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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 climate forecast operating and research institutes to provide climate
monitoring information and long-term forecast and verification information on its website and
platform every month.

The climate prediction system, a foundation of APCC, consists of seasonal forecast
system and intraseasonal forecast system. The Seasonal forecast system consists of APCC
MME, Fire and haze early warning system, and SCoPS (Seamless Coupled Prediction System),
which is an in-house seasonal forecast model of APCC. Also, BSISO (Boreal Summer
IntraSeasonal Oscillation) forecast system is operated as the intraseasonal forecast system.

The AFS (Automated Forecast System), APCC MME monitoring/forecast/verification system,
was build with the establishment of APCC. It has been improved and advanced persistently
but it needs more being efficient and systematic at that time, so this project was set at 2017.
The AFS is progressed since then; the monitoring/verification system is improved in 2019, the
monitoring/forecast/verification system is unified in 2020. Continuously in 2021, an unification
of source code, improvement of efficiency, temporal and spacial expansion are performed to
improve the AFS. Thourgh this improvement, hindcast period of APCC MME was shifted from
1983-2003 to 1991-2010 then relatively newest climate forecast models with good-performance
participated in MME and influence MME’ s performance positively.

The participating models of APCC MME have changed steadily. A new model is added
and for models are upgraded in 2021, so MME’ s forecast skill is improved. When an
individual model was changed or newly added, the forecast skills of new/old version of
individual model and influence of the change to MME were analyzed every time but it would
be consumptive and analysis range would be subjective by an analyst. Thus, more systematic
analysis and management is necessary to run, so the metrics of forecast skill to compare
new/upgraded individual models are configured and systematized. It is an automated system
for calculation and also documentation, so expected to increase the efficiency of running the
MME operating system.

For users in South Korea, new forecast and monitoring contents of East Asia region were
launched at Korean homepage in 2019. But lack of forecast contents and probabilistic forecast
information in Korean for domestic users were pointed out, so a new system is developed to
display probabilistic spread of East Asian forecast data and added a new content to the
Korean homepage in 2021.

In 2020, APCC monitoring system moved the climatology period to 1991-2010 consistent to



the forecast hindcast period. But the climatology period does not contain the recent
climatological changes and the gap would grow by time goes so the climatology period shifted
to recent 30 years, 1991-2020, which is recommended by WMO. The new climatology period
is adapted to the climate monitoring system including ‘Current Climate’ , and ‘Climate
Indices’ contents in APCC homepage this year.

The intraseasonal forecast system is operated since 2013 and BSISO index
forecast/verification/monitoring information is displayed and serviced through APCC’ s
homepage and platforms. in 2020, the new ‘BSISO impact anomaly’ content is developed
but the interior source code is not changed so an improvement is needed at this time; an
extension of forecast lead time, changes to the new climatological period, etc. Therefore,
BSISO system is diagnosed to run the system efficiently in a long-term period and direction
of problems and posibility of improvement is presented in this year.

In 2020, the users of APCC MME demanded the high-resolution forecast infromation and
early issuing of seasonal forecast information to lead the area of seasonal prediction by
APCC MME. To meet the demand, the temporally and spaciously expanded system is
established and base research is performed this year. Many forecast institutes are running a
higher resolution model than the current APCC MME’ s resolution (2.5° x2.5° ). To make a
common resolution of participating models, lower resolution is adapted to APCC MME; and
yields a loss of forecast information of original model and usability in a part. Thus a new
system is established to make the high-resolution (1° x1° ) MME forecast data to overcome
the loss of original forecast data. Also comparison and analysis contents of forecast skills
depand of resolution are included in this report to deliver the related objective information to
users.

In 2019, APCC MME release date is advanced from 25 to 20 through an improvement of
AFS. But many operating institutes for climate forecast producing/utilizing are still need
earlier forecast data release to meet their schedule, for example, Korean Meteorological
Agency (KMA) produces the model data and analyze around 15" to release the seasonal
forecast outlook every 20th. Climate forecast institutes in the world are running similar
schedule with KMA, so the early release of APCC MME data would increase the usability of
these institutes. Therefore the possibility of earlier issue around 15" are investigated in the
sense of efficiency and forecast performance in this report. Also the possibility of producing
the 0.5-month leading forecast data around 10th is also investigated.

Though three vyears, 2019-2021, APCC climate prediction system is improved its
efficiency, usability, and expand the system temporally and spaciously. Mary researches and
improvements through this project will be the foundation to the next level climate prediction
system and drive up the APCC MME’ s competitiveness.
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precipitation forecast issued by July 2021
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BAFE Ao SIFE o2 »yds Aot 1° x1° o9 ddEE 7 & Ase
ERA5 (Herbach et al. 2020), CFSR (Saha et al. 2010), MERRA2 (Gelaro et al. 20172 ZA}E
R, Al dlolE =T dA APCCrF AFE-3tal 1+ hindcast 7178 AT 4= Y& A= B

AT

Table 1. Summary of reanalysis data

DATA Resolution (degree) Period ETC

ERAS 0.25 x 0.25 1979~

CFSR 0.5 x 0.5 1979~
MERRA 0.625 x 0.5 1980~

JRA55 1.25 x 1.25 1958~

NCEP1 2.5 X 2.5 1958~ Using as monitoring data

A APCColM+E= 4 HAZFol CAMS-OPI (Janowiak and Xie 1999)E AM&3ta o,
25° x2.5° =R AFEHE dolEolth Table 2= Z<rol sl 2AE Aoz Sy vke
1HPe uw CPC (http://www.esrl.noaa.gov/psd), CRU (Harris et al. 2020), GPCP(daily;
Huffman et al. 2001) A&7} AHE 7153 Ao ® ZAET. 12y, CPCY A9 §Ad o
3 Fuke AlFEta Jor®, AFHoHE CPCE AT A% AF7HA Fx 9 ik oish
ASHs AFstd AFde & EASAEES o718 S27F o, e g AFo] o] FolA]
A gorg dFgo] Astd 4 Utk CRUS A% A Ao thgh grkE AlF3tH,
20153 o]%F dlolElr} AlFE A o= =Z real-time forecastol]l i+ AZFo] JET= A
o] 9t} WIhE daily GPCP A& 1996 109%5E ®lolEl7} AEE == hindcast 7]7ol
3t HSole AFHEE o fltke ©do] Atk =S, AAZE HulolEVE HA 2o} real-time
forecast AFol% ARESl7] olele ZACE o FHTh. ol9t o] Ao A% 1° x1° ©]4d9
NAEE 7IRAA S FF S| o ts)] forecaste} real-time forecast A Fo EF AEE &
9= ABE HE= Fo] YT A3o|T}

Table 2. Summary of precipitation data

DATA Resolution (degree) Period ETC

CPC 0.5 x 0.5 1979~ UsinéD ealllslyhllc?l?i?oggg data
CRU 0.5 x 0.5 1901~2015 Land only

GPCP 1x1 Oct 1996~2020 Daﬂy Not updated in
GPCP 2.5 x 25 1979~2020 Monthly real-time
CMAP 2.5 x 25 1979~

il

() #=tolHE9 FABA

eEE E3F o
=
=

ERAS
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Figure 3. Temporal correlation between NCEP2 and ERAS5 of 2-m temperature in
MAM, JJA, SON, and DJF. Values in parentheses are averaged temporal correlation
over the globe.
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Figure 4. Same as in Fig. 3 except for temperature at 850 hPa
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Figure 5. Same as in Fig. 3 except for sea level pressure.
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Figure 6. Same as in Fig. 3 except for geopotential height at 500 hPa.
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Figure 7. Same as in Fig. 3 except for zonal wind at 850 hPa
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Figure 8. Same as in Fig. 3 except for meridional wind at 850 hPa.
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Figure 9. Same as in Fig. 3 except for zonal wind at 200 hPa.
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Figure 10. Same as in Fig. 3 except for meridional wind at 200 hPa
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Figure 11. Temporal correlation of 8 variables
during 12 seasons over globe.
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Figure 12. Anomaly correlation of 8 variables over the regions.
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Figure 13. Temporal correlation between CAMS-OPI and CPC precipitation in
MAM, JJA, SON, and DJF.
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Figure 14. Anomaly correlation between CAMS-OPI and CPC precipitation over
the regions
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Figure 15. Temporal correlation between CAMS-OPI and MERRAZ2 precipitation over
the globe, tropics, northern extra-tropics, southern extra-tropics, and East Asia.
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Figure 16. Anomaly correlation between CAMS-OPI and MERRAZ2 precipitation over the

regions.
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3. A1}
7}. APCC MME AlAddSA 2 /|A

(D MME Fmd 27 2 A4

20213 1¢¥ o =5€E Meteo France(MetFR)2] SYS7 =do] §73le] APCC MME o mdl
& = 157)9|t}.

202130 += F 4719 mdo] JMAERA S BoM ACCESS-S2& 2021d 11€, CMCC SPS3.5
= 8¢, MetFR9] Sys 82 7€, UKMO<2| GloSeab+= 2€ol] dHoll 8= AT

Table 3. List of APCC MME participating models: BoM, CMCC, MetFR, and UKMO.

Organization BoM CMCC MetFR UKMO
ACCESS | ACCESS
System name q1 5 SPS3 SPS3.5 | Sys 7 Sys 8 | GloSea5 GloSea6
~1.0° X ~05° X
TL359;
1.0° 146 0.5° 146 | TL359;
. N216~60 | N216~60 . , 127
Spatial (provide (provide | 91 levs;
] k and k and levs; | N216L.85 N216L.85
resolution d d top 0.01
L85 L85 top 0.01
25° x2 10° x1
hPa
5%) 0°)
20/20
Ensemble sz |1y | a7 | 200 5195 5125 | 42128 42128

(F/H) (original
50/40)

Lead time 0.5-5 0.5-5 0.5-5 0.5-5 0.5-5 0.5-5 0.5-5 0.5-5
Hindcast 1990-20 | 1981-20 | 1993-20 1993-20 | 1993-20 1993-20 | 1993-20 1993-20
period 12 18 16 16 16 16 16 16

_ ARPEGE ARPEGE
Atmospheric . :
model UMb UM6 | CAMS5.3 CAMS5.3 | -Climat -Climat | UM 86 UM 8.6
v6.4 v6.4
NEMO | NEMO | NEMO3. NEMO3. | NEMO NEMO | NEMO NEMO
Ocean model
ORCA25 | ORCA25 4 4 3.6 3.6 3.4 3.4
Land surface JULES JULES SURFEX SURFEX | JULES ECHAM
CLM45 CLM4.5
model 6.0 6.0 v8 v8 8.6 5.3
GELAT  GELAT CICE CICE
Sea-Ice model | CICE6.0 | CICE6.0 | CICE4 CICE4
O v6 O v6 4.1 4.1
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Figure 17. ACC difference between ACCESS-S1 and ACCESS-S2. Positive values
represents that S2” s skill is better than S1° s skill.
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Figure 19. Global ROC Score of ACCESS-S1 (dotted line) and ACCESS-S2 (solid line).
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TCC: Nino3.4 (1991-2010)
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Figure 20. Temporal correlation coefficient

between observed and predicted Nifio3.4 for
each lead time.

@ 71& 2dE39 HF Ao

ACCESS-S29] AA|F- 7]l thgt o532 MMEe] Frojst= 1470 =2
53] JASHE NDJ A= Z9Hol fxdthFigure 2D. AT A=
B} 2dy} Hlwste] @ o] ol

_20_



ACC: prec, Globe (1991-2010)

ACC: t2m, Globe (1991-2010)
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Figure 21. Global ACC of 2m precipitation (left) and 2m temperature (right) of
BOM ACCESS-S2 and the other models (symbols), averaged ACC (black line), and
MME’ s ACC (box).
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Figure 22. ACC difference between MME1l and MME2. Positive values represents that
MME2’ s skill is better than MME1” s skill.

ACCESS-S17 ACCESS-S2& wlngt 759 mizt7pAE2 127019 5 3tHtr]ol], solArlote}
e 2Ef e okFigure 1) N4 2m 713} 850hPa 712 o= d<5o] YehdtKFigure

23).

_21_



prec slp sst t2m 1850 z500

i ACC diff{%); pree, Globe (1991-2010) ACC diff{%k: 3lp, Globe (1991-2010) ACC diffi%): s8¢, Globe (1991-2010) ACC diff{%): t2m, Globe (1991-2010) ACC diff(%}: 1850, Globe {1891-2010) ACC ditf(%e); 2500, Globe (1991-2010)
D.48% v -0.36% 005% A 0.12% Y | ozewv 0. 15% ¥
HME 0T 5210 454] s WHE OUT.51 0AB7) | |  MME OUT.52 03141 ve MM OUT 51 (0315 HAIE_OLIT 52 10 6061 vs MME_OUT 51 (015061 HIME_OUT 5210 3961 v MWE QUT.S1I0 30T | | MAME OUT.S7 (0.368) vy MNE 075140 3600 MNE.GUT_52 (03551 v M OUT 53 0355
Globe |
o o .._.. o — — 14} i -
T = [ | - TR =
R AR A T A TR S N B PR e e O SN B A TR I e e A T R RS SRR T TR e B SO B e A e A0 SN W B
i ACC diff(%): prec. E.Asia (1991-2010) ACC diffit): sip, E.Asia (1991-2010) ACC diff(%): sst, E.Asla {1991-2010) ACC diff(%); t2m, E.Asia (1991-2010) ACC diffi%): t8S0, E.Asia 11991-2010) ACC diff(%): 2500, E.Asla (1991-2010)
040% & 0.59% 4 DA% % 0.61% A 0.58% 5 | 0.05%.
E.Asia I
T AR A i A RS 4RO SONOWD NOL DIF WM FMANAM AW, Wi £ 345 A0 SONOND NO| DF | FM FWAKAM] Wi BA A ALO SONORD MOy DF P FoNA MM A JAS_DJF j I pl }O SONCARNGY D P FUAMAM AM] WU R RS ABO SN OKD WY D
[
t2m, t850 053 &5
" ACC diff{%): alp, Tropics (1991-2010) _ACC it sst, Trepics (1991.2010) | ACC Tt . = 0o © o) ACC difH{%); #3500, Tropics (1991-2010)
051% 7 0.19% 0.18% 7 ABUN Y 0.A43% v
Tropics
e ——y——| T —y | v

T TMARAM AW NI A A5 450 SGNOWD WD) DF VM TMAWAMAM Wi §A WS ASCSONONGIWDI DF  FM FMAMAM AW WS DA WS S50 SONONDNDI DI M TMAMAM AW Wi SA A5 AS0 SONOND NDI OOf TP FMAMAM AMI MU 1A A5 A50 SN OO D). T

HCHX|0l O 520| F2 o]
o= sj2t
i | -1

Figure 23. ACC difference between MME1 and MMEZ2. Positive values represents that MMEZ2’ s
skill is better than MME1’ s skill.
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Figure 24. Global ROC Score of MME1 (dotted line) and MMEZ2 (solid line).
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Figure 25. Temporal correlation coefficient (TCC) CMCC SPS3 (left), SPS3.5 (center), and
difference between SPS3.5 and SPS3 (right) for MAM (a-c), JJA (d-f), SON (g-i), and DJF (-1
temperature from 1993 to 2010.
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Figure 26. Same as Figure 25 except for

precipitation.
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Figure 27. Anomaly correlation coefficient (ACC) of CMCC SPS3 (blue) and SPS3.5 (pink)
for 12 seasons (JFM-DJF) temperature (left) and precipitation (right) from 1993 to 2010.

@ MA A/ZE E 2d 9 MME #Fo A 428 nlw

SPS33} SPS3.59) 0417-8:1 Mawe ofge B mdsie waE il AM T 5o
ohE Ao GAST, SPS3T SPS3SVE 242t BER e el Holfle el A5
7 Bl al3R T (Flgure 28) oJ7]4 SPS3 @ ==& CMCC-old, SPS3.5= CMCC-new=®=
dstglor, ¥ mu mF dxe] $xg glo] S8 AEsth Eat, SPS3sh SPS3S57H
o AAHEHY g3 RIdPFEGCM)S SCM-old(-7HA), SCM-new(3t&A) o 2 33}
o¥l, o A SPSIE FAS ABAAD, SIS FAL glol ARHE v }oau} ]
SPS3e] 71e-9) A% B mAF Mm A Ge o =Eg 2ot s
Neeol A% dFdel FAANA g waAs W wo dFEE nelt 2ol i} &4
o= e, oldd d=d Fow SPs3e /1 we 2= RAW QAN o
8 SPS3ell FA4 & A% EF-3kal SPS3.57F gk SCMe] SPS3o] #redgk SCM Xt} =&

b

Oi

1Y

L w2 N W oE
Llo-iirﬂl.

_26_



) o
wguy
5o
o) X T
Ry
o KL £
WY o % Rk
=N 2 L oor T -
5z o | = o Bpr LT
o O_E O ‘Ui ~—~ & PNy & |woz_‘omz 73] B M =
w0 A Q5 [ Neoa E s o S
A i H g bwse 7 < Fowcas O T = o L © M
w i . S 8 E N = =] & o
e : < e O SIS =W &
el 4 . = N SA
= ) ! 8] £ w O
W, DN pcs S pizs : S < =) ooy O B
w M : 2 S8 5 =
AT 3 W s 8 3 2 3 E [ oum S =9 = ™ =
<=\ ey o s R 2 Sy . oS &
- [ELLoUY e & @ oz o [ Aec E T W o =
—_— — ° = 3 o P —_ B jens
o Y ‘_&u o _.E % I SCM-new 1usIoe0) UonEjOU! 8 3 % — @ % U,._ z*o mn\
R g X g G bl
r ARl g MGG new S=0 &)
ﬂ I = — 2 - cmoc-od = A = ~o
N R S i . e SO T 2 )
T N X g R = X
- - i L_L 91 r HMMM e L mnmmﬁmms 1m F _.E O_E
< 0 Qs [ usc — £ L o S m O _ J .
T o : T AICI e = g B o
o 3 o 2 + -
) Moy T : e 81 e 5 =5 g ol NP
w o~ Foe <1 . 98 5 o o =
T - BCH 2 L
1_U| 2 g o : [ R 7 Hu_ﬁm O @ro ‘._ldw_ o
,mﬂ U_._ H_A| ﬂ o 2 % 9 =2 g G “ m Ans = dl o ‘:UOW
I 800 s 2 e [ oot R
@ El au = ﬂ uoie|e.100 Ajewouy AR A _ I ecc o o0 = _u,_ 2 .1&.1_ Eo
‘m_rL N EM g 3 8 g ¢ ~ m X _nﬁ
o < LT 3 vy 00 wnmeuco Awony 98 = No oy
S L o‘:ms N
T o) ¥ 0 =) E i ngmmo_a < a8 ™ B \& r
_Jn_ L._W = ~ 5 g G [ SCMrew Q M o T HT_
e ¥ 5 : Bt N = o 3
T E o W 83 oo f S S T I
.CI ,_Ir.” _.vm_ ‘ml i <8 [l ~ 3 \mz:o QO (@ Ewc w (W\ W
~ ) K L am s [ Noep m
o N Fime 81 e 8 °D 4 o T2 3
N ° Ea T S5 S B A O
ut — —_ e = PARRRARR [ apcc " [ e 3 o Y a5 S
‘UI 0 ‘MM X ¢ 3 ¥ g 8 [ cws . wn
;I._W ﬂAl \m_W JOIOIB0D :ozm_m:oosza ¥ . . umwm_ = \w W L H_.E % R
. ouy < pos T T - L .
Gy T e 2RE3 g P
B o T NG m [ Sohknew Em_o_:moof_o_s_wtoo>_mEoﬂ N S “_u M_ — O_E =
5o M o= g S ¢ T Q o T M
o Q
Hl o T I'e) o ~ £ Lo — F som. wu Cxn L H;E «w ,.%H O_
~ # o s g [P a Hmoguuma = o BD O~ o
20} ~ N NCEP o Pt O Y 3 = )
O#E X W = QF - NASA 2 [ Syoomew @) [ st
o) DS B | F MSC < [ Caaood zH =] —_—
T w o) O "3 I = ST G,
. K L ~—~ s _ Hzomn o
N o R B = J - v gt o, S = L T o P
i o W o 0 g - cws < § vz_o m w A Ux_
o 5o M S i e S o S b & S
< 5.0 R o I apcc 4 [ e < B .5 = o O )
O_L aﬁ < S o ° <3 - cwB + ‘DI =o o
o M uepWeo g g 3 l - som - < o 9p)
q 0 uope|81I0) Alewour ' ° T . . [ BCC o3 @ mb = .
' =z z z % 3 wo NS o j=y SRS N 9
Em_u_tmoo:o:m_m:ooszM_( s o h._u m % Et C‘.# 7_1 ..&
5= & CH W g
o = O W — A O
i O o o T S
ir < <
O O

4 ROCZF B A deut

} PMME

s

o] @

pzs

- 27 -

912 SPS3.57}

ok o1} SPS3
52 AAF wat A4 Bt 7
7120 A Tt

X

],

S

H}E}k] %ﬁ]@gi _('_)’_9]



ROC Curve : T2M, MAM (1993-2020) ROC Curve : PREC, MAM (1993-2020)
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Figure 29. Relative operating characteristic score of SPS3 participating in PMME (GAUS_old;
dash), and SPS3.5 participating in PMME (GAUS_new; line) for MAM, JJA, SON, DJF season
temperature (a-d) and precipitation (e-h) from 1993-2010.
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Table 4. Matrix for evaluating seasonal climate model’ s performance.

Temporal | Spatial

Verification Score Plot | Variable Period . .
resolution | resolution

Self evaluation

New
ACC
" BIAS prec
old slp
: RMSE
version o
New ROC Score
VS. ROC Curve ;i?)g
other Nifio3.4
models

MME evaluation
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Table 5. Terminology in the matrix for evaluating seasonal climate model’ s performance.

Self evaluation

Evaluate the new or upgraded model’ s performance itself

Comparison

(New vs. old version)

Compare the upgraded model’ s performance to the previous

one’ s performance

Comparison

(New vs. other models)

Compare the new or upgraded model’ s performance to the

current models’ performance

MME evaluation

Compare performance of MME with new or upgraded model to
MME without it

ACC

Anomaly Correlation Coefficient
Pattern correlation between observation and model anomalies

Regional/monthly/seasonal graph

BIAS

Distribution of differences between observation climatological
mean and model climatological mean

Monthly/seasonal map

RMSE

Root Mean Square Error between observation and model
anomalies

Monthly/seasonal map

Monthly/seasonal graph of regional averaged values

TCC

Temporal correlation coefficient between observation and model
anomalies

Monthly/seasonal map

Monthly/seasonal graph of regional averaged values

ROC Score

Relative Operating Characteristics Score

Monthly/seasonal map of each category of ROC Score

ROC Curve

Relative Operating Characteristics Curve

Monthly/seasonal graph of each category’ s Hit Rate and False
Alarm Rate of the model’ s probability forecast

NINO34

Graph of time series of observed and forecasted NIno3.4

Graph of correlation between observed and forecasted Nifo3.4

() N2" Tz
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Figure 30. System flow chart of the matrix for evaluating seasonal climate model’ s
performance.
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Figure 31= Al 2 a8y A4F =2 g300] X AE o 9= “CODE” Y EL S 319
gaEg S vehd 220l {METRICS}= /data0l/cmlim/OPER/AFS/METRICSo|t}. 2zt t]H &

Zoll A4 =ae] 4L Table 63} 2t

{METRICS}/CODE

| | | | | |

ROC_ ROC parameter.py
- NINO34
score curve run.py

CLIMANOM my_package ACC BIAS RMSE ‘ TEE

Figure 31. Directories for calculation and figures in “CODE” .

Table 6. Subdirectories, programs, and their jobs in the directory “CODE” .

Directory Job

CLIMANOM  Calculate climatology and anomaly of observation and model and save data
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my_package Modules for calculating ROC Curve and Score, ACC, RMSE, and TCC
ACC Calculate ACC and save figures
BIAS Calculate bias and save figures

RMSE Calculate RMSE and save figures

TCC Calculate TCC and save figures
Calculate ROC Score with modules in my_package and then save data and
ROC_score ,
figures
Calculate ROC Curve with modules in my_package and then save data and
ROC_curve ,
figures
NINO34 Calculate Nifio3.4 index and correlation between observed and forecasted

index, and save figures

Configure file for setting variable, model information, temporal and spatial
parameter.py . : .
resolution, region, and input/output paths

run.py Run file by which users can produce data and figures they want

@ A= A
Figure 322 CODE tldEg]oA A4kgk gtdo] AA=ol A= “DATA” HdEZ Y &
9o EEDE Jg nalzolth z+ faEagd AAEE 28 Table 79 7]<5H0o] 9tk

{METRICS}/DATA

|

2.5deg

| |

CLIMANOM ROC_curve ROC_score

Figure 32. Subdirectories of the directory
“DATA” .

Table 7. Subdirectories of the directory “DATA” .

Directory File
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CLIMANOM Climatology and anomaly data files of observation and model

ROC_curve ROC Curve data files
ROC_score ROC Score data files
@ 218 A

Figure 33 CODE Tle|Ee]olA 44¢ 19 o] Agso] g “FIG” HeEe
el YRS e maxelth 2 duEele] A4HE 198 Table 8 71&H o] 9
o,

{METRICS}/FIG

2.5deg

|
| | | |

SELF COMPARE MME MODELS

Figure 33. Subdirectories of the directory “FIG” .

Table 8. Subdirectories of the directory “FIG” .

Directory File
SELF Self evaluation figures
COMPARE Performance comparison figures (New vs. old version)
MME MME performance figures
MODELS Performance comparison figures (New models vs. the other models)

() Az=" 9
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st W AR, &9, 245t u4 e 2l FEC|H 92 299, APAzh), I3

% A7 42 5& 44sT AR

¢

CODE " Eg ofzfe CLIMNOM H#EEZ ] = Ul 7 “%% 233t DATA 1‘4\“—“5
2] off¢] CLIMANOM H#HEzlol] sdSo] AFsm vdw 42 Table 9o 7&=of 2

}.
{METRICS}/CODE
I | | \
ROC_ ROC_ parameter.py
CLIMANOM my_package ACC BIAS RMSE TEC NINO34
score curve run.py
{METRICS}/DATA
2.5deg
CLIMANOM ROC_curve ROC_score

Figure 34. Directories for calculating climatology and anomaly of observation and model, and
saving the data files.

Table 9. Procedure for calculating climatology and anomaly of observation and model.

Program : {METRICS}/CODE/parameter py

g HolE A% % OX
| DATA_SAVE = 'O’
Configure

Bdit | # SR, Wegn

| VAR = ['prec’,’slp’,’sst’,"t2m’, t850’,’z500’]

i long_name = ['Precipitation’, Mean Sea Level Pressure’,’'Sea Surface
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Temperature’,’Air Temperature at 2m’, ’Air Temperature at
: 850hPa’,'Geopotential Height at 500hPa’]

units = ['mm/day’,’hPa’,’degC’,’degC’,’degC’,'m]

# 122 R=R=1 I R R

INSTITUTEL = 'BOM’

SYSTEM1 = 'ACCESS-S2’

ELEADI =7

# 34 = 1deg or 2.5deg

RES = "2.5deg’

4 o} F A=

DATA_DIR = ’/data01/cmlim/OPER/AFS/METRICS/DATA/'+RES
# 29 A5 =R

| MODEL_DIR -
| */data01/cmlim/OPER/AFS/DATA/MME_IN/HINDCAST/

& FUAYEA ME BEAE P2

| if RES == '2.5deg:

RAW_OBS_DIR = ’/Ifs/datal1l/CPT_DATA/OBS/STD_OBS_NEW’
else:

RAW_OBS_DIR = ’/Ifs/datall/songbg_imsi/STD_OBS_I1DEG’
£ FR G D ARAER A 1200 2T AR T Aol
=N
YEAR = np.arange(1991,2010+1,1)
MONTH =
[’JAN’,’FEB’,’MAR’,’APR’,’MAY’,"JUN’,"JUL’,’AUG’,'SEP’,"OCT’,’NOV’, DE
: C]
;SEASON =

['JFM’,’FMA’,MAM',’AMT’,"MJT’,"JJA’,JAS’,’ASO’,'SON’,"OND’,’'NDJ’, 'DJF]
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[ 1 " IMONTHnum =T123456789101112] """

| {METRICSYCODE/CLIMANOM/model_monthly.py

{METRICS}/CODE/CLIMANOM/model_seasonal.py
Program i
i {METRICS}/CODE/CLIMANOM/obs_monthly.py

{ {(METRICS}/CODE/CLIMANOM/obs_seasonal.py

Run :
: 18 python model_monthly.py

1$ python model_seasonal.py
Run
: 1$ python obs_monthly.py

1$ python obs_seasonal.py

Directory i {METRICS/DATA/2.5deg/CLIMANOM

monthly_anom_syear-eyear._variablenc
Output File seasonal_anom_syear-eyear._variablenc
name t jnstitute_system_monthly_anom_syear-eyear. variablenc

| institute_system_seasonal_anom_syear-eyear._variablenc

@ =499 ROC Curve @ Score A4+s}7)

z2a9 A 94X A5 A x| Figure 359 FIMoz FAHE T
CODE tld &gl 9] parameter.py H#dS o] HolE A ARE 2 A
=

S WS ARASE), BASIA S Bl AROIH L w9y, ABAZD, FHARE, 2
5 42 52 Agsn A3,

CODE fl&al &g o}gfe] ROC_cruve}t ROC_score tAEZ e &= v 7 Hd& 233}
DATA t#EEg olz¢] ROC_cruvee} ROC _score UHEgd mUESo] AAEm ug
S Table 109 7]&% o] <t} mme_roc_curve_calc.py2} mme_roc_score_calc.pyx= AR
MME hindcast At5& A4Hgk & Asfs)of g}

ol
ofl
2 > g
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{METRICS}/CODE

| | | [ [ |

‘ ‘ ‘ ‘ ‘ 5 ‘ ‘ ‘ ROC_ ROC_ parameter.py
CLIMANOM my_package ACC BIAS RMSE TCC MNIND34
score curve run.py
{METRICS}/DATA
2.5deg
l |
CLIMANOM ROC_curve ROC_score

Figure 35. Directories for calculating ROC Curve and Score, and saving the
data files.

Table 10. Procedure for calculating ROC Curve and Score.

Configure

Program

Edit

{METRICS}/ CODE/parameter.py

golg A o7 0

%DATA_SAVE =0’

# Bl =dl g1
glNSTITUTEl = 'BOM’
SYSTEM1 = 'ACCESS-S2’
LEAD1 =7

# T4 = 1deg or 2.5deg

RES = '2.5deg’

]’7\‘7\‘ o

| DATA_DIR :
: ’/data01/cmlim/OPER/AFS/METRICS/DATA/*+RES

# wd GEAESAE PR

MODEL_PROB_DIR1 =
"/data01/cmlim/OPER/AFS/DATA/MME_OUT_+INSTITUTE1+"_'+SYSTE
: M1+'/3-MON/HINDCAST’

_37_




Uif RES == "2.5deg

RAW_OBS_DIR = ’/Ifs/datal1l/CPT_DATA/OBS/STD_OBS_NEW’
else:

RAW_OBS_DIR = ’fIfs/datall/songbg_imsi/STD_OBS_IDEG’
A5 99, dEd5AFE AGEA T, S, Gk

: REGION =
: ['Globe’,'N.Extratropics’,’S.Extratropics’, Tropics’, E.Asia’,’S.Asia’, N.A
: merica’,’S.America’,’Australasia’,’Aus_S.Pacific’, N.Eurasia'1#," M.East ]

islat =[-90 , 20 .-90 ,-20 , 15.-10, 10,-60,-50,-50,

| 4014,10]

felat  =[90 ,90 ,-20 ,20 , 60,35 75, 10, 0, 20,

| 8014.45]

ilon =L 0, 0, 0, 0,75 60,190,270,110,110,

} 251#,25]

elon = [357.5,357.5,357.5,357.5,150,140,310,330,180,260,190}¢,75]

£ 1% A1 9 BASaA s ARARRER 99,

YEAR = np.arange(1991,2010+1,1)

i MONTH =

| [JAN'FEB’, MAR',APR’,MAY’, JUN', JUL',’AUG’,'SEP’, OCT", NOV",’
: DEC']

i SEASON =

| CJFM,EMA’, MAM', AMT, MIT, TJA’, JAS’,’ASO’, SON”, OND’, NDJ", DJ
]

| MONTHnum_ - [1,2,3,4,5,6,7,8,9,10,11,12]

Run

: (METRICS}/CODE/ROC_curve/roc_curve_calc.py’

{METRICS}/CODE/ROC_curve/mme_roc_score_calc.py’
Program
: {METRICS}/CODE/ROC_score/roc_score_calc.py’

{METRICS}/CODE/ROC_score/mme_roc_score_calc.py’




1$ python roc_curve_calc.py’

1$ python mme_roc_score_calc.py’
Run
1$ python roc_score_calc.py’

1$ python mme_roc_score_calc.py’

N2
Directory i {METRICS}/DATA/2.5deg/ROC_curve/institute_system or mme
i ROC_curve_aggregated_variable_month/season_institute_system/mme
File i _syear-eyearnc
Output name ROC_score_aggregated_variable_month/season_institute_system/mme

_Syear-eyearnc
9]% i {METRICS}YDATA/2.5deg/ROC_score/institute_system or mme

i ROC_score_variable_month/season_institute_system/mme_syear-eyea

i rnc

S 2 B4
@ AA H7}

25 A e} 1" AHA fX= Figure 362 @A o
CODE " & Xg]9| parameter.py I¥-S €o] dlolg I8 A ARE ‘0”2 A
stz st WM ARMSH), BAstaz e 2d HROISH 9 =
FE, AR AR & ARy AAS

CODE taEg] ol HF 230 g e e dY F AA Hr =233
ol compare, models, mme7} §1)& A3t FIG tHE otge] SELF tgEg e oY
So] AAHY udw 2o Table 11 71&5 o] ot
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{METRICS}/CODE

| N [ [ [ [ X [

ROC_ ROC_
CLIMANOM
score curve

parameter.py

ACC BIAS RMSE e

my_package

NINO34

run.py

{METRICS}/FIG

2.5deg

l
\ [ [ I

SELF COMPARE MME MODELS

Figure 36. Directories for calculating verification scores and saving
the figures.

Table 11. Procedure for calculating verification scores and saving the figures.

_Program : IMETRICS}/CODE/parameterpy
L4 " A o R OX
%FIG_SAVE -0’
E——

| INSTITUTEL = "BOM’

SYSTEM1 = 'ACCESS-S2’
LEAD1 =7
# R g =

Configure Edit RES = '2.5deg’

2 B3 9 B 29 WAG AR A=, HBASAF AR H2
DATA_DIR = ’/data01/cmlim/OPER/AFS/METRICS/DATA/ +RES
# ObXE HE

FIG_DIR = ’/data01/cmlim/OPER/AFS/METRICS/FIG/’+RES

iy AT 9

8

i REGION =
[’Globe’,'N.Extratropics’,’S.Extratropics’, Tropics’, E.Asia’,’S.Asia’,’N.Ame
 rica’,’S.America’,’Australasia’,’Aus_S.Pacific’,'N.Eurasia ' 1#,"M.East ]
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, 15,-10, 10,-60,-50,-50, 40]#,10]

islat = [-90 , 20 90 20

. -[90 .9 .20 .20 .60, 35 75, 10, 0, 20, 80J#.45]
[ 0.0 .0 .0 .75 6019270110110, 25)%.25]
[357.5,357.5,357.5,357.5.150,140,310,330, 180,260, 190}, 75]

A /AAE 5 A dE.

i MONTH =
| (JAN’,FEB’, MAR’,APR’, MAY’, JUN', JUL’,’AUG’,'SEP’, OCT’,'NOV’, DE
L C]

| SEASON =
| CJFM,FMA’, MAM', AMT, MIT, JJA”, JAS',’ASO’, SON’, OND’, NDJ’, DIF’

]
| MONTHnum = [1,2,3,4,5,6,7,8,9,10,11,12]
{METRICS}/CODE/scores/files without compare, models, and mme.py

18 python files without compare, models, and mme.py

Program
Run :
Run

4
Output

{METRICS}/FIG/2.5deg/SELF/scores

Directory

@ vl FHIF (F HA vs 2 HA)
z2a9 A3 94X 2" AR 9X|= Figure 379
CODE tl#l &g 9] parameter.py Y-S <o dolg 13 AH
szt ste WE ARMSEH), BAstuA) e md RS

9y = Hlw Hr 22y

BE, A8 AR T2 AASL A7

olo)o

o compare’} 2)<S
5 59w P2S Table 126 7125 0] glth.

o 1w
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{METRICS}/CODE

CLIMANOM my_package ACC BIAS RMSE TCC RO(_:' RO NINO34 i
score curve run.py
{METRICS}/FIG
2.5deg
| | [ |
SELF COMPARE MME MODELS

Figure 37. Directories for calculating verification scores and saving the figures.

Table 12. Procedure for calculating verification scores and saving the figures.

Program : {METRICS}/CODE/parameter.py

L4 I9 AR % OX

| FIG_SAVE = "0’

e mY An, ww v AR
| INSTITUTEL = "BOM’

{SYSTEM1 = "ACCESS-S2’

| LEAD1 - 7

{ INSTITUTEL = "BOM'

Configure .
Bdit  {SysTEM1 = "ACCESS-SI’

| LEAD1 =5

RES = '2.5deg
4 B3 3 el mde) WA AR AR, 4545345 AR 4=

| DATA_DIR -
: '/data01/cmlim/OPER/AFS/METRICS/DATA/"+RES

H ObRE AR
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: FIG_DIR = ’/data01/cmlim/OPER/AFS/METRICS/FIG/’+RES
4 4z 9y

i REGION =
[’Globe’,’N.Extratropics’,’S.Extratropics’, Tropics’, 'E.Asia’,’S.Asia’,'N.A
merica’,’S.America’,’Australasia’,’Aus_S.Pacific’,'N.Eurasia’l#,'M.East ]

islat = [-90 ,20 ,-90 ,-20 , 15-10, 10,-60,-50,-50,

| 400,10]
gelat =[9 ,9 ,-20 ,20 , 60, 35 75, 10, 0, 20,
| 8014,45]
gslon =[O0, 0, 0, 0,75 60190,270,110,110,
| 254,25]
elon = [357.5,357.5,357.5,357.5,150,140,310,330,180,260,1901#,75]
E )Fg 717 2 BAsaA ke AuiAEE/EA 99,
YEAR = np.arange(1991,2010+1,1)
| MONTH =
| [JAN',FEB'MAR’APR’'MAY','JUN",'JUL'AUG’, SEP", OCT ", NOV",
i DEC’]
| SEASON =
[JEM’,FMA’,MAM',’AMT’,"MJT’,"JJA’, JAS',’ASO’,’'SON’,’OND’,'NDJ’,'D]J
PF]
| MONTHnum_ = [1.2.3.4.5.6.7.8.9.10.11.12]
4
Program : {METRICS}/CODE/scores/compare_*py
Run ................... T T T LT LT P PP PP TP TP PP PP PP PP PPEPPP PP
Run : 1§ python compare *py
J

| Output | Directory : {METRICS}/FIG/2.5deg/ COMPARE/scores

@ ¥l F7F (A 29 vs g} 2d)

z2 o Ay 99 OY AHAF X+ Figure 389 Hepdoz mAE tHEZTH
CODE tl#lEg] 9] parameter.py LS do] Holg 18 AF oJF
stz st W4 ARASY), BYstaA e 2l AR0)E 2

N2, AR A2 5L AASTL A
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CODE HHEg olge] AF 23Fo¥ yAEL e FY F vla H7F 22 330(FY
o models7} A)S A3t FIG tyJa E8] ofgle] MODELS taEg] o stdEo] A=
ey FAle Table 139 71€5o] ¢t}

{METRICS}/CODE
l l
ROC_ ROC_ parameter.py
CLIMANOM my_package ACC BIAS RMSE TCC <core curve NINO34 —
{METRICS}/FIG
|
2.5deg
[ l [ |
SELF COMPARE MME MODELS

Figure 38. Directories for calculating verification scores and saving the
figures.

Table 13. Procedure for calculating verification scores and saving the figures.

Program : {METRICS}/CODE/parameter.py

4 1% 4 ol¥ OX

| FIG_SAVE = 'O’
4B B9 4w

| INSTITUTEL = "BOM’

§SYSTEM1 = "ACCESS-S2
. éLEADl =7
Configure Edit 4 ZHAE
RES = '2.5deg’

# g =g grE

| MODELS -

| 'BOM_ACCESS-S2’,’APCC_SCOPS’,'BCC_CSM1.1M’,' CMCC_SPS3.5",'C
{ WB_TCWBITvL.1", HMC_SL-AV", JMA_MRI-CPS2’, KMA_GLOSEA5GC
{ 2’ 'METFR_SYS7’, MSC_CANSIPSv2’, NASA_GEOS-525-2.1", NCEP_CF
{ Sv2’PNU_CGCMv2.0’, UKMO_GLOSEA5']
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{ DATA_DIR
: ’/data01/cmlim/OPER/AFS/METRICS/DATA/ +RES

# ob2E A=
| FIG_DIR - */data01/cmlim/OPER/AFS/METRICS/FIG/ +RES
% 4% 99

{ REGION =
[’Globe’,'N.Extratropics’,’S.Extratropics’, Tropics’, E.Asia’,’S.Asia’,'N.A
merica’,’S.America’,’Australasia’,’Aus_S.Pacific’,'N.Eurasia’l#,'M.East ]

islat =[-90 ,20 ,-90 ,-20 , 15,-10, 10,-60,-50,-50,

L 4014,10]

telat =090 ,9 ,20 ,20 , 60, 35, 75, 10, 0, 20,
 804,45]

islon =[ 0, 0, 0, 0,75 60,190,270,110,110,

| 2514,25]

Lelon = [357.5,357.5,357.5,357.5,150,140,310,330,180,260,190]%,75]
L 1T 1 2 RS she ARAAEEA 9.

YEAR = np.arange(1991,2010+1,1)

| MONTH =

| [JAN',FEB',MAR',APR’'MAY",'JUN",' JUL',’AUG’, SEP", OCT", NOV",
i DEC’]

| SEASON =

| [JFM’FMA’, MAM', AMI,MIT, JJA JAS’’ASO’,'SON”,"OND’,'NDJ", DJ
 F]

g MONTHHUIH = [1’2,3,4,5’6’7’8’9’10’11’12]

R Program : {METRICSYCODE/ 2= =01/ models_* py
| A ST oot /AT
Run 1§ python models_*py

Output Directory : {METRICS}/FIG/2.5deg/MODELS/scores
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@ MMEY) " X&= 93 H7)

0

23 A& Xt 18 AH A= Figure 399 HeZ oz FA A =gt}
CODE tj#lEg] 9] parameter.py LS do] Holg 18 AH oJF ’
stz 3t W4 AR, B4stna e 2 FARO)1E 2

e, A8 AR & AAS AR

H
s ‘0= A
oo A

= A
3L
= O, o

s

oL ox
S

<

Al

),

CODE HHEz] o} 9 HF 23od "B = #d & MMEd vA= &
7b Z2 I mmert s)e AdsE FIG HEEe ofge] MODELS t g &g
dEol AZEH 5dw P42 Table 14 7]&5 o] Utk

)

{METRICS}/CODE
CLIMANOM my_package ACC BIAS RMSE TCC RAC RAC_ NINO34 Rarameterey
score curve run.py
{METRICS}/DATA
|
2.5deg
|
| [ [ |
SELF COMPARE MME MODELS

Figure 39. Directories for calculating verification scores and saving the figures.

Table 14. Procedure for calculating verification scores and saving the figures.

Program g{METRICS}/CODE/parameter.py

PR E T
| FIG_SAVE = 'O’

g EA mE AR

Configure | INSTITUTEL = 'BOM'
Edit
{SYSTEM1 = 'ACCESS-S2'
{LEADI =7
# BoAAE
| RES = "2.5deg’
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=
=
o
)—A

= 'MME_OUT_S2’

=
=
Tl
N

'MME_OUT _S1’
2 BZ ARG AR AR

| DATA_DIR -
. */data01/cmlim/OPER/AFS/METRICS/DATA/ +RES

L # MME A2 A=

: MME_DIR1 -
:*/data01/cmlim/OPER/AFS/DATA/ +MME1+'/3-MON/HINDCAST

. MME_DIR? -
'/data01/cmlim/OPER/AFS/DATA/ +MME2+'/3-MON/HINDCAST"

# oleE A=
| FIG_DIR = ’/data01/cmlim/OPER/AFS/METRICS/FIG/ +RES
% 9z 9

| REGION -
: ['Globe’, N.Extratropics’, S.Extratropics’, Tropics’,'E.Asia’,’S.Asia’, N.A
: merica’,’S.America’,’Australasia’,’Aus_S.Pacific’,'N.Eurasia’1#,"M.East ]

‘slat  =[-90 ,20 .-90 -20 . 15.-10, 10,-60,-50,-50,

| 401,107

elat  =[90 ,9 20 ,20 , 60, 35 75 10, 0, 20,

: 801,45

ison =L 0, 0,0, 0,7, 60190270,110,110,

| 2504,25]

elon = [357.5,357.5,357.5,357.5,150,140,310,330,180,260,190)%, 75
5 71F% 10 2 BASRA s LRAEREA 9,

YEAR = np.arange(1991,2010+1,1)

: MONTH -

| ['JAN'FEB, MAR’,’APR’, MAY", JUN', JUL', AUG’, SEP", OCT", NOV",
| DEC']
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: SEASON =
{[CJFM’,EMA’,MAM',AMI’, MIT’,JJA’,'JAS,’ASO’,'SON’,"OND’,'NDJ’, 'DJ
i F]

' MONTHnum = [1.2,3.4,5.6.7.8.9.10,11,12]

N2
° Program {METRICS}/CODE/ == mme_* py
un ................... ; ....................................................................................................................
Run i 1§ python mme *py
N2

Output Directory {METRICS}/FIG/2.5deg/MME/ scores

L 93 olEQ mjaZE o]&3le] AT Tablel5er o] IH¢

>
3
=
=
=
k]
td
1,
1o
£
AN
oX,
o,
N
>
[
o
<
~
[o
e
2
f
N
-
=
of
q =
L=
(1,1 oA

Table 15. Procedure for inserting figures on Power Point slides.

Program : [d] S 9] A4 AMERde] o34 H7} A2 H vl

# e 2 vlw =ddy, MME °]&, 7133 713, 308 =
(@A TETE YW g WolSol: W)

| institute]l = “BOM*
 system] = “ACCESS-S2°

Configure ginstituteZ = “BOM"

Bdit .
: system2 = "ACCESS-S1 *
i mmel = “MME_OUT_S2"
i mme2 = “MME_OUT_S1*

gsyear = 1991

éeyear = 2010
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 Tes = “2.5deg”

# W AR LA

évarName = Array(“prec”, “slp”, “sst®, “t2m"“, “t850%, “z500%)
gseason4Name = Array("MAM", “JJA®, “SON", “DJF")

: seasonName = Array(*JEM", “EMA®, “MAM", "AMJ", "MJJ", “JJA",
g“JAS“’ “ASO“’ “SON“’ “OND“, “NDJ“, “DJF“)

gmonthName = Array("JAN®, “FEB®, “MAR", “APR", “MAY", “JUN®,
g “JUL“, “AUG“’ “SEP“’ “OCT“’ “NOV“’ “DEC“)

i regionName = Array(“Globe“, “N.Extratropics®, “S.Extratropics®,
i “Tropics”, “E.Asia®, “S.Asia”, “N.America“, “S.America“,
: “Australasia®, “Aus_S.Pacific®, “N.Eurasia“)

419 9%
L imgDir = “C:\Users\User\Desktop\FIG\" & res
U
Program ; ®7] > == > A_SELF, B COMPARE, C_ MODELS, D MME .
i 1. Select each Macro program and click on “A3J(R)” button.
2. Insert the information in the prmopt box as below:
A_SELF B_COMPARE
O AR mstitute model O EVARDY: institute model
@ B4 717y syear-year @ ¥ d: nstitute_model
@ EFxtaf A= 25 or 1 @ &4 7|3t syear-year
Run R @ = 25 or 1
n
. C_MODELS D_MME
O eARDE: mstitute model O EVARDY: institute model
@ B4 713y syear-year @ BHAR"o] Fod MME
A5
@ Fed=: 25 or 1
@ Hlawxdo] o3k MME
A5
@ ¥ 713t syear-year
® FZ g =: 25 or 1
U
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Output

File
name

Linstitute_system] <=5 #4].pptx

) HE AHE A

(@ @9 #HA4e E3) PPTX @4e mdo] AA=D Figure 40= BoMe] ACCESS-S28
% g5 Aot

HINDCAST VERIFICATION

Model: BOM ACCESS-S2

HINDCAST VERIFICATION

(I.Ned  podel: BOM ACCESS-S2 vs. BOM ACCESS-S1
P 276t
i HINDCAST VERIFICATION
I SR I.New  Model: BOM ACCESS-S2 vs. BOM ACCESS-S1
! T.Ning 2.TCC
------- £ HINDCAST VERIFICATION
skog  I.Ned  pMyE: BOMACCESS-S2 vs. BOM ACCESS-S1
7. M 2,7CC 2 -
2 7cql Period: 1991-2010
anacc . e
5, ROG 1. New model II. New vs. old one V. MME i
8 RO 1. Mean Bias 1, TCC H 3
7. Ning| 2.7cC 2, RMSE | 2. RMSE !
3. RMSE 3. ACC y 3.ACC !
4, ACC 4, ROG Score + 4. ROC Score i
5. ROC Score 5. ROC Curve | 5.ROC Curve :
§. ROC Curve 6. Nino3.4 | B.Nino34 3
7. Nino3.4 b e !
0. New vs. the others
1.TCC
2. RMSE
3. ACC
[Averaged TCC for each season (seasonal, 1891-2010]
prec sip 551 Lam {50 2500
[Averaged RMSE for each region (seasonal, 1991-2010)
went - Ralntl P Core Tor each Seasen (seasonal,
M . - pres sip sal tzm 1850 2500
e Bs e slp 55 2 s 2500
s ¥ ¥ ACC for each season (seasonal, 1991-2010}
A e Ballamill. f i prec iy 2 1850 00
: ) - [ - No3.4 imesernes -
A MWL V4 =
SON ._-hl.-.l.l.l_ A fl TCC: Nifad 4 (1991-20101 BOM ACCESS-52 -
5 Eximvopcs - K ‘._fr\t"wb .jl \ .
L Jia ¥ )
PRI = W | i
Tiogice I g L)
5 SON i s
I DJF

Figure 40. A document example showing the results of BoM ACCESS-S2’ s hindcsat
verification produced by the matrix.

_50_



@) FolAo} 7134 dS5AR] SERT 9 2F4Y AR AT
oh Bax

APCCE =) ol 8AE 9late] B4 Al Fopacl Aedo] @ o= B A ARE
Agse 28 FololAF AMSE 5 Q019 =) sl ZHE 9 v Be
st Yk AT A3 T ol g4 T oS Talzsl HEsThe Aol
g ZA R0 tate] YukelSo] olslatit] Tha olelgol Utk EAME A7)

ool P MM TAYE B! T =S Bk Fasr] istel B AG Fol
Aok Azt B W J1e 8 gl tal HEASPRol /NE HEEE 3 B
JRE FTEHOE AFHE “FopAol /15 dZHne] FERE P BAUY AR A

B Az"” & FESY,
b 2F PN L N2 AR

x g ESAY ARE Aatstr] 98] APCCollA A
L = ARE BEo ohs} B 2

DO FEE3 gE=nddaE d=AHARBE A B Z(hormal distribution)e] &1
E AAZ s, HFFk(mean; ) 0, EFHxKstandard deviation; o) 12] Fkoll o
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FHA O )8 FAHAAE oo} o] 4ttt (Eq. [11M3D.

2)
g 7o) 389 #EF 3 zh(below, near, and above normal)S.EX-E] z-score(z)=E
A

5
>

=D
o
b

_ X
o

4

[1]

;< ZP(l*AN) _ZPBN>

OpcsT = #p,0 9 [2]

ﬂFCST - ZPL).6%7 a ZP(l—AN) x GFCST [3]

% O7|M z= XZtoll tet z-score, z, & 66.67% (above normal boundary) =& (A
2 mfe|l z-score (=0.43), 2 =L zp, B 2tz above normal (AA), below normal
(BN) gHE7roll tist z-scores 2|o|&t

@ A BAR Bghd FFAARE QA A3 7lE FEZES} FIAY
a7, below normal 73 A Zk(boundary: -0.43), above normal 7371 Zk(+0.43)0] A Z ¥ X

1) Sotalol Qo 75°E~150'E, 15N~60'N 24 AFS 7 ol SAAlolA ook gz Sua.
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Figure 41. Example of estimated pro

ensemble probabilistic prediction.
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Temperature at 2m for June - November 2021

@ APEC Climate Center

BN{=:) = 17.4 BN = 18.4
| | | | | | |
Jun Jul Aug Sep Oct MNow Time (month)
—— ForecastPDF  ------- Boundary betw. Above & Normal Individual Models
....... Historical PDF - ------. Boundary betw. Below & Normal

Precipitation for June - November 2021

@ APEC Climate Center

Jul Aug Sep Oct Nowv Time (month)
Forecast PDF -~ - - -~ Boundary betw. Above & Normal Individual Models
....... Historical PDF - - Boundary betw. Below & Normal

Figure 42. Probabilistic distribution and uncertainty of multi-model ensemble
prediction for the temperature (top) and precipitation (bottom) from June to
November 2021 over the East Asia.

713 FASHA 349 7A-$ below normale ZA, above normale FEM o2 JeEA
i, YA 7|3 %0‘5}5}. o] adoA Z+ g& WHHY Yu7t FAETE
3}

=
= =
3, NEERY FEREZ sFete A AdAESo] AR B2EXN F

o
o o S

TS (Figure 43)¢ ThEmd a8y GAEA zH Adedd Eolx ol 7]& = 7249 o
3 21Y(APCC SCoPS =e)olt}, ¢, 7jrdol 7

% GEEY 9 2344 e 59 + PR
o] e BEXE Yepd F glomz 4 Hdo]l AEY. o] T 7] % 4o 7
stE WA Unyl fFAIESS o 3ol s BaAde] F& ongth
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Temperature at 2m for June - November 2021

[ APCC_SCOPS | © APEC Climate Center
53 AN = 40.3 2
U U !
BN(%) = 17.5 BN(%) = 22.4 BN(%) = 23.4 BN(%) = 24.0 BN(%) = 24.8 BNi%) = 19.7
[ | | | | [ |
Jun Jul Aug Sep Oct Nowv Time (month)
Forecast PDF  ------- Boundary betw. Above & Normal
....... Histarical PDF - ------ Boundary betw. Below & Normal
Precipitation for June - November 2021
[ APCC_SCOPS | © APEC Climate Center
AN(%) = 33.0 AN(%) = 29.6 AN} = 32,7 AN(%5) = 30.4 AN(%) = 31.7 AN(%) = 272
BN(%] = 34.8 BN(%] = 34.9 BN(%) = 32.7 BN(%) = 34.2 BN(%) = 32.3 BN(%) = 36.8
[ | | | | [ |
Jun Jul Aug Sep Oct Nowv Time (month)
Forecast PDF -~~~ -~ Boundary betw. Above & Normal
------- Historical PDF - - - - - - Boundary betw. Below & Normal

Figure 43. Same as Figure 42 except for individual model (APCC SCoPS).
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Figure 44. T-test of difference 1991-2010 between 1991-2020 climatological mean for
MAM, JJA, SON, and DJF precipitation (PREC), temperature (T2M), geopotential
height at 500hPa (Z500), and sea surface temperature (SST).
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Figure 45. Comparison before (left) and after (right) climate monitoring information about
changing climatology period (1991-2010 to 1991-2020) and improvement graphic quality.
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Figure 46. APCC Climate Indices service provided on the APCC website before
the system improvement.
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Figure 47. Shaded regions denotes 10% significant level of the difference according
to the Student’ s t-test. The difference are between 1971-2000 and 1991-2020 (top)
and 1981-2010 and 1991-2020 (bottom) of SST climatological monthly mean.
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Figure 48. P-values of KS test for distribution in climate indices calculated by
previous and new base period (1991-2020). N means Nifio.
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Figure 49. PDF distribution for the monthly
TNA indices. The base period is 1971-2000

(black line)

and 1991-2000

(red line),

respectively. And the value represents p

value.
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Figure 50. Timeseries of monthly mean TNA (top) and TNI (bottom). The base period
is 1971-2000(black line) and 1991-2000(red line), respectively. The bar means index
difference between base periods and top right value represents temporal correlation

coefficient.
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Figure 51. Temporal correlation coefficients of monthly mean climate indices between the
previous base period and 1991-2020-2020). N means Nifio.
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Figure 52. The leading EOF 1% mode of monthly SLP for the
previous base period (1950-2010), which means NAO pattren.
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Figure 53. Same as Figure 8 but for new base period (1991-2020).
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Figure 54. Same as Figure 6, but for NAO averaged by new base period

(1991-2020).
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Figure 55. Same as Figure 8 but for longterm base period

(1960-2020).
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Figure 56. Same as Figure 6, but for NAO averaged by new base period
(1960-2020).
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Figure 57. The status of climate indices after system improvement.
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East Central Tropical Pacific SST (NINO34) Time : Jul 2011 - Jun 2021
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Figure 58. Example of the climate index monitoring image
before (top) and after (bottom) system improvement
displayed on the website.
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Table 16. Comparison of participating model (ACCESS-S1) information before and after system
improvement.
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Table 17. Date period of BSISO participating model
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Figure 59. BSISO phase diagram for forecast (top) and

monitoring (bottom) on the website
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Table 18. Example of a list and capacity of intermediate outputs related to OLR in BSISO
monitoring system.
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S ootk olgAl B AF o|FR AZAA FA xﬂw F08EEe SFE oF 37TRo
SuHstth(Figure 60). F7F2 A& 2= (0OLR, U850, V850, U200)= 1979 H-E JH=A|71x] <9
W 647 bAoA grib ARE DABdR HAdstd @A 712 6 6GB(AITHo]
ol whet Z7he) Bavo] W A4E T 9ok

A
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Table 19. The status of intermediate output storage capacity in BSISO operation system.

A FE
. A2
L AA FES AR &% s 4= | M
i A i
olr (6) 3.7GB | +0.24MB | 1337GB o
u850 (4) 256B | +0.16MB | 892GB | . . =
daily v850 (4) 2.5GB | +0.16MB | 892GB uHLon;H 5}¢)
u200 (4) 2.5GB | +0.16MB | 892GB = )
S2.DAY, PCPROJ | 47GB | +0.32MB | 1752GB ©
174
. A5
A 16GB 1GB 5.6TB 17 3} o]
N xy
u850 P 174
6hourly 6GB L;H = | g
(v850, u200) A
eof eof_recon 52MB

M P RAE YuEE FSHYMBL AS

olr.day.19790101.YYYYMMDD.ly.gdat (X &M Xxt=)

olr.day.int.19790101.YYYYMMDD.ly.gdat (Wi &t X 2 A A=)

${VAR}LDAY.19790101.YYYYMMDD.LY.GDAT (& # @)

${VAR}L.DAY.ANOS1.19790101.YYYYMMDD.LY.GDAT (¢4 #&ofl =
o

AA7HA] FZHE BSISO FFEEI AEMAARS ALt A5 &3S ¢oF 37TBO
kskal o]y JI S AAIA2E Y 7 sl o] Bl E6 <9l [Ifs/datal9/MONI/11.BINAR 9]
T AAE 7] Wi dE ARANAE 7EAQA AWME HHo AYxA o]y o] Ui
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Figure 60. Proportion of valid data of intermediate output capacity.
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Table 20. Part of the OLR data preprocessing shell script (update.OLR.ly.csh) in BSISO
monitoring system.

/bin/cp ${BINARJ/OLR.DAY.19790101.5{yy2}${mm23${dd2}.LY.GDAT
${BINAR}/OLR.DAY.19790101.${yy I${mm1}${dd1}.LY.GDAT

A A U FAEY F&E AMEIT e T3 4AEE AL Z=E JiAsiaA
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AirE 3 Y-S FASY WS FY JiE EAE wban o] dlolye]l 3o wmhx|Ht

record numberd] Y AH}E F7tF AAst=d o] AAHESE A A o Z= A THs
FE5 gotstr] fls = =

el AEMAE  oE
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gjolA A ERE Agste ALt 2= FAHE T £ o FYAJ AT A AAE
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Table 21. Schedule and running time of the BSISO operation system
BSISO & 4 Al 2~El AlRE A ZE A T3 A A AIZE
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o = 43 114 30+
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Table 22. Current crontab script of the BSISO operation system.

[bsiso@bsiso LOGI$ crontab -1
FCLLLLLLLLLLLLLLLLLLL BSISO  D2250000000000005557
#Download updated OBS files(U850 and OLR) from 10.200.111.14 (2019.01. LIM)

00 08 * * * csh [Ifs/datal9/BSISO_R1/MONI/00.PREPR/00.FTP_U850.CSH >>
/Ifs/datal9/BSISO_R1/MONI/99.RUN/LOG/cron.log_ftp

50 08 * * * csh [Ifs/datal9/BSISO_R1/MONI/00.PREPR/00.FTP_OLR.CSH >>
[Ifs/datal9/BSISO_R1/MONI/99.RUN/LOG/cron.log_ftp

#Download updated 5 models forecast files from 10.200.111.14 (2019.01. LIM)

30 08 * * * csh [ifs/datal9/BSISO_R1/FCST/99.RUN/FCST_ftp.CSH  >>
[Ifs/datal19/BSISO_R1/FCST/99.RUN/LOG/cron.log_ftp

40 08 * * * csh [Ifs/datal9/BSISO_R1/FCST/99.RUN/FCST_ftp_BOM.CSH >>
[1fs/datal19/BSISO_R1/FCST/99.RUN/LOG/cron.log_ftp

#Monitoring Run including leap year (2018.06.11 LIM)

40 09 * * * csh [Ifs/datal9/BSISO_R1/MONI/99.RUN/MONI_RUN_LY.CSH >>
[Ifs/datal19/BSISO_R1/MONI/99.RUN/LOG/cron.ly.log

#Impact field of Monitoring

50 09 * * * csh [Ifs/datal9/BSISO_R1/IMPACT/SHEL/IMPACT _MONI.csh >>
[Ifs/datal19/BSISO_R1/IMPACT/LOG/moni.cron.ly.log

#Forecasting Run including leap year (2018.06.11 LIM)

00 10 * * * csh [Ifs/datal9/BSISO_R1/FCST/99.RUN/FCST_RUN_LY.CSH >>
/Ifs/datal9/BSISO_R1/FCST/99.RUN/LOG/cron.ly.log

#Verification Run including leap year

3% 12 * * * csh [ifs/datal9/BSISO_R1/VERI/99.RUN/UPDATE.LY.csh  >>
/Ifs/datal19/BSISO_R1/VERI/99.RUN/LOG/cron.ly.log

#Prob. Rainfall Forecasting Run

55 12 * * * csh [Ifs/datal9/BSISO_R1/FCST/99.RUN/R.Prob_FCST_RUN_LY.CSH
>> [lfs/datal9/BSISO_R1/FCST/99.RUN/LOG/cron.ly.log

#lmpact field of Forecast

20 13 * * * c¢sh [Iifs/datal9/BSISO_R1/IMPACT/SHEL/IMPACT_FCST.csh >>
/Ifs/datal9/BSISO_R1/IMPACT/LOG/fcst.cron.ly.log
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Table 23. Part of the main shell script (MONI_RUN_LY.csh) in BSISO monitoring
system.

set ITIME = 2°ls -al ${MONDIR}/pgb.f0???????18 1| tail -1 i cut -c 97-103"
set YEAR = 2's -al ${MONDIR}/pgb.f0???????18 | tail -1 | cut -c 97-99°

echo $YEAR
echo SMONTH
echo $DAY

setenv TIME ‘date -d ${ITIME} +%d%b%Y*
setenv MTIME ${ITIME}
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o 134 = MME A-QSA2E 75 5 454 37}

APCCE 2005 A¥ o]% MMEE Z&3 %L7]71]@_ ] Z(3/6 7H%J) 2 7&% AEE A
sto] FHo]A] gl oY Mujx FAFS Tl A < FE3|

5
Hol At defjd= dASARE AFste FA0
Y, APCCe| d5A4H= A& 25° x25° &4
80%7F 255 Ht w2 I E=E 7ML A= d&oloM A d= MMES] #X4]
AL e AF ARE EF Z&sHA Zdve Ae v 3tk(Table 24).
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Table 24. APCC MME individual model description of resolution at 2020 hindcast

Institut Resolution Resolution Resolution
Country | Model
€ APCC collect | (Atmospheric) (Ocean)
1| APCC Korea SCoPs 1 T159L31 0.3-0.5x1.0 L40
2 | BCC China CSM1.1m 2.5 T106L26 1x1/3
Australi
3 | BoM ACCESS-S1 1 N216L85 0.25 L75
a
4 | CMCC Italy SPS3 2.5 1x1, L46 1/4x1/4, L50
Chinese
5| CWB TCWB1Tv1.1 | 1 T119L40 1x1
Taipei
1.125x1.40625
6 | HMC Russia SL-AV 2.5
L28
7 | JMA Japan MRI-CPS2 2.5 TL159L60 0.3-0.5x1.0 L53
8 | KMA Korea GloSea5GC2 | 2.5 N216L85 ORCA025L75
9 | METFR | France MF Sys7 1 TL359 0.25 L75
10 | MGO* Russia MGOAM-2 2.5 T42 L18
11 | MSC Canada | CanSIPSv2 1 1.4x1.4 T63L35 1.40x0.94
GEOS-S2S-2.
12 | NASA USA 1 2.5 0.5 0.5
0.25-0.5x0.5
13 | NCEP USA CFSv2 2.5 T126 L64 L40
14 | PNU Korea CGCMv2.0 2.5 T42 L18 2.8125
15 | UKMO UK GloSea5 1 N216L85 ORCA025L75
*not available

APCC ©]9]¢] -2 MME 7]3, NMME, C3SollA & olrnth t] A=l 1° x1° 9 o=

ARE AFst Yo, AEAEE APCC MMEY] A 4= ZHR i o}4 %S E
shA ®al gkt 20201 d APCC ol SAH K o] 8AES GO E g FRZANME IIFE o=
AR g 2771 1912 XA o], APCC AldASAH R BAHS =£o]7] flsixs FAR
o v T dSAHRI)L AFE o ok AT

w3 2295 AL 2g3s MME sete AE3l7] 93 =8 va s sty 20d
T 7]Zo® MME Hord = 9@ AH/ 1ads 2dE $£Fsa de AL 6F
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(APCC_SCoPS, BOM_ACCESS-S1, CWB_TCBWI1Tv1.1, METFR_SYS7, MSC_CANSIPvZ,

UKMO_GLOSEA5, 2020%d hindcast 7]1&)¢]al, 21d %] of7]o CMCC_SPS3& ©3dle] 7&o|t).

o] HIAE 0WE /129 64 DHYE BAE BHAAT Folndel BE waYE AR
I

2 AR g Y olAL 7 J]To] 7183 Yol At wE Aolg, BE HolF}y)
ol Aldol 29 Aol Adste] 22d5 AMEDdols BE 7] L= AmE AlEst
A @71l @ ARelA AR wsldE MMEE 2] 9)'h mlaelt.

133 = MMEZS A2l A2 7] = BSHolHe WAES FHketh uAd =
FAZdolE = 1° x1° o] do]ojof tar, AA| Ho]E7}F FHojof s MMES| hindcast 71Xt
(1991-2010)= RFEA|ACE 3t} o] & WhSete #SHOlHE S AL Az 2 #4d
287 Z3H WSS ERA5 (Herbach et al, 2020, <+  CPC
(http://www.esrlnoaagov/psd/), MERRA2 (Gelaro et al., 2017)2 A A3}l v 2 o).
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Oh 28R ¥ =4
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Q) A BE WE GSARL] AFY HAELY
OD A= mE A=Y AdFAA

BIFE(2.5° x2.5° vs. 1° x1° )oll we} 59 vl 43 HAAE o3 Table 259 o] st
Aot 7129 F4 MMEE MME_25, 134 % Z MMEE MME_1H, A3l
T} regride B3l =R AAT 2ol nF Fod MMEE MME_1Az}t sttt o] A
e Tl 229 AlEFelA MME_1IHS MME_1A % styE A9 s

Table 25. MME set name for forecast skill experiment

. Participating
MME set | description memo
model number
MME_2.5 |25° 14 Official MME
MME_IH | 1° only: high resolution model 6
MME_1A | 1° all: high resolution + regrid low resolutin | 14

gzl weEt JE HAF: #S2YolHE WHAIY. AHIAZANAM= 712 NCEP2
(Kanamitus et al. 2002), CAMS-OPI (Janowiak and Xie 1999)2 A}&3l1 w3 ZAE=
ERA5, CPC, MERRA2E #HZF #AZdHo|HZ Al&3FtHTable 26).

Table 26. Reference observation data for verification for MME set

variable Low resol. MME High resol. MME
T2m, SLP, leveled variables | NCEP2 ERAS
Precipitation CAMS-OPI CPC, MERRA2
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Figure 61. Seasonal global mean ACC skills for (left) temperature at 2-meter and (right)
precipitation during hindcast period (1991-2010). Bars are for DMME SCM skill asterisks
(red-high, black-low) are for individual models. Blue crosses are averaged skills of
individual models
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Figure 62. hindcast period (1991-2010) global mean ACC skills of (left) temperature

at 2-meter and (right) precipitation for individual models.

high-resolution models and black bars are low-resolution models.
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Figure 63. Seasonal global mean ACC skills for (a) zonal wind at 850 hPa, (b) meridional wind
at 850 hPa, (c) sea level pressure and (d) geopotential height at 500 hPa during hindcast
period (1991-2010). Bars are for DMME SCM skill asterisks (red-high, black-low) are for
individual models. Blue crosses are averaged skills of individual models
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Figure 64. hindcast period (1991-2010) global mean ACC skills of (a) zonal wind at 850 hPa,
(b) meridional wind at 850 hPa, (c) sea level pressure and (d) geopotential height at 500 hPa.
Red bars present high-resolution models and black bars are low-resolution models.
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Figure 65. Global seasonal mean (bar) ACC differences and (asterisk) relative ACC differences
of temperature at 2-meter. Differences between (left) MME_1H and MME_2.5; (right) MME_1A

and MME_2.5
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Figure 67. total (1991-2010) regional mean (bar) ACC differences and (asterisk) relative ACC
differences of temperature at 2-meter. Differences between (left) MME_IH and MME_2.5;
(right) MME_1A and MME_2.5
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Figure 68. Global seasonal mean (bar) ACC differences and (asterisk) relative ACC
differences of precipitation. Differences between (left) MME_1H and MME_2.5; (right)
MME_IA and MME_2.5. MME_1A and MME_1H are verified by MERRAZ2 precipiation data
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Figure 69. Total (1991-2010) regional mean (bar) ACC differences and (asterisk)
relative ACC differences of precipitation. Differences between (eft) MME_IH and
MME_2.5; (right) MME_1A and MME_2.5
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Figure 70. (upper) Seasonal global mean and (lower) total (1991-2010) regional mean of (bar)
ACC differences and (asterisk) relative ACC differences of precipitation. Differences between
(left) MME_IH and MME_2.5; (right) MME_1A and MME_2.5. MME_l1A and MME_IH are
verified by CPC precipiation data
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Figure 71. (upper) Global total mean of ACC at each MME set for temperature at 2-meter,
precipitation (MERRAZ2), precipitation (CPC), geopotential height at 500-hPa. Bars are SCM
MME ACC skills, and (lower) ACC differences between low and high resolution MME set for
each variable.
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Figure 72. (upper) Global total mean of ACC at each MME set for sea level pressure, zonal
wind at 850 hPa, meridional wind at 850 hPa and zonal wind at 200 hPa. Bars are SCM MME
ACC skills, and (lower) ACC differences between low and high resolution MME set for each
variable.
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Figure 73. Total period (1991-2010) mean TCC skills of MME_1A (a) temperature at 2-meter
using ERA5, (b) precipitation using MERRA2 and (c) precipitation using CPC observation data
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Figure 74. Total period (1991-2010) mean TCC skills of MME_1A (a) geopotential height at
500 hPa, (b) sea level pressure (c) zonal wind at 850 hPa, (d) meridional wind at 850 hPa
verified with ERAS
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Figure 75. TCC differences between MME_1A and MME_2.5 of temperature at 2-meter.
Reference observation data are ERA5 for MME_1A and NCEP2 for MME_2.5
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Figure 76. TCC differences between MME_1A and MME_2.5 of precipitation. Reference
observation data are (left) MERRAZ2 and (right) CPC for MME_1A and CAMS-OPI for MME_2.5
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Figure 77. TCC differences between MME_1A and MME_2.5 of (a) geopotential height at 500
hPa, (b) sea level pressure, (c) zonal wind at 850 hPa and (d) meridional wind at 850 hPa.
Reference observation data are ERA5 for MME_1A and NCEPZ2 for MME_2.5
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Figure 78. (upper) Global total mean of TCC at each MME set for temperature at 2-meter,

precipitation using MERRAZ2 and precipitation using CPC. Bars are SCM MME TCC skills, and
(lower) TCC differences between low and high resolution MME set for each variable.
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Figure 79. (upper) Global total mean of TCC at each MME set for (a) geopotenetial height at
500-hPa, (b) sea level pressure, (c) zonal wind at 850 hPa and (d) meridional wind at 850
hPa. Bars are SCM MME TCC skills, and (lower) TCC differences between low and high
resolution MME set for each variable
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Figure 80. Categorical, total period (1991-2010) mean ROC skills of MME_1A (a) temperature
at 2-meter, (b) geopotengial height at 500 hPa. (c) precipitation using MERRA2, (d)
precipitation using CPC data for verificitation and (e) sea level pressure
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Figure 81. ROC differences between MME_l1A and MME_2.5 of (a) geopotential height at
2-meter, (b) sea level pressure, (c) precipitation using MERRA2 (d) precipitation using CPC
and (3) sea level pressure.

_99_



12m prac_mana prec_cpc

1.0 1.0 1.0

0s (@) L os (D) L s 1(0) L
@ 0.6 5 o 086 - - o 08 -
(?J GISJ % 0.4 -

4 L 4 = 4 L
Q 8 o 0 Q ;

o ]

T 02 T o2 - - @ 9.2

0.0 0.0 0.0 -

0.2 : - r 0.2 y : y - 0.2 : r 7

25 1h a 25 h 1a 25 1h 1a
|

10 2500 10 slp

0s 1 (d) : os 1(8)
o 08 oo 06 -
é 04 4 F é 0.4 =
Q o
o o]
T p2 L& go 4

0.0 0.0

-0.2 : i : 0.2 i : '

25 ih ia 25 1h 1a

Figure 82. Categorical, total period (1991-2010), global mean ROC skills of MME_1A (a)
temperature at 2-meter, (b) precipitation using MERRAZ2, (c) precipitation using CPC data for
verificitation (d) geopotential height at 500 hPa, and (e) sea level pressure
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Figure 83. ROC differences between MME_1H and MME_2.5; MME_1A and MME 2.5. (a)
temperature at 2-meter, (b) precipitation using MERRA2 for verification, (c) precipitation
using CPC, (d) geopotential height at 500 hPa and (e) sea level pressure
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AAAFTE 2o dnkd 58S A + AAT A A€ dAdA = I+
ok A 20200 AsdE MMES] AA|ZEo| Z(real time forecast)®] ACC 2~Z -3 4y Bt
B ARG ACC 2222 1991-2010 Hghol ARt g sjo] AAH S 222 thdzte] @gtol
oyl A=, AAE HEZo] A1, fFdte A dS5AHY FFo] AUt Ao A 3|
4% MMEQ] o &8& A EAH, 20209 259 AAZ ACC 220472 HA%3(0.39)
Bohe dFgo] $siANE 20199 AT S 2Z0.59)E T At b AAA S
ACC 27Z(0.42)2 #AHAF(0.43)<} A, 20199 AATH S ~Z2(0.39) R th= = tH(Figure
84).
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Figure 84. Seasonal global mean real time forecast (2020) ACC skills of MME_2.5 of (a)
temperature at 2-meter and (b) precipitation
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Figure 85. Global annual mean of real time forecast (2020) ACC skills of (a) temperature at
20m, (b) geopotential height at 500 hPa, (c) precipitation verified with MERRAZ and (d)
precipiation verified with CPC
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Figure 86. Real time forecast ACC skill differences between MME_1H and MME_2.5; MME_1A
and MME_2.5 of (a) temperature at 2-m, (b) geopotential height at 500 hPa, (c) precipitation
verified with MERRA2 and (d) precipiation verified with CPC for MME_1
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Figure 87. DMME TCC skills of precipitation from (a) MME_2.5 and (b) MME_1A over
East Asia during total period (1991-2010) verified with same MERRAZ2. Low resolution
MME is also verified with regrided MERRAZ2 data
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Figure 88. (a) Time series of South Korea February temperature monthly anomalies, (b) ERA5
temperature anomalies at 2-m observation, (¢) MME_1A forecast of temperature anomalies
and (d) MME_2.5 forecast anomalies at Feb 2007

B SAF EF APCC MMES] ARAZHRE 723 B85tn At A4 F shi
ofth SHAT o]F AN BFFNA e Mol FHeA Yt Fol Byl THFE MME
AEHRE FEE 2THT Q= AFANE Stk DHYE MMES AZETHE 53 6%
F =ATANME B0 Frisielet sljat

B = FEFS 71Ae dYsrt 29 1997d DIF A7), &=, 3=, A
N 259 A5 d34e vustd o= gEoly dEge o= & Wyl gloy
A 3] 4 4 Aot (Figure 89).
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Figure 89. 1997 DIJF tropical Pacific observation of (a) temperature (ERA5) and (b)
precipitation (MERRA2), MME_1A PMME forecast of (c) temperature and (d) precipitation, and
MME_2.5 PMME forecast of (e) temperature and (f) precipitation
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2 dEAR 2/AF A2d Au 7=

APCC MME #ofslE= 7 me(Table 28, Figure 90) @ MME AlZdZARE A Fdt=
9 dd7]W(Table 29)9] A3 vlwE F3 APCC Aldg=AHR Z7|AFS Y3 27FA =<t
o] AT AYe SR
Table 27. Early release of APCC MME in 2 ways
[1H MEED ZAE A7 ©hE MME <=5 w37}
— Y gE dFAFE Z7|AlF 7Hed EHQ0E->FE A)
¥ 718H dEAGER dEES) AFH 1Y
[2%H /MEED g SA8E ZEBYd & 459 HuF st
— 0 ¢g Bl dSAHRE 83 27|A¥ 7t 4
Table 28. APCC participating models and information
il 2y ES(E= ApccHE  MEAE  7IE
APCC SCOPS ojgl 4, 52 L1-L6 (67H ) 11-13¢ 1T
BCC CSM1.1m o 1 L1-L6 (674 =) 12152 1T
BOM ACCESS-51 ofjgd 4 L1-L5 (571 ) 3-5¢ TE
CMCC SPS3 oigl 1 L1-L5 (570 &) 10-13 1T
CWB TCWB1Tw1.1 Ofg 158 ®=E 302 (-1M) L2-L7 (671 &) 3-8 1T
HMC SL-AV Ol 23-272 (1M L2-14 (374 2) 10-15¢ 2T
IMA MRI-CPS2 O = 27| 52 78 (M) L2-14 (374 &) 10-152 1T
KMA GloSea5GC2 0 3=HEH) L1-L6 (67H ) 10-15¢ 1T
METFR MFSysT ofgl 12 md 2= 209 ((1M) L2-16 (570 &) 14-152 1T
MGO GMOAM-2 ofel 12 L1-L3 (371 &) 5-15% 2T
MSC CanSIPSy2 Of el Opxjg; < Li-L11 (1174 2) 3-5¢ 1T
MNASA GEDS-525-2.1 0§2l 10,15, 20, 252 (-1M) L2-19 (874 =) 5-108 1T
NCEP CF5w2 07 2 &2 52 (-1M) L2-17 (67 &) 582 1T
PNU CGCMV2.0 oig = 5= L1-L6 (671 ) 154 1T
UKMO GloSeas ojg = L1-L5 (570 =) 12-15% 1T
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* NASA, NCEP, IMA, UKMO: 0-70 2 2| E 0| S X2 4=F 7=

Figure 90. APCC MME participating models collect time and lead time

Table 29. APCC and other institutes MME forecast information

HZAZl;  Hindeast 717ty  Fol 7l : ke o=
=7 FEdE Ryt
APCC 202 /L1~L6 1091-2010 12/15/16* L T2M, PREC, T850,Z500,5LP, EHEWZ(7HEA), + Nino ENSOZE L ZL
/2.5 874 & 5 UV850, UV200, 55T, Nino, TEUEEEED 0|35 + JAMSTEC
10D, ENSO HESZESE
WMO 152 /LI~L6 1993-2009 13/13/14* AT, T2M, PREC, T850,Z500, SLP,  (APCC7|HII 5 L)
J2.5° 9 X g UVB50, SST, Nino
NMME 92 /LI~LT 1982-2010 2/5/7* At T2M, PREC, Nino DO (=27 « Nino3.4Plume27HX| HE
f1e =0 (preview: Z200, Tmax, Tmin) |3 (original, amplitude-
corrected)

* Experimental: EHEHS,
calibrated SFE WIS
+ HSAEAS:L0~LT

IMME 92 /L0~L5 1982-2010 3/3/3 a5 T2M, PREC; Nino WS =2+ Nino3.4Plume: +DWD,
J19 =10 UKMO, CMCC (LO~LS)
c3s 13 /L1~L6 1993-2016 T LT iy T2M, PREC, T850, Z500, SLP,  Calibrated 15 2
/12 1274 %Y UV10;, 55T, Nino BEAFEEED
IRI#** 152 /11~L6 NMMER 2 HEot 52 P, T2M, PREC, Nino, Re-Calibrated & - ENSOEEU=H2HAS
97f x5 ENSOEHE o= - SAME 10152 E 28

THE B4 (-L1~LT)

- BEE 15202 E 5
H+ Y2 ERE(L0~LE)
(Nino3.4Plume %)

BoM##4% 12 = Nino: 5 Nino, [OD,ENSO 2 E CHEOEZ (=2 -« Nino IODUIZ2HHIZ
JL1~L5 7= 189 - EE(F)L0-L4
10D: - 2BLLLS
7/6/7*

*  MSC 27§ 22 E0(CanCM4i, GEM_NEMO)

* ECMWF ME S7I2 BAlE

#ee bl O WA ST NMME 22 2220174 48N

==+ Nino, [0D Ol CHsliA MME 0| EE HS(BoM ZEE SHET =X Y 7|2, = 58l B2« =0 =23H| €8)
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APCCE 171= 1578 Al S A9 719 25 T3 g 7|HEDHE SAsE &
&t gtk o] = 870 7]1¥(APCC, BCC, CMCC, CWB, HMC, KMA, MGO, PNU)2 APCC ftp
Ao dE2A5E AFH 23k, YA 771 713HBoM, JMA, MetFR, MSC, NASA, NCEP,
UKMO) 574 ftp AW Tl JEE3tY A7t i AEoA A RE dte H2e
2 o] FoRt}. JHEE AFA 5 AT WA o] Aol we} @A E FEHOE Aw F
s FYsta o, A5 T3 AV @327t A7 73 AERE FAR BYUEHSS &
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FTHL dESAE7E dREFHE A ST ATE ZAG Alte] AdAFE Aot =L
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ojF B Axd"le | AW U £ ¢45 As 39 A == I3 (crontabl/incron)E 53l 4l
T oS AAStA, g 2l the AAE z=ade AHEAe] BE dE/AE 3 gl
FatA At ol WAS =5yl A8 157 MEED] AAY =2 st A
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ol HERd A AT m=3F G@Rxte] BE £4 glo] dEHoE AYHe
AAE vhdstR o, /EEd 5S40 e} RdEe Aojsiil AT TFZH o2 HE 2-39
of =914 24 dAE E‘r% &L, EU AR M b R

Sl whe A7EA Q)
o2 %3 MME Ao

1] 2 ged 12 4 2 | M2 xte P 4 08 BY
[ ec [ mmc ][ kma ] som ][ ncer |[ apcc |[ wmern || cws | % W%ﬂ,‘%g’;ﬂ,‘%‘ﬁ%‘é o o) NASA.sh
[(ma ][ enu ) emec | meo [ amstec]( msc [ uamo ][ masa ] o _ h o TS 4R READY
7 1AZH 9] Cron 75 (012 ~ 202
EE e e T AEewsne yaiumy
Hue me A
B HERWE X2 WAL FUNY ¥ WERW M2 15

WA H = FLAG IHY ALSHE WUMHZ FLAG I A} STE

2 Incron EII Z|at
FLAG T} XSEHA] 9l aimje uh

o

Figure 91. The structure of data receive alarm and automated pre-processing system process.
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@ MEED A5 74 A7]o & MME =% 45429 4959 &4
Ob 2438 44 52 4 34

A APCC MMEo| #o3l= /MERAS odAHE FHAZIE 183 3371 A9
(MME_All, MME_20, MME_15) ¥ thi7]-ai & Hg=d9 283 71 AFMME_20-2T) A st
o 7 Ao e @A (deterministic) ¥ €& (probabilistic) MME A 4Fs} 3 tH(Table 30).

- A2 201 Hindcast 7]17H1991-2010)%5-¢+e] vl 3L AA HHF
- 3 MME_20(APCC &2]ol 1) tin] Z+ Ao o3t o= nHlu g7}
% AZAQ AT ZS 9 g AS57H D SA7|H &-8(Table 31)

Table 30. Experiment on collection date of APCC MME participating models

MME_All APCC, BCC, BOM, CMCC, CWB, HMC, IMA, KMA, 1474 DE ool Hof
METFR, MSC, NASA, NCEP, PNU, UKMO = 0|2H MME

MME_20 APCC, BOM, CMCC, CWB, HMC, JMA, KMA, METFR, 1374 202 Ul=dE M= (BCC M=)
MSC, MASA, NCEP, PNU, UKMO > #4d™ MME

MME_15 APCC, BOM, CMCC, CWB, HMC, JMA, KMA, METFR, 1274 152 ol=HE K2 (BCC, PNU M2
MSC, NASA, NCEP, UKMO - Z7|HBE st ZEEY

MME 20-2T APCC, BOM, CMCC, CWE, JMA, KMA, METFR, MSC, 1174 159 OEHE HZHMC =7HH L)
NASA, NCEP, UKMO = 1-tier 2E T &

= 20201 ApcCE A HA|IZbmvme O EE T2{st AL Al &3t

Table 31. Analysis methods to examine the MME forecast skill

CHHE O =: ACC, RMSE, TCC
HAS7|H
2HE0§|=: ROC curve/score, reliability diagram, HSS, BSS, RPSS
HEH=F T2M, PREC, 7500, SST
1991-2010 Hindcast oH& 37H& AZEZHA(12A4E) & 1170 X (™7, HE,
raEINI= =S, S/EotAlot, S/En|, A EEZ|of, 2£EEIOP+”EH Hek swet
Alot)
SAHAH TCC o &= Xto|: Z-score
FolM AH ROC/HSS/BSS/RPSS of| 21 X}0[: Monte—Carlo 4! &

(W) 7/iExd 2 DMME/PMME o &% 37}

AEEd 3l DMME/PMME |58 B37HE 9fs @A gE/AEE A8l 59 3
7He et tHFigure 92, 93, 94. o] & F3l Table 323 #2 AMES AT 4 A
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Table 32. Forecast skill of individual models and MME/PMME

Vo NE R vls) MME d&¥o] A JeldH(Palmer et al. 2004; Kirtman and Min
2009; Wang et al. 2009), &S MME o] F=e XA yed(Dobals-Reyes et
al. 2000; Hagedorn et al. 2005; Alessandri et al. 2011; Yang et al. 2016).

VoAEAE AF A7IF BAU AA dgel BEEA 2w 9t BRENU, BCO9
A% e mdo) BF A5 wE 1 oske] A2 Holy Y&

/7 B3], APCC AAZH MME o5 Fo =9 3 §9% 2-tier =29l HMCS A% o
=

of Y Ao ek

Temperature (Annual Mean)

(041} (c) CMCC

Figure 92. 12-month averaged seasonal TCC skills of individual
models and DMME
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Figure 93. Seasonal and regional temperature and precipitation ACC of individual
models and DMME (bar). Purple, red, blue dots are non-participating models (BCC,
PNU, HMC); and grey are rest participating models and blue line is averaged ACC

skills of individual models
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Figure 94. Above-normal category reliability diagram of temperature and

precipitation of individual models and PMME (black) for summer and winter.
Purple, red, blue are non-participating models (BCC, PNU, HMC) and grey are rest
individual models

- 12 -
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APCC &2 B tiH] AR AFA 7] @& MME 45 7} 23+= oh3 Table 339}
2t
Table 33. Forecast skill comparison to APCC public forecast (MME_20)
VI AR B 12Ad Ht 459 ZolOF)e dREE AYGdA £ 01 o= FAZHS
2 fF93%x o UMC test p-value: 0.2, ZE WHE/AE 5Y) Adtx oz nn|stA| 9 of
BE IA-ANA =8 A4S B (Figure 95,96)
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Figure 95. Seasonal and regional ROC Score relative differences (%) for
(left) temperature and (right) precipitaton
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MME_15-2T, DF (ASO)

Figure 96. Absolute TCC differences between MME20 and MMEI5-2T in ASO
season. White dots are significant at 20% confidence level
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Figure 97. Total period mean (Left) ROC Scores, (middle) differences of
ROC and (right) relative differences of ROC of four PMME set versus
MMEZ20

AZAHR Z7|AFMME_15)] & o= Zo|(dl, ACC 0.5%)2] Fthz =
TL7IFY 71E AFAAY v 3 A, FHo Aol A mHIgE Ao Uehdt
(Figure 98).
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Figure 98. Global mean relative differences of ACC (%) of temperature and
precipitation comparing other experiment (1991-2010 hindcast, 12 season mean)
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Figure 99. (upper) APCC PMME ROCs for each MME experimental set and public
MME (blue: individual model ROC, red: PMME ROC, pink: number of participating
models). (lower) Differences of ROCs of MME set versus public MME (blue:
individual model mean, red: MME, pink: relative ROCs) (1991-2010 hindcast, 12
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Figure 100. Global, East Asia, South Asia forecast skill relative differences of 6
verification method of experimeanal MME set versus original MME for (upper)
temperature and (lower) precipitation
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Table 34. KMA and APCC public MME forecast status since Jan, 2020

+1 12 + + PNU(13) s

il 10 +5 £ JMA, PNU (12)
a8 cnuto o o v

BCC?, CMCCH, HMC?, NASA'

HEUZ ST 2 HE 48y 3 R0 4 STHEOE 05 K24

Temperature Forecast Difference: KMA - APCC MME

au 41 o a1 a1 Lt LE] ba a4 a4y ar o (1] ar a3y o

Figure 101. Real time forecast skill differences of global temperature
from ASO 2020 to NDJ (KMA MME - APCC public MME)
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Real-time Forecast: KMA vs APCC MME
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Figure 102. (eft) skill differences
temperature, precipitation and geopotential height at 500 hPa (KMA - APCC public

MME)

Figure  103.  Conclusion
investigation
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(3 0.5-month leadE 7}A]= MME$} 7]& MME d&A K] o8 £

Ob 2438 44 52 4 34

APCC MME #olmde] #@3KTable 28, Figure 90024 ZA#, /1Y & g=AHRE IR
APCC Al &&= 67 == (APCC, BOM, CMCC, CWB, MSC, UKMO)3} o2& Wy o g Az 3

7}Vs3 47) =A(MA, METFR, NASA, NCEP)S &-&3&to] 23 M7 a4t

- Ad 9 Fond A3

@© 0m: 0571€ 2= AZA=E 3 71ed 2dS &85 MME(C] 23)

@ 0m_10: 0.5m & 10¢ olddl dZFAE = 7Is3 RS &85 MME (34 4)
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Y ol 3 Jted ZdE &85 MMEEAA)

@ 1m_3M: APCC 32l(I71€ =) 37§¢¥ MME
® 1m_6M: APCC 32(1I71€ =) 671¢¥ MME
* 7 A FHemdE ofef Table 35 3

Table 35. Experimental MME set for forecast skill comparision of APCC MME
participating models collect time

Hoy 22 (1)
om APCC, BOM, CMCC, CWB, JMA, METFR, MSC, NASA, NCEP, UKMO (10)
om_10 BOM, CWB, MSC, NASA, NCEP (5)
om_10_pot APCC. BOM, CWB, JMA, MSC, NASA, NCEP, UKMO (8)
1m_3M APCC, BCC, BOM, CMCC, CWB, HMC, JMA, KMA, METFR, MSC, NASA,
NCEP, PNU, UKMO (14)
1m_6M APCC, BCC, CWB, KMA, MSC, NASA, NCEP, PNU (8)
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Table 36. 0.5-month lead MME forecast skill analysis

Vo EEZE ST E0m—6tm) oS58 H4, 0m—1m S7F Al d 59 HAaE
o] J}& (AT AW F 71L/73F 40/20% ©) e ¢=9 Z+4; Figure 104,
104, )

Vo 53, & " HaCi, s, sl 2% 5) 7|, B d5Hol
o AlFo|A 0.5m—1lm Z7le] wE o =" 7
(Figure 106,105)

VoEleE &= 9 nifiedde T2 W HE oSy fgAaZo] A
(133 Ws3tE external forcing "W). ninod.4 A+ A t& Lo
ENSO €14 ¥&stAY e T34 AF Yedes®@Ed 95
o7 o) 5 64 o] 0.6m—1Im F7fol| wE o= 7Aav) 4
(Figure 107, 108, 16)
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Figure 104 Monthly mean ACC at each lead month (0-6) and ACC differences A
of temperature and precipitation from former lead month (1-5) for 10 individual
models (colors) and MME (red) which are collectable before 10" every month at
(left) June, (middle) December, and (right) annual mean.
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Figure 105. MME ACC relative differences (%) at each lead time from former lead
lead month. Participating models are 10 which are collectable 0.5-month lead
forecast before 10" every month
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Figure 106. 0.5-month lead MME ACC skill (+) and 0.5->1 month MME ACC
relative differences (bar, %) of temperature and precipitation
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(a) Tropical SST, June (b) December (e) 12 Months
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Figure 107. Monthly mean ACC at each lead month (0-6) and ACC
differences from former lead month (1-5) of SST and Nifio3.4 for 10
individual models (colors) and MME (red) which are collectable before 10th
every month at (left) June, (middle) December, and (right) annual mean.
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Figure 108. (a) MME tropical SST and (b) Nifio3.4 index TCC at lead month (1-5).
(c) (dash line) MME TCC skill of 0.5-month lead forecast and (bar) TCC skill
differences from 0-month to 1-month lead forecast of Nifio3.4 index
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Table 37. MME comparison depend on lead time
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Figure 109. Global mean MME ACC skills of five MME experimental
set at each lead month of temperature in (a) June, (b) December
and (c) annual mean
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Figure 110. Global mean MME ACC skills of five MME experimental set at
each lead month of Nifio3.4 in (a) June, (b) December and (c) annual mean
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Figure 111. Monthly ACC of global mean temperature for three MME set at lead
time (1-5 month)
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Figure 112. Conclusion of APCC seasonal forecast early release
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Table 39. Agenda of MPM

Time (KST) Agenda
Opening
14:00 - 14:05
- Dr. Won-Tae Kwon (APCC)
14:05 - 14:10 Introduction of the participants
APCC Presentation
14:10 - 14:30 APCC MME Prediction System
(Dr. Yoojin Kim, Dr. Soojin Sohn, APCC)
Member Presentation*
14:30 - 15:20 (1) Overview of seasonal forecast system
(2) Improvement of seasonal forecast system (or future plan)
Discussion®
15:20 - 15:55 _ o
How to improve APCC MME prediction system
Closing
15:55 - 16:00
- Dr. Won-Tae Kwon (APCC)

*Meeting Chair

Session I Presentation: Dr. Jyh-Wen Hwu (CWB), Dr. Bong-Geun Song (APCC)
Session 1I Discussion: Dr. Jinho Yoo (APCC)
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Table Al. Pathway of probabilistic multi-model ensemble and individual prediction in AFS.
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Figure Al. Example of estimated probabilistic distribution from
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o7 FEske W)l ZEIE pythons AHESFATH python 1ol E ARE3H7] felA=
g F7FA<Ql python #71A7F 8F=H=d, @ AlxHoAME dRbd oz go] AEIHE
datetime, calendar, dateutil, os, relativedelta 3}7] x| & A}-&3}31th.

SopAlol 7l B A dSAEe FEEE B 23AA4 AR A" FAEE o

(Figure A2)9} o] 5 Y EZRUNS} 2H==FI0) Y HEIZE F4H

- rundEAPD py

MM E_| N MM E_OUT - prob_dis_EA_pmmendl

- prob_dis_EA_indinc!
- prob_dis_EA_parameter.ncl

Figure A2. The structure of probabilistic distribution and
uncertainty for predicted temperature and precipitation over East
Asia.

% EAPD : SofAlof 7|2 o 2% ofsxHo| HE2E U 2HAN HE AlAY
FIG : SotAlol 7|2 2 2% olSmEe StERE U SHAN MEE CIYE?

RUN : SotAlot 7|2 & = oFHEe HERZxZ & =244 735 ¢l ez

AFS AN z="3 A53t7] 93] “RUN” # “FIG” tdEel& AFSOlA E/3ts tdE g
2 Zyste]  olg(Figure A3t ol AAHT F Atk o] “RUN” &  AFSY
“RUN/Manage_EAPD” , “FIG” & *“FIG/EAPD_OUT” ¢} Zt}.
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Figure A3. The structure of probabilistic distribution and
temperature and precipitation over East Asia in AFS.
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L HiINDCAST Graphics fi
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PMME —5CM
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FORTRAN HEpa '
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Table A2. List of program for probabilistic distribution and uncertainty for predicted
temperature and precipitation over East Asia.

T= =233 9o
Mol == 724 run4EAPD.py
CteZddME Xel prob_EA_dis_pmme.ncl
MEeE Xz prob_EA_dis_indi.ncl
B Ax"e ARV dele dF Ad 2 2d EE5S AAdE F e AAR
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(3) APCC dgAH BH4E73

f
S

B A28 APCC QA == HPC 2719 AwoA Adfo] Hr o]Z 9ajses &

=
m 25 3<2l(module avail)

1$ module avail

Jopt/Modules/versions
3.2.10

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

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

/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) 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)

s 75 ZX(module load)

1$ module load python/3.7-anaconda ncl/6.5.0
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FolAol 712 B F ESAFne] FEREE 9 B HRE Y] Q8 B A
glo] s O}Eﬂg]r 2 SAR Agst. B #A0FD e of dolA &7igE AFS Al 2=H
o] 25 7] Aol gE AAHS J|Fo 7 AAFTH

= A3 HYE olF

1$ cd ${USER}/EAPD/RUN

« USER: AFSAL X ClH E2]

B owel =273 rundEAPD.pyE AB] Al2El AA] A7FE 7FCE T8 & o=S g

A A-RZ 712 AR o, AEAVE Yite dSF B AF ARE AH JdEE 5 Q)
=
» rundEAPD.py ®17d (& A2 &/, Rd55 4)

1$ vi run4dEAPD.py

#

NDATE = datetime.datetime.now()

FDATE = NDATE + relativedelta(months = 1)

FYEAR = FDATE.year # Forecast Start Year : e.g. 2021

FMON = FDATE.strftime("%b").upper() # Forecast Start Month : e.g. DEC

MODEL = "(AN"APCC SCOPSY’, \"BCC _CSM1.1M\", \"BOM_ACCESS-S2\",

\"CMCC_SPS3.5\", \"CWB_TCWB1Tv1.1\", \"HMC_SL-AV\", \"JMA_MRI-CPS2\",

\"KMA_GLOSEA5GC2\", \"MGO_MGOAM-2\", \"MSC_CANSIPSv2\",

\"NASA_GEOS-52S-2.1\", \"NCEP_CFSv2\", \"PNU_CGCMv2.0\",

\V"UKMO_GLOSEAB\"))"

#

2 <l EE:L%E% At AT oS 2l AZF AR} 2d HEFo s NCLo ¢
el& “EAPD.Parameters.Source” &+ 4L AAksith B gy e AR
Q
[e)

A _prob_dis_parameter.ncl” oA &3 A HARE EHo=d &

il%“ﬂ Sh=3
A_prob_dis_parameter.ncl” & A @A 2] parameter® FAET, A WA GA= EHA
AS A AR 9 vd B2 2O HA), dE/E8E AEE AAIY. F HA
A= &4 e, dEas s J

ol

b, B go(EolA o)), d= A3 A 7Hlead-time)S A3
= 3 4

o

= o]
- H
o, Mg 89S Eﬂ dstAl & FA ot Tt vpA= Al HA dAl= 17y

- 140 -



o

3 ZPES 37] g B AAHo|H, o] ok JE HAA 9 WHEFE Algo] i AR &
T FHsit B AAR 22038 g rdddE 9 jEed Ay 204 §id A
ARE Bgosdy &89y
» EA_prob_dis_parameter.ncl M7 (d8/4t=& A= W74, 49 AA 3)

1$ vi EA_prob_dis_parameter.ncl

Parameters — |

fyear = YEAR

month = MON

models = MODEL

mme_3m_dir = "/data02/OPER/AFS/DATA/MME_OUT/3-MON/FORECAST/GAUS/”

mme_6m_dir = "/data02/OPER/AFS/DATA/MME_OUT/6-MON/FORECAST/GAUS/”

model_3m_dir = "/data02/OPER/AFS/DATA/MME_OUT/3-MON/FORECAST/GAUS_INDI/"

model_6m_dir = "/data02/OPER/AFS/DATA/MME_QOUT/6-MON/FORECAST/GAUS_INDI/"

outdir = "{USER}/EAPD/FIG/IMME_OUT/GAUS/" + fyear + "/" + month + "/"

model_outdir = "{USER}YEAPD/FIG/MME_IN/"

Parameters — |l

vars = (/"t2m”,"prec”/)

nvar = dimsizes(vars)

nmodels = dimsizes(models)

nlevel = 4

nlat = 73

nlon = 144

FillValue = 1e20

; for EA

s lat = 15

e_lat = 60

s_lon = 75

e_lon = 150

ntime = 6

#

(O 5 24=f)

vl 25 9 AR 230 £ npx & yeolzz I3s AYsiH T e
AE H EET AP 2RSS dF3FoR FYstA =

= run4EAPD.py 23}
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1$ python rund4EAPD.py

B 23S F3Pstd AAR xzZ JW(EA_prob_dis_parameter.ncholl A A AG3E A
AR AA=HTC Al
“MME_OUT” & &

jﬁ e
H i
=
e
o
i)
2
i)
ot
[
i

R R L

=

e 22 S{USERYEAPD/FIG/MME_INAZ 2 & }/{aH Zod =/ (s =&}

CtS2

i

etat2 @ H{USERYEAPD/FIG/MME_OUT/GAUSHSH & o = }/{s & &}

Q) % AFS Al2H wlQ] =233 4=3)

Aok 71e 8 4% elZgne] SERE 8 B34 u Axge] T

el §7142 913 B AFSS AANES FEsAch AF-0A-H0F JRE A
@ B AFS W9l ZEade] MY Beotel Bl B A9 RS JYsHA 41
1

< gl dhsl As A = Aot

1>

5°
q
=

Al
7] 2

L:L

o

e

of

g AFS w<l

[H

203 A3 e olF

1$ cd ${AFSY

« {AFS): 82 AFS tlel Z203 4=

m Auto_AFS.sh 7 (g == +£4)

1$ vi Auto_AFS.sh

#

44
u
T

# Setting for EAPD System
1I\T/Iodel,list:”\"APCC,SCOPS\”. \"BOM_ACCESS-S2\", \"CMCC_SPS3.5\",
\"CWB_TCWB1Tv1.1\", \"HMC_SL-AV\", \"UMA_MRI-CPS2\", \"KMA_GLOSEA5GC2\",
\"MSC_CANSIPSv2\", \"NASA_GEOS-S25-2.1\", \"NCEP_CFSv2\", \"PNU_CGCMv2.0\",
\"UKMO_GLOSEA®8\"“

(Beh

PARTO=0O # Processing for Standard OBS Data
PART1=0 # Setting Model list in MME
PART2=0 # Run MME : Forecast

PART3=0O # Run MME : Hindcast
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PART4=X # Run Graphics : Individual
PART5=X # Run Graphics : MME
PART6=0 # Run ENSO Prediction
PART/7=X # Run DMME Verification
PART8=X # Run PMME Verification
PARTI9=X # Run ENSO Verification
PART10=0 # Run East Asia Monitoring
PART11=0 # Run HSS Total Map processing
PART12=0 # Run EAPD processing

#

m Auto_AFS.sh A3}

1$ sh Auto_AFS.sh

& ZEIWE U GAR PART GO APAT, ASAR 4 oI F -3

93l LG A=l o
FRAGHE B EEd %E SARs} A4 EASEA Aslor Ak Ed U AR
Mol ML WA A BFELYYE 2 AEEd Ay TEIJNCDY &2 HEE
FAsE Hm, WE Aol Qe A9 WEe £4 glo] £9 sHsd,
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£ B. APCC 7|ZX|TZLA|AAH 29
1. APCC 7| A A 8|2 A3}

7}. APCC &9 o)A AMulA 713X 45 d3} (v.20214)

A APCC EslolAo] Auzsi & JFRAAFZE A BPY HFE Lx
A%, BAY AP e AL Oy AF, Be AL TRED doh gREe d5d

e
2% A9k th7] A= NOAA CPC (Climate Prediction Center)oll Al @A) A A7F ¢d o] EF}
Hi e AF AFE AASEH  APCC FdH o)A o An2~F 37]2 ok o] FHA A

712020213 o) AFH UJW PACWARM (Pacific Warmpool Region), EOFPAC
(Tropical Pacific SST EOF), ATLTRI (Atlantic Tripole SST EOF), NOI (Northern Oscillation
Index)= ALl=EAT. ¥, 22 AT Ae Fobo] Uign EERUEE FHAE
Fraste] AAskA T

A AL A Fag oy o UIUIre 7EAHoE  AWd 7
1991~2020 @ o2  AAsF 7|Edd Hd 7|gke] dof 2719 #ZAEE AEYHE W4,
AFA 713717 HA olF 4w 2= ERSST o 7bd A vl ERSST v 2 59,
)71 ¢} E<&A == NCEP R1-& AH&34ATH

g

Climatology
period
Nifio3.4 1991-2020 0
Nifio3 1991-2020 0
Ejm of Nifio4 1991-2020 0
Nifio1+2 1991-2020 0
sjamer  EMI 1991-2020 | Zotst
ONI 1936-3044 ERSSTvS 0
TNI 1991-2020 0
CHA{ Q¥ DMI 1991-2020 2| 2otk
TNA 1991-2020 0
eEH2E TSA 1991-2020 0

Table Bl. The status of indices related on sea surface temperature
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Climatology

period =2t

PNA 1991-2020 0
WP 1991-2020 0
NP 1991-2020 0

W1 A% aao 19910000  NCEPRET
NAO 1960-2020 0
SOl 1991-2020 0
QBO 1991-2020 0
WYI 1991-2020 )
AUSMI 1991-2020 SFero| o

2L A SAMI 1991-2020  NCEP RE1 =E&DUE
IMI 1991-2020 PR
WNPMI 1991-2020

Table B2. The status of atmospheric and monsoon indices

L}, 7] %X Description

otg Table B3= Zt A A4t WS ekl Aol
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2 NN3 Gy
4 NINO4 ” Trop.J.ical

Pacific SST

Trans Nifo
Endex

6 TNI

e Dapg}e Meda
:::?::: L DE\A; L Eﬁda}(

Tropical
8 TNA Northern
Atlantic Index

T - TrDF};CSi
- A Southern
- . Atlantic Index

H¢§ 2 X

. Nisols2 J1e= HE SHBOHEool B Giogo m*ua;; = 0
HHE IEEOIU: AR Bas ooy ~_80“W 108 - o mmg'gg¢"
B = B s U o el

Nino3 Xl HE EM0EYY Bln SHE UE}LﬂE IIEEEOIU. }H
b HEHE 150°W - O0°W, B°S - BN FY0| =P 2L BB
JIEA0 g Bl IBHL

- Nimosd Hoe MG SoHl@cisl wh SidE LIRS T EEE* =
“]ﬁf’“* giis 70NV 100N 5“& 5° @“‘*9} E*"m‘ QQ =

gmmm; ‘E’E e oiE

Nifod AlziE e MEEYO Ak A4S LELHE KHOILL Jull
A S 160°F - 150°W, 5°5 - BN 00| Al 2% Bz
DS et a2 sl

Ol dils sld= aljolEl =590 JE & Ol 0IEE JiE a0

i Nm 2 NiRe3A 1A9L =0t Siciiioew . 190°W. 5% - 5oN) st
o e
 Ndex  WAsi= B GOl DRk Ciedi HSSIEE Soh OlSl HMAE A

B o2ool miigie ARSI I Jl=g MM e gins

G2 BiiE Ols Beoltl A3H2 Zis SEein)

eniEn e

mlm e

TNiE=  Niro1+2 X149 Nired =B HIASE A 3 1O X0
st gHoith

-
-

. D= j?ﬁ%}%ﬂ” R et e
" LIBHES TR0 HEO] @te s0E70°E 10°S-10MN Ol HE
| = oo opef TI0oE qoes ne oIrE o

TNA Tl BT BIHME XS[15°W-57.5°W, B.5°N-23.5°N)9} i<
B2k EBZ2 Il Lt BhE sk

TSA Ns= Mo UHOL JOUI0E 30°W, 0 ESESJG dat

Bas dean HE e i

Table B3. Description of indices related on sea surface temperature
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Lw“OID’ WP —D 5{2* (B0°N, 155°E) z*(30°N 155°E)]
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e ase ey m@"?j i b B
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| Oselleton

Arctic

4 AQ Oscillstion
L
5 MO etion

North Atlantic
Oscillation

6 NAC

. Southern

Index

Quasi-

8 QRO Biennial
Dscillation

. Oscllation

A= Aolh ﬁﬂ**"*{EﬂF}% ""’**E}ECEE LE _’}:‘Hj?&H =Ee

i_#% ﬁahﬁf o gro S "'}’f}OhPa d2 i e C}i ;;fEH:
£y m(prﬁjectm}mm_ SE -
NAO II EHL‘EQ‘I[O“’(QON8O°N 90°W 40°E)J OH':'E'7|mo s =1
& X‘Iﬂ%’#(EOF}E EMGH LR AHE ZS({EH fEHER 25E
[HE shE MEBHL 0 oY =2 JIE B Hisi ¢t

ECFEAl A gisltEs MEEI O 8% 1HES UEg & At
oM OFEA A IHEM I HEZF HHJiYE 5E
[projection)Std XIE IS

. S0l SUsga i ol Sl 252 = o S R0
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Table B4. Same as Table B3,

but for atmospheric indices.

== Kl
. ebster and e sy 1= {uwzc:;%%mfﬁz;t;;Ewa'1555};}"'85{3;19@.._ﬁﬁaig mog)
99 ogonpy = diE %-E%?J__I%QI% SAHE 2153 ik e 108D
e
dﬂd%x:: L L e o e
9 AUSMI Australian  AUSMIE= SE[E =E II‘“""(S 815°, 110°E130°E}9J 850hPa EM
Monsoon — HIE EZZCIT J26IH, JISgr H&IIZE 198180 M 2010H0I0
| - SAMI*-- EG!&N el m‘“éwwéié}g 850hPa Hidter o
2 SANE L Nmesnn HOE Snoep BidiEr oo ;yg:[:g::: Hj;; ;;mm jglu;}[mm 5
L . :md%x:. Eggvﬂﬁuj ED1QMQ“3 . . . L
Indian M= MOIZQ T (5°N-15°N 4OE80°E)J 850hPa EMHIE E2
4 M Monsoon O 9= 22 T(20°N-30°N , 70°E-90°E) 850hPa EMHIE HZ
Index of K012 EHH, JIZZ HAIZFE 19871H0d 2010H0(0H
L el i e e 100 E-150°L]9 BOON
5 Vil L 140091 SBGhF’a %Mmgfgajiim% ofy, s
.. - L

Table B5. Same as Table B3,

but for monsoon.
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U 71$A Jaed
dieH 22 £
1 Nifio12 Tropical Trenberth, K. E., and David P. Stepaniak, 2001: Indices of El Nifio
Pacific SST evolution. Journal of Climate., 14, 1697-1701
2 Nifio3 Tropical Trenberth, Kevin E., 1997: The Definition of El Nifio. Bull. Amer.
Pacific SST Meteor. Soc., 78, 2771-2777
3 Nifio34 Tropical Trenberth, Kevin E., 1997: The Definition of El Nifio. Bull. Amer.
Pacific SST Meteor. Soc., 78, 2771-2777
4 Nifiod Tropical Trenberth, K. E., and David P. Stepaniak, 2001:Indices of El Nifo
Pacific SST evolution. Journal of Climate., 14, 1697-1701
ENSO Ashok, K., S. K. Behera, S. A. Rao, H. Weng and T. Yamagata, 2007.
5 EMI El Nifio Modokiand its possible teleconnection. J. Geophys. Res., 112,
Modokilndex  C11007, doi:10.1029/2006JC003798
Yu, J. Y. and Kim, S. T.: Identifying the types of major EI Nifio
events since 1870, Int. J. Climatol., 33, 2105-2112,
5 ONI Oceanic Nifio  doi:10.1002/joc.3575, 2013
Index
http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/O
NI_change.shtml
6 NI Trans Nifio Kevin E. Trenberth and David P. Stepaniak, 2001: Indices of El Nifio
Index Evolution. J. Climate, 14, 1697-1701.
DMI Dipole Mode Saji, N. H., B. N. Goswami, P. N. Vinayachandranand T. Yamagata,
7 Index 1999. A Dipole Mode in the tropical Indian Ocean. Nature, 401 (23):
(IOD) 360363.
Tropical Enfield, D.B., AM. Mestas, D.A. Mayer, and L. Cid-Serrano (1999),
8 TNA Northern How ubiquitous is the dipole relationship in tropical Atlantic sea
Atlantic Index surface temperatures?, JGR-O, 104, 7841-7848
Tropical Enfield, D.B., A.M. Mestas, D.A. Mayer, and L. Cid-Serrano (1999),
9 TSA Southern How ubiquitous is the dipole relationship in tropical Atlantic sea
Atlantic Index @ surface temperatures, JGR-0O, 104, 7841-7848
7] A5
Pacific North Wallace, J. M.D. S. Gutzler, 1981: Teleconnections in the geopotential
1 PNA American height field during the Northern Hemisphere winter, Mon. Wea., Rev.,
109, 784-812.
Barnston, A.G., and R.E. Livezey, 1987: Classification, seasonality and
persistence of low - frequency atmospheric circulation patterns. Mon.
W Wea. Rev., 115, 1083-1126.
2 WP est_e_rn
Pacific Wallace JM., and D.S. Gutzler, 1981: Teleconnections in the
geopotential height field during the Northern hemisphere Winter.
Mon. Wea. Rev., 109, 784-812.
3 NP North Pacific  tionperth, K. E. and J. W. Hurrell (1994)  Decadal
- Pattern atmosphereoceanvariations in the Pacific. Clim. Dyn., 9, 303-319.
4 AO Arctic COHEN, J., and M. Barlow, 2005, The NAO, the AO, and Global
— Oscillation warming: How closely related?, J. Climate, 18, 4498-4513.
Antarctic Abram, N, Mulvaney, R, Vimeux, F et al 2014, 'Evolution of the
5 AAQ Oscillation Southern Annular Mode during the past millennium’, Nature Climate
Change, vol. 4, no. 7, pp. 564-569.
North Atlantic Hurrell, J. W., and C. Deser, 2009: North Atlantic climate variability:
6 NAO Oscillati The role of the North Atlantic Oscillation. J. Mar. Syst., 78, No. 1,
scillation
28-41
7 S0l ()Ssoclfltlgfi:)nn Trenberth, K.' E:, & Shea, D. J, 19871. On the evolution of the
= Index Southern Oscillation. Monthly Weather Review, 115, 3078-3096.
8 QBO Quasi-Biennia = Baldwin, M.P. et al, 2001: The Quasi-Biennial Oscillation. Reviews of
= | Oscillation Geophys., 39, 179-229
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28 A%
Webster and
1 WYI Yang Webster, P.J., and S.Yang, 1992: Monsoon and ENSO: Selectively
- Monsoon interactive systems. Quart. J. Roy. Meteor. Soc., 118, 877-926.
Index
2 AUSMI Australian Kajikawa, Y., B. Wang and J. Yang, 2010: A multitimescale Australian
Monsoon monsoon index, Int. J. Climatol, doi: 10.1002/joc.1955.
South Asian  Goswami, B. N., B. Krishnamurthy, and H. Annamalai, 1999: A
3 SAMI Monsoon broad-scale circulation index for interannual variability of the Indian
Index summer monsoon. Quart. J. Roy. Meteor. Soc., 125, 611-633.
Indian Wang, B., R. Wu, K-M. Lau, 2001: Interannual variability of Asian
4 IMI Monsoon summer monsoon: Contrast between the Indian and western North
Index Pacific-East Asian monsoons. J. Climate, 14, 4073-4090.
WesternNorth  Wang, B., R. Wu, K.-M. Lau, 2001: Interannual variability of Asian
5 WNPMI PacificMonsoo summer monsoon: Contrast between the Indian and western North
n Index Pacific-East Asian monsoons. J. Climate, 14, 4073-4090.

Table B6. Reference to the definition of climate indices

2. APCC 7| ZA TN £H T2

7). B9 7=

Clhdex

Figure B1. Directory structure

NRAT
— NRAT
| Dpata_sET OBS DATA
OISST
NCL_prog
SHELL — ERSST
u ' configure
i FosT 5
st D
— MONI .
| OUTPUT |
2D
img_OUT MONI

of APCC climate index monitoring system.
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Figure Bl 21 2021 @ o] 32 APCC 7] &R GA] 2~H)

A 7% A A ARl2RE AlE Folth

(1) CIndex/DATA_SET : 71% A5 Aiks A% W #5279 A EZNetCDF) 3 A=}
HekdE #= A8 A%

(2) CIndex/SHELL : 71%& A4 273 A8S 23 & ~3aHE 9%

(1} CIndex/SHELL/configure : 2+ Z =& 1%

-
off
ftlo
f
e
ol
f
o2l
f
)
r\l

=21 configure 3+
(3) CIndex/OUTPUT : 7]%& A& A 2H"He HZE Ax

&
(7P CIndex/OUTPUIT/MONI : ®UE & 2|4 dlolg A}

A =, D= d/d 23 =2 A5 £F)

(text I}Y) AFAD = 13 W€z

il

(1}) CIndex/OUTPUIT/img OUT : EYE# A olu] x| Az}pE(o]n]A] 3) A%

U, I TEL

715 A g Alz="le mainsh A3 Al ZF GARE IZert sAF o AYEHAFT FAHEHA

— 1_time_setting.csh — 2-1_NBRA1 download.csh

— ? download.csh 2-2 01857 download.csh

L 2-3 _ERSST download.csh

Main.sh

-~ 3_cal_indices.csh 3_cal INDEX.ncl

— 4 plot.csh 4 plot.ncl

— 5_scpZweb.csh

Figure B2. Flow chart of APCC climate index monitoring system.
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M main.sh

i)
K
[

AE AR B, B3 AR 02 7 A5d A A5E 13
M2 91 AES AWy 9 A4 Y A ~aUE

M 1_time_setting.csh

AZE AR A%
M 2_download.csh

APCCDB 22 E ¢ ZY=Z #HZA 2RI, OISST, ERSSTIE EAleE= 4
M 3_cal_Indices.csh

2E 71% AF(NDEX)e] 71 A4 NCL 225 F3sh= 4

[3_cal Indices.csh]

set OBScal=0
set MMEcal=1
$INCARG_ROOT}/bin/ncl ${ncl_prog_DIR}/3_cal_AAO.ncl time_set=${ini_date} optMONI=${OBScal} optFCST=1 &

$INCARG_ROOT}/bin/ncl ${ncl_prog_DIR}/3_cal_AO.ncl time_set=${ini_date} optMONI=${OBScal} optFCST=1 &

=14 ncl A F AL Z=EMc)E
A2} &R 4= AL FEE AAst= )

A
daid Hr)

e 3 cal Indices.csh & Z} AF¥E=ZE EHA SR
29 dolt}. o 7] 4 OBScal 3 MMEcal & 7+
HEE Trued W= 0, False € Wil 18 ¢

M 4_plot.csh
AR 71275 AAL olH A2 AAdsk= NCL 13 =5 F3sts 4
M 5_scp2web.csh

AZE olv A S AHl2=E AT FH)A MM E HARSE A
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set data_DIR

“/Ifs/datal8/limay/CIndex*

et #4#
##-- Middle-level Directory setting ------------ 74
set shell_DIR = “${scr_DIR}/SHELL"

set configure_DIR = “${scr_DIR}/SHELL/configure"

set ncl_prog DIR = “${scr_DIR}/SHELL/NCL_prog”“

set AFS_data_DIR = “/Ifs/datall/OPER/AFS/DATA"

set obs_data_DIR = “${data_DIR}/DATA_SET/OBS_DATA"
set MODEL_out_DIR = “${data_DIR}/OUTPUT/MODEL"
set MONI_out_DIR = “${data_DIR}/OUTPUT/MONI"

set FCST_out_DIR = “${data_DIR}/OUTPUT/FCST"

set img_out_DIR = “${data_DIR}/OUTPUT/img_OUT"

Hif=============================ssss=ssssssssssssssssssssssssss==fl
B Fared
set scr_DIR = “/Ifs/datal8/limay/CIndex” ## for APCC

7 9

71FA A = 3
HUolEH = 2AES 1t wjd =6 ¥
A= Wi = ol BSAET} fUlolEHE = 7] $A
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(1 Configure 3}

Configure #9-2 7| X ZAA2H F5& 9
A4 N2" FEo] o3 RES NCL 2 & A=ES

cd CIndex/SHELL/configure
vi CIndex.config

[CIndex.config]
=%

fff=====================ss=ss=sssssssssssssssssssssssssssssssssssff
## 02. Directory setting
fff=====================ss=sssssssssssssssssssssssssssssssssssssff
e 4
set scr_DIR = “/Ifs/datal8/limay/CIndex"” ## for APCC
set data_DIR = “/Ifs/datal8/limay/CIndex”
- 4
##-- Middle-level Directory setting ------------ #4#

set shell DIR = “${scr_DIR}/SHELL"

set configure_DIR = “S${scr_DIR}/SHELL/configure"”

set ncl_prog_DIR = “${scr_DIR}/SHELL/NCL_prog"

set AFS_data_DIR = “/Ifs/datall/OPER/AFS/DATA*®

set obs_data_DIR = “${data_DIR}/DATA_SET/OBS_DATA"
set MODEL_out_DIR = “${data_DIR}/OUTPUT/MODEL"
set MONI_out_DIR = “${data_DIR}/OUTPUT/MONI*

set FCST_out_DIR = “${data_DIR}/OUTPUT/FCST*

set img_out_DIR = “${data_DIR}/OUTPUT/img_OUT"
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2 39 4 234E

Clndex/SHELL 2 ©¢]% % mainsh & A3 =t} mainsh TFFo] &8 AHS <¢F
40 F-ojt},

cd Clndex/SHELL/
./main.sh

[main.sh]

#!/bin/bash
shell_DIR="/Ifs/data18/limay/CIndex/SHELL"
cd ${shell_DIR}

$ishell_DIR}/configure/CIndex.config

##-- Time setting -—-------—---—--—————————————- 4
ini_date=‘date -u +%Y%m*

echo “ini_date = “${ini_date}

##-- manual setting-----------—--——--——--———-—— 4

# ini_date=201503

$ishell_DIR}/1_time_setting.csh ${ini_date}
${shell_DIR}/2_download.csh
${shell_DIR}/3_cal Indices.csh

${shell_DIR}/4_plot.csh

$i{shell_DIR}/5_scp2web.csh

N

main.sh & 7 A GAldA @A) Al=" ExE ¢o] =9 7 HA Exn
7NEo2 A AlzEH BE BAE A" T2 M HA @7 ofd @R E S F

ST

o
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B3l 4 o™ manual setting ol A ini_date & FASH FHFAAANE FA AP Ho]
o

U 3ZE A B3

main.sh o] th3k 138 23S 277 3U(ob.logS Eal A & o).

cd CIndex/SHELL/

vi job.log

[job.log]
2020-12-15 07:10:01 : - L : CIndex time setting (202012)
2020-12-15 07:10:01 : Start : 2. : DATA Download

2020-12-15 07:10:01 : Start : 2-1. : NRAI data download
2020-12-15 07:10:01 : Start : 2-3. : ERSST data download
2020-12-15 07:10:01 : Start : 2-2. : OISST data download
2020-12-15 07:10:04 : End : 2-2.  : OISST data download (Elapsed time: Om 3s)
2020-12-15 07:10:06 : End : 2-2.  : OISST data download (Elapsed time: Om 5s)
2020-12-15 07:10:07 : End : 2-3.  : ERSST data download (Elapsed time: Om 6s)
2020-12-15 07:10:12 : End : 2-1.  : NRAI1 data download (Elapsed time: Om 11s)

2020-12-15 07:10:12 : End : 2-1.  : NRAI1 data download (Elapsed time: Om 11s)

2020-12-15 07:10:12 : End ;2. : DATA Download

2020-12-15 07:10:12 : Start : 3. . Calculate indices

2020-12-15 07:10:23 : End 2 3. . Calculate indices (Elapsed time: Om 11s)
2020-12-15 07:10:23 : Start : 4. . Plot indices

2020-12-15 07:10:51 : End 4. : Plot indices (Elapsed time: Om 28s)
2020-12-15 07:10:51 : Start : 5. : SCp to web server

2020-12-15 07:10:52 : End . 5. : scp to web server (Elapsed time: Om 1s)
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2020-12-15 07:49:15 : End : 2-3.  : ERSST data download (Elapsed time: 39m 14s)
2020-12-15 07:49:15 : End ;2. : DATA Download

2020-12-15 07:49:15 : Start : 3. . Calculate indices

2020-12-15 07:49:26 : End 2 3. . Calculate indices (Elapsed time: Om 11s)
2020-12-15 07:49:26 : Start : 4. . Plot indices

2020-12-15 07:49:55 : End 4. : Plot indices (Elapsed time: Om 29s)
2020-12-15 07:49:55 : Start : 5. : SCp to web server

2020-12-15 07:49:56 : End 5. . scp to web server (Elapsed time: Om 1s)

Z22I39YE mainsh e 2+ A =2 03H Az 23 A7 g3 ARV 7| EH
1709 29 Qe FHFPA o2 A ARE AA7IA FEID mainsh o gk e 227}
=350} gtk

N
T
N
i
>
l>
o
1o
o
o\
>
e
il
fru
rlr
N
i
i)

2E 3d3t g AAE om A sdo] 3l

W 7% A% Ha

71% A¢ AR FAAE H2Eo AFHaxt’ 3 gdo] HARE HA7EA <
247 AEnk. 283 E6®W 1D 2D 2 FEEY 9lor IDE APERE 1akd wig=R
2Rl i 2D & AE/EE FEH 23 WigR ZAAE] Th

| cd Cndex/OUTPUT/MONI |

(el Al Nifo34.txt]
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yearmon Nifio34
1948-01 0.104
1948-02 0.206

1948-03  -0.875

2021-01  -0.967

2021-02  -0.977

[l Al 2D/Nino34_2D.txt]

YEAR JAN  FEB MAR APR MAY JUN JUL AUG SEP OCT  NOV  DEC
1948 0.104 0.206 -0.875 0.057 0.195 -0.614 -1.074 -1.179 -1.312 -1.404 -1.448 -0.637
1949  -0.572 -0.708 -0.458 -0.338 -0.829 -1.087 -0.964 -0.829 -0.870 -1.163 -1.522 -1.895

1950 -1.854 -1.599 -1.325 -1.371 -1.567 -1.114 -0.900 -0.956 -1.011 -0.998 -1.147 -1.250

() 71F A AALE olHA

NFEAGE Foo]A AMsgos AAD oW Hdz stgdd

)

| cd Clndex/OUTPUT/img_OUT/MONI
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East Central Tropical Pacific SST (N|N034) Time : Mar 2011 - Feb 2021

3.0

2.0

1.0 +
0.0 - | ‘ ; :‘ : : 3 (LILLE | = i ' ‘ | ‘ ‘
-1.0 ;. "
1 OBS Data Source: ERSST
-1 Base Period : 1981 - 2010 © APEC Climate Center
-20 L] 1 Ll 1 Ll 1] ) 1 ) ]

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Figure B3. Example of climate index monitoring image after system improvement (Nifio3.4)

7% A% AAD olmA o] A= pngoliL ‘Plot_AFwW.png HU@ow Aaw
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55 C/EEE V¥ HSAE HHE| ALH 20w
od

7} N8

APEC 71 FAIEIAPCOE 20056 A& ol F 5 A7) al571% 348 A% a7 2 29
A BERAPGE AW AL D ARG AT =ES ASHoR s1ge] gk 1 2
FopAol ALAZ, AT ALANZ FuE AFHL Yo, ol% v

3, FH A E Fol
o]

AT 715 d7 715N AEE @A At Ao

APCCE AR SHRe] A Eol BEAL Fol7] 98] 20199 A8AE oz +a
28 ANG A, Ut 48R TAAE ALNSARE b U0 BaE Y
om, ojo] 2021 110 15/ AMASHR Fol 7] Fxg I THFEA" x1°) A
Ao ZA 20 FESLA FAT ARAZL FYa7) 93 157 718 AZARE U
A FAoE AXe 9 BFE SR om, AP WS A SRS Aok =W,
28 A7 B 9Y oS JuE xFFoEA AMAZARY BEY FAANTA Y

o},

3. A5 2 Py

AA UN=E =, 98, 55, F=, o', 95, 7=, Ay, o=, gAlol, Z&g2) 15
N AY 9 AF71HAA Y MY == /19 S ARE YFE FHE AFNF dot
(Table CD), o]} 22 7 gg3ta] APCC MME Aldd = A2=8-& F3) 370
4 2 6/MEe gFsRdddE AddSAHARE Aty . MERdES 8% el
FEE VIHS AAHE Z‘#(determlmstlc) of| =3} &E 27 (probabilistic) & 7|HozZH wFZ

o A B E AAHgTHTable C2). &, MGO2] MGOAM-2 79 hindcast 717t EYx] o] F= A
MMEe®] AR&3tar A &t

1%
o
i)
2
AN
X
Ayl
il
m&ﬁ
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Table C1. List of participating individual institute and model in APCC MME.

Sl K= EPE eayys SC=  fndest o SE

W% (FH) 7|2t oS 72
APCC (8t=) SCoPS T159L31 10/10 1982-2013 0
BCC (5=) CSM1.1m T106L26 24/24 1991-2015 X
BOM (& F) ACCESS-ST1 N216L85 11/11 1990-2012 0
CMCC (ol Etz|ot) SPS35 0.5x0.5, L46 40/40 1993-2016 0
CWB (tHeh TCWB1Tv1.1 T119L40 30/30 1982-2019 0
HMC (2{Alot) SL-AV 1.125x1.40625, .28 20/10 19902015 X
JMA (&) JMA/MRI-CPS2 T159L60 52/10 1979-2019 o)
KMA (&+=) GloSea5GC2 N216L85 42/12 1991-2016 X
MetFR (Z&t2) Sys 8 T350L127 51/25 1993-2016 0
MGO (2{Alot) MGOAM-2 T42L.14 10/6 1979-2004 X
MSC (FHLtef) CanSIPSv2 T63L35 20/20 1981-2010 ¢)
NASA (o]=3) GEOS-S2S-2.1 05x0.5, L72 10/4 1981-2016 X
NCEP (o]=3) CFSv2 T126L64 20/20 1982-2010 X
PNU (8t=) CGCM v2.0 T42L18 35/35 1980-2020 X
UKMO (& =) GloSeab N216L85 42/28 1993-2016 ¢)

Table C2. Methods of APCC multi-model ensemble.
7| My
Deterministic SCM Simple gverage of individual model forecasts with
equal weighting
Non-calibrated probabilistic MME with model weights
Probabilistic GAUS being inversely proportional to the random error in the

forecast probability (Min et al. 2009)

ole} o] 157} d B AF7dolA ATt IME Ex 71 1 EdE AE 2
= ZA&(Table Ch+= 7188 Z47] g 43 A0 wet AHgAEe] Hold= A7
Az Ao dude FHs] il ddHEEIHE AR ERDY dFAEE ¢
Ho® LT A5 ool sl AA st Agsta Aot

i

A FE HES 98 B A5 =T 1.0° X1.0° =R EXAE, 180X36002 2=
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A4 A= dE glo] ARE mFESSIA, E Aol xesmf regrid AHg3te] HESE}S
Z(0.5 month lead time) HXE x &3} A4S

v
ko
e
N
g
=2
X
Of
QL
N
52
rr
oft
e
2

o714 Table C1¥ #Zo] FddSE AFstA e NEELL2 ZAZ(missing value) = |3t
o AaSt=E YT olEe MEERY vIEdE Z FEdS AseE gsEEGAE 7)Y
A

l

2 1HYE R 3L NEAE BF A Axd

MERE vadE d2x5 BF Az Al2"d Ag¥E ¢o]= python version 3o]th.
python ¢ojS A&3l7] YslixE oJe] 271 <Ql python 37| A7} Q7= =, @ A 2Bl A
= Ydutxog wo] AM8EE numpy, netCDF4, xarray, pandas, os H7|A S Al-&3 L
regrids <13l xesmf #H7)1AE AR-&3IA T

MERE Vs SR T AAY A="Y FA8E A DHRE vYE F Jed,
A WAL AEEd 24z 51 9% ¥Y W AE 3 A28 ez SUd A
1A AAge AR, Ay, W, o =77} hindcast 717 & 9lo] Sol= yaml &
AAs A Aze] G, AR ANA, regrid WE, ne HY 27] 52 AD
=

python =
olelg AEEEy dAe] Teade EgHow 221y Fao] sHsetn], AaAl 9
she AMEdoly AA 2dol tha) Auzy z—swE d2AE B A AzH(zEa
Wolx 44 JPssith oetd Bg AAY T2 a AeAr 2o Aued gn
£ 9Ysta ag mhol d=xzel AL }%—s}uq, £F ARG EAE £ AP
o4 R A FF A2 o2REH A5 £ EES T Y B A SA50d o)
Moe 4 glol AFoR A FUE £ AES AT
AFS AJAEL |
< | OPER |
|
P?LE o A|FS C\|/S cMs VS
(Hie) e 42 @) @ @t
A UN ;
;e{gxgg—m (m}_\\aﬂl Q“a;:;iii;am
;o;za; 15 Medels m;%,; Source Program

{python)

Figure Cl. The structure of pre-processing system for individual
high-resolution prediction data.
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(2) APCC AN &4 473

MERED T4 E s FF AAg Al2="-2 APCC HPC =% A
Holl A o] HH o]F Y E HPCS AZEY O] RES ZE3lo] A3}
Aoz JQ3k A2 pythonk NCL EEo|th AMEA7E @Y AR 20 T A Aol A
python¥} NCL Z&& Z T3t

2 =z

m 25 g<2l(module avail)

1$ module avail
Jopt/Modules/versions
3.2.10
Jopt/Modules/3.2.10/modulefiles
dot module—git module-info modules
Japp/modulefiles/compiler
anu/4.9.0 intel/14.0 pgi/13.10 python/3.6.1(default)
intel/11.1(default) intel_mk pgi/14.6 python/3.7.1
intel/12.0 pgi/10.9(default) 0gi/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 lioffi/3.2.1 ncl/6.2.0
atlas/3.10.2_GNU libgd/2.2.2 ncl/6.3.0
atspi2/2.7.5 libjpeg/6c(default) ncl/6.4.0

s 75 Z X (module load)

1$ module load python/3.7.1—-anaconda
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Q) MERd vHY=E 2 ZY dE2A5 T AAY A2d Fx 9 T2IY FF

NEnd 343 E A5 53 dHg Alxd"Ho] A== 712 fAE & Figure C2
o] RUN tlelgglolm(da Z21e)e Table C3 1), DATA TelEels Axestnst s
NEREe] gZA5E HEste dAFoIth RUN dEEe ol AA AAE 5‘}71
938 22 ao] 9= my_pakage 2HE TlHEE ] 7F 9o H, Table C37 o] 157] 71
48 F502 YT F JEE 7 mdd AAe Z2aPY 5 dAAHg Z2aHos :rL

4= A

ol

_PRE
(HAEl)
I
DATA RUN
(PAIRR 32 (Bl ==

iR

il sy 1

=

- Bo P Ry i ¥
‘ !»_;r?:;-&stt 7 15 models B M\&ﬁakagj
Hindcas -,\1 program / (AAT= ey

T -

Figure C2. The structure of pre-processing
system for observation data.

RUN

. gaEy S 2 /NEEEE dAeg ZE2I3(python), yaml 3+¢, -5 3H(crontab
8) Z&=, 53

¥ RUN/my_package®ll= python AF&A ZE IZE= &)

n DATA HdEg] : MERE A ASARE 7HEstr] | A A B2

Table C3. Lists of program and module files in RUN directory.

RUN e =2 A¥ IS
s MH™el runduser.py, model_list.yaml
HHEEH M2 71 &H py, 7| 2Y.yaml (1570 7|2
crontab & run4crontab.py
7| Et Ismask_OISST_180x360.nc
RUN/my_package AR 25 ZE
regrid Bt esmf_regrid.py
nc Lt nc_out.py
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olgfe} o] RUN tdlEgle] 7 md Hxgl Z2a3(d, APCCpy)S 4o 2 A=
2 AANAETE AAEE £ AEY FA-o] Jhesith @) 718 dEE e E $OPERIE AL &)
o, A3 gaEgs ol Zow, data_path (A5 YAl A& ZF=Z), run_path (23 H=2),
raw_path (A& 5 Z ), hest_path (hindcast output 74 2), fcst_path (forecast output 74 2)&

SRR

L RCEIE

${OPER}/PRE/RUN

n 25 A& ¥W7(e], APCC.py)

#
# User defined

# Setting raw data & temporary data processing & run path
data_path = "/data02/OPER/PRE/DATA/"

run_path = "/data02/OPER/PRE/RUN/"

raw_path = "/data02/OPER/RAW/"

hcst_path = “/data02/OPER/AFS/DATA/MME_IN/HINDCAST”
;?st_pat = “/data02/OPER/AFS/DATA/MME_IN/FORECAST”

Aok Aol A3 HEHYRUN ddE 2D e 71HEDE yaml Hd= FAHIH
714 APCC(SCoPS) Atz tisl] JAIZ =T

n 23 tjdE g2 o]% @ APCC.yaml €7]

1$ cd ${OPER}/PRE/RUN
1$ vi APCC.yaml

m APCC.yaml ¥ 7

DatalList:

- Institute_name : APCC
Model_name : SCOPS
Variable_name : prec

slp
sst
t2m
850
u200
u850
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v200

v850

z500
Hindcast_syear : 1982
Hindcast_eyear : 2013
Forecast_year : 2021
Forecast_month : DEC

AEATY APE AsHe WSS AYsAGIAL A9 bs) G4 Bl 54
oAl APCC SCoPS =de] #H+ E

APCC.yaml ¥ 4 %, APCC.py python Z =& A3} H forecast & hindcast EF3} Ak
571 ALrE S

= APCC.py 23

1$ python APCC.py

yUmz] JpE R thgk yaml HAdE= A&t FARSHA w8, JHEREE Ay T2
As IS 7 Aok =3 AAEERP] FUtEAY HAE A% FASHA T gt
G MEERd 134s @ B SRR T AAY =209 A3
AT oS A5 talA dFHoR AHEstr] A TF
T2 FEFIFOH, AHEgsta e ZdEe /|#Y, 2dWS yaml e ¢
shFofoF 3t} Abgxte]l A3 fEEFRUN gD AE 53 Axgy =210
) F3sl= yaml(model_list.yamDS ofzj e} o] A3t Foh o, 7|#H mddo £A=
MZ LGAEHA AAstH, AA MEERd 2F3} o SAs gE eyl g o] At

w23 PR o]% 2 model_list.yaml &7]

1$ cd ${OPER}/PRE/RUN
1$ vi model_list.yaml

= model_list.yaml ¥7 () A)])

Datalist:

- Institute_name : APCC
BCC
CMCC
KMA
METFR
PNU
UKMO

Model_name : SCOPS
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CSM1.1M
SPS3.5
GLOSEA5GC2
SYS8
CGCMv2.0
GLOSEAS

AHEA7E Aot REC13EY 2 2dW) dYsto(FrtetAY A9 7He) FAd 2HA &
A st} model_list.yaml 3+ 44 #, runduser.py python Z 2718 233},

® runduser.py 2 3

1$ python runduser.py

go} Bol B WAL =2 aRe AWsE 24 AERDE TALE 9= A8 ®
25} Aerl AAEE, RE U AHead-time) 2 P o] DA ofsh 2 Aol
A g 4 An

- Forecast : ${OPERYAFS/DATA/MME_IN/FORECAST/{7| &t} {= & 3}
- Hindcast : ${OPER}/AFS/DATA/MME_IN/HINDCAST/{7| 25} {2 25}

9 Azde “AEE dZAR £y A% 0Y L AF 1 A2D 3 AAH, 7
Mue d2AR7t FREE 4 9P B8 2 A Az Ask(flag fileE 4
of et incrong TEHel MY mAel hF FAHA Hst HsAEF FEHSALE o714,

gol met SAZ AxY ZEae] £y Bas
GA7t B AzE WIS Astel

ol

2
=
r
o+
=
=
_>‘.]_l‘
o
[
o
flo
nfl

.
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55 D. nold= AZ0SKE AM2H 202

APEC 7] A E|(APCO)E= 20059 7M4& olF = - A7) o =7< 34
BAYAE A7 A 9 AAE
3, S o)A E F3) %OWOP A o =, x411 A A o

APCCE AMel AR N BE4S =oly] s 20194 AgAE oz Fe
A AAG AT, OoE AgAT THAE ARGEPRE b $Hos Baw B
o, ol 2021'd 1A= 157) AMAZAHR Fo] 7o F=xo I wefd=1° x1°) 7
oSN ="S TS50 sttt AddSs 83517 A8l 157] 7139 dSA5E dd3)
H FAom AAE @ mZEZIE F51 9o, ddre HIT 37 S5t Qrh 13|
4= AE =Y o3 A8E F3ke] APCC MME 71H& A &3, HFHoz nsfd=e o
zw B AddE A8 Qasts A2ES 723590 (Figure DI).

AFS A| A= |
e ! OPER |
I

RAW EMS
=] [ | (e % a5 | [
(= ) S| AXFE) ©3) (B3) (ZEAD) ZEAL)

-
DATA FIG m RUN -

e b = om=w y.package |

@zans) | | adEns) . LA lﬂ’ { (Python) I T

| [ I i [ — | /

™ ™ i ™ [ [Manage_Hres| /
PN >"< >l< e | Manage ENSO| - [Manage Graphid
-t Pvstt

e

okl

LS A4 SETH DMMEAS ZTZISoMME NE ZZZEINSO S T2 Y MMEE T2 T NSO B TROE R gl T2 5

{NCL} (NCis {NCL / Fortran for NCL) {NCLY {Python} iPythan) tPython)
~ 170 Setting « Forecast « Forecast » Timaseries » Forecast « DMME
~ initizizer o Hindcast + Hindcast » Hovmolier ~ Hindeast . PMME
» Delinitions - Tercile/GALS v Alert » Moded setting « Indnrdual
~ Etc. Fortran Pro. + Probability -~ Ftc...

> Bt

Figure D1. The structure of high-resolution seasonal prediction system.
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(ol
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O
f
foi
N
ol
A
)
o

=, P1F, A oldel, ek P2 15
% AnE P PO AFNFT Aok
sted APCC MME A- oS Al 2"l F3f 370

9 9 600 GERUGE ALASIRE 4asn o, AERAES $8T tEny

= A4k
e 7I'HS A4 EH(deterministic) ol &3 & & (probabilistic) ol& 7ML 2X 1FH 9
oA =HBE A4aEtHTable D2). &, MGO2] MGOAM-2 7-$ hindcast 713t EY 2] o2 AR
MMEe®] AR&3Far 2] &
Table D1 . List of participating individual institute and model in APCC MME.
erat= Hindcast =3l
7| 2H (=71 ey DE AT
7h= (F/H) 712k HEFF
APCC (3+3) SCoPS T159L31 10/10 1982-2013 o)
BCC (5=) CSM1.1m T106L26 24/24 1991-2015 X
BOM (25) ACCESS-ST N216L85 11/11 1990-2012 o)
CMCC (ol &tz|of) SPS3.5 0.5x0.5, L46 40/40 1993-2016 o)
CWB (chgh TCWB1TV1.1 T119L40 30/30 1982-2019 o)
HMC (21Alof) SL-AV 1.125x1.40625, .28 20/10 19902015 X
JMA (2 &) JMA/MRI-CPS2 T159L60 52/10 1979-2019 o)
KMA (8t=) GloSea5GC2 N216L85 42/12 1991-2016 X
MetFR (Z2t2) Sys 8 T359L127 51/25 1993-2016 o)
MGO (21 Alobh) MGOAM-2 T42L14 10/6 1979-2004 X
MSC (7§ Ltch) CanSIPSv2 T63L35 20/20 1981-2010 o)
NASA (o|=) GEOS-S25-2.1 0.5x0.5, L72 10/4 1981-2016 X
NCEP (0| =) CFSv2 T126L64 20/20 1982-2010 X
PNU (8+=) CGCM v2.0 T42L.18 35/35 19802020 X
UKMO (¥ =) GloSea6 N216L85 42/28 1993-2016 o)
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Table D2. Methods of APCC multi-model ensemble.

7| Ad

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

olsh o] 157] Y B AT HAM AFHE 3L EE 671U TAYE AE 2D of
% ZE(Table DD 7188 217] Bb@ 3247 &40 met AgAEe] APS FHA72
e Ao AL AeE 9

[¢]
stusty] 98 YYsHEEPE FHoR Aundo] o=
At Aza Ak

T E HES Y] YE 5o shAE7F 1.0° xX1.0° EREXAE, 180X360)2 #&
A= AT |13 glo] ARE 3 E 9ol xesmf regrid AH&3te] W35S

onth lead time) AR E XT3l YLHeIE=E

TS AFsA Fv MNERDL ZZ(missing value) A 3t
i 3 el

o 7] A Table D13} o =
TS5 A5+ MME 7]®(Table D2)ol

o YAAEE FHrh ol
0ot BERRg g AMZYRE A

_1_4—‘

(2) SST/ENSO/IOD/EMI 4|& Al 2H] 7] 8

SST/ENSO/IOD/EMI ¢ S-A] 2812 AFS MME oS3 182 Al =glo] 7t o]%o MME
A 2®]lE Fzete] AEEoH, FxH o2 ENSO &F o F Al2=d" =%, JAMSTEC® ENSO

o= Foo E A|2H”H A 59 theFdl Aol Atk o]#] 3 SST/ENSO/IOD/EMI o 2 A
2" 0 A-dE 3 7 -ty A 2o A7 dE A8 E &8st ol
2o A=A Z2AHEY YW GEEH 4= JERE A4S

o] =24 : Nifio3, Nifo3.4, Nifio4, Nifiol+2, 10D, WIOD, EIOD, EMI

dZ&A o] AAE Ex OE 2d & GAdE ¥3D

A S 42 S| gkl Uigk x 19

ol .

A= - B gl sl 5 ofnzey 33 &%
sl 2% olx-rg] o] Hovmoller diagram (7 =-A]ZF cross section)
- ENSO(Nifio3.4 7|¥h) && o5 HH

e
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Table D3 . Definition of oceanic climate indices.

=5 =
Nifio 1+2 (0-10°S, 80°-90°W)
| Nifio 3 (5°S-5°N, 90°-150°W)
Nifio X| % -
Nifio 4 (5°S-5°N, 150°~160°W)
Nifio 34 (5°S-5°N, 120°-170°W)
N IOD = WIOD - EIOD
RN WIOD (10°S-10°N, 50°-70°E)
ctol Z(10D) XI5

EIOD (10°S-0°, 90°-110°E)

EMI=A - 05x B+ C)
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)

ENSO-Modoki x|

._.......i..._. ."
Nino 1+2

| 140 120 100w ST

Figure D2. Region of Nifio index.
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Figure D3. Region of WIOD and EIOD.
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Figure D4. Region of EMSO-Modoki.
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FA A% % PRE
FoZ ARE SR oS
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2317 9)8lA APEC 7|ZAEAE AlA 2z 715 7)o
S5 7FEete] ofget 22 dAHoE wid Tdd AR
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Figure Db5. Schedule of providing process for the APCC MME seasonal prediction
data.
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g171e] A=

CPU

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

- 30| : 22|30 1671, =alZ0f 3274
o 22|

- 192GB

OS 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 & Al2=Hl &g Al HH
m A [P F4 : 10.100.9.116 (B FE)

m A7: OPER
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(2) APCC MME #o 24 o& x5 84 md &%
APCC MME®) o3l 157) 7189 d= A3 E =337 935k
Ztol W Y-S wEFith E3 APCC MMES &9sts g9 7o #437 &

Z3th WY W& A= oteiet 2o

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. Bong-geun Song (songbg@apcc21.org)**.

(: APCC MME ¢ &9 =97}, ** APCC MME 8¢ 29 34

M A9l H52 ofefe] Table D49} 2t

Table D4. E-mail Lists for working group participating in APCC MME.

Institute Country Model Name Representative Working Staff
- Dr. Yoobin Yhang Ms. A-Young Lim
APCC Korea SCoPS (ybyhang@apec21.0rg) (limay @apcc21.0r)
) _ - Dr. Aihong Zhong Mr. Lixin Qi
BoM Australia ACCESS-ST (a.zhong@bom.gov.au) (LQ@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. Silvio Gualdi - Dr. Stefano Materia
(silvio.gualdi @ingv.it) (stefano.materia@cmec.it)
— Dr. Andrea Borrelli
CMCC ltaly SPS3.5 (andrea.borrelli@cmec.it)
- Others
(panos.athanasiadis@cmec.it)
(antonella.sanna@cmee.it)
Chinese - Dr. Jyh-Wen Hwu — Mr. Taun-Tang Lin
CwB Taipei TCWBITv1.1 (jwhwu@cwb.gov.tw) (hance@cwb.gov.tw)
—lDr. Dmitry Kiktev - Dr Vladimir Kryjov
HMC Russia SL-AV (kiktev@mecom.ru) (_krg\klgyahoo.co.uk)
(khan@mecom.ru)
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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 GloSeasGC2 (ykhyun@korea.kr) (sookkool @korea.kr)
- Jean-Francois Gueremy
B , - Laurent Dorel
MetFR France Sys 8 ( ”1\22 Eﬂ:gf@%ig o ~ Constantin Ardilouze
alesp ) — Lauriane Batte
(contactrrf_¢35-330_oper @mreteod)
. 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.ge.ca) (ryan.muncaster @canada.ca)
(ECCC) Canada CanSIPSv2 - Benoit Archambauit
(benait.archambault@ec.ge.ca)
- Dr. Steven Pawson - Dr. Nakada Kazumi
ena (steven.pawson—1@nasa.gov) (kazumi.nakada@nasa.gov)
NASA USA GEOS-525-2.1 ~ Otrer
(andrea.m.molod@nasa.gov)
- Dr. Mingyue Chen - Dr. Mingyue Chen
NCEP USA CFSv2 (mingyue.chen@noaa.gov) (mingyue.chen@noaa.gov)
- Prof.Joong—Bae Ahn - Dr.Joonlee Lee
(joahn@pusan.ac.kr) (lecjl@pusan.ac.kr)
PNU Koea CGCMv2.0 ~Ms. Chan-Yeong Song
(cysong@pusan.ac.kr)
UKMO UK GloSeab - Dr. Peter McLean - Dr. Peter McLean
(Met Office) ) (peter.mclean@metoffice.gob.uk) (peter.mclean@metoffice.gob.uk)

APCC MME®l| #ojslr] 9sted 2+

0% A4E ARTA A BEA

o

A7)l g sk= Az FHe offet 22 W&

1. Forecast Data

(2) Variables

MODEL REQUEST FORM (Revised, July 2019)

(1) Period: more than 6 months (3 months if 6 months is unavailable) for each month

(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]

(3) Data type

- 850hPa zonal and meridional velocity [m/s]

- 200hPa zonal and meridional velocity [m/s]
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- 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 or 1.0° x 1.0° (360 x 180 grids) degree is all
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 1)
(2) Data readme file

4. APCC FTP server

(1) IP 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)
* MODEL: name of system (e.g., BCCv2, CWB)
* MON: (the first forecast) seasonal mean (e.g., MAM, AMJ)
* 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.apcc21.org

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

APCC MME°| Alyt=z Fosts 7| 3 2de] 39 &2 7€ 2N /M3 s


http://www.apcc21.org/

BF g dSAse A ARE defstr] ste] offel 2 &4 e EAl(description)ell
&l 24 84 WS dFg

Description of Seasonal Prediction System

1. Forecast System:
Organization

System name (Pis. specify the version of model)
First operaional forecast run / Frat offered eg.)lan, 2015/ Dec, 2017

2. Model Description: Reference
Atmospher ic model and rescution (top)
Ocean modd and resolution
Land surface model and resolution
Sea-ice model and ressiution

3. Initial fBoundary Condition: Forecast Hindcast

Atmospher ic initial conditions

Land surface iniial conditions

Soil mosture inftal conditions

Snow initial conditions

Ocean initial conditions

Seg-lce initial conditions
SET boundary conditions [ ter-2)
4, Data Specification: Forecast Hindcast

initial conditions for forecas and hindcast
Ensembile size for forecast and hindcast
[To APCC)

Hindcast period (fixed or on-the-fiy?)
Forecast frequency and range {kead time)

When is the ear e dae of forecast data
availablefor relezse?

Data Format and resclution (To APCC)

List of parameter for APCC

5. More information

URL ar Main reference

Focal point {name/e-mail)
= The length of time between the issuance of aforecas and the occurrence of the phenomena that were predicted.
[0.5 lead time meansforecast gsued for tha month)

e.g. 1) 2019 0AS0N (1-6 month lead time) means 6 months forecastissued on May 2019
2) 20190A50N (0.55 month lead time} means &months forecast issued on June 2019

(3 APCC MME #o md =3 3 9 A

APCC MME®] efshs 157) 71%e] o2 ARE (Pt o (Wftp AW S ol kel 53
stal ot o] & BCCE =% 871 71#&BCC, CMCC, CWB, HMC, KMA, MGO, MSC, PNU)<¢]
A% ARE AF DA AW NF AEE YT HF T YA, APCCE MRS 87 /)@
(APCC, BoM, JMA, MetFR, NCEP, NASA, UKMO)®] o= A5+ AH ald 713 ftp AWl
Héato] AR EO|E GRF HUsky B RE dof BTk APCC HES D wek AR m
% AR A2E FE &) J1#e] P ARAEE Adshe A2E Ad £ AE )
VEAZARRHEHAD AFY) @ AL FFACIIA AFWel AF L FT HE 55L
agslok 3km, Heke 98l 72 AW fip W& AYT WrYsE BFEy, F4B P2E
BE UYEE vhAska oo B3 HuE AgsFolol sk A AnE WY FYAT
A&H oz welste], WAANGel Ut AS FAHOE WY R FHstelok FTh (Pitp %

=~
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(2Dftp Aol Faok AF FRe obefo} 2t

O (F)ftp Al L (ADftp AW 1P F49F AH AR
B (Pftp AW TP 24 10.200.111.14 (Y FY; o Fol A= 210.98.49.14)
()ftp AlA: apcc
(Pftp H=Y=: (HFE FH)
B (XDftp AW TP 24~ 10.200.111.116 (Y F-; 2 F-o A= 210.98.49.116)
(ADftp AlA: downy
(ADftp == (HFE FH)

of N

Fol mad WA A PA Bl T ARAL WS WARE AN 2
5 l

+% Wre V12® &

>

f

(4 APCC MME /I =2d S&99F Ax Y4

-~

4

(3ol 4 APCC MME Fofst= 2k 7|8 ERD A g7t S5=d NErde] &

% ARE YA

O NERd FE9F A5 AL Y R dHE B=

APCC AERY 22 ARE A7) A% 49 A2 ofels Zow, =, 367
9 21 5 HY T & U

m APCC /|29 EE4 = A5 Y4 2d A=

n APCC B2 SEa)S A2 Y4 AT 43 3

GAUS_INDI_forecast.py : APCC 7HEHZE =EA=F Atz ME ool =272
Ao S T3l AE HET AHELS oY AHARoA AT 5 U

/data02/OPER/AFS/DATA/MME_OUT/3-MON/FORECAST/GAUS_INDI (371 & forecast)
/data02/OPER/AFS/DATA/MME_OUT/6-MON/FORECAST/GAUS_INDI (671 & forecast)

= APCC /W EH SES A5 3= AT 4=
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$PATHAMODELYAMONTHY'AYEAR}™ : siE 2| ¥ MME ol& A=
$PATHAMODELY{MONTH}{SEASON}"AYEAR} : sllE =2 AE #Hd MME ol & XI=

¥ SPATH= 9o A3& F=E 9u|g

713 2 JpEEEY (e.g. APCC_SCOPS, ... , UKMO_GLOSEAS5)

** o Z A2} 9 (e.g. JAN, FEB, ..., NOV, DEC)

o= A2 A% (e 2019, 2020, ..)
ko = AlA (e.g. JFM, FMA, ... , NDJ, DJF)

@ MErd FE9= 25 Y4+

2 Ao M= 3/671€L forecastol] thale] A-DBF A € Ht 4 AHE &4

1$ vi SPATH_MME/GAUS_INDI_forecast.py

models = [ "APCC_SCOPS" ]| # & st1 X} st=

os.environ[ START_YEAR'] = "2020"
os.environSTART_MON'] = "FEB"
os.environ[LEAD_TIME'] = "3"
os.environ[' SEASONAL'] ="Q"
os.environ SEASONNAME'] = "FMA”
os.environ PREPOST'] = "PRE"

w i NERT d Hdol Ui FE AR AN A FA

1$ vi $SPATH_MME/GAUS_INDI_forecast.py

models = [ "APCC_SCOPS" ] # =& st1%} st=

os.environ[ START_YEAR'] = "2020"
os.environ START_MON'] = "FEB”
os.environ[LEAD_TIME'] = "3"
o0s.environ[ SEASONAL] = "X"
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0s.environ SEASONNAME'] = "FMA"
os.environ PREPOST’] = "PRE"

o/lLde] A o T, AdHFE Lead time 1~32] H+ 3 Lead time 4~62] 3
#Oo 2 YHEeZ “PREPOST” &&H& Z+2F “PRE”, “POST” & AAsta 1o 2= AlAH
< “SEASONNAME” ol dA3ste] 33 Fojof rf. HAo] SrHH ofgfjo} 22 WHo=
MEERD SE43F A5 42 22038 TR0 o, Fh317] d 247 sigstes 23E o
dEZ 9 74EE ARE AA § Fdstoof A ((FEE VIH9do] A= A 7

)

s

s ERY FEYS A7 A4S T2 53

1$ python $PATH_MME/GAUS_INDI_forecast.py

o] GaHW oA AFH 27 APEE ARE tAEee Ayt Aoz A
FEAQEA FART YAEE AP EEE T 2o
nERd SEE 2y W B
prec.nc  slp.nc sst.nc t2m.nc 1850.nc  z500.nc
W] 24 2 B2 hindcast 717t ZAl AA T A2 TR0 $£4o] Ay AF¢
olef AR Y& FAHI

» MME & SA| 28 A2 T2

/data02/OPER/AFS/CODE/PMME/GAUS/NCL _INDI/GAUS.ncl

cole ZEaMolM 24E AA nel npdnt ZEZHso mt)S load B

/data02/OPER/AFS/CODE/PMME/GAUS/NCL_INDI/GAUS_FCST.ncl (forecast 2kAl

% MM &AA FEAM ME HE ZE hindcast 7172 & 4T MM =HES H
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(5) APCC MME 13|45 oZ285 Y4+
@D APCC MME 134 % =25 P4 374 AHF

APCC MME TS|4E o ZA8E 4437 9I5te] Axdle] B4(hzEy
W A2)e A Folor Ak @Y FRAL Y Ao A%

PR
T — o
Z 3t (FL2 bashrc Y 5 T3l A5 Al A load & & AEF o))

2 E 3Fel(module avail)

1$ module avail

Jopt/Modules/versions
3.2.10

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

/app/modulefiles/compiler
gnu/7.3.0(default) python/3.7-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)

Japp/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)

hadf5/1.8.18(default) ncarg/6.5.0(default) proj/5.1.0(default)

m 25 ZX(module load)

1$ module load python/3.7-anaconda
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o\
N
g
o
fu
i

w3k, APCC MME I3 E o SA2H-S 2335ty 9 2zt

Al F

m 7|2 A2 A4 Y (/home/oper/afs2.rc)

oleje} o

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 A2 H74 A3 (/home/oper/afs2.rc)

1$ source ~/afs2.rc

@ APCC MME 134%= 45 A &Y 2 AHAE =

APCC MME 183 = SAEE Aatstr] f7 A4 d== obgfoh 2o,

3747 forecast/hindcast 3/67012 dZ717F 5& AA & 4 QU

25 A A A=

AN

m APCC MME 31345 o

Fojme

/data02/OPER/AFS/RUN/Manage_HresMME (0|3t $PATH_MME)

= APCC MME 1184 = d &8s A4k 9% 244 9

rundPMME.py : APCC PMME o SAtz2 M= Hel =2 32

- HCST_GAUS_3m.yam! : 37H& PMME Hindcast &3 A&

- HCST_GAUS_6m.yam! : 67H& PMME Hindcast &3 A X

- FCST_GAUS_3m.yaml : 37H& PMME Forecast &3 A&

- FCST_GAUS_6m.yam! : 67H& PMME Forecast A& AH
rundDMME.py : APCC DMME O SAt=2 A& Mol == I3

- HCST_SCM_3m.yaml : 371 &€ DMME #0{ 2% Hindcast &3 AH
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- HCST_SCM_6m.yaml : 671 € DMME #t0i 22 Hindcast A3 AH
- FCST_SCM_3m.yam! : 37§ ¥ DMME ZO0{ 2% Forecast As M
- FCST_SCM_6m.yam! : 67H& DMME 2&t0i 2= Forecast A& AN

o] AAS Fal A MMES usids o

@ & gk,

AN

s HF Ade2 ofde] A=A F<

» APCC MME 134 % oS5A8s A& H=E

AN
il

/data02/OPER/AFS/DATA/Hres_MME_OUT/3-MON/FORECAST/SCM & GAUS (37H& forecast)
/data02/OPER/AFS/DATA/Hres_MME_OUT/6-MON/FORECAST/SCM & GAUS (6712 forecast)

/data02/OPER/AFS/DATA/Hres_MME_OUT/3-MON/HINDCAST/SCM & GAUS (37H& hindcast)

/data02/OPER/AFS/DATA/Hres_MME_OUT/6-MON/HINDCAST/SCM & GAUS (6742 hindcast)

= APCC MME 8|3 = S5 AdaE AT B2

SPATHAMONTHYAYEAR}Y” @ si & =2l ¥ MME ol & A=

$PATHAMONTH}ASEASONY"AYEAR}" : sl & A= AH Had MME olE A2
% SPATH= <19 Ad= A2& ved

*. o] A%+ 4 (e.g. JAN, FEB, ..., NOV, DEC)

o F AIF dE (eg 2019, 2020, )

wek o & AlA (e.g. JFM, FMA, ..., NDJ, DJF)

@ APCC MME 133 = d4&A= 4k ZY +3 44

" Fo N 2d S5 AsE Ve R As FH HAE Fo MME
A= A5 EAS 18ty MY, 671€ Z42te] MME 34 J
ot A71M Fo 2d ], As, 435 AF Y, 95 ARHEE 9

£

m (| A]) 370 ¥ PMME Hindcast 23 A4 w1 434

1$ vi SPATH_HMME/HCST_3m_GAUS.yaml
DatalList:
- Model_name : APCC_SCOPS

BCC_CSM1.1M
BOM_ACCESS-St
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CMCC_SPS3.5
CWB_TCWB1Tv1.1
HMC_SL-AV
JMA_MRI-CPS2
KMA_GLOSEA5GC2
METFR_SYS8
MSC_CANSIPSV2
NASA_GEOS-S2S-2.1
NCEP_CFSv2
PNU_CGCMv2.0
UKMO_GLOSEA6
Variable_name : prec
slp
t2m
850
z500
Forecast_month : DEC
Hindcast_syear : 1991

Hindcast_eyear : 2010

m () A)]) 6712 PMME Hindcast 23] A4 23U A

1$ vi SPATH_MME/model-6m.py

DatalList:
- Model_name : APCC_SCOPS
BCC_CSM1.1M
CWB_TCWB1Tv1.1

KMA_GLOSEA5GC?2

MSC_CANSIPSvV2

NASA_GEOS-S2S-2.1

NCEP_CFSv2

PNU_CGCMv2.0
Variable_nhame : prec

slp

t2m

850

z500
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Forecast_month : DEC
Hindcast_syear : 1991
Hindcast_eyear : 2010

@ APCC MME I 3A% o= 28 A4t

@AM MME #o] 29 A4S M43 F APCCOlA A4tat= 27k2] MME 7] (DMME;
FAoME HEE MME o2 A8 Y4 A=,
Feind hindcast A2 A=, AFES AAHFH Hu, o]& Wxo A glo] yamle] AA
ZFORRE o= AFBE YT F k. o7)A, siAEE AR 15 HAEE G E

o=
7o) 25% AE wH HH sHss).

e

m (A 371 g = PMME A4 =273 44

I$ vi $PATH_HMME/rundPMME.py

(b

# MME output files path
mme_out_dir = "/data02/AFS/OPER/AFS/DATA/Hres. MME_QUT/"

# individual model directory path: hindcast

# 2.5 degree

#hest_model_path = "/data02/AFS/OPER/AFS/DATA/MME_IN/HINDCAST/”
#resolution = 2.5

# 1.0 degree

hcst_model_path = "/data02/AFS/OPER/AFS/DATA/MME_IN/HINDCAST _1degree/”
resolution = 1.0

# select any year: one of hincast period
ref_year = "2000"
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DMME 9 67129 A= 92 A A ITH dg. B =2 7382 Hindcast ¢
o] RES F4xgstd =

Forecast2 EAld] 48, zZ+zts wWin g 283 A% 53
o SAE Z2O3S offel 2ol = 9=

1$ python $PATH_HMME/run4PMME.py
1$ python $PATH_HMME/run4dDMME.py

AF 247 sigsts A2 Hagel Aust gYHon A
= A= B2e

tew 2.

<SCM>
prec.nc  slp.nc t2m.nc t850.nc  u200.nc  u850.nc v200.nc Vv850.nc z500.nc (sst.nc)

<GAUS>

prec.nc  slp.nc t2m.nc t850.nc  z500.nc (sst.nc)

AZARE AN AT AR A R AL P AR s Z2IRL Fa o
SRtk AANE o % Axwe] AR &k Z2IPe “my_package” TleE el 91x/5
o, ARALEEe] e Y A2 TS FAHSH A
" MME 83 = dSA 2 s 225

calc_GAUS_MME_IN_CMCC.py (CMCC o £Xtz XMz 4d ==23H)
calc_GAUS_MME_IN_NCEP_SST.py (NCEP sl+HE2% o &Xz XMe| Y =Z=23H)
calc_GAUS_MME_IN.py (&0{Z& o Xtz X2l MY =Z=23H)

calc. MME_IN_CMCC.py (CMCC o &Xt=2 XMzl Ay =Z=213)

calc. MME_IN_NCEP_SST.py (NCEP sisH2% o FX=E M2l A8 Z=238)

calc. MME_IN.py (EHo{Z& o ZXtE X2l 4Y ==2H)

Ismask.nc (3} A= land-sea mask X&)

make_season_month_name.py (&, AEYH MY ==23%)

nc_out_1_0_deg DMME_HCST.py (1sf&t= DMME 4t& MXY == )
nc_out 2 5 deg_ DMME_HCST.py (Mail& = DMME && Md =2 %)
nc_out_1_0_deg PMME_HCST.py (Zsi&= PMME &HE A == )
nc_out_2 5 deg PMME_HCST.py (XMsi&= PMME &tE A == )
read_MODEL_HIND_TIME.py (&0i =22 hindcast AlZt & MY Z=23#)
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1. News and Notices

1.1. 4th APCC MME Providers’ Meeting

APCC held the 4th APCC Model Providers’ Meeting (MPM) online, due to COVID-19,
twice on 10 September 2021 (afternoon and evening in Korean time). The meeting was held
twice at different times to encourage the attendance of members in various time zones
around the world. Both sessions of the APCC MPM were attended by total 10 participants and
7 observers from 10 organizations (Figure E1).

The two meetings were organized and conducted with the same agenda with the
exception of the members’ presentations. The meeting agenda included:

® APCC presentations on the APCC MME prediction system

® Member presentations on an overview of their seasonal forecast system including the
operational forecast schedule and improvement of seasonal forecast system

® Discussions on how to improve the APCC MME prediction system

During the discussion session, APCC explained that in 2022, it plans to operate a pilot
MME forecast system with 1° x 1° resolution and an early release of APCC seasonal
climate outlook around the 15th of each month. For this, APCC requested for relevant model
providers to please provide higher resolution models (for those currently providing 2.5° x
2.5° resolution model data) and an earlier data sharing date (for those currently providing
their data after the 15th of each month). Also, APCC introduced two requests by members;
adding the OLR variable and a description of the COZ2 concentration in each model.

The 4" APEC Climate Center MME Model Providers’ Meeting
10 September, 2021

Figure E1. Official photo from the 4th APCC MME Model Providers’ Meeting
held online on 10 September 2021.
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1.2 APCC CLimate Information toolKit (CLIK)

APCC is running a platform-based climate data service (Figure E2), named the CLimate
Information toolKit (CLIK, https://cliks.apcc21l.org) that allows you to download APCC climate
information in various and convenient ways, including Open API, Script, and Web interface.
The previous APCC Data Service System (ADSS; http://adss.apcc2l.org) was terminated in 2021
and the data has been completely transferred. The new data service, CLIK, makes it easier
and faster for users to handle APCC’ s climate data.

4DS55 {APCC Data Service System) was terminated in hlne 2021

Climate Service Toolkit
http://cliks.apcc21.org [l http://clik.apcc21.org o] e 8
Digital Data Forecast / Downscaling

O e — G Dat CLRs OteniVia
Service

# CLK (Climate information ookt

# CLPs (Thmate Information Processing systers)

# OpenWPS (Ogen Web Frocsssing Service)

Figure E2. APCC’ s current platform-based climate information services
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2. Improved Contents

2.1. New Climatological Normals of °Current Climate Monitoring’

APCC is providing ‘Current Climate Monitoring” services for temperature, outgoing
longwave radiation, precipitation, etc., through https://apcc2l.ser/high.do?lang=en. The
climatological reference period was based on the hindcast period of APCC MME, 1991-2010.
However, following the WMO recommendation to use the most-recent 30-year period as the
climatological standard normal, in 2021, APCC changed the reference period to 1991-2020
(Figure E3).
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Figure E3. Change in climatological reference period for the
temperature anomaly monitoring service
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2.2. New Climatological Normal of ‘Climate Indices’

Following the above change to APCC’ s Climate Monitoring Services, in 2021, APCC
also changed the climatological reference period from 1981-2010 to 1991-2020 for the
‘Climate Indices® service on the APCC homepage (https://apccc2l.ser/indic.do?lang=en).
APCC changed the reference period to 1961-2020 (longer than those of other indices) for the
North Atlantic Oscillation (NAO), which is based on an Empirical Orthogonal Function (EOF)
analysis, to consider the changes of the EOF base pattern. As a result, the new indices are
statistically consistent to the old indices, which was based on the 1981-2010 climatological
period, in terms of variability or spread, but adjusted intensity on the recent climate change.
Also, the graphics on the homepage were slightly reformatted to increase readability (Figure
E4).

East Central Tropical Pacific SST (NINO34) Time : Jul 2011 - Jun 2021
a0

\Illllll[illl\

NINO34

0.0

=
poaa i

20

2012 2013 2014 208 2018 207 208 209 2020 2021

@ APEC Climate Center

a0 East Central Tropical Pacific SST (NINO34) Time : Oct 2011 - Sep 2021

1 OBS Data Source: ERSSTvS
1 Base Period : 1991 - 2020 @ APEC Climate Center
1 Ll

-2.0 T T T T T T T T
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Figure E4. Changes in reference period of climate index, Nifi03.4,
from 1981-2010 to 1991-2020.
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3. New and Improved Models for MME

Starting from the 2021 FMAMIJJ seasonal forecast, the M¢téo-France (MetFR) seasonal
forecast data from Sys 7 was added to the APCC MME. The Sys 7 is comprised of
ARPEGE-Climate v6.4 (atmosphere), NEMO 3.6 (ocean), and etc. With the addition MetFR, 15
institutes from 11 countries are now participating in the APCC MME.

Also, 4 models from the UK Met Office (UKMO, UK), MetFR (France), Centro
Euro-Mediterraneo sui Cambiamenti Climatici (CMCC, Italy) and the Bureau of Meteorology
(BoM, Australia) were upgraded in February, July, August and November 2021, respectively.
The model resolution of CMCC and MetFR were updated to be higher resoltion, and the
hindcast period for the BoM model was shifted to more recent years (Table E1).

Table E1. Summary of upgraded individual models in 2021

Organization BoM CMCC
System name ACCESS-S1 ACCESS-S2 SPS3 SPS3.5
. CAMS 5.3/ CAMS 5.3/
At”r:]%sg’ehlf”c UM 6/ UM 6/ ~1.0°x1.0° L46 ~0.5°x0.5° L46
Resolution N216~60k, L85 N216~60k, L85 (provided (provided
2.5°%2.5°) 1.0°x1.0°)
Ocean model NEMO ORACA25 NEMO ORACA25 NEMO3.4 NEMO3 .4
Ensemble size 20/20
(forecast/hindcast) 11/11 11721 20/20 (original 50/40)
Hindcast period 1990-2012 1981-2018 1993-2016 1993-2016
Organization MetFR UKMO
System name Sys 7 Sys 8 GloSea5 GloSeab
. ARPEGE-Climate ARPEGE-Climate
At”r:]%sg’ehlf”c v6.4/ v6.4/ UM 856/ UM 856/
Resolution TL359, 91 levs, TL359, 127 levs, N216L85 N216L85
top 0.01 hPa top 0.01 hPa
Ocean model NEMO3.6 NEMO3.6 NEMO3.4 NEMO3 .4
Ensemble size
(forecast/hindcast) 51/25 51/25 42/28 42/28
Hindcast period 1993-2016 1993-2016 1993-2016 1993-2016

BoM and CMCC provided hindcast data for the new models to APCC and APCC was
able to confirm that both models have generally improved. ACC differences between
ACCESS-S2 and ACCESS-S1 for various variables show positive tendency (improvement)
(Figure 5). SST shows a slight negative tendency (regressive), but the Nifio3.4 index shows
skill improvement in longer than 2-month-lead forecast (Figure E6). ACC differences between
SPS3.5 and SPS3 of wvarious variables also show improvement tendency (Figure E7).
Temperatures and geopotential height are largely improved especially in the Southern
Hemisphere.
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TCC: Nino3.4 (1991-2010)
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4. Current Status of APCC MME

The ACC hindcast skill of APCC MME in 2021 has significantly improved compared to
2018, due to the change in hindcast period and model improvement (Figure E8). The hindcast
period was changed in 2019 from 1983-2010 to 1991-2010 to include more recent upgraded
models and skill improvement. In addition, new and improved individual model members in
2021 (MetFR, BoM, CMCC) increased the ACC skill of MME.
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Figure E8. (upper) Seasonal mean and (lower) differences of ACC skill of hindcast of
(left) temperature and (right) precipitation for the globe.
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5. Upcoming New and Upgraded Services for APCC MME

5.1. Earlier Seasonal Climate Outlook Release (15th)

In 2022, APCC plans to move the official seasonal climate outlook release date from the
20th to the 15th of every month, thanks to the agreement at the 4th APCC MPM. The
change of the official seasonal climate outlook release date is aimed to promote the utility of
seasonal forecasts. Many users have previously requested earlier issue dates for the forecast
data.

To facilitate the earlier release of the climate outlook, APCC has improved the
pre-processing system for the models. Some parts of the system for collecting and
pre-processing the MME data have been programmed to be automatic for faster calculation.

5.2. High-Resolution MME (Pilot System)

In 2022, APCC plans to launch a pilot system for higher resolution seasonal forecast
data (1° x 1°). APCC MME’ s resolution is currently 2.5° x 2.5°, despite most individual
models having been upgraded since 2005 with higher resolutions than the present MME.
Unfortunately, APCC has not been able to have all of its participating models send
high-resolution until now, so we analyzed two options for the high resolution MME: (1)
including all of the models with re-gridded data or (2) including only the high-resolution
models. Higher-resolution observations were newly selected for the verification of the new
forecast data: ERA5 (Herbach et al. 2020) for various atmospheric variables, and CPC
(http://www.esrl.noaa.gov/psd/) and MERRA2 (Geralo et al. 2017) for precipitation. There is no
perfect precipitation data for high-resolution MME verification for hindcast (1991-2010) and
real-time forecast, so we selected two data sets in spite of their respective limitations: lack
of ocean coverage in CPC and lack of accuracy in MERRAZ reanalysis data. The verification
data used previously were NCEP2-DOE reanalysis II (Kanamitsu et al. 2002; NCEP2) and
CAMS-OPI (Janowiak and Xie 1999).

ACC, TCC skills of the new DMME and ROC skill of the new PMME in the hindcast
period were compared to the current MME in order to examine the continuity (Figure E9 and
Figure E10). In conclusion, various atmospheric variables in the new MME using ERA5 are not
different from the current MME, but precipitation in the new MME using CPC and MERRA2
are different from the current MME. In particular, the relative differences using CPC are
over 30% due to the lack of data in the ocean where the forecast skill of precipitation is
relatively high. The new MME including all of the models with high and low resolution, is
slightly better than the MME including only high-resolution models, due to the large number
of participating models, as demonstrated in previous research about MME size (Alessandri et
al. 2018). Therefore, the new MME pilot system will include all of the models. The
verification reference data will be ERA5 for atmospheric variables, but for precipitation we
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are still considering to change the data to CPC or MERRA2; or keep the CAMS-OPI and
verify as low grid.
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Figure E9. Differences of global mean (top) ACC, (middle) TCC, and (bottom) ROC skills of
(left) temperature, (middle) geopotential height at 500-hPa, and (right) sea level pressure
between high- and low-resolution MME. Relative differences are presented as red asterisks.
1h indicates the MME including only high-resolution models and la indicates the MME
including all models with high-resolution grid.
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Figure E10. Same as Figure 9 but for precipitation, new MME verified to
(left) CPC and (right) MERRA2

High-resolution MME seasonal forecasts has been the first priority of APCC user
requests for a long time. Therefore, we expect this new service will increase the applicability
of APCC MME’ s data when it is released to the public.
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