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ABSTRACT

This project was designed to improve the stability, predictability, and utilization
of the APEC Climate Center (APCC) seasonal forecasting system. For reasonable
and efficient operation of the APCC seasonal prediction system, the preprocessing
process, Hindcast, and forecast MME were improved and developed. The
pre-processing is combined with the Automatic Forecast System (AFS) for
operational efficiency, and the main program is developed to integrate
pre—processing for the individual model. It is possible to operate the individual models
simultaneously. Also pre—processing source code was corrected according to
procedure and function naming conventions. To maintain and operate AFS more
easily and conveniently, the scripts of run process and Multi-Model Ensemble (MME)
models were improved, and the existing AFS 32-bit system was upgraded to new
64-bit system. The scripts of run process were migrated from Ruby script language
to Python script language to eliminate maintenance problems such as compatibility
issues due to Ruby version upgrades. Also, in order to improve the readability of
NCAR Command Language (NCL) scripts in AFS, a Java—based NCL code beautifier
was developed, and the source codes of MME models were thus improved. To
analyze and improve the problems arising from differences between 32-bit and
64-bit architectures, the results of MME models (SCM: Simple Composite Method;
GAUS: GAUSsian fitting method: MRG: Multiple Linear Regression; SSE: Synthetic
Super Ensemble method; SPM: Stepwise Pattern projection Method) were
compared. Results indicated that the SCM model was the same for both 32-bit
and 64-bit architectures, but the MME models (except SCM) exhibited differing



results. In particular, the results of MRG and SSE models were significantly different.
This is due to the underflow occurring in the calculation process of the Singular
Value Decomposition (SVD) algorithm using the float data type.

This study also assessed the real-time one-month lead forecasts of three-month
(seasonal) mean sea surface temperature (SST), temperature, and precipitation on
a monthly basis issued by the APCC for 2016. The current level of the APCC
operational multi-model prediction system performance is shown. On average, the
level of real-time forecast skill during the period of 2016JFM-2016/17DJF is
generally higher than that of Hindcasts (1982-2003) and the recent 8-year (2008-15)
period, mainly due to the strong El Nino in 2015/16 boreal winter and global warming.
Moreover, this study evaluated the prediction skill of monthly mean temperature
over East Asia during the winter season, and the characteristics of extreme events
forecasted by APCC MME. By analyzing the cause of low prediction skill, we tried
to develop an APCC MME-based dynamical-statistical hybrid model. Two hybrid
models were constructed. One is based on the relationship between the observed
T2m and the large—scale key predictors forecasted by APCC MME, and the other
is based on the dominant temperature modes that affect interannual variability of
temperature over Korea. The MME hybrid models are more skillful than the APCC
MME forecast models.

The final objective of this project is to provide tangible guides for easier
manipulation and better interpretation of climate information from APCC MME so
that APCC forecasters can produce more reliable climate predictions of temperature
and rainfall in Korea. One product developed is a computing tool for the consolidated
climate forecast of Korea (named CLIMT-K), which automatically updates information
from the APCC MME verification and the relationship with ENSO/Cryosphere,
comprehensively suggests tercile probability forecasts tailored for the Korean
Peninsula, and freely provides easy access to final graphics. The tercile probability



forecast system built in CLIMT-K is based on past large—scale circulation
resemblance, and it is superior to APCC PMME in category prediction for some target
seasons and variables. The other product is guidance suggesting a table of maps
of global temperature and precipitation from reanalysis and MME/individual model
Hindcast data regressed onto climate indices, which have information about 1) the
responses of atmospheric circulation to climate indices and 2) correlations between

temperature and precipitation over Korea and climate indices.
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precipitation over Korea and Nifio3.4 are on the top left of the maps
(@) and (). -~ 127

Regressed temperature at 2m anomaly in (a) reanalysis and (b) MME
hindcast data onto AO in January. (c), (d) same as (a) and (b) but for
geopotential height anomaly at 500 hPa. Correlation coefficients between
temperature over Korea and AO is on the top left of the maps (a) and
(D). === 129
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Table 2.1. Description of participating models for APCC MME

Model Organization/country Resolution 522881_{7:3 References
CCSM3*  APCC/Korea T85L.26 10/10  Jeong et al. (2008)
BCCP BCC/China T421.18 8/8 Ding et al. (2000)
CMCC® CMCC/Italy T63L19 9/9  Alessandri et al. 2010
COLAC COLA/USA 1.875°%1.865°, 118 10/10  Collins et al. (2006)
CwBe® CWB/Chinese Taipei T421.18 10/10  Liou et al. (1997)
GloSeab’  KMAS/Korea 0.83°x0.56°, L85 12/42  Kang et al. (2011)
HMC" HMC/Russia 1.125°%x1/1.406°, .28 10/10  Trosnikov et al. (2005)
IRI IRI/USA T42L19 24/24  Barnston et al. (2003)
JVA JMA/Japan T95L40 5/51  Takaya et al. (2010)
MGO* MGO/Russia T42L14 6/10  Shneerov et al. (2002)
CANCM3  MSC™/Canada T63L31 10/10  Scinocca et al. (2008)
CANCM4"  MSC/Canada TE3L31 10/10  Merryfield et al. (2013)
GMAC® NASAP/USA 283x181 grid L72 11/11 Molod et al. (2012)
CFSv24 NCEP/USA T62L64 20/20  Saha et al. (2014)
PNU® PNU/Korea T421.18 5/5  Ahn and Kim (2013)
POAMA"  BOMu/Australia T471L17 33/33  Lim et al. (2012)
GloSead’  UKMOv/United Kingdom 1.875°x1.25°, L85 12/42  Maclachlan et al. (2015)

@Community Climate System Model Version 3, ®Beijing Climate Center

°Centro Euro-Mediterraneo sui Cambiamenti Climatici, dCenter for Ocean-Land-Atmosphere Studies
Central Weather Bureau of Chinese Taipei, fGlobal Seasonal forecast system version 5
%orea Meteorogical Administration, thdrometeorologicaI Centre of Russia

International Research Institute for Climate and Society, Japan Meteorological Agency
“Main Geophysical Observatory of Russia,

ICanadian Centre for Climate Modeling and Analysis Coupled Climate Model version 3,
"Meteorological Service of Canada

"Canadian Centre for Climate Modeling and Analysis Coupled Climate Model version 4

°Global Modeling and Assimilation Office, PNational Aeronautics and Space Administration
9Coupled Forecast System model version 2, "National Center for Environmental Prediction
Pusan National University, "Predictive Ocean Atmosphere Model for Australia

YAustralian Bureau of Meteorology, YUnited Kingdom Met Office
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Figure 2.2. General structure of APCC climate prediction and information services
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Table 2.2. Preprocessing program

2. AFS oz 2 UK

Model Directory Operation file Sub file
mkbin_bcc_fore.ncl,

1 BCCV2 /datal1/PRE/ 01.PRE_BCC.csh mkbin_bec_hind_In.ncl,
mkbin_bce_clim_In.ncl
mkbin_iri_ca_fore.ncl,

2 IRL.CA /datal1/PRE/ 01.PRE_IRI_CA.csh mkbin_iri_ca_hind.ncl ,
mkbin_iri_ca_clim.ncl
mkbin_cmcc_fore.ncl,

3 CMCC /datal1/PRE/ 01.PRE_CMCC_SPS.csh mkbin_cmec_hind.ncl,
mkbin_cmcc_clim.ncl
wagrib2ne.nel, mkbin_msc_fore.ncl,

4 MSC  /datal1/PRE/ 01.PRE_MSC_CANCM.csh mkbin_msc_hind.ncl,
mkbin_msc_clim.ncl
mkbin_fore.ncep.flx.6m.ncl,
mkbin_fore.ncep.pgb.6m.ncl
mkbin_hind.ncep.pgb.6m.ncl,

5  NCEP /datal1/OPER/SEASON/SRC/PRE/ 01.PRE_NCEP.csh mkbin_hind.ncep.flx.6m.ncl
mkbin_clim.ncepflx.6m.ncl,
mkbin_clim.ncep.pgb.6m.ncl,
mkem.ncep.6m.ncl
mkbin_nasa_fore.ncl,

6 NASA /datal/OPER/SEASON/SRC/PRE/ 01, PRENASA.csh mkbin_nasa_find In.nc
mkbin_nasa_clim_In.ncl,
mkem_nasa_fore.ncl
mk_forecast_ukmo.ncl,

7 UKMO /data12/osm1006/PRE_PROCESSING.UKMO/ ~ 0.PRE_UKMO_NEW.csh om forecast. ukmo.ndl
mk_hindcast_ukmo.ncl,
em_hindcast_ukmo.ncl

Get_poama_new.csh,
8 POAMA /datal1/OPER/SEASON/WORK/PRE/POAMA/ Mkpre_poama_fore.ncl,New_link_poama_m24.csh,
Mkpre_poama_clim.ncl
MKkbin_gloseab_fore.ncl,
9 GLOSEA5 /datal1/OPER/SEASON/WORK/PRE/GLOSEAS/ 0.PRE_GLOSEAS.csh Mkbin_glosea5_hind.ncl
Mkbin_gloseab_clim.ncl
Mkpre_fcst_jma.sh,
10 JMA  /datal1/OPER/SEASON/WORK/PRE/JMA/ Link jma.csh Prog.f
Get_pnu.csh,
11 PNU  /datal1/OPER/SEASON/WORK/PRE/PNU/ Mkbin_pnu.csh Prog.f
Get_cwb.csh,

12 CWB  /datal1/OPER/SEASON/WORK/PRE/CWB/ MKbin_cwb.sh Mkem.f
Mkhin_fore_hmc.csh,

13 HMC  /datal1/OPER/SEASON/WORK/PRE/HMC/ Get_hmc.csh Mkhin_hind_hme.csh, Ciim. 90

Get_mgo.csh, '

14 MGO /datal1/OPER/SEASON/WORK/PRE/MGO/ Mkpre_fest mgo.csh Mkem.f, Imsi.f
get_data.csh, mketl.csh, intp.f,

15  COLA /datal1/PRE/ MAIN.CSH mkensm.csh. link.csh

1.season.up_psst.csh
2.dir_make.csh

16 IRl /data11/OPER/SEASON/WORK/PRE/ 3 tofal.fop.new. SEAYEAR {

4.cp_data_model.csh

17 IRIF /datal1/OPER/SEASON/WORK/PRE/ ] season.up_ssst.csh

2.total.fos.new.SEAYEAR.f

* Pre—processing of UKMO is being conducted on research server.
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Figure 2.3. Relationship diagram of Ruby, NCL, and Fortran of AFS
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AFS A|AHIQ] Hindcast@} Forecast MME= &4 32H|E oA T2 73 7j
HFojo]o] NCL(INCAR Command Language) A3HE, EEZHFortran), SH|(Ruby)
o8 /= oH, FLOAT Amg o= AMdH U AmE ol8sto] a4 23 59
Qth NCL ATHEE 7|13Am 28], ZEZTOoZ 13 HA] d12]Z(core algorithm)
%% 5 Hindcast®?} Forecast Alito] © Q3 AHAQl 35S Fdok=t] o]-&% At
REHS AFYHE o7t 7R AL Ao AE SESH] 9%t Hindcast?t
Forecast®] 4] ¥ilgls @] ol&HAHIH 2.3). FHle 5L 4 A3HE
(shell script)& th4lste] dSnds Afsh=t Fagt &4 FE(AS0] AT &2
g, A& 717t AY AR 5) 52 TFH(OS environment)E A75EAL Hindcast

9} Forecast Adsk= © o]-8=9ltt.

Table 2.3. User—defined NCL scripts

20222 DA =t
AFS.Definitions AFSOIN ZARE Zfo| taE LS HOISH Sl O
essential_libs.ncl NCL 72 A3ZE test.moduledt my.module®| AIBAES| AFREE 55
v.module AFSOIM AI8ER= 042 functiont procedureE Eelol= “AE” 2l0|H22]=, 2/AE
Y. A function ¥ 28t At procedure &2 inventory
AFSOIM MEE= 0421 functiont procedureE Eefols “ME 20|HEE|l2 =2
test.module

graphic 22 procedureg2 E6I= inventory
AFS_GetData.ncl AFSO 225t X5 el XM2fol= gk FO

AFS Initializer AFSOl| EEst &7| Ha HO|
AFS PutData.,ncl ~ AFSOIA] ARFE ZIE &M2fok D2 Hofsk= Sk O
writem.ncl AFSOIN AREE ZoE M= KAGH=H Hedt o4 H9

IDAT_BUILD.ncl MRG2t SSES 71E=Z k= APCC AEME0 ABEf= g E

AFS®] Hindcast®} Forecast MMEE= €1128]& F=(CODE), H°oJE(DATA), A%
(RUN)ZIER FA4d=]o] Qi CODE= DMME(Deterministic Multi-Model Ensemble),
PMME(Probabilistic Multi-Model Ensemble)® -2%™, DMMES+ SCM(Simple
Composite Method), GAUS(GAUSsian fitting method), MRG(Multiple Linear
Regression), SSE(Synthetic Super Ensemble method), SPM(Stepwise Pattern
projection Method) ®@o], PMME®+= GAUS 24do] QJtl. SCME A|QJst RdEL
NCL £AF =0} $j4 dald]Fo] 7dd ZES AT FHYHEn; 7F 2Ho] NCL




1 APCC 7|20IEAIAE 7t

AAFE= Hindeast?t ForecastZt /B8 AAFTE, AY 270 weh Hindcast@t
Forecast® ©&dh= AIHEZ FAELE Hindcast®} Forecast= NCLOJA] Al33sR=
SE SHslo] 97119] AREAFY 9] NCL AT HE(AFS. Definitions, essential_libs.ncl,

my.module, test.module, AFS_GetData.ncl, AFS_Initializer, AFS_PutData.ncl,
writem.ncl, IDAT BUILD.nc))E 7Hgolo] o]&3FHTHIE 2.3).

4 daEE2 NCL AFHEOA 250 7heotes PGl ZEZ HIUZE
o H ZEH go|HeE] FHE o Slth DATAE 3/671Y oS0l wet Aws
F5l3l, MME_IN &t|& Preprocessing 304 A/d%H Hindcast®} Forecast?)
A A7@7F A=l glon, 2E AFAHmodel provider)/D(Month, & & 3212)
[Y(Yean)T 9] ECE ¥t 183 72 MME 299 o&Z23= MME_OUT
EH0| S5Ed/E/AE/ A% & FEote] AT RUN2S Manage MME &5

Hindcast@} ForecastE Adgst=t] =35t FH| ATJHEV} A= o] 9Tk

2

o)

-

NCL
COMMON G| RUBY
SURF

scM - ¢ SCM_HCST.ncl

{MODEL_PROVIDER} [ {MONTH} [=

SCMncl

MSC_CANCM3
MSC_CANCM4
NASA

NCEP

POAMA

NCL @ SCM_FCST.ndl

FORTRAN

cPMncl
NCL @ CPM_FCST.ndl
oM o CPM_HCST.ncl
SPMstub

FORTRAN &
<pmi90

MRG.ncl

© Manage MME
] ge.! | NCL @ MRG_FCST.ncl

DMME ¢ MRG ¢ MRG_HCST.ncl

-C - FORTRAN
‘ SPM.ncl

NCL @ SPM_FCSTacl

SPM_HCST.ncl

g APCC MME SPM ¢
sstnc —
t2mnc SPM.i90
850nc ssencl
oo 2 (VEAR:OS:OD) © (MONTH © tMODELPF:gVIDER) © FORECAST et of s rcsmnd
u8sonc e o SSE_HCST.ncl
v200nc S . corman o
vesonc save ) EIGENXYE
2500 3 3 GAUS.acl

R HNDCAST NCL @ GAUs_FesTd
(VEAROO00) O (SEASON) G (MONTH| © (REDMODEL O FORECAST GAUS_HCST.ncl

]

PMME GAUS ©
HINDCAST g & PROBS
TerCS

FORTRAN ¢

PMMES
TERC_hind f

Figure 2.4. Directory structure of AFS system
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2.3 AFS 7{jM

2.3.1 NCL Source Code Beautifier 7HZ

NCL Source Code Beautifier(°]s} NCB)+= NCLZ ZHAH AAFEE FEA5)0]
ARl Hojd I Ao wt FEE A= ZE 0|tk NCBe] ¥arg]

2 4 d147](syntax parser)E ©-85t] EA(syntax)S 9l W, AREAXAL
B2 F- 34 5 EZ(token) BYE EIIHLY 2.5). EH EZS 0]&3lo]

NCL &%l #&3kd A5 I &= ZWEH(automatic code formatter)E ]85t &
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start_and_end years =common_training_period(models, StartMon, LeadTime)

» [
A LN - 2eio| 2xi@e ofn| gle =2(token) 2= Ha
b 3 C =
):*"’-; u’," g = Variable, Arithmetic Operations, Code blocks, Comment, efc.
start and end years = common training period ( models ,  StartMon , _lLeadTime )

+ Code blocks (begin/end, iffelse/end if, do/end do, etc.)2 L2{5}3 S 27|
« Arithmetic operations 2AtS 0|28}0] /o2 7|
+ Variable definition syntax 22| Gl S0 AM7|/E|0{ A7)

+ Comment syntax 2] 3! S0{AA7|/Z|0{ A7)

|
(3]
=
13
L

1
£
=
g E
s
28
.(G
[

start_and_end_years= common_training_period( models, StartMon, LeadTime)

Figure 2.5. Flowchart of NCL source code beautifier algorithm

[@res01 NCLCodeBeautifier]$ java -jar NCLCodeBeautifier.jar [ncl source file]

Figure 2.6. Usage of NCL source code beautifier

of,
[~
o,
e

mo g
il
[*
N
o 1o
S|\

NCL source code beautifier?] 23} vH|wE Q5] & 2.49} Zo] &
21& AAsty, A9 A3k= O9 2.7, 2.8% Zth OF 2.8% Zol

O127|7F ARt ZEoM AR § AAFES] Vo] FEE A

Table 2.4. Procedure and function naming conventions
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HQF THY 2t AIO] SOMI| A Yes
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BEFORE

g B ncl
RBCC / Young-¥i Min

models = asciiread | MMEModels, -1, string”)

T
2

s

5

5 begin
6

7

s

0

2. AFS 15

AFTER

20E . ncl
ARCC / Young-Mi Min
egin
modela - asciiread( MMEModels, - 1, Mscring" )
COMMON TRATNING
if leadTime.cq.s
vars = (/"prect, "t850%, "z500%, "sst", "T2m'/) ; € - montMMME
lse
vars (/pzecr, "tason, 25007, *s1p"/) : 3-month MME
vars = (/"prec”, "t8507, "ZS007, "slp", "amv/) ; 3 - mONTHMME
vars = (/"u200", "v200", "uESO", "vESO"/) ; 3-monch 1
end if
nvar = dimsizes( vazs
starc_and end years ~ common_training period( models, _ScarcMon, _LeadTime )
start_year = starc_and_end_years( 0 )
ena_year = sterc_and end
opt = True
opt@Ensenbledverage = False
tin end_year - starc year + 1
models ainsizes( models )
mod_na = new( (/mmodels, Nion, NIav, NLon/), "floac”, _FillValue
mod_nn mew( (/mmodels, Won, Niat, _Nion/), "floac”, _FillValue
mod_nb new( (/mmodels, _Nion, Niat, Nion/), "floac”, _FillValue
do ivar = 0, nvar - 1
pring( "Calculsting " + MME + " based MME for " + vars( ivar ) )
models_ens = new( nmodels, "integer" )
do imod amodels - 1
nodel = models ( imed )
princ( "Getving Data from " + model )
INDCAST : DATA SUTLD
optEDataType = "Hindcast"
opteDataPeriod = (/_Startdon, _Endon, start_year, end_year/)
BINDCAST : _Seascnal MEAN
£ap,_daca = Get_IND_Data( modsl, vars( tvar ), opt )

Figure 2.7. Case 1 of NCL source code beautifier

10 COMMON TRATNING
o
12
13 if leedTime.eq.6
14 vars (/"prech, "£850", "Z5007, T53t", "t2n"/) ; 6-monch MME
15 elee
5 vars = (/"precn, "c850", 25007, "s1p"/) ; 3-month ME
17 vars (/"pzech, Mc8s0", "2500", Talp", "c2m"/) ; 3-monch 1ME
8 vars (/"5200%, "v200", "u850", "v850"/) ; 3-month 1E
18 end if
20
21 avar = dinsizes (vars)
22 start_end end years = common_training period (models, Starton, LeadTime)
23 start_year = starc_and_end_years (0)
24  end yeer = starc_and_end_years (1)
25
2 opt = True
27 optfEnsemblerverage = False
28 noim = end_year - scarc_year + 1
30 mmodels = aimsizes (models)
3
22 modme = e Uamoders, Mion, iat, Nion/), "eloatr,_Friivelue)
33 modnn = new((/mmodels, Nion, Niat, Nion/),"floac”, FillValue)
33 modnb = new((/mmodels, Neon, Niat, Nion/),"floac”, FillValue)
35
36 do ivar =0, nvar-1
El print ("Calculaving ~f MMES" based MUE for mivazs(ivar))
38 nodels_ens = new(mnodels, "inceger”)
38 do imed = 0, mmodels-l
40 model models (imod)
a1 print ("Gesting Data from ™+model)
42
43 ; HINDCAST : DATA BUTLD
P
45
45 optéDataType "Eindcass”
4 optéDatareriod = (/_svarcion, Endon, starc_year, end_year/)
8
43
50 ; RINDCAST : _Seasonal MEAN
s
52
53 tmp_cata e M e et e o) ;. o)
54 nens dinsizes (omp_detacensembl
55 nind dava = new((/nvim, Non,nens, NLac, Nion/) ,-nc.ac'-.,
s6 if _Season:
57 ind date=dim ava Weap(tmp data(vear|:.ensemblel:.latl:
] e e e T e
5 mtite - "/davall/hindcast/hindcast_" + model + "_" + vars + "_" + by + "_" + leadtime + "_
4 dace = sdafileinFile, et}
5 return(data->hinddat:
& ema
7
& procedure write_gaus_hinddata(data, model, vars, by, opt, leadsime)
e begin
10
11 year=datacyear
12 monch=datacmonth
15 ensemble-dataiensemble
4 let-cataslet

= loFE LR,

nyear=dinsizes (year)
~month=dinsizes (monch)

s smtemma Tnea (easisita)
nlav=dimsizes(lat) m
nlon=dimsizes(lon) -
SRR AR RIAAIAIY A case ® - model + 7% 4 vezs £ %% + by + %0 + leadvize 3 0

system ("mm -rf " + ouzFile! ;

fous = addfile(outFile, "c")

Create global ecvtributes of the file
Att = True

atagrodel
date@ritle

htzEConventions = data@Conventions
fAtcforeation_date = systemfunc ("date”)
fAttémiosing_value = datafmissing_value
fAtceunits - data@units

farcélong nanme = dava@long_name
TAtcE_FillValue = data@_FillValue
fileattder(fout, fact)  define file attributes

(/myear®, mmonthr, vensemble®, "lat”, "lan"/)
i - (/nyear, mmonth, nensemble, nlat, nlon/)
dinUnlin = (/False, False, False, False, False/)
fileindef (fout, dimNames, dimSizes, dimUnlim)

f£ilevardef (fout,
filevardet (fout,

"year”, typeof (vear), "year")
"month”, typeof (morth), "montn”)
ensenble, » o
"latr, typeof(lat), "lac”)

lon®, typeof(lon), "lon®)

"hinddaca®, , dizNames)

£3!
filevardef (fout,
filevardet (fout,
B

filevarattdes (fout,
filevaratcdet (fout,
filevarattdet (fout,
filevarattdef (fout,
P PR

"hinddata®,
"lon®,

“aase, 108)
SamaenbTh; ensenbia)

daca)

Figure 2.8. Case 2 of NCL

AFTER

function read_gaus hinddaca( model, vars, by, opt, leadvime )
begin
inFile »/datali/nindcast/hindcast_" + model + "_" + vars + "
aata addfile( inFile, "z" )

return ( daca->hinddaca )

te_gaus_hinddata( data, model, vars, by, opt, leadtime )

1
z

3

4

5

6 end
7

& procedure wri
9 begin

o
1

1

12

13

11

15

16

17 dimsizes( year )

18 ainsizes( month )

13 dinsizes( ensemble )

20 dinsizes( lat )

21 dinsizes( lon ) H

22 AgmmEnn uw .

23 < PRSI M AR ex o 5 mode1 + %0 4 vazs + %% 5 by
26 n system( "mm -xf " + outFile )

25 -]

26 1 wrout addrile( oucFile, "c™ )

27

28 Greate global avtributes of the file

28 e True

30 EAvtenodel dataémodel

51 % Eeacegcitle datagritle

2

33 afAtt@creation date syssenfunc( "dase® )

34 L sfActénissing_value dataérissing_value

35  EeAccGunit: tabunics

36 3 Eeavcelon

37 u  BEAGEE_FillValue ¥

S8 % lesleatuder( four, fAve ) ; defineFileatcribuces

s &%

40 linNanes (/"year™, "month", “ensemble", "lat", "lon"/)
a1 idinSizes (/nyear, nmonth, nensemble, nlat, nlon/)
42 dimUnlim (/False, False, False, False, False/)
45 R 2eiledimdef( four, dimdanes, dinSizes, dinnlin )

2 2%

45 Efilevardef ( fout, "year", typeof( year ), "year" )

6 Efilevarder( fout, "month", Cypeof( month ), "month® )

47 sfilevardef ( fout, "ensemble", typeof( ensemble ), “ensemble" )
40 m  grilevardef( fout, “lac®, typeof( lat ), “lav” )

49 wfilevardef( fout, "loan", typeof( lon ), "lon" )

50 :fil:vuxd:f( fout, "hinddata”, typeof( data ), dimNames )

51

2 1 Eeslevaravcast( four, "hinddata®, data )

53 :flJE’VB[BtCﬁEf[ fout, "lon", lon )

54 sfilevaratcdef( four, "lat”, lat

ss "ensemble”, ensemble )

BEilevaratsdef( fout,

source code beautifier
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MEEO] MAY T2 42 19 2,113 2ok ZF i 2d2 o571z o)
B A4, Am9 #4519 disAtmEet A Am AFE Y NCL Z=219e &
ok &= Ql= Python T2 7AW, Z+ 78 299] Python Z=271383 runPRE.py
7F Ao, A 5 l=E eIl 1E|A ASARS A AmE #ESke NCL
Z2 98 WollA= AFS Wo] #8321 A8t AFS W9 Procedured AHETHS
EX A Z2o] AFSe} f714 0% FAE o UES SIYITE. EIF £ Q% Hio]
U] g49] #Est IS AEtomA HAE] o] aaAor 9 HEg SIoit:

Table 2.5. Procedure and function naming conventions

A S
1 | retrieve_lats(fin, lat1, lat2) Retrieve_Lats(fin[1]:string, start_lat[1]:float, end_lat[1]:float)
2 | lookUp(vname) Look_Up(var_name[1]:string)
set_variables_defaults(wks, var, region, | Set_Variables_Defaults(wks:graphic, var_namel[1]:string,
8 ForecastType) region[1]:string, ForecastTypel[1]:string)
4 | set_mpProjection_defaults(var, region) Set_Map_Projection_Defaults(var_namel[1]:string, region[1]:string)
5 | set_time_on_xaxis(res, opt) Set_Time_On_Xaxis(res[1]:logical, opt:logical)
6 | Make_CMS_Climatology(opt) Make_CMS_Clim(var:numeric)
7 | AFS_Cat_OBS(var) AFS_Cat_OBS(var[*]:string)
8 | AFS_Retrieve_Data(DataDir, var_name, opt) | AFS_Retrieve_Data(DataDir[1]:string, var_name[1]:string, opt:logical)
9 | Find_Lead_Time(opt, var) Find_Lead_Time(opt:logical, var(1]:string)
10 | AFS_MSSS_Area_Ave(msss) AFS_MSSS_Area_Ave(msss[*][*]-float)
1 Find_Data_Levs(DataDir, var_name, Find_Data_Levs(DataDir[1]:string, var_name[1]:string, start_lev[1]:float,
start_lev, end_lev) end_lev[1]:float)
mknc_cmee_forend mknc_poama_forend

© O0.PRE_CMCCpy O.PRE_POAMADY ©

mknc_cmec_hind.ncl mknc_poama_hind.ncl

mknc_CWB_fore.ncl mknec_ncep_fore.ncl

O.PRENCEP.py ©

mknc_CWB_hind.ncl mknc_ncep_hind.ncl

mknc_hme_fore.ncl mknc_pnu_fore.ncl

— © 0PRE_HMCpy OPRE_PNUpY ©
mknc_hme_hind.ncl e HMC PNU [o mknc_pnu_hind.ncl

runPRE.py
test_model.yml

mknc_nasa_fore.ndl

O.PRE_NASADY ©
NASA |& mknc_nasa_hind.ncl

mkne_bcc_fore.ncl

mknc_msc_fore.ncl

© O0.PRE_MSC.pY
mknc_msc_hind.ncl = MSC

mknc_jma_fore.ncl

mknc_jma_hind.ncl mknc_bce_hind.nel

mknc_glosea5_fore.ncl

mknc_ukmo_fore.ncl

0.PRE_GLOSEASpy ©,

mknc_ukmo_hind.ncl GLOSEAS o mknc_gloseas_hind.ncl

Figure 2.9. Diagram of preprocessing code.
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#!/uar/bin/env python
¢ —-*- coding: utf-8 -*-

Created on Thu Jun 01 09:106:15 2017

@author: Seongkyu, (ADEC Climate Center)

@references:
nan

Ttps://pyformat.info/

datetvime
calendar
dateutil

import
import
import
import os
import ays
from dateutil.relativedelta import relativedelta

from optparse import OptionParser, OptionGroup
import yaml

+ FODg:

as main
__script_mame__ = os.path.basename (main.__file_ )

0:
len(sys.argv)
Tun_argv = [*

feast-mean.3m.yml']

run_argv = sys.argvii:]

run_argv = sys_argvil:]

Check config parameters

1. Model
TODO: Add all models
Models = ["APCC', '"BCCVZ',

E S
¢
&
]
£

'CMCC_SPS', 'CWB', "GLOSEAS®, 'HMC®, 'JMA', 'MGO',

run_models = None
if options.model 1= not
cptions.model

run_models =

e mE

options.config 1=
w. cpen{cpticns.config, 'r') as stream:
configs = yaml_ load(stream, Loader=yaml.Baseloader)
if configs['meodel’] 1= i configs['model”] i=
run_models = configs('model’]

Necne &

if run models None o=
parser.print_help()
ays.exic (1)

run models == '':

run models = [x.uppexr().stzipl() - X in run models.spliz(’,")]
for run_m in run_models:
i run_m in Models:

You have assigned an invalid model
Program Terminated
rn=_ format(zun_m))

sys.exic(l)

€ {0}

#
$ Run PRE. . .....

current_path = os.path.dirname(os.path.abspath(__ file_ ))
run_models:

(nm

run m

RUN {0} model

mmr_format{run m))

os.chdir(os.path.join{current_path, run m))
proc_name = './0.BRE_{0}.py’'.format (zun_m)
{proc_name)

os_system(proc_name)

princ

COMPLETE TOQ RUN {0} model

I nnn_ format (run_m))

"MSC®, °'MASA', 'NCEP',

Figure 2.10. A part of runPRE.py

'ENUY,

*BOAMA',

"URMO']
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#1/usr/bin/env python
$ -*- coding: utf-8 -*-

Created on Thu MAY 31 16:41:54 2017

@author: HJ, LEE (APEC Climate Center)

: https://py .info/
import datetime
import calendar
import dateutil
import os
lzom dateutil.relativedelta import relativedelta

¢ FODG: Variable Definition: BASE Directories

NDATE = datetime.datetime.now()
LDATE = NDATE - relativedelta(months
FDATE1l = NDATE + relativedelta(months
FDATEZ2 NDATE + relativedelta(months
FDATE3 = NDATE + relativedelta(months
FCM01 = FDATEl.strftime ("%B") [0]
FCMo2 = FDATEZ.strftime ("%B") [0]
FCoMo3 FDATE3.strftime ("%B") [0]

£ 1.Cet raw data from ftp server

ot os.path.isdir(indir):
os.makedirs (indirx)
os.chdir(indix)

import £tplib
ftp = £tplib.FTP('210.98.49.14", ‘apcc’, 'apccsmme’)
frp.cwd (ftpdix)

file_list = ftp.nlst()

filename in file_ list:
;ith open(filename, 'wb') as newfile:
frtp.retrbinary('RETR ' + filename, newfile.write)
fetp.quit ()

™ CCMPLETE TO DOWNLOAD ™)

£ 2.copy raw data te indir for preprocessing and untie data with .tar format

2 2.1 Forecast Data

forecast_dir = os.path.join(redir, 'datain/forecast’)
it os.path.isdir(forecast_dir) == False: $# '%s/datain/forecast’ % redir
os.makedirs (forecast_dix)

import glcb
import shutil

£i1 in glob.glob(’*monthly*’):

print (£il)

shutil._copy(£il, os.path.join(redir, ‘'datain/forecast'))

os.chdir (os.path.join(redir, ‘'datain/forecast'))
os.system('gunzip *monthly_*.gz')

COMPLETE TO COPY RAW FORECAST DATA =

¢ 2.2 Hindcast Data

import shutil
permdir = os.path.join('/data01/OPER/PRE/PERM/CMCC_SPS/HINDCAST', FSEAS) #'/datall/PERM/CMCC_SPS/HINDCAST/' + FSEAS

hindcast_dir = os.path.join(redir, 'datain/hindcast’)
not os.path.isdir (hindcast_dir):

# 3.preprocessing

gos_system('module load ncl/6.0.0°)
os.chdir('/data02/OPER/BRE/CMCC_SPS/src/ ")
os.system('ncl mknc_emcc_fore.nel®)
os.system('ncl mknc_cmcc_hind.nel®)

Figure 2.11. Sample of Python script for individual model. for Pre—processing.
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202 ZHAJE 7]& AFS9] Hindcast®} Forecast®] RUN AIHEZS F|Lof wfsh
2ofollA] Ho] ARGE= wtolH o o] T[0T I 2.13). RUN AFHE«=
& FHIZ 2 ATYER} FAt o= Byo] wEulE T YAML W49
AREA 9l TJJr‘Q—% 0]-83}o] Hindcast/forecast A 4 X435l AgPo] 7153
T} YAMLLS “#i21 @ Qlizh ol 122 7ixw 18 2.149} o] Holsto] o]gst
o} RUN ./_\_3% E=

N

year, month, MME, lead, type, season &4 Al&3it.

Table 2.6. Software used for improving AFS

ATEQ0f H H|
Linux OS CentOS 6.5 x86_64 AFSQ| i HAE - AIHR0| MEE 2IAK|
NCL 6.4.0 AFSe| 2TI2EE 1501 Of8
Python 36.1 AFS 2%0f ZQst HiX| AFZE ZHof 018
gFortran 447 AFSS| att] AEIE F1540] 018
Java 1.7.0 45 NCL Code Beautifier 7H0] 0

NCL
COMMON @| RuBY

{MODEL_PROVIDER} [

SURF.

(o |

MSC_CANCM3
MSC_CANCM4
NASA

NCEP

POAMA

ScMuncl
NCL G SCM_FCST.ncl
scM - @ SCM_HCSTndl
FORTRAN

CPM.ncl

NCL G CPM_FCST.ndl

runMMErb

run_hestrb

run_forecasts.rb

© Manage_MME
check_inputrb NCL @ MRG_FCST.nc

run_forecasts.rb DMME ¢ MRG ¢ MRG_HCST.ncl

FORTRAN

SPM.ncl

‘mme_module.rb

prec.nc NCL @ SPM_FCST.ncl

slp.nc

APCC MME

SPM_HCST.ndl

seha SPMstub

2mnc

t850.n¢ ssencl

o (YEAR0000) © (MONTH} © {MODELPROVIDER} © FORECAST
u200.nc * s

NCL @ SSE_FCSTad

ugs0nc SSE_HCST.ncl

v200.n¢

v8s0.nc SAME i EIGENXY.f

GAUS.ncl

{YEARO000} ~ © {SEASON} © (MONTH} © (PRED_MODEL) © FORECAST
K

NCL ©| GAUS_FCST.ncl

GAUS_HCST.ncl

HINDCAST PROBYE

................... TERCS
FORTRAN  Gf

PMMES

TERC_hind.f

Figure 2.12. Directory structure of improved AFS system
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Table 2.7. Summary of user-definded script

M AIBAFEC| ASRIE Hindcast/Forecastll AlE
Function 56 18
AFS_.Definitions 4 4
my.module 38 7
test.module 1 0
AFS_GetData.ncl 9 5
AFS_Initiailizer 2 0
IDAT_BUILD.ncl 2 2
Procedure 56 14
AFS_.Definitions 2 2
my.module 19 6
test.module 25 1
AFS_GetData.ncl 1 1
AFS_Initiailizer 4 3
IDAT_BUILD.ncl 2 1

Figure 2.13. Comparison of existing ruby—-based script and new python—based script to operate AFS
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I 2.9). Case 23} Case 32 Oracle VM(Virtual Machine)
VirtualBoxE °]-&sfo] U3 OS B 648 EL} 328 EE AX|slal 7|2 Hupd 34
& 0]8519itt Case 12 G4HIE 270f & AFS AlAEIT} 5U5H B A8 95 80bit

PP EEG BES AN Hck

SCM, GAUS, MRG, SSE, SPM Edglo] ¥ H|wAy= # 2.10, ¥ 2.11, 2.13
@} Zth SCM EEL Case 1, Case 2, Case 3 25 & AFS A|AHT} Zo|7} Qi
o}, SCM Z4l9] o= ZET BES A5 AREoHA] 7| ufjZo] ZEZ AHupd

=

=
£ HYAtHE= 212 NCL WAoo wE oxk= #9] ujH|gt ZoF woidct 123 80
HE SH]AHEES 0|83 Case 2%} 32 H|IE 349l Case 39 H|ZAE =
= BT}

GAUS 29| A= Case 1914 253 A, YA, Case 2914 443 o4l
A ZpE]oflA 2AE Hth Case 29] 9oll= Yubg o= FLOAT(ZEZ REAL*4)
o] &4 F-8AR(Significant digits)7h 24 6AHEoflA] o} 8A7IAZ & o
AlAE ST FHupde| o] Zfolof|A sk eAtRE wHEh

year: 2017

month: MAY

lead: 3

MME SCM GAUS MRG SSE SPM
type: Forecast

season: MJJ

Figure 2.14. Example of YAML data RUN
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Table 2.8. RUN script options

=4 HD
-y, ——year G
-m, —month o=
-M, -MME MME 2
-, —lead LR |8t
-t, —type Forecast == Hindcast
-s, ——season A

Table 2.9. System environment for case study

1 AFS AAH Case 1 Case 2 Case 3
Intel (R) Xeon (R) cpy  Intel () Xeon (B) ey e (1) i7-4790 CPU @
cpy  Intel (B) Xeon (R) CPU Ess06 @ ntel () Core (TM) |
X5690 @ 3.47GHz 3.60GHz
2.13GHz
oS CentOS Linux release  CentOS release 6.5 CentOS release 6.9 CentOS release 6.9
6.0 (Final) (Final) x86_64 (Final) x86_64 (Final) x86 1636
NCL 4.0.0 6.4.0 x86_64 6.0.0 6.0.0

gee (GCC) 4.4.6
GCC 20120305 (Red Hat
4.4.6-4)

gce version 4.4.7  gee version 4.4.7  gec version 4.4.7
20120313 (Red Hat 20120313 (Red Hat 20120313 (Red Hat
4.4.7-18) (GCC)  4.4.7-18) (GCO)  4.4.7-18) (GCO)

GNU Fortran (GCC)  GNU Fortran (GCC) GNU Fortran (GCC) GNU Fortran (GCC)

GFortran 4.4.6 20120305 4.4.7 20120313 4.4.7 20120313 4.4.7 20120313
(Red Hat 4.4.6-4) (Red Hat 4.4.7-18) (Red Hat 4.4.7-18) (Red Hat 4.4.7-18)
pgf90 6.0-5 64-bit

PGI Fortran target on x86-64 Linux
PGI C  pgec 6.0-5 64-hit target
Compiler on x86-64 Linux
T « B4HE 20N 32HE  « B4HIE 24 * B4H|E 23 « 32HE 24
S

D27 018 + 80bit ST« Oracle VM &8« Oracle VM &4

Table 2.10. Compariosn of results of SCM and GAUS models

SCM GAUS
CASE 1 CASE 2 CASE 3 CASE 1 CASE 2 CASE 3
prec 0.0 0.0 0.0 0.00001525879  0.00026702880  0.00001525879
slp 0.0 0.0 0.0 0.00003051758  0.00199317900  0.00003051758
T2m 0.0 0.0 0.0 0.00003051758  0.00166702300  0.00003051758
1850 0.0 0.0 0.0 0.00003051758  0.00126838700 0.00003051758
z500 0.0 0.0 0.0 0.00003051758  1.51825000000 0.00003051758
u200 0.0 0.0 0.0
V850 0.0 0.0 0.0
v200 0.0 0.0 0.0
V850 0.0 0.0 0.0




MRG®} SSE 299] A= Case 17 Case 39| A7/} CASE 2 Wt £2 2A3E

HAk GAUS ZEof vlg] MRGS} SSE HEo] o7}t w2 Ays Hjth 7+ ©dl
oA AFZWSHEHEOF, Empirical Orthogonal Function)?} E°|gk E3H(SVD,
Singular Value Decomposition) @il8]&0]| o]&E, AHAIAZXwg: o= SVD
dargjgo] HEEo] 9t SVD ¥alEE2 HAl(machin), *JA A (operation
system), oA (compiler)oll Wt 237t th2A| ALtEE galElE ol shtol
™, o] <lsf 017]—7“—«] AFLEENA 5L 2HE 7] o A7 ioh. &®
3t SVD ¥a18]E2 Decomposiion oA W40 AmFo| wmet JAuE=¢-
(underflow)7} €Al ¥A¥sk= EA0] ct FLOAT ¥ Atme} H4E o83t &+ »d
9] SVD Aitdxte] vla H3o| BAasith. T2y SVDO] Aif= T BV} oY)
ol 4] 2.1 ol8sto] SVDO| At 23E HS3IAt o] A5 2 19 77t
=55 97t 552 ouleith

norm (Ux §x V7)
norm(A)

2.1

ARY 49 SVD FEE9 AL A= #2137 . AUt 2] A5
2 AFY 4E= 1.0000000799E+00, 9.99999700587E-01, 1.00904927536E+00,
9.99999700587E-01, 1.00000000000E+00, 1.00000000000E+00-% X33tk Double
A7 %S 0]83F CASE 49+ MATLAB Z2139] SVD S 0|83t CASE 59| 2
77} 1.022 & AFS A&, CASE 1, CASE 2, CASE 39| H|3] H&3t ALt A=

Hyon] theog M, CASE 1(CASE 3), CASE 29] &0 & Holst Ans 1
Atk GAUS, MRG, SSE 2E9] Zute} FUSHA 648]E 2ol 80H|E SFgulA
TE 0|83t CASE 13 32H|E 735 ©]&R]t CASE 39| 237} 5YUsHA Ueht
I3 648|E oA AAkE CASE 2Z23= 2 AlEel 98] 2 242 Bk
B3 U, S, VY] A4HET} o2 Aot vlwste] fAMGES HolA] Yottt ol A
AtHYol A FLOAT A& e] M9l 3.4E-38(-3.4x10"38) ~ 3.4E+38(3.4x10"38)
< Hoju= AGEES Ao QI Aog wodch AAgolN AGER eIt
HPAYSEE ALE 3E2 00] Hrt

1) https://kr.mathworks.com/matlabcentral/answers/97093-why-do-i-get-different-results-from-svd-us
ing-different-machines-platforms-or-blas-in-matlab-7-6
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Table 2.11. Comparision of results of MRG and SSE models

SCM GAUS
CASE 1 CASE 2 CASE 3 CASE 1 CASE 2 CASE 3
prec  0.25243140000  1.67108300000  0.25243140000  0.03777304000  2.35262500000  0.03777304000
slp 1.03558300000  3.78070100000  1.03558300000  0.47729490000  1.44708300000  0.47729490000
T2m  0.74263000000  3.32180000000  0.74263000000  0.56808470000  2.96091500000  0.56808470000
850  0.94227500000 3.10648200000  0.94227500000  1.88055000000  1.86871300000  1.88055000000
z500  41.96436000000 69.41357000000 41.96436000000 4.66796900000 22.89697000000  4.66796900000
Table 2.12. Computing environment for case study
o AFS AJAH! CASE 1 CASE 2 CASE 3 CASE 4 CASE 5
Intel (R) Xeon (R) Intel (R) Xeon (R) . Intel (R) Xeon (R) Intel (R) Xeon (R)
U cruxeen @ e Eseos @ el @) Coe TR0 CPU @ opy g @ e xeso0 @
3.47GHz 2.13GHz ’ 2.13GHz 3.47GHz

CentOS release

69 (Final) x86 CentOS release  CentOS Linux

6.5 (Final) x86_64 release 6.0 (Final)

0S CentOS Linux  CentOS release  CentOS release
release 6.0 (Final) 6.5 (Final) x86_64 6.9 (Final) x86_64

1686
190 6.0-5 GNU Fortran GNU Fortran GNU Fortran GNU Fortran
Comoler Gt st on (G0 447 (G0 447 (GCO) 447 (GCO) 447
e et Lo 20120813 (Red 20120813 (Red 20120813 (Red 20120313 (Red
Y Hat 447-18)  Hat 447-18)  Hat 447-18)  Hat 447-19)
800.783
MATLAB (R2D126F
e O come sy .omewy  .qmewy  SUCEE g

5 * float N2ZS

Hl T HIE D22 = . . C
S + 800t SHEE + Oracle VM 22 + Oracle VM 22 SVDE 012

double® 4

@ SVD &= Intel (R) Math Kernel Library Version 10.3.9 Product Build 20120131 for Intel (R) 64 architecture applications

npRjeto g SPM Rdlo] Av= CASE 1, CASE 2, CASE 3°f4] t850 S A|Qjgt
E oA 5YUg 2215 Btk o= SPM Edo| FLOAT AH=d9] G-axsiss ofA
Jito] == A o= wetEth Teut 850 WOl ARt CASE 27F CASE 13} CASE 39
Aot ge] W2 Aog E uf SPM Edo| izt 71 AFo] 49 Zos woErh

)

FE Aol AFS AIAEIY] MME HElE 7]1& AJAH S04 2L AIAE g
Bog oldshkes oA TSk Alo] High By YA HSe] 2/ Jow
woteth E9F MRG 293 SSE RE9] SVD &3 E]E #3504 DOUBLE A=o]
FLOAT Am@Ht w2 FEEE H3A7] Wol FLOAT Am3oz 7idd MME
2H9] NCL £AFEQ} ZET AAFES DOUBLE ARF 2R Hesks #74o] B
% Aoz gotEch




Table 2.13. Comparison of results of SPM model

SPM
CASE 1 CASE 2 CASE 3
prec 7.29562000000 7.29562000000 7.29562000000
slp 10.90536000000 10.90536000000 10.90536000000
2m 14.56098000000 14.56098000000 14.56098000000
850 10.49131000000 1.48382700000 10.49131000000
z500 206.27210000000 206.27200000000 206.27210000000

234 Q%

ARl 2B FIsh 4 HAZ Y, Hindcast
2} Forecast MMEoﬂ gt 7HH 2 S SRITt. WAl AFSAIAR] 714 o] &
dggo] digt Aok Fysiglch. A4 2950 AFSE A|AHE Aok ATYE, X
Edh BE 5o] A 32HE LJAA B4 FEEIqIrt. B thazte] A 4
1 e AATE ) BUQF Spel TRAA 24, =55he stEglo] W o#E
AZEFO] WA ARG, RUN 23HE 2ol ARG FH|(Ruby)9] M 2214, NCL
W o9y, 54 ZED Ay A 59 2A-l EHHdH. TR 3/671Y
A&7zl whet J= A=rt /fEE BelEoRs EERT ARA A AR 2 I
Z 7|7to] A" A TAHAo] "ol EA|Fo| WA

=

r-lo

_l

olejdt A shast] 918, Mol Aleciupye AL, Buast Aelos
QU3 QAR W ARPIHIS HAastsh] 98] BE A el et AAeH AL
4835190}

A g2 APna Iy 9 I& HEY 2 4 9 g, 5§82 9
VS oIt HQl RO A, HAR LR 1499 FY, AFSe HAP Y] 4
binary At G B B ML SHlth 64RE &
AA BG4 4l A9 ATEo]E o]gslo] AAY —%‘ﬁ%‘ﬂ AFS9] Hindcaste}
Forecast9] o]4] & HAE, ZEZ Hutde]o] o)/ &4, & A9 v 4 4
E, 383 95 717t ggle] o8 7hedt e Am E‘r%‘g}l‘i—"ﬂrol iAol =
th. whebA AFSS] RS B3] APCCE Hr} QHg#o] T G8AQl 7| TSR At
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3. HEZE/MME 54 24 & oIS Tt
3.1 2016/17:1 AARZH OIS0 CHSt JHAR 2 MVE 0152 T}

3o A= 2016189] AAZE dlE(real-time Forecast; 2016JFM-2016/17DJF)°l
ek APCC 7HEEY 3 MMES] dlS8S ASoklAt ottt =, APCC7t o5t 4
AlZF MME AIS4EE Afdo g grista, 7fdEde] 4842 &5l 2016/174
APCC MME 9&&9] Q& wofstalz} gt} o]F &dfl, APCC AE7|TASA|A
o] A o % WA 5= BAISt] FF- ol JiAdskeEl E8E & & AL

2 7|HRict.

U

3.1.1 2016/174 &8 7|2 & &=+

APCC 7H8xd 9 MME A&9 B7io] 9kAl, 2016/179 HAT <=3 jgS -4
Al Eeit) ml= =257 (National Oceanic and Atmospheric Administration,
NOAA)°| wEW, 20169 AR AW 7129 BAHH|(1961-1990¢) HAR=
+0.94C= 18809 °|F 7P meld Si= 7] UATHNOAA, 2017). ol#3t 1
A2 2ustel tlEo] 2015/16W Aol HEet st AU Jgo| oI5/ A
&EHA A AT B7|o] IA ASstart. 201649 AT 7122 SAH o
AR G3} o= e X FS ALgt A9l BE oA BHETK1981-20101) =%
tHTCC, 2017: 119 3.1a). 53], LEiart, Ayt B4R, SFotdg7t, ofze)zt
SR/ AR, RS o oF EASAGL HdtiH] Y6 Tglom, 7|20 vl
e A9E w34 YeERdEA S35 5 9 7Rg0] AlA] 3ol A BAYsoiTt
20169 ARFFE T2 SR, BF, SYOMIoL S FE A=YAlotelA B

-

Hop g@otor, Qe Hi, Hebd SREA|Qox= et 22 55 715519
(" 3.1b). AAI71A717HWorld Meteorological Organization, WMO)2+= E3]

obmel} (e, Bejol, Jek, hulol, uitasl S)ot Be Be) 1L of
% A7 efekn B

2) https://ane4bf-datapl.s3-eu-west-1.amazonaws.com/wmocms/s3fs-public/2016_WMO_Statement_on
_the_Status_of_the_Global_Climate-14-11-16-ver2. pdf?ZmlaubFZknHEGDBpyxTBpTcrNotiDpDo
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(a) Annual temperature anomalies for 2016 (b) Annual total precipitation amount ratios for 2016
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Figure 3.1. (a) Annual mean temperature anomalies for 2016. Categories are defined by the annual
mean temperature anomaly against the normal divided by its standard deviation. The
thresholds of each category are -1.28, -0.44, 0, +0.44, +1.28. The normal values and
standard deviations are calculated from 1981-2010 statistics. (b) Annual total precipitation
amount ratios for 2016. Categories are defined by the annual precipitation ratio. The
thresholds of each category are 70, 100, and 120%. The figures are extracted from Tokyo
Climate Center (TCC) Newsletter (2017).

3.1.2 2016/174 HEZE/MME OIEd E7t
3.1.2.1 o= 2 2 ENSO 054

(1) MZEEYY SST WSy =}

LO O

2016/179 APCC MME AAIZF o]=41H0] oj22g A By|gls] o4 sjme
T(sea surface temperature, SST) ¥ Nino 3.4 A|53)of dfjs] AwHEUch 1Y
3.2 A4 APCC MME @9jol Hoifd di7]-3ig Aeid o deBa7|ds &8
8% MMEZ} :oj3h ¥ ALejief(5°N-5°S) SST ®AHE 2013-201697k4] et
AUtk APCC MME AAIZE oI5, 11 BA] A Aol wet ol 71 254
gEm(@, Ztm Ale Ad Be AR ol 5), & AtolA= AA APCC MME &3
O|AF Bl TAHCE AT 2016/174 AS7H tet 4= H7PF £20]7]
2ol 2 $7} Aojgle] wE ujE MME &3 ol I=lobA] ottt dA
APCC MME 671 A5l &85 Q= d7]-s1F A D(1-tier model)oll HHgt
ZHAISE A2 3 3.1 YeERITE FarE Ayttt 7145 (Meteorological Service of
Canada, MSO2 710 2719] t7]-3fdf HIRHe] Ak=(MSC_CANCM3, MSC_CANCMH4)
£ 27 Algster 2016958 271 249] dEHHE stuE F6te] MSCE AlEs

3) WYk FAFY 3.4 A(°S-5°N, 170°-120°W) SST F<} Bt gt
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AL IEHTHE 3.26).

20154 oS8R E sHiBEGOlA ¢ SST HARE Ho|tf I8 As et dyk
2 ddstar FA oAt 20169 o5&l ot Uy AHE EIATHIH
3.2a). APCC MME 67i4d o&o] Fofsial Qle tif2e] Bds2 1hd APARE
oA IS4 BRIl Sl SST ¥HE/d=e HAlFCcRE & KOsk 2= HRlh
SFA|9F NCEP(National Centers for Environmental Prediction)®] 7% Z¥F&C
T BZol vlsh meshAl Eo(warm bias)dhe 42 Holw, 1 A 2015/16 &
Y= #SEG J5HA 29, 20169 Rt = 58 Ee ot dyk= RHoJst
= d%e EAHI™ 3.2h). AARE oS HERAL Sl= NCEPS| warm bias]
S FolA TA] AAIS] RSk S St NCEPYF Bit 2, POAMA= AREZ o
2 #=0] vlg] @A 29(cold bias)ote AFS Holw I Adt 2015/16 Ayt
=0l Hlsh oFsHAl, 20169 BUu= AoHAl Rooks S EAHITE 3.2).
APCC MMEx #Z04] Uehd ENSO ¥WE/3S Aol & mojsta glon, 53] 4l
PAIZE 171EA 2015/16 Yo} 20169 2y F= E AXE 7iEEdo] H]
off TSI FARHA ZOISIATHIE 3.3b). SHANE AggA[Tto] Aojdr=(1704d —
6719, 2015/16 AUk A== AH oM, AU I A7l= Jd =9A 95
stal Rler, 20164 Uk ES F oA HET Z0E SRR AEET W
A|HoflA ZFsHA| Holoh= A EAUTHILH 3.3c-e).

= T

Table 3.1. Description of participating models for APCC 6-month MME forecasts

=] AT L= H/P) S|
APCC-CCSM3 T850L.26 10/10 Jeong et al. (2008)
CMCC T63L19 9/9 Alessandri et al. (2010)
MSC_CANCMS3 T63L31 10/10 Scinocca et al. (2008)
MSC_CANCM4 T63L31 10/10 Merryfield et al. (2013)
NASA 288x181 grid, L72 1/11 Molod et al. (2012)
NCEP T62L64 20/20 Saha et al. (2014)
PNU T41L18 5/5~10 Ahn and Kim (2003)

POAMA T47L17 33/33 Lim et al. (2012)
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Figure 3.2. Monthly evolution of equatorial Pacific SST departures (5°N-5°S) from (a) observation and
(b=j) APCC single-model predictions for the period Jan. 2013 - Dec. 2016.
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Figure 3.3. Same as Figure 3.2, except for MME at lead times of 1-6 months.
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(2) =710 ME ENSO HIE™ Hot

o 27

U] A 2%
129 2713 283 2015)FMAM] <IEHE 20169 119 27132 €83t
2016/17DJFMAM77}Z] a9 3.4-5). dYxr} dgdsl= Al7191 20159 B34 2713
Z-gsto] ol&3t Nino 3.4 A59] A, dSAIte] AojdE(171E — 6714) 7N
EE%H A& Hfl(spread)7t AR L, A7}t DIALE EEDTHY] S HY
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T 9 9ol AR Aok ou] gtk 1 AT, Ay IEA7]o] APCC MMEZH
HOJRE 2015/16 AY k= #Eo| B FLrt Ads] o Zo= d&stt. 514
Tk BZol|l A ojn] et AY9] AAZRI 1.5°CE &3t 20159 7€ °o|F ARE
71407 &-g3sto] g3t Nino 3.4 A5 2015/16 AUk ke, A%
oA TSI} e fokA Zofsilth. 53], Ay 24g7] ol% d =
AlollA APCC MMEZ} @53t Nino 3.4 Al #E3} A 9] dAohs 258 B
Ao g2 AUk 4ol ENSO FHAI(ZE-953)Y 2714 283t 671
A= ShA AUk WE/AEAZ] v W53t ZJolrt tha IA Uk
QIS &= Ut} dEAIzte] AojdaE NERATLY] A& #L7F AR= 2]

kel
v=

7179l WE Nino 3.4 A9 A58 AB7] 9sf, 2015/16 It 4
JIIERE 2E7HA)S Zdcke 71kl dishA 248, 20149
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FN'
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u

01]

O T
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Lo
sl e
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)
o,

o], S8AI7]°] cl&g Nino 3.4 A4 ASAIRE 17§€olA 24 7iEed

d= HA7F 430 GA UERES & S+ AUtk

2713 (%= ENSO 94holl W& Nino 3.4 A$9] d&8S AuEd Ay 4AY

/& Al7]1= ENSO A7l vlg dl&Eo] 4 Uett, &3] Ay AEAY]
|

19

NI\

=
b oagasle] W) clEee] Bee el & 4 YU olst EHE ug

2015/16 AYxof| ATt Y= 212 o™, Hindcast AH=E 883 AP+
Ax|5H= ZATpo|ti(9], Jin et al., 2008; Zheng et al., 2016). ENSO &do] A5
ASH= F/95E0] AYR(EE W) 27191 7R/AZEo] vl d&2o] W
A fS-t7| FEEEoA &3] Yept= B3 SST 529 eH4((spring predictability
barrier; Jin et al., 2008; Barnston et al., 2012; Larson and Kirtman, 2016)°]
o, o]gA| W2 o382 BF SST ¥H54 Y SNR(signal-to- noise ratio)97} o=

O
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A-of wvlg] 27| W&ot Kumar et al., 2016).

o< ENSO FF{(phase E+ type) H Fx(strength)E Fosh= d Lutdoz
AREEIL Q= Nino 3.4 A4=9] 37§E H#4H(Oceanic Nino Index, ONI®)of| tigt
AR gl MMEQ] dfl58e AHESITHTId 3.6). APCC MMES] Hojshe K2
M FF o7de] ASHEE st 7] wieel, 371d Bd= E85k= ONI
o] B AGARE 4E7HA] Aol 7hsIHE, 28 27AEE E-8519 3-8E7HA]
Al ASAEE 7M1, 370 Bt ONI= 3-59, 4-6¥, 5-74, 6-84 At 7+s).
178l disfiA 7idmgo] molgt ONIE #ZoA UehaL Q= AEEEG
N ) WedS & mEA Ee & ¢ len, I 23 APCC MMEZF HLofgt
ONI= A 4 52H4d x 1270 = 48719] #&) 5T 0.979] A =(Temporal
Correlation Coefficient, TCC)E EATHIH 3.6a). AdPA[{to] Zojd45 7En
49l A& Hels AREA S DolA AN, MMEQ] 3¢ 7igrdo] Hisf A3
A7) w2 dl&8 T4 HZ7F ZHOH(Jin et al., 2008; Barnston et al., 2017;
Tippett et al., 2017), 1 A3 APCC MMEQ A% AgPA7E 6719l iy =
2013-201649 717+ &< oJ43] &2 dE5d¥& Holal tHTCC=0.92). ol 7IEx
o] Hls] MMEQ] o&do] wthe 71&9] APATFet Aok AIoleKd),
Doblas-Reyes et al., 2005; Hagedorn et al., 2005; Min et al., 2009; Wang et
al., 2009; Min et al., 2014).

do

4) & 71538t B predictable component)¥} A& E7M58t B (unpredictable component)©] that vl
5) http://ggweather.com/enso/oni.htm
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Figure 3.4. Monthly mean Nino 3.4 index from observation (black), APCC single-model (grey) and MME
(red) for the upcoming 6 months at a different initial time for the period 2015JFMAMJ-
2015/16DJFMAM.
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Figure 3.6. Time series of 3-month mean Nino 3.4 index from observation (red), APCC single-model
(grey), and MME (black) for the period 2013JFM - 2016/17DJF at lead times of (a) 1 month
and (b) 4 months.
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ol oA TSl Hls| whLoHA HoJshk= el YdEA E3ith NCEP
warm biasE EEAAY AS5Z QXKsystematic error; 9, Saha et al., 2010;
Kirtman et al., 2014; Infanti and Kirtman, 2016)2 ¥&# 9l2H, o= NCEP
of &= = AR T & 273} 7ol 19999 7R e R trE27| wZoltt
(Xie et al., 2011; Kumar et al., 2012; Barnston and Tippett, 2013). 1™ 3.7
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Fol, FH7]ole ISET W5 KOsk Aol 45 UERT of2ftt wAlIE
45t sl Tippett et al.(2017)3} Barnston et al.(2017)2 19999S 7|0
270 715%K(1982-1998, 1999-2010; NCEP_2clm)& AR&3te] Hindcast 7]

e



3. JHEDYMME S 24 2 05 Wt

(1982-2010)°1 oA A4S st9ict. S4gt BHS d84 &2 23}, 19999E 7|+
o7 Yedd cold/warm bias?} ©] ° =]
3.8). 1 Z3}, Hindcast HA7I7H299 x 129 = 348 ol df
Nino 3.4 A9 =82 0.83(NCEP) — 0.91(NCEP_2clm)® FA FAE ALY,
olgigt &Y P2 HE A oA FLsHAl Uehton, 55 AZEd
g o] & IRIT & YATHIE 3.9).
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30
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L
[

1= NCEP 2clm ®iofl 9$F NCEPQ] bias EAo] AAZH|&o| e a3}
UEL=A] AEY] ffsf, 2013-2016\0°] et dE ALejgef SST HE HAE
I3 A v WSRITHIE 3.10). ©7]14 NCEP2 29| 7|9kl o5 Al4ke SST
HAfow, NCEP_2clm 1999-20109  7]%gtol oJsf Ak SST HARo|th
NCEP_2cImoflAl ®2Jgt 2015/16 AYlei= NCEP®| Blsf| tha FE=g FobA|, 2016
| v & o Aot clEshaA #5500 & 9 7Pk ENSO ¥s/d= Holal 9l
o} 71 Ay 371 Bk Nino 3.4 A5ollA YEE warm biasis NCEP_2clmo]l
Al ol Ak HAo] Hi AS @RI 4 UTHIH 3.11). ol AyFogE AARE
5 71Ztell deiABE x128=36 &) TEH] AHE(TCO= NCEPO| B3 =of
A1, =T Adigk Zo](Mean Absolute Error, MAE) ESH ZJolX+= Z o0& LjE}
WHEHLE 3.12). AATE dSA = i o=s A=0] Zol7t 7] o Hindcast
NAAE FARJUEE SAZCE Folh &Y Fg2 Holil Y7 &
T E5HL TCCeF MAEAA B5 NCEPO|| H|sf| FdH 58S Hvk= A2 A

g3t uig Adcky 2 & 9k
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Nino 3.4 Index

Nino 3.4 Index

Figure 3.7. (a) The first-lead 3-month mean Nino 3.4 index from observation (red) and NCEP (blue),
and (b) its errors (NCEP minus OBS) based on 29-year climatology (1982-2010) for the

Nino 3.4 Index

Nino 3.4 Index

Figure 3.8. Same as Figure 3.7, except for two climatologies (1982-1998, 1999-2010; NCEP_2clm).
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a) MAM b) JJA c) SON d) DJF
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Figure 3.9. Temporal correlation coefficient (TCC) of 3-month mean Nino 3.4 forecast anomalies from
NCEP (dashed line), NCEP_2clm (contour line), and other participating models for (a) MAM,
(b) JUA, (c) SON, and (d) DJF season as a function of lead time.
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Figure 3.10. Monthly evolution of equatorial Pacific SST departures (5°N-5°S) from (a) observation, (b)
NCEP, and (c) NCEP_2cIm at a lead time of 1 month, for the period Jan. 2013 - Dec. 2016.
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Figure 3.11. 3-month mean Nino 3.4 forecast anomalies of NCEP (blue), and NCEP_2cIm (red) with
corresponding observation (black). A forecast trajectory is shown for start times spanning
all 6 months.
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Figure 3.12. (a) TCCs and (b) mean absolute error (MAE) of 3-month mean Nino 3.4 forecast anomaly
from NCEP (dashed line), NCEP_2cIm (contour line), and other models (based on 29-year
climatology) for the period 2013-2016 as a function of lead time.
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2015) X% FFH A#7]29 Heidke Skill Score(HSS)9= 23W(1983-2005)
Hindcast B+ cIS8ETT &4 yUeutom(127] A9 B+t o5 °oVJ(RSD7)
180%), ERHE ALfstile 2E Z]O—ioﬂfﬂ HSS ) 6002 433] &2 e
19 3.14a). A9 B9, SHBIOM = HdET B2 A %‘ﬂ‘ﬂiﬁé%—% 3
Wkt 22 s HoshHA Aw HlEe] At #5 fARH S5kl
o gykdog ENSOO gt ¥he-& HEE2 It Bosh= Aol JloH (e, Fu
et al., 2013; Deser et al., 2012), 201649 &3 9A] Y9 FFo= WYt A
B8 g 1798 252 SOl vl T HofshHA 2yt 9 Y& ofgifos
Sokal S 3717F 2ol fd=o] w50l vlsh A7t Wil st oSSk
20169 &4 759l B9 siGET ofyzt, FobAlok, Horrlol s & "Ee] A
e ES #EI FARH CISsIlth 1 2y A7 TRV Z oA
1270 BA4AY 25 239 gt ASSEY &2 HSS g2 H3len, 53] 9A A5
gk 5oFAlot, |HoFAlof, m=2] 2016W #E 7 239 Hindcast B+t 520 H]
3 ZF2F 154%, 82%, 187% w2 58S ME}(:L%] 3.14b).

Table 3.2. Description of participating models for 2016/17DJF APCC MME prediction

e SST Sea lce Snow Exp.
e Iigellzzden . Specification Specification | Specification | Type
CWB Last 10 days (122) of
. previous month from OPGSST 1.1 from NCEP
(Chinese NCEP v 10 i | - SMIP-2
Taipel) reanalysis CWB climatology
version2
e | From O0hr 26 Mer. to ;gg'ﬁl:eacvtﬁ: NCEP/NCAR
(Russia) 12hr 30Mar with 10 | Persisted anomalies elaxation 1o reanalysis—2 | SMIP-2
12-hour step . initial.
climate
Ensemble forecasts
IRI_CA |Restart files from long based on B B .
(USAh) running ECHAM4.5 A constructed SMIP=2
analogue SST

6) 3EY(EHAED £-2/8]5/%2) &S0 JojA AAIF oz de] ARSE I 1= A7), NOAA/CPC,
IRI Gll&3 H7loAE &8)0 2 oHe} A=o] gk Ao tis)| HE Hofalal, 7|8tz oa 915 he
S HiAlBRE 2Rl W e XY %&6& 29l

7) Relative Skill Improvement(RSI) = (201611 & HSS - 234 B4+ HSS) / 234 Hat HSS
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Table 3.2. Description of participating models for 2016/17DJF APCC MME prediction (continued)

L SST Sea Ice Snow Exp.
i e Ens. Specification Specification | Specification | Type
JMA meBrStTg rgf:gd;%a 51 predicted Climatolo Forecasted from| SMIP-2
(Japan) UAF Y (one-tier method) 9y Climatology | /HFP
Predicted Predicted .
(ﬁsrig) Gg%ﬁzaﬁfgﬁ” 10 | GODAS reanalysis |(APCC/CCSMB| (APCC/CCSMB SmEPZ
SST nudging) | SST nudging)
Operational analysis . .
CMCC - Operational analysis | ~. : B SMIP-2
(Italy) ECI\/IWF/CIGODAS CM| 9 ECMWF Climatological JHEP
CC analysis
MSC | The CMG Gobal 4D-var 20 Predicted Continuous B SMIP-2
(Canada) analysis (OGCM4) nudging /HFP
NCEP CFS data assimilation Predicted Predicted SMIP-2
(USA) system each day at | 20 |(GDFL MOM4 global| (a two-layer Predicted JHFP
00Z, 06Z, 127 and 187 ocean model)  |sea ice model)
NCEP/NCAR reanalysis g
PNU 2 in AGCM, OISST data| 5 Predicted Predicted Predicted SMIP=2
(Korea) /HFP
in OGCM
. Created
arlw\zl;ljsljgelzggfrtgnwthtie Predicted indirectly in
POAMA Australian Community | 33 (ACOM2 Ocean response to | NCEP sea-ice | SMIP-2
(Australia) Climate and Earth Y model based on | the nudged data /HFP
X . GFDL Mon2) atmospheric
System Simulation g
conditions
GloSeab | KMA Global Analysis 38 Predicted (Met office| LosAlamos B SMIP-2
(Korea) (N512L70) NEMOVAR) model /HFP

Table 3.3. Twelve standard regions for operational APCC verification system.

=2
ST

£

WMO/CBS Z1XH

T7(Globe)

HM(Tropics, 20°S = 20°N)
SEENorthern Extratropics, ) 20°N)

Ee(Southern Extratropics, ¢ 20°S)

APCC XY

ZO0IOKE. Asia, 75°E-150°E, 15°N-60°N)
HOAIOKS. Asia, 60°E-140°E, 10°S-35°N)
Z0I(N. America, 190°E-310°E, 10°N-75°N)

H0|(S. America, 270°E-330°E, 60°S-10°N)

S%(Australia, 110°E-180°E, 50°S-0°N)

STHHEEEY EAM=(Australia, 110°E-260°E, 50°S-20°N)

= F2HA0KNorthern Eurasia, 256°E-190°E, 40°N-80°N)
&3(Middle East, 25°E-75°E, 10°N-45°N)
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Global Climate: 2016 MAM

(a) T2M & Z500 (b) PREC & UV850
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Figure 3.13. Three-month mean anomalies of (a) temperature at 2m (T2m, shading) and geopotential height
at 500 hPa (2500, contour), (b) precipitation (PREC, shading) and u/v wind at 850 hPa (UV850),
(c) sea level pressure (SLP), and (d) outgoing long-wave radiation (OLR) for 2016MAM.

APCC MME Forecasts for 2016 MAM

(a) Temperature at 2m for Mar-May 2016 (b) Geopotential Height at 500 hPa for Mar-May 2016
Unitgpm
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(c) Precipitation for Mar-May 2016 (d) Wind at 850 hPa for Mar-May 2016
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Figure 3.14. APCC MME forecast anomalies of (a) T2m, (b) 2500, (c) PREC, and (d) UV850 for 2016MAM.
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Global Climate: 2016 JJA

(a) T2M (b) Z500 (11A)
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(d) PREC & UV850
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Figure 3.15. Three-month mean anomalies of (a) T2m, (b) Z500, (c) OLR, and (d) PREC and UV850.
(e) Monthly mean anomalies of Z500 (5880 gpm) for June, July, and August of 2016 (red
contour-line) and climatology (blue dashed-line, 1981-2003).



3. JHERY/MME EM 24 2 o5 Z7t | 49

Dipole Mode Index (DMI) Time : Oct 2007 - Sep 2017
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Figure 3.16. Monthly mean Dipole Mode Index (DMI) for the period Oct. 2007-Sep. 2017.

APCC MME Forecasts for 2016JJA

(a) Temperature at 2m for Jun-Aug 2016 (b) Geopotential Height at 500 hPa for Jun-Aug 2016
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(c) Precipitation for Jun-Aug 2016 (d) Wind at 850 hPa for Jun-Aug 2016
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Figure 3.17. Same as Figure 3.14, except for 2016JJA.



1 APCC 7|20IEAIAE 7t

Q) 7le & H=2H

20169 8]0l iR iEA oA Bty ko] 2EHAE HH v 7t
32 HETE X H7|20] F X[Fo] HH o go| Yeyth f48 &, A
of, Jk, 33 FH, of=dE Yo HHRTH X|H7|2o] Wokon| ofxLelr} F=t,
Seorlof, Auth, vls, HAIR, BepdoA= o] d3]
(29 3.18a). £3], EHE IAZ(ESR] 70°014) A Hol|lA] 5Tolde] ot 733t g9
2EHAE B, ol 20169 HERE 55 oWl 45 wowuA 7MeE
ES% W&ol 19794 ol Al HAAE 7|E3 A¥} o] YtHIH 3.19).
20169 7Fe Ayl FAFY9] s PARD W okl iy AEE 2
oy, Aoz A FHPY Hie= AA=L AHEY HFde-2 LKLY
3.18d). A9 A%, ofzElFt FE, £, S @R, sEoMoh Y&, v= F

A QoA BEETH Wk, QIE, 53 B, AL v= B, tfEEY gl
Ae BdrEt H2 Aoz YePdtHd 3.18b).

201649 7Fd 59119 Ao 2AHZ] 7] Eo] ALE7A| ALHHM H= FH
o] 7|2 oHs] ARG JF0] =2 JHoH, #8 &5, =F
AE A ALJstal gl disoiMe HdiEoh A #7120l EUTHILH 3.20a).
A9 g0l 5o] AlHEer 5, S5, FEorIoL AUt v Es TRl
PR AP0 m5nt. 53], 798 AFolA Fotrlor A Q7HA] wave-like FEIC]
714glo] YehHA(SS], 12¢: 19 3.20d) AXFHupH(ol Hiw F=of o] o

olt

55 o= &

2 7R AS7I9s0] LS, downstream ARl & X[ oAM= 7|UE, HH
TH-F= FEolAe TR 7I9eol TEstol(TE 3.20e), HEILZIYS] A=7H
Fauch FfAAA(TH 3.200), TS ZLL tFES] FHoM ok 7IY9Ee] I
Fog PRt tpEPrH(1d 3.20a). 3L 7leb-Hll= A9 wpgt 7123} of
AL o] o LA oA 7IAEH A AT V1Y ot AHT|S
=9 HAE HRINHH, FoAor AL Bl 1Y-F= AH9 7459 BAHLE <l
of 5% 3719 doprt AR " A EZ 7] 5ol dRleR Helth ALEEU F

HEYY i AL, Fe ASE dFees U3 (Td 3.20d), oFxe

7b @5, SHoMo, 5, || S5 oA e iRt gty 54, <



3. WERE/MME £4 =4 % GiIE2 BVt

T, Bepd B, ofl=dlE v Bkt A2 S HATHIE 3.20b).

20164 7F/ALE AR 7|55 AW 75942 = Ar efjigere] oFst 2

Uik, olrofo] 73t 89 10D, |1l ZAHke] oAl L FHARS

oFo] A|19S HA AuEH APCC MMEE 2f ue}l 29] [10D9f 93t sk& ulat
{

o 4¥sto] BEoIA ek Belnch Be 71 % Be 45E 2 oS3t Zow
BOITKLY 3.21-22). AT febilo} i3} Bl A4S EeFsH o By
T I G0N o) Aolie] H4t Bt vifz lZstes 29 HSS
3he BT, MR 20169 7He/ALE L B/clEHo
2o] Aol A3, Wt AJSYE WL Ao ety 3.23). 1 Ak 20164
712/ALE 1270 A B 35 1522 239 Hindeast B &) ul3) 2
7t -50%, -218% WS ATIE R 7120 A9, Wylnrt nEgd Ao
£ 7he/ALd v BEI A% MEe el v, Wdnth AR 720 word
215 A(he: BjAlol @ TEAR, ALE: B/% 97 @ Akt SR o
T Ao R d2elo] We ek BAKIY 3.21a, 3.224). 53], B30y
Aol ejtf HARE 20164 7HSH, MMEE To] H]s) Zxe] 1234 el

2oIF=d| o]&= APCC MMES] #ofstal Qe thfie] ndsL sfdlo] fish g1

o)

S

NCEP, PNU §) 44) cl23t s8-8 B85k 9k sk 1 gateo] dhejais

o3| WA} ek SHAT AW A9, 119 27|2A0R I deE L5

of Thet ARSIl oln] HFs| Solgl et mH] We] IA4

Sg4Jo] 1o i) o Hi voje] B Fo& BIITKIY 3.224). ol

Y R S 2k o2, Folmete] U] 42 e W 4% o2 5L
o

AFoA oqds] =l IAR HoltlEe Eld ¢ At

A

[

of

gl



52 | APCC 7ISOIESAIAZ! THM

Global Climate: 2016 SON

(a) T2M & Z500 (b) PREC & UV850

. T «5 T T
0 30E  60E 90E T20E 150E 180 150W 120W SOW BOW 30w 0 0 30E BOE S0E 120E 150E 180 150W 120W SOW BOW 30W 0

4 3

BOE 1N0E 1B TSOW  TXOW  BOW  BOW 30w

EREREEDEENEN

% & 4 % 8 3 0 3 10 1B W B W

Figure 3.18. Same as Figure 3.14, except for 2016SON.
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Figure 3.19. Artic sea ice extent (from: National Snow and Ice Data Center).
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Global Climate: 2016/17 DJF

() T2M & 2500
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Figure 3.20. Three-month mean anomalies of (a) T2m (shading) and 7500 (contour), (b) PREC (shading)
and UV850 for 2016/17DJF. Monthly mean anomalies of (c) surface temperature (TSFC),
(d) geopotential height at 300 hPa (Z300), and Z500 for December, January, and February.
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APCC MME Forecasts for 2016SON

(a) Temperature at 2m for Sep-Nov 2016 (b) Geopotential Height at 500 hPa for Sep-Nov 2016
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Figure 3.21. Same as Figure 3.14, except for 2016SON.

APCC MME Forecasts for 2016/17DJF

(a) Temperature at 2m for Dec-Feb 2016 (b) Geopotential Height at 500 hPa for Dec-Feb 2016
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Figure 3.22. Same as Figure 3.14, except for 2016/17DJF.
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Figure 3.23. Heidke Skill Score (HSS) of 3-month mean APCC MME (a) temperature and (b) precipitation
predictions for the period 2016JFM - 2016/17DJF. For comparison, hindcast skill (1983-2005)
is also displayed.
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Figure 3.24. Anomaly Pattern Correlation Coefficient (PCC) of the APCC single-model (symbols) and
MME predictions (black solid line) for (a) global temperature and (b) precipitation for the
period 2008JFM - 2016/17DJF. Dashed lines indicate the average of all-single model’s
PCC. The values in the brackets are the PCCs of the MME predictions averaged over the
whole period for each variable.
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Figure 3.25. PCCs of APCC MME predictions for global and tropical (a) temperature and (b) precipitation
for 2016JFM - 2016/17DJF (red line). For comparison, 23-year hindcast (black line) and
recent 8-year real-time forecast PCCs (blue line) are also displayed.
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Figure 3.26. (a) Number of participating models and its countries in APCC MME forecasts. PCCs of
APCC MME forecasts of (b) global temperature and (c) precipitation for each year (2008-16).
Relative skill difference are calculated by the difference between the recent 3-year
(2014-2016) and the first 3-year (2008-2010) mean PCCs divided by the first 3-year mean

PCCs.
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Figure 3.27. Same as Fig. 3.26 b and ¢, except for Tropical region.
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Table 3.4. ACCs for several regions (globe, tropics, East Asia, and South Asia) of APCC MME
temperature prediction for each year (2008-16)

ACC oy HeXA SOFA[OF EOHAIOL
2008 0.295 0.438 0.273 0.325
2009 0.270 0.408 0.230 0.290
2010 0.274 0.411 0.233 0.307
20M 0.276 0.415 0.234 0.310
2012 0.291 0.414 0.260 0.325
2013 0.299 0.423 0.249 0.331
2014 0.311 0.430 0.280 0.332
2015 0.319 0.441 0.288 0.339
2016 0.320 0.450 0.283 0.356




1 APCC 7|20IEAIAE 7t

Table 3.5. Same as Table 3.4, except for precipitation

ACC oy HeXY SOFA[OF EOHAIOL
2008 0.371 0.420 0.136 0.268
2009 0.376 0.415 0.172 0.292
2010 0.387 0.426 0.166 0.272
201 0.397 0.437 0.178 0.277
2012 0.399 0.439 0.191 0.304
2013 0.407 0.450 0.174 0.322
2014 0.437 0.483 0.192 0.361
2015 0.449 0.49 0.193 0.356
2016 0.455 0.502 0.19% 0.385
3.1.5 2%
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Figure 3.28. Prediction skill of Pattern Correlation Coefficient (PCC) of monthly-mean T2m in Global,
Tropics, Asia and East Asia during (left panels) the period of hindcast (1983-2010) and
(right panels) forecast (2010-2016). The gray bar and colored dots denote the MME and
individual models.
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Figure 3.29. Time series of PCC skill of monthly mean T2m for winter season over East Asia
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Figure 3.30. (Upper) TCC skill for 1-month lead December, January, February-mean T2m obtained from
MME for the period 1983-2010. Areas with black dots indicatd a 95% confidence level
according to a student’s t-test. (Lower). Monthly and seasonal mean TCC skill averaged
over East Asia and Korea for winter season. The gray bar and colored dots denote the
MME and individual models.
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Figure 3.31. (Upper) Interannual variation of monthly mean normalized T2m anomalies averaged over
Korea from observation (OBS, red line) and the ensemble mean of 9 multi-models (MME,
blue line). Shading by sky blue denotes the range assessed from individual model values
in MME. Dashed lines correspond to values of 0.5 and -0.5 stdandard deviation,
respectively. (Lower) TCC of T2m anomaly over Korea during (left panels) the period of
hindcast (1983-2010) and (right panels) forecast (2010-2016). The gray bar and colored
dots denote the MME and individual models.
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Figure 3.32. Spatial pattern and principal component (PC) time series of the first and second EOF modes
for December-January-February mean T2m in the entire EAWM domain. The numbers in
parentheses on the top of the panels denote the contribution of the toal variances, whereas
the numbers on the top-right corners of the lower panels denote the correlation coefficient
between the PC and T2m over Korea.
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Figure 3.33. Same as Fig. 3.32, but for MME.
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Figure 3.34. (Upper panels) PCC skill for eigenvector (ordinate) and TCC skill for the principal component
time series for each temperature mode (abscissa) for December, January, February T2m
over the EAWM domain. (Lower panels) The percentage variances that are accounted for
by two temperature modes (ordinate) and the combined forecast skill score for the EV
and PC for each mode (abscissa).
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Table. 3.6. Cold and warm years obtained from observation for composite analysis.

Cold years Warm years
DEC 83, 84, 85, 95, 01, 05, 09, 86, 89, 91, 92, 96, 97, 98,
10, 11, 12, 14 04, 07, 15, 16
JAN 84, 85, 86, 97, 01, 03, 10, 88, 89, 92, 94, 99, 02, 06,
11, 13 07, 14, 15
FEB 83, 84, 86, 83, 91, 96, 00, 89, 90, 93, 98, 02, 03, 04,
05, 08, 12, 13 07, 09, 15

Table 3.7. The number of cold and warm years obtained from observation and MME.

Cold years Warm years
OBS MME OBS MME
DEC 11 7 11 13
JAN 9 8 10 14
FEB 11 7 10 15
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Figure 3.35. Composite maps of observed monthly-mean T2m, SLP, and Z500 for cold years during
the period of 1983-2016. The significant values at 95% confidence level are indicated by
thick black contour.



3. JHERE/MME £ B % 01E3 Wt 75

MME Cold year(7) Cold year(7) Cold year(7) DEC
75°N . — — - -
¥ I ¥ B s T
60N Pt = s T £ \IO'BE Lo Hs
45°N FRE ] 04 1+ 7amunn fo4 ryae
Sk % : Ha . < R Ho =10
15°N PR = 04 _\“% S i 04 TS -4
B Pl oo e fol sl
90°E  135°E  180° 135°W 90°E  135°E  180° 135°W 90°E  135°E  180° 135°W
MME Cold year(8) Cold year(8) Cold year(8) JAN
75°N T T 7T ——3 ———3 25 oo e —3
60°N |t | ,:h:sh \:I“a o :‘-:Iz.—f_' \:'0.8 il %r \: HB
45°N + -~ : =Y Ho4 - 04 : 4
i - P M L i =l H
e i 0 W e o H 0 -0
15°N : {04 1Y 04 -4
1 N 1 i"'—Ei Neomo i“ i'a
15°S e - =54 -
90°E  135°E  180°  135°W 90°E  135°E  180°  135°W 90°E  135°E  180° 135°W
MME Cold year(7) Cold year(7) Coldyear(7) FEB
75°N — —
' =< 1 il T
60°N P S I o ,.ﬁ !a
45°N el i Ho4 & 4
30°N : i 3 0o fe . o
15°N [ I\. @’/; o 7-- . 4 I -:_4
153; &s-;., o~ : 'SLP i ; 2500 §°
90°E  135°E  180° 135°W 90°E  185°E  180° 135°W 90°E  135°E  180° 135°W
Figure 3.36. Same as Fig 3.35 except for MME.
e, 2Y WolA 2osks 229 FW ¥EHS 7IelE FoH F2 ALY
E4S AHESITHIH 3. 36) MME & #50142] 7129} H|s3t FoFAlof F oA

29 WAE woste i oFshAE Y WS he I ot sw s
WS AEn, 129 AWzlol LT Qi 52 ool ekt 7% HEol
Aok A9 mojElx] Fakk 199] ZdEe AHoR 2 molsht AAH9 7
7} tha oA Uehdth, 289) A9 Alelo} HRolxe] gt AAHoR %
o} =} Bolxlol R Bl e Holx grow Aejgarse] A7IeH
"} 27 AshEs Zo] S4olth 4% 7|92oAe] ¥ =4 dAdos
23} S48 2 mojEiTh 1293 299 A9 VSN HojEle 2& ALl 5
B} @A AL 50] 28 ALo] Urhit v, 199] A9 B3} A9 vl 5]

So] 7|25, S WE E3t BET A AXFS P STk ol MME
7b Seluets Eaksie SobAlol JelolN] 7129] &l Ags] kom, 3
2% ALl e T W] whEolt



76 | APCC 7|SOISAIAZ! THM

75°N
60°N
45°N
30°N
15°N

00
15°8

75°N
60°N
45°N
30°N
15°N

0°
15°8

75°N
60°N
45°N
30°N
15°N

0°
15°8

|
|

E
i

OBS Warm year(11) Warm year(11) Warm year(11) DEC
== 1k 1 =, D WA
] (A2 = \( , . P
: ) {8 7T <O gl (%
A 0o 1 4 | ge F
e a3 I W ! =2l 2 ™ (& =
i ‘g/r_.% f 2 | ¥ \&‘- 3 ; L {%ﬁ_
=R 3 P = |
90°E  135°E  180°  135°W 90°E  135°E  180°  135°W 90°E  135°E  180° 135°W
OBS Warm year(10) Warm year(10) Warm year(10) JAN
mme e rﬁ!s T | e
= ] o 2 —C ’ 0, i e o
. U LT i | St e
™ > B W%y@”' > B N T >
s A i-2 %.: : i4 ﬁ-‘i =
B 3 e T P e
90°E  135°E  180°  135°W 90°E  135°E  180° 135°W 90°E  135°E  180° 135°W
arm year arm year
OBS W 10 W 10) FEB
| K =
-------- gt | m—
| T g
. e A oI | B Dk 2
%‘fjgﬁi;km T2m i.3 S e 500
90°E  135°E  180° 135°W 90°E  135°E  180°  135°W 90°E  135°E  180° 135°W

Ak e s

=23

s

2
4

Figure 3.37. Composite maps of observed monthly-mean T2m, SLP, and Z500 for warm years during
the period of 1983-2016. The significant values at 95% confidence level are indicated by
thick black contour.
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Figure 3.39. Schemtic diagram illustrating the dynamic-statistical hybrid temperature prediction system.
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Figure 3.40. Correlations of observed and APCC MME hindcast DJF SLP, T2m, T850 and 7500 with
the observed T2m averaged over Korea.
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Figure 3.42. Same as Fig.3.41 but for February.
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Figure 3.43. Time series of the December-January—February monthly mean T2m averaged over Korea
obtained from observation (gray line), dynamic (blue line), and dynamic-statistical hybrid
forecasts (red line) with 1-month lead time.
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Figure 3.44. Principal component (PC) time series of the first and second EOF modes for December
mean T2m in the entire EAWM domain. The numbers on the top-left corners fo the panels
denote the correlation coefficient between the PC and T2m over Korea.
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Figure 3.45. Same as Fig.3.44 except for January.
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Figure 3.47. Time series of the monthly mean T2m averaged over Korea obtained from observation (gray),
dynamic (blue), and dynamic-statistical hybrid forecasts (red line) with 1-month lead time.
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7h St ol B4 Z17e) W A ARAT A4 HEo) A4S B o Tefshs
upolchPanofsky et al., 1958). ¥ FACIAE ojg} vl BAA WS 28519
Lo, onE 28T SARE T ShE 2 0 gle) S 15 Ade B4 245

of A& HEE A= wko|n PLCF(Past Large-scale Circulation based
Forecast)2tal HEsIAth. 94 AAF=C] MME ®Po] A& s TS 7HH=e =+
A7lel, PLCFA = 7iE R4 dojl BAA & daeZ HA Sdck= FAH
MME "2 285kt

e 7] A AEAY AT Higt o&Ado] 18] #A] AR, IdAE
AY . JHZ5(El Nifio Southern Oscillation, &4 ENSOZ #7])= A& 9
of Sloj 7P $a%t Il 94Ygd] SHU 20168 714A 7] dE Zhold A
mE2H, A5 AE/ o= TREEZ ENSOL] JF2 WL 932 & 5= UTHKMA,
2016). 11 A=, 28 NINO3 A=¢} 44 =} Fofst A
A5 A ENSO #Vdell met gojulst /e Herdri(#@re
TS R S= ASE AHol Fouet 9= = 2ol A At s
=o], vilz/71e} o9 o] Pkt A2 Ff, FEuUT A=E 7]20] HaHT
32 AFS HoltiHonda et al., 2009; Kim et al., 2014; Kug et al., 2015;
Mori et al., 2014). E3H f2kX ol |99 10¥ 3% T2 =HU&EEE S-2vet
ALH 7]20] 4¥%E FHCohen and Jones, 2011; Cohen et al., 2007; KMA
2016). Wi T 7]2-735=7F ENSO, £ ¢, 181 siHat ojwet BAdS 2=
Ao gt FFH FEE AAZCE BA/ATTO=EMN, e J9 i AL
Ug2o= | 5l 11 A= 11=3F & 5 S Aolth

o

A5}

O{hl

A AFFE0| APEC 7|SAIEIE MME 719g Ea}o] thafst 29| 7|who 2 B
AL 71% A5 A5E Wi AT 715 45 AeE Ak o=t A5
= APEC 3952 flsf FElolANE 3l Als2 &1t otdzt 7150l A =35t
L 3hY ] dEE 99 AReE ARG oF Ysle] 2424 9 BEey
MME 9& A=g o2 7]&] TRt £3oA &A% 4 e A 715
of GRS FE 24 2 oot BAH /) 52 Ao Tl B L

mﬁ

9) http://www.apcc21.org



4. FHEOISE SR U So) Top HTS 9t SRR |

AR Bot A= w2 S ARE AR A& 1Eske 84= AE wet g
R =g d®EAQ 18 A2 Nifio 3.4, Indian Ocean Dipole(IOD), Arctic
Oscillation(AO) ¥ 2= s & ti7]9] WsE& A8sk= 7IF ASEolH olsxt
e 7] 9 i) A 52 719 AeEd dEE AAT e
AmET Qloh

715 Ape} T 7]

t}. Son et al.(2014)°] W=H ASHo| AUk} st dZ/4 ol s
2F B2og 5150 J3AIE vt HApt AelEe] HdH 7|20l w1l ATt B
2 °J°] uebdth B8t ALSE 71955 Apiske S8t IR F skl AO7E &
o] #2 " B &8-S0Vt etEA F A9 X 37|17 "Eolste] ALE
7FsAlo] &7FsttHJeong et al., 2005; Park et al., 2011; Woo et al., 2012).
HHeO] 0¥ e AQPTAH R 67114 o[l 1249] NAOZF 9] 913 o &
i?f‘ﬂ(Sung et al., 2000). °|Fx% 7|¥ AP YASTY] TN A 71% o
52 olsfish= Hlofl 528t ARle] w7 wiizoll APCCO e AE 7|5 AgolA
FEA] J12sfof Sk 840l

[©)

ol

5

g

¢

APCCE ¥=o]A] W o|HdS Fa F8 YAl Nifio3.49F 10D9] #= 2
AmE AAYE 9 s4H2 %= (Sea Surface Temperature, %4 SSTZ #7])
& 183 QokE WA R AlFohal UAHIH 4.1). F SiIFATE 25! H]
10), A gat A=FD FGoA FafiAl= siFAS 1370, 7|24 87112, 2=

S7/ME BESHL 3o o] F 979 A5 AHEA MME ARE AR5t
Skl Qrh4),

2

oK
r:i le

R

9
|

P
;P

e

|

g

oY APCCE 71F A4:0] BT} o2S BA] SHIL Yot 7% A%

10) Nifiol+2, Nifio3, Nifio3.4, Nifio4, Oceanic Nifio Index (ONI), Trans-Nifio Index (TNI), Pacific Warmpool
(PACWARM), Tropical Pacific SST EOF (EOFPAC), El Nifio Modoki Index (EMI)

11) Tropical Northern Atlantic Index (TNA), Tropical Southern Atlantic Index (TSA), Atlantic Tripole SST
EOF (ATLTRI), Dipole Mode Index (DMI)

12) Pacific North American Index (PNA), Western Pacific Index (WP), North Pacific pattern (NP), Arctic
Oscillation (AO), Antarctic Oscillation (AAO), North Atlantic Oscillation (NAO), Southern Oscillation
Index (SOI), Northern Oscillation Index (NOI), Quasi-Biennial Oscillation (QBO)

13) Webster and Yang Index (WYI), Australian Monsoon Index (AUSMI), South Asian Monsoon Index (SAMI),
Indian Monsoon Index (IMI), Western North Pacific Monsoon Index (WNPMI)

14) Nifiol+2, Nifio3, Nifio3.4, Nifio4, PACWARM, EOFPAC, EMI, DMI, SOI
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Sea Surface Temperature and ENSO Outlook for November 2017 - April 2018

SF BAKEDRE | 95

TOP

The prevailing ENSO phase is expected to be negative. & tongue of weak negative 35T anomalies in the central and eastern equatorial
Pacific is predicted. The weak postive S5T anomalies are expected to surround this cold tongue and span the tropical Pacific, which
comesponds to a negative Nifio 3.4 index This negative polarity continues throughout the first half of the forecast period and weakens
slightly by the second haff of the forecast period. A neutral Indian Ocean Dipole (10D} is predicted to continue throughout the forecast

petiod without any significant zonal gradients in Indian Ocean.

Nino3.4 Index for 2017 NDJFMA
30
‘OBS Data Source: OISST
2.0 - Climatology : 1983 - 2005
g 1.0 3
< 00 "’4\\
‘é 1.0 3
Z 20 4 OBS
80 T T T
APR JuL

© APEC Climate Center

Fig. 1. Predicted Niio 3.4 Index from individual models (A, B, C, D, E, F and G) and the simple composite Mult-Model Ensemble
(MME) method (SCM).

10D Index for 2017 NDJFMA
30
OBS Data Source: OISST
2.0 = Climatoiogy - 1983 2005
»
10 T
2 it
e N
=0 OBS Fest E
8.0 T T T T T T T T T T T
APR JuL ocT 2018 JAN APR
Month

SST Anomaly for NDJ 2017

Sea Surface

Unit:deg K
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* e il i o e ™

© APEC Climate Center

SST Anomaly for FMA 2018

Unit:deg K
=

By T i FesiasEeh ol )y e
. — e . ..

© APEC Climate Center

© APEC Climate Center

Fig. 2. Predicted Indian Ocean Dipole mode index (IODMI) from individual models (A, B, C. D, E. F and G) and the SCM.

Fig. 3. Spataldistributions of forecasted SST anomalies for November 2017 — Aprl 2018 over the ropical Indo-Paciic. The top panel
shows the SST anomaly forecastfor November 2017 — January 2018 and the battom panel shows the SST anomaly forecast for
February - Aprl 2018

Figure 4.1. An example of Sea Surface Temperature and El Nifio Southern Oscillation (ENSO) Outlooks

of APEC Climate Center

A Verification of past APCC MME
prediction (obs vs prediction)

B. Inter-model comparison of
individual models

C. ENSO/Cryosphere signal based
empirical Forecast

CLIMT_K

D. Past Largescale Circulation
based Forecast (PLCF)

E. Consolidated Forecast

Figure 4.2. A diagram of the information that CLIMT-K is providing.
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42 MBS XIB Y w2 M)

421 K=

2 A= 1983 FE 20059714 @t Ay #5 AAw F 250 gl 61719 7
S A AE(Automated Synoptic Observing System, =994 ASOSZ H7])19E
B9 dol7l EBtre W AT ARE ARSI 6171 BS AR et
JHE= 9 4.30] YErgi

AT A% A, AF ARG Sl 71 9 Begsie] 4BEA, AT Aot
wE AT died HEE AWEY] 95t ARgE A4 A& National
Centers for Environmental Prediction/Department of Energy(NCEP-DOE)
reanalysis 2(Kanamitsu et al., 2002) AF=o|H ARESE ®¥H4+= 500hPa A|Yi=
(500), SHH7IHSLP), AV 2m 71(T2m), 850hPa A418(U850) B E5F(V850)
ojth. A& 7HE 717k 19798 HE FAZIA ol s 2.5 x 2,570t} AR 7
F A=E Janowiakd Xie(1999)2] Climate Anomaly Monitoring System and
Outgoing longwave radiation Precipitation Index data(CAMS OPI) At=o|t}.
CAMS OPI Afm= AARE ARG A7 34 7R &5 91 53 A9 7
AlollA AofXl & 9T AREA A= 717 E e AR A=) A 7%
A+E Axlste dH 283 SST A&+ Optimal Interpolation Sea Surface
Temperature(OISST) V2(Reynolds et al., 2002)& &-&5}3itt. OISST+ 19814
FE dA7HA AAmTE 1°x1° 7HH0=® FAE ] Qo 245 fIste] A AAs
of T PHE=E AT

APCC MME A= 9 7 2d Az == 19839FE 20058714 23|%He] 3HA
&(Hindcast) A=E &8st on Aggrgto] 1714l ¢ AuvhE ARESHIH:
A 501 7¥Z AT "oz 6ol Ak 74, 84, 9¥ A= F 7€ A=E At
&3 Zojoh. MME Am+= 7iE H49] o& #HXgE Y= Bdok= Simple
Composite Method(SCM)E &3l ¥ojf o™ MME] ofdt REd=9] JH= &
4.20] Yepfiet. MME % 7 2dl oA &85t fiae AR AR5} npbt

i

o

O

15) http://data.kma.go.kr
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Figure 4.3. Distribution of the 61 ASOS stations used in this study
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Table 4.1. Description of MME participating models

System configuration

Model name Institute/Country (ensemble mermber)
APCC APEC Cliamte Center/Korea Coupled (10)
BCC Beijing Climate Center/China Coupled (8)
CcMCC Centro Euro-Mediterraneo sui Cambiamenti Climatici/Italy Coupled (9)
CWB Central Weather Bureau/Chinese Taipei 2-tier (10)
HMC Hydrometeorological Center of Russia/Russia 2-tier (10)
IRI_CA International Research Institute/US 2-tier (24)
JVA Japan Meteorological Agency/Japan Coupled (51)
MSC Meteorological Service of Canada/Canada Coupled (20)
NASA NASA/USA Coupled (9)
NCEP National Centers for Environmental Prediction/USA Coupled (20)
PNU Pusan National University/Korea Coupled (5)

POAMA Bureau of Meteorology/Australia Coupled (33)

CLIMT-K A& Wolld= ASOS 4578 Aol sl Bate J%‘% 71, 4
Trge e dSe s Folstalal, APCC MMESF 7HE
T A% B9 2m 71AT2m)d 5= (prec) & 5ok T
SIRH. MMES H4dshs 2EE9] 232 mi¥l vH7] o H
A& 7THIA o, wEhA d]] odE AYE ARShe 22 eEstal AakE”l
7| oA FRbelx] 3ttt okARE, CLIMT-K AJARLE APEC 7|SAlE Y A=
9] d5= HSotaL 1o 7|5kt jtE g oS AE PikE 72 &
il -39 dY oH AFE JIdE ARESH|R St e = gt &9 WiES
-85t & AJE(PLCH= 2siA] Htﬂ HFo|lA AgPA|zto] 1-271H
I%7(z500) 12]al 850hPa SEITF HFEHVE50) RS #4
CLIMT-KoA= e 712/l F3k& 713 i Ha 84 wiefsty] flsh
Nifio3.4 A|4:16), B J?L 1] WA 2|4:17)(Sea Ice Extent,Z0]4] SIER ¥7]), E8kE
o], Bul+ s, fEkAor ¥ 999 EEY Ae18)(Snow Cover Extent, £044]
SCEZ H#7|)& ARSIt Niflo3.4 A|l<*= Extended Reconstructed Sea Surface
Temperature(ERSST) v4(Huang et al., 2015) #A=19E 5°N-5°S, 170°W-120"Woj|

16) 71F9&5" S Av-elo] mig A4lste] APCC HloefHo| Ao ARl w2 A=g o839t
17) https://www.ncdc.noaa.gov/snow-and-ice/extent/sea-ice/N/0.csv ZFxE
18) https://www.ncdc.noaa.gov/snow-and-ice/extent/
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s J9 Bast oz, HA(1981WRE 2010%) iv] okwe] oz Holsiatt.
molE ENSOE AoJslr| sl 22 HYol tistel MME SST AR ZHE Nifio3.4 A5

£ Akt CLIMT-K W EE BA1A 242 19839%H A7k 7 7 11
A 717 ﬂ%oﬂ o]5of 1 éﬁ]ﬂ"*ﬂ wHzo], Algto] A5 AR 7I7t0] sofuA

422 YE=
4.2.2.1 CLIMT-KOIM AMEE &4 24

Rl 713'%—/?—94 A A A=m ds B7RE AshA BdT B4R o8

At AHEH s 2Y PdE(Deterministic Multi-Model Ensemble, Z0]4]
DMME= :?‘-7]) AE FSS oA AALD FAT A= B4 J1E| 3 A 24
S Yot FEE4 o5 By YAE(Probabilistic Multi-Model Ensemble,
ZolA PMMEZ #7]) ol Fg= JHE Algst7] sl Eet 59 AHEe HaE
OF AT AlF T3l Success rate Ho= THOIATE Success ratex 7H| ALY
dEE Frisks AWARl A5 AR F stuz, & dlE Sl dis) A2 HFE
Aes] A3 3149 Hl& Ati(olliffe and Stephenson, 2003; Wilks 2011).
SE oHEt AL 2 BS 7R 22 fiske] 71 715 dSaelA AlXsk=
Al 712/ ARSI E o8-Skt

M 239 H5 B7HE Aol ARk B4, A9 3 24, A A 18
MSSS(Mean Sqaure Skill Score) A5= oIt M =2

o) B30l Qo) sole 2zolA 1- AL DEAR ST - ool snjoz

T‘ﬂﬂ‘i{(Murphy 1988; Murphy and Epstein, 1989; WMO 2006) MSSS #o] &
oAt Sk AlAEI9] 5ol S A2 Qv ENSO 1] e 9
R4 ]‘é‘ B7IH7] ffsiA AAIE &4, AR B4Rl A8E it T1E|al skt
Ho] AlZrdo] ehtof FS H7IsH] oA A A 24, A= 24
183 3 ARl A&

A %

oL

v

19) ftp://ftp.cdc.noaa.gov/Datasets/noaa.ersst/ %
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9 it 7] sfdo] 71kt € o E(PLCE) & flsiAe, @A E3o] o5t
= ey AR g HAW IA SiE de dgo] A= olof qitt olF #sl
A, BA 29 o] disiA FsiX FHe] Al B+ 2*HRoot Mean Square
Error, 04 RMSEZ #7]) o] 57+ A3 Alsx(Pattern Correlation Coefficient,
Z£94 PCCE :7))9] H|&o| & AR 8719 siE AHsHA Hot. o] A[7]19] gkt
T g7l B HoRRE A BEE 7HIROEN diSchs Eol it EF &
25 A Hoh olet HES 1-2 99| Af AlZRE 7ML E Be P 2
Aol A&t =N Thstt B2 e XS 9A A, olF S5t CLIMT-KO
Al AlFsk= PLCF 23E Akt

4.2.2.2 A =2 IiEH TR0 7126 OE2(PLCF) &85 YWY

CLIMT-K A|A§19] PLCF = #HA 9] AJEi7t wjgio] T2 AqdE o Qlohe 7M=&
HIFO 2 3 o=, AR 7|7ty AAm FF7F vHH dlE Ay g 4= Qleh
PLCF 9] §-8/3<Z gRlstaAl, szl 1983-20059 717F &%t Aofxl hte 7]/
Y AR EE JqEA ot dAS5S aPcith ¥ A5S SEiA
Leave-One-Out A2 283, WahA] 2+ 9] dl52 1 s A|efRt UA| =+
o] disfiA] &E PLCFE &l foiXl gholoh. 7Hae] Ak Fee HI5= FIsiA
= Success Rate ¥4 ofyzt Hit Rate(HR)2} False Alarm Rate(FAR) 183l o]&
S&ol= Relative Operating Characteristic(ROC) £4& 4o} tHHanley and
McNeil, 1982; Nevin 1969). & 2] A= LE RIst| Hdlil= 2+ 7162tz
sl olliE SEg AA BSE S Abol] LS He AlFe 34 B4S &
Pt cHMurphy 1977; Murphy and Winkler, 1977; Wilks 2011).

4.2.2.3 CLIMT-K 3 2pg 3 A|AE 2H

CLIMT-K+&= %A 1g315%0] APEC 7]3AIE MME 3¢ 9 © 9 SHIE A7
X ggAso] JREE AT Qo] I & QU= FEE AlFotr| s A

(o] =
0t CLIMT-K= AlE| Wi MME &% dl&0] g=s= =zt g S0l s3st
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Al ==dl, 4 DMME® PMME & Ao Hi2 g2 4= =S APEC 7]1§A
E] HPC(High Performance Computing) A¥o] =% \‘4-. Z71Ho072 FQst
NINO 3.4 &2 SIE, SCE 59 A¢ A=E2 CLIMT-K 483} SAlo] AF5o= ¢
owRY Wy TAHE AU dAF5 AR ASS tiAe A 7R 9] SR
ASOS ¥= A7F s, olE flsfiAe= A 193] =] Am g ApQfo] 714
oz gEt) E3F CLIMT-K 433} #isto] 37} J5ek 271 vldzlslA] 97
wizol, o] IFgo] AAsEtE o] =E & =T wie- IHet AREAF QlEH[o]
A(Graphical User Interface, €94 GUIZ H7]|) FEiE2 AsHHIE 4.4).
CLIMT-K®] A2 o zhdotct. tid d/4, A/ Uk A5 7123k, 5
EASIA sk W, 19 3 gR & GUIE 22400 ot AEE dgsta
OK @55 =4 =4, 94 ARt o]Fof ol Ao 4E8 & A5 23& U
S| EEoAA Akl SRESISS L FA .

TARGET YR [2017
TARGET MON|3
NINOind crt|0.8
TARGET VAR: © Tawg = Rain
DISPLAY and OUT: * FALSE  TRUE

OK ‘ Cancel |
PMME
Original Prob.= AN:0.33, NN:0.35, BN:0.32 I CLIMATE
Tailored Prob.= AN:0.37, NN:0.3, BN:0.33 search Fe

# Find graphics in /datal2/yyalee/KOSPRE_BE/fig/MAR/2017/Rain. J

o

df
T LAapelt Advizor

% yyalee@ecolog3:~/KOSPRET

[j:,e-_-,falee@e-::o1_0g3 KOSPRET]$ Rscript KOSPRET.R []

Figure 4.4. Graphical User Interface (GUI) of CLIMT-K [A case of March 2017]
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AREAF QIEHo|ARRE A} 1/¥¥ ENSO 7|&% 59 d=ge 44 =4,
CLIMT-K WollA 17 4.59F 22 A2 Bao] €t Q= shite & &
Z, 2% A4, 183 MME A& $24o] o]|fojx|1, EAZ 74 MME A& A30]
FYE, A= s D A Aeke] B £4 9 ENSO 9ol wE 1A o
5 Q& HAo] o]fojR 1, YRR A AIE BT FTHS AHH gE 2Rt ALt
"ot thgo g it ¥ &8 sid fAMY 715 g BTt ALk A*ﬂ °
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Figure 4.5. Internal procedure of CLIMT-K

A9l CLIMT-K += o |/l oigh et 727 T B4 JHES 45
Ty P2 ABASEL, o]E WH HPC AHo] AA3ict Ao A&= ey
2 Aol R "o, JE HIAH= =017] HsiA dulolA] FEE g
HEohs HS viAge] ookl @A %9 S0 @ElolA] 4= https://
yyalexlee.github.io/CLIMT-K/°]al, CLIMT-KE 3% uj] ujt} dojx]= A2
JHgog BARHEE HAES. 19 4.6 2017‘—% 10¢ 2o tigk dmlo]A] &}

WS AT Aok AY Agold TkE 7120 it B oS ATSS AN
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Fler EAXROR
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ABHE WA FSHL ik, 718 A thgow 74 Ane z;-% SAZ BETT
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Figure 4.6. A screen shot of the webpage displaying CLIMT-K products [A case of October 2017]
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Figure 4.7. Verification of APCC MME hindcast prediction of Korean Peninsula for the near surface
temperature (T2m): (top left) timeseries and (top right) scatter plot/regression analysis between
DMME and observation, (bottom left) tercile probability and category correction of past PMME
and (bottom right) scatter plot between probability and observation for three categories [A
case of October 2017]
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Figure 4.8. Verification of deterministic hindcast T2m predictions in individual models utilizing scatter
plot, TCC and MSSS [A case of October 2017]
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Figure 4.9. (Left) Timeseries analysis of ENSO indices and scatter plot analysis of precipitation between
DMME and observation for (center) El Nio years and (right) La Nifia years. All past years
are divided into two groups, they are EI Nifio and La Nifia, based on the sign of (top) target
month Nifio3.4, (middle) last winter ONI and (bottom) upcoming winter ONI. The closed
black circles denote the years when El Nifio/La Nifia intensity exceeds 0.8. The hatching
indicates the range of NN in the observation. [A case of October 2017]
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Figure 4.10. (Left) Temporal correlation analysis between target month temperature and leading Nifio3.4
index and scatter plot analysis between two for (center) the target month and (right) the
leading month having largest amplitude of correlation coefficients. Nifio3.4 is derived from
either of (top) the observation and (bottom) the prediction. Linear and second-polynomial
lines are displayed as green and navy dashes, but solids only for the case with 95%
confidence. [A case of Qctober 2017]
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Figure 4.11. (Top) Temporal correlation analysis between target month precipitation and leading cryosphere
signals (SIE index and four SCE indices) and scatter plot analysis between two for the
leading month having the largest amplitude of coefficients out of (middle) the leading 6
to 1 months and (bottom) the leading 12-7 months. Linear and second-polynomial lines
are displayed as green and navy dashes, but solids only for the case with 95% confidence.
[A case of October 2017]
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Figure 4.12. (First columns) Spatial pattern of 500 hPa height (z500) and 850 hPa meridional winds
(V850) for the target year/month derived from APCC DMME near Korean Peninsula, (second
columns) box-whisker diagram of observed temperatures of the years having similar z500
and V850 pattern with the targe year/month, (third columns) probability distribution
parameterized by the mean and the variance for individual models and their average, and
(fourth columns) resultant tercile probability of Korean Peninsula near surface temperature
for target year/season. [A case of October 2017]
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Figure 4.13. Tercile probability forecasts for the Korean Peninsula precipitation from (1st column) APCC
PMME, CLIMT—K (second column) PLCF—z500 and (third column) PLCF-\V/850, (fourth column)
the empirical information combining individual model performances and the relation with
ENSO and cryosphere signals [A case of October 2017]
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Figure 4.14. Success Rate of (a) near surface temperature (T2m) and (b) precipitation (prec) forecast
produced by PLCF for four seasons
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Figure 4.15. Hit Rate, False Alarm rate, ROC plot of near surface temperature (T2m) produced by PLCF
for four seasons
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Figure 4.16. Hit Rate, False Alarm rate, ROC plot of precipitation (prec) produced by PLCF for four seasons
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Figure 4.17. Reliability diagram of near surface temperature (2tm) forecast produced by PLCF. Small
circles indicate the case when the sample size is too small to represent the reliability.
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Figure 4.18. Reliability diagram of precipitation (prec) forecast produced by PLCF. Small circles indicate
the case when the sample size is too small to represent the reliability.



1 APCC 7 |20IEAAE 7t

44 715 X TR SHIT Tj2/24 US| s KIEA
4.4.1 SHIZ 7|59t 2R 71& K| MA

471 A5 dFe] aE&3tE FIsiA 4.2.2.48004 AA A
APCC7} OF25-2 B0l S48 22 d&3hal Qe A% Nifio3.49 DMIE 14+
7]

ok

71E

—_
o

)
oo
_oL
=)
(el
)

o7 AT 4 Sk 7l 28 AEs5H] flste] # 4.2004 AAE WHOR 19834
oA 20054d Bt S A=t MME Hindcast A== A4 719 A4 Ato]o] &
d S AHEY HES DAY SSTAlA f=H A5(Nifiol+2, Nifio3,
Nifio3.4, Nifio4, ONI, TNI, PACWARM, EOFPAC, EMI, TNA, TSA, ATLTRI:=
FHIAASTE BE Dol A FGsHA o 0.9 Fr= mje 2o FAYCRR
90% olgollA §3hs 1T 4= ATHIH 4.19). DMI %3t 29, 6€-& AefstaL
£ SAHCE 90% oldolAl |kl wiEd] 7 13 7% 28 BAlol Faehs
Nifio3.42} DMIE A7 4= ek §HA tf7] A|4=9] ¢ SOt NOIE Al<jsta
MME Hindcast®] o538 40| s A|5oflA9] &2 nx|x] & gty WPe
£ o] 2X IS A5 AuATL wie Won SAXHCREE {o5kA] gt
SFAYF PNA, NP, AO, NAOY ZEHOo= 1Yo = 2|49} oF 0.61, 0.77, 0.53,
0.579] JHBAE HolH FAZF SR FoJsitt. SO NOIE Hi7|A|s=olA et thHE
7] AEol vl =& AHEAE Uetdl= ol F A4 55 ENSOo| tigt of
719] ¥kg-S YEhE #|4=0]7] W&o Nifio3.4 5 tF2 ENSO ¥ A$AY &2
FHBAE Hol= Aotk #5 A= MME Hindcast A=E APARE 713 2|4 AF
o|9] ATIAE 7|F2 & H7|X]5= PNA, NP, AO. NAO7} 2xH3 o0& AAErt.

_L_4

Correlation between OBS (APCC) and SCM indices

%h&&ﬁﬁf%ﬁfﬁ

Figure 4.19. Monthly correlation coefficients between climate indices calculated from reanalysis and
MME hindcast data. Red colored bars indicate correlation coefficients which are significant
at 90% confidence level.
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Table 4.3. List of climate indices correlated with monthly temperature/precipitation over Korea at 95%

confidence level. * indicates 99% confidence level.

Temperature

Precipitation

Month :
from station

from hindcast

from station

from hindcast

AO (0.41)

PACWARM (0.42)

DMI (0.57)*
TNA (0.58)*
TSA (0.57)

ATLTRI (-0.48)

WP (0.46)

NINO12 (0.69)*
NINO3 (0.74)*
NINO34 (0.76)*
NINO4 (0.71)*
ONI (0.76)*
EOFPAC (-0.76)*
EMI (0.60)*
DMI (0.45)
PNA (0.56)*
WP (0.57)*
NP (-0.46)
SOl (-0.78)*
NOI (-0.79)*

WP (0.43)
AO (0.50)
NAO (0.45)

NINO12 (0.41)

TNA (0.52)
TSA (0.40)

ATLTRI (-0.46)

WP (42)
NP (0.42)

NINO3 (0.42)
NINO34 (0.44)
NINO4 (0.49)
ONI (0.45)
EOFPAC (-0.43)
TNA (0.44)
TSA (0.46)
NP (-0.42)
AO (-0.59)*
NAO (-0.54)*

R



Table 4.3. (Continued.)

4. AR
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Month Temperature Precipitation
ont from station from hindcast from station from hindcast
NINO4 (0.48)
3 NINO12 (0.45) ONI (0.41)
TSA (-0.43) EMI (0.42)
WP (0.49)
NINO12 (0.52)
NINO3 (0.51)
NINO34 (0.51)
NINO12 (0.41) NINO4 (0.43)
4 PACWARM (0.43) PACWARM (0.59)* ONI (0.49)
WP (0.45) EOFPAC (-0.53)*
WP (0.51)
AO (0.43)
NOI (-0.45)
5 EMI (-0.46) ATLTRI (-0.45) WP (0.49) AO (-0.46)
NINO12 (-0.53)*
NINO3 (-0.55)*
NINO34 (-0.53)*
PACWARM (0.51) NINO4 (-0.51)
DMI (-0.49) ONI (-0.52)
5 ATLTRI (-0.50) PNA (-0.69)* EOFPAC (0.56)*
NP (0.44) NP (0.55)* TNA (-0.54)*
AO (-0.54)* TSA (0.47)
NAO (0.58)* ATLTRI (0.47)
PNA (-0.62)*
NP (0.41)
NOI (0.56)*
NINO12 (0.72)*
PACWARM (0.58) NINO3 (0.57)**
DMI (-0.49) EOFPAC (-0.60)
ATLTRI (-0.63)* DMI(0.57)”
7 TSA (0.43) PNA (0.74)%
PNA (-0.57)*
WP (0.59)*
NP (0.46)
NOI (0.57)* A0 (0.52)
NAO (-0.61)*
NOI (-0.60)*
8 ATLTRI (-0.56)*

NP (0.42)
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Table 4.3. (Continued.)

Month Temperature Precipitation
or from station from hindcast from station from hindcast
NINO3(-0.63)*
NINO34 (-0.73)*
NINO4 (-0.73)*
ONI (-0.71)*
TNI (0.45)
ATLTRI (-0.48) PACWARM (0.55)*
9 NINO34 (-0.45) PNA (-0.49) NINO3 (-0.44)* EOFPAC (0.66)*
ONI (-0.46) AO (0.66)* NINO34 (-0.42)* EMI (-0.69)*
WP (0.43)
NP(0.46)
AO (0.70)*
SOl (0.71)*
NOI (0.55)
10 PACWARM (0.50) TNA (0.46)
NP (0.42) ATLTRI (-0.67)%
NINO12 (0.82)*
NINO3 (0.83)*
NINO34 (0.79)*
NINO12(0.57)* NINO4 (0.68)*
. NINO3 (0.52) ONI (0.79)*
y -~ 290623) ATLTRI (-0.57)* ONI (0.44)  PACWARM (-051)
NP (O 6.2)* WP (0.50) EOFPAC (0.49) EOFPAC (-0.83)*
' DMI (0.42) EMI (0.59)*
TSA (0.63)* DMI (0.72)*
PNA (0.63)*
SOl (-0.74)*
NOI (-0.79)*%
NINO12 (0.77)*
NINO3 (0.80)*
NINOT2 (05) NINO34 (0.79)*
NINO4 (0.72)*
NINO3 (0.57)* ONI (0.79)*
NINO3 (0.51) NINO34 (0.63)* EOFPAC (.—O 80)*
NINO34 (0.47) DMI (0.46) NINO4 (0.51) EMI 0 62.)*
12 ONI (0.46) TNA (0.41) ONI (0.63)* DMI (0.83)*
EOFPAC (0.43) ATLTRI (-0.45) EOFPAC (0.58)* v
WP (0.49) DMI (0.49) T5A (059
PNA (0.63)*
AO (0.58)* SOI (-0.66)*
NOI (-0.53)* WP (0.46)
' NP (-0.42)
SOl (-0.75)*

NOI (-0.72)*
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Figure 4.20. Regressed precipitation anomalies from (a) reanalysis and (b)) MME hindcast data onto
Nifio3.4 in December. (c), (d) Same as (a) and (b) but for sea level pressure anomaly.
Correlation coefficients between precipitation over Korea and Nifio3.4 are on the top left
of the maps (a) and (b). ** indicates significant level at 99%.
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Figure 4.21. Regressed temperature at 2m anomaly in (a) reanalysis and (b) MME hindcast data onto
AQ in January. (c), (d) same as (a) and (b) but for geopotential height anomaly at 500
hPa. Correlation coefficients between temperature over Korea and AO is on the top left
of the maps (a) and (b). * indicates significant level at 95%.
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Appendix A.1

Pre—Processing of Individual Models for APCC MME

(Submitted by Hyun-Ju Lee)

(1) Summary and Purpose of this Document

This document describes the full production line for pre—processing of individual model
for APCC MME.

Pre—Processing

1. Introduction

The APEC Climate Center (APCC) routinely collects 6-month hind/Forecast
datasets from 17 operational climate centers and research institutes. This document
describes complete procedures to transform datasets of individual models into

a uniform format such as NetCDF.

2. Individual Model

The following table lists the organizations and institutes that contributes

individually to the APCC MME seasonal prediction.
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Country Organization/Institute Abbreviation
Australia Australian Bureau of Meteorology BOM
Canada Meteorological Service of Canada MSC
China Beijing Climate Center BCC
[taly Centro Euro-Mediterraneo sui Cambiamenti Climatici CMCC
Japan Japan Meteorological Agency JMA
Korea Meteorological Administration KMA

Korea - —

Pusan National University PNU
Russia Main Geophysical Observatory of Russia MGO
Hydrometeorological Centre of Russia HMC
Chinese Taipei Central Weather Bureau of Chinese Taipei CWB
USA National Aeronautics and Space Administration NASA
National Center for Environmental Prediction NCEP
UK Met Office UKMO

3. Operational Procedure

To pre-process individual models, we are required to edit the file ‘test_ model yml’
according to the abbreviation of each individual model and to run the program
‘runPRE.py’ in the following directory: (210,98.49.41)/data02/OPER/PRE/.

Y cd /data02/OPER/PRE/
) vi test_model.yml

> python runPRE.py
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Appendix A.2

Pre—Processing of BCC Model Datasets

(Submitted by Hyun-Ju Lee)

(2) Summary and Purpose of this Document

This document describes the full production line for pre—processing of BCC Hindcast

and Forecast model datasets.

BCC Pre—Processing

1. Introduction

The APCC routinely collects 6-month hind/Forecast datasets from 17
operational/research centers. This document describes the procedures to

pre-process the Beijing Climate Center (BCC) model datasets.

2. Directory Structure

The BCC transfers their Forecast and Hindcast datasets to our ftp server
(210.98.49.14) every month. We need to download these datasets to our server
(210.98.49.41).

» The BCC transfers their Forecast datasets to our ftp server (210.98.49.14)

every month and we download those datasets to our server (210.98.49.41).

- (210.98.49.14) /apccdata01/YYYYSEA/BCC/
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* The downloaded raw datasets stored in the following directory:

- (210.98.49.41) /data02/OPER/RAW/YYYY/SEA/BCC/
YYYY = issued year (e.g., 2014); SEA = issued season (e.g., MAM)

* Scripts for BCC pre-processing are in the directory.

- (210.98.49.41) /data02/OPER/PRE/BCC/
0.PRE_BCC_SPS.py

- (210.98.49.41) /data02/OPER/PRE/BCC/src/:
mknc_bcc_fore.ncl

mknc_bcc_hind.ncl
* The temporary BCC pre-processing files are stored in the following directory:
- (210.98.49.41) /data02/OPER/PRE/BCC/datain/

* The pre-processed datasets are present in the following directories.

- (210.98.49.41)
/data02/OPER/AFS/DATA/MME_IN/FORECAST/BCC/MON/YYYY/
/data02/OPER/AFS/DATA/MME_IN/HINDCAST/BCC/MON/YYYY/
MON = the start month of the Forecast (e.g., JAN)

3. Model Description

Country China

Institute/Organization Beijing Climate Center (BCC)

Model designation

Atmospheric model and Resolution

Ocean model and Resolution
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4. Data Description

4.1 Hindcast data

Period 1991 to 2015
Experimental type Coupled
Ensemble 24

Forecast period (in months) 6 months

Atmospheric initial conditions

Ocean initial conditions
SST boundary conditions (if tier-2)

Land surface initial conditions

Sea ice initial condition

Name Unit

MSLP hPa
Precipitation kg/m?sec
SST K
Surface (2 m) air temperature K
Temperature at 850 hPa K

Variables Zonal velocity at 200 hPa m/s
Zonal velocity at 850 hPa m/s
Meridional velocity at 200 hPa m/s
Meridional velocity at 850 hPa m/s
Geopotential heightat 200 hPa m
Geopotential height at 500 hPa m
Geopotential height at 850 hPa m
VAR_YYYYMMO1_predict_month_P.nc
- VAR = Variable

File Name = YYYY = Hindcast year

- MM = Hindcast month
- P = Ensemble member
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4.2 Forecast data

Period Issued Year
Experimental type Coupled
Ensemble 24

Forecast period (in months) 6 months

Atmospheric initial conditions

Ocean initial conditions
SST boundary conditions (if tier-2)

Land surface initial conditions

Sea ice initial conditions

Name Unit

MSLP hPa
Precipitation kg/m’sec
SST K
Surface (2 m) air temperature K
Temperature at 850 hPa K

Variables Zonal velocity at 200 hPa m/s
Zonal velocity at 850 hPa m/s
Meridional velocity at 200 hPa m/s
Meridional velocity at 850 hPa m/s
Geopotential height at 200 hPa m
Geopotential height at 500 hPa m
Geopotential height at 850 hPa m
VAR_YYYYMMO1_predict_month_P.nc
- VAR = Variable

File Name = YYYY = Initial year

= MM = Initial month
- P = Ensemble member

5. Operational Procedure

To pre-process the BCC model, we are required to edit the file ‘test _model_yml’
and to run the program ‘runPRE.py in the following directory: (210,98.49.41)/data02/
OPER/PRE/. Even though we run the file as runPRE.py, we can check the
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pre-processing procedure for the BCC model from the file ‘0.PRE_BCC.py'in the
following directory: (210.98.49.41)/data02/OPER/ PRE/BCC. Here, we show the
procedure to run the file ‘0.PRE_BCC.py .

» cd /data02/OPER/PRE/BCC
> python 0.PRE_BCC.py

Moreover, pre-processing of the BCC model dataset is conducted as follows.

5.1 Description of ‘0.PRE_BCC.py

* Define variables and path.

* Write parameters.

* Get raw data from ftp server.

* Copy and unzip the raw data to indir directory.

* Process Forecast and Hindcast scripts.

5.2 Description of the parameter file ‘BCC.Parameters.Source’

Variable Description
LYEAR Year 1 month ago

LMON Last month

NYEAR Current year

NMON Current month

FMONI1 First month of the forecast period
FYEAR1 First year of the forecast period

5.3 Preprocessing file for the Forecast and Hindcast data

The following script shows the setting of parameters related to the Forecast
period, directories, number of ensembles and variables, etc., in files such as
mknc_bcc_fore.ncl and mknc_bec_hind.ncl. The nomenclature and definitions of

the variables required in the script appear in the following table.
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Variable Description
YEARS Forecast years and Hindcast years
MON First month for forecast range as character
MONTHS Forecast month range
VARS Variable name in the title of the raw data file
READVARS Name of variables used in the nc file
OUTVARS Name of Variables name in the title of the output file
ENSEMS Number of ensembles
NMONT Number of forecast ranges
NVARS Number of variables
NENSEMS Number of ensembles
NTIME Number of forecast months
RAWDIr Location of the raw data directory

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

14 load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_csm.ncl"

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

16 load "/data01/OPER/AFS/CODE/COMMON/NCL/AFS.Definitions"
17 load "/data01/OPER/AFS/CODE/COMMON/NCL/AFS_WriteData.ncl"

23 MONTH_NAMES
(/'FEB"."MAR"."APR" "MAY" "JUN" "JUL"."AUG"."SEP" "OCT","NOV"."DEC","JAN"/)
24 MON = MONTH_NAMES(NMON-1)

26VARS

(/"slp","prec’,"sst","T2m","t850","U850","v200","v850","h200","h500","h850"/)
270UTVARS
(/"slp","prec”,"sst","T2m","t850","U850","v200","V850","z200","2500", 'z850"/)
28

29 ENSEMS = ispan(1,24,1)

30 NVARS = dimsizes(VARS)

31 NENSEMS = dimsizes(ENSEMS)

32 NTIME =6

33

34 RAWDIr = "/data02/OPER/PRE/BCCV2/datain/forecast/"

( continue
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6. Output

The pre-processed Hindcast and Forecast datasets are stored separately in

the following directories:

Hindcast data /data02/OPER/AFS/DATA/MME_IN/HINDCAST/BCC
Forecast data /data02/OPER/AFS/DATA/MME_IN/FORECAST/BCC

% Focal Point: Xiangwen Liu
1. e-mail: xwliu@cma.gov.cn
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Appendix A.3

Pre—Processing of CMCC Model Datasets

(Submitted by Hyun-Ju Lee)

(3) Summary and Purpose of this Document

This document describes the full production line for pre—processing of CMCC Hindcast

and Forecast model datasets.

CMCC Pre—Processing

1. Introduction

The APCC routinely collects 6-month hind/Forecast datasets from 17
operational/research centers. This document describes the procedures to
pre-process the Centro Euro-Mediterraneo sui Cambiamenti Climatici (CMCC)

model datasets.

2. Directory Structure

The CMCC transfers their Forecast and Hindcast datasets to our ftp server

(210.98.49.14) every month. We need to download these datasets to our server
(210.98.49.41).

* The CMCC transfers their Forecast datasets to our ftp server (210.98.49.14)

every month and we download the datasets those datasets to our server

(210.98.49.41).
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- (210.98.49.14) /apccdata01/YYYYSEA/CMCC/
* The downloaded raw datasets are stored in the following directory:

- (210.98.49.41) /data02/OPER/RAW/YYYY/SEA/CMCC_SPS/
YYYY = issued year (e.g., 2014); SEA = issued season (e.g., MAM)

* This scripts for CMCC pre-processing are in the directory.

- (210.98.49.41) /data02/OPER/PRE/CMCC_SPS/
0.PRE_CMCC_SPS.py

- (210.98.49.41) /data02/OPER/PRE/CMCC_SPS/src/:
mknc_cmcc_fore.ncl

mknc_cmcc_hind.ncl
* The CMCC pre-processing files are stored in the following directory :
- (210.98.49.41) /data02/OPER/PRE/CMCC_SPS/datain/
* The pre-processed datasets are present in the following directories.

- (210.98.49.41)
/data02/OPER/AFS/DATA/MME_IN/FORECAST/CMCC/MON/YYYY/
/data02/OPER/AFS/DATA/MME_IN/HINDCAST/CMCC/MON/YYYY/
MON = the start month of the Forecast (e.g., JAN)

3. Model Description

Country ITALY

Institute/Organization antrg Euro—l\/lediterraneo sui Cambiamenti
Climatici (CMCC)

Model designation CMCC-SPSv2

Atmospheric model and Resolution ECHAMB.3/T63, 19 vertical levels

OPA8.2/ ORCA2 grid (2° with refinement at the

Ocean model and Resolution Equator) - 31 vertical levels
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4. Data Description

4.1 Hindcast data

Period

1981 to 2005

Experimental type

Coupled

Ensemble

9

Forecast period (in months)

11 months

Atmospheric initial conditions

Operational analysis ECMVWF

Ocean initial conditions

CIGODAS - CMCC analysis

SST boundary conditions (if tier-2)

Operational analysis ECMVWF

Land surface initial conditions

Operational analysis ECMWF

Sea ice initial condition

Climatological

Variables

Name

Unit

MSLP

hPa

Precipitation

kg/m?sec

SST

Surface (2 m) air temperature

Temperature at 200 hPa

Temperature at 500 hPa

Temperature at 850 hPa

NI AN AN RXNIR

Zonal velocity at 200 hPa

m/s

Zonal velocity at 500 hPa

m/s

Zonal velocity at 850 hPa

m/s

Meridional velocity at 200 hPa

m/s

Meridional velocity at 500 hPa

m/s

Meridional velocity at 850 hPa

m/s

Geopotential height at 200 hPa

m

Geopotential height at 500 hPa

m

Geopotential height at 850 hPa

m

File Name

CMCC_SPS_YYYYST_P_mMM_VAR.nc.gz

= YYYY = Hindcasts year
- ST = month start-date
- MM = Hindcast month
- P = Ensemble member
- VAR = Variable
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Period Issued Year
Experimental type Coupled
Ensemble 9

Forecast period (in months) 11 months

Atmospheric initial conditions

Operational analysis ECMVWF

Ocean initial conditions

CIGODAS - CMCC analysis

SST boundary conditions (if tier-2)

Operational analysis ECMVWF

Land surface initial conditions

Operational analysis ECMWF

Sea ice initial condition

Climatological

Name Unit

MSLP hPa
Precipitation kg/m’sec
SST K
Surface (2 m) air temperature K
Temperature at 200 hPa K
Temperature at 500 hPa K
Temperature at 850 hPa K

Variables Zonal velocity at 200 hPa m/s
Zonal velocity at 500 hPa m/s
Zonal velocity at 850 hPa m/s
Meridional velocity at 200 hPa m/s
Meridional velocity at 500 hPa m/s
Meridional velocity at 850 hPa m/s
Geopotential height at 200 hPa m
Geopotential height at 500 hPa m
Geopotential height at 850 hPa m
CMCC_SPS_YYYMM_P_monthly_VAR.nc.gz
= YYYY = Current year

File Name - MM = Forecast month

- P = Ensemble member
- VAR = Variable
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5. Operational Procedure

To pre-process the CMCC_SPS model, we are required to edit the file
‘test_model_yml’ and to run the program runPRE.py  in the following directory:
(210,98.49.41) /data02/OPER/PRE/. Even though we run the file as runPRE.py,
we can check the pre-processing procedure for the CMCC_SPS model from the
file ‘0.PRE_CMCC_SPS.py’ in the following directory: (210.98.49.41)/data02/
OPER/PRE/CMCC_SPS. Here, we show the procedure to run the file ‘0.PRE_CMCC_
SPS.py’.

> cd /data02/OPER/PRE/CMCC_SPS
> python 0.PRE_CMCC_SPS.py

Moreover, pre-processing of the CMCC model dataset is conducted as follows.

5.1 Description of ‘0.PRE_CMCC_SPS.py

* Define variables and path.

* Write parameters.

* Get raw data from ftp server.

* Copy and unzip the raw data to indir directory.

* Process Forecast and Hindcast scripts.

5.2 Description of the parameter file ‘CMCC.Parameters.Source’

Variable Description
LYEAR Year 1 month ago

LMON Last month

NYEAR Current year

NMON Current month

FMONI1 First month of the forecast period
FYEAR1 First year of the forecast period
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5.3 Preprocessing file for the Forecast, Hindcast data

The following script shows the setting of parameters related to the Forecast
period, directories, number of ensembles and variables, etc., in files such as
mknc_cmcec_fore.ncl and mknc_cmec_hind.ncl. The nomenclature and definitions

of the variables required in the script appear in the following table.

Variable Description
YEARS Forecast and nindcast years
MON First month for forecast range as character
MONTHS Forecast month range
VARS Variable name in the title of the raw data file
READVARS Name of variables used in the nc file
OUTVARS Name of the variable in the title of the output data file
ENSEMS Number of ensembles
NMONT Number of forecast ranges
NVARS Number of variables
NENSEMS Number of ensembles
NTIME Number of forecast months
RAWDIr Location of the raw data directory

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

14 load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_csm.ncl"

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

16 load "/data01/OPER/AFS/CODE/COMMON/NCL/AFS.Definitions"
17 load "/data01/OPER/AFS/CODE/COMMON/NCL/AFS_WriteData.ncl"
18 load "/data02/OPER/PRE/CMCC_SPS/CMCC.Parameters.Source"

23,:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
24 YEARS = (/FYEAR1,FYEAR2,FYEAR3,FYEAR4,FYEARS,FYEARG/)
25 MONTH_NAMES =
(/“FEB","MAR","APR","MAY","JUN","JUL","AUG","SEP","OCT","NOV","DEC","JAN"/)
26

27MON = MONTH_NAMES(NMON-1)

28MONTHS = (/FMON1,FMON2,FMON3,FMON4,FMON5,FMONG6/)
29

30 VARS = (/"mslp","precip","sst","temp2","t200","t500","t850",\

31"u200","u500","U850",\

32'v200","v500","v850",\

33'2200","2500","2850"/)

SAREADVARS = (/"slp" "precip” "sst" "temp2""t" """\
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35"u","u","u"\

36"v","Vv","V"\

37"geopoth”,"geopoth”,"geopoth”/)

380UTVARS = (/"slp","prec","sst","T2m","t200","t500","t850",\

39"u200","u500","U850",\
40"v200","v500","v850",\

41 "7200","z500","z850"/)

42

43ENSEMS = ispan(0, 8, 1)

AANMONT = dimsizes(MONTHS)

45 NVARS = dimsizes(VARS)

46NENSEMS = dimsizes(ENSEMS)

47 NTIME =6

48

49RAWDIr = "/data02/OPER/PRE/CMCC_SPS/datain/forecast/"

50

51 nlat =73

52 nlon =144

53 lat = fspan(-90.0,90.0, 73)

54 lon = fspan( 0.0,357.5,144)

55 lat@units = "degrees_north"

56 lon@units = "degrees_east"

57

58 FillValue = 1e20

( continue )
6. Output

The pre-processed Hindcast and Forecast datasets are stored separately in

the the following directories.

Hindcast data

/data02/OPER/AFS/DATA/MME_IN/HINDCAST/CMCC_SPS

Forecast data

/data02/OPER/AFS/DATA/MME_IN/FORECAST/CMCC_SPS

% Focal Point: Silvio Gualdi
1. e-mail: Silvio.gualdi@cmcc.it




APPENDIX 1

Appendix A.4

Pre—Processing of CWB Model Datasets

(Submitted by Sang Myeong Oh)

(4) Summary and Purpose of this Document

This document describes the full production line for pre—processing of CWB Hindcast

and Forecast model datasets.

CWB Pre-Processing

1. Introduction

The APCC routinely collects 6-month hind/Forecast datasets from 17
operational/research centers. This document describes the procedures to

pre-process the Central Weather Bureau (CWB) model datasets.

2. Directory Structure

The CWB transfers their Forecast and Hindcast datasets to our ftp server
(210.98.49.14) every month. We need to download these datasets to our server
(210.98.49.41).

* The CWB transfers their Forecast datasets to our ftp server (210.98.49.14)

every month and we download those datasets to our server (210.98.49.41).

- (210.98.49.14) /apccdata01/YYYYSEA/CWB/
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* The downloaded raw datasets are stored in the following directory:

- (210.98.49.41) /data02/OPER/RAW/YYYY/SEA/CWB/
YYYY = issued year (e.g., 2014), SEA = issued season (e.g., MAM)

* Scripts for CWB pre-processing are present in the following directories:

- (210.98.49.41) /data02/OPER/PRE/CWB/
0.PRE_CWB.py

- (210.98.49.41) /data02/OPER/PRE/CWB/src/:
mknc_cwb_fore.ncl

mknc_cwb_hind.ncl

* The temporary CWB pre-processing files are stored in the following

directories:
- (210.98.49.41) /data02/OPER/PRE/CWB/datain/
* The pre-processed datasets are present in the following directory.

- (210.98.49.41)
/data02/OPER/AFS/DATA/MME_IN/FORECAST/CWB/MON/YYYY/
/data02/OPER/AFS/DATA/MME_IN/HINDCAST/CWB/MON/YYYY/
MON = the start month of the Forecast (e.g., JAN)

3. Model Description

Country Chinese Taipei
Institute/Organization Central Weather Bureau (CWB)
Model designation CWB

Atmospheric model and Resolution T119 x 40 levels

Ocean model and Resolution N/A
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4. Data Description

4.1 Hindcast data

Period 1982 to 2017

Experimental type Coupled

Ensemble 30

Forecast period (in months) 6 months

Atmospheric initial conditions CFSR & CDAS from NCEP

Ocean initial conditions OPGSST 2.0 from CWB

SST boundary conditions (if tier-2) N/A

Land surface initial conditions NOAA land model (Ek et al., 1984)

Sea ice initial conditions NCEP Climatology

Name Unit

MSLP hPa
Precipitation kg/m?sec
OLR W/m?
SST
Surface air temperature

Variables Temperature at 2m
Temperature at 850 hPa
Zonal velocity at 200 hPa m/s
Zonal velocity at 850 hPa m/s
Meridional velocity at 200 hPa m/s
Meridional velocity at 850 hPa m/s
Geopotential height at 500 hPa m
YYYYMMDD12mon25.grib

. = YYYY = Initial year

File Name M = il month

- DD = Initial day
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4.2 Forecast data

Period Issued Year

Experimental type Coupled

Ensemble 30

Forecast period (in months) 6 months

Atmospheric initial conditions CFSR & CDAS from NCEP

Ocean initial conditions OPGSST 2.0 from CWB

SST boundary conditions (if tier-2) N/A

Land surface initial conditions NOAA land model (Ek et al., 1984)

Sea ice initial conditions NCEP Climatology

Variables Name Unit
MSLP hPa
Precipitation kg/m’sec
OLR W/m?
SST K

Surface air temperature

Temperature at 2m

Temperature at 850 hPa

Zonal velocity at 200 hPa m/s

Zonal velocity at 850 hPa m/s

Meridional velocity at 200 hPa m/s

Meridional velocity at 850 hPa m/s

Geopotential height at 500 hPa m
File Name YYYYMMDD12mon25.grib

= YYYY = Initial year
= MM = Initial month
- DD = Initial day

5. Operational Procedure

To pre-process the CWB model, we are required to edit the file ‘test_ model_yml’
and to run the program TunPRE.py in the following directory: (210.98.49.41)
/data02/OPER/PRE/. Even though we run the file as runPRE.py, we can check
pre-processing procedure for the CWB model from the file ‘0.PRE_CWB.py in



APPENDIX 1

the following directory: (210.98.49.41)/ data02/OPER/ PRE/CWB. Here, we show
the procedure to run the file ‘0.PRE_CWB.py'.

> cd /data02/OPER/PRE/CWB
» python 0.PRE_CWB.py

Moreover, pre-processing of the CWB model dataset is conducted as follows.

5.1 Description of ‘0.PRE_CWB.py

* Define variables and path.

* Write parameters.

* Get raw data from ftp server.

* Copy and unzip the raw data to indir directory.

* Process Forecast and Hindcast scripts.

5.2 Description of the parameter file ‘CWB.Parameters.Source’

Variable Description
LYEAR Year 1 month ago

LMON Last month

NYEAR Current year

NMON Current month

FMONI1 First month of the forecast period
FYEAR1 First year of the forecast period

5.3 Preprocessing file for the Forecast and Hindcast data

The following script shows the setting of parameters related to the Forecast

period, directories, number of ensemble and variables, etc., in files such as
mknc_CWB_fore.ncl and mknc_ CWB_hind.ncl. The nomenclature and definitions

of the variables required in the script appear in the following table.
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Defined Variable Description
YEARS Forecast and hindcast years
MON First month for forecast range as character
MONTHS Forecast month range
VARS Variables name in the title of the raw data file
READVARS Name of variables used in the nc file
OUTVARS Name of the variable in the title of the output data file
ENSEMS Number of ensembles
NMONT Number of forecast range
NVARS Number of variables
NENSEMS Number of ensembles
NTIME Number of forecast months
RAWDIr Location of the raw data directory

7 load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_code. ncI

8 load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_csm.ncl’

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

0 load "/data02/OPER/AFS/CODE/COMMON/NCL/AFS.Definitions"

1 load "/data01/OPER/AFS/CODE/COMMON/NCL/AFS_WriteData_v1.ncl"
2 load "/data02/OPER/PRE/CWB/CWB.Parameters.Source”

18 YEARS = (/FYEAR1,FYEAR2,FYEAR3,FYEAR4,FYEARS,FYEARG/)
19 MONTH NAI\/IES =
(/'FEB"."MAR' "APR’, "I\/IAY" "JUN."JUL"."AUG"."SEP" "OCT"."NOV"."DEC"." JAN"/)
20 SEASON.NAMES =
(/2"FI\/IA","I\/IAI\/I","AI\/IJ","MJJ","JJA","JAS","ASO","SON","OND","NDJ","DJF","JFI\/I"/)
1

22 MON = MONTH_NAMES(NMON-1)

23 SEA = SEASON _NAMES(NMON-1)

%4 MONTHS = (/FMON1,FMON2,FMON3,FMON4,FMON5,FMONG6/)
5

26 ; READVARS =
(/2"VAR_2_G DSO_SFC_10","VAR_7_GDSO0_ISBL_10","VAR_11_GDSO_ISBL_10"\
7

"VAR_33_GDSO0_ISBL_10","VAR_34_GDSO0_ISBL_10","VAR_33_GDS0_ISBL_10",\
"\%ER_SALG DSO_ISBL_10","VAR_61_GDS0_SFC_10","VAR_114_GDSO0_SFC_10",\
"\%XRJ 57_GDSO_HTGL_10","VAR_158_GDS0_SFC_10","VAR_158_GDS0_SFC_10"/)
g? READVARS = (/"PRMSL_GDSO_SFC',"HGT_GDSO_ISBL","TMP_GDS0_ISBL",\

32 U_GRD_GDSO0_ISBL", "V GRD_GDS0_ ISBL" "U_GRD_GDS0 ISBL"\
33 V “GRD_GDSO_ISBL" "A_PCP_GDS0_SFC","NLWRT_GDS0_SFC",\
gé "CAPE_GDSO_ATGL","TKE_GDSO0_SFC","TKE_GDSO0_SFC"/)

36 OUTVARS = (/'slp’,"z500","t850",\

37 "U850","v850","u200",\

38 "v200","prec’,"olr",\
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28 "T2m","ts","sst"/)

41  ENSEMS = ispan(0, 29, 1)

42 NMONT = dimsizes(MONTHS)

43 NVARS = dimsizes(OUTVARS)

44 NENSEMS = dimsizes(ENSEMS)

Zlg NTIME =6

jé RAWDIr = "/data02/OPER/PRE/CWB/datain/forecast/grib/mon/"

49  nlat =73

50 nlon = 144

51 lat = fspan(=90.0,90.0, 73)

52 lon = fspan( 0.0,357.5,144)

53 lat@units = "degrees_north’

54 lon@units = "degrees_east"

b5 FillValue = 1e20

( continue )
6. Output

The preprocessing Hindcast and Forecast datasets are stored separately in

the following directories:

Hindcast data /data02/OPER/AFS/DATA/MME_IN/HINDCAST/CWB
Forecast data /data02/OPER/AFS/DATA/MME_IN/FORECAST/CWB

% Focal Point: Dr. Jyh-Wen Hwu
1. e-mail : jwhwu@rdc.cwb.gov.tw
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Appendix A.5

Pre—Processing of GLOSEA5 Model Datasets

(Submitted by Sang Myeong Oh)

(5) Summary and Purpose of this Document

This document describes the full production line for pre—processing of GLOSEAS

Hindcast and Forecast model datasets.

GLOSEAS Pre—Processing

1. Introduction

The APCC routinely collects 6-month hind/Forecast dataset from 17
operational/research centers. This document describes the procedures to

pre-process the Global seasonal Forecasting system (GLOSEA5) model datasets.

2. Directory Structure

The GPC Seoul (KMA) transfers their Forecast and Hindcast datasets to our
ftp server (210.98.49.14) every month. We need to download these datasets to
our server (210.98.49.41).

* The KMA transfers their Forecast datasets to our ftp server (210.98.49.14)

every month and we download those datasets to our server (210.98.49.41).

- (210.98.49.14) /apccdata01/YYYYSEA/GLOSEAS5/
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* The downloaded raw datasets are stored in the following directory:

- (210.98.49.41) /data02/OPER/RAW/YYYY/SEA/GLOSEA5/
YYYY = issued year (e.g., 2014), SEA = issued season (e.g., MAM)

* Scripts for GLOSEA5 pre-processing are present in the following directories:

- (210.98.49.41) /data02/OPER/PRE/GLOSEA5/
0.PRE_GLOSEA5.py

- (210.98.49.41) /data02/OPER/PRE/GLOSEA5/src/:
mknc_glosea5_fore.ncl
mknc_glosea5_hind.ncl

* The temporary GLOSEA5 pre-processing files are stored in the following

directories:
- (210.98.49.41) /data02/OPER/PRE/GLOSEA5/datain/
* The pre-processed datasets are present in the following directory.

- (210.98.49.41)
/data02/OPER/AFS/DATA/MME_IN/FORECAST/GLOSEA5/MON/YYYY/
/data02/OPER/AFS/DATA/MME_IN/HINDCAST/GLOSEA5/MON/YYYY/
MON = the start month of the Forecast (e.g., JAN)

3. Model Description

Country Rep. of Korea

Institute/Organization GPC Seoul (KMA)

Model designation GloSeabGC2

Atmospheric model and Resolution 0.83lat x 0.56lon x 85 levels

Ocean model and Resolution ORCA Tri—polar grid at 0.25, 75 levels
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4. Data Description

4.1 Hindcast data

Period 1991 to 2010

Experimental type Coupled

Ensemble 12

Forecast period (in months) 6 months

Atmospheric initial conditions KMA Global Analysis (N512L70)

Ocean initial conditions Met Office NEMOVAR

SST boundary conditions (if tier-2) N/A

Land surface initial conditions Land surface Met Office surface exchange scheme

Sea ice initial conditions LosAlamos sea ice model

Variables Name Unit
MSLP hPa
Precipitation kg/m?sec
SST K
Surface air temperature K
Temperature at 2m K
Temperature at 850 hPa K
Zonal velocity at 200 hPa m/s
Zonal velocity at 300 hPa m/s
Zonal velocity at 850 hPa m/s
Meridional velocity at 200 hPa m/s
Meridional velocity at 300 hPa m/s
Meridional velocity at 850 hPa m/s
Geopotential height at 200 hPa m
Geopotential height at 500 hPa m
Geopotential height at 850 hPa m

File Name Seoul_hest VAR_YYYY_MM_YYYYF1_MMF1_YYYYF6
_MMF6_mem.nc
- VAR = Variable
= YYYY = Initial year
= MM = Initial month
= YYYYF1 = 1-month lead forecast year
- MMF1 = 1-month lead forecast month
- YYYYF6 = 6-month lead forecast year
- MMF6 = 6-month lead forecast month
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Period Issued Year
Experimental type Coupled
Ensemble 42

Forecast period (in months) 6 Months

Atmospheric initial conditions

KMA Global Analysis (N512L70)

Ocean initial conditions

Met Office NEMOVAR

SST boundary conditions (if tier-2)

N/A

Land surface initial conditions

Land surface Met Office surface exchange scheme

Sea ice initial conditions

LosAlamos sea ice model

Variables Name Unit
MSLP hPa
Precipitation kg/m’sec
SST K
Surface air temperature K
Temperature at 2m K
Temperature at 850 hPa K
Zonal velocity at 200 hPa m/s
Zonal velocity at 300 hPa m/s
Zonal velocity at 850 hPa m/s
Meridional velocity at 200 hPa m/s
Meridional velocity at 300 hPa m/s
Meridional velocity at 850 hPa m/s
Geopotential height at 200 hPa m
Geopotential height at 500 hPa m
Geopotential height at 850 hPa m

File Name Seoul_fest VAR_YYYY_MM_YYYYf1_MMf1_YYYYT6_

MMf6_mem.nc

- VAR = Variable

= YYYY = Initial year
- MM = Initial month

= YYYYf1 = 1-month lead forecast year
- MMf1 = T-month lead forecast month
= YYYYf6 = 6-month lead forecast year
- MMf6 = 6-month lead forecast month
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5. Operational Procedure

To pre-process the GLOSEA5 model, we are required to edit the file
‘test_model_yml’ and to run the program runPRE.py  in the following directory:
(210.98.49.41) /data02/OPER/PRE/. Even though we run the file as runPRE.py,
we can check pre-processing procedure for the GLOSEA5 model from the file
‘0.PRE_GLOSEA5.py in the following directory: (210.98.49.41)/data02/OPER/
PRE/GLOSEA5. Here, we show the procedure to run the file ‘0.PRE_GLOSEA5.py .

> cd /data02/OPER/PRE/GLOSEA5S
> python 0.PRE_GLOSEAG.py

Moreover, pre-processing of the CWB model dataset is conducted as follows.

5.1 Description of ‘0.PRE_GLOSEAS.py’

* Define variables and path.

* Write parameters.

* Get raw data from ftp server.

* Copy and unzip the raw data to indir directory.

* Process Forecast and Hindcast scripts.

5.2 Description of the parameter file ‘GLOSEAS.Parameters.Source’

Variable Description
LYEAR Year 1 month ago

LMON Last month

NYEAR Current year

NMON Current month

FMON1 First month for forecast period
FYEAR1 First year for forecast period
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5.3 Preprocessing file for the Forecast and Hindcast data

The following script shows the setting of parameters related to the Forecast
period, directories, number of ensemble and variables, etc., in files such as
mknc_GLOSEAS5_fore.ncl and mknc GLOSEA5_hind.ncl. The nomenclature and

definitions of the variables required in the script appear in the following table.

Defined Variable Description
YEARS Forecast and hindcast years
MON First month for forecast range as character
MONTHS Forecast month range
VARS Variables name in the title of the raw data file
READVARS Name of variables used in the nc file
OUTVARS Name of the variable in the title of the output data file
ENSEMS Number of ensembles
NMONT Number of forecast range
NVARS Number of variables
NENSEMS Number of ensembles
NTIME Number of forecast months
RAWDIr Location of the raw data directory

7 load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_code.ncl"

8 load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_csm.ncl"

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

10 load "/data02/OPER/AFS/CODE/COMMON/NCL/AFS.Definitions"

11 load "/data01/OPER/AFS/CODE/COMMON/NCL/AFS_WriteData.ncl"

1% load "/data02/OPER/PRE/GLOSEAL/GLOSEAS. Parameters.Source"

1

14 begin

16 ; 01. SETTING PRAMETERS(EX.YEAR, MONTH, DIRECTORY...)

18 YEARS =
(/FYEAR1,FYEAR2,FYEARS,FYEAR4,FYEARS,FYEARG/)
19  MONTH_NAMES =
(/"FEB","MAR","APR","MAY","JUN","JUL","AUG","SEP","OCT","NOV","DEC","JAN"/)
20 SEASON_NAMES =
(/"FMA","MAM""AMJ","MJJ","JJA","JAS" "ASO","SON","OND","NDJ","DJF","JFM"/)
21

22 MON = MONTH_NAMES(NMON-1)

23 SEA = SEASON_NAMES(NMON-1)

24 MONTHS = (/FMON1,FMON2,FMON3,FMON4,FMON5,FMONG/)
25

26 INVARS = (/"h200","h500","h850"\




174 | APCC 7ISOISAIAE) Tiid

27 "mslp”,"prep”,"t15m" )\
28 "t850","tsfc","u200"\
29 "u300","U850","v200" \
30 V850", "tsfc"/)

31 READVARS =
(/"HGT_P1_L100_GLLO","HGT_P1_L100_GLLO","HGT_P1_L100_GLLO"\

32

"PRES_P1_L1_GLLO","PRATE_P1_L1_GLLO",'TMP_P1_L103_GLLO",\
33

"TMP_P1_L100_GLLO","TMP_P1_L1_GLLO","'UGRD_P1_L100_GLLO"\
34

"UGRD_P1_L100_GLLO","UGRD_P1_L100_GLLO","VGRD_P1_L100_GLLO",\
35 "VGRD_P1_L100_GLLO","TMP_P1_L1_GLLO"/)
36 OUTVARS = (/'z200","z500","z850",\

37 "slp”,"prec”,"T2m" \

38 t850","ts","u200",\

39 "u300","U8s0","v200" \

40 "V850","sst"/)

41

42 ; ENSEMS = ispan(0, 41, 1)

43 NMONT = dimsizes(MONTHS)

44 NVARS = dimsizes(OUTVARS)

45 ; NENSEMS = dimsizes(ENSEMS)

46 NTIME =6

47

48  RAWDIr = "/data02/OPER/PRE/GLOSEA5/datain/forecast/"

49

50 nlat =73

51 nlon = 144

52 lat = fspan(-90.0,90.0, 73)

53 lon = fspan( 0.0,357.5,144)

54 lat@units = "degrees_north"

55  lon@units = "degrees_east"

56  FillValue = 1e20

( continue )
6. Output

The preprocessing Hindcast and Forecast datasets are stored separately in

the following directories:

Hindcast data /data02/OPER/AFS/DATA/MME_IN/HINDCAST/GLOSEAS
Forecast data /data02/OPER/AFS/DATA/MME_IN/FORECAST/GLOSEAS

% Focal Point : Dukjin Won
1. e-mail : graupel@korea.kr
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Appendix A.6

Pre—Processing of HMC Model Datasets

(Submitted by Hyun-Ju Lee)

(6) Summary and Purpose of this Document

This document describes the full production line for pre—processing of HMC Hindcast

and Forecast model datasets.

HMC Pre—Processing

1. Introduction

The APCC routinely collects 6-month hind/Forecast datasets from 17
operational/research centers. This document describes the procedures to

pre-process the Hydrometeorological Centre of Reussia (HMC) model datasets.

2. Directory Structure

The BCC transfers their Forecast and Hindcast datasets to our ftp server
(210.98.49.14) every month. We need to download these datasets to our server
(210.98.49.41).

* The HMC transfers their Forecast datasets to our ftp server (210.98.49.14)

every month and we download those datasets to our server (210.98.49.41).

- (210.98.49.14) /apccdata01/YYYYSEA/HMC/
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* The downloaded raw datasets are stored in the following directory.

- (210.98.49.41) /data02/OPER/RAW/YYYY/SEA/HMC /
YYYY = issued year (e.g., 2014); SEA = issued season (e.g., MAM)

* Scripts for HMC pre-processing are present in the following directories:

- (210.98.49.41) /data02/OPER/PRE/HMC /
0.PRE_HMC_SPS.py

- (210.98.49.41) /data02/OPER/PRE/HMC /src/:
mknc_hmc_fore.ncl

mknc_hmc_hind.ncl
* The temporary HMC pre-processing files are stored in the following directory:
- (210.98.49.41) /data02/OPER/PRE/HMC /datain/
* The pre-processed datasets are present in the following directories.

- (210.98.49.41)
/data02/OPER/AFS/DATA/MME_IN/FORECAST/HMC/MON/YYYY/
/data02/OPER/AFS/DATA/MME_IN/HINDCAST/HMC/MON/YYYY/
MON = the start month of the Forecast (e.g., JAN)

3. Model Description

Country Russia

Institute/Organization Hydrometeorological Centre of Reussia (HMC)
Model designation SL-AV

Atmospheric model and Resolution 1.125/1.40625 degrees lat/lon/28 sigma levels
Ocean model and Resolution
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4. Data Description

4.1 Hindcast data

Period 1985 to 2010
Experimental type -

Ensemble 10

Forecast period (in months) 4 months

Atmospheric initial conditions

Ocean initial conditions

SST boundary conditions (if tier-2)

Land surface initial conditions

Sea ice initial condition

Name Unit
MSLP hPa
Precipitation kg/m?sec
SST K
Surface (2 m) air temperature K
Variables Temperature at 850 hPa K
Zonal velocity at 200 hPa m/s
Zonal velocity at 850 hPa m/s
Meridional velocity at 200 hPa m/s
Meridional velocity at 850 hPa m/s
Geopotential height at 500 hPa m

HMC-APCC-SEAYYYY.zip
File Name - SEA = Forecast season
= YYYY = Current year
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4.2 Forecast data

Period Issued Year

Experimental type

Ensemble 20

Forecast period (in month) 4 months

Atmospheric initial conditions

Ocean initial conditions

SST boundary conditions (if tier- 2)

Land surface initial conditions

Sea ice initial condition

Name Unit

MSLP hPa
Precipitation kg/m?sec
SST K
Surface (2 m) air temperature K

Variables Temperature at 850 hPa K
Zonal velocity at 200 hPa m/s
Zonal velocity at 850 hPa m/s
Meridional velocity at 200 hPa m/s
Meridional velocity at 850 hPa m/s
Geopotential height at 500 hPa m
HMC-APCC-SEAYYYY.zip

File Name — SEA = Forecast season

= YYYY = Current year

5. Operational Procedure

To pre-process the HMC model, we are required to edit the file ‘test_model_yml’

and to run the program TunPRE.py in the following directory: (210,98.49.41)
/data02/OPER/PRE/. Even though we run the file as runPRE.py, we can check
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the pre-processing procedure for the HMC model from the file ‘0.PRE_HMC.py’
in the following directory: (210.98.49.41)/ data02/OPER/PRE/HMC. Here, we show
the procedure to run the file ‘0.PRE_HMC.py’.

> cd /data02/OPER/PRE/HMC
> python 0.PRE_HMC.py

Moreover, pre-processing of the HMC model dataset is conducted as follows.

5.1 Description of ‘0.PRE_HMC.py’

* Define variables and path.

* Write parameters.

* Get raw data from ftp server.

* Copy and unzip the raw data to indir directory.

* Process Forecast and Hindcast scripts.

5.2 Description of the parameter file ‘HMC.Parameters.Source’

Variable Description
LYEAR Year 1 month ago

LMON Last month

NYEAR Current year

NMON Current month

FMONI1 First month of the forecast period
FYEAR1 First year of the forecast period

5.3 Preprocessing file for the Forecast and Hindcast data

The following script shows the setting of parameters related to the Forecast
period, directories, number of ensembles and variables, etc., in files such as
mknc_hmec_fore.ncl and mknc_hmc_hind.ncl. The nomenclature and definitions

of the variables required in the script appear in the following table.
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Variable Description
YEARS Forecast and hindcast years
MON First month for forecast range as character
MONTHS Forecast month range
VARS Variable name in the title of the raw data file
READVARS Name of variables which is used in the nc file
OUTVARS Name of the variable the title of the output data file
ENSEMS Number of ensembles
NMONT Number of forecast ranges
NVARS Number of variables
NENSEMS Number of ensembles
NTIME Number of forecast months
RAWDIr Location of the raw data directory

13 load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_code.ncl”
14load "SNCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_csm.ncl"

16load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/contributed.ncl”

16 load "/data02/OPER/AFS/CODE/COMMON/NCL/AFS.Definitions"
17load "/data01/OPER/AFS/CODE/COMMON/NCL/AFS_WriteData.ncl"
18load "/data02/OPER/PRE/HMC/HMC.Parameters.Source"

23,::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
24MONTH_NAMES
(/"FEB","MAR","APR","MAY","JUN","JUL","AUG","SEP","OCT","NOV","DEC","JAN"/)

25 SEASON_NAMES
(/"FMA","MAM","AMJ","MJJ","JJA","JAS","ASO","SON","OND","NDJ","DJF","JFM"/)

26 MON = MONTH_NAMES(NMON-1)

27 SEA = SEASON_NAMES(NMON-1)

28

29VARS = (/"ICAHT_GDSO_ISBL","PRES_GDSO0_ISBL","TOZONE_GDSO_ISBL",\

30"PVORT_GDSO_ISBL","PTEND_GDSO_ISBL","DIST_GDSO_ISBL","GP_GDSO0_ISBL" \
31"HSTDV_GDS0_ISBL","HGT_GDS0_ISBL","PRMSL_GDSO0_ISBL"/)

32 OUTVARS = (/"prec”,"slp","sst",\

33 t850","T2m","U850","u200",\

34 "V850","v200","z500"/)

35

36 ENSEMS = ispan(1,20,1)

37 NVARS = dimsizes(VARS)

38 NENSEMS = dimsizes(ENSEMS)

39 NTIME =4

40

41RAWDIr = "/data02/OPER/PRE/HMC/datain/forecast/"

( continue
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6. Output

The pre-processed Hindcast and Forecast datasets are stored separately in

the following directories:

Hindcast data /data02/OPER/AFS/DATA/MME_IN/HINDCAST/HMC
Forecast data /data02/OPER/AFS/DATA/MME_IN/FORECAST/HMC

% Focal Point: Dmitry Kiktev
1. e-mail: kiktev@mecom.ru
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Appendix A.7

Pre—Processing of JMA Model Datasets

(Submitted by Sang Myeong Oh)

(7) Summary and Purpose of this Document

This document describes the full production line for pre—processing of JMA Hindcast

and Forecast model datasets.

JMA Pre-Processing

1. Introduction

The APCC routinely collects 6-month hind/Forecast datasets from 17
operational/research centers. This document describes the procedures to

pre-process the Japan Meteorological Agency (JMA) model datasets.

2. Directory Structure

The JMA uploads their Forecast and Hindcast datasets to JMA server
(http://ds.data.jma.go.jp/tcc/tcc/gpv/model/CPS2/3-mon/MGPV/) every month.
We need to download these datasets to our server (210.98.49.41).

* The JMA uploads their Forecast datasets to their server (http://ds.data.
jma.go.jp/tcc/tcc/gpv/model/CPS2/3-mon/MGPV/) every month and we
download those datasets to our server (210.98.49.41).

- http://ds.data.jma.go.jp/tcc/tec/gpv/model/CPS2/3-mon/MGPV/YYYYMM/
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- log in ID : apcn, PW : apcn_bz7ev6

* The downloaded raw datasets are stored in the following directory:

- (210.98.49.41) /data02/OPER/RAW/YYYY/SEA/JMA/
YYYY = issued year (e.g., 2014), SEA = issued season (e.g., MAM)

* Scripts for JMA pre-processing are present in the following directories:

- (210.98.49.41) /data02/OPER/PRE/JMA/

0.PRE_JMA.py

- (210.98.49.41) /data02/OPER/PRE/JMA/src/:

mknc_jma_fore.ncl

mknc_jma_hind.ncl

* The temporary JMA pre-processing files are stored in the following directories:

- (210.98.49.41) /data02/OPER/PRE/JMA/datain/

* The pre-processed datasets are present in the following directory.

- (210.98.49.41)

/data02/OPER/AFS/DATA/MME_IN/FORECAST/JMA/MON/YYYY/
/data02/OPER/AFS/DATA/MME_IN/HINDCAST/JMA/MON/YYYY/
MON = the start month of the Forecast (e.g., JAN)

3. Model Description

Country

Japan

Institute/Organization

Japan Meteorological Agency

Model designation

JVMA/MRI-CPS2

Atmospheric model and Resolution

TL159 x 60 levels

Ocean model and Resolution

1.0 (lon) x 0.3-0.5, (lat) x 52 levels
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4. Data Description

4.1 Hindcast data

Period 1979 to 2014
Experimental type Coupled
Ensemble 10

Forecast period (in months) 6 months
Atmospheric initial conditions JRA-55

Ocean initial conditions

Ocean data assimilation (MOVE/MRI/COM-G2)

SST boundary conditions (if tier-2)

N/A

Land surface initial conditions

JRA-55 land analysis

Sea ice initial conditions

Interactive sea ice model

Variables Name Unit
MSLP hPa
Precipitation kg/m?sec
SST K
Temperature at 2m K
Temperature at 850 hPa K
Zonal velocity at 200 hPa m/s
Zonal velocity at 850 hPa m/s
Meridional velocity at 200 hPa m/s
Meridional velocity at 850 hPa m/s
Geopotential height at 500 hPa m

File Name VAR_mb.YYYYMM
- VAR = Variable

= YYYY = Initial year
- MM = Initial month
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Period Issued Year
Experimental type Coupled
Ensemble 51

Forecast period (in months) 6 Months
Atmospheric initial conditions JRA-55

Ocean initial conditions

Ocean data assimilation (MOVE/MRI/COM-G2)

SST boundary conditions (if tier-2)

N/A

Land surface initial conditions

JRA-B5 land analysis

Sea ice initial conditions

Interactive sea ice model

Variables Name Unit
MSLP hPa
Precipitation kg/m?sec
SST K
Temperature at 2m K
Temperature at 850 hPa K
Zonal velocity at 200 hPa m/s
Zonal velocity at 850 hPa m/s
Meridional velocity at 200 hPa m/s
Meridional velocity at 850 hPa m/s
Geopotential height at 500 hPa m

File Name VAR_mb.YYYYMM
- VAR = Variable

= YYYY = Initial year
- MM = Initial month




1 APCC 7 |20IEAAE 7t

5. Operational Procedure

To pre-process the JMA model, we are required to edit the file ‘test_model_yml’
and to run the program TunPRE.py in the following directory: (210.98.49.41)
/data02/OPER/PRE/. Even though we run the file as runPRE.py, we can check
pre-processing procedure for the JMA model from the file ‘0.PRE_JMA.py in the
following directory: (210.98.49.41)/ data02/OPER/PRE/JMA. Here, we show the
procedure to run the file ‘0.PRE_JMA.py .

> cd /data02/OPER/PRE/JMA
Y python 0.PRE_JMA.py

Moreover, pre-processing of the JMA model dataset is conducted as follows.

5.1 Description of ‘0.PRE_JMA.py

* Define variables and path.

* Write parameters.

* Get raw data from ftp server.

* Copy and unzip the raw data to indir directory.

* Process Forecast and Hindcast scripts.

5.2 Description of the parameter file ‘JMA.Parameters.Source’

Variable Description
LYEAR Year 1 month ago

LMON Last month

NYEAR Current year

NMON Current month

FMON1 First month for forecast period
FYEAR1 First year for forecast period
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5.3 Preprocessing file for the Forecast and Hindcast data

The following script shows the setting of parameters related to the Forecast
period, directories, number of ensemble and variables, etc., in files such as
mknc_JMA_fore.ncl and mknc_JMA_hind.ncl. The nomenclature and definitions

of the variables required in the script appear in the following table.

Defined Variable Description
YEARS Forecast and hindcast years
MON First month for forecast range as character
MONTHS Forecast month range
VARS Variables name in the title of the raw data file
READVARS Name of variables used in the nc file
OUTVARS Name of the variable in the title of the output data file
ENSEMS Number of ensembles
NMONT Number of forecast range
NVARS Number of variables
NENSEMS Number of ensembles
NTIME Number of forecast months
RAWDIr Location of the raw data directory

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

8 load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_csm.ncl"

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

10 load "/data02/OPER/AFS/CODE/COMMON/NCL/AFS.Definitions"

11 load "/dataO1/OPER/AFS/CODE/COMMON/NCL/AFS_WriteData_v1.ncl"
12 load "/data02/OPER/PRE/JMA/JMA.Parameters.Source”

13

14 begin

16 ; 01. SETTING PRAMETERS(EX.YEAR, MONTH, DIRECTORY...)

18 YEARS = (/FYEAR1,FYEAR2,FYEARS,FYEAR4, FYEARD,FYEARG/)
19  MONTHS = (/FMON1,FMON2,FMON3,FMON4,FMONb5,FMONG6/)
20

21 TYEAR = dimsizes(ispan(1980,LYEAR,1))

22

23 MONTH_NAMES =
(/"FEB","MAR","APR","MAY","JUN","JUL","AUG","SEP","OCT","NOV","DEC","JAN"/)
24 SEASON_NAMES =
G EMA™ MAM TAMU" TMIJ" " JUA""JAS"."ASO"."SON" "OND" "NDJ""DJF"." JEM"/)
25
26 MON
27 SEA

= MONTH_NAMES(NMON-1)
= SEASON_NAMES(NMON-1)
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28

29 READVARS =

(/o' "optn”."slp” "sst”."T2m"."t850"."u200","US50","v200","V850" "2500"/)
30 OUTVARS =
('olr","orec’."slp""sst","T2m"."t850" "u200","USE0", v200"."V850","2500"/)
31 CENSTYPE = (/11"13""15 "17""19")

32

33 ENSEMS = ispan(0, 4, 1)

34  NMONT = dimsizes(MONTHS)

35 NVARS = dimsizes(OUTVARS)

36 NENSEMS = dimsizes(ENSEMS)

37 NTIME =6

38

39 RAWDIr = "/data02/OPER/PRE/JMA/datain/forecast/"

40

41 nlat =73

42 nlon = 144

43 lat = fspan(-90.0,90.0, 73)

44 lon = fspan( 0.0,357.5,144)

45  |at@units = "degrees_north"

46 lon@units = "degrees_east"

47  FillValue = 1e20

( continue )
6. Output

The preprocessing Hindcast and Forecast datasets are stored separately in

the following directories:

Hindcast data /data02/OPER/AFS/DATA/MME_IN/HINDCAST/JMA
Forecast data /data02/OPER/AFS/DATA/MME_IN/FORECAST/JMA

% Focal Point : Yasuhiro Matsushita
1. e-mail : y-matsushita@met.kishou.go.jp
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Appendix A.8

Pre—Processing of MGO Model Datasets

(Submitted by Hyun-Ju Lee)

(8) Summary and Purpose of this Document

This document describes the full production line for pre—processing of MGO Hindcast

and Forecast model datasets.

MGO Pre—Processing

1. Introduction

The APCC routinely collects 6-month hind/Forecast datasets from 17
operational/research centers. This document describes the procedures to

pre-process the Voeikov Main Geophysical Observatory (MGO) model datasets.

2. Directory Structure

MGO transfers their Forecast and Hindcast datasets to our ftp server
(210.98.49.14) every month. We need to download these datasets to our server
(210.98.49.41).

* The MGO transfers their Forecast datasets to our ftp server (210.98.49.14)

every month and we download those datasets to our server (210.98.49.41).

- (210.98.49.14) /apccdata01/YYYYSEA/MGO/
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* The downloaded raw datasets are stored in the following directory:

- (210.98.49.41) /data02/OPER/RAW/YYYY/SEA/MGO/
YYYY = issued year (e.g., 2014); SEA = issued season (e.g., MAM)

* Scripts for MGO pre-processing are present in the following directories:

- (210.98.49.41) /data02/OPER/PRE/MGO/
0.PRE_MGO_SPS.py

- (210.98.49.41) /data02/OPER/PRE/MGO/src/:
mknc_mgo_fore.ncl

mknc_mgo_hind.ncl
* The temporary MGO pre-processing files are stored in the following directory:
- (210.98.49.41) /data02/OPER/PRE/MGO /datain/
* The pre-processed datasets are present in the following directories.

- (210.98.49.41)
/data02/OPER/AFS/DATA/MME_IN/FORECAST/MGO/MON/YYYY/
/data02/OPER/AFS/DATA/MME_IN/HINDCAST/MGO/MON/YYYY/
MON = the start month of the Forecast (e.g., JAN)

3. Model Description

Country Russia

Institute/Organization Voeikov Main Geophysical Observatory (MGO)
Model designation MGOAM2

Atmospheric model and Resolution T42, 14 vertical levels

Ocean model and Resolution
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4. Data Description

4.1 Hindcast data

Period 1979 to 2005
Experimental type Coupled
Ensemble 6

Forecast period (in months) 3 months

Atmospheric initial conditions

Ocean initial conditions

SST boundary conditions (if tier-2)

Land surface initial conditions

Sea ice initial condition

Name Unit
MSLP hPa
Precipitation kg/m?sec
SST K
Surface (2 m) air temperature K
Temperature at 200 hPa K
Temperature at 500 hPa K
Temperature at 850 hPa K
Variables Zonal velocity at 200 hPa m/s
Zonal velocity at 500 hPa m/s
Zonal velocity at 850 hPa m/s
Meridional velocity at 200 hPa m/s
Meridional velocity at 500 hPa m/s
Meridional velocity at 850 hPa m/s
Geopotential height at 200 hPa m
Geopotential height at 500 hPa m
Geopotential height at 850 hPa m

MGO_SPS_YYYYST_P_mMM_VAR.nc.gz
= YYYY = Hindcast year

- ST = month start-date

- MM = Hindcast month

- P = Ensemble member

- VAR = Variable

File Name
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4.2 Forecast data

Period Issued Year

Experimental type
Ensemble 10

Forecast period (in months) 3 months

Atmospheric initial conditions

Ocean initial conditions
SST boundary conditions (if tier-2)

Land surface initial conditions

Sea ice initial condition

Variables Name Unit
MSLP hPa
Precipitation kg/m’sec
SST K
Surface (2m) air temperature K
Temperature at 200 hPa K
Temperature at 850 hPa K
Zonal velocity at 200 hPa m/s
Zonal velocity at 850 hPa m/s
Meridional velocity at 200 hPa m/s
Meridional velocity at 850 hPa m/s
Geopotential height at 500 hPa m

File Name P.tar.gz

- P = Ensemble member

5. Operational Procedure

To pre-process the MGO model, we are required to edit the file ‘test_ model yml
and to run the program TunPRE.py in the following directory: (210,98.49.41)
/data02/OPER/PRE/. Even though we run the file as runPRE.py, we can check
the pre-processing procedure for the MGO model from the file ‘0.PRE_MGO.py’
in the following directory: (210.98.49.41)/ data02/OPER/PRE/MGO. Here, we show
the procedure to run the file ‘0.PRE_MGO.py’.
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» cd /data02/OPER/PRE/MGO
Y python 0.PRE_MGO.py

Moreover, pre-processing of the MGO model dataset is conducted as follows.

5.1 Description of ‘0.PRE_MGO.py

* Define variables and path.

* Write parameters.

* Get raw data from ftp server.

* Copy and unzip the raw data to indir directory.

* Process Forecast and Hindcast scripts.

5.2 Description of the parameter file ‘MGO.Parameters.Source’

Variable Description
LYEAR Year 1 month ago

LMON Last month

NYEAR Current year

NMON Current month

FMONI1 First month of the forecast period
FYEAR1 First year of the forecast period

5.3 Preprocessing file for the Forecast and Hindcast data

The following script shows the setting of parameters related to the Forecast

period, directories, number of ensembles and variables, etc., in files such as

mknc_mgo_fore.ncl and mknc_mgo_hind.ncl. The nomenclature and definitions

of the variables required in the script appear in the following table.
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Variable Description
YEARS Forecast and hindcast years
MON First month for forecast range as character
MONTHS Forecast month range
VARS Variable name in the title of the raw data file
READVARS Name of variables used in the nc file
OUTVARS Name of Variables name in the title of the output file
ENSEMS Number of ensembles
NMONT Number of forecast ranges
NVARS Number of variables
NENSEMS Number of ensembles
NTIME Number of forecast months
RAWDIr Location of the raw data directory

13 load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_code.ncl”
14load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_csm.ncl”

16load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/contributed.ncl”

16 load "/data02/OPER/AFS/CODE/COMMON/NCL/AFS.Definitions"
17load "/data01/OPER/AFS/CODE/COMMON/NCL/AFS_WriteData.ncl"
18load "/data02/OPER/PRE/MGO/MGO.Parameters.Source"

24I\/IONTH NAMES = (/'FEB","MAR","APR","MAY","JUN","JUL","AUG","SEP",
"OCT","NOV","DEC","JAN"/)

25 l\/ION = MONTH_NAMES(NMON-1)

26

27 VARS = (/'pr',"psl’,"rlut’,"sst",\

28 ta tas" "ua" "Ua" A\

29 "va',"va","zg /)

30READVARS = (/"PRATE_GDSO_SFC_ave1 m","PRMSL_GDS0_MSL_avelm",

"‘NLWRT_GDSO_NTAT avelm","WTMP_GDS0_SFC_ave1m"\
"TMP_GDSO0_ISBL_aveTlm","TMP_GDSO_HTGL_avelm","U_GRD_GDSO0_ISBL_avelm",
"U_GRD_GDSO0_ISBL_avelm"\"V_GRD_GDSO0_ISBL_avelm",
"V_GRD_GDSO0_ISBL_avelm","HGT_GDSO0_ISBL_ave1m"/)
33 OUTVARS = (/"prec”,"slp","olr","sst",\

"t850","T2m","U850","u200",\

"V850","v200","z500"/)

37 ENSEMS = ispan(1,10,1)

38 NVARS = dimsizes(VARS)

39 NENSEMS = dimsizes(ENSEMS)

40 NTIME =3

41

42RAWDIr = "/data02/OPER/PRE/MGO/datain/forecast/*

( continue
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The pre-processed Hindcast and Forecast datasets are stored separately in

the following directories:

Hindcast data

/data02/OPER/AFS/DATA/MME_IN/HINDCAST/MGO

Forecast data

/data02/OPER/AFS/DATA/MME_IN/FORECAST/MGO

% Focal Point: Vadim Matyugin
1. e-mail: matyugin@main.mgo.rssi.ru
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Appendix A.9

Pre—Processing of MSC Model Datasets

(Submitted by Hyun-Ju Lee)

(9) Summary and Purpose of this Document

This document describes the full production line for pre—processing of MSC Hindcast

and Forecast model datasets.

MSC_CANCM Pre—Processing

1. Introduction

The APCC routinely collects 6-month hind/Forecast datasets from 17
operational/research centers. This document describes the procedures to

pre-process the Meteorological Service of Canada (MSC) model datasets.

2. Directory Structure

The MSC transfers their Forecast and Hindcast datasets to our ftp server
(210.98.49.14) every month. We need to download these datasets to our server
(210.98.49.41).

* The MSC transfers their Forecast datasets to our ftp server (210.98.49.14)

every month and we download those datasets to our server (210.98.49.41).
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- (210.98.49.14) /apccdata01/YYYYSEA/MSC/
* The downloaded raw datasets are stored in the following directory:

- (210.98.49.41) /data02/OPER/RAW/YYYY/SEA/MSC/
YYYY = issued year (e.g., 2014); SEA = issued season (e.g., MAM)

* Scripts for MSC pre-processing are present in the following directories:

- (210.98.49.41) /data02/OPER/PRE/MSC/
0.PRE_MSC.py

- (210.98.49.41) /data02/OPER/PRE/MSC_SPS/src/:
mknc_MSC_fore.ncl
mknc_MSC_hind.ncl

* The temporary MSC pre-processing files are stored in the following directory:
- (210.98.49.41) /data02/OPER/PRE/MSC /datain/

* The pre-processed datasets are present in the following directories.

- (210.98.49.41)
/data02/OPER/AFS/DATA/MME_IN/FORECAST/MSC/MON/YYYY/
/data02/OPER/AFS/DATA/MME_IN/HINDCAST/MSC/MON/YYYY/
MON = the start month of the Forecast (e.g., JAN)

3. Model Description

Country CANADA

Institute/Organization Meteorological Service of Canada (MSC)
Model designation CanCM

Atmospheric model and Resolution T63, 35 vertical levels

Ocean model and Resolution 1.41°x0.94°- 40 vertical levels
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4. Data Description

4.1 Hindcast data

Period 1981 to 2010
Experimental type Coupled
Ensemble 20

Forecast period (in months) 12 months

Atmospheric initial conditions

The CMC Global 50-var analysis is assimilated

Ocean initial conditions

CMC SST and sea-ice analysis at the surface and
NCEP GODAS 3D ocean below the surface

SST boundary conditions (if tier-2)

Land surface initial conditions

There's no direct observation used

Sea ice initial condition

Continuous nudging is used

Variables Name Unit
MSLP hPa
Precipitation kg/m?sec
SST K
Surface (2 m) air temperature K
Temperature at 850 hPa K
Zonal velocity at 200 hPa m/s
Zonal velocity at 850 hPa m/s
Meridional velocity at 200 hPa m/s
Meridional velocity at 850 hPa m/s
Geopotential height at 500 hPa m

File Name YYYYMMDD_cansips_forecast_raw_latlon2.5x2.5_VA

R_YYYY-MM_allmembers.grib2
= YYYY = Current year

- MM = initial month

- VAR = Variable
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4.2 Forecast data

Period Issued Year

Experimental type Coupled

Ensemble 20

Forecast period (in month) 12 months

Atmospheric initial conditions The CMC Global 50-var analysis is assimilated

CMC SST and sea-ice analysis at the surface and

Ocean initial conditions NCEP GODA 3D ocean below the surface

SST boundary conditions (if tier-2)

Land surface initial conditions There's no direct observation used

Sea ice initial condition Continuous nudging is used

Variables Name Unit
MSLP hPa
Precipitation kg/m?sec
SST K
Surface (2 m) air temperature K
Temperature at 200 hPa K
Temperature at 850 hPa K
Zonal velocity at 200 hPa m/s
Zonal velocity at 850 hPa m/s
Meridional velocity at 200 hPa m/s
Meridional velocity at 850 hPa m/s
Geopotential height at 500 hPa m

File Name YYYYMMDD_cansips_hindcast_raw_latlon2.5x2.5_VA

R_YEAR-MM_allmembers.grib2
= YYYY = Current year

- YEAR = Forecast year

- MM = Initial month

- VAR = Variable
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5. Operational Procedure

To pre-process the MSC model, we are required to edit the file ‘test_ model_yml
and to run the program TunPRE.py in the following directory: (210,98.49.41)
/data02/OPER/PRE/. Even though we run the file as runPRE.py, we can check
the pre-processing procedure for the MSC model from the file ‘0.PRE_MSC.py’
in the following directory: (210.98.49.41)/data02/ OPER/PRE/MSC. Here, we show
the procedure to run the file ‘0.PRE_MSC.py .

> cd /data02/OPER/PRE/MSC
Y python 0.PRE_MSC.py

Moreover, pre-processing of the MSC model dataset is conducted as follows.

5.1 The description of ‘0.PRE_MSC.py

* Define variables and path.

* Write parameters.

* Get raw data from ftp server.

* Copy and unzip the raw data to indir directory.

* Process Forecast and Hindcast scripts.

5.2 Description of the parameter file ‘MSC.Parameters.Source’

Variable Description
LYEAR Year 1 month ago

LMON Last month

NYEAR Current year

NMON Current month

FMON1 First month of the forecast period
FYEAR1 First year of the forecast period




APPENDIX 1 | 201

5.3 Preprocessing file for the Forecast and Hindcast data

The following script shows the setting of parameters related to the Forecast
period, directories, number of ensembles and variables, etc., in files such as
mknc_msc_fore.ncl and mknc_msc_hind.ncl. The nomenclature and definitions

of the variables required in the script appear in the following table.

Defined Variable Description
YEARS Forecast years and Hindcast years
MON First month for forecast range as character
MONTHS Forecast month range
VARS Variable name in the title of the raw data file
READVARS Name of variables used in the nc file
OUTVARS Name of Variables name in the title of the output file
ENSEMS Number of ensembles
NMONT Number of forecast ranges
NVARS Number of variables
NENSEMS Number of ensembles
NTIME Number of forecast months
RAWDIr Location of the raw data directory

13 load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_code.ncl”
14load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_csm.ncl”

15 load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/contributed.ncl”
16load "/data02/OPER/AFS/CODE/COMMON/NCL/AFS.Definitions"
17load "/data01/OPER/AFS/CODE/COMMON/NCL/AFS_WriteData.ncl"
18load "/data02/OPER/PRE/MSC/MSC.Parameters.Source"

24 MONTH_NAMES =
(/'FEB","MAR","APR","MAY","JUN","JUL","AUG","SEP","OCT","NOV","DEC","JAN"/)
25MONTH_DAYS = (/31,28,31,30,31,30,31,31,30,31,30,31/)

26 MON = MONTH_NAMES(NMON-1)

27

28VARS =
{/ "PRMSL_MSL_0_","PRATE_SFC_0_","WTMP_SFC_0_","TMP_TGL_2m_","TMP_ISBL_0850_",
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"UGRD_ISBL_0200_","UGRD_ISBL_0850_","VGRD_ISBL_0200_","VGRD_ISBL_0850_",

"HGT_ISBL_0500_"/)

30

31 OUTVARS = (/"slp","prec”,"sst","T2m","t850","u200","U850","v200","V850","z500"/)

32

33 ENSEMS = ispan(1,20,1)

34 NVARS = dimsizes(VARS)

35 NENSEMS= dimsizes(ENSEMS)

36 NTIME =12

37

38RAWDIr = "/data02/OPER/PRE/MSC/datain/forecast/"50

( continue )
6. Output

The pre-processed Hindcast and Forecast datasets are stored separately in
the following directories:

Hindcast data /data02/OPER/AFS/DATA/MME_IN/HINDCAST/MSC
Forecast data /data02/OPER/AFS/DATA/MME_IN/FORECAST/MSC

% Focal Point: Benoit Archambault
1. e-mail: benoit.archambault@ec.gc.ca
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Appendix A.10

Pre—Processing of NASA Model

(Submitted by Hyun-Ju Lee)

(10) Summary and Purpose of this Document

This document describes the full production line for pre—processing of NASA Hindcast

and Forecast model datasets.

NASA Pre—Processing

1. Introduction

The APCC routinely collects 6-month hind/Forecast datasets from 17
operational/research centers. This document describes the procedures to
pre-process the National Aeronautics and Space Administration (NASA) model

datasets.

2. Directory Structure

The NASA transfers their Forecast and Hindcast datasets to their ftp server
(gmaoftp.gsfc.nasa.gov/pub/data/zli/APCN_SEA) on monthly basis. These data sets
are, then, download them to the APCC’s server (210.98.49.41).
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* Download the NASA datasets to the APCC server.

- (210.98.49.41) /data02/OPER/RAW/YYYY/SEA/NASA-GSFC/
YYYY = issued year (e.g., 2014); SEA = issued season (e.g., MAM)

* Script files for NASA data processing are stored in the following directories:

- (210.98.49.41) /data02/OPER/PRE/NASA/
0.PRE_NASA.py

- (210.98.49.41) /data02/OPER/PRE/NASA/src/
mknc_nasa_fore.ncl

cpnc_nasa_hind.ncl
* The temporary NASA pre-processing files are stored in the following directory:
- (210.98.49.41) /data02/OPER/PRE/NASA/datain/
* The pre-processed datasets are present in the following directories.

- (210.98.49.41)
/data02/OPER/AFS/DATA/MME_IN/FORECAST/NASA/MON/YYYY/
/data02/OPER/AFS/DATA/MME_IN/HINDCAST/NASA/MON/YYYY/
MON = the start month of the Forecast (e.g., JAN)

3. Model Description

Country USA

National Aeronautics and Space Administration

Institute/Organization (NASA) Goddard Space Flight Center
Model designation Global Modeling and Assimilation Office (GMAQ)
Atmospheric model and Resolution GEOS-5 AGCM, 288x181, L72

Ocean model and Resolution MOMA4, 720x410,L40
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4. Data Description

4.1 Hindcast data

Period 1981 to 2010
Experimental type Coupled

Ensemble 10

Forecast period (in month) 8 months
Atmospheric initial conditions MERRA reanalysis
Ocean initial conditions GEOS ODAS-2

SST boundary conditions (if tier-2)

From analysis system, but with analysis precipitation

Land surface initial conditions corrected by gauge/satellite product

Sea ice initial condition GEOS ODAS-2

Variables Name Unit
MSLP hPa
Total precipitation rate kg/m?sec
Sea surface temperature K
Surface (2 m) air temperature K
Temperature at 850 hPa K
Zonal velocity at 200 hPa m/s
Zonal velocity at 850 hPa m/s
Meridional velocity at 200 hPa m/s
Meridional velocity at 850 hPa m/s
Geopotential height at 500 hPa m
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4.2 Forecast data

Period Issued Year
Experimental type Coupled
Ensemble "

Forecast period (in month) 8 months
Atmospheric initial conditions MERRA reanalysis
Ocean initial conditions GEOS ODAS-2

SST boundary conditions (if tier-2)

Land surface initial conditions

From analysis system, but with analysis precipitation

corrected by gauge/satellite product

Sea ice initial condition GEOS ODAS-2

Variables Name Unit
MSLP hPa
Total precipitation rate kg/m?sec
Sea surface temperature K
Surface (2 m) air temperature K
Temperature at 850 hPa K
Zonal velocity at 200 hPa m/s
Zonal velocity at 850 hPa m/s
Meridional velocity at 200 hPa m/s
Meridional velocity at 850 hPa m/s
Geopotential height at 500 hPa m
Outgoing Longwave Radiation W/m3

5. Operational Procedure

To pre-process the NASA model, we are required to edit the file ‘test_model_yml’

and to run the program TunPRE.py in the following directory: (210,98.49.41)
/data02/OPER/PRE/. Even though we run the file as runPRE.py, we can check
the pre-processing procedure for the NASA model from the file ‘0.PRE_NASA.py’
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in the following directory: (210.98.49.41)/ data02/OPER/PRE/NASA. Here, we show
the procedure to run the file ‘0.PRE_NASA.py .

> cd /data02/OPER/PRE/NASA
> python 0.PRE_NASA.py

Moreover, pre-processing of the BCC model dataset is conducted as follows.

5.1 Description of ‘0.PRE_NASA.py’

* Define variables and path.

* Write parameters.

* Get raw data from ftp server.

* Copy and unzip the raw data to indir directory.

* Process Forecast and Hindcast scripts.

5.2 The description of the parameter file ‘NASA.Parameters.Source’

Variable Description
LYEAR Year 1 month ago

LMON Last month

NYEAR Current year

NMON Current month

FMON1 First month of the forecast period
FYEAR1 First year of the forecast period

5.3 Preprocessing file for the Forecast and Hindcast data

The following script shows the setting of parameters related to the Forecast

period, directories, number of ensembles and variables, etc., in files such as

mknc_nasa_fore.ncl and mknc_nasa_hind.ncl. The nomenclature and definitions

of the variables required in the script appear in the following table.
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Variable Description
YEARS Forecast years and hindcast years
MON First month for forecast range as character
MONTHS Forecast month range
VARS Variable name in the title of the raw data file
READVARS Name of variables used in the nc file
OUTVARS Name of Variables name in the title of the output file
ENSEMS Number of ensembles
NMONT Number of forecast ranges
NVARS Number of variables
NENSEMS Number of ensembles
NTIME Number of forecast months
RAWDIr Location of the raw data directory

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

14 load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_csm.ncl"

15 load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/contributed.ncl”
16load "/data01/OPER/AFS/CODE/COMMON/NCL/AFS.Definitions"
17load "/data01/OPER/AFS/CODE/COMMON/NCL/AFS_WriteData.ncl"
18 load "/data02/OPER/PRE/NASA /NASA.Parameters.Source”

24 MONTH_NAMES
(/'FEB","MAR","APR","MAY","JUN","JUL","AUG","SEP","OCT","NOV","DEC","JAN"/)
25 MON = MONTH_NAMES(NMON-1)

26

27VARS

(/"precip”,"t850","z500","at","U850","vV850","u200","v200","slp","olr","sst"/)
28

290UTVARS
(/"prec’,"t850","2600","T2m","U850","V850","u200","v200","slp","olr","sst"/)
30

31 ENSEMS = ispan(1,11,1)
32 NVARS = dimsizes(VARS)
33 NENSEMS = dimsizes(ENSEMS)
34 NTIME =8
35
RAWDiIr = "/data02/OPER/PRE/NASA/datain/forecast/"

( continue
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6. OutPut

The pre-processed Hindcast and Forecast datasets are stored separately in

the following directories:

Hindcast data /data02/OPER/AFS/DATA/MME_IN/HINDCAST/NASA
Forecast data /data02/OPER/AFS/DATA/MME_IN/FORECAST/NASA

% Focal Point: Zhao Li
1. e-mail: zhao.e.li@nasa.gov




1 APCC 7 |20IEAAE 7t

Appendix A.11

Pre—Processing of NCEP Model Datasets

(Submitted by Hyun-Ju Lee)

(11) Summary and Purpose of this Document

This document describes the full production line for pre—processing of NCEP Hindcast

and Forecast model datasets.

NCEP Pre—Processing

1. Introduction

The APCC routinely collects 6-month hind/Forecast datasets from 17
operational/research centers. This document describes the procedures to
pre-process the National Centers for Environmental Prediction (NCEP) model

datasets.

2. Directory Structure

The NCEP transfers their Forecast datasets to their ftp server (ftp://ftp. cpc.ncep.
noaa.gov/mingyue/APCC) on monthly basis. We need to download these datasets
to our server (210.98.49.41).
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* The downloaded raw datasets are stored in the following directory:

- (210.98.49.41) /data02/OPER/RAW/YYYY/SEA/NCEP/
YYYY = issued year (e.g., 2014); SEA = issued season (e.g., MAM)

* Scripts for NCEP pre-processing are present in the following directories:

- (210.98.49.41) /data02/OPER/PRE/NCEP/

0.PRE_NCEP.py

- (210.98.49.41) /data02/OPER/PRE/NCEP/src/

mknc_ncep_fore.ncl

cpnc_ncep_hind.ncl

* The temporary NCEP pre-processing files are stored in the following directory:

- (210.98.49.41) /data02/OPER/PRE/NCEP/datain/

* The pre-processed datasets are present in the following directories:

- (210.98.49.41)

/data02/OPER/AFS/DATA/MME_IN/FORECAST/NCEP/MON/YYYY/
/data02/OPER/AFS/DATA/MME_IN/HINDCAST/NCEP/MON/YYYY/
MON = the start month of Forecast (e.g., JAN)

3. Model Description

Country

USA

Institute/Organization

National Centers for Environmental Prediction
(NCEP)

Model designation

CFSv2

Atmospheric model and Resolution

T126, 64 vertical levels

Ocean model and Resolution

GDFL MOM4 global ocean model
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4. Data Description

4.1 Hindcast data

Period 1982 to 2010
Experimental type Coupled

Ensemble 20

Forecast period (in month) 6 months (9 months)

CFS data assimilation system at 00z, 06z, 12z and

Atmospheric initial conditions 182, every 5th day

Ocean initial conditions Forecast with GDFL MOM4 global ocean model

SST boundary conditions (if tier-2) Forecast with GDFL MOM4 global ocean model

Land surface initial conditions -

Sea ice initial condition Forecast with a two—layer sea ice model

Variables Name Unit
MSLP hPa
Precipitation kg/m?sec
SST K
Surface (2 m) air temperature K
Temperature at 200 hPa K
Temperature at 850 hPa K
Zonal velocity at 200 hPa m/s
Zonal velocity at 850 hPa m/s
Meridional velocity at 200 hPa m/s
Meridional velocity at 850 hPa m/s
Geopotential height at 500 hPa m

File Name CMCC_SPS_YYYYST_P_mMM_VAR.nc.gz
= YYYY = Hindcasts year

- ST = month start-date

- MM = Hindcast month

- P = Ensemble member

- VAR = Variable
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Period Issued Year
Experimental type Coupled
Ensemble 20

Forecast period (in months)

6 months (9 months)

Atmospheric initial conditions

CFS data assimilation system at 00z, 06z, 12z and

18z, every bth day

Ocean initial conditions

Forecast with GDFL MOM4 global ocean model

SST boundary conditions (if tier-2)

Forecast with GDFL MOM4 global ocean model

Land surface initial conditions

Sea ice initial condition

Forecast with a two—layer sea ice model

Variables Name Unit
MSLP hPa
Precipitation kg/m?sec
SST K
Surface (2 m) air temperature K
Temperature at 200 hPa K
Temperature at 850 hPa K
Zonal velocity at 200 hPa m/s
Zonal velocity at 500 hPa m/s
Meridional velocity at 200 hPa m/s
Meridional velocity at 500 hPa m/s
Geopotential height at 500 hPa m

File Name

CMCC_SPS_YYYMM_P_monthly_VAR.nc.gz

= YYYY = Current year

- MM = Forecast month
- P = Ensemble member
- VAR = Variable
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5. Operational Procedure

To pre-process the NCEP model, we are required to edit the file ‘test_ model_yml
and to run the program TunPRE.py in the following directory: (210,98.49.41)
/data02/OPER/PRE/. Even though we run the file as runPRE.py, we can check
the pre-processing procedure for the NCEP model from the file ‘0.PRE_NCEP.py’
in the following directory: (210.98.49.41)/ data02/OPER/PRE/NCEP. Here, we show
the procedure to run the file ‘0.PRE_NCEP.py .

> cd /data02/OPER/PRE/NCEP
> python 0.PRE_NCEP.py

Moreover, pre-processing of the NCEP model dataset is conducted as follows.

5.1 The description of ‘0.PRE_NCEP.py’

* Define variables and path.

* Write parameters.

* Get raw data from ftp server.

* Copy and unzip the raw data to indir directory.

* Process Forecast and Hindcast scripts.

5.2 Description of parameter file ‘“NCEP.Parameters.Source’

Variable Description
LYEAR Year 1 month ago

LMON Last month

NYEAR Current year

NMON Current month

FMON1 First month of the forecast period
FYEAR1 First year of the forecast period
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5.3 Preprocessing file for the Forecast and Hindcast data

The following script shows the setting of parameters related to the Forecast
period, directories, number of ensembles and variables, etc., in files such as
mknc_ncep_fore.ncl and mknc_ncep_hind.ncl. The nomenclature and definitions

of the variables required in the script appear in the following table.

Variable Description
YEARS Forecast years and Hindcast years
MON First month for forecast range as character
MONTHS Forecast month range
VARS Variable name in the title of the raw data file
READVARS Name of variables used in the nc file
OUTVARS Name of Variables name in the title of the output file
ENSEMS Number of ensembles
NMONT Number of forecast ranges
NVARS Number of variables
NENSEMS Number of ensembles
NTIME Number of forecast months
RAWDIr Location of the raw data directory

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

14 load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_csm.ncl"

15 load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/contributed.ncl”
16load "/data01/OPER/AFS/CODE/COMMON/NCL/AFS.Definitions"
17load "/data01/OPER/AFS/CODE/COMMON/NCL/AFS_WriteData.ncl"
18load "/data02/OPER/PRE/CMCC_SPS/CMCC.Parameters.Source"

19

20 begin

22 ; 01. SETTING PRAMETERS(EX.YEAR, MONTH, DIRECTORY...)

23 el

24 MONTH_NAMES = (/'FEB","MAR","APR","MAY","JUN","JUL","AUG","SEP",
"OCT","NOV","DEC","JAN"/)

25 SEASON_NAMET = (/"FMA","MAM","AMJ","MJJ","JJA","JAS","ASO","SON",
"OND","NDJ","DJF","JFM"/)

26 SEASON_NAME2 = (/"MJJ","JJA","JAS","ASO","SON","OND","NDJ","DJF",
"JFM","FMA","MAM","AMJ"/)

27 MON = MONTH_NAMES(NMON-1)

28

29 VARS = (/"PRMSL_2_MSL _avelm","PRATE_2_SFC_avelm’,
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"TMP_2_HTGL_ave1m","TMP_2_SFC_avelm",
"ULWRF_2_NTAT_aveTm"\
"TMP_2_ISBL_avelm","HGT_2_ISBL_avelm",
"HGT_2_ISBL_avelm"\
"U_GRD_2_ISBL_ave1lm","U_GRD_2_ISBL_avelm",
"V_GRD_2_ISBL_avelm","V_GRD_2_ISBL_avelm"/)

330UTVARS = (/"slp","prec”,"T2m" "tsfc","olr" \
"t850","z500","z200","U850","u200","v850","v200"/)

35 ENSEMS = ispan(1,20,1)

36 NVARS = dimsizes(VARS)

37 NENSEMS = dimsizes(ENSEMS)

38 NTIME =6

39

40RAWDIr = "/data02/OPER/PRE/NCEP/datain/forecast/"

( continue )
6. Output

The pre-processed Hindcast and Forecast datasets are stored separately in

the following directories:

Hindcast data /data02/OPER/AFS/DATA/MME_IN/HINDCAST/NCEP
Forecast data /data02/OPER/AFS/DATA/MME_IN/FORECAST/NCEP

% Focal Point: Mingyue Chen
1. e-mail: Mingyue.Chen@noaa.gov
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Appendix A.12

Pre—Processing of PNU Model Datasets

(Submitted by Sang Myeong Oh)

(12) Summary and Purpose of this Document

This document describes the full production line for pre—processing of PNU Hindcast

and Forecast model datasets.

PNU Pre-Processing

1. Introduction

The APCC routinely collects 6-month hind/Forecast datasets from 17
operational/research centers. This document describes the procedures to

pre-process the Pusan National University (PNU) model datasets.

2. Directory Structure

The PNU transfers their Forecast and Hindcast datasets to our ftp server
(210.98.49.14) every month. We need to download these datasets to our server
(210.98.49.41).

* The PNU transfers their Forecast datasets to our ftp server (210.98.49.14)

every month and we download those datasets to our server (210.98.49.41).

- (210.98.49.14) /apccdata01/YYYYSEA/PNU/
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* The downloaded raw datasets are stored in the following directory:

- (210.98.49.41) /data02/OPER/RAW/YYYY/SEA/PNU/
YYYY = issued year (e.g., 2014), SEA = issued season (e.g., MAM)

* Scripts for PNU pre-processing are present in the following directories:

- (210.98.49.41) /data02/OPER/PRE/PNU/
0.PRE_PNU.py

- (210.98.49.41) /data02/OPER/PRE/PNU/src/:
mknc_pnu_fore.ncl

mknc_pnu_hind.ncl
* The temporary PNU pre-processing files are stored in the following directories:
- (210.98.49.41) /data02/OPER/PRE/PNU/datain/
* The pre-processed datasets are present in the following directory.

- (210.98.49.41)
/data02/OPER/AFS/DATA/MME_IN/FORECAST/PNU/MON/YYYY/
/data02/OPER/AFS/DATA/MME_IN/HINDCAST/PNU/MON/YYYY/
MON = the start month of the Forecast (e.g., JAN)

3. Model Description

Country Rep. of Korea

Institute/Organization Cl|mate. Prediction Laboratory/Pusan National
University

Model designation PNU CGCM V1.0

Atmospheric model and Resolution T42 x 18 sigma levels

Ocean model and Resolution 2.8125 (lon) x 0.7, 1.4, 2.8 (lat) x 29 sigma levels
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4.1 Hindcast data
Period 1980 to 2015
Experimental type Coupled
Ensemble 5
Forecast period (in months) 6 months

Atmospheric initial conditions

NCEP/NCAR Reanalysis 2

Ocean initial conditions

OISST

SST boundary conditions (if tier-2) N/A

Land surface initial conditions N/A

Sea ice initial conditions N/A

Variables Name Unit
MSLP hPa
Precipitation kg/m?sec
SST K
OLR W/m?
Temperature at 2m K
Temperature at 850 hPa K
Zonal velocity at 200 hPa m/s
Zonal velocity at 850 hPa m/s
Meridional velocity at 200 hPa m/s
Meridional velocity at 850 hPa m/s
Geopotential height at 500 hPa m

File Name CMET_MM_leadLL_1980YYYY_VAR_144x73.0D

- MM = Initial month

- LL = lead time
= YYYY = Initial year
- VAR = Variable

- DD = Initial date
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4.2 Forecast data

Period Issued Year
Experimental type Coupled
Ensemble 5

Forecast period (in months) 6 months

Atmospheric initial conditions

NCEP/NCAR Reanalysis 2

Ocean initial conditions

OISST

SST boundary conditions (if tier-2) N/A

Land surface initial conditions N/A

Sea ice initial conditions N/A

Variables Name Unit
MSLP hPa
Precipitation Kg/m?sec
SST K
OLR W/m?
Temperature at 2m K
Temperature at 850 hPa K
Zonal velocity at 200 hPa m/s
Zonal velocity at 850 hPa m/s
Meridional velocity at 200 hPa m/s
Meridional velocity at 850 hPa m/s
Geopotential height at 200 hPa m
Geopotential height at 500 hPa m
Geopotential height at 850 hPa m

File Name CMET_MM_leadLL_1980YYYY_VAR_144x73.0D

- MM = Initial month

- LL = lead time
= YYYY = Initial year
- VAR = Variable

- DD = Initial date
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5. Operational Procedure

To pre-process the PNU model, we are required to edit the file ‘test_model_yml’
and to run the program TunPRE.py in the following directory: (210.98.49.41)
/data02/OPER/PRE/. Even though we run the file as runPRE.py, we can check
pre-processing procedure for the PNU model from the file ‘0.PRE_PNU.py in
the following directory: (210.98.49.41)/ data02/OPER/PRE/PNU. Here, we show
the procedure to run the file ‘0.PRE_PNU.py .

> cd /data02/OPER/PRE/PNU
> python 0.PRE_PNU.py

Moreover, pre-processing of the PNU model dataset is conducted as follows.

5.1 Description of ‘0.PRE_PNU.py

* Define variables and path.

* Write parameters.

* Get raw data from ftp server.

* Copy and unzip the raw data to indir directory.

* Process Forecast and Hindcast scripts.

5.2 Description of the parameter file ‘PNU.Parameters.Source’

Variable Description
LYEAR Year 1 month ago

LMON Last month

NYEAR Current year

NMON Current month

FMON1 First month for forecast period
FYEAR1 First year for forecast period
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5.3 Preprocessing file for the Forecast and Hindcast data

The following script shows the setting of parameters related to the Forecast

period, directories, number of ensemble and variables, etc., in files such as

mknc_PNU_fore.ncl and mknc_PNU_hind.ncl. The nomenclature and definitions

of the variables required in the script appear in the following table.

Defined Variable Description
YEARS Forecast and hindcast years
MON First month for forecast range as character
MONTHS Forecast month range
VARS Variables name in the title of the raw data file
READVARS Name of variables used in the nc file
OUTVARS Name of the variable in the title of the output data file
ENSEMS Number of ensembles
NMONT Number of forecast range
NVARS Number of variables
NENSEMS Number of ensembles
NTIME Number of forecast months

7 load "$NCARG_ROOQT/lib/ncarg/nclscripts/csm/gsn_code.ncl”

8 load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_csm.ncl’

9 load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/contributed.ncl"

10  load "/data02/OPER/AFS/CODE/COMMON/NCL/AFS.Definitions"

11 load "/data01/OPER/AFS/CODE/COMMON/NCL/AFS_WriteData_v1.ncl"
12 load "/data02/OPER/PRE/PNU/PNU.Parameters.Source"

18 , YEARS = (/FYEAR1,FYEAR2,FYEARS,FYEAR4, FYEARD,FYEARG/)
19  MONTHS = (/FMON1,FMON2,FMON3,FMON4,FMON5,FMONG/)
20

21 TYEAR = dimsizes(ispan(1980,LYEAR,1))

22

23 MONTH_NAMES =
(/'FEB","MAR","APR","MAY","JUN","JUL","AUG","SEP","OCT","NOV","DEC","JAN"/)
24 SEASON_NAMES =
(/"FMA","MAM","AMJ","MJJ","JJA""JAS","ASO","SON","OND","NDJ","DJF","JFM"/)
25

26 MON = MONTH_NAMES(NMON-1)
27 SEA = SEASON_NAMES(NMON-1)
28

29 READVARS =
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(/"olr" "pptn” "slp"."sst""T2m" "t850"."u200" "US50"."v200","V850","2500"/)
30 OUTVARS =

(" olr" "prec”."slp" "sst’."T2m" "t850","u200"."US50""v200","V850" "2500")
31 "ENSTYPE = (/'11""13""15'"17"."19"))

32

33 ENSEMS = ispan(0, 4, 1)

34  NMONT = dimsizes(MONTHS)

35 NVARS = dimsizes(OUTVARS)

36 NENSEMS = dimsizes(ENSEMS)

37 NTIME =6

38

39 RAWDIr = "/data02/OPER/PRE/PNU/datain/forecast/"

40

41 nlat =73

42 nlon = 144

43 lat = fspan(-90.0,90.0, 73)

44 lon = fspan( 0.0,357.5,144)

45 lat@units = "degrees_north"

46 lon@units = "degrees_east"

47  FillValue = 1e20

( continue )
6. Output

The preprocessing Hindcast and Forecast datasets are stored separately in

the following directories:

Hindcast data /data02/OPER/AFS/DATA/MME_IN/HINDCAST/PNU

Forecast data /data02/OPER/AFS/DATA/MME_IN/FORECAST/PNU

% Focal Point : Joong-Bae Ahn, Bayasglan Gerelchulunn
1. e-mail : jbahn@pusan.ac.kr, bayasaa@pusan.ac.kr
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Appendix A.13

Pre—Processing of POAMA Model Datasets

(Submitted by Sang Myeong Oh)

(13) Summary and Purpose of this Document

This document describes the full production line for pre—processing of POAMA

Hindcast and Forecast model datasets.

POAMA Pre—Processing

1. Introduction

The APCC routinely collects 6-month hind/Forecast datasets from 17
operational/research centers. This document describes the procedures to
pre-process the Predictive Ocean Atmosphere Model for Australia (POAMA) model

datasets.

2. Directory Structure

The Bureau of Meteorology (BOM) uploads their Forecast and Hindcast datasets
to BOM ftp server (ftp.bom.gov.au) every month. We need to download these datasets
to our server (210.98.49.41).

* The BOM uploads their Forecast datasets to their ftp server (ftp.bom.gov.au)

every month and we download the datasets in our server (210.98.49.41).

- ftp.bom.gov.au
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- log in ID : anonymous, PW : osm1006@apcc21.org

* The downloaded raw datasets are stored in the following directory:

- (210.98.49.41) /data02/OPER/RAW/YYYY/SEA/POAMA/
YYYY = issued year (e.g., 2014), SEA = issued season (e.g., MAM)

* Scripts for POAMA pre-processing are present in the following directories:

- (210.98.49.41) /data02/OPER/PRE/POAMA/

0.PRE_POAMA.py

- (210.98.49.41) /data02/OPER/PRE/POAMA/src/:

mknc_poama_fore.ncl

mknc_poama_hind.ncl

* The temporary POAMA pre-processing files are stored in the following

directories:

- (210.98.49.41) /data02/OPER/PRE/POAMA/datain/

* The pre-processed datasets are present in the following directory.

- (210.98.49.41)

/data02/OPER/AFS/DATA/MME_IN/FORECAST/POAMA/MON/YYYY/
/data02/OPER/AFS/DATA/MME_IN/HINDCAST/POAMA/MON/YYYY/
MON = the start month of the Forecast (e.g., JAN)

3. Model Description

Country

Australia

Institute/Organization

Bureau of Meteorology

Model designation

POAMA-M24

Atmospheric model and Resolution

T47 x 17 levels

Ocean model and Resolution

2 (lon) x 0.5~1.5 (lat), 25 levels
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4. Data Description

4.1 Hindcast data

Period 1983 to 2011
Experimental type Coupled
Ensemble 33

Forecast Period (in months) 6 months

Atmospheric initial conditions

BAM (BMRC atmospheric model v3)

Ocean initial conditions

ACOM2 (Australian Community Ocean Model v2)

SST boundary conditions (if tier-2)

N/A

Land surface initial conditions N/A

Sea ice initial conditions N/A

Variables Name Unit
MSLP hPa
Precipitation kg/m?sec
SST K
Surface air temperature K
Temperature at 2m K
OLR W/m?
Temperature at 850 hPa K
Zonal velocity at 200 hPa m/s
Zonal velocity at 850 hPa m/s
Meridional velocity at 200 hPa m/s
Meridional velocity at 850 hPa m/s
Geopotential height at 500 hPa m

File Name POAMAZ2.4_m24TY1_eTY2_YYYYMMDD_YYYY{6_M

Mf6_VAR..nc

- TY1 = ensemble type (a—c)

- TY2 = ensemble type (00-10)

= YYYY = Initial year

- MM = Initial month

- DD = Initial day

- YYYYf6 = 6-month lead forecast year
- MMf6 = 6-month lead forecast month
- VAR = Variable name
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4.2 Forecast data

Period Issued Year

Experimental type Coupled

Ensemble 33

Forecast Period (in months) 6 months

Atmospheric initial conditions BAM (BMRC atmospheric model v3)

Ocean initial conditions ACOM2 (Australian Community Ocean Model v2)

SST boundary conditions (if tier-2) N/A

Land surface initial conditions N/A

Sea ice initial conditions N/A

Variables Name Unit
MSLP hPa
Precipitation kg/m?sec
SST K
Surface air temperature K
Temperature at 2m K
OLR W/m?
Temperature at 850 hPa K
Zonal velocity at 200 hPa m/s
Zonal velocity at 850 hPa m/s
Meridional velocity at 200 hPa m/s
Meridional velocity at 850 hPa m/s
Geopotential height at 500 hPa m

File Name POAMA2.4_m24TY1_eTY2_YYYYMMDD_YYYY{6_M
Mf6_VAR..nc
- TY1 = ensemble type (a—c)
- TY2 = ensemble type (00-10)
= YYYY = Initial year
= MM = Initial month
- DD = Initial day
= YYYYf6 = 6-month lead forecast year
- MMf6 = 6-month lead forecast month
- VAR = Variable name
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5. Operational Procedure

To pre-process POAMA model, we are required to edit the file ‘test_model_
yml and to run the program ‘runPRE.py in the following directory:
(210.98.49.41)/data02/OPER/PRE/. Even though we run the file as runPRE.py, we
can check pre-processing procedure for the POAMA model from the file
‘0.PRE_POAMA.py in the following directory: (210.98.49.41)/data02/OPER/
PRE/POAMA. Here, we show the procedure to run the file ‘0.PRE_POAMA.py .

> cd /data02/OPER/PRE/POAMA
> python 0.PRE_POAMA.py

Moreover, pre-processing of the POAMA model dataset is conducted as follows.

5.1 Description of ‘0.PRE_POAMA.py

* Define variables and path.

* Write parameters.

* Get raw data from ftp server.

* Copy and unzip the raw data to indir directory.

* Process Forecast and Hindcast scripts.

5.2 Description of the parameter file ‘POAMA.Parameters.Source’

Variable Description
LYEAR Year 1 month ago

LMON Last month

NYEAR Current year

NMON Current month

FMON1 First month for forecast period
FYEAR1 First year for forecast period
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5.3 Preprocessing file for the Forecast and Hindcast data

The following script shows the setting of parameters related to the Forecast
period, directories, number of ensemble and variables, etc., in files such as
mknc_ POAMA_fore.ncl and mknc POAMA_hind.ncl. The nomenclature and

definitions of the variables required in the script appear in the following table.

Defined Variable Description
YEARS Forecast and hindcast years
MON First month for forecast range as character
MONTHS Forecast month range
VARS Variables name in the title of the raw data file
READVARS Name of variables used in the nc file
OUTVARS Name of the variable in the title of the output data file
ENSEMS Number of ensembles
NMONT Number of forecast range
NVARS Number of variables
NENSEMS Number of ensembles
NTIME Number of forecast months
RAWDIr Location of the raw data directory

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

8 load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_csm.ncl"

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

10 load "/data02/OPER/AFS/CODE/COMMON/NCL/AFS.Definitions"

11 load "/dataO1/OPER/AFS/CODE/COMMON/NCL/AFS_WriteData_v1.ncl"
12 load "/data02/OPER/PRE/POAMA/POAMA.Parameters.Source”

13

14 begin

15 j==============================================================
16 ; 01. SETTING PRAMETERS(EX.YEAR, MONTH, DIRECTORY...)

17 ,=====================s=s=ssssssSsssSsssssSsssssssssssssssssss=sss
18  YEARS = (/FYEAR1,FYEAR2,FYEARS,FYEAR4,FYEARS,FYEARG/)

19  MONTHS = (/FMON1,FMON2,FMON3,FMON4,FMON5,FMONG/)

20

21 MONTH_NAMES =
(/"FEB","MAR","APR","MAY","JUN","JUL","AUG","SEP","OCT","NOV","DEC","JAN"/)
22 SEASON_NAMES =
(/"FMA","MAM","AMJ","MJJ""JJA","JAS","ASO","SON","OND","NDJ","DJF","JFM"/)
23

24 MON = MONTH_NAMES(NMON-1)
25 SEA = SEASON_NAMES(NMON-1)
26

27  ENSTYPE1 =
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(/"e00","e01","e02","e03","e04","e05","e06","e07","08","e09","¢10"/)

28 ENSTYPE2 = (/"'m24a","m24b","m24c"/)

29

30 INVARS = (/"olr","prep”,"'mslp” \

31 "sst","T2m","t850")\

32 "u200","U850","v200" \

33 "V850"."g500" "tsur' /)

34 READVARS = (/"netlw_toa_rad","hr24_prcp","msip"\

35 "sst","sfc_temp","air_temp",\

36 "zonal_wnd","zonal_wnd","merid_wnd")\

37 "merid_wnd","geop_ht","sfc_temp"/)

38 OUTVARS = (/"olr","prec","slp" \

39 "sst”,"T2m","t850")\

40 "u200","U8sk0","v200" \

41 "V850","z500","ts"/)

42

43  ENSEMS = ispan(0, 32, 1)

44 NMONT = dimsizes(MONTHS)

45  NVARS = dimsizes(OUTVARS)

46 NENSEMS = dimsizes(ENSEMS)

47  NTIME =6

48

49  RAWDIr = "/data02/OPER/PRE/POAMA/datain/forecast/"

50

51 nlat =73

52  nlon = 144

53  lat = fspan(-90.0,90.0, 73)

54 lon = fspan( 0.0,357.5,144)

55  lat@units = "degrees_north"

56  lon@units = "degrees_east"

57  FillValue = 1e20

( continue )
6. Output

The preprocessing Hindcast and Forecast datasets are stored separately in

the following directories:

Hindcast data /data02/OPER/AFS/DATA/MME_IN/HINDCAST/POAMA
Forecast data /data02/OPER/AFS/DATA/MME_IN/FORECAST/POAMA

% Focal Point : Aihong Zhong, Lixin Qi
1. e-mail : a.zhong@bom.gov.au, L.Qi@bom.gov.au
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Appendix A.14

Pre—Processing of UKMO Model Datasets

(Submitted by Sang Myeong Oh)

(14) Summary and Purpose of this Document

This document describes the full production line for pre—processing of UKMO Hindcast

and Forecast model datasets.

UKMO Pre—Processing

1. Introduction

The APCC routinely collects 6-month hind/Forecast datasets from 17
operational/research centers. This document describes the procedures to
pre-process the UK Met Office (UKMO) model datasets.

2. Directory Structure

The UKMO uploads their Forecast and Hindcast datasets to UKMO ftp server
(ftp.metoffice.gov.uk) every month. We need to download these datasets to our
server (210.98.49.41).

* The UKMO uploads their Forecast datasets to their ftp server (ftp.

metoffice.gov.uk) every month and we download the datasets in our server

(210.98.49.41).
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- ftp.metoffice.gov.uk
- log in ID : ext_climprod_pjm, PW : viza9ezy
* The downloaded raw datasets are stored in the following directory:

- (210.98.49.41) /data02/OPER/RAW/YYYY/SEA/UKMO/
YYYY = issued year (e.g., 2014), SEA = issued season (e.g., MAM)

* Scripts for UKMO pre-processing are present in the following directories:

- (210.98.49.41) /data02/OPER/PRE/UKMO/
0.PRE_UKMO.py

- (210.98.49.41) /data02/OPER/PRE/UKMO/src/:
mknc_ukmo_fore.ncl
mknc_ukmo_hind.ncl

* The temporary UKMO pre-processing files are stored in the following

directories:
- (210.98.49.41) /data02/OPER/PRE/UKMO/datain/
* The pre-processed datasets are present in the following directory.

- (210.98.49.41)
/data02/OPER/AFS/DATA/MME_IN/FORECAST/UKMO/MON/YYYY/
/data02/OPER/AFS/DATA/MME_IN/HINDCAST/UKMO/MON/YYYY/
MON = the start month of the Forecast (e.g., JAN)

3. Model Description

Country UK

Institute/Organization Met Office

Model designation GloSeab

Atmospheric model and Resolution 1.875 x 1.25 x 85 levels
Ocean model and Resolution 1 x 1 deg., 75 levels

4. Data Description
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4.1 Hindcast data

Period 1993 to 2015

Experimental type Coupled

Ensemble 12

Forecast Period (in months) 5 months

Atmospheric initial conditions NWP analysis from Met Office operational forecast AGCM

Ocean initial conditions Operational OGCM at Met Office

SST boundary conditions (if tier-2) | N/A

Land surface initial conditions NWP analysis from Met Office operational forecast AGCM

Sea ice initial conditions Sea ice data assimilation as part of the ocean data
assimilation scheme as described above

Variables Name Unit
MSLP hPa
Precipitation kg/m?%sec
SST K
Surface air temperature K
Temperature at 2m K
Temperature at 200 hPa K
Temperature at 300 hPa K
Temperature at 850 hPa K
Zonal velocity at 200 hPa m/s
Zonal velocity at 500 hPa m/s
Zonal velocity at 850 hPa m/s
Zonal velocity at 925 hPa m/s
Meridional velocity at 200 hPa m/s
Meridional velocity at 500 hPa m/s
Meridional velocity at 850 hPa m/s
Meridional velocity at 925 hPa m/s
Geopotential height at 200 hPa m
Geopotential height at 500 hPa m

File Name exeter_YYYY_MMO1_YYYYf1_MMfB01_YYYYT5_MMfE01_r
unENS.nc
= YYYY = Initial year
= MM = Initial month
= YYYYf1 = 1-month lead forecast year
- MMf1 = 1-month lead forecast month
= YYYYf5 = b-month lead forecast year
- MMf5 = 5-month lead forecast month
- ENS = ensemble number
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4.2 Forecast data

Period Issued Year

Experimental type Coupled

Ensemble 42

Forecast Period (in months) 5 months

Atmospheric initial conditions ERA-interim dataset

Ocean initial conditions Operational OGCM at Met Office

SST boundary conditions (if tier-2) N/A

Land surface initial conditions ERA-interim dataset

Sea ice initial conditions Sea ice data assimilation as part of the ocean data
assimilation scheme as described above

Variables Name Unit
MSLP hPa
Precipitation kg/m?sec
SST K
Surface air temperature K
Temperature at 2m K
Temperature at 200 hPa K
Temperature at 300 hPa K
Temperature at 850 hPa K
Zonal velocity at 200 hPa m/s
Zonal velocity at 500 hPa m/s
Zonal velocity at 850 hPa m/s
Zonal velocity at 925 hPa m/s
Meridional velocity at 200 hPa m/s
Meridional velocity at 500 hPa m/s
Meridional velocity at 850 hPa m/s
Meridional velocity at 925 hPa m/s
Geopotential height at 200 hPa m
Geopotential height at 500 hPa m

File Name exeter YYYY_MMO1_YYYYf1_MMf501_YYYYf5_MMf

601_runENS.nc

= YYYY = Initial year

= MM = Initial month

= YYYYf1 = 1-month lead forecast year
- MMf1 = 1-month lead forecast month
= YYYYf5 = 5b-month lead forecast year
- MMf5 = B-month lead forecast month
- ENS = ensemble number
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5. Operational Procedure

To pre-process UKMO model, we are required to edit the file ‘test_model
_yml’ and to run the program ‘TunPRE.py in the following directory:
(210.98.49.41)/data02/OPER/PRE/. Even though we run the file as runPRE.py, we
can check pre-processing procedure for the UKMO model from the file
‘0.PRE_UKMO.py in the following directory: (210.98.49.41)/data02/OPER/
PRE/UKMO. Here, we show the procedure to run the file ‘0.PRE_UKMO.py .

> cd /data02/OPER/PRE/UKMO
> python 0.PRE_UKMO.py

Moreover, pre-processing of the UKMO model dataset is conducted as follows.

5.1 Description of ‘0.PRE_UKMO.py’

* Define variables and path.

* Write parameters.

* Get raw data from ftp server.

* Copy and unzip the raw data to indir directory.

* Process Forecast and Hindcast scripts.

5.2 Description of the parameter file ‘UKMO.Parameters.Source’

Variable Description
LYEAR Year 1 month ago

LMON Last month

NYEAR Current year

NMON Current month

FMON1 First month for forecast period
FYEAR1 First year for forecast period
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5.3 Preprocessing file for the Forecast and Hindcast data

The following script shows the setting of parameters related to the Forecast

period, directories, number of ensemble and variables, etc., in files such as

mknc_ UKMO_fore.ncl and mknc UKMO_hind.ncl.

The nomenclature and

definitions of the variables required in the script appear in the following table.

Defined Variable Description
YEARS Forecast and hindcast years
MON First month for forecast range as character
MONTHS Forecast month range
VARS Variables name in the title of the raw data file
READVARS Name of variables used in the nc file
OUTVARS Name of the variable in the title of the output data file
ENSEMS Number of ensembles
NMONT Number of forecast range
NVARS Number of variables
NENSEMS Number of ensembles
NTIME Number of forecast months
RAWDIr Location of the raw data directory

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

8 load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_csm.ncl"

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

10 load "/data02/OPER/AFS/CODE/COMMON/NCL/AFS.Definitions"

11 load "/dataO1/OPER/AFS/CODE/COMMON/NCL/AFS_WriteData_v1.ncl"
12 load "/data02/OPER/PRE/UKMO/UKMO.Parameters.Source"

13
14 begin

1 5 Jm===========

16 ; 01. SETTING PRAMETERS(EX.YEAR, MONTH, DIRECTORY...)

18  YEARS = (/FYEAR1,FYEAR2,FYEAR3,FYEAR4,FYEARS/)

19  MONTH_NAMES =
(/'"FEB","MAR","APR","MAY","JUN","JUL","AUG","SEP","OCT","NOV","DEC","JAN"/)
20  SEASON_NAMES =
(/"FMA","MAM","AMJ","MJJ","JJA""JAS","ASO","SON","OND","NDJ","DJF","JFM"/)
21

22  MON = MONTH_NAMES(NMON-1)

23 SEA = SEASON_NAMES(NMON-1)

24 MONTHS = (/FMON1,FMON2,FMON3,FMON4,FMON5/)

25

26 READVARS = (/"air_pressure_at_sea_level',"air_temperature","air_temperature_0",\
27 "air_temperature_0","air_temperature_0","geopotential_height",\
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28 "geopotential_height","precipitation_flux","surface_temperature”,\

29 "surface_temperature”,"x_wind","x_wind_0",\

30 "x_wind_0","x_wind_0","y_wind",\

31 "y_wind_0""y_wind_0","y_wind_0"/)

32 OUTVARS = (/"slp","T2m","t200"\

33 "t300","t850","z200",\

34 "z500","prec”,"ts",\

35 "sst”,"u925","u200" \

36 "ub00","U8b0","v925" \

37 "v200","v500","V850"/)

38

39 ENSEMS = ispan(0, 41, 1)

40  NMONT = dimsizes(MONTHS)

41  NVARS = dimsizes(OUTVARS)

42  NENSEMS = dimsizes(ENSEMS)

43  NTIME =5

44

45  RAWDIr = "/data02/OPER/PRE/UKMOQO/datain/forecast/"

46

47  nlat =73

48 nlon = 144

49 lat = fspan(-90.0,90.0, 73)

50 lon = fspan( 0.0,357.5,144)

51  lat@units = "degrees_north"

52 lon@units = "degrees_east"

b3  FillValue = 1e20

( continue )
6. Output

The preprocessing Hindcast and Forecast datasets are stored separately in

the following directories:

Hindcast data /data02/OPER/AFS/DATA/MME_IN/HINDCAST/UKMO
Forecast data /data02/OPER/AFS/DATA/MME_IN/FORECAST/UKMO

% Focal Point : Peter McLean
1. e-mail : peter.mclean@metoffice.gov.uk
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APPENDIX 2

Supplementary Figures and Tables of Chapter 4. Developing guidelines
to improve understanding of MME information and more accurate
climate prediction in the Korean Peninsula

TCC (NNR2 vs SCM), t2m

Figure A2.1. Skill performance of four seasons of the APCC DMME hindcast near-surface temperature
prediction (1983-2005) verified by the TCC.

TCC (NNR2 vs SCM), prec

Figure A2.2. Skill performance of four seasons of the APCC DMME hindcast precipitation prediction
(1983-2005) verified by the TCC.
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Figure A2.3. First column: spatial pattern of 500 hPa heights (z500) and 850 hPa meridional winds
(V850) for the target year/month derived from the APCC DMME near the Korean
Peninsula; second column: box-whisker diagram of observed precipitation in the years
that have similar z500 and V850 patterns compared to the target year/month; third
column: probability distribution parameterized by the mean and variance of individual
models and of their average: fourth column: resultant tercile probability of precipitation
in the Korean Peninsula for the target year/season. [Example extracted from October

2017]
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Figure A2.4. Tercile probability forecasts of precipitation in the Korean Peninsula from the APCC PMME
(first column), CLIMT_K-z500 (second column), and CLIMT_K-V850 (third column); and
the empirical information combining the performances of individual models and their
relation with ENSO and cryosphere signals (fourth column) [Example extracted from
October 2017]
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Figure A2.5. Regressed temperature anomalies extracted from reanalysis and MME hindcast data onto
6 climate indices. Correlation coefficients appear at the top left of the maps. The time
series of the Pattern Correlation Coefficient between regression patterns of reanalysis and
MME hindcast data over East Asia is represented at the bottom of each index, where
the red colored bars indicate correlation coefficients that are significant at the 95%
confidence level.
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Figure A2.6. Similar to Figure A2.5, but for precipitation anomalies. Backgrounds of regression maps
whose correlation coefficients between climate index and precipitation over Korea from
reanalysis/MME hindcast data are simultaneously significant at the 95% confidence level
appear with a yellow background.
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