH/GAUS_INDIAMODEL}AYEARY{MONTH}/Monthly{REGION}*

e ERE SHEM S XYy 2y o538
$PATH/GAUS_INDI/AMODEL}AYEAR{MONTH}/Seasonal {SEASON}/{REGION}"

:7|.|I:HEI:-II 9_|- 01|7< x|o:il:l={ 7;||X—I_\g-& 04|§:L_"é!

¥ PATHE 2ol 2t ZatE Hd=2E ool
R -1 7H 1223 (e.g. APCC_SCOPS)
D127 XY
: SCM 3 GAUS

363 MERYE A= a3y A5 B4 43 R 3

7t 71ed AEEY o A ARE s st YL AR, dF AR dE,
= AZ &, Fo] VA 2 mdy AR o= XY, 671E 1Y F RS FAHS 3
g NERG o a9 AYe Fd6] A e NEED gSARd e AA 7 A
g ojorsly, FY A8 Algro]l 71 Fgel wiE A rdo]l HAAg A Fst= Ao H}F}
25k ®=3 O = agE As5E MR FESIY A ZE7] wEo 6719 \ R o
5 < FHI T wrde 3671E

a2 F

(i) JN

'1

AR dE 2w QBAY 4F A 2IAYE 53

oL

1$ vi $PATH_GRP/auto_model_graphics.sh

#!/bin/sh
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set —ax

YEAR=2020

MON=JUN

ISMON="date -d "20${MON}${YEAR} 1-month ago” +%b’
ISYEAR='date -d "20${MON}${YEAR} 1-month ago” +%Y"
ISSUE="Issued: 20 ${ISMON}, ${ISYEAR}"

INSTITUTE="\"APCC\", \"BOM\", \"CMCC\", \"CWB\", \"HMC\", \"JMA\", \"KMAY’,
\"MGO\", \"MSC\", \"NASAY", \"NCEP\", \"PNU\", \"UKMO\""

MODEL="\"SCOPS\", \"ACCESS-S1\", \"SPS3\", \"GFST119\", \"SL-AV\", \"MRI-CPS2\",
\"GLOSEA5GC2\", \"'MGOAM-2\", \"CANSIPSv2\", \"GEOS-S2S-2.1\", \"CFSv2\",

\"CGCMv2.0\", \"GLOSEA5\""
REGION=( global
australia_spacific southeast_asia polar middle_east pacific_islands )

australia east_asia south_asia russia north_america south_america

p
X
=

NR=12 # Number of Regions (&+&E3SHIX} st= X9 =& s}
MON6=0 # If there is only 3-MON data, MON6=X (674& XtZ&= O, 37H& XK=z = X)
(M =F)

A7 d& g A5E Ayiste A F, T3 AAEEQ eps FYES dA HHE
Ampell AF=E3R T png FYE WS AR Aty OE ZAY FHEEE)A F
A AL A L/FE DTYAIIER FIE 7] &Aoo o)

s ERY o5 JUEAR A
1$ $PATH_GRP/auto_model_graphics.sh

Sajo] REW YA AFT 247 P 2HE HaEele Aust A4How A
AHREA FADT YW ARAFY ZFe oot 2om png P oE HEHL

prec slp 2m t850 u200 u850 v200 v850 Zz500 (sst)

Hpo] oA Bl 55, hindcast 717He] Al A4 T 42 Z=OH o] Bad A¢
ole] A=2ol IS FAHI
n ERd o= g8 Ak T2
/data02/OPER/AFS/CODE/FIG/AFS_Ind_Plot.ncl (BZ2t2 =2 2 &8 AA ZE)
/data02/OPER/AFS/CODE/FIG/AFS_Ind_Vector_Plot.ncl (HF&F =9 T8l 4&A FE)
¥ MM AA FEOAM ME HE FE hindcast 712 & AT AAM =HE ¥HA Jts
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364 MME <& I A5 P4 43 = -3

MME 714 &2 189 A8S Yashr
Z 2 MME 71¥H =5, /1€ 2392 2 o
S 517 A sld MME o280 th3l A
ZHg A& RS VFo 2 ZAAstTh

| Slste] AL AR, oS A% g, oS A
g A5 FRAT MME o= 19 2
dEo] AaHolorith AT UL MY

s MME o= 789 A8 dZxg 2= 4 ~23HE $4

H

1$ vi $PATH_GRP/auto_mme_graphics.sh
#1/bin/sh
set —ax

YEAR=2020

MON=FEB

ISMON="date -d "20${MON}${YEAR} 1-month ago” +%b’
ISYEAR='date —d "20${MON}I${YEAR} 1-month ago” +%Y"
ISSUE="Issued: 20 ${ISMON}, ${ISYEAR}"

#METHOD="\"GAUS\""
METHOD="\"SCM\", \"GAUS\""
MON6=0 # If there is only 3-MON data, MON6=X

(42p)

o T

A71A A 2 ARE Yiete HE T, T AE=Q eps HFLE S YA HEEZS
tmpoll AEsATIE png HLd 2 HSste Ao E dst & A FDEEDAAN TH
A D A LFE TYNTNERE FolF &k Tt

= MME o] = Zej=ixa A4t

1$ $PATH_GRP/auto_mme_graphics.sh

ol aHd golN AFF 27 sgsis ARE PR A2st FYHOE A
AHQEA Flath YAHE ABMP 522 olgls} 2on png YA o 4SHn
<SCM>
prec slp t2m 850 w200 u850 v200 V850 2z500 (sst)
<GAUS>
prec slp t2m 1850 2500 (sst)
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o] oA 2 HE hindcast 713te] FA AA T A2 T2 £Ho] A H
olgf AR HdE& AT
s MME o= 39 A2~ 273
/data02/OPER/AFS/CODE/FIG/AFS_Plot.ncl (27t =2 02 oH 4~A FE)
/data02/OPER/AFS/CODE/FIG/AFS_Vector_Plot.ncl (BF2H Hg=2o] T2 AA 3 E)
% A A2 ZSolAM AHE WA == hindeast 717 S ZHE A ZAS WA Jbs

365 MERE FESF TqY AR P4 2R 2 3

MERD HF8AZ 1008 ARE U] A5t BAY AR, S AF W, oS A
A MME 7% EF, 6719 o9 &Y o g FA4ste] AT MME oS 1T 2
#83;}71 A A% MME 348 S 4] dRSeloka A% drde Y19 o

s AEEE SEASE 1Y AR AN 2TJE 3

1$ vi $PATH_GRP/GAUS_INDI_graphics.py

#!/usr/bin/env python
# —— coding: utf-8 —*—

start_year = 2020
start_mon = "FEB”
lead_time =3

#seasonal = False

seasonal = True

season = "EMA"

mmes = [ "GAUS_INDI" ]

indimodels = [ "APCC_SCOPS" ]

#vars = [ "prec”, "slp”, "sst”, "t2m", "t850", "z500" ]
types = [ "forecast” ]

pmme_cats = [ "combined” ]

media = "png”

(42p)

AZIA dZ a2y ARE st A T, T4 AEEA eps FLE YA HIE
Ampell AHE3tRTIF png A2 WEshE FAFo R st TE A FIHEVDAA F&H
AA FHD B LFE TAYANTIER FE V]2l T

PR HE oS T4 YN

- 216 -



1$ python $PATH_GRP/GAUS_INDI_graphics.py

Sajo] duH@ oA AFH 474 Pt ANE ddxe] A2t AAHoR A
AHQEA BT WA E AR B2 ol gom png FAOE AEH

prec slp sst t2m 850 2z500

[
ull
i
)
1o
>
ol
o
1<)
ko
o
o
—o

=, hindcast 7]3te] A 2 & &2
_]

L
)
S BT,

 Erd S8 o= Jg9 A2 29

/data02/OPER/AFS/CODE/FIG/GAUS_INDI_AFS_Plotncl (S7Zt2=% I8 2# a~A 3

=)

¥ M A FEoM ME M F5F hindcast 7|2 S A4S MMl =HE HE Tts

3.7 APCC MME SST/ENSO «& A& % 13 A5 A4
3.7.1 APCC MME SST/ENSO 4&#& A4k 873 A4

APCC MME SST/ENSO A S2t=E A4tstr] #Aqt &7 AL 919 35143 sttt
3.7.2 APCC MME SST/ENSO A& A4t A4 & A= A2

APCC MME SST/ENSO fﬂlzx}#% Aakstz] S Jr%* AE= otgiet Zom, Fojrd
, 36N SV T AR S Ak (b A FeE 371 SST/IENSO o=
%‘—ﬂﬂoﬂ w2} 67) ¢4 SST/ENSO A2 A% A& RSP, 6L N Fo2 wi

2Hd sk

~

m APCC MME SST/ENSO d=xtg A4 2] A=

/data02/OPER/AFS/RUN/Manage_ENSO (0|3l $PATH_ENSO)

» APCC MME SST/ENSO o] Zzt& AJ4+e 93 274 39 2@ =213

DMME.User.6mon : SST/ENSO O ZXt2 MA npdd

AFS_ENSO_6mon.py : 67012 SST/ENSO OZXIE A= ojel =272y

AFS_ENSO_6mon_forSINTEX.py : (SINTEX 2t04) 6702 SST/ENSO O&A= A& o ¢l
Zz 2

MME SST/ENSO clZ7t& A% Ase ool AzolA el & 4 9ok
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m APCC MME SST/ENSO d&2t5 Ay=s 4=

/data02/OPER/AFS/DATA/ENSO_OUT/6-MON/SEASON}Y/AYEAR} @ SST/ENSO ol & At=
/data02/OPER/AFS/FIG/MME_OUT/6-MON/ASEASON}/AYEAR} : SST/ENSO ol & 2 A=
% < o5 HH (e.g JFMAMI, FMAMJY, ... , NDJFMA, DJFMAM)

m APCC MME SST/ENSO & 19 #Ats 23= AlF 4

$PATH/Hovmoller : SST ot 22| 2] Hovmoller diagram 18 ZAZ
SPATH/Probability : SST/ENSO =& o & O3 d=2
$PATH/Spatial : ¢l -Ef E 2FolA{e| SST =7+ 2= JI7 4
$PATH/Table : ENSO Ol ZX|%= =x|ztofl st =
$PATH/Timeseries : ENSO Ol EX| 9| A|AH 2=

u

3.7.3 APCC MME SST/ENSO <& 75 A4 A & 59

SST/ENSO d&xts 9 19 A5E A4kslr] st 23 d Jr, =731, d= A%
W%, hindcast 7|17t o] 7138 2 2elw ARE F£AHSI] $33kct SST/ENSO o o= &
& mdlo] Mg 1-tier Bdof 33t g

y A% % glovl, AA 649 ASARE AFHE B
We J1FoE Fol THE S gou Hoh e mUel FE S5t 579 oF Hn

£ AF3= BoM, CMCC, UKMO®]| thsiA = lead time 62 ZHAZ AZ=ZE(FillVaule) = 2]t
P

m SST/ENSO oS5 A4k AA 3d 4 (JAMSTEC_SINTEX 33+ X)
1$ vi SPATH_ENSO/DMME.User.6mon

; Program DMME.Users.6mon

; This program gives parameters for ENSO & I0D forecast figures

2009. 03.16 / Hye-In Jeong

begin
issue_date = (/"Issued: 20 May, 2020"/) ; issue date
forecast_season = (/"JJASON"/) ; season (DJFMAM, MAMJJA, ...)
forecast_year = 2020 ; forecast year
start_year = 1991 ; start year of hindcast
end_year = 2010 ; end year of hindcast

institute_names_gener =
(/HUKMOH’ HPNUH’HNCEPH’HNASAN7HMSCH’HKMAH,!ICMCCH’HBOMH’HAPCCH/)
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model_names_gener =
(/"GLOSEA5","CGCMv2.0","CFSv2","GEOS-S2S-2.1","CANSIPSv2","GLOSEA5GC2","SPS3"
,"ACCESS-S1","SCOPS"/)

mme_names_gener = (/"SCM"/)
end

o714 NCL =213 EAA o] 7]
7143t AAHS nkxl F ofgfol e W

m SST/ENSO d&xt5 A4 JAMSTEC_SINTEX 23} X)

I$ python $PATH_ENSO/AFS_ENSO_6mon.py

e

(K

29 FEZ2IANCD S A8, FEZ2IH 9| 52 ofgg}

<BZz3% A=2>
/data02/OPER/AFS/CODE/ENSO/NCL_CODE_6mon

<FZ23¥ IZ=: A& o>
AFS_Calc_EMI_Timeseries.ncl
AFS_Calc_ENSQO_Timeseries.ncl
AFS_Calc_IOD_Timeseries.ncl
AFS_Calc_ENSO_Timeseries_model.ncl
AFS_Calc_EMI_Timeseries_model.ncl
AFS_Calc_IOD_Timeseries_model.ncl
AFS_Calc_ANO_MODEL _season.ncl
AFS_Calc_ANO_OBS_MODEL_13month.ncl
AFS_Calc_ENSO_probability.ncl

<BzZzzg 22 gl npy>
AFS_Graph_ENSO_month_Timeseries_Web.ncl
AFS_Graph_EMI_month_Timeseries_Web.ncl
AFS_Graph_IOD_month_Timeseries_Web.ncl
AFS_Graph_ENSO_month_Timeseries_IND_Web.ncl
AFS_Graph_IOD_month_Timeseries_IND_Web.ncl
AFS_Graph_EMI_month_Timeseries_IND_Web.ncl
AFS_Graph_ANO_Spatial_Web.ncl
AFS_Graph_Hov_OBS_Web.ncl
AFS_Graph_ENSO_month_table_Web.ncl
AFS_Graph_EMI_month_table_Web.ncl
AFS_Graph_IOD_month_table_Web.ncl
AFS_Graph_ENSO_Run.csh
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Sajo] duHW o)A AFH A7 AP AT tAHd = A2(n0% 17
= AR(png7} AEE R, 2t AEl=d A ow AEdEA ST

JAMSTEC®] SINTEX lZA gt B 7l#e] d&Ansl g2/ die Juz Agsr] o
of 2 WMo ARAYE WY wehA JAMSTEC 487t £¥H olFolt ofeld
w2 09e AHgstel SRR FU Y A% 59 PP 99 Y5

s

= SST/ENSO ¢l Z7t= 4J4+ (JAMSTEC_SINTEX ¥3h

1$ python $PATH_ENSO/AFS_ENSO_6mon_forSINTEX.py

NFH4F AN2H
1. 78

APEC 7] FAMHAPCOE 20051 74 ol % 5 A7) dZ71% @4
2 A% BFRAYSE 4S8 AL L AN AT
3, EaolAE Bl FolAol AelZ AAT Aol
of A2 AFAF] NF /FAA FRE I AFH ek

%

a8 APCC M4 ol MEHJY 74T Azl A9, MY 2 AAde jHEsIHA
theksl =2 g Adoj(e], Shell, FORTRAN, NCL $)& 233 m= 2 FA4o| HoYua =
A= 259 49 oz /el FORTRAN ZEE AME3t GrADSOIA ARgE = nBloly g
RO R o] Fo]x YUT}. o]t
55 AAEIAY B2 ZEE

< 71 A
Fgst7]ol Be Bl ‘2l aL *Hiﬁ— 715AT AEE FUE7]E ofEwol AT

e
o)
IN'

oebA, ckoll AdEE o8 EAHS 2esky] fs) At FEe python, 1¥ FE
z2 g Aoz By YRS 7IAF A2ES oz o T84
A"l el AR wAde Astetaat skt " 62 V1€ T1RAHT Al
A2 Al=Ee] S e Zlolt.
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JE RS MAYe ENE HE2 7ITHS Made AuE

S8R 2 rogrid B W7 11440
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Figure C6. List of improvement for new AFS verification system.
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2. A% 3 WY

21 2d 9 A= 27 /8

Sk 71&F 19 2.1 AojAe} o] 157 A 2
¥ oS A=(Table CDoF 7 APCC v E
Rl

71$AS ABRE syl S AHgd #S
NCEP/DOE Reanalysis 2 (@2m 7], 850hPa 7],
Monitoring System and Outgoing longwave radiation
NOAA Optimum Interplation Sea Surface Temperature

Zhekgk w2 Table C5~C7¢F 2t

AF7HA A AF3= INE == 67
d = 28 (Table C2)o W A=S &

5= 25 Yd¥(monthly) AEEH
500hPa #]9]a1%), Climate Analysis
Precipitation Index (CAMS-OPI, 7<),
(OISST, alrHEE)= 7+ Arsol thsh

Table C5. Information of NCEP/DOE reanalaysis 2.

W &

surface gauss : 2m 7| =(air)

=X ftp://ftp.cdc.noaa.gov/Datasets/ncep.reanalysis2.derived/

AT pressure : 850hPa 7|-2(air), 500nhPa |2 =(hgt)

712t 1979. 1. ~ X (oi& €M OlE)

Al surface gauss: T62 Gaussian grid with 192x94 points
pressure : 2.5 x 2.5 degree

ISES

https://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis2.html
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Table C6. Information of CAMS-OPIL

=

=N ftp://ftp.cpc.ncep.noaa.gov/precip/data—reg/cams_opi_v0208

£
>

ZH=(comb)

7|2k 1979. 1~ ?Af (& AHO|E)

oA 2.5 x 2.5 degree
P EN httos://www.cpc.ncep.noaa.gov/products/global_precip/html/wpage.cams_opi.htm

Table C7. Information of NOAA-OISSTv2

=

=X ftp://ftp.cdc.noaa.gov/Datasets/noaa.oisst.v2

e
ale

ol =™ 2 = (sst)

7|2k 1981. 12~ & (o2 |dolE)

4 1.0 x 1.0 degree
ESEN http://www.esrl.noaa.gov/psd/data/gridded/data.noaa.oisst.v2.html
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22 = A8 AE

1

__,

= 259 #Ele APCC 73 AR FTHALIE T3l A5 b2, HJUolE Fo] 9
o}z a1 o, APCC HPC ~EzZ| X|(APCCDB)ol| A &= o] &= ot 7| EH4A] AR A
S 93 #= A 359 APCCDB 7 2+ Table C83 zt}.

rx

Table C8. Pathway for observation data in the APCCDB.

4 =2

surface gauss : 2m Z|=(air.2m)

- /apccdb/Observation/Reanalysis/NCEP2/Monthly/gaussian_grid/
pressure : 850hPa 7|-2(air), 500nhPa |2 =(hgt)

- /apccdb/Observation/Reanalysis/NCEP2/Monthly/pressure/

NCEP2

CAMS-  Zr==(comb)
OPI - /apccdb/Observation/Grid/CAMS_OPI/nc/

NOAA off =™ = £ (sst)
OISST - /apccdb/Observation/Grid/OISST/Monthly/

23 #F A= A

7FHASE H8 AR AYEI g2 #S AEE 25x255Y A5, AEE A= ARE
regrids st ®xF3) stdth xF3E #fs AHEH & Earth System Modeling Framwork
(ESMF, https://earthsystemcog.org)®] regrid 7|® < bilinearg 2831, python H7|A 2=
XESMF(xESMF: Universal Regrrdder for Geospatial Data, https://xesmf.readthdocs.io)S AH&33
o =3 AF A 253l #= A5 2 g5rddAE = 259 landsea maskingS 9| 3l
NCEP/DOE reanalysis 294 #| &3l landsea mask A5 & AF&3% T

AR EH e EIYEGEDOMME) S HESE fs) 5 A5+ AAZE FA7|Zt o 715

e Axtetal dAsA Z1Fge W ol E A4St ARSI (EA Al=Hll A8
713k 713 1991~20100lt}) SE &2 s RAGLFEPMMEY ASdAAE &5 AR

BA
ARz E AU

24 A% 99

71 %45 o9& WMO/CBS¢} CORDEX(Coordinated Regional Climate Downscaling
o

3
Experiment) 998 Faste] HFFH oz 127] XYL XA A (Table CI), 71& AA 7%
AS AN2" Y3ty d 435 (Forecas)? 3A A ZF(hindcast) F# EF FY3 FHo=
A gt thFigure C7). =3 dYx % I0OD AF HF Al AHEHE 92 SA 7<d |9

Table C33} Figure C2~C4%} 2t}
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Table C9. Definition of the analysis domains used in APCC MME verification

system.
o oo AL
X+ 0°-360°E, 90°S - 90°N
=g | 20°S - 20°N
Sk 0°-360°E, > 20°N
Shuae 0°-360°E, < 20°S
S OFA[of 75°E-150°E, 15°N-60°N
'=HotA| of 60°E-140°E, 10°S-35°N
ot 2|7t 190°E-310°E, 10°N-75°N
=toto 2| 7t 270°E-330°E, 60°S-10°N
E=RE 110°E-180°E, 50°S—0°N
e = 2k 110°E-260°E, 50°S-20°N
S wetA ot 25°E-190°E, 40°N-80°N
= 25°E-75°E, 10°N-45°N
1
P | 1 el | | | 1 i i i I&m
. 1] | 2, Troplcs
¥ - e | 7 [ 3. M. Exoabrogics
T T — i 4 %, | mirmiropics
12 -I_-___ — 1 . . 5 Last Sum
I : EI _;.__ ] _— iz ;_f_ll.-l .I'.!.g
= Zizaless 1 ‘ T.  Mimth A=irks
.. B Roarth Remerica
1 . 10 B 9. Australavd
[ | '-'-'-i- - 10, Assiralitia « SPashc
{_ I1. Horihers Furadgs
L T T T T T !E l‘-.l'll'-.‘"E'ﬂ:'-
i - L i h M e A S e
Figure C7. Regions used in APCC MME verification system.
2.5 A% 718
APCC tFREUYFE A5 2HBE2 dEe FEE4 =22 F&°] Hn, 474
A7 < ol &3t Br17t o] Foixitt. AF 71 WMO/CBSS dilAkeHS 44
S Otﬁ ojo] Z3stA] v FE2 AA FF7IBAA FE ALEHIL A= 7IHE
o 2 A gstHtHTable C10).
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Table C10. List of verification methods used in real-time forecast and hindcast

verification.
oz 37 7| & HE 7|H
WMO/CBS #11 Mean Square Skill Score (MSSS)
2YEH oS
APCC F7} Anomaly Correlation Coefficient (ACC)
Reliability Diagram
L . : "
WMO/CBS 2 Relative Operating Characteristic (ROC)
AEEH S
Brier Skill Score (BSS)
APCC F7} Heidke Skill Score (HSS)
Ranked Probability Skill Score (RPSS)
ol X = o & APCC F7} o &1 =2l X[3f Hl
3. BSAE XES A2HY FA4, SHAEAA, A3
3.1 #E2AE HF3 A" FA

#AESAE EF3F Al2H AMEE do]= python version 3o]t}. python o1& AH8-317]
Aide oAy F7FEA<Q1 python #7117 7= =, A A" E Ptz o g Hol ALg-
+ numpy, netCDF4, xarray, pandas 3| 7]1X]& AF-&3}% 1L, regride {13l xesmf 37|12 & A}

&3ttt

BEAE EFS Azde 2 #35 A8EE A49 /18 python ZEIFOT FAFHI,
AR 259 4TI} 25X25EE@IEXAE, T3X4HE 2 ASE HE 53U 2o o
= 2 7Aoo xesmf regrid AHE3le] WS YT #H= A=HZ AR )
A 2N E ' 5 Jdud, 3 HAAE apccdbREEH #AZ A5 A}
HE = HA= regrid W nc 9

1o
4 K
oX

g fo

T, 717 & ¢o Eol= yaml

N,
offt
ftlo
e
o
o

<

=3
@]

=3

b
nft
z
At
o
i}

g Zz2Ode 35 ARHE SYZor g ad F£3o] yhest, =3 J)E
= FolA HA Ao 29SS FAETo=N AHEAE 2
Q3 B= Azo] G APAC 5 Jhssly, HAA TEI9S Eo] crontab

W o=eay 9o
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Figure C8. Structure of observation processing system

3.2 APCC A4 &7 273

#A=225 F23} A|2ES APCC HPC 2719 AW == FAgAuda dsfo] m
A= HPCol AXZESo] REES ZELslo] AMg3stoor drh. 7|EHo= HQdh
python®} NCL 2 Eo]t}

AREA7E 29 & SldAIF oA pythonst NCL RES ZE3H0)

m 25 Z<2l(module avail)
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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_mkl 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
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
atspi2/2.7.5 libjpeg/6c(default) ncl/6.4.0

m 75 ZX(module load)

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

33 AZAE HF3 Al2H 37 AA

BE2AE BEH Axdlo] AaHt 7R tdHE Figure C99) RUN HeE g ofu(a

3] I =+ Table C11 %a1), Umx] DATA tdEE = AHEA7F 28 Al HAE = Jdth#IA=
AEdE AE ZE a0 WA TS).
=10 85
FLIH DATA

Figure C9. Structure of directory for
observation processing system.

= RUN tdHg : &= A5 python Z =2} yaml 3¢,
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A& 3}H(crontab-g) &, 4
¥ RUN/my_package°ll= python AM8-A &
» DATA HdEg . #F AR89 7|FF, ol

RUN WY =20 A ZE
NCEP2 NCEP2.yaml, NCEP2.py
NCEP2_gauss NCEP2_gauss.yaml, NCEP2_gauss.py
CAMS_OPI CAMS_OPl.yaml, CAMS_OPl.py
OISST OISST.yaml, OISST.py
crontab & rundcrontab.py
ALEX & runduser.py
7| Et Ismask_OISST_180x360.nc
RUN/my_package AIEAL 22 2E
regrid B &t esmf_regrid.py
nc nc_out.py

DATA daE & WAsH] faiA= otgiel Zo] RUN ddlEee] 7iE & 33H(d,
NCEP2.py)& €o 4 7Is3tth. AH&A AA A HYE ${USERIEAL stH, A3 tdHE =
olzf 3} o, ncout_path (DATA) BEE FA 3o}

LRI

${USER}/STD_OBS/RUN

m DATA tjdlgg] HA(d], NCEP2.py)

#
# User defined

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

#

34 NE =237 A3

B3 A2d 8 Zadae s AdAs 1A aY B Aue) Aud, ARA,
Hdw, W, A7k yaml Hel e s)Folof Bk Age] A3 TlHEIRUN

’

1;
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HHEE ) 2

B3 A8 yaml BYE FAT 174 NCEP2 Ao tls) AE u
o 73 A BE &

Zkz o] Rl yaml Hd2 FHoll YaEo Ut

(D A3 ez o]F 2 NCEP2.yaml &7]

1$ cd ${USER}/STD_OBS/RUN
1$ vi NCEP2.yaml|

(2) NCEP2.yaml ¥ 73

DataList:

- Source_name : NCEP2
Source_path  : /apccdb/Observation/Reanalysis/NCEP2/Monthly/surface/

File_name I mslp.mon.mean.nc
Variable_name : mslp

Start_date 1 1979-01

End_date 1 2019-08

- Source_name : NCEP2
Source_path  : /apccdb/Observation/Reanalysis/NCEP2/Monthly/pressure/
File_name I air.mon.mean.nc
Variable_name : air
Start_date : 1979-01
End_date 1 2019-08

- Source_name : NCEP2
Source_path @ /apccdb/Observation/Reanalysis/NCEP2/Monthly/pressure/

File_name : uwnd.mon.mean.nc
Variable_name : uwnd

Start_date : 1979-01

End_date 1 2019-08

- Source_name : NCEP2
Source_path @ /apccdb/Observation/Reanalysis/NCEP2/Monthly/pressure/

File_name I yvwnd.mon.mean.nc
Variable_name : vwnd

Start_date 1 1979-01

End_date 1 2019-08

- Source_name : NCEP2
Source_path @ /apccdb/Observation/Reanalysis/NCEP2/Monthly/pressure/
File_name * hgt.mon.mean.nc
Variable_name : hgt
Start_date : 1979-01
End_date 1 2019-08

yaml ¥ 434 & NCEP2.py python T2 A3stH ®xF3} 2571 YArd

(3) NCEP2.py A3

1$ python NCEP2.py

UMz 5 A5 et yaml 32 oo} o] vkl CAMS_OPLyaml v} o} w3}
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Aol A “os” HEL
BT QEEE o] Hof 9ly] wjolth

» NCEP2_gauss.yaml

python ZEoA A=t Soj7l= FEo2 CAMS OPIe] €E Aw7}

DatalList:

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

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

Start_date : 1979-01

End_date 1 2019-08

= CAMS_OPLyaml

DataList:

- Source_name : CAMS_OPI
Source_path  : /apccdb/Observation/Grid/CAMS_OPI/nc/
File_name : cams_opi_merged.%s.nc
Variable_name : comb
Start_date : 1979-01
End_date 1 2019-08

m QOISST.yaml

DatalList:

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

File_name : sst.mnmean.nc
Variable_name : sst

Start_date : 1981-12
End_date 1 2019-08

35 53 =20 A3

TEORE ARIIE
E2J(RUN e el Q=  “runduser.py” IS Apgsith o] mzo
Azt 95 dgsta A E std 2FESH ARV ALEETT

(D A3 g & o5 ¥ runduser.py 47

WA A1FRA A 20 LA AN 4849 49 T

Ag7)7ke] v}

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

(2) runduser.py] A&717F W7
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#
# User defined

# End date
end_date = "2019-08"

#

(3) runduser.py 23}

1$ python runduser.py

3.6 AFd ==Y HdI(2s RS g9 4F)

Aso® #EAT HES A2EES AYsHr] s Ao o5
ol FHe As3} Z=E AT o] Asd} Z=E dYvetd 2F3} AR ALt
THef ARRALZE crontaboll A Aso g2 HIAHEF skal AokH crontab 2T HEC wjd A
2822 A A crontab ~2AYE| %53} python TS LolFH Hrh

(1 rundcrontab.py Z& A3}

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

4. NNFAHAT NzFY 745 8443
41 71%3% A2" 74

715745 AN 2dHo] Agd 9ol python version 32 NCAR Command Language(NCL)©]
I pythone #Ag A2, NCLL 128 4&<S 98] AHEESUTh python oIS AL&3t7] 98] A
© o8 F7FAQ python 3|7|A7F 875, @ Alx®HoAs dWHF o R @Wol] ALEHE
numpy, netCDF4, xarray, pandas 3| 7] | & A}-&35} At

A A 2="S o S/ (Forecast/Hindcast), d5713EG/HL/6/1L)2 FE3H HS 7]
H2 2" 8 python z=ao e FAFI, o] AE Z2aH2 7]Fg 3 ofkeR

A AZE A4 ne Y 27, ¥ =S 93 python RES
ZIMER 49 e 22O 742 A AR
HE gerddds d5 AR 454, d5dx, |
HAl= 7154, oty A4k, A4S A4k, ne 3 27] & 97 python & F-2, vhA|
< ncl 3 4k ncl A& 97 python Z&E F&E©

5

YT A TIPS PF JWEE SPHoE eIy Syl Mesiu, w3 AE
Z2I9E FoA AAHOR FYE b5tk olPA ZEIAL FHFOEA ASATL B
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Z22 33 FPE& g 74T A=" FAEE e Figure Cl12 53 2 5%
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Figure Cl10. Structure of verification processing
system
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AA 2 o) NS BAAE H5 D | | aXAN OR mAE DR v

I-dl R HEANAY Y AEE NN EC SN TREE W r.:'-fcl vl s

- FORECAST, HINDCAST / DMME PMME 7 3--MONTH, 5-MONTH B2 7[E
M 201s ua), W PREC §) B AT B E
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Figure C11. Information of automation and manualization of the new
climate verification system.

4.2 APCC 14X #5473

71%4%5 A2"S APCC HPC =71 AW = Aol ddfo] Hm o5 alA
© HPCe| &£ZES EE& Z2Edto] Abgstofof 3t 7|E2os dad 22 pythondt

NCL ®Eo|th
AREA7E 29 & G AIAF A pythonst NCL RES ZE=3H)

m 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
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
atspi2/2.7.5 libjpeg/6c(default) ncl/6.4.0
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m 25 ZX(module load)

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

43 7134 N2d #5843

71545 Al=do]l A3 = 712 HEE = Figure C12¢] RUN H#E g ojn(d3 Z=
+ Table C12 %31), U= A DATA, NCL, FIG g g= AFSA7E 28 Al WAE 4 Aok
= 725 AE Z2 P WA 7).

| |
o || oama | omel || e

Figure Cl2. Structure of directory for the new climate verification
system.

= RUN fdHg : A5 71HE python =<} yaml 3+,
Z4&3Hcrontabg) ZE, 53 IE T A
¥ RUN/my_packageoll+= python Ab&x =& IF&= =X
% RUN/so_packageoll = &&7 = FORTRAN Al&2F RE F= ZEA(so FY)
» DATA HdEEg . AF A4kt nc 3 AR A=
= NCL 9¥Hg : 29 88S A% nd ZE A A=
» FIG tj&A e : eps, png 1HIY AL A3 A A=
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Table C12. List of program codes and packages in the new climate verification system.

RUN e =233 MY 3E
Fgﬁfﬁf FCST_DMME_3month.yam,
FCST_DMME_3month_ACC_RMSE.py
3 month
Fgﬁ&agt FCST_DMME_6month.yam,
FCST_DMME_6month_ACC_RMSE.py
6 month
Hindcast HCST_DMME_3month.yaml,
DMME HCST_DMME_3month_ACC_RMSE.py,
3 month HCST_DMME_3month_MSSS.py
Hindcast HCST_DMME_6month.yaml,
DMME HCST_DMME_6month_ACC_RMSE.py,
6 month HCST_DMME_6month_MSSS.py
Forecast FCST_PMME_3month.yaml,
PVME FCST_PMME_3month_RELl.py, FCST_PMME_3month_ROC.py
3 month FCST_PMME_3month_BSS.py, FCST_PMME_3month_HSS.py,
FCST_PMME_3month_RPSS.py
Forecast FCST_PMME_6month.yaml,
PVME FCST_PMME_6month_RELl.py, FCST_PMME_6month_ROC.py
6 month FCST_PMME_6month_BSS.py, FCST_PMME_6month_HSS.py,
FCST_PMME_6month_RPSS.py
Hindcast HCST_PMME_3month.yaml,
PVME HCST_PMME_3month_RELl.py, HCST_PMME_3month_ROC.py
3 month HCST_PMME_3month_BSS.py, HCST_PMME_3month_HSS.py,
HCST_PMME_3month_RPSS.py
Hindcast HCST_PMME_6month.yaml,
DMME HCST_PMME_6month_RELl.py, HCST_PMME_6month_ROC.py
6 month HCST_PMME_6month_BSS.py, HCST_PMME_6month_HSS.py,
FCST_PMME_6month_RPSS.py
Mok %] A& FCST_DMME_6month.yaml,
OH o X|—|—
FCST_DMME_6month_SST.py
crontab £ rundcrontab_FCST_DMME.py, rundcrontab_HCST_DMME.py,
< rundcrontab_FCST_PMME.py, run4crontab_HCST_PMME.py
ANeX 2 rund4user_FCST_DMME.py, rund4user_HCST_DMME.py,
s c runduser_FCST_PMME.py, runduser_ HCST_PMME.py
RUN/ ALAL BE RE
my_package

e

calc_OBS_DMME.py, calc_OBS_PMME.py
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ncl ohd

7| Ef

calc_DMME_MME_OUT.py, calc_PMME_MME_OUT.py
calc_MME_IN.py
calc_regional_domain.py

calc_determ_score.py

nc_out DMME_FCST.py, nc_out DMME_HCST.py
nc_out_ PMME_FCST.py, nc_out_ PMME_HCST.py

ncl_FCST_ACC.py, ncl_HCST_ACC.py
ncl_FCST_RMSE.py, ncl_HCST_RMSE.py
ncl_HCST_HSSS.py
ncl_FCST_RELI_DIA.py, ncl_HCST_RELI_DIA.py
ncl_FCST_ROC_Curve.py, ncl_HCST_ROC_Curve.py,
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/
S0_package

AMEA BE 3E

Forecast

Hindcast

TERC_OBS_FCST.so,
CATE_OBS_FCST.so,
AGGR_ROC_FCST.so,
RELI_DIA_FCST.so,
RPSS_FCST.so,
BSS_FCST.so,
HSS_FCST.so

TERC_OBS_HCST .so0,
CATE_OBS_HCST.so,
AROC_MC_HCST.so,
AGGR_ROC_HCST.so,
RELI_DIA_HCST .so,
RPSS_HCST.so,
BSS_HCST.so,
HSS_HCST.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 = ofgi et 2o, nc_dir (DATA), ncl_dir (NCL), fig_dir (FIG) A 2Z& +A 3o}

= 49 ey

${USER}/CVS/RUN

= DATA, NCL, FIG Y& g2l ¥Z (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 = "$IUSERI]/CVS/DATA/"

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

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

g, Hgoz I7E EH(display)dtyl 9slAE 9l Z=9 nclptyes “x11” 2F,
43t7] $18l A= ncl_ptyeg “eps” & F43tH Hrh

5. 7145 Al A3
51 /d =238 A3

Az 71HdE ME =209 Adgsy] diAde 9A T dERIGTE A5 A5
&4, d3dx, W 55 yaml #do] dHE siFoloF ot ARRAY] A HHEH e
RUN  dgggzhe] e dFFFECSTHCSD,  AZ=7]HOMME/PMME), =73t
(3month/6mont)™ yaml #¥-& FAIh o714 = FCST_DMME_3month A}l thal A&
HoFy ymA 270 3k yaml 3L Holl ydx o] gt

l

) A3 gEeg® o]F % FCST_DMME_3month.yaml & 7]

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

(2) FCST_DMME_3month.yaml 73

| DataList:
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- Forecast_month : JUL
Forecast_year : 2019
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

AR A S Aste WFE st AY W 5 Q) FAe BHA RIS 4
A= MY BAHAEA o SHF(Forecast) ARE 457 A & g 2EQD). yaml 3+ 9
Landsea_maskel| 4 landseaZ <J&3tH X 2 & Fol] gk FRI} 3 229
st AETE AstdAc g2ln o SY(Forecast_month) & YUYt HEA AT target
season= 7|+ o 2, /MY 4 =9 749+ target season® AlZ dSLS UHI 671E A=
o Afoll= target season®] 37M€ o] AF o Fde dgdoi(d, JJAZE HF target season
Y o, 3/ d=& JUN, 671€ o= MARS ¢#=)

,_.g

yaml 3Q =4 & dF AF 719 python Z=(FCST_DMME_3month_ACC.py)S A 3j3}H
AS AR7E ALrET o714 4340 ZIssdzel, 17 3HEY, png Y S
a1, DATA, NCL, FIG g algHel = ®H7o| 7153kt

7%
A el

N N

g=
f13
=

(3) FCST_DMME_3month_ACC.py 23}

1$ python FCST_DMME_3month_ACC.py

g A Azl ol yaml Q& ool o] syt

m FCST_DMME_6month.yaml
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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

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

DataList:

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

s HCST_DMME_6month.yaml
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DataList:

- Hindcast_month : MAR
Current_year : 2019
Variable_name : prec

- Hindcast_month : MAR
Current_year : 2019
Variable_name : t2m

- Hindcast_month : MAR
Current_year : 2019
Variable_name : t850

- Hindcast_month : MAR
Current_year : 2019
Variable_name : z500

Landsea_mask : landsea

Landsea_mask : landsea

Landsea_mask : landsea

Landsea_mask : landsea

s FCST_PMME_3month.yaml

DataList:

- Forecast_month : JUN
Forecast_year : 2019
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

s 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

- 241 -




= HCST_PMME_3month.yaml

DatalList:

- 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
Variable_name : t2m

- Hindcast_month : MAR
Current_year : 2019
Variable_name : t850

- Hindcast_month : MAR
Current_year : 2019
Variable_name : z500

52 &3 =203 43

FEoZ EA seasons YEHIY 7T HST A2"HES
O EZ(RUN daE )] =  “runduser_xCST_xMME.py”
=4 (forecast_month)3} o =3 =(forecast_year, HCST2] 7Z-$-= current_yean=

g F/kste] Mg A 1 FPF Yot AAEo.

D) 23 gEHgE o]% 2 runduser_xCST_XMME.py 47]
(adl, runduser_FCST_DMME.py)

dstr] ffsM =

FES ARSI

o]

1$ cd ${USER}/CVS/RUN
1$ vi runduser_FCST_DMME py

(2) runduser_FCST_DMME.py9] d=¢, d=dx, W4 WA
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#
# User defined
# Forecast month and year

forecast_month = “JUN”
forecast_year = "2019"
#

MONTH3 = """

DataList:

- Forecast_month : {0}
Forecast_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(MONTHS6)

(3) runduser_FCST_DMME.py 4! 3}

1$ python runduser_FCST_DMME.py

53 A3 =29 A3

Ao g2 7% F A2EE A5t fal 25 ERE AFSE g0 Addo] He AF

2L 3F AT AH-&-2}€] 23 OAHIRUN g HEE)a ANE
“run4crontab_xCST_XxMME.py” ZHEE AH&3tH, THeF ARE2}7) crontaboll A AHs o2 A3 5
T2 la AYH crontab 2T HES ujY A APTAE AHs|A crontab 2T HE] T
python Z=& YolFH Hu. o] A%F3 FtoHE WSy, AF 7IHE AgAy) 718
AEE A= lon, 25 & o] Ad AAHGCHE Z 6719 d3)el g 745
HEE 5o 2 AitsA Hoh

D A3 "EEHg=E ol5 Z g 2= F7]
(adl, runduser_HCST_DMME.py)

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

rlr
it
X
3
o,

@) sl Z=o) Wy, AT 7Y 7 =

- 243 -



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("./"))

Q) e 2= A3

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

6. AL&A HolE 9T 7El Y&
6.1 NCL 28 43

Sk 4380l A 7€ vkl o] DATA HEE o+ nc Yol A4= 1, NCL o &g
= ncl ddo] HAHA ==, o7] NCL g gl A48 ncl 39S HAP3td AgA A
Aol wet 19 HEY == png Y A OoE vlE e & vt o vk 189S
FAsIAY MAds7] 8l 7145 A" python AHEAF RES A% FAHsHA ¥a NCL
gag ol = nd Z=E FASIE dsiAl gRlo] 7| wjiol AR 4A 28 &
A 4+ A I olFA £ nad Z=E HFAH S Z RUN/my_package HdE o] A=
python A&7t BEol| A&3tH A 7|$H4F Al2Hle] ddo] FA=A HAct

-{0{4 l‘lr

AR

g

M. 71 $7A Al2H
1. /8

APEC 7] FAIE|(APCOE 2005 74 olF F - 37
& AP 9SRAIGE A3 L 8 AdE HE =
#, FACIAE Fal Fobrlol A, AAT AMAS ARE ATt Qo oj¢h vE
o] I 7|5ZdAZ e U3 713704 ART A AFsta o

78

2

g2y APCC 7H4 ol % /HEHAY 7] &7HA] Al 2=Hl 9 EL AF
Thakgk =3 w Aoj(el, Shell, FORTRAN, Ruby, NCL $)E 233 Itz F4o] Holg)
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A w3 R A7 E A &= APCC Data Service System(ADSS)e] #= A8 2 2o &
AAiksle A 2"lo® FHo] QIR ]Eid 71E 714 A"l AR AEA B AR
E At AY ZEE FA 7| B BdFo] AR AMEE VT ARE FTUHEE7)
T oy Eo] g

webA, kol duE o A Bastr] fs) AL #E2 python, 1 FES
Z2IH A2 TLE 2L 7FHA AzEle ARFoEN dF 284S Eoli
Al =gle] I FARE Aststaat ik Figure C13 7]1E 715404 A =" &
I A2 Az="e] HAEE UER Aot

& 7IRTA MY BUE HEE 7IRTA M2 AuE
ADSS B MPC local orage = | —- U IS argroRs] NEXE AR
FlEE UE L8 fime B FEHIH i frime W2 HE)
CHYMD SEP 2ranaoiy | o 4 Python) B JIBiNCL) 2R E 2T

(C-Shell, Ruly, NCL, CHEI N 2 8) (2 BN Oe R YR B

ADSSH 220 o-R - tene WS B O B0 T EE U >
{8 NE 8 3= ¢ oINS F— (% M2l 5l 3= 24 48

¥ weehly, munthly, sesscnal oy 5 0l 7| HojEE e
NCEPT{Tafc. Wind 10m, 2500), ] RCER [ T2m, Wind 10m, 2500}, NOAA
MOAK OLR 5 - OLR S TA%, CPC PREC, CiSST 371 A4
[ghobal T19) (global BWH 770 TN, feval LYW THE)
+ A2Ws OFY U ERE 2R + AlAGS BHY W YUY Ul

Figure C13. List of improvement for the new climate monitoring system.
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2. A=
2.1 IF= A8 N8

71574 ARE ALl 3 AR #S A5 BT d¥(daly) AEEH
NCEP/NCAR Reanalysis 1 (2m 7], 850hPa 7], 10m ®}3, 500hPa A $31%), CPC Global
Unified Gauge-Based Analysis of Daily Precipitation (7<), NOAA Daily Outgoing Longwave
Radiation (OLR, “3&#3}5-Ab), NOAA Optimum Interplation Sea Surface Temperature (OISST,
)= 7 A5 ek ke AW ol Table C13~16%F 2ot

Table C13. Information of NCEP/NCAR reanalysis 1.

Ly

0ho

=X ftp://ftp.cdc.noaa.gov/Datasets/ncep.reanalysis.dailyavgs/

surface gauss : 2m Z|=(air), 10m H}2Huwnd.10m, vwnd.10m)

AT pressure : 850hPa 7|2(air), 500nPa |2 =(hgt)
712t 1948. 1. 1 ~ A (o HololE)
- surface gauss: T62 Gaussian grid with 192x94 points
pressure : 2.5 x 2.5 degree
PSS https://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis.html

Table C14. Information of CPC precipitation data.

W &

=S| ftp://ftp.cdc.noaa.gov/Datasets/cpc_global_precip/

=
4

2= (precip)

7|2k 1979. 1. 1 ~ ®X (fed HHolE)

a4 0.5 x 0.5 degree
PSES https://www.esrl.noaa.gov/psd/gridded/data.cpc.globalprecip.html
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Table C15. Information of NOAA OLR data.

=

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

=5 , .
interp : ftp://ftp.cdc.noaa.gov/Datasets/interp_OLR/olr.day.mean.nc
non—interp : AHsEEFIHE AHOIr)

By 3
interp : AHgkEHILE AL(olr)

512 non-interp : 2002. 1. 1 ~ X} (0 HolE)

~  interp : 1974. 6. 1 ~ 2018, 12. 31

Sl non-interp : 2.5 x 2.5 degree

- interp : 2.5 x 2.5 degree

- non-interp  : https://www.esrl.noaa.gov/psd/data/gridded/data.uninterp_OLR.htm

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

Table C16. Information of NOAA OISSTv2 data.

W &

=X ftp://ftp.cdc.noaa.gov/Datasets/noaa.oisst.v2.highres/

=
+

off =™ 2 K (sst)

712k 1981. 9. 1 ~ ®A (ofed HHIolE)

a4 0.25 x 0.25 degree
E= https://www.esrl.noaa.gov/psd/data/gridded/data.noaa.oisst.v2.highres.html

22 3= A5 A=

A7 o FEl= APCC 71T ARETNUZ S E3] A5 Lz, AYolE So] o
©m, APCC HPC ~E& A|(APCCDB)ll A& =] #AgEa ot 713704 AR A
3% #= 59 APCCDB # 2%+ Table C17¢} %t}

3
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Table C17. Pathway of observation data in the APCCDB for the new climate
monitoring system.

4 =2

surface gauss : 2m Z[=(air), 10m HtZHuwnd.10m, vwnd.10m)
- /apccdb/Observation/Reanalysis/NCEP 1/Daily/surface_gauss/
pressure : 850hPa 7|&(air), 500hPa x|l 11 =(hgt)

- /apccdb/Observation/Reanalysis/NCEP1/Daily/pressure/

NCEP1

CPC 2= (precip)
PRCP - /apccdb/Observation/Grid/CPC_GLOBAL_PRECIP/

non-interp : At&kEHIHE AHoIr)
NOAA - /apccdb/Observation/Grid/NOAA_OLR/Daily/uninterp_OLR/
OLR interp : AH&FEHILE AHoIN)

- /apccdb/Observation/Grid/NOAA_OLR/Daily/interp_OLR/

NOAA S =™ = T (sst)
OISST - Japccdb/Observation/Grid/OISST/Daily/sst/

23 #F A= A

B3 ARt AFY HAZA HF )
9 Yarstel AgstATh WA Azdol 288 A5k 71z

1991~2010d o] o},

B7F8 AALSL YAZ A 7]EZEE wm ol
Fo

T+

NOAA OLRY ALdE= dA7IA JUoEFHE 9 =57} non—interpolationX}Ei 2002

d 1R

Bl Azt 70, 71$3ke AlAtstr] 8] 19749 6€FF 20189 12€71A] A=

3t interpolation A5 E AH8-3}S T
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3. 713 7A NzEe] FAT FHHA
3.1 713 7N A 2" A

713574 A 2Hlo| ALg" ¢o]= python version 32 NCAR Command Language(NCL)©]
a1 pythone A& A2, NCL& 19 4A&S ¢l AHS= AT} python A& AHE3SH7] 9138 A]
+ o2 B7FAQl python #|7|A|7F S F ==, @ Al2x®HoAxs Wt o E @Wol] ALEHE
numpy, netCDF4, xarray, pandas 3| 7] x| & A}-&3}H T

d A="E 4 35 AsdEE AAE /2 python Z2OHo 2 FAHH, o] /I Z=
e 7135k 2 opewe] A4k ne 3 7], 29 4EE 93 python REES 2T 233}
ATtk & B2 AT ZAH fE T2 FAL A IMAE YE F e, A

al

WA= apccdb2H-H A5 AR} AaW, A=, d9, MrH, 7kt 5
H A S

T =

El 3 He d5 A5EE SYHHor 2209 3o rhestH, =3 NE
AR %01/‘1 diﬂﬁgi TIRE 7hsstth olFA ZE2IHE FATOEA AEAE F
Hog FFog 63‘: 7HsstH, AA 29SS 7ol crontab

Fo7 AP 73S FUTH Flgure Cld= Md =235 2
31, Figure Cl5& #53 2 %

tlo St
o)

Booon fo |
N
4
b
[
Ny
>
ot
(0]
Ho
rok
N
ot
>
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Figure C14. Structure of climate monitoring system.

e S E W O(EF TEH ¥ B

& M) A=Y s WHE RE & ARn B way T
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Figure C15. Information of automation and manualization of the new climate
monitoring system.
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3.2 APCC EdAH #AHEA

71334 A 2=Ele APCC HPC =1%1 AW e dAFAHAA Aol =Hm o]F A
+ HPCO| AZE9 o] RES EEdt Ar&stoof gt 7|[Edo= HQ3 22 pythondt
NCL EEo|t}.

AR 2720 3 G A Aol A pythond} NCL RE& ZE=3ht),

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
Japp/modulefiles/compiler
anu/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) 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
atspi2/2.7.5 libjpeg/6e(default) ncl/6.4.0

m 25 ZX(module load)

1$ module load python/3.7.1-anaconda ncl/6.4.0
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3.3 71F A A" BF4E%

-
L
=

(o], NCEP.py)S €l +74 7Hesith. AH8A A4 tldE & SUSERIEHAL 3HH,

71584 Alz"e] d¥gEE 7€ "EE = Figure 169 RUN BB o|M(ddy =

Table C18 Za1), Um A DATA, NCL, FIG HEdE g AHEA7E 28 A AT
= A8 A Z2addA WA 7he).

LA |

I |
RN DATA, MCL FIG

Figure C16. Structure of directory for the new climate
monitoring system.

RUN tjdHg : #Z A5 python Z=9F yaml 3,
45 3Hcrontabd) L&, £53F IE T EA
¥ RUN/my_packageoll+= python Al8-A} B& ZE= =4
DATA ddE g - #= A59] 7|$3, ok nc #d A A=
NCL vgElg] : 19 AAHS 93 nd ZE A B=E
FIG tJ9El g : eps, png Z128HY HAPES AT A A=

AT

Table C18. List of program codes and packages in the new climate monitoring

system.
RUN e =2z Al =
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
crontab £ run4orontab_r\L/Jvrc]eAreCl?é)ry]/{atr)u_r:ﬁg;cm.tgg_season.py,
AMEX & runduser.py
7| Et update_check.py
RUN/my_package AIEAH 22 2E
7| =24, ot =He calc_daily.py
nc ot nc_out_daily.py
nol Tl ncl_NCEP.py, ncl_CPC_PRCP.py,
ncl_NOAA_OLR.py, ncl_OISST.py
7| Et check_dates.py, run_command.py

DATA, NCL, FIG tlgEg]E d73sl7] AsiAE ofefsl o] RUN tigEgle] AW ==

- 252 -

49 o



A gl= ofgiat 2o, ncout_path (DATA), ncl_path (NCL), ncl_figure (FIG) ZA2E 44
o}.

ret

= 23 DU

${USER}CMS/RUN

» DATA, NCL, FIG t]€€]2] #7(], NCEP.py)

#
# User defined

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

# "daily mean climatology” and "daily mean anomaly” NetCDF files path
ncout_path = "${USER}/CMS/DATA/"

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

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

wal, FEAdor 189S =H(dsplay)str] fsiAE 9 ZT 9 nclptyeS  “x11” o0&,
3t7] sl A & ncl_ptyeg “eps” 2 FA s Hrh

4. 7] 71-}\] A]%E\ﬂ /gzsg
41 A8 =239 A3
, 7133 713, 71384 713 yaml 1} o %}a

el
A ) RUN dFE DA e = A5 yaml IS FA IO
2tz gid dAE RAF UM A #S 25 did yaml Y2 H

o
mz
Og{:':
O

(

(D 23 ddEe= o]F 31 NCEP.yaml €7]

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

(2) NCEP.yaml W7

DataList:

- Source_name : NCEP_SFC
Source_path  : /apccdb/Observation/Reanalysis/NCEP1/Daily/surface_gauss/air.2m/
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File_name T 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  : /apccdb/Observation/Reanalysis/NCEP1/Daily/surface_gauss/uwnd.10m/
File_name : 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  : /apccdb/Observation/Reanalysis/NCEP1/Daily/surface_gauss/vwnd.10m/
File_name : 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  : /apccdb/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  : /apccdb/Observation/Reanalysis/NCEP 1/Daily/pressure/hgt/
File_name * hgt.%s.nc

Variable_name : hgt
Climate_sdate : 1983-01-01

AT DG Ao WS HEsldAY 8 = ) FAel 2A FHIHE o
DS

A= NCEP 71544 AEE Aibstr] 93 2s EQD. yaml o] spdrgol A “%s”
RES python ZTolA A7 Bolsbe REOZ NCEPS €8 A8/l % AEWE T8

o] o] gl7] wWEolt}.

yaml s+&l 474 ¥, NCEP.py python =ES Aqshel 71 ¥4 Bus} stk 714
3340l lskaxol, 19 SHuEY, png %Y A4 MUY S 213, DATA, NCL, FIG o
geel= Wre) st

(3) NCEP.py 213

1$ python NCEP.py

YeiA #2 Amel td yaml FA e ol o] s,

s CPC_PRCP.yaml
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DataList:

- Source_name : CPC_PRCP
Source_path  : /apccdb/Observation/Grid/CPC_GLOBAL_PRECIP/
File_name I 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

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

Source_path1 : /apccdb/Observation/Grid/NOAA_OLR/Daily/interp_OLR/
Source_path2 : /apccdb/Observation/Grid/NOAA_OLR/Daily/uninterp_OLR/

m OISST.yaml

DataList:

- Source_name : OISST
Source_path  : /apccdb/Observation/Grid/OISST/Daily/sst/
File_name : sst.day.mean.%s.nc
Variable_name : sst
Climate_sdate : 1983-01-01
Climate_edate : 2010-12-31
Recent_sdate : 2019-09-01
Recent_edate : 2019-09-30

42 753 =209 AA(ER71T 489 B9)

FEog EAI|Z
S 33 AYe shE o] AAHE

e A=, 9, A= 9

(D A3 gaEgE ol% 2 runduser.py 47

Qstel 717 Az A7 96

,_O_
ElgJ(RUN &g )] Y+ “runduser.py” FHES A3 o] ZE9] 7|33k
12

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

(2) runduser.py®] 713zt 717, EA 7|7t WA
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#
# User defined
# Climatology and recent period

clim_start_date = "1983-01-01"
clim_end_date = "2010-12-31"
recent_start_date = "2019-05-16"
recent_end_date = "2019-05-22"

#

(3) runduser.py 2! 3}

1$ python runduser.py

43 AF3} =209 4IY(2s eRE ¢o 43)

Asoz 7|3 A A2ES A3slr] Qs APCC EdH oA “7|FdE-F 757
JEE He ARPALAEE, €, A9 et o5 @85 Ao ¢o] Aol He A
53 Z= INE AAEA E} i Aol wet delste] ARgAEe] A3 fEE g(RUN H
de oA A& fFH =i, v AHEA7E crontaboll Al AHE o2 APHEE st A
M crontab A~ Y E| H%J AA APAAE A3 crontab 2ZHE s python Z=
HolFH HAth o] AF3t ZEo| 1% 7153 71ZRE ARV WA HES ARl Q)
o, 25 95 9o A F, Ad I, AF A-el Ui 7T FRE AFOZ At
.

{l

0

=
=
o

Al

D A3 gEagg = o]F 3 s =

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

CcC =
ol

[r

g7]

1$ vi rundcrontab_month.py

cC =
—— T

1$ vi rundcrontab_season.py

2 Mg 229 7153k 713 WA

#

# User defined : Climatology period
clim_start_date = "1983-01-01"
clim_end_date = "2010-12-31"
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1$ cd $H{USER}/CMS/RUN
1$ vi rundcrontab_week.py

CC =
4T

1$ vi rundcrontab_month.py

CC =
—_ T

1$ vi rundcrontab_season.py

5. A8A HE A JIEHUE
51 #= 289 7|7 &7 ¥¢F

71 57N A 2=Hlol] ARRE =
e et FY~dFY AE =
stz] fell A AlE 2 2 ERE AYsH He
AP g3 AHE Y3 I
A A EE st AFEAV} AR

T A ZEE A AFEA

i g
i

N,

(i,

v

o

m 71Zke] & @Al sidete AR fle Al &F &F HAA

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

A= 259 HUolE ARE AT & e ZE AF - AHEAe] A8 fHEERUN ¢
A e 2o A “update_check.py” A3

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

APCCDB directory path
Japccdb/Observation/Reanalysis/NCEP 1/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/
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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
/apccdb/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

52 NCL 18 43

oF 327014 71%% vhe} o] DATA e elelE nc sde] A3, NCL tlgel ol
£ nd stde] AFEA s, 7] NCL Hgelgel A9 ncl 32 dysha g 4
Bl wtel 1Y WEY w: opng 9 YHOE W AL T F7 Utk Wby 1YL

FRSAG AAS] sl AN Azdel python A4 BES A7 FASA ea NCL
deleelel 9t nd ZEE £ASYE 1w o] Hy] BB AgAT A 1YL 5
% 5 ol B oA $4% nd ZEE HEAH o= RUN/my_package TIdE o] gl
python A&7t mEel 2 &5he QA 7157 Az 2] +4HA Bk,

—_—
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B-Z D. SCoPS ARGO A5 HAA7 #AH +F wWlvd

[ . ARGO A =interpolation (Python ® &)

« 7]1Z Matlab W A (D)o A Python =& W3 & Yik oA

« APCC HPC ¢] Python =53 ncl & Z&

module load python/3.7.1-anaconda

K AEA AR SAFHANA ov] 2=7F Hof oW EE8

(13

A

SCOPS_init/RUN
DATE.yaml

fldol.nc
WOD_levs.txt
SW_DPTH.py
CAL_WGT.py
ETC.py
nc_out.py

SCOPS_init/DATA

SCOPS_init/NCL

init_ARGO_loop.py

SCOPS_init/RUN/my_funtion

sbinary ¢} NetCDF(nc)

plot_bin_each_ocean.ncl :
plot_bin_3oceans.ncl
plot_nc_each_ocean.ncl
plot_nc_3oceans.ncl

A9 A [ifs/apccgb/output/scops/data/programs/SCOPS_init/

— Python & ZZ713 H=E
D AE, 9, NSt @A, TR @A
: Python =273

— Python & A=
: POP 94 A=
: POP &lloF &2 level A&
. H(pressure)S A (depth) o2 MEsls =&
. 9174 = weighting =&
: 7]ek Python =& (F01% #AE o] NaN 1A A=)
: NetCDF(nc) o€ A4 =&

- AT A P2
bd= AR

— NCL 18 Z27% A=
A (binary 3}
A A (binary 3}
A e Y

BEne e Q)

=

2 e e
o

e
NN
E@nﬂnx‘inm

« APCC 9%, €, A& 3te=

cd / Ifs/apccgb/output/scops/data/programs/SCOPS_init/RUN

vi DATE.yaml
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[DATE.yaml] : 1 7§94

DatalL.ist:

- Set_year : 2020 — dx
Set_month : 01 -
Start_day : 01 — AFY
End_day : 31 - Z89

A A o MEs 4EE FE AL (€ D= loop

i
Ho
ull
o
)
ftlo
ﬂli’ll
o
30
o
2
e

[DATE.yaml] : <= 7}d (A 2 70€)

DatalL.ist:
- Set_year : 2020 - dx

Set_month : 01 - ¢
Start_day : 01 - AFs= o
End_day : 31 - BYgE o

- Set_year 2020 - dx
Set_month : 02 - ¢
Start_day : 02 — A &= 2
End_day : 29 - TUy= g

« + =239 INPUT, OUTPUT A& 3

| vi init_ARGO_loop.py

[init_ARGO_loop.py]

import yaml

import 0s

import numpy as np

import xarray as xr

from my_function import ETC, SW_DPTH, CAL_WGT, nc_out

# User defined
# ARGO data input directory

argo_indir = “/Ifs/apccgb/output/scops/data/programs/argo_data/* — INPUT A=
# Output directory
argo_outdir = “/Ifs/apccgb/output/scops/data/programs/SCOPS_init/DATA/* — OUTPUT A=

# Ocean list
ocean_list = [“pacific”, “atlantic®, “indian®]
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« ARGO A5 9] INPUT A 29} 2203 43 $ udo] AAH+= OUTPUT A= A

c F ZEIY A

| python init_ARGO_loop.py

rok

o binary 9] 25 &S 9% 19 9d AAY Z2IHNCL 33

cd /ifs/apccgb/output/scops/data/programs/SCOPS_init/NCL
vi plot_bin_each_ocean.ncl

[plot_bin_each_ocean.ncl]

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

; read binary data
; pacific
infilel = “/Ifs/
apccgb/output/scops/data/programs/SCOPS_init/DATA/bin/pacific/2020/01/ARGO_pacific20200101.dat"
— e oF binary INPUT 3 H2 2 udd
; atlantic
infile2 = “/Ifs/
apccgb/output/scops/data/programs/SCOPS_init/DATA/bin/atlantic/2020/01/ARGO_atlantic20200101.dat“
— A% binary INPUT It A= 2 5dH
; indian
infile3 = “/Ifs/
apccgb/output/scops/data/programs/SCOPS_init/DATA/bin/indian/2020/01/ARGO_indian20200101.dat
— 1= 9 binary INPUT 3¢ A= 9 1dd

QEH‘

o

&, A, A= binary Y INPUT A= 3

| vi plot_bin_3oceans.ncl

[plot_bin_3ocean.ncl]
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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

; read binary data

indir = “/Ifs/apccgb/output/scops/data/programs/SCOPS_init/DATA/bin/3oceans/2020/01/“
— ZA 8%k binary INPUT 3 A=

fname = “ARGO_20200101.dat" — binary INPUT 3¢+

o AA| kel binary 31 INPUT A= 4

« NetCDF(nc) € 9] #t5 g1& 9 19

“

d A Z2IHNCL) 3

cd /ifs/apccgb/output/scops/data/programs/SCOPS_init/NCL
vi plot_nc_each_ocean.ncl

[plot_nc_each_ocean.ncl]

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

; NetCDF data

; pacific
infilel = addfile(*/Ifs/
apccgb/output/scops/data/programs/SCOPS_init/DATA/nc/pacific/2020/01/ARGO_pacific20200101.nc”,“r")
— HiE < nc INPUT 9t A= 2 94dH
; atlantic
infile2 = addfile(“/Ifs/
apccgb/output/scops/data/programs/SCOPS_init/DATA/nc/atlantic/2020/01/ARGO_atlantic20200101.nc”,“r")
— A% nc INPUT Y A= 9 593
; indian
infile3 = addfile(*/Ifs/
apccgb/output/scops/data/programs/DATA/nc/indian/2020/01/ARGO_indian20200101.nc”,“r")
— Q=% nc NPUT Y A= ¥ 7Yy
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o AA ke nc FY INPUT A=E 4

| vi plot_nc_3oceans.ncl

[plot_nc_3ocean.ncl]

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

; NetCDF data

infile = addfile(*/Ifs/

apccgb/output/scops/data/programs/SCOPS_init/DATA/nc/3oceans/2020/01/ARGO_20200101.nc",“r)
— A ¥ nc INPUT 31 H=E

« A MF] nc FY INPUT A2 54
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