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Executive Summary

Since its establishment in 2005, APCC (APEC Climate Center) 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.

Starting from April 2022, APCC has changed the official seasonal climate outlook release
date from the 20th to the 15th of every month by courtesy of the contribution of the APCC
MME Producing Centres (PCs). The release date was already moved up 5 days (25th to 20th)
in 2019. Going one step further to meet the user needs and promote our competitiveness,
APCC started issuing its climate outlook on the 15th which is 10 days earlier in total than
before. Along with the earlier outlook release, seasonal climate forecast information in higher
spatial resolution is one of the top priorities of user needs according to the results of the
APCC’s user survey conducted in 2020. The spatial resolution of APCC’s forecast data has
been 2.5° in latitude X 2.5° in longitude until recently, which was not highly resolved
enough to meet user needs. Accordingly, APCC officially launched higher resolution (1° in
latitude X 1° in longitude) MME forecast system in September 2022.

The new MME probabilistic forecast from selected models for East Asian region based on
the relationship between ENSO-western Pacific precipitation and East Asian climate has been
also provided from June 2022. The region of APCC FHEWS (Fire and Haze Early Warning
System) was expanded to Malaysia in 2022, and its extended forecast is planned to be
available in 2023.

In 2022, 4 out of 15 individual models were upgraded and applied to the APCC MME
forecast system: ECCC CanSIPSv2.1, HMC SL-AV-072L96, JMA MRI-CPS3, and KMA
GloSea6GC3.2. Improvements of these new models include upgraded atmospheric and ocean
models, bigger ensemble size, and hindcast period shifted to more recent years. Also, CWB’s
model data were produced by their new HPC.

APCC improved BSISO information by reflecting recent climate characteristics and their
influence. To do this, the climatological reference period has been updated from 1981-2010 to
1991-2020 for all BSISO information, following the World Meteorological Organization’s
recommendation to use the most-recent 30-year period as the climatological standard.
Graphical representations on the BSISO website were also improved to increase readability
and visibility. We expect that this improvement will help enhance user experience.



Under the global warming, seasonal forecast of temperature at 2-m during the APCC
MME’s hindcast period (1991-2010) are analyzed to understand the dynamical forecast models’
ability to resolve the global warming trend. Most dynamical models have similar warming
linear trend with the real world’s one in the view of globally averaged temperature.
However, in the regional scale, dynamical models could not simulate the specific warming or
neutral trend and tend to forecast a bit warmer temperature roughly in the globe, regardless
the variation of regions. Futher, it is introduced two methods to correct the temperature
forecast; one is applying the research results about linear trend and tendency of the APCC
MME and the other is bias correction using quantile mapping of temperature distribution, that
can improve temperataure predictability in the future.

APCC has been opearting the WMO (World Meteorological Organization) Lead Center for
Long Range Forecast (WMO LC-LRFMME) with KMA (Korea Meteorological Administration)
since 2011 to provide climate forecast services. The WMO LC-LRFMME collects forecast data
from 14 Global Producing Center (GPC) and standardizes forecast and hindcast data and
displaying the MME results including deterministic and probabilistic method through the
website on a monthly basis. Also the WMO LC-LRFMME provided the seasonal forecast
information to Regional Climate Outlook Forums (RCOF), Global Seasonal Climate Updates
(GSCU) and KMA to a consensus on the state of the global and regional climate outlook. In
2022, the WMO LC-LRFMME’ s seasonal forecast system improvements have been performed
to provide customized seasonal prediction information and improve system management.

APCC is also operating the WMO ICO (International Coordination Office) to establish an
international collaboration in the fileld of climate prediction and continuously communicating
with a group of experts in the climate filed by attending international conferences susch as
[PCC and regional climate forums.
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Table 1. List of participating models in APCC MME.

NeE o FEE PEE Hindcast
M (FH) 713k
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BOM (&) ACCESS-S2 N216L.85 11/27 1981-2018
(o]cr-l‘\é/[;i}) SPS3.5 0.5x0.5, L46 50/40 1993-2016
CWB (- ¥h TCWBITv1.1 T119L40 30/30 1982-2019
ECCC GZhyeh CanSIPSv2 T63L35 20/20 1980-2020
HMC (2] Ao SL-AV 0.721at*0.90n, 1.96 41/11 1991-2015
JMA (&48) JMA/MRI-CPS3 T319L100 50/10 1991-2020
KMA (3+=) GloSeabGC3.2 N216L1.85 84/28 1993-2016
MetFR (Zg2) Sys 8 T359L127 51/25 1993-2016
NASA (7]=) GEQOS-525-2.1 0.5x0.5, L72 10/4 1981-2016
NCEP (®]=) CFSv2 T1261L.64 20/20 1982-2010
PNU (=) CGCM v2.0 T421.18 35/35 1980-2021
UKMO (g =) GloSeab N216L.85 42128 1993-2016
MGO (2] A} MGOAM-2 T421L.14 10/6 1979-2004
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Deterministic SCM Simple average of individual model forecasts with
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Non-calibrated probabilistc  MME  with  model
Probabilistic GAUS weights being inversely proportional to the random
error in the forecast probability (Min et al. 2009)
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Figure 5. APCC Climate Outlooks for the Globe and the Pacific
Islands Countries.
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Table 3. List of APCC MME participating models: ECCC, HMC, JMA, and KMA.
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# &% 3 th(Table 3.

dZ28E APCCo A&t

Organization ECCC HMC
System name CanSIPSv2 Can9IPSv2.1 SL-AV SL-AV-0721.96
- T63L35 (1hPa - T63L35 (1hPa) 1.125lat
. . (P ( § 0.721at*0.9lon
Spatial resolution - ~14x1.4 - ~Ix1 *1.40625lon
9.6 (0.04mb)
deg(L79X0.075hPa)  deg(L85)(0.1hPa) 128 (10mb)
Ensemble size (F/H) 20/20 20/20 20/10 41/11
Lead time 12 months 12 months 3 months 3 months
Hindcast period 1981-2010 1991-2020 1990-2015 1991-2015
) - CanAM4 - CanAM4
Atmospheric model - -
- GEM 4.8-L'TS13 - GEM 501
- CanOM4 - CanOM4
Ocean model - -
- NEMO 3.6 - NEMO 3.6
- CLASS 2.7 - CLASS 2.7
Land surface model - -
- ISBA - ISBA
- Cavitating fluid - Cavitating fluid
Sea-Ice model approach approach - -
- CICE 4 - CICE4
- Nudging to - Nudging to
oL CMC GDPS CMC GDPS , Operational
Atmospheric initial _ ) NCEP Reanalysis
.. analysis analysis HMCR 3D-Var
conditions 2 .
- CMC GEPS - CMC GEPS Analysis
from EnKF from EnKF
- CMC GIOPS - CMC dOPs
analysi alysi \ds-Smith
Ocean initial conditions Yo AEYSS TS -
- CMC GIOPs - CMC GIOPS a
analysis analysis

ECCC



- Response of - Response of
land variables to  land variables to
. . . HMC data Al for T2m,
Land surface initial atmospheric atmospheric ,
. spec.proc.atm.for RHZ?m, skin
conditions nudged runs nudged runs
C temperature
- SPS forced by - SPS forced by
CMC analysis CMC analysis
. Persistent Persistent SST
SST boundary conditions - -
anomaly anomaly
- CMC GIOPS - CMC GIOPS
analysis, SMv3 analysis, SMv3
statistical model statistical model Reynolds-Smith ,
_ . . . , Persistent SST
Sea-Ice initial conditions | thickness for NH  thickness for NH Ol with local oozl
thickness thickness adjustment Y
- CMC GIOPS - CMC GIOPS
analysis analysis
Organization IMA KMA
System name MRI-CPS2 MRI-CPS3 (GloSeabGC2 (Q0Sea6GC3.2
) ) TL159L60 TL319L100
Spatial resolution N216L.85 N216L.85
(0.1hP2) (0.01hPa)
Ensemble size (F/H) 52/10 50/10 4212 84/28
Lead time 5 months 6 months 6 months 6 months
Hindcast period 1979-2014 1991-2020 1991-2010 1993-2016
Atmospheric model IMA-GSM IMA-GSM M 8.6 UM 115
Ocean model MRLCOMv3 MRI.COMv4.6 NEMO 34 NEMO 3.6
Land surface model JMA SB JMA SB JULES 8.6 JULES 5.6
Interactive sea Interactive sea
Sea-Ice model _ ) CICE 4.1 dCE 5.1.2
ice model ice model
Atmospheric initial JMA Global
" JRA-55 , KMA WNP KMA NWP
conditions Analysis
MOVE/MRL.COM-  MOVE/MRIL.COM- UKMO
Ocean initial conditions KMA GODAPS2
G2 G3 NEMOVAR
Offline model
Land surface initial JRA-55 land runs (forced by
" . KMA NWP KMA-NWP
conditions analysis JRM-3Q and IMA

Global Analysis)




. Persistent Persistent SST
SST boundary conditions - -
anomaly anomaly

Reynolds-Smith Ol .
Persistent SST | MOVE/MRLCOM- MOVE/MRI.COM-
Sea-Ice initial conditions with local
anomaly G2 G3

adjustment

(b CWB TCWBI1Tv1.1

TCWBITv1.l 2d2 2022 5€, CWBAlA &9st= HPCZF 7)dgel wet 714" HPC
SgHo R dF ARE ALt AFHALH, 7IE dF A54 AolE Hlug AH, o
4 2 Aol7t des gl (Figure 6).

Difference between new HPC and old HPC for T2m
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Issued: 15 Jun 2022 Unit: K (Anomaly)

| Anomaly for TCWB1Tv1.1
Base Period: 1991-2010
| © APEC Climate Center
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Figure 6. Difference between before CWB HPC (FX100) and
after CWB HPC (FX1000).
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CanSIPS: Canadian Seasonal to Inter-annual Prediction System
CCCma: Canadian Centre for Climate Modelling and Analysis
CMC: Canadian Meteorological Centre

ECCC: Environment and Climate Change Canada

MSC: Meteorological Service of Canada

RPN: Recherche en Prevision Numerigue

Figure 7. Structure of Environment and Climate
Change Canada.
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ROC Score: prec, Globe (1991-2010)
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ACC of CanSIPSv2.1 and CanSIPSv2. Positive values indicate
better than that of CanSIPSv2.
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TCC: Nifo3.4 (1991-2010)
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Figure 10. Nifio3.4 forecast skill of CanSIPSv2.1 and CanSIPSv2.
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ACC: t2m, Globe (1991-2010)

ACC: prec,

Globe (1991-2010)
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Figure 11. ACC of individual models

ACC of MME (bar) of global temperature (left) and precipitation (right).
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ACC of MME including CanSIPSv2.1 and CanSIPSv2. Positive
values indicate that the skill of MME including CanSIPSv2.1 is better than that of CanSIPSv2.
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ROC Score: prec, Globe (1991-2010)

ROC Score: slp, Globe (1991-2010)

ROC Score: sst, Globe (1991-2010)
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Figure 13. ROC score of MME including CanSIPSv2.1 (solid line) and MME
(dashesd line).
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Figure 14. Comparison of ACC before (HMC-old/SCM-old) and after (HMC-new/SCM-new)

HMC’ s model and MME.
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Figure 19. Nifio3.4 forecast skill of JMA MRI-CPS3-2 and MRI-CPS2.
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Figure 21. ROC score of MRI-CPS3 (solid line) and MRI-CPS2 (dashesd line).

_19_



TCC: Nino3.4 (1991-2010)

1.0 = 1.U
oy 40—

0.8 1 o’ 0.8

0.6 0.6 -

0.4 1 —® JMAMRI-CPS3-15 (0.965) LEADL |44 JMA MRI-CPS3-1.5 (0.846) LEAD4
471 --e-- JMA MRI-CPS2 (0.935) . JMA MRI-CPS2 (0.820)

0.6 0.6 -

0.4 1 % JMAMRICPS3-15 (0.928) LEAD2 |04 JMA MRI-CPS3-1.5 (0.776) LEAD5
41 =9-- MA MRICPS2 (0.906) : JMA MRI-CPS2 (0.753)

1.0 1.0

0.8 0.8 1

0.6 A 0.6 1

JMA MRI-CPS3-1.5 (0.893) LEAD3 i JMA MRI-CPS3-1.5 (0.708) LEAD6
0.4 JMA MRI-CPS2 (0.874) 0.4 JMA MRI-CPS2 (0.706)

JAN FEB MAR APR MAY JU'N JUL AUG SEP OCT NOV DE

Figure 22. Difference between Nifio3.4 forecast skill of MRI-CPS3 (solid line) and

MRI-CPS2 (dashesd line).
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Figure 24. Difference between ACC of MME including MRI-CPS3 and MRI-CPS2. Positive
values indicate that the skill of MME including MRI-CPS3 is better than that of MRI-CPS2.
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Figure 25. ROC score of MME including MRI-CPS3 (solid line) and MME including MRI-CPS2
(dashesd line).
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Table 4. Comparison of before and after KMA model.
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Figure 26. Comparison of ACC before and after KMA’ s model.
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Figure 27. Comparison of ACC before (KMA-old/SCM-old) and after (KMA-new/SCM-new)

KMA”’ s model and MME.
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ENSO Alert History
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Figure 28. History of monthly ENSO Alert for APCC including before and after improvement
and other centers, NINO3.4 and SOI from 2015 to January 2022.
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Pacific RCC ENSO Tracker

The Pacific RCC EN3O tracker product gathers and summarizes the status of EN30 according to different glebal institutions. The methodole

found below
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Figure 29. ENSO alert information before and after improvement displayed on the Pacific

Regional Climate Center’ s ENSO Tracker webpage.
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Figure 30. Sample structures of static and dynamic web pages in new APCC homepage.
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Figure 31. Sample dynamic web contents using MME temperature forecast and
NINO3.4 climate index.
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BSISO Monitoring for 22-Sep-2021 to 31-Oct-2021
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Figure 33. Example of BSISO phase diagram before (top) and after (bottom) improvement
displayed on BSISO website.
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Figure 34. Same as

Figure 33 but for BSISO timeseries.
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OLR & 850hPa Wind Anomaly (31-Oct-2021)
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Figure 35. Same as Figure 33 but for anomaly field of OLR and 850hPz zonal wind.
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Reconstructed OLR anomaly
based on the BSISO indices (31-Oct-2021)
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Reconstructed OLR anomaly based on the BSISO indices (31-Oct-2021)
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Figure 36. Same as Figure 33 but for reconstructed OLR anomaly field.
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Figure 37.

Same as Figure 33 but for OLR anomaly forecasts.

_39_



@ NA = d
a9 AAE s |4 2@ ApAdE Ze g 2~EE Table 63 2t 7|20 GrADSE
ZHgEel A" A B 45 Adlzxe 3= MRS Xdsta dE Z=E NCL=
AR G AN =SS ohefe] AR M A & Yok
@ AN g 2 Az
a8 FE Ee 3ol @Este] 4€d A ] F dAY A& AES
ST, 5AEY A DRE WYL AT 2= 9IQT. AHE olmAE APCC
Eulolx EEF: APCC BSISO A2E FHahs 7144 AT 2 A% 714AT2MOL)
S oA o AAIZE & A
Table 6. List of codes for graphics improvement.
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Table 7. List of codes for improvement of the inefficient storage management.
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Table 8. Status of time and storage before and after improvement of the inefficient storage
management.
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Figure 38. T-test for mean field of both climatological base period 1981-2010 and
1991-2020 of OLR (top) and 850hPa zonal wind (bottom).
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Figure 39. MV-EOF fields by climatological base period 1981-2010 (left) and 1991-2020 (right).
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Figure 40. BSISO index (line) and time correlation coefficients (value) by climatological base
period 1981-2010 (black line) and 1991-2020 (green line). Bar is difference between 1981-2010
and 1991-2020.
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Figure 41. KS-test and P-value (value) for distribution of BSISO index by
climatological base period 1981-2010 (green line) and 1991-2020 (black line).
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Figure 42. Example of BSISO composite map displayed on
APCC BSISO website.
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Table 10. Status of codes for development of new BSISO operating system.

T 71E Z= R A=
a9 MONI_RUN_LY.CSH MONI_RUN_LY.py
24| W4 BACKUP_MONI_RUN_LY.CSH BACKUP_MONI_RUN_LY.py
A= /Ifs/datal9/BSISO_R1/MONI/01.STEP1
Gk FCST_RUN_LY.CSH FCST_RUN_LY.py
oS | W< BACKUP_FCST_RUN_LY.CSH BACKUP_FCST_RUN_LY.py
A2 [Ifs/datal9/BSISO_R1/FCST/99.RUN
A4 R.Prob.FCST_RUN_LY.CSH R.Prob.FCST_RUN_LY.py
5t5 | M<¢] | BACKUP_R.Prob.FCST_RUN_LY.CSH BACKUP_R .Prob.FCST_RUN_LY.py
A= [Ifs/datal9/BSISO_R1/FCST/99.RUN
UPDATE.LY.CSH UPDATE.LY.py
Eike| UPDATE.VERLLY.CSH UPDATE.VERLLY.py
UPDATE.VERLTOTA.LY.CSH UPDATE.VERLTOTA.LY.py
A= BACKUP_UPDATE.LY.CSH BACKUP_UPDATE.LY.py
Rl BACKUP_UPDATE.VERLLY.CSH BACKUP_UPDATE.VERLLY.py
BACKUP_UPDATE.VERL.TOTA.LY.CSH BACKUP_UPDATE.VERL.TOTA.LY.py
A= /Ifs/datal9/BSISO_R1/VERI/99.RUN
H X MAIN_BSISO.py
T | U4 X BACKUP_MAIN_BSISO.py
A= X [Ifs/datal9/BSISO_R1/MAIN
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Table 11. Directory of products for each part in
BSISO operating system.
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Table 12 Configuration settings of APCC HPC and KMA supercomputer.

APCC KMA
HPC (2015~&A}) 43 7] $-2)(2016~2021) 5%7] F7(2022~)
A a2 PGI 11.0 Intel 14.0 Intel 21.0
e pgf90 ftn Ifort
MPI openMPI mpich Intel MPI

(th A&% 23

#HAFE 5570 F=H SCoPS A ~HS Al Pt dF 7170l uist o =%
<  AAEIET A9 717Fe 2020~2022  JJA (June-July-August), 2020~2021 DIJF
(December-January-February)2 #H 2~3d3t o5, AL dFolth. 2 A QA =7]
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Figure 43. Example of SCoPS job status on KMA5
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Figure 44. Relative difference (%) of T2M, PREC, SST, SLP, and Z500 between climatological
base period 1981-2010 and 1991-2020 for 2020 JJA forecasts and RMSE for hindcast.
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Figure 45. Same as Figure 44, but for 2020 DJF.
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Figure 46. Same as Figure 44, but for 2021 JJA.
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Figure 47. Same as Figure 44, but for 2021 DIJF.
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Figure 48. Same as Figure 44, but for 2022 JJA.
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Figure 53. Same as Figure 49, but for 2022 JJA.
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Figure 57. Same as Figure 54, but for SLP.
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Figure 58. Same as Figure 54, but for Z500.
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Figure 59. Example of 2020 ONDJFM forecasts contents produced by APCC (left) and KMA5
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Table 13. ACC between before and after AFS system for real-time forecast.

SCM GAUS
LTl LT2 LT3 Mean LT1 LT2 LT3 Mean
prep 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
t2m 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
slp 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.999
t850 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
2500 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
u850 1.000 1.000 1.000 1.000 - - - -
v850 1.000 1.000 1.000 1.000 - - - -
u200 1.000 1.000 1.000 1.000 - - - -
v200 1.000 1.000 1.000 1.000 - - - -

Table 14. RMSD between before and after AFS system for real-time forecast.

SCM GAUS
LT1 LT2 LT3 Mean LT1 LT2 LT3 Mean

prep 0.000 0.000 0.000 0.000 0.000 0.000 0.000 5.28E-06
t2m 0.000 0.000 0.000 0.000 0.000 0.000 0.000 6.47E-04

slp 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.28E-04
t850 0.000 0.000 0.000 0.000 0.000 0.000 0.000 4.10E-07
2500 0.000 0.000 0.000 0.000 0.000 0.000 0.000 7.09E-05
u850 0.000 0.000 0.000 0.000 - - - -
v850 0.000 0.000 0.000 0.000 - - - -
u200 0.000 0.000 0.000 0.000 - - - -
v200 0.000 0.000 0.000 0.000 - - - -

37 6% A 2(hindcashol NAHE AF g 7] Sistel AAZ AZ A
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Figure 61. Temporal RMSD between before and after AFS system for hindcast
FMA season: (a) precipitation, (b) 2m temperature, (c) temperature at 850hPa,
(d) sea level pressure, and (e) geopotential height at 500hPa.
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4) Climate Prediction Center North American Multi-Model Ensemble
5) Copernicus Climate Climate Service
6) International Research Institute for Climate and Society
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Figure 62. The structure of data receive alarm and automated pre-processing
system process.

@ F: ABAF7H = 84 9 NERY d3FA5E 27 F3& 53 A5AHEH AL 1

202130 MAY mdxs AF7]H 3 o](Model Providers” Meeting, MPM)olA] APCC<]
ANSFH 17]3]19] do4des dAsta 74 7|BE9] dFAEE 7RG x7]o APCCollA
AFs = AL SAHAHFigure 63). =3 oW dS 53 8AHE S35t APCCE MME
A 3 9 dF RIS Fo 7|AEY AR T gE&shr] el a5 dxvF A
gEojof at7] wizolth Z#HES] HAFHA FERE T olggor JFAH ¢ = AL

|

Z1ERT £d A AF AZTS AZREHTH

4" APCC MME Model Providers’ Meeting
10 September 2021

members to provide original resolution model data to APCC. In regards to the issue of reference
observation data in the new system with 1-degree resolution data, Dr. Kim shared that ERAS for
temperature and other atmospheric variables, and CPC or MERRAZ2 data for precipitation, would
be used as reference observation data. With new system, APCC could provide finer forecast data
which would be more beneficial to the users although a few issues still existed such as
inconsistency issues. APCC plans to provide discrepancy information and accumulate forecast
data and skills in order to overcome the issues and from next year of 2022, the pilot system would
be operated. .

Lastly, Dr. Kim introduced APCC'’s plan on early release of APCC MME forecast from 20th of each
month to the 15th. Currently, APCC has been generating MME prediction data twice at the 15th
for Korea seasonal forecast and at 20th for the global official MME outlook. The early release of
APCC MME forecast would be more useful for climate forecasters and APCC would like to begin
to release the data on the 15th in 2022. Dr. Kim highlighted the importance of member
participation and cooperation on the issue. .

Figure 63. The report on the 4™ APCC MME Model Providers’ Meeting.
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Figure 65. Time series of 3-month seasonal mean 2-m temperature during 1980-2021. Black
solid line is the observation; and colored small-x and large asterisks present the individual
model’ s prediction during hindcast and real-time forecast, respectively. Each color presents
each year.
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Table 15. Climate period upon APCC MME hindcast

generation.

Generation Start End
2013 1983 5 2005
2014 1983 § 2005
2015 1983 § 2005
2016 1983 E 2005
2017 1983 E 2005
2018 1983 E 2005
2019 1983 5 2010
2020 1991 : 2010
2021 1991 § 2010
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Figure 66. Seasonal probability density distributions of global mean 2-m temperature
anomalies for 1991-2010 for MME and observation. The climate mean period is
1991-2010. Black solid is the observation and colored lines are for MME anomalies.
Each color present each hindcast year.
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Figure 67. Linear trend of seasonal 2-m temperature of (upper) observation and (lower)
averaged individual models’ hindcast. (a) linear trend for 1991-2010 and (b) 1991-2020. Unit
s ° Clyr.
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Figure 68. Seasonal and regional mean linear trend of (a) observation and (b) APCC MME
hindcast during 1991-2010. Forecasts are 1-month-leading 3-month-mean forecast and
regions are explained at Table 2.

Table 16. Regions and latitude and longitude.

Abbreviation Region Latitude Longitude

GL Global 90° S-90° N 0° -360° E
TR Tropics 20° S-20° N 0° -360° E
NH Northern Hemisphere 20° N-90° N 0° -360° E
SH Southern Hemisphere 90° S-20° S 0° -360° E
EUPol Eurasia Pole 70° N-90° N 0° -180° E
AMPol America Pole 70° N-90° N 180° E-270° E
wtPac western tropical Pacific 20° S-20° N 120° E-180° E
EASIA East Asia 15° N-60° N 75° E-150° E

(W) /B =4 hindcaste) 2542 A
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gz APFHM= MMESH npdrix2 SR YA 53] Zpslar, gdhbtoM = oFslch(Figure
69a). 7H%Et“§«l zZkol= QAR 2P 2 Zpol= A HE ztoleo] HlE] AA kil PNU R
b oSS A st tiFE A oA G AFFAE BAY. A9EE =A%, AT
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Figure 69. Individual model” s linear trend (a) of each region averaged in seasons and (b)
of each season averaged in the globe. The hindcast generated at 2021 is used. The
gray X mark represent the uncollected season.
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Figure 70. Regional linear trend for Europe family models (ERA, green), North America
Family models (NCEP, purple), and etc (black). 1991-2010 hindcasts are used and all seasons
are averaged.

Table 17. Compositions of APCC MME’ s individual model.

model Atmosphere 1C Ocean IC Atmosphere model Ocean model
CFSRSST

APCC CFSR ARGO TJS ECHAMb.3 POP2.0.1
BOM ERA-interim UM6 NEMO ORCAZ25
CWB CDAS/NCEP CDAS/NCEP GFS MOM3
HMC NCEP R2 Reynolds Smith OI

JMA JRA-3Q MOVE/MRI.COM-G3 IMA-GSM MRO.COM
KMA | ERA-interim URMO ODA UMI1L5 NEMO3.6

reanalysis
CanAM4 CanOM4
MSC(ECCC) | ERA-interim ORAPS5 reanalysis
GEM 5.1 NEMO 3.6
NASA MERRA2 GEOS ODAS MERRAZ2 MOM5
NCEP CFSR CFSR NCEP GFS MOM4
AMIP RUN with

PNU NCEP R2 COM3 CCM3 MOM3
UKMO ERA-interim | UKMO-NEMOVAR UMS8.6 NEMO 3.4
BCC NCEP NCEP GODAS BCC-AGCM2.2 MOM4
METFR ERA5 Mercator ARPEGE NEMO3.6
CMCC ERA5 CMCC analysis CAMb5.3 NEMO3.4
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Figure 71. Anomaly averaged spatial pattern during real-time forecast (2013-2021) from
observation. Climate period is 1991-2010. (a) 2-m temperature, (b) seasurface temperature, (c)
middle-level (500-hPa) geopotential height, (d) middle-level geopotential height eddy, (e)
low-level (850-hPa) zonal wind, and (f) upper-leve (200-hPa) zonal wind. Assumed a standard
distribution for anomalies distribution and extreme values over 10% both are represented as
black dots.
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Figure 72. Averaged circulation patterns during climate period (1991-2010) from observation.
(a) middle-level (500-hPa) geopotential eddy, (b) upper-level (200-hPa) zonal wind, and (c)
low-level (850-hPa) zonal wind.
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Figure 73. Same as the Figure 71 but for the MME.
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Figure 75. Normalized anomalies of global 2-m temperature from observation since 2013.
Anomalies are based each hindcast period as in table 1. Anomalies are assumed as a standard
distribution, and define 0.43 sigma and -0.43 sigma as thresholds for above normal, near
normal, and below normal.
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Figure 77. Probabilistic forecast of East Asian 2-m temperature.
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Figure 78. Regional and seasonal averages of normalized temperature anomalies of 2-m
temperature from (a) observation (ERA5) and (b) deterministic MME forecast, and (c)
probabilities of a dominant category of probabilistic forecast for 2-m temperature.
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Figure 79. Composite of normalized anomalies of (a) 2-m temperature, (b) sea surface
temperature, (c) middle-level geopotential height eddy, and (d) low-level zonal wind when
the East Asian temperature is near normal since 2013. Climate period is hindcast period.
Anomalies are assumed as standard distribution and extreme values over 10 percentiles both
are represented as black dots.
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Figure 80. Same as Figure 79 but for APCC MME.
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Figure 81. Normalized anomalies of 2-m temperature forecasts of individual models averaged
for the globe.
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Figure 82. Sane as Figure 81 but for East Asia.
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Figure 83. Time series of global mean normalized anomalies of 2-m temperature forecast of
individual models. North American (NCEP) models are purple and Europe (ERA) models are
green. Other models are black.
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Figure 84. Same as Figure 83 but for East Asia.
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Figure 85. Averaged pattern of 2-m temperature of MME forecast anomalies during
real-time forecast (2013-2021). Anomalies are based the MME’ s hindcast period.
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Figure 86. An example of temperature forecast correction of East Asian spring season.
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Figure 87. Probabilistic density distribution of anomalies from the observation
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Figure 91. Change individual model lead time information.
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[z barat=prec=APCC_SCOPS=LT02=BC.csv BKB Microsoft ... 2022-04-15 -TW-r--r-- apccapn
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[z barat=prec=APCC_SCOPS=LT04=BC.csv B6KB Microsoft ... 2022-04-15, -TW-r--r-- apccapn
£ barat=prec=APCC_SCOPS=LT05=BC.csv BKB Microsoft ... 2022-04-15 -TW-r--r-- apccapn
E=| barat=prec=APCC_SCOPS=LT06=BC.csv SKB  Microsoft .. 2022-04-15 -MW-r--r-- apccapn
£ barat=prec=BCC_CSM1.1M=LT01=BC.csv B6KB Microsoft ... 2022-04-15, -TW-r--r-- apccapn
| barat=prec=BCC_CSM1.1M=LT02=BC.csv 6KB Microsoft .. 2022-04-15 -MW-r--r-- apccapn
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Figure 92. Changes in the storage structure of the FHEWS.
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GFED3.1

GFEDA4.1
Figure 93. Comparison results of GFED3.1 and 4.1 (July, 1998).

Table 18. Regional correlation analysis results of GFED3.1 and GFED4.1.

Region Correlation
Barat 0.9494

Selatan 0.8242

Tengah 0.8774
Timur 0.8385
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Figure 94. Comparison of GFED3.1 and GFEDA4.1 and precipitation by region.
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Probabilistic Forest Fire Forecast (issued : 2022-04) for 2022: Aug-Oct (%)

Probabilistic Forest Fire Forecast (issued : 2022-05) for 2022: Aug-Oct (%)
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Figure 95. FHEWS Operational results (2022, April and May).
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Figure 96. FHEWS Operational results (2022, June and July).
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The Terra flight operations team successfully conducted Constellation Exit Maneuvers (CEMs) on October 12 and 19, 2022. The Terra MODIS instrument is operating in nominal status
and Terra MODIS production for Version 6 and 6.1 resumed on October 23, 2022 (2022.296) at 22:35 UTC. ASTER data production and distribution remains on-hold. An update will be
posted when ASTER data production has resumed. This only affects ASTER data acquired after Oct 10, 2022. All of our existing ASTER data acquired before Oct 10, 2022 can still be

produced and distributed. €

MCD64A1 v061

MODIS/Terra+Aqua Burngd Area Monthly L3 Global 500 m SIN Grid

PI: Louis Glgjllo

&)

USING THE DATA ACCESS DATA

Homepage / Data / Search Data Catalog / MCD64A1v081

Description

al gridded 500 meter (m) product containing per-pixel burned-area

The Terra and Aqua combined MCD64A1 Version 6.1 Burned Area data product is a monthly, gl
and quality information, The MCD64A1 burned-area mapping approach employs 500 m Moderate Resolution Imaging Spectroradiometer (MODIS) Surface Reflectance
imagery coupled with 1 kilometer (km) MODIS active fire observations. The algorithm uses a burn sensitive Vegetation Index (V) to create dynamic thresholds that are
applied to the composite data. The VI is derived from MODIS shortwave infrared atmospherically corrected surface reflectance bands 5 and 7 with a measure of

vithin each individual MODIS tile. The date is encoded in a single data layer as the

temporal texture. The algerithm identifies the date of burn for the 500 m grid ce

ordinal day of the calendar year on which the burn occurre: th values assigned to unburned land pixels and additional special values reserved for missing data and
water grid cells

The data layers provided in the MCDB84A1 product include Burn Date, Burn Data Uncertainty, Quality Assurance, along with First Day and Last Day of reliable change

detection of the year

Figure 97. NASA MODIS C6 Burned Area provided homepage.

0.0)

Vv

Figure 98. MODIS tiling scheme.
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Table 19. Day-of-year(DOY) of the first day of each calendar month.

Month Non-Leap Year Start DOY Leap Year Start DOY
January 1 1
February 32 32

March 60 61

April 91 92

May 121 122

June 152 153

July 182 183
August 213 214
September 244 245

October 274 275
November 305 306
December 335 336
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QA: 8-bit quality assurance bit field.

bit 0: 0 = water grid cell, 1 =land grid cell.
bit 1: Valid data flag (0 = false, 1 = true). A value of 1 indicates that there was sufficient valid data
in the reflectance time series for the grid cell to be processed. (NB. Water grid cells will always
have this bit clear.)
bit 2: Shortened mapping period (0 = false, 1 = true). This flag indicates that the period of reliable
mapping does not encompass the full one-month product period, i.¢., burns could not be reliably
mapped over the full calendar month.

bit 3: Grid cell was relabeled during the contextual relabeling phase of the algorithm (0 = false, 1 =

true).

bit 4: Spare bit set to 0.
bits 5-7: Special condition code reserved for unburned grid cells. This code provides an explanation
for any grid cells that were summarily classified as unburned by the detection algorithm due to
special circumstances.

0: None or not applicable (i.e., burned, unmapped, or water grid cell).

1: Valid observations spaced too sparsely in time.

2: Too few training observations or insufficient spectral separability between burned and un-
burned classes.

3: Apparent burn date at limits of time series.

4: Apparent water contamination.
5: Persistent hot spot.
6: Reserved for future use.

7: Reserved for future use.

Figure 99. QA 8-bit quality assurance bit field.
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Figure 100. MODIS C6 Burned Area data pre-processing results.
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Table 20. MODIS C6 Burned Area pixel definition.

Name Description

Water Water grid cell

Lvl Unburned cell

Lv2 Fire 1 to 7 days out of 3 months

Lv3 Fire 7 to 15 days out of 3 months

Lv4d Fire 15 to 21 days out of 3 months

Lvb Fire occurred more than 21 days out of 3 months
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Monthly History of Probabilistic Forest Fire Forecast for 2019
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Figure 101. FHEWS and MODIS C6 results in 2019.
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Figure 102. FHEWS and MODIS C6 results in 2020.
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Figure 103. FHEWS and MODIS C6 results in 2021.
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Figure 104. Regional definition results using seasonal prediction and aphrodite.
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Figure 105. Results before and after bias correction in 3 regions in Malaysia.
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Figure 106. Monthly carbon and precipitation information for malaysia.
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Table 21. Precipitation criteria for Malaysia FHEWS forecasting information.

Region Extreme High Moderate
Malay Peninsula 246.11 270.24 350.93
Sabah 84.09 140.76 299.14
Sarawak 300.56 400.12 500.71
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Probabilistic Forest Fire Forecast (issued : 2021-10) for 2021: Aug-Oct (%)
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Figure 107. FHEWS Malaysia pilot operation results (October, November 2021).
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Probabilistic Forest Fire Forecast (issued : 2021-12) for 2021: Aug-Oct (%)
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Figure 108. FHEWS Malaysia pilot operation results (October, November 2021).
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Figure 109. Forecasting of precipitation in Malay Peninsula.
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Figure 110. Forecasting of precipitation in Sabah.
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Figure 111. Forecasting of precipitation in Sarawak.
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Figure 112. Result of change of input data of FHEWS.
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Figure 113. Production result management by year.
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Figure 114. Process for East Asian customized probabilistic forecast system.
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Figure 115. Structure of East Asian customized probabilistic forecast system (green).
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Figure 116. Examples of East Asian customized probabilistic forecast contents.
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Table 22. Characteristics of seasonal forecast model from GPCs (2022. 11).

GPC Beijing CcMCC CPTEC ECMWF Exeter Melbourne Montreal Moscow Offenbach Pretoria Seoul Tokyo Toulouse Washington
Institute BCC CMCC CPTEC ECMWF UKMO BoM MSC HMC DWD SAWS KMA JIMA MetFrance NCEP/CPC
Country China ItaIy Brazil United Kingdom United Kingdom  Australia Canada Russia Germany South Africa Korea Japan France United States

System Name  CSM1.1m CMCC-SPS3.5 SEASS GIg(S:gaz& ACCESS-S2  CanSIPSv2.1 SL-AV GCFS 2.1 Gloseab JM?;QASRL System8 CFSv2
System Coupled Coupled 2-tier Coupled Coupled Coupled Coupled 2-tier Coupled Coupled Coupled Coupled Coupled Coupled
Digital data
o o o X X o o o o o o o o o
download
Data format NetCDF NetCDF GRIB1 GRIB1 GRIB2 NetCDF GRIB2 GRIB2 GRIB1 GRIB1 GRIB2 GRIB2 GRIB1 GRIB1
4= FTP FTP FTP Web FTP Web Web FTP FTP FTP FTP Web Web FTP
2.5°X2.5° 10710 2.5°X2.5° 1.0°X1.0° 1.0°X1.0° N216L85 257X 0.9°lonx0.72°lat 2.5°X2.5° 2.5°X2.5° 2.5°X2.5° 1.25°X1.25% 1.0°X1.0° 2.5°X2.5°
Ak . .
RCES (0.5° x 0.5° (T63L35, 1.1° L96
(T106L26) L46) (T126L42)  (Tco319L91)  (N216L85) (N216L85) 11° 185) T127) (T42L19) (N216L85)  (TL319L100)  (T359L137)  (T126L64)
uv200 UV500 U850 U500
U850 V850 yvgso h200 U200 V850 U850 V850 U850 V850 U850 V850 U850 VB30 850 veso
ESy e U850 v850 U850 v850 U850 V850 - U850 V850 -
o [Shi
D Y h8s0 t200 V500 V200 U200 V200 U200 V200 U200 V200 1200 U300 5500 va00
icfrc
t500 olr H850 H200
Forecast
Forecast 6month 6month 5month 5month 5month 5month 12month 3month S5month 3month 6month 6month S5month 9month
period (13mon) (6mon) (6mon) (7mon) (6mon) (6mon) (12mon) (4mon) (6mon) (9mon) (6mon) (7mon) (7mon) (9mon)
Ensemble size 24 50 15 51 42 11 20 41 50 40 82 50 51 40
Hindcast
Hindcast
Period 1991-2015 1993-2016 1981-2010 1993-2016 1993-2016 1981-2018 1980-2020 1991-2015 1993-2019 1982-2009 1993-2016 1991-2020 1993-2018 1982-2010
Ensemble size 24 40 10 25 28 3 20 11 30 10 28 10 25 20

SY: SHEM-2Tier, 2ZM-1Tier

ZAR: FTP - XtE AMH(IP:210.9849. 66% T4, Web - 3iE GPCol BHOIXIE Sl 4

Forecast Period, SI&%: +TElE A= OIEH TS BT GPCO| AWOZRY Y
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Table 23. Reanalysis data used for verification of real-time forecast.

NCEP—-DOE Reanalysis—1 CAMS OPI OISST v2

Source NCEP/CPC NCEP/CPC NCEP/CPC

50hPa GPH (gpm),
. Sea 1 1 hPa), o
Variable ea level pressure (hPa) Precipitation (mm/day) Sea surface temperature (K)
2m temperature (K),

850hPa temperature (K)

Table 24. Reanalysis data used for verification of hindcast.

ERA—interim GPCP OISST v2

Source ECMWF NASA NCEP/CPC

50hPa GPH (gpm),
. Sea 1 1 hPa), .
Variable ea level pressure (hPa) Precipitation (mm/day) Sea surface temperature (K)
2m temperature (K),

850hPa temperature (K)
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WMO A7]eln HEAE e AdelZ e %A AFH vhe} 2o ddo] A FYg
ok g 713A 71 Fd ST WMO A7]dR AZAE &9 #3 RIAME AEste 714
A N FZsk @Y 2w o)l ths] FHET YTk 226 E GPC Pretoriart AA] Al
del BAZ 79704 AdZ ARE AFSHA @skord, oE GPCY AMAZE AR AFY
<2 Table 259} Zt.

Table 25. Date of data collection from GPCs.

GPC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV
Beijing 14 14 15 14 12 14 14 12 14 18 11
CMCC 13 14 14 14 13 13 13 13 13 13 13
CPTEC 14 15 11 13 13 10 12 9 13 11 8

ECMWF 14 14 14 14 14 14 14 14 14 14 14
EXETER 11 11 11 11 11 11 11 11 13 11 11

Melbourne 4 11 6 4

Montreal 3 7 4 4
Moscow 13 12 13 8 12 14 13 11 14 11 12
Offenbach 7 4 4 4 4 4 4 4 13 4 4
Pretoria - - - - - - - 25 16 20 18
Seoul 12 8 8 11 11 8 14 11 13 13 8
Tokyo 17 14 14 13 12 13 13 14 13 13 14

Toulouse 14 14 14 14 14 14 14 14 14 14 14
Washington 11 12 12 12 12 12 12 12 14 14 12

WMO #A71dB A=A o] Fodst= 71¥ GPC PMMES] 2A7F 8E o3 e 4
Rk} (Figure 118, Figure 119). ZF ZFe|a22]® ROC Scoree] AlAIE EXo ALgH o =73t
£ 2017@ JEMEE 202213 ASOe°]t}. Figure 1183} Figure 119914 H& 2442 MMEE YEeR
o, 2 HAE2 NE GPCE 9r|gt}t. et o g FAIH 2> ECWMFY o5 Ae& verd
o} Table 263 27& A9 3} solrof FHoll ek A= ROC Scored] <545 (AN,
NN, BN7te| 28] o] H)e YElH, o HIs] Folrlol G g F4d50o] 2EA vehdt
2021 Ag o] 7 GPCe MMES] 712 ¥ A9 39s 4¥EH, MMEE 7|29 73
% 0.7, 7+ 0.58%2 /|8 GPCEol W] Aojzd oz &= ROC ScoreE 7FXt}h 7§ GPC
% GPC Tokyod| &5 o] 78937 Fotrof 99 EFoA £ ASE Yeyt. 2o
AR EAE T8l NE GPCY dFA TS ASEAEE Hrtsta ARE AFE o+ JduHA

7174738 A S A= Fgol 71 & 5 e Aem Hln.

=

- 127 -



0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20

0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20

0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20

a) Above normal

T I[II I[ III| III|‘II']'I'|'F |III

JJA

I
DJF

b) Near normal

JUA

I
DJF

!
JUA

I
DJF

I
JUA

I
DJF

JJA

DJF

JUA

T |III |III I'I"I'III IIII II|IIII

JJA

DJF

¢) Below normal

JUA

DJF

JJA

DJF

JJA

DJF

JJA

DJF

T II|I II|IIII|IIII|I'I I'[I‘F'ITFI T

JJA

I
DJF

JUA

I
DJF

I
JUA

|
DJF

I
JJA

I
DJF

I
JJA

I
DJF

JUA

Figure 118. Relative Operating Characteristic (ROC) score aggregated over globe
of probabilistic real-time forecast of 2m temperature for three terciles, i.e., a) the
above normal, b) near normal and below normal for the period JFM2017-AS0O2022.
ROC score for PMME prediction is indicated by red line. The grey dots indicate
the ROC score of the WMO LC-LRFMME individual GPCs and the blue dot
indicates ECMWF.
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Figure 119. Relative Operating Characteristic (ROC) score aggregated over globe
of probabilistic real-time forecast of precipitation for three terciles, i.e., a) the
above normal, b) near normal and below normal for the period JFM2017-AS0O2022.
ROC score for PMME prediction is indicated by red line. The grey dots indicate
the ROC score of the WMO LC-LRFMME individual GPCs and the blue dot
indicates ECMWF.
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Table 26. Yearly Relative Operating Characteristic (ROC) score aggregated over globe of probabilistic real-time forecast of 2m temperature
and precipitation.

2016 2017 2018 2019 2020 2021 2022
T2M PREC T2M PREC T2M PREC T2M PREC T2M PREC T2M PREC T2M PREC
Beijing 0.58 0.52 0.58 0.51 0.62 0.53 0.65 0.54 0.64 0.53 0.63 0.56 0.62 0.55

No. GPC

—

2 CMCC - - - - - - - - - - - - 0.66 0.57
2 CPTEC 0.56 0.52 0.55 0.51 0.57 0.50 0.56 0.51 0.60 0.52 0.60 0.53 0.63 0.55
3 ECMWF 0.65 0.57 0.56 0.52 0.65 0.54 0.66 0.57 0.68 0.57 0.66 0.58 0.69 0.58
4 Exeter 0.68 0.58 0.63 0.54 0.65 0.55 0.67 0.56 0.66 0.56 0.66 0.57 0.69 0.58
5 Melbourne 0.62 0.56 0.57 0.52 0.60 0.53 0.61 0.55 0.64 0.56 0.64 0.57 0.64 0.56
6 Montreal 0.64 0.57 0.61 0.53 0.64 0.55 0.66 0.57 0.65 0.57 0.63 0.57 0.67 0.58
7 Moscow 0.60 0.53 0.58 0.50 0.57 0.51 0.60 0.52 0.61 0.51 0.60 0.51 0.63 0.52
8 Offenbach — - 0.64 0.53 0.64 0.54 0.67 0.56 0.64 0.55 0.63 0.57 0.65 0.57
9 Pretoria 0.55 0.54 0.53 0.50 0.55 0.52 0.55 0.53 - - - - - -
10 Seoul 0.68 0.58 0.63 0.54 0.64 0.55 0.66 0.56 0.65 0.56 0.65 0.56 0.66 0.57
11 Tokyo 0.69 0.59 0.66 0.55 0.66 0.56 0.69 0.59 0.69 0.58 0.68 0.58 0.68 0.59
12 Toulouse - - - - - - 0.68 0.56 0.65 0.56 0.64 0.56 0.64 0.57
13 Washington 0.65 0.58 0.62 0.53 0.63 0.56 0.64 0.57 0.64 0.58 0.61 0.57 0.66 0.58
MME 0.69 0.59 0.65 0.54 0.68 0.55 0.70 0.58 0.70 0.58 0.68 0.58 0.70 0.59

% Montreal : 2014JJA~2016DJF9] 74-9-, Montreal3¥ Montreal4®] ROC %k

% CMCC: 20210NDo] A5

% Offenbach:2017SONo] &2} 5

¥ Pretoria:2015AMJo] 32} &

% Observation:PREC/CAMS—OPI, T2M/NCEP—R1

¥ 20160NDo] M -27*HhindcastAF-&

¥ 20160NDe &5 &% hindcast 7] 7+(1993~2009) A&

A7 =7 2] A &

% ROCH->AN, NN, BN H#3k&2)n|
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Table 27. Yearly Relative Operating Characteristic (ROC) score aggregated over East Asia of probabilistic real-time forecast of 2m
temperature and precipitation.

2016 2017 2018 2019 2020 2021 2022
T2M PREC T2M PREC T2M PREC T2M PREC T2M PREC T2M PREC T2M PREC
Beijing 0.50 0.50 0.54 0.50 0.56 0.56 0.59 0.56 0.62 0.53 0.58 0.51 0.51 0.52

No. GPC

—

2 CMCC - - - - - - - - - - - - 0.54 0.54
2 CPTEC 0.50 0.49 0.54 0.51 0.51 0.51 0.47 0.50 0.58 0.54 0.55 0.50 0.55 0.55
3 ECMWF 0.52 0.57 0.60 0.51 0.58 0.56 0.59 0.57 0.66 0.60 0.60 0.50 0.57 0.54
4 Exeter 0.54 0.56 0.58 0.49 0.62 0.58 0.60 0.56 0.63 0.57 0.58 0.51 0.55 0.54
5 Melbourne 0.55 0.54 0.53 0.50 0.58 0.53 0.58 0.54 0.59 0.55 0.53 0.52 0.54 0.53
6 Montreal 0.49 0.57 0.54 0.50 0.59 0.57 0.57 0.55 0.59 0.58 0.58 0.54 0.54 0.55
7 Moscow 0.51 0.52 0.56 0.50 0.51 0.52 0.50 0.51 0.57 0.55 0.55 0.52 0.55 0.52
8 Offenbach — - 0.56 0.51 0.59 0.57 0.60 0.56 0.64 0.58 0.58 0.50 0.54 0.54
9 Pretoria 0.48 0.55 0.50 0.50 0.50 0.56 0.54 0.56 - - - - - -
10 Seoul 0.55 0.56 0.59 0.51 0.59 0.58 0.58 0.56 0.60 0.59 0.54 0.52 0.52 0.54
11 Tokyo 0.55 0.59 0.61 0.53 0.62 0.57 0.58 0.58 0.66 0.58 0.61 0.52 0.54 0.55
12 Toulouse - - - - - - 0.62 0.57 0.64 0.56 0.60 0.51 0.54 0.51
13 Washington 0.56 0.56 0.58 0.50 0.59 0.58 0.61 0.57 0.63 0.61 0.52 0.53 0.55 0.55
MME 0.54 0.57 0.59 0.51 0.61 0.58 0.60 0.58 0.67 0.61 0.60 0.55 0.52 0.54

¥ Montreal : 2014JJA~2016DJF2] 7 %-, Montreal3¥} Montreal42] ROC 3%t

% ECMWF:2015~20163 7525 A4k

% CMCC: 20210NDo] $A}5

% Offenbach:2017SON©] $2} 5

% Pretoria:2015AMJo] 32} &

% Observation:PREC/CAMS—OPI, T2M/NCEP—R1

¥ 20160NDo] 427 *HhindcastA &

¥ 20160NDe &5 -&Fhindcast 7] 7+(1993~2009) A&

R R P R S e M o RS

% ROCH->AN, NN, BN H g2 v)
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3= 20139FE 2" WMO A7|dr AxAE AdASHSAEE ol&sto 7
GPCe} MME® thaf A 77| 3t(hindcast 3 AAZE AS2A3E dzvus) 2dn. dA g2
SAA dESEP AN AV HASAHAE H" R RS 755 dFo) AHEste A
$7F B WMO A7ld R AxAEe AA AddSAaE 23 (2013-202D7F &5 #7471
)l 1993-2009d & 1793 mlws] v g2 &2 Joy, T 992 AT vad F s

Aztolet WzkATh F1e3 B4e] BAYI AA6ZE ACC AE ATE Figure 1203 2

o APAFENA AT A o] 7|23 e ALSE DIPe] AEZHUIA HIs] Ay
Aog HE dFEes Btk 7129 AF, #A7IZEE ACCAFHo] AARE dZFo H&) =
2 HhH, A= 1 oHbg A4EES Bt 53] GPC CPTEC, Melbourne MMES] /54147 AR
58 tE GPCEH s aA Haste EXS Bt A7 AFNA 53 A5
d5e Hole GPC AAAS Edo] AN dFoA I18A && F A5+ «luld‘:‘r ol &
ARrA 02 HAZ|ZEY A FEHE TNt g FEstE A EYPS AT U] B F9
7V d83& omgth
E e .
_—pee T ——
I o | o
P L o [ .
T: ECMWE : ECMWF
e | ] o
up | e d’ﬂw WA T o
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Figure 120. ACC of (a) 2m temperatue and (b) precipitation of the retrospective

(1981~2009) and real-time(2013~2021) forecasts for JJA and DJF.
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(th) WMO &7 5 A=AE Ad AF A28 744

WMO A71d R A=AE e Fodstar = GPCe Al g9 A= S sl #A44
S 2 A-AFAI2E MAsta ok HAE A-AS A2"lE T8 GPCEHS oS4 vl
B4S T3 A daapyge] st 7k GPCY Al FSA=H MASZ Q% o= A5
FgE WMO A7 B A=A o5 Bd Y4E dF4s e 71dE & Aok 20229 <
GPC Tokyo, Seoul, Moscow?] Al oZ A|xHo] X E o] WMO #A7]d R XATAEH tsrd
YBARCE

FFE o= Al2d"o| e wrg =t (Figure 121). GPC Tokyo: 2022 2¥€XE] CPS29) A
CPS3Z /A= o ™, GPC Seoul2 3¥€HE GS5GC20 A4 GS6GC3.22 Al2~HlS 1dol= s}
ATt E=3F GPC Moswcow 11€9HE AAGSEDo] HAEo WMOA7|dE AE=AEd wFY
=tk 283 GPC Seoul 11¥€HE YE MFE HASAT o Hox= GPC AAEY

5 2l dHelE & ook #dst] FPFHJE W& 7lEstaia g

@)Tokyo VVVVVVVVVVV B Moscow
CPS2 = CPS3
............. \F—
I\

0 Seoul O Seoul

Change of the num. of Ensemble
GS5GC2 - GS6G(C3.2

Figure 121. Improvements of operational system at WMO LC-LRFMME in 2022.

@ GPC Tokyo 714

GPC Tokyo AlAd = male CPS20o)|A] CPS3Z wAEAoH, 2022 2¥€ (2022MAM)H-E]
WMO A7|dr A=ME taerRd GFE dFA 2" J&=3]nh /A" CPS3 AE 4%
A28l e hindcast 7]17Fo] 1979~2010d ol A 1991~2020 87+ A] A= o] HZo 7| THEA S H
FstuA gon FEAEE 7]E TLISLA0o] A TL319L100C. 2 =A Z7} sttt 7] &0
GPC Tokyox A& A THL7HA o 25 = CPS2 Al Z A oA AYise= AddEAs
% APAIZE 3N L7EA T WMOR 7| A= ME ol Algsl sttt Z12iy CPS3 Al ZAtE A
FAHRE THY APAe] ARE BF WMO A7dr Mz=AEed AFstr] Az
GPC Tokyoe] o= AaAzte] sage wet WMO Arldi A=Al AlgAbs Bo oA
AL ZE goll o] dRrT B GPCo AHAGZARE AHET & A Hof A-HGSY
FE 7IdE & AS Bolth AMAE A-GS 2] A FEE Table 28014 &<l &
Atk =3 AAE AddgSmda) o) Ee mdo] hindcast 717l thd ACCe ROCSY)
=9 HuE FIPste, AMGSREIDY Ao e AHEZHQ A5y Fs AE oty pEo
MME o] mag2ae AFALS Attt Figure 122 WMO A7ld R AmAE ] Foa)
= 147) GPCe} CPS3¢] hindcast”1Zb&Qte] 712 9 ol st AXF H ACCS CPS3%
CPS22] ACC #to]E yehith GPC3-e EF GPColl Hls] MA - 23 Aukzlozw =3 ACC
=S Kol glom, Fo) A 7]E CPS20) Hla] HA M AH oF 30% A= =
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g<& B Figure 1232 ROC ScoreE WeRAT bare MMEE A2 CPS3¢ ROC Scores
Ueb ™, HAHS GPC Tokyod CPS2¢] ROC scoreE yebdith 7129 A Aboved Near
Normal 7}e]arg]ollA CPS3¢] CPS2:t} ¢F 0.03 &2 #< X o, Below Normal 7} alg]
= 0019 =715 Ry A9 A= 2 ZHEagEEE 0.01~0.03¢] ROC Score 71 H
Aok A AE 3k B3l S FARbstiet = CPS3o] CPS2el Bl o F2o] F7}1ak3d
=< ¢ & Utk =3 Figure 124+ hincast 7]17kell thdk GPC Tokyoe] CPS2¢} CPS3el|l A o =
H NINO3.49} #=2] ONIelH, 1 Z3AIS+= 0.78914 0.87= ¢F 0.9¢9] & F71E BRI
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Figure 122. Global average of temporal correlation coefficient of (a) 2m temperature and (b)
precipitation between GPCs and CPS3 from GPC Tokyo and difference of TCC between

CPS3 and CPS2.
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Figure 123. Global ROC score of (a) 2m temperature and (b) precipitation of CPS2, CPS3,
and MME.
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Figure 124. NINO3.4 forecast from CPS2 and CPS3 for the periods of
1993-2009.
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Table 28. Model descripition of long-range forecast system from GPC Tokyo.

February 2010

February 2022

Is it a coupled forecast system?

Yes

Is it a Tier—2 forecast system?

No

Atmospheric model resolution

TL95L40 (1.875°, 40
levels)

TL319 (approx. 55km),
100 vertical layers

Ocean model (if applicable)

MRI.COM:1.0° in longitude,
0.3°—1.0%n latitude, 50
levels

0.259x0.252 on a tripolar
grid, 60 vertical layers

Source of atmospheric initial

conditions

JRA—25/JCDAS (Japanese

25—year Reanalysis/JMA

Climate Data Assimilation
System)

Operational forecast: JMA’s
Global Analysis (Hybrid
LETKF/4DVAR system)

Hindcasts: JRA—3Q

Source of ocean initial conditions

MOVE/MRI.COM—G (Ocean
Data Assimilation)

JMA’s MOVE/MRI.COM—-G3
(Ocean 4DVAR system)

If Tier—2, what is the source of
SST predictions?

N/A

Hindcast period

1979-2010

Dec1990—Dec2020

Ensemble size for the hindcasts

10 members (from 2
different initial dates, the
middle and end of each
month)

10 (5 members with
15—day Lagged Average
Forecast)

How is the hindcast ensemble

configured?

Combination of Breeding of
Growing Modes (BGM) and
Lagged Average Forecast
(LAF) methods

Atmosphere: BGM and
SPPT, Ocean: Ensemble
perturbations approximating
analysis error covariances
using minimization histories

Ensemble size for the forecast

51 members (from 6
different initial dates, every
5 days)

5 per day

How is the forecast ensemble

configured?

Combination of Breeding of
Growing Modes(BGM) and
Lagged Average Forecast
(LAF) methods
http://ds.data.jma.go.jp/tcc/tc
¢/products/model/outline/long

Atmosphere: BGM and
SPPT, Ocean: Ensemble
perturbations approximating
analysis error covariance
using minimization histories

range.html
Length of forecasts 7 months 7 months
Data format GRIB 2 Grib2

What is the latest date predicted

anomalies for the next month/season

become available?

About 25th of the current
month

5 member ensemble is
available everyday

How are the forecast anomalies

constructed?

Departures from the model
climate estimated by the
hindcast integrations

Calculate anomalies against
daily normal baseline data
sampled from 30—year
hindcast data with linear
interpolation of nearest
(before/after) 2 days.

URL where forecast(maps) are

displayed

http://ds.data.jma.go.jp/tcc/tc
c/products/model/index.html

https://ds.data.jma.go.jp/tcc/t
cc/products/model/index.html

Point of Contact

Mr. Yuhei Takaya
(ytakaya@met.kishou.go.jp)

Mr. Takuya KOMORI

komori@met.kishou.go.jp

- 136 -


http://ds.data.jma.go.jp/tcc/tcc/products/model/index.html
http://ds.data.jma.go.jp/tcc/tcc/products/model/index.html

@ GPC Seoul 784

GPC Seoule 2022€ 3¢ GS50]A4 GS6GC3.2= AA o= =do] /A=A HAd
GS6GC3.2= 7] GShet 7| nd ) drde sd3ty 7|& 3¢ 2dY =742 Met
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GPC Seoul2 2022@ 12€¥ (2022DJF)}-H| forecast®} hindcast ¥3E /M4-E WA WMO &
71 B A=A AFsta Aot hindcaste] -5, 1Y, 9, 17¥, 259 2 37H9 SES
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A G A 712 =A Eoste wHH dH 7RG XY BA B S
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Figure 125. Difference of climatology for (a) 2m temperature and (b) precipitation in AMJ
from GPC Seoul’ s seasonal forecast.
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Figure 126. (a) PDF distribution and (b) the difference of standard deviation of SST in AMJ
from GPC Seoul’ s seasonal forecast.
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of s} 7] 2 A4 Wl tia AMJ 717}5‘* AT ACCE= 0.019 =59 s B0
(Figure 127), &3] MMEol w8} 7]1&& 0.07, Z-%EFS 0.06 & =4S Hlt} Figure
1279 YeRd GS6GC3.22] ACCe] %"7}%2% 5 2 B AEAZELH FAS HEHS Bl

Ry
Q o ok 1l olz=oF B10 = = =gk o
o dHkzo =z 712# HEg 2 A=Y —m_«] =] A Uetwon, Aed A= H
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Figure 127. ACC aggregated over globe and spatial distribution of ACC of (a, ¢ 2m
temperature and (b, d) precipitation for GPC Seoul’ s seasonal forecast system in AMJ
season for the periods 1993-2009.
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Table 29. Model descripition of long-range forecast system from GPC Seoul.

GloseadGC2 GloseabGC3.2
May 2016 November 2022
Is it a coupled forecast system? Yes
Is it a Tier—2 forecast system? No
UM: N216L85

Atmospheric model resolution

0.83 lon x 0.56 lat x 85 levels

Ocean model (if applicable)

NEMO: eORCA025L75
eORCA Tri—polar grid at 0.25, 75 levels

Source of atmospheric initial

conditions

Forecasts : KMA NWP
Hindcasts : EAR—Interim

Forecasts : KMA GODAPS2
global Ocelan Data (Global Ocean Data
L .. ssimilation Assimilation System v2)
Source of ocean initial conditions System(NEMOVAR) from
Met Office Hindcasts : UKMO ODA
Reanalysis
If Tier—2, what is the source of
.. N/A
SST predictions?
Hindcast period 1993-2016

Ensemble size for the hindcasts

12 members (from 4
different start dates)

28members (from 4
different start dates)

How is the hindcast ensemble

configured?

Lagged approach, 3
members per start date on
the 1st, 9th, 17th, and
25th, of each calendar
month. All 3 member share
the same initial conditions
and differ only due to
schemes to represent model
uncertainties

Lagged approach, 7
members per start date on
the 1st, 9th, 17th, and
25th, of each calendar
month. All 7 member share
the same initial conditions
and differ only due to
schemes to represent model
uncertainties

Ensemble size for the forecast

42

84

How is the forecast ensemble

Lagged approach, 2

Lagged approach, 4

configured? members per each date members per each date
Length of forecasts 6months
Data format Grib2

What is the latest date predicted

anomalies for the next month/season

become available?

13th of the month

How are the forecast anomalies

constructed?

Departures from the model climate estimated by the

hindcast integrations

URL where forecast(maps) are

displayed

http://www.wmolc.org/~GPC_Seoul

Point of Contact

Dr. Suhee Park
(suhee@korea.kr)

Ms. Juyon Lim

(anisse@korea.kr)
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Figure 128. Difference of climatology for (a) 2m temperature and (b) precipitation in NDJ

season for GPC Moscow’ s seasonal forecast system.
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Figure 129. (a) PDF distribution and the difference of standard deviation of SST in NDJ
season for GPC Moscow’ s seasonal forecast system.
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Figure 130. ACC aggregated over globe and spatial distribution of ACC of (a, ¢ 2m
temperature and (b, d) precipitation for GPC Moscow’ s new seasonal forecast system in
NDJ season for the periods 1993-2009. (e) and (f) are the same except for GPC Moscow’ s
previous seasonal forecast system.
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Table 30. Model descripition of long-range forecast system from GPC Moscow.

April 2012

October 2022
(DJF2022 forecast in WMOLC)

Is it a coupled forecast system?

No

Is it a Tier—2 forecast system?

Yes

Atmospheric model resolution

Semi—Lagrangian, 1.125°
lat X 1.40625°lon, 28

vertical levels

0.9°lonx0.72°lat, 96 vertical

levels

Ocean model (if applicable)

N/A

Source of atmospheric initial

conditions

NCEP Reanalysis 2
(hindcast) / HMC data
assimilation system

(forecast)

Operational HMCR 3D—Var
analysis for upper—air
fields; OI analysis for

screen—level temperature
and humidity; simplified
extended Kalman filter for

soil moisture

Source of ocean initial conditions

N/A

If Tier—2, what is the source of
SST predictions?

persistent SST and sea—ice anomalies

Hindcast period 1981—-2010 1991-2015
11 members for each year
Ensemble size for the hindcasts 10 (total number of hindcasts
275)
How is the hindcast ensemble breeding; SPP in the model
} 2 per day . . .
configured? 1s partially activated
Ensemble size for the forecast 20 41

How is the forecast ensemble

configured?

Original and perturbed
(breeding of fast growing
modes) analysis fields from
the date 2 days prior to

current month

breeding (the same
procedure as for hindcast
ensemble, only the number
of members differs); SPP
in the model is partially

activated

Length of forecasts

4 months (seasonal/three
month forecast with one

month lead time)

135 days

Data format

GRIB 1

GRIB2

What is the latest date predicted
anomalies for the next month/season

become available?

30th of the month prior to
current. For example,
forecast for JJA is available
on 30th of April

Friday

How are the forecast anomalies

constructed?

Forecast minus model climatology from hindcasts

URL where forecast(maps) are

displayed

http://wmc.meteoinfo.ru

Point of Contact

Mikhail Tolstykh
(mtolstykh@mail.ru)
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Table 31. The list of RCOF in 2022.

RCOF Place Date
22nd South Asian Climate Outlook ) )
Online 26, April
Forum(SASCOF-22)
23rd South Asian Climate Outlook )
Online 26, September

Forum(SASCOF-23)

19th ASEAN Climate Outlook Forum
(ASEANCOF-19)

Online 21, November

6. National Precipitation Outlook JJAS 2022
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Seasonal Climate Outlook for
2022/23 DJF Season from WMOLC-LRFMME
*

Hyun-Ju Lee and WMO LC-LRFMME Team
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i MME : Precipitation for DJF 2022/23
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Figure 132. (a) Official photo from the ASEANCOF-19 and (b), (c), and (d) are examples of
presentation that were delivered on ASEANCOF-19.
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Figure 133. Examples of the use of seasonal climate information from WMOLC-LRFMME (D).
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Figure 134. The number of monthly visitors of WMO LC-LRFMME website in
2022.
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Figure 135. Samples of (a) Lambert Conformal projecion and (b) Stereographic projection.
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Figure 137. Samples of individaul forecast time series by (a) NCL and (b) Python.
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Global Seasonal Climate
Update The Nifio3.4 SSTA Index is an Indicator of central tropical Pacific El Nifio conditions. It is calculated with SSTs in the box 170°W - 120°W,
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04 SSTA Index Is an indicator of western tropical Pacific El Nifio conditions. It is calculated with SSTs in the box 160°E - 150°W, 5°S
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rth, K. E., and David P. Stepaniak , 2001: Indices of EI Nifio evolution. Journal of Climate., 14, 1697-1701

Figure 138. Web design of the definition of cliamte indices
in WMOLC-LRF website.
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A. JMA MRI-CPS3 Z}tHH SXtz M2 24

1990 12¢ 124~2020d 12€ 27471 169 7tA o2 Aj4kH JMA MRI-CPS39] A=
A Z(hindcast) 5 AF&AFE Y3tes dAlo] A4tE A5 S Adsfol 3t

Figure Al3} Zo] JFM(I1€~39) Ad o3 12€¢ #3317 w&o] AN «3As
(forecast)e] A4+ = 12€¢ 19-~109 <Y Ao =& hindcast AARE= 719} 7}4 77k 1149 27
A, 129 12Y0] AHAd X}EE Aelgfol gtk 19913 o =9 7§% B O S R i Y
A= 1990 119 2793 129 129 Aol 1990 11€ 270 A4td Aze EA3IA &
omg 191d o= °o FE ”ﬂ:‘ﬂ T lelm I ¥ sio AE W e 10740t
hindcast 717k 199133 ~2021'3 o] T}

B3 WAl o2 FMAQYE~Y) AA o =& 199 F3st7] w&o) forecast 252 A4k
= 19 19-10¥9 Y Aolm = hindcast A5+ 29 7HA 717k 129 27, 1€ 16¥o] A

855 Ags)oF 3ot 2021d o =9 A-¢ 2020@ 12€ 27, 2021@ 1€ 160l A4ke
AMeasol x| EF 2021d 1€ 16Y A4tE 2= gloermz 20213 o= GAE 91y
Melar 1 vre] sfo] YAE #WW = 1070°]t} hindcast 7|7 JFM3 Fd Al 1991
021 dolt}. o2 AFE 9 hindcast 717+ 1991d~2020 3 o] YAHE W = 25 1070

e R S
2ol o
o M

JFM o= FMA o=
- . Ensemble . . Ensemble
Initial date Lead time Year Initial date Lead time Year
member member
79901227 | J  F M A M J 3
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Figure Al. The strategy for selecting daily produced hindcast data of JMA MRI-CPS3.
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JMA_HCST.py

¥ season, initial date

if f_month == “JAN™:
if year == 1991:
i_date = [1212%, “1212"] # 2nd will be filled with FillValue.
else:
i_date = [1127°, “1212°]

if f_month == “FEB":
if year == 2021:
i_date = [*1227%, “1227°] # 2nd will be filled with FillValue.
else:
i_date = [“1227%, “0116“]

if f_month == “MAR"™:

i_date = [“0131%, “0210“]
if f_month == “APR™:

i_date = [“0225", “0312°]
if f_month == “MAY™:

i_date = [*0327%, “0411“]
if f_month == “JUN™:

i_date = [*0426“, “0516“]
if f_month == “JUL®:

i_date = ["0531%, “0615"]
if f_month == “AUG":

i_date = [“0630“, “0715“]
if f_month == “SEP":

i_date = [*0730%, “0814“]
if f_month == “OCT":

i_date = [“0829", “0913"]
if f_ month == “NOV*:

i_date = [*0928“, “1013“]
if f_month == “DEC™:

i_date = [*1028, “1112“]
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Table Bl. Comparison between before and after BSISO system.

x5 | 7® 7)% BSISO &9 A2 A= BSISO B TEA 2
| A% /Ifs/datal9/BSISO_R1/MONI/99.RUN
PR MONI_RUN_LY.CSH MONI_RUN_LY.py
.| == ifs/datal9/BSISO_R1/FCST/99.RUN
o= =29 FCST_RUN_LY.CSH FCST_RUN_LY.py
B | A= Ifs/datal9/BSISO_R1/FCST/99.RUN
g | =z R.Prob.FCST_RUN_LY.CSH R.Prob.FCST_RUN_LY.py
Az ifs/data19/BSISO_R1/VERI/99.RUN
a= UPDATE.LY.CSH UPDATE.LY.py
=g UPDATE.VERLLY.CSH UPDATE.VERLLY.py
UPDATE.VERLTOTAL.LY.CSH UPDATE.VERLTOTAL.LY.py
ey | 9% ifs/datal9/BSISO_R1/MAIN
sz _ MAIN_BSISO.py

Q@ E¥7% T2 IdL £ &3 - 924 2

71& BSISO @ YA| =8-S C-Shell 7|¥te. 2 I ZH(crontab) 715& &8sl 2 AR A~
Ho|l 5y oz st Aot ofo me} 2} AJxEle] A Ay Rt HE Ay
o] FYEHA T& HEEH A4 AAZ SFHA ST} oo met 7k AlFE A="S TAE
T e S¥TE ZEOHS At AR A=REE Y FASEAY A A2x"Hes £A
A o7 3 & Y= 3} (Table Bl: MAIN_BSISO.py). E&+% T2 Y&
ofzfj e} Zrh.
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= BSISO &8¢ +5 Z=1¢ W&

#! /usr/bin/python
e LR TR T #
# This Program is Main Program for BSISD Monitoring - Forecast - Impact BSISO - Verification #
# Made by Chang-Mook Lim (2022.10.28) #
B e e #
import datetime
import calendar
import dateutil
import os
_import glob
import shutil
from dateutil.relativedelta import relativedelta
B e e #
# Set Path for BSISO Sub-Program : Monitoring / Forecast / Impact / Verification #
Rt T LT T #
ROOTHOME = '/1fs/datal%/BSISO_R1/"
##MONT = '/1fs/datals/DEV/MONI/
MONT = ROOTHOME + ' /MONI/GO.RUN/'
FCST = ROOTHOME + '/FCST/S9.RUN/'
VERI = ROOTHOME + '/VERI/S99.RUN/'
IMPACT = ROOTHOME + '/IMPACT/SHEL/'
B oo #
# Set Job Date for Monitoring #
B e e #
: RDATE = '20221026"
#RDATE = os.popen{ ‘date +%Y4n%d’).read().split{ \n')[@].strip(} # Recent Date
JDATE = os.popen('date -d "' + RDATE + ' 3 days ago" +%Ywm%d').read().split('\n')[0].strip() # Job Date for Actual Monitoring : RDATE - 3 days
“os.environ[ 'RDATE'] = RDATE
os.environ['JDATE'] = JDATE
T T T #
# Part 1. Run Monitoring #
B o #
o0s.chdir(MONI)
os.system{'m -f ' + MONI + '/OBS_No_Data.flag')
os.system('python ' + MONI + '/MONI_RUN_LY.py')
B it R #
# Part 2. Run Forecast #
#o--
o0s.chdir(FCST)
os.path.isfile(MONI + '/0BS_No_Data.flag')
os.system( 'python ' + FCST + '/FCST_RUN_LY.py'}
os.system('python ' + FCST + '/R.Prob_FCST_RUN _LY.py")
: { " === No OBS Data !! Stop Forecast Job === ")
exit()
{# Part 3. Run Verification
#oo-
" os..chdir (VERT)
o0s.path.isfile(MONI + '/0BS_No_Data.flag')
os.system( 'python ' + VERI + '/UPDATE.LY.py')
( " == No 0BS Data !! Stop Verification Job =— ")
exit()
________________________________________________________________________ #
# Part 4. Run Impact BSISO #
e e T e T #
o0s.chdir (IMPACT)
os.path.1sfile(MONI + '/OBS_No_Data.flag')
o0s.system('csh ' + IMPACT + '/IMPACT_MONI.csh'})
- o H
W A=’ &H &4 /A
= 2 AR F5 84 )
O FA A= &4 L ARAHE F5= T4 QA
= 2 o) 7% @A o3 ol Lol 4w BE EY Aol
71 BSISO @ FAl 282 C-Shelld] 7]% gHA &) © 2ol AR 55 =9 Ay

A
WE 2AY A5 Bd BHo A4 AR ANHRE FE8
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m 7]E BSISO E@HAZ=E AR 35 B2 (A A A 2=HD

(MONI_RUN_LY.CSH)

(A2f)

set ITIME = 2'Is —al ${MONDIR}pgh.f0???????18 | tail -1 | cut -¢c 97-103'
set YEAR = 2's -al ${MONDIR}/pgh.f0????2?7?18 | tail -1 | cut —¢ 97-99'
set MONTH = 'Is —-al ${MONDIR}/pgb.f0???????18 | tail -1 | cut -¢ 100-101"
set DAY = ‘Is —al ${MONDIR}pgb.f0??????2?18 | tail -1 | cut -¢ 102-103'
(A2h)

SAR AsE B2, A2, $YY ol
SAa|Folof st EAMel Utk old @

e BEH] AR Y ABYRE FESE S BESG

m python 2 CDOE &8&3F Azt

ﬂd
o
f
A
e
ok
>
)
2
o
>
)
>
>
[
i)

(MONI_RUN_LY.py)

(A2f)

FILES = sorted(glob.glob(MONDIR + "/pgb.f0+"))

RECENT_F = FILES[-1]

FTIME = os.popen(’cdo showdate " + RECENT_F).read().strip()
YEAR = FTIME.split('~)[0].strip()

MONTH = FTIME.split('-")[1].strip()

DAY = FTIME.split('-")[2].strip()

ITIME = YEAR + MONTH + DAY

(A=f)

python¢] “glob” 7]s& &&3to AZ(HAHEH) =

o & 5255 AHstal, 1 FollA
7b Aol ABE 71F0 2 CDOY  “showdate” H#Ho =

59 Y AR} AAE

o

NZDARRE E9%t. 2959 AZARE pythonel “popen” , “read” , “strip” 7]
e Z8o dote FA Y ANIARE FE50, 95, 9, €2 st g A
HE Wgstitt. o Fd Az 34, A5, 4dH¥o] MAFHuSE Hao =2
a9 FAoR ZAY 3ol Jhedson, ol Al2E A tid oEAS B
stal Al 2Hl PP E =Y A HAT
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(h BSAE 3 AR OE Y 3 AA /A
O #3FAE 3 oF &9 2 GH(1H) AA A

71& BSISO AHJA| =8l

& A 2
A BEAR S 5o Ao A ARI AAEA ¢ FPAE 52 F-
o]

32
32
£
5
=2
-
i)
i)
2
2
o
rlr
e
AN
X
il
o
4
2

(MONI_RUN_LY.py)

(M=f)
RDATE = os.popen(date +%Y%m%d’).read().split("\n")[0].strip()
JDATE = os.popen('date —-d "" + RDATE + ' 3 days ago”

+%Y%m%d’).read().split(\n)[0].strip() # Job Date for Actual Monitoring : RDATE - 3 days
if JDATE == ITIME:

os.system('echo "Recent Date : ' + RDATE + ', Most recent OBS. Data : ' + ITIME
+ " >> OBS_File_Check.log’)

os.system('rm -f OBS_No_Data.flag’)
else:

print(" == No OBS Data !l Stop Job == ")

os.system('echo " Need ' + JDATE + ' OBS file, but it does not! Most recent OBS
Data: ' + ITIME + ' >> OBS_No_Data.flag’)

exit()

BSISO ZAIA|2HL #IEZztT o] HHolE EA wel | AIZHRDATE) 7]+ 3¢ o]z 9]
AIZHIDATE)S tid o2 Z¢jo] 3= At ol A3 ITIMEs} JDATEYF €Xx& 7%
(#F=x7 AN F4), AHL" ITIME#} JDATEE  “OBS_File_Check.log” olgt= Z11tde] A

=]

A= wAle w9lstgdon, ITIMEZ JDATEZF A8 AN(@EAE n4a), B=xta7}
o)A E S 3lHo| 83t “OBS_No_Data.flag” 2t flag 3d S A= st o=
Bl A AAEE 9 F A 9ddS S #SAEY] 4 AFRE g4 g9 A
}.
@ #ZAE vFHA ZAY T AA =9

HAlA = dS5AE A AR gl B I AAE Tt #SAEVF vFAE S
of 4=+ flag 794 (OBS_No_Data.flag)e ©A3t] TAAI2ES HIRZ Be A28 &Y

2 Systa GES s,

- 164 -



(MAIN_BSISO.py)

(A4 2F)

# Part 2. Run Forecast
#

0s.chdir(FCST)

if not os.path.isfile(MONI + '/OBS_No_Data.flag’)
os.system('python * + FCST + '/FCST_RUN_LY.py")
os.system('python ' + FCST + '/R.Prob_FCST_RUN_LY.py')

else:
print( " === No OBS Data !! Stop Forecast Job === ")
exit()

(M2f)

9 Mg 2T vl BE flag HY B D A Fo @A) G ARH o SA
Ho| A8d Jgo|th ZF A2HS EASE B3TE 22 JIMAIN_BSISO.py)ol A 718 #
A $ASE BAN2EE AH BESAE 05FA o flag FUo] HAHE A, LY F
g3t A Aol FTEH, flag ol Y AT@IAR Y FH) RO AYe +
P& 4 IS 2AES FIEIAT oJ2A BZARI} 0]FAHE BE Ao oy
2 APCC BSISO E3lolAd= ofd H&EBE A5HA G=s st I <99 g4S 7
s}ttt
3 A3}

h 7148 BSISO BT 5A2" A &9
O /AAH4 BSISO TFTFA2H A¥ &9 T AL 7}

7% BAAE MASE 71%5S F713 BSISO 5354 28-S HE 7123 & oF 3
717H2022d 102 1€~31¥ A 7)< ddo=E BA 37 A4 2o Al &9 AASH
AchFigure BD. 712 Asteh AW &3¢ 53 448 Aas 0Ag 2 29y 4EE

5

.
FTFEAN 29

S

sl A4 - A" Bkt A3 2T FdsA dEsten, o= JiAd® BSISO
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Figure Bl. Comparison between before and after results (monitoring BSISO phase

diagram) by BSISO system.

(th) 74" BSISO ST 8sA2" &9 "
@© A4 BSISO T#TSsA2H &9 Wwd &4

HF 754 BSISO TdTEALEY 483 +9e

e Agelel d2edT WE WALES Yo

B AAENeH, ARG B A FAR

of

(™) 78 BSISO SR TFEAN2HE +9F A8

@ 7" BSISO T8 A2H &9 A3

#HF =9 BSISO S T&AI==E 20239 54 BSISO

]l

¥ BSISO 782" /fdaste] weh m&4<)
A BSISO X ex= A =3 A3 ZHaste] HA
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75 C. BSISO A ZUd &S SeTsA2EH 29 v

L B84 2 27
b BaA

@O APCC BSISO AW | SA| 28l 4719 A 2®IQl ZHA|, o, HZF, FFFOE FAHO
A3, g 717 6€~109) & WY DA, A, IdF dE, HAF o E ZEH(crontab)e
g8t Asoz HAPHI vt aHY olHd ZF A2l N A9 A o2,
olZ QI3 Alx®l 2+ 714 flo] HFHHeE ol ug Alx" 2 {f718 E JAAR H

37F sttt

@ 74 Alz=Hlo] ZAc R FIHLLHA AZSARY W, eAg 9 °fE AR
7F AR FokgolE A, AS, T Al AAF R s3] APCC BSISO 4+
o] Aol Rl I (blank)o] EEE = ARl AAUTE ol wt AAAE At AR5 A S

oo A AY oJRE ARHE V% 257} Wasio,

D 2 ALWL AL A T B L] AW W A2 BAel WARI
9 AR Fol MANE A9 Za ) A WEe AUel SRk s AWl Atk
el Wl Asu B4 9 4G AZe WA FaHA Hid TE19E SHE 4 Qe

A4 A7} Besi
W =3

S o\ Ea 71%& C-Shell =215 pythono &
== 7H’d?3‘}°4 714 °] dEZF o2 A Fdo] 7}s3t BSISO T&FT 54
Al

Ko7
sle] A S wEe AAsnA B

2 W&
(7h BSISO AW A S HA 2" 7= 8 U&

APCC BSISO AW o= A 2E e max 2 7F Az 8 44 2 JEe o=
o] B]XE  “BSISO EPA2® &G 7L(v2020)” ANA 2EHE W& FLsiH, 2k Al
glo] wWel =2l C-Shell& pythono.2 ASGTHI A A, Fo WA UL
“BSISO B35 A2H 7|& RIA(EE B)” ol 7]1&3t9th

(W) BSISO TdT8AI2d 2JFY +3) ¥
@ APCC BSISO @AW &4 HA
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<H] o

— T =

7] Sl 2

ol 22t A

= =
x2E 5

AR

-

0] 3]

iy

APCC HPC A ® o)A &3}
ojof it} y|EAH oz HQg ZZ I3 Python, CDO, NCL
of AH-8-Ht.

A A ofefot 2 RES RE

910

1

3
pul

.

1$ module load python/anaconda-3.7
1$ module load cdo/1.9.8
1$ module load ncl/6.5.0

@ APCC BSISO T#TSAI&H =209 F5/

APCC BSISO E3+%A
“MAIN_BSISO.py” Z 271

n%

Table Cl. Comparison between before and after BSISO system.

TH TE 712 BSISO #¢ A2 M BSISO 5§75 28
- A= /ifs/datal9/BSISO_R1/MONI/99.RUN
EAal MONI_RUN_LY.CSH MONI_RUN_LY.py
N A= /ifs/datal9/BSISO_R1/FCST/99.RUN
= =27 FCST_RUN_LY.CSH FCST_RUN_LY.py
AR A= /ifs/datal9/BSISO_R1/FCST/99.RUN
95 | zz R.Prob.FCST_RUN_LY.CSH R.Prob.FCST_RUN_LY.py
A= Nifs/datal9/BSISO_R1/VERI/99.RUN
4= UPDATE.LY.CSH UPDATE.LY.py
EA gl UPDATE.VERLLY.CSH UPDATE.VERLLY.py
UPDATE.VERLTOTAL.LY.CSH UPDATE.VERLTOTAL.LY.py
- A= Nifs/datal9/BSISO_R1/MAIN
EAul - MAIN_BSISO.py

@ APCC BSISO E3TFA|2H A3
APCC BSISO £35S A 2H&
Aoz Ax"e] | GxE

44 d¥stel & 5 Aok

Az 7 A%
2 Zg]

7L =
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n ST EAE 7 AR A2E A2 AR 2 3 GR 23
- EStESAIAH”H QX o]l
1$ cd /Ifs/data19/BSISO_R1/MAIN
- ST SAAHE ool =23¥
1$ vi MAIN_BSISO.py
(M=f)
ROOTHOME = '/Ifs/data19/BSISO_R1/'
MONI = ROOTHOME + '/MONI/99.RUN/
FCST = ROOTHOME + '/FCST/99.RUN/
VERI = ROOTHOME + '/VERI/99.RUN/
IMPACT = ROOTHOME + '/IMPACT/SHEL/'
# #
# Set Job Date for Monitoring #
# #
RDATE = '20221026'
#RDATE = os.popen(date +%Y%m%d').read().split("\n")[0].strip()
JDATE = os.popen('date -d "" + RDATE + ' 3 days ago”
+%Y%m%d’).read().split(\n")[0l.strip() # Job Date for Actual Monitoring : RDATE - 3 days
(Me=f

o714 RDATE= ZA4E& FdqstaA st AA 245 onsir, #SAE U EE
#3le] RDATE 71% 39 A A(UDATE; Job Date)?] #ZAEE ARg3dle] Al A28
=354 "tk AFEA A G ofd A2H F3 dx r|Eo R Y-S —’Ff@é‘}ﬂﬂf& 0s.popen

Nse BEE RDATE 44 $8< B 79 Aok FETEA2A] 49 Bge of
g9 ek
« EETEALT A

1$ python MAIN_BSISO.py

FETEAEL 7 AR E SEE YUro] A oH, A, dF AS SFH <
oltt, AFgA7E A S YA Ze FEWRN "= F4 AHEste] Fdste] Fo. =3 %
Al A= 7F AR R ke A _Data.flag” e}t wdo] AAHET F Ao

O
Vs
U)
z
O
)
>
o
o q

- 169 -



o AzHle 250 FrHth

14
rlo
ox
[

| SEHEAY dRHAS B 24 A" EE log RLS st Ay 5
|

(th BSISO &+ Al="d 2] 3 ¢
O #AAA=H

BSISO ZHAI A =8l off o} o] Hz= Zh &

=

2 Y FJ2E AAFstET

= BSISO ZA A28 724 SAE Hx 42 24

- UAIA2HE ool Z2a 2[x ol
1$ cd /Ifs/data19/BSISO_R1/MONI/99.RUN
- HAA A" ool 223 X

1$ vi MONI_RUN_LY.py

(A =f)

ROOTHOME = '/ifs/data19/BSISO_R1/MONI/'
PREPR = ROOTHOME + '00.PREPR/
STEP1 = ROOTHOME + '01.STEP1/
STEP2 = ROOTHOME + '02.STEP2/
STEP3 = ROOTHOME + '03.STEP3/'
STEP4 = ROOTHOME + '04.STEP4/
STEP5 = ROOTHOME + '05.STEP5/'
STEP6 = ROOTHOME + '06.STEPS6/'
STEP7 = ROOTHOME + '07.STEP7/
STEP8 = ROOTHOME + '08.STEPS8/
STEP9 = ROOTHOME + '09.STEPY/
READY = ROOTHOME + '10.READY/'
BINAR = ROOTHOME + '"11.BINAR/
RUN.D = ROOTHOME + '99.RUN/
MONDIR = PREPR + 'U850/ORG/'

(A 2F)

A Wl Z2 T804 AA3 RDATE %
A B 714 Wl =2 o] obd ZHA A 2]
t}. o] o, JDATE= RDATE] 3¢

e
L
—o
=
J
>
—
t
)
S
>
—~
o3}
fl
4
o
o
£
M\
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m RDATE, JDATE A4 (45 Asid H-9)
# #
# OBS File Check!! #
# #

RDATE = os.environ[RDATE’]
JDATE = os.environ['JDATE’]

H=A5 AAR}  HAH AFPHERDATE, IJDATEZF  ELAsts A$
“OBS_No_Data.flag” Ides A3 LS FOstA =HH, AZ A= B5
“OBS_File_Check.log” ol ALgE AZFA RO o]g€(og)S F23A Avt MAA FAA 2~

wle] 4 gL olee} 2t

RS AR P

1$ python MONI_RUN_LY.py

s o] ¢ logutdo]l AAEA ¢kom, log WIS AL e A HEZ AH
ste] 2t} Zo] d5HH AFow guolx L J|4AH AL Aud HEZAEFES HAEE
g, Z+ dAE HAZAEES 8l Fot
@ A EFAx=H

BSISO | SA| =/l oo} o] Hz 2zt @A 3 F=E AQst =0

= BSISO dSA| 28 724 dAE Hx 42 24

- O EA|AEl ool T2 2% o=
1$ cd /ifs/data19/BSISO_R1/FCST/99.RUN
- o SA|AHE ool =z F=H

I1$ vi FCST_RUN_LY.py

(4 2h)

ROOTHOME = '/lfs/data19/BSISO_R1/'

LOGDIR = ROOTHOME + 'FCST/99.RUN/LOG/
RUNDIR = ROOTHOME + 'FCST/99.RUN/'

MONDIR = ROOTHOME + 'MONI/00.PREPR/U850/ORG/'
RAWDIR = ROOTHOME + "../11.BSISO/'

RDIR = ROOTHOME + 'FCST/10.READY/

CDIR = ROOTHOME + 'FCST/00.PREPR/'

FILE_DIR = ROOTHOME + 'FCST/11.BINAR/

Ve

- 171 -



BSISO & a2 2gjo] =, Zdlo] AAEAY ALEA7F Yot Zdvk 2]
d& dot= A5 oty FEESE Ao F=5
m BSISO o= =g A
e
MDL = [ 'GFS’, 'CFS’, 'BOM', 'ECM’, 'CWB’ ]
VAR = [ 'OLRA, 'U850" ]
(s2p)

BSISO % =¥z Aol 34% sdue] Azt JRE ¢ojEe] AYe Fqste 3
Alolm, zh il maskd Azl A ool AFHG. JAHE AFA=EE £ HE
olef s} 7t

m JAE oA ~H 23]

1$ python FCST_RUN_LY.py

%% & o) ZRProb_FCSTRUN_LY.py)el A$= 44 8 +3 wwe ssk fAsm,
ot e} o] st Fot.

m JAE oA ~H 23]

1$ python R.Prob_FCST_RUN_LY.py

Q HAFA=H

BSISO 71ZA] 28l w9l =z 1d(UPDATELY py)st A% 5o mat = 714
@ (UPDATE.VERLLY.py, UPDATE.VERLTOTA.LY.py)o.2 T4 50} 9o,

2 GAY A2E Hx AAst] o
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m BSISO HAZEA|~H F

[K

2039 7 GAE Hx = 24

- AZA2"” 2[x| o=

1$ cd /ifs/data19/BSISO_R1/VERI/99.RUN
- dEAla" B mZaod 43

1$ vi UPDATE.VERI.LY.py

(A 2k

ROOTHOME = '/Ifs/data19/BSISO_R1/'

FIGUR = ROOTHOME + '/VERI/03.FIGUR’
PREPR = ROOTHOME + '/VERI/00.PREPR’
STEP1 = ROOTHOME + '/VERI/01.STEP1'
STEP2 = ROOTHOME + '/VERI/02.STEP2'

MONDIR = ROOTHOME + '/MONI/00.PREPR/U850/ORG/'

RED

I$ vi UPDATE.VERI.TOTA.LY.py

(42h)

ROOTHOME = '/Ifs/data19/BSISO_R1/'

FIGUR = ROOTHOME + '/VERI/03.FIGUR/

Ve

o714 %% ZS(UPDATE.VERLTOTA.LY.py)2] A5 Al&sliel ER585 HAste +ot.

m BSISO o= =g A

(4=h
SYEAR = 2013
EYEAR = 2021

Ve

BSISO ¢ ndu¥E=z A

% gjo] Y=, mdlo] MAHAL AEAT} st mAY 2
A FAL Ushe AS 4 ¥ =2

O olele HES A Frh

AN

= BSISO d& =Y 4

(2
MDL = [ 'GFS’, 'CFS', 'BOM’, 'ECM’, 'CWB' ]
(a2

Bouxggde] A4S npH I oupviAE vl Ze A Hx AR A4S s=oh
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m BSISO ASA|~dH vz 1x Hx A& AA

- ASA2E fol Z=2O £
1$ vi UPDATE.LY.py

(M=f)

ROOTHOME = '/Ifs/data19/BSISO_R1/

(a2

0

AFAzge NBAoE Axd BA A JRE JFOE FFS FAsE, A4 U
S a2 Azt tal AES AT A5 okle BEe skl 2ot
« A% AT AR 5

(2

YEAR = NDATE.strftime("%Y")
MONTH = NDATE.strftime("%m")
DAY = NDATE.strftime("%d")

(a2

4 AT FIFEE 2O9d AR A} olgo] ARHY, /idd ASAz"e] 3 U

1$ python UPDATE_LY.py

@® FFF A=H
BSISO 9% Al='l2 /i A gadate] a7 w2t #4d 2 A ARE aest

=5 ]
MEd Az"dozd “BSISO A= £Fmiwd (v2020)” o S&FF Al=d 3 HH
LA st Foh
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E D. APCC Llofat= HEHAWEAAY 20 Fd

1. s
APEC 7] 3AIE{(APCOE 20054 74 o] % F
AT dEEBGFE A3 AL L AHS 9% 8L A

FHOIAE T8 Fobrlor A-AF, AA T AR

g

A 71Fd " S 71 FAA ARE A AFskal Stk

APCCE AHdZAHR] A xet &84S =ol|7] 938 20199 AHEAE tido=® o=
AHE AARE A3, gtk AASATE s E AAASAHARE THE SASE QR Qe
o, oo 2021d 117/l= 157 A-ASAEE o 7|8e A= 7|FdF A5E AR
MZL B =A° X1°) GFEIYGEMME) A-GSA2"S F53A

olof] 71& A-AAZAHR(Q25° x25° )} nHF=A° x1°)E dte] AlxvoAq A
gsto] ALRE F JEF Stlon, I FFo BAE F s A-ASHRY AdE WA
A= A LT F AEF = g 3 dode sttt

2. A5 3 Y

A 1IN =R =, I8, 35, T, O
a4y = 04?7]401]/‘1 g 37MY == 6
(Table D1), APCC MME Ald o= Al2~H &
st 371€E 2 671€E AddSF A5 gikS
5 7S 24 EH(deterministic) &3 & EH(probabilistic) @& 7|HOoZHN 1FZAL 4
Z=H R E A4Ft(Table D2). @, MGO2] MGOAM-2 7% hindcast 713+ &Y x| o] A
MMEol| Ar&-3}al 9IA| 4T
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Table DI1. List of participating models in APCC MME.

9A+E Hindcast

R L R = g 4]
- A FH 713 i

APCC (g+=) SCoPS T159L31 10/10 1982-2013 NetCDF
BCC (F=) CSM1.1m T106L26 24124 1991-2015 NetCDF
BOM (=) ACCESS-S2 N216L85 11/27 1981-2018 NetCDF
CMCC (o]&gleh SPS3.5 0.5x0.5, L46 50/40 1993-2016 NetCDF
CWB (ti¥h) TCWBI1Tv1.1 T119L40 30/30 1982-2019 GRIB1
ECCC GHyth CanSIPSv2 T63L35 20/20 1980-2020 GRIB2
HMC (&1 Aloh) SL-AV 1.125x1.40625, L28 20/10 1990-2015 GRIB2
GRIB2
JMA (€8) JMA/MRI-CPS3 T319L100 50/10 1991-2020 f err:
Binary
KMA (3+=) GloSea6GC3.2 N216L85 42/12 1993-2016 GRIB2
MetFR (Z&2) Sys 8 T359L127 51/25 1993-2016 GRIB1
NASA (W] =) GEQS-S25-2.1 0.5x0.5, L72 10/4 1981-2016 NetCDF
NCEP (7]=) CFSv2 T126L64 20/20 1982-2010 GRIB1
PNU (8+=) CGCM v2.0 T421.18 35/35 1980-2021 Binary
UKMO (¥=) GloSeab N216L85 42/28 1993-2016 NetCDF
f: GRIB1

MGO (& Aloh MGOAM-2 T42L14 10/6 1979-2004 h: NetCDF

Table D2. Methods of APCC MME.

7| Ay

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

ojel &Zol 1578 &g = AF7IHA ATt ML £ 6/ A= NE 2d o
% A 5(Table DDE HA YA z=HolA FF58te] o] A&t 27FA] o Z7]Hell o3
MME 7|3 S< 33
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3. A= MME o SA2He] 34, FAEH, A3
3.1 I34= MME oA ESA x5 74
VA= o ZA e A8 o] Python version 3°]th. python 91o]E AF&317] 98|

Ae oy B7138Q1 Python 3j71#7F 875 =H, & A&golAs dRido= ol ALEH &=
numpy, netCDF4, xarray, pandas, os 3|7]#] && A}-&3}l% T

A FE SA 2" FA4LE AA DHAE Us g ded, A dde iERd
Ztg 9] 7139, 2329, W, o 54, hindcast 713F 55
SCM, GAUS ¢=7|HL o] &3 MME <3, nc 3¢ 2:7] 5& $|3% Python &

m

29

e =97
o vl UF MY =

oj#g A=7IHE d=
.]

o=
toERdoy HA ms 231

3.2 APCC €A H &4 273

g E oA SA 2" APCC AFS ddA WA d3fo] HH o]F s = Ao AZE
Aol BEE ZE3dto] ARgslol it} y[EH o=z HQ3dk AL Pythondt NCL EEo|t).
Python< MMEE 913+ Al4kx 2], NCL& MME o282 o] 83 13¥ %2 A9t}

A7 27190 & @A A ol A pythons Z X3tk NCL-& Python AbAl| 3 7] %ol Z$He
HAOZ AFS dgA¥ &2 NCL 6.5.0% A&7}53H

—

n 25 g<l(module avail)

1$ module avail

Jopt/Modules/versions

3.2.10
Jopt/Modules/3.2.10/modulefiles
dot module-info modules
Japp/modulefiles/compiler
gnu/7.3.0(default) python/anaconda—-3.7-base

python/anaconda—-3.7(default) python/anaconda-3.7-plot

Japp/modulefiles/util

cdo/1.9.8(default) java/1.8.0_112(default) R-InstallPackages/3.6.3(default)
cmake/3.16.5(default) nco/4.9.2(default) R-InstallPackages/4.0.3
grads/2.2.1(default) ncview/2.1.7(default) wgrib2/1.9.5.1(default)
gv/3.7.4(default) R/3.6.3(default) wgrib2/2.0.8
ImageMagick/7.0.8-67(default) R/4.0.3
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Japp/modulefiles/library

emos/000382(default) libarchive/3.4.2(default)
grib_api/1.21.0(default) libuv/1.34.2(default)
hdf5/1.10.5 ncarg/6.5.0(default)
hdf5/1.8.18(default) ncl/6.5.0(default)
jasper/2.0.14(default) netcdf/4.4.1.1(default)

netcdf/4.6.3
proj/5.1.0(default)
szip/2.1.1(default)
udunits/2.2.26(default)
zlib/1.2.11(default)

m 275 ZX(module load)

1$ module load python/3.7

33 AHFE JSA 2" 7= 2 Z=239 FF

AN b

o
fz

bt

/data02/OPER

| A 5= HAA gAEE F2E olefo] Figure D13 2th of7]A
galHelE “RUN” &9 f#EE el “Manage_ MME” o4 43 H T},

FIG

- MAP_PIC
- SRC

- NCL_CODE_3men
- NCL_CODE 6men

- 3-MON
— FORECAST

— GAUS

—SCM
L— HINDCAST
—GAUS
L—scM
- 6-MON
|— FORECAST
1 — GAUS
1 L—som
L HINDCAST
L GAUS ENSO_OUT
—scM
- 6-MON
{MON / SEASON / YEAR)
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smon t— Table

OBS

L— Timeseries

Total_HSS_Map
EAPD_OUT

L1 FRoMioUT

Figure D1. Structure of High-Resolution AFS.
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Manage_
ENSO
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NCL_prog

1 |
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1 1

EI
RUN
Gapnes m
Graphics configure

FIG ag OUTPUT
4| NCL | —1 MONI |
————-l RUN | —| Img_OuT |

ETC

Manage_
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Manage_
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Manage_
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Manage_
MME

- my_package
- s¢_package

Figure D3. Structure of directory and programs in High-Resolution AFS.

MME d&A5E A4tetr] s /e 2d AA/EEsE dSARE dEAsRE 3
“/data02/OPER/AFS/DATA/MME_IN” ¢] A 2Z &3t}

Table D3. List of individual program and python modules in RUN directory.

RUN e == 24 AlsH 3=

FCST_SCM_MME_3month.py, FCST_SCM_MME_3month.yaml
FCST_SCM_MME_6month.py, FCST_SCM_MME_6month.yaml

MME ol &
HCST_SCM_MME_3month.py, HCST_SCM_MME_3month.yam|
HCST_SCM_MME_6month.py, HCST_SCM_MME_6month.yaml
RUN/my_package AR 25 A E

calc_SCM_MME_IN.py, calc_GAUS_MME_IN.py
calc_SCM_MME_IN_NCEP_SST.py
make_season_month_name.py

ot- 2tz total
A= Mzl 2

7| E}
read_MODEL_HIND_TIME.py
bl nc_out_1_0_deg_DMME.py, nc_out_2_5_deg_DMME.py
nc Lr=
nc_out_1_0_deg_PMME.py, nc_out_2_5 deg_PMME.py
RUN/so_package AIEAL 22 2E
ZEZt ol PMME.F, TERC_HIND.F, TERC.F
so It PMME.so, TERC_HIND.so, TERC.so

34 AIHE = =278 A3

THFE dF Z2OWS AdAPstr] AsiAE 1A AE dFARS] 78, 2d9, |
W, o54¢, hindcast 717t& yaml Fdo] JHE siFolof . AREAY] A3 T EE
(RUNDel 9l Python 3tdS FAgth oJ7]4 = APCC(SCoPS) forecast #F&ol i3l oA

=%
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(D) 23 "gdegE o]% @ FCST_SCM_MME_3month.yaml €7]

1$ cd ${OPERJ/AFS/RUN/Manage_ MME
1$ vi FCST_SCM_MME_3month.yaml

(2) FCST_SCM_MME_3month.yaml 73

Datalist:

- Model_name : APCC_SCOPS

BOM_ACCESS-S2
CMCC_SPS3.5
CWB_TCWBI1Tv1.1
ECCC_CANSIPSv2.1
HMC_SL-AV
JMA_MRI-CPS3
KMA_GLOSEA6GC3.2
METFR_SYS8
NASA_GEOS-S25-2.1
NCEP_CFSv2
UKMO_GLOSEA6

Variable_name : prec
slp
2m
850
u200
u8s50
v200
v850
z500

Forecast_month : OCT

Forecast_year : 2022

Hindcast_syear : 1991

Hindcast_eyear : 2010

Resolution 125
Issued_date : 15 Sep 2022
# JAN: 1992-2011
# # # Other Seasons: 1991-2010
- Model_name : APCC_SCOPS
BOM_ACCESS-S2
CMCC_SPS3.5
CWB_TCWBI1Tv1.1

ECCC_CANSIPSv2.1
KMA_GLOSEA6GC3.2
METFR_SYS8
NASA_GEOS-S25-2.1
NCEP_CFSv2
UKMO_GLOSEA6

Variable_name : sst

Forecast_month : OCT

Forecast_year : 2022

Hindcast_syear : 1991

Hindcast_eyear : 2010

Resolution 125
Issued_date : 15 Sep 2022
# JAN: 1992-2011

# # # Other Seasons: 1991-2010
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ARV AEE Yt WSE AYstA(FrstAY Al 7he) dAlel 9hAl AT THE
dl A= 37§48 forecast SCM o= A5 E <J;
250 tisiA Fo EHEFo] gE EAAS HEFste] ¥R

1:_‘ 2 = =] =]

“Resolution” oAl A4+

FCST_SCM_MME_3month.yaml %9 4 <
3l 37§49 forecast SCM o= A5 7} A4k=ETH

(3) FCST_SCM_MME_3month.py 2! 2}

1$ python FCST_SCM_MME_3month.py

Z2ade] e yaml A% 19 FASA FAS, 5 TIPS ST
A Ede] FHAY WAE AeE fASIA SR,

U] %

g =

o =

(4) 14 = MME 9= A8 A=

- Forecast : ${OPERYAFS/DATA/MME_OUT/FORECAST/
- Hindcast : ${OPER}AFS/DATA/MME_OUT/HINDCAST/

4. AH&A Aol g A7 7EF W&
4.1 AAAEEQ.5° x25°) THAEA.0° x1.0°) Aehd o=

(10° x10°) ®ut oje} 71Ee] 25° x25° saze] ASARE A4

& ;eshgich obelsh @ RUN Hlelelgle] Python 2 1dols s|4=
Al A P YOE, TF A% AR AP WPol WY A% FUT AY
2 b ZFSItHZE I el AES sl e 248 49 59 e 2P,

g o

= =
— =
=5 44

R
¥0 [
(o ok

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

# individual model directory path: hindcast

# 2.5 degree

#fcst model path = "/data02/OPER/AFS/DATA Ires/MME IN/FORECAST/”
#hcst model path = ”/data02/OPER/AFS/DATA Ires/MME_IN/HINDCAST/”
#resolution = 2.5

# 1.0 dearee
fcst model path = "/data02/OPER/AFS/DATA/MME IN/FORECAST/”
hcst_ model _path = "/data02/OPER/AFS/DATA/MME_IN/HINDCAST/”

resolution = 1.0
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F5 E. APCC o5 1efE W o SEE &xd AsH 7s

s AsE Az AR I 2R A% 4D 9P W ZEade] 54 AFs

olej e} Zrh.

il

HA A
# NCL ¢ 5th block —-——-—"———mm—m—m4m——————— — — — — — — — — — — — — — —  — —

if var_name == “uv850":
ncl_anom_wind_monthly.F1st_block(ncin_fcst_fname, ncin_hcst_fname, var_name,
ncl_fname, hind_start, hind_end, nmonth)
ncl_anom_wind_monthly.S2nd_block(ncl_ptype, png_fname, var_name, ncl_fname)
ncl_anom_wind_monthly.T3rd_block(var_name, region, ncl_fname)
ncl_anom_wind_monthly.F4th_block(region, ncl_fname)
ncl_anom_wind_monthly.F5th_block(region, var_name, issued_day, issued_month,
issued_year, \
forecast_month, forecast_year, nmonth, \
hind_start, hind_end, \
png_fname, png_fname, ncl_fname)
elif var_name == “uv200“:
ncl_anom_wind_monthly.F1st_block(ncin_fcst_fname, ncin_hcst_fname, var_name,
ncl_fname, hind_start, hind_end, nmonth)
ncl_anom_wind_monthly.S2nd_block(ncl_ptype, png_fname, var_name, ncl_fname)
ncl_anom_wind_monthly. T3rd_block(var_name, region, ncl_fname)
ncl_anom_wind_monthly.F4th_block(region, ncl_fname)
ncl_anom_wind_monthly.F5th_block(region, var_name, issued_day, issued_month,
issued_year, \
forecast_month, forecast_year, nmonth, \
hind_start, hind_end, \
png_fname, png_fname, ncl_fname)
else:
ncl_anom_monthly.F1st_block(ncin_fcst_fname, ncin_hcst_fname, var_name,
ncl_fname, hind_start, hind_end, nmonth)
ncl_anom_monthly.S2nd_block(ncl_ptype, png_fname, var_name, ncl_fname)
ncl_anom_monthly.T3rd_block(var_name, region, ncl_fname)
ncl_anom_monthly.F4th_block(region, ncl_fname)
ncl_anom_monthly F5th_block(region, = var_name, issued_day, issued_month,
issued_year, \
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forecast_month, forecast_year, nmonth, \
hind_start, hind_end, \
png_fname, png_fname, ncl_fname)

WA &
# NCL ¢ 5th blOock —-——-—————mm——m4m———————— — — — — — — — — — —  — —  —

if var_name == “uv850":
ncl_anom_wind_monthly.Flst_block(ncin_fcst_fname, ncin_hcst_fname, var_name,
ncl_fname, hind_start, hind_end, nmonth)
ncl_anom_wind_monthly.S2nd_block(ncl_ptype, png_fname, var_name, ncl_fname)
ncl_anom_wind_monthly.T3rd_block(var_name, region, ncl_fname)
ncl_anom_wind_monthly.F4th_block(region, ncl_fname)
ncl_anom_wind_monthly.F5th_block(region, var_name, issued_day, issued_month,
issued_year, \
forecast_month, forecast_year, nmonth, \
hind_start, hind_end, \
png_fname, png_fname, ncl_fname, fcst_year,
fcst_month_n)
elif var_name == “uv200“:
ncl_anom_wind_monthly.F1st_block(ncin_fcst_fname, ncin_hcst_fname, var_name,
ncl_fname, hind_start, hind_end, nmonth)
ncl_anom_wind_monthly.S2nd_block(ncl_ptype, png_fname, var_name, ncl_fname)
ncl_anom_wind_monthly.T3rd_block(var_name, region, ncl_fname)
ncl_anom_wind_monthly.F4th_block(region, ncl_fname)
ncl_anom_wind_monthly.F5th_block(region, var_name, issued_day, issued_month,
issued_year, \
forecast_month, forecast_year, nmonth, \
hind_start, hind_end, \

png_fname, png_fname, ncl_fname, fcst_year,
fcst_month_n)
else:
ncl_anom_monthly.F1st_block(ncin_fcst_fname, ncin_hcst_fname, var_name,

ncl_fname, hind_start, hind_end, nmonth)
ncl_anom_monthly.S2nd_block(ncl_ptype, png_fname, var_name, ncl_fname)
ncl_anom_monthly.T3rd_block(var_name, region, ncl_fname)
ncl_anom_monthly.F4th_block(region, ncl_fname)
ncl_anom_monthly.F5th_block(region, = var_name, issued_day, issued_month,
issued_year, \
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forecast_month, forecast_year, nmonth, \

hind_start, hind_end, \

png_fname, png_fname, ncl_fname, fcst_year,
fcst_month_n)

52 A2E A AR 76 R At AE dEE A A 2O £ A5
otz o} .
WA A
# NCL : 5th block -------------—---—-——mmm
plotl = [1XIx3
;=== 5th block ===============s=s==s==s=s==s==s==m=s==s====sm=s==s==m=s=ss===-
res@gsnRightString = “Unit: “+fcst@units+* (Anomaly)®
res@gsnleftString = “Issued: “ + {O}° + T+ {1 o+ U0 4+ M2

66 66 66

format(issued_day, issued_month, issued_year)

2a9e FHUYAH0D)7F FBQ A5, OPTION o] A§a7} 747he BAz o

W3 F
# NCL : 5th block ----------—--—-—--—-mm oo

plotl = [1XIx3

;=== 5th Dlock =========s=s==s==scsssmsscsssssssmsscsssssssssssssssssssssses-
is_mon = stringtoint(systemfunc(“date -d ’{4}-{3}-01 1lmonth ago’ +%m"))
is_monS = systemfunc(“date -d '{4}-{3}-01 1month ago’ +%B i cut -c1-3%)

is_year = stringtoint(systemfunc(“date -d '{4}-{3}-01 1month ago’ +%Y"))
is_week = systemfunc(“date -d ’“+is_year+“-“+is_mon+“-15" +%u")
+is_mon+"-15" +%d")

966 [NT3

is_date = systemfunc(“date -d “+is_year+"-
if is_week .eq. 6 then

is_date = stringtoint(systemfunc(“date -d "“+is_year+"-"+is_mon+“-15 2day’ +%d"))
else if (is_week .eq. 7) then

is_date = stringtoint(systemfunc(“date -d

96

+s_year+“-“+is_mon+“-15 lday’ +%d“))

- 185 -



end if

end if

res@gsnRightString = “Unit: “+fcst@units+“ (Anomaly)®

res@gsnleftString = “Issued: “ + is_date + “ “ + is_monS + “ “ +
is_year

66 66 66

format(issued_day, issued_month, issued_year, fcst_month_n, fcst_year)

Y ZEage By

o % A7k M2 £ glo] Ywa Axd
95 AR swos Soler gade YRR AF 9
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Z20% 74 R AEE

O 8y A28 AR : afsdev(10.100.9.166)7

= CPU

- model : Intel(R) Xeon(R) Gold 6137
- 23 : 3.90GHz

- 30 220 1670, =220 3274
m O 22
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B OS 2ZAH
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B Fortran compiler

- GNU 7.3.0

B Python
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= NCL
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/data02/OPER
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DMME

PMME

g 4ol

- GAUS
— FORTRAN
N

L— NCLIND}
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;
i
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- NCL_CODE_6mon
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Figure F1. Structure of East Asian customized probabilistic forecast system (green).
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B ZolAlof XAStEY =ENS AlAH ME 2 ool =23
/data02/OPER/AFS/RUN/Manage_EAPM/Graphics/General.py

B ZolAlof X|AUEY =ENHS A2 ME & oA =203
/data02/OPER/AFS/RUN/Manage_EAPM/Fig*.py
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O <9 "vw<d
O A%E Ay Z219 3 Axt
- dgAH 84 AAHEE ED5)

2E 3<2l(module avail)

1$ module avail

Jopt/Modules/versions
3.2.10

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

Japp/modulefiles/compiler
gnu/7.3.0(default) python/anaconda—3.7(default) python/anaconda-3.7.1-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)

25 Z X (module load)

1$ module load python/3.7.—anaconda ncl/6.5.0

- ZEA2 AY eA

Ag HeE o)%

1$ cd /data02/OPER/AFS/RUN/Manage_EAPM/
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B w9l =27 rundEAPM.py= AW Al A AFS 7]FE0
ARz 718 2A = o, AH8ArE dats dF Bl A AEE AA o

rundEAPM.py W7 (d = A% &))/Y, Rl 22 £4)

1$ vi run4dEAPM.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 = "(\"APCC_SCOPS\", \"'BCC_CSM1.1M\", \"BOM_ACCESS-S2\",
\"CMCC_SPsS3.5\", \"CWB_TCWBI1Tv1.1\", \"HMC_SL-AW\", \"JMA_MRI-CPS3\",
\"KMA_GLOSEA6GC3.2\", \"MGO_MGOAM-2\", \"ECCC_CANSIPSv2.1\",
\"NASA_GEOS-825-2.1\", \"'NCEP_CFSv2\", \"PNU_CGCMv2.0\", \"UKMO_GLOSEAG\"/)"

#
2 fl 23S Adstd AAS o9 g A AR 2d EZo ois] NCLo| ¢
o] EY & I+ FYE  “EAPM.Parameters.Source” @f+ HUS A4t B nfgd e AR
T2l “init.ncl” oA T AAH HRE EHoe=d AT

L A7 ES 9% B o =8, d=9, dSAAE, FokAlol 99, hindcast
12t dEAE A=, FARd 55 55 ARV A AAE 4 oh

N

1$ vi init.ncl

; Main initialization

begin

5 viyear = stringtointeger(systemfunc(”date -d ‘3 month ago’ +%Y" )) ; for verification
5 viimonth = str_upper(systemfunc(’date —-d '3 month ago’ +%b")) ; for verification

viyear = 2022
vilmonth = "FEB”

visea = set_fsea(vfimonth)
vseas = start_and_end_months_of_season(vfsea)

;; fyear = stringtointeger(systemfunc("date —d ‘1 month’ +%Y")) ; for verification

5 flmonth = str_upper(systemfunc("date —d '1 month’ +%b")) ; for verification
fyear = 2022
flmonth = "JUN"

fsea = set_fsea(flmonth)
seas = start_and_end_months_of_season(fsea)

; root_dir = getenv("working_dir”) ; modified ad of Jul 28, 2021
root_dir = "/data02/OPER/AFS/RUN/Manage_EAPM/Operationalizing/”
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; Setting East Asia Region

slat = 15
elat = 60
slon = 75
elon = 150

lat = create_lat_coordinate(slat, elat)
lon = create_lon_coordinate(slon, elon)

if fsea .eq. "JFM” then

hsyr = 1992
heyr = 2011
else
hsyr = 1991
heyr = 2010
end if
(0|5t =&k
data_dir = rootdir + "/ + fyear + "IDATA” ; copied from

"/Ifs/data11/NEW_OPER/AFS/DATA/OBS"
veri_dir = root_dir + "/" + viyear + "/DATA"

model =  (//APCC_SCOPS", "BCC_CSM1.1M", "BOM_ACCESS-S2", "CMCC_SPS3.5",
"CWB_TCWBI1Tv1.1",  "JMA_MRI-CPS3", "KMA_GLOSEA6GC3.2", "METFR_SYS8",
"ECCC_CANSIPSv2.1",  "NASA_GEOS-525-2.1", "NCEP_CFSv2", "PNU_CGCMv2.0",
"UKMO_GLOSEA6"/)

o714 fyear(elZ3l) 2 flmonth(e Z2)e} viyear(AS3)) 2 vilmonth(HF¥)e #FA=
4 zzade] Fd A28 A=

runcsh (B9 2= A4 8 A5 d&F Ay &)

1$ vi run.csh

set working_dir = "/data02/OPER/AFS/” « &t AZ (=AFS)
echo "

echo
eCho l============= START ============="
echo "

date

NERE)

AER AAHS vkl FH, EFF H4dHYE olsste &34 ZEI%Q  “General.py”
2 FAY B zzgde gE/2g 28 A2, hindcast 7]k, @8, AlE T2 A8
AR <

=g Qgow, Agstast shs FHOE MPste] Frh
2

ol & d&H g =2 71(General.py) HAH
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1$ cd Graphics
1$ vi General.py

# —— coding: utf-8 —*—
Created on Tue Sep 24

@author: igjung
@objective: Calcuate East Asia’s Ranks (Temperature and Precipitation)

import 0s

import cartopy
#cartopy.configl’'data_dir'l="/app/sw/anaconda/3.7/lib/python3.7/site—packages/cartopy’
#cartopy.configl'pre_existing_data_dir'l="/app/sw/anaconda/3.7/lib/python3.7/site-packages/carto
py’

yearnm = 2020 * of| &3l

monthnum = 1 « o5&

pridir = '/data02/OPER/AFS/FIG/EAPM_OQUT/ « MES E2

database = '/data02/OPER/AFS/RUN/Manage_EAPM/Operationalizing/’ « lHE 42

varnms = ['t2m’, 'prec’]
reghindcastfinm = 'prec.reg.hindcast.1991-2010.gl.nc’
twpfnm = ‘prec.twp.reg.hindcast.1991-2010.gl.nc’

hissyear = 1992 = hindcast Al %5l
hiseyear = 2011 * hindcast & Zaf
Issuedate = 15 = gs ol

2] g0l tiE 28 e vk F HQd ZEO9S Adste] o

|

o

3 2 77 %W (rundEAPM.py) A 3}

1$ python run4EAPM.py

FR Z2aYo| ¢atgos

ELE 3 =)
SHES BSFAAM AdHARE o ol A= HF O™ ¥

1$ cd /data02/OPER/AFS/RUN/Manage_EAPM/Operationalizing/DATA/{YEAR}
¥ YEAR: o &3l (e.g. 2022)

AL 1Y AR
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I$ cd /data02/OPER/AFS/FIG/EAPM_OUTAYEARY{MONTHY}/
# YEAR: ol £5f(e.g. 2022), MONTH: ofl % 2(e.g. JUN)
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