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(] EUPORIAS (EUropean Provision Of Regional Impact Assessment on a Seasonal to decadal timescale)
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(] SECLI-FIRM (The Added Value of Seasonal Climate Forecasts for Integrated Risk Management)
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UK long range weather forecast

Friday 13 Aug - Sunday 22 Aug -~

A unsettled start to the period bringing heawvy thundery showers across the
north and northwestermn areas while remaining largely dry elsewvwhere with sunmy
spells. By the weekend there is an increasing likelihood of thicker cloud bringing
further rain and stronger vwinds to northwestern areas, with drier and brighter
conditions across the southeast. Beyond this it is likely to remain changeable;
confidence is loww in terms of detail, but Most places will likely see showers or
longer rain spells, interspersed with some drier, more settled periods, these
likely becoming more comumon toward the end of this period. Strong winds are
possible at times, especially in the northwest., Temperatures likely to be around
awverage, perhaps vwarm in the east and southeast.

Updated: 1L5:00 (UTC+1) on Sun 8 Aug 2021

Monday 23 Aug - Monday 6 Sep -~

Adlthough confidence is very lowvw through this period, a general trend towards
more settled conditions is likely. Somewhat unsettled and changeable
conditions are mMmost likely to remain in place at the start of the period, with
these looking to give way to more settled, drier conditions by the end.
Temperatures are likely to be abowve average, with the potential for hotter
weather later in the month.

Updated: 1L6:00 (UTC+1) on Sun 8 Aug 2021
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[ 3-10] EUPORIAS "<

Scope of
EUPORIAS

Type of
Information A

Results depend on
Resultsdependon  the evolution of

Results the initial anthropogenic forcing

depending on the conditions of slow = and other factors

initial conditions processand long-
Scenarios term changes Climate

change
Probabilistic projections
al
Outlook Probabilistic it
weather IPCC
forecast WO GPC
s: e.g.
Forecast Heather ECMWF, ECMWF, Met Office,
National Met Meteo France,...
GFS, UM, Services
HIRLAM
HARMONIE, ... N
Minutes Hours  Day Week Month Season Years Decades
Time scale

A}Z: Buontempo(2015)

EUPORIASE olsl3Ab4 2 S|Abagatel Sae) 7ukd dle] AFFAR 745 of
d, 27 ZeAEe A4 BARE B olslgARe Hel', F1FEIFol tE o
A, BHAY U W7k D 2%, AR AT LI (rototype) A =
Hof gtk olej@ ATFA FAY Fo ARBZA AFAI, A FAN L, B O B
&AM Yk

o N X0
ool 1B e

[ 3-11] EUPORIAS +43

EUPORIAS P . t St t
Needs of stakeholders, users, decision makers
Stakeholder engagement
Research theme 1
b v <
Improve predictions of Evaluate and communicate Develop prototypes for
relevant impacts l> uncertainty I> decision making
Research theme 2 Research theme 3 Research theme 4

Products for decision makers, stakeholders, and
the international research community

Developing Science Developing Services Developing Tools

® Crown copyright Met Office

AtZ: Met Office. Progress in the EUPORIAS project.
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AI=: Met Office. Progress in the EUPORIAS project.
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WP 32 2848 24 AA | g qgpe =) et Beag A7)

<%

WP 33, 218 5Fel of
&%

- YAA 9i(Decision Maps) /| EX & =7
tool prototype)
-2 E¥(The

prototype)
- ZZFA B 7)d(The placebo concept) / RIFF =& RIFF prototype)

Z3¥(and management

weather roulette) / 3&8 = &(resilience

-H] 883 E2A(Cost Benefit Analysis) / LEAP = &(LEAP
prototype)

- 3] 9H]&(Avoided cost) [ Etolrtdlo]l AldA7H(Climaware case
study)
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<71

DAFAHRI AR QoA B Bag o A8 5
247} EASEA?

@IFL VA= NFAAR 1F 29 AZ AT BAT} ol
A2 7371

- LMTool(by Met Office, =+ ¥ &op

e EA A Y sRECA A S B TkolE Al

- Resilience(by BSC in Spain, AA FZ&7)

A oA Fokoll T ASAHE AF

WP 42, 7]ZAd]| 2~ 23 - RIFF(by Meteo France, 3}2]x o] =x}9)

o E 7S A #E Ad

. LEAP(by ENEA in Italy and WFP, ollg] 2 3jo}o] 2]3<lH)

 AEANSAHEE et oEl ot J|E AR 2R

EE”*—S K]

- SPRINT(by Met Office, @= FE&wokol] ht 7| FAHE): 7t
A&
71&z0 met FEEoF &Pl B gAEAH A

-9 57 BE ol9le] FrpHom 2dde] T A3 2y,
oho] A AT EA)

- ol FAALS] Fed

WP 43. ofsdAtAtel e | - 7]E3

71 FAH 2 TS 9% Thol =gk}l

7 A)FEolE Y FuEe Yk 24}
ANFAu 2 ol e A A B AA

WP 44. Ag ¢ cAE 2 HE E Y
- AHEAE 9E YlEH o] 2~
c AT Eold Aul Ak ot
WP 45. HlzU 2 713|249 | - {9 71$Au 2 AR BT 9 Fa7|d3% 11 9 ol AR
713 A8 2~ C,] A, A&H 7|FAN 2 A 28 o5 PGt

Al=: Met Office. Progress in the EUPORIAS project

oG FYEL T ¥ ZRAES} AR Ave A HUKE 49 F Aok AR,
671e] 71 FAH s mEe ANSGD o] F Sls B ZedEed AEE, Ll: 9% Acs
Bg3le] FEAYE, olF Fal o 49T HF ALAS} 1AW LRE T A9

528 S 7. A4, FHY 71FdS AR A¥(andscape)oll tigh BT 24
2 EAg APt o224 7]Fis AYET F2 Ve doE S ool tis] AMgAt
oF AHE S AFT F UAMTE AR, FH VAR FFSs AT A-d A thdztel
A3 715 Z=SPECS)” Z2AES} AASY ZRAEES F3ste] kst R 2ZE o] 77
A5 Adsta BTk A, Ad A= dolHE AR 38d FJRE Adsis WHS
Agste] A FAE, 9% 2ddY, Y 73Ry T AL V2ARE ASsATh o
AR, Ft FA Atole] HAE AEdte] 7] FAHI 2 FFAe} oA Alole] 4B T o]

9 FEAL Fe FRAAG. SN0 © ZRASE olF S9H BU /IEANs e

(

e _
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H3d 710 24 & 2 o
9, ERAACS 5 A3 dHAA 7 7Hke] HAaL C3518) Abde] CLARASH AAH= 434
£ 7153 ARt T4, oA, ded By 3 dAE AEAEE BRE s 7$A
H2E oy, ZRAE s vERon A &gl Ixv= AV W= st

2. SECLI-FIRM

SECLI-FIRM Z =24 E= The Added Value of Seasonal Climate Forecasts for Integrated
Risk Managemente] ¢Fx}2 4], FP79] d&o = P YW EUPORIAS ZZAHES] F& %¢]
o7 B & 9t s4Y F A RE GUAG Bob 9 A9l Bol #opel ojaay
of BestouH He - AN B4L Frete AL BEL T ATk 53] A 4
53 P APRoke] BEEES =

o
L

b e

Long term changes

Passing clouds m

Drop in Disruptions to oil Changes in Demand
solar power rig operations Patterns

Seconds Minutes Days Months Seasons Years Decades

Renewable Resource
Assessment

At=: SECLI-FIRM stakeholder workshop ZEXIZ

FP7¢] Ao & AJ2bel EUPORIAS+ EU W 1%F &8o] AZxJUH A7|d B AH| 29 kY
A 28 7S A A2 AEE T Yrle Z=AHE T, SECLI-FIRM2 EUPORIAS
o] HE o]o] H2020 AA stollA, EAA o= A7 ro] 4dA &g, 53] A A 2
FAHA Zokoll thek AFA oAAAR A o i AAA 7R Aare 71kl e =
ZAER QoFHAT)

FA A o7 EUQ H202019 Z2AEC] Aoz 713wl g RoHEU.35.1. - Fighting
and adapting to climate change) Wl 7]1&Au|x FI7}7Ex] &4 & <(SC5-01-2016-2017 -
Exploiting the added value of climate services)oll &3l JQom, A Fof &g Fa-F3
W2 SHo g Bop 883 oyA] A2", 53] 7|33 s 837t 52 A A

18) Copernicus Climate Change Service
19) 19845 HH¢ 2] R&D TS 3] FHH 9o T d93 2 a1 (Framework Program, FP)& o]o]gto}
44, e, Al =d 5 3 del TR JjEs el 201493 20209714 o 8169 FEE T4
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[y S

HolE AF Ao = 3t ot = 457124018 2€¢€ ~ 2021¢ 109¥)e] ==2AE 3 7|1,
4.6W T §=2 9] o2k 5701 107)] HAr)Boz FAE o ¢tk
{3 3-12> SECLI-FIRM Z=2ZAE Zto7| 2 v F oAk
13453
=7} 71844 Hj £ of) 2F (EU
713)
UNIVERSITY OF EAST ANGLIA € 1,036,273.29 o st
o= MET OFFICE € 688,423.75 Z37%
WORLD ENERGY & METEOROLOGY COUNCIL € 399,116.40 71e}
ENEL GLOBAL TRADING SPA € 913,215 W ZE3] A
ACCADEMIA EUROPEA DI BOLZANO € 265 491.25 A7
o|&g]ol | AGENZIA NAZIONALE PER LE NUOVE TECNOLOGIE, € 938.395 e
L’ENERGIA E LO SVILUPPO ECONOMICO SOSTENIBILE ’ = =
ALPERIA SpA € 76,560 w7k A
KONINKLIJK NEDERLANDS METEOROLOGISCH
[ElR=R=a=t INSTITUUT-KNMIKNMD € 522,546.25 A7
x> | METEO-FRANCE € 112,801.01 A7)
2~#¢l | UL SERVICES SPAIN SL € 385,748.05 WZE3] A

A= SECLI-FIRM Zm|o|X|

SECLI-FIRM& #A 7|$#=4

ste] H2AE & Hrlsie AA=
olsfAA A} e F ARE &L

fs}oq 7%

BE Y=
T4 5] S8},
34 5 &

Aus B8 AZHRE FY

ASwE WA, Al AT,

(18 3-13] SECLI-FIRM Z2AE A= A A

- ; Decision A
C.llrfnatologlcal %&CL' (margin, risk-
ol P'Fl RM reward ratio, ...)
Climatological
i i Decision B
information PLUS
tailored climate %&CLI (margin, risk-
P'FI RM reward ratio, ...)

model forecasts
F: SECLI-FIRM stakeholder workshop ®® A5

o

ork PackageZ T+ = ot

Assessment of
seasonal

climate forecast
value-add

#



H3E H71012 oA % 28 g

(&% 3-13> SECLI-FIRM WP

Work Package H712] H& 3717 &
WP1 Case study refmement, valu¢ of segsonal University of East Anglia (UEA)
forecasts and inter-sectoral interactions
WP? Optimization  of climate  prediction | The Royal Netherlands
performance Meteorological Institute (KNMD
WP3 anntlflcatlon of value-add Qf seasonal ENEL
climate forecast for case studies
WP4 Proqf .of concept/co-design  of pilot Met Office (MO)
applications
WS | communications and  explotagnof | VO ERerey & Meteorology
P Council (WEMC)
results
WP6 Project management University of East Anglia (UEA)

A= SECLI-FIRM Zm|0]|X|

ZeAEE §3 2 GeEEoh i F 94 A ATE TAS Ytk olE Add
B Abqliop o AT A%E AFRA QAL Aofste] TG ol BAXEY

we

Abe] 2 AZA}%XH LA EAS Fjto RN 7|Fd S A HAs H dqn
kel Si2S ==, Multi-model AR dlolH /MEs T3 A=, &85,
731117“ 7t AnE o}ﬂ Att.

TA Ao &2 SECLI-FIRM Z2AE oA == Ale OHLOML A Ad@AeNA A

N fo
m{»inﬂm
‘N“Sﬁ

N
2
bz
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e
Lo
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2
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r
i
Lok
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kl
o
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Lo
_|>:
(L
o
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I
N
L
e
L 2
=

A, £3, o8 T3 A oA 3 3
Sha, A ATE, Ao, APl mE BAS FRET Yok

7 abe ATHEE AT BYOE Sn Yt JIFolME, AR, 4 9T Folrw,
F8 7154, B5 HYE 5 S-S obd Eol HyHof vt
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S3g SIg BYSR

<3 3-14> SECLI-FIRM Wi 4+ &8 Atd A+

. . . Mandatory Time
A } . .
 zopae | gyax | wge 93 | gong | POy Cimatc e ution
il Variables X
(desirable)
SO (Guz)_@z7) | ENEL,
Edl ol B ZUHE 9 o ENEA, Monthly
AL g e | FFE | Zewa” 8| EURAC Tmp2m (Weekly)
AL A4 KNMI
N Tmp2m,
;Oljalﬁj . (D) . %II\\]I% total preci%)ihation,
RS, =T Hz]) ¢ ’ snow fall,
AHE2 oo g & | oy | E%NREAAC snow depth, Monthly
PARDARE Alperia snow density,
water balance
20163 3¢ T - ENEL .
XAt =< KNMI, UEA
2014-15 (ol1A) Feuk | AWS, MO, | Wind speed at 10
s = = s s mnd speed a
A E e S U I A Y e ‘E’Laj ENEL m%ters Weekly
ARAHE
TP AWS, UEA,
A Ay | gee | QIAZD Ta% ) ABS Tmp2m,
S | Zn)o}) :§ 2‘%@%] dogl chlgg’ : total precipitation Monthly
ENEL
A2 ;| TenneT Significant wave Weekl
AHel6 | oFek wi B |9 2 443 ’ height, eexly
3 Ae KNMI windspeed (To be decided)
Shoulder o
N Significant wave
apg7 | monthel o p g S o;q:& Shell, MO “heigh, Dail
N x| T S8 e mean wave period, aty
A - 10m wind speed
&0 (e14=)) A<= | National tmf)oz .
= e == wlilm,
e % Chl 718 Grid, MO irradiance, Hourly
weather typing
Maximum
temperature,
Azxg = (ZA) 2 | Thames minimu ,
A9 5! - t ture, Dail
S EE *F|4e A | water, mo | leTReraLIe aly
sunshine,
regimes

* o8] Ar|7)F old A7 e 4A
T A$ 564, 9~10¥€90 3.

rr

golz Ymrow

B3 7h&ol ol sigstn, Aol uwet kA St

Z}&: SECLI-FIRM &3 o]A % stakeholder workshop ZEAEE Eg sl A= 2HA

Ag) AFEZ SECLI-FIRM T2 A AyE9 88 9

718}, AWAs, s d /iy, 28 dHolH, w&

Sl ATANE A HEEE

"o

A g Zlojt

ot o,
)
)
I
uich
o
ut




&3
(=]

H3d 70 24 & 2

rok

(29 3-14] A8 A7 SECLI-FIRM 7239 A v

Delivery methods

Briefing Teleconference / Post-processed data Training

Demonstrator Visualisation i Lo .
document webinar (relevant indicators) (with WP5)

cs1 v v v Ve

csz

Ccs3

cs4

Sl sl S oS

Cs5

Cs6

Sl s s | S| S s

Ccs7

css v

Salal sl SEn ) S
SNSRI SIS515]LS

cs9 v

A5 SECLI-FIRM stakeholder workshop #ZEA5

3. Red Cross A}#]20

HE G =4 w7 B, 7k 2ol A" ®EE Qg galE A 2] wiol 7
% A= 370 Al- o H(seasonal forecast)7} wl-¢- L3tk EF 7143 FAIHYAAA
W (International Federation of Red Cross And Red Crescent Societies)2 EjH ok Y =7}9
At GEA7E By 4A A-GdERE 88 & J=EF A9 EA2=H(Seasonal Rainfall
Watch)& F+=3t}.

HANE BB AA AR Ad FFASolA wig i A-ARE AlFAARE 73t
= AFsHA B2 LRiQlEo] olaslr] o & &oj5°] v EH Ui 3R FE JIE

S 29 ARE AF3r] Wil 857t WEkth oldl, &3 73 FA A AAA - A
H e &8EE Astr] A ASARA RS FFsta 359 FEo ¢ ‘low, low
to medium, medium, medium to high, high, very high’ & F&EHE AFFEF =2 F71319
o ¢ H& HdHg =AY 3E HeE AYstes g8, = OE ¢ 52 4

S g2 AMzz LRl HAYstozN ZFeF WAL o3l

0

o
X
2
ol
1%

ol
ol

20) T3 AH-o|A 20153 L7+ “Linking seasonal forecasts with disaster preparedness in the Pacific” AF&.9} A&7}
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WIle WU B AL A R e S Sle BueR

(19 3-15] &% A= 7l WE & (9 B, ofel: Hdolsh

Forecast Tercile Forecast Probabilities (%)

Confidence 39-44 4550 5154 55-59 60+
Low 5

Low to medium
Modium | e E—
Medium to high
High

Very High

Forecast Tercile Forecast Probabilities (%)

Confidence 39-44 45.50 51-54 55-59 60+
Low

Low to medium
Medium
Medium to high
High

Very High

FEAML Ao A Fog &L MY 3F Hd o)de A FEE, HFaae &
2 AoA ZA o= FS /Y b P o]ty A FES ouigth ol I¥¥ 2
o] =A I7PERY BAE XFHE INE A9FEdd wet FESHH, Y FEEE SAF
AAAA o] 2% @ AFEHrecommended actions)o] wlEE o] Utk

"o,
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(2% 3-16] 370Q 7ol S0l e Arue) 72

Alert Level
> Increasing chance Increasing chance ’
of drier 3 months of wetter 3 months
Divisions with Below Divisions with Above
Alert| Normal Rainfall Alert| Normal Rainfall
Levell favoured in the Level| favouredin the
coming 3 months coming 3 months
Samoa Solomon Is.
(Western Region)

R
||

Cook Islands (Southern)| | Cook Islands (Northern),
Vanuatu (Southern) Solomon Is. (Central and
Eastern Regions)

Tuwvalu

Z4]: Commonwealth of Australia(2015). Linking seasonal forecasts with disaster preparedness in the pacific

(19 3-17] AREEE =X FIARES] oA] (AFRo})

ACTION | Divisions/ Recommended actions

Level Regions ) )
(predetermined by IFRC office)

LOW Samoa #* Ensure normal preparedness

ACTION activities are done, and also:

—Use IFRC low rainfall/drought
check list for preparedness
activities or use your own
adapted one

~ Check that you have sufficient
emergency response stocks;
for example, do you have enough
water storage containers like
jerry cans and buckets, and are
these are available to all areas
that you are committed to serve

- Check that your reverse osmosis/
desalination plants are functional,
that you have spare parts (refer

to comment in footnote}? and
that there are enough qualified
staff/volunteers to operate

- Regularly monitor climate and
weather updates from Met Service

ZX{: Commonwealth of Australia(2015). Linking seasonal forecasts with disaster preparedness in the pacific
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A& 7L TS0l B AgEE IR ENHE FEE w4 ¥oe
E o8] 71dE s (715 Wstel 714 olwel o
AL E ARkl wet X ol R IS e

B 2AP 7F A= AT,

A T 67 LoHATER, s, yn/Ae

. oF, «l%, 5 el 2AE AT, F2 A WE2 O F58, A )
7<l9} 7178 S| 3t %1%}74] 4, @ 73R AS &8 FAF O B8 HE

&89 T Solnh Adste] &8d AR E Fd)e, AL, HAAVL, 3

T FE, 42 5 dd 71 #F dHolH, 25 712 AR HeolH, HE 7] <& to]

El, 741754_% i dolE OlE‘r

oo lo
KeOp)

> N o

o
o
éﬂ)‘i
=2
rJ

T

S

@ o) B And, AP
@ EFXHIEXERXAZ 99 g EARE 7AARE AR EAY, #
A #EZAE F2 TS
® A Axet A FX AR AFD A4S BHFxME Az 9oz Fo 7}
Jg_
<E 3-15> 7134 71$e8l=3 #ed T A s
24 2o} ) g7 A=
. AR 28 W ek s g
BEEE e wa) G5 B | gmagesays) 16- 184
Aeizizt A 7171 7|, & 17
I B D R e S N Y *16~'17d
qolelel DS B A% Ar | AP HEAEEs
ol ek see] @AV
%3 | WEd FE WA 22O, . .
sl | ozad, g1 B, Bz 2 1T 8 a= 164
7t eE gl
ol Fob s1ee @AV
o= ‘;éif& F5 9 A | 2F 495 FE om0l = B o] 3 5] ‘14
ogfF Wl e v)ee WAV 2F A5 FR $ 12~ 134

21) Weather Business Consortium, https://www.wxbc.jp/bizcasestudies/web/00070/, (3% 2021.06.08.)
22) 4 7|24, https://www.data.jma.go.jp/gmd/risk/index.html, (%49 2021.06.08.)
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5. YAEr|es &&3 B7dR An= 7Y

AN RE A FHste] 2As A4E L AGAT, 2 AL o] BAGUA )5
3 Bopol A BEHE A7t FAIL Uk 53 AVGRE FoAA AGHT AN S
= 2golA mEolE, ABAS, Held, 0T 5 IALr&5e gate] Az nzys
WIS AR ok Aeldd BEAD A DADIE Fel Bolou Al A
So) At A7) &e AR Gk

1
719 RE VIEeR 229 A F8 FHolole off & Atk

(19 3-19] "AL7]s &8&3 Z7|dE Au| 27

7| ek A J| 2 s o i =3 =of Bl
= ] =g = = Oill:lxl = == | T
Comparg(alS) S wN EEMMEA | YdolE M2l X B, BRE * *
pEw JlaEE ol D6hY App, AHBAF 9I%] 7%
AccuWeather(0| =) EQIM’E‘E x|e pPMHEi o
ENAV SpACISEI0h | ®3 Eof &% HE Mul= 2, HulAold *
DTN(EIS) oux, s olazE Nw | O FEH A 4T AT * *
stormGeo(=agiol) | HEFIMIFERL | oo gz zaiec su zag *
ClimaCell(0]3) THEE e ES 4S9l olmal, loT * *
Understory(0|3) 2y 2o ?\::ﬁgcﬂ st A= QIZx| s *
Terra Weather Pte o x|, sj2 S5t 7|0 &, oIZX|E *
Ld(7tER) SRR asrs
AerisWeather (0| =) £ &24 HS APl ESHE, RI2|1HE, loT * * *
F: xE T2 OIS oD
A= =7 | | 21(2021)
The Weather Company: IBMo] 2016\ d =0l <15=3le] IBMS] HlH|olel¢}t Al 5 H4A 7]&S
717 dlolg et ARAIA 717 S BRE ZIFAlA AFsta Atk AEE ER EFAAMH

25 AFdte =S 7HA o dAr|Ee HbolH A ? &4, FHE Vot

The Weather Company”} &3l A& AHETS &, AAANHA], BE, ¥ FolH, o
7hedl AR 9 o] FHERE & F

IBM Watson®(¢]3} $t=)e] Al 2 #53) 715s S
o

A2 20193 = St VlEs Ve R § = AAIRE
© 2 d=3le=d 7]odsk= IBM Weather Singals® < 7feHgic) sid A2 7o &9
tlolgi e} 717 tlolHE Al #4ste], 7174 ¥atel mE 714 vizyz d3e vg 9=

g 5 =S AUFTD

The Weather Company+= &H#d HEE 93l ‘TH& AAtAdELHE" (Weather Deci

24) IBM, "The Weather Company, an IBM Business, , https://www.ibm.com/case-studies/the-weather-company (714}
d: 2021. 4. 20.)

25) IBM Korea, 7|9 H]Z=U42:, Weather Signals® WA= 52!, | https://m.blog.naver.com/PostView.naver?blogld=ibm_
korea&logNo=221554363147&proxyReferer=https:%2F%2Fwww.google.com%2F (FAAY: 2021. 6. 3.)
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sion Platform For Agriculture) ‘& &A1t sid ZAELS AY 717 dielg] & IoT o]
= 48, EECA 9, o], wofF Ax, $3=E T AV & dHFH £ O

gHoE FHES ANY + U=E AUk

A= Weather Company?26)

G 3-16> IBM 714 H) 28] =& Al

ofAlot 3F
mThe Weather Company®] 7|4AHEE €83t Qv O £oF 5T FTHFAE lid= =, 1
Z ool A e E8F<d. 2014 6€ol IR F AEHAJ] V4O FES EHAA V]
AARE S TAdoA AFstr 2. 201535 The Weather Company2] Pilot Brief ServiceE
&3, a7 +Fo FFS vAE W, HEF 2 FS 2 AFVEE dSEn Jen,
The Weather Company?] & 33 BEy} FHGst] 9EF 7| GdBE A

oft

m=9] Accuweathere BtE3 71478 Eo 7HeE SAEA AW AHI2E Fo dHo=
shal lom mnbd of, ARRA HAZIHE MuE|2 Z]Eo] Ao &&ste Tleolth AA)
Aol A, B ZokllA F2 MHIAE st

A71AR] 7178 E2 i) B ARG AR A ol ZofshET QlojA HeEF olgtal JIAFARE,
1960-70d 7k A= LF<L o2l S0l Erbssittal AAAATES. H=1F 1990dth7k+] &

26) Weather Comapny, "Weather Company Data Packages in action, , https://www.ibm.com/products/weather—company
-data-packages (AAd: 2021. 4. 29.)
27) IBM Korea, "7]% H]=U 2, Weather Signals® WYX 22!, | https://m.blog.naver.com/PostView.naver?blogld=ibm_
korea&logNo=221554363147 &proxyReferer=https:%2F%2Fwww.google.com%2F (AA44: 2021. 6. 3.)
28) AccuWeather(2019. 7. 2.), "Long-range weather forecasts you can rely on again and again and . . ., , https://www.ac
cuweather.com/en/weather—blogs/realimpactofweatherwithdrjoelnmyers/long-range-weather—forecasts—you—-can-re
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A7 B B 2=E AFsHA] ESdth AT tAEr|se] MERE AU|dRE 233 714
A AHI2AE e AdTel A3 & A =A™ Accuweatherd] 7|oH A 2~El-e
0Y d=7]Eeld, Anizargo s B3] MU 714, A5, vgo] 92 7)3e A3t
LT A ol o), A HlolH, JIF A, Y 2 713 Holge EdtHolHE

DINE wlste] BAE £ 071 gdAlols, AAdA 71 & rel »
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=2
€
N

M= HFst 7t2 92 ohe 7I9E TAHSE 95 3% #y 2wt Azl
FaL AL, Il FEFE e Ao ARAESS Adstal U0

DINZ 718AHE A= &g 7144 Re] FE&EE =o17] Hs) o8 WHe| A=E &
Atk AA, 20200 54€ol ClearAgel= 7174t A& A4e 283 EX&E dds sk

JAME ISt FHEoRe] VAR &8 9 #™
ClearAge] 9= v £FA43 DIN #AHA 714 #2242 HEYIE F83le] uAqEoNA A
3 BEE S AFE AS BEXE sl Jdu. F =2
E]S 83 National Grid GasAte] 7}~ 2 %
032 oA #HA IAe AY FQ o Fo] 2

==

of Hol| W17tslth o5 E0]4 COVID-19 HuEHoz HolAx HulE AlZto] Wolx 7] wj&o
A9 2 el ZEde vE Aolgta didsts ZheH, &% HolHE 7o w &=

TS FHEUE Fasthal Fxsta Ao

ClimaCell2 ®lolg EAE S 7|Wo R 3 A7 B 7|&s /Mdsta, ¥y ol Al
Wi JAFATE &8st 7IFARE AFsta Aok 714 S5e AL S A3 7]7] S8
20199 == HyperCast 2.08}l= ZIEFS /MEsted EAISIATESD HyperCast= AHEQIEIY
tolEl & HIEsl 7|A = Ao dZH AsAE Hdgr] 2 E2volgE A3t ClimaCell®]
717 dA A (Weather O9)E 7RO 2 &1H, o= o]F H|o]Hol| o]27|71A] 9 E& ARE
7174 dlolg et Ajtete] A4Sk Al 718 &9 AAolth vHoly o] FHLstr] wZol
A AquUel A d o] rbsstar, md 1A AR AL Wl & ©ee AgE o

ly-on-again-and-again-and/329429 (FAY: 2021. 4. 7.)

29) DTN(2019. 11. 25.), "MeteoGroup and DTN Join to Build Largest Private Weather Company . , https://www.dtn.com/
meteogroup—and-dtn—join—to-build-largest-private-weather—-company/ (F14<: 2021. 4. 13.)

30) 7)1 A 71 9(2021), TEle] 1EAHI s 19 EE A BalA, , p. 7.

31) DTN(2020. 5. 4.), "DTN Acquires ClearAg®, Boosts Agronomic Offerings. , https://www.dtn.com/dtn-acquires—clea
rag-boosts—agronomic-offerings/#:~:text=The%20acquisition%20further%20enhances%20DTN's%20capabilities%2
Oand%20solutions%20for%20agribusinesses%20and%20producers.&text=The%20acquisition%20enables%20DTN%
20to,t0%20producers%20and%20agribusinesses%20worldwide. (F: 2021. 5. 3.)

32) DTN(2020. 5. 4.) "National Grid Gas Selects DTN to Provide Critical Weather Data , https://www.dtn.com/national
-grid—gas—selects—dtn-to—provide-critical-weather—data/ (F32¥: 2021. 5. 3.)

33) ClimaCell(2019. 7. 15.), "Tomorrow.io Launches HyperCast 2.0: A Revolutionary Weather Forecasting
Platform Businesses Can Actually Rely On, , https://www.tomorrow.io/blog/climacell-launches-hypercast-2/ (34
d: 2021. 5. 10.)
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Zo] 7hssitty. &3, A4, o] oMlE, £, oA 9 53 22 EX o N AHE
o 71¥=°l olv] HyperCastE AH&stal glom, o] FUF2 BtEFos uAA 54 2
AEo U B¥e Asstd AdagelA e Ede Sl Z1dsta o

u]=-9] Understory+ 7|3ARE 7Mooz wdgs st By AEFS AFste 7Igelt
Understory= @4 & dSstal 71d< AAT 5 A= st=do] IP=s A8t 7]13H 0]
Bl 33tk UnderstoryZ2 71& RAELS dd fle AdAN Y Ad8e ZsiA o
7hsted s SH4e @ g e = FEevhal FAska l=tl, Understorye] =1

[e)
Hel 714 9% 5d MoR FER HY 4ES

55 A AAY A4F 1% A8e 3
A WA AL U Stk M WMEHOR A% WP 5F U 5o FIAYS
A28 F312 Qo] Bt A AAL o

HHge AR 759 B AF0E 7S AR
A% APES AFeA Hrtsta 7HE S AZE 5 Uk

AerisWeather2 =2 34 APl Al2®lS Tl vzt Al 7] dHolH 9} AR 5
AFsts vl=e U71dgAelth A AlA 7ol A FE AEShe WS AT
Exg AYE AerisWeather= &B|A7) AF, Aul2 2 B2YA Ri5 T4 4 H o]
£ 8 F JEF AT NEAY, ALAAE A E RERE A AR T4
b o7 MEdh= AerisWeathere] API 2 wjsd Z2g3E(AMP)S 3 13 FA glo] By
Y

k)
o

Tl Ao ofEFe Aol HA TEE 7 UAEF WS, oldT e AF A
old 3 Hlzyx xde AR o] AerisWeathere] 2 o] Eh = T UATH
AerisWeathere] F8 Atq] Horg= AAMoU=A|, &F Soln a7l u=zyr oALZ
AL fal 7IBAERE 7Rt g 3 TF sANRE AFIT AFHAHOEE AFERJEU
A HlolE]E 83 Smart Hub Automation (SHA, 2°lE 3 H 53 MU AE A&
olty. AmE & FH AXPJAVE AvtE W ~zZH I AEEY, WiFZF AdE+= 49
A 2 2REA F7] Ast A2 22 0T #d" AFE JFstAA Aol XE
AL Aok =EH R =2upd Tnk AZEQ o] Alxglo] 7MW AEAIE dAstal Aofs
ol A =gl whet dX 3 H 24 HolEl= vt HAH A H HolH Y F%
207, 5 2d7] ¥ =W #HEMA FH AFAA #HEdd S AFI
AerisWeather= ZE A4= <= =79 £33 A58t A28 534S 98 3A, dA 2 v
g dZ dolH AEE &3 sted &Fsta 30

Ente Nazionale Assistenza al Volo S.p.A (ENAV)+= olgg]o} Wizt &8 T2l ENACE &
& Al nEHMinistry of Economy and Finances)7} ##sl= 7ol olgd ol g3} &
7 olgg ol A dqF wE AHl2 (AR Traffic Services, ATS) 2@ 7€} && Wn|Alo]Ad Ajn]
22 A3t - I Aulx AFA (Air Navigation Service Provider, ANSP)ZA &+ wl
5 #A| Aul2 (Air Traffic Control Service, ATCS), ®ld) AR AJ¥]2 (Flight Information
Service, FIS), &2 A® ]2 (Aeronautical Information Service, AIS)E A|&stxy 23 2

l
i

3

oX i N,
O

5

34) Understory(2020), "Our mission is to protect vulnerable business from the financial impact of climate change, ,
https://understorywearther.com/about (A4 Y: 2021. 5. 14.)

35) AerisWeather(2021), TAbout Us, , https://www.aerisweather.com/about/ (AAd: 2021. 5. 11.)

36) AerisWeather(2021), "Smart Hub Automation , https://www.aerisweather.com/industries/smart-home/ (4 <: 20
21. 5. 11.)
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[13 3-21] ENAVe] Aeronautical Meterological Service (AMS, &g Blg) Au]2) AKX Al-g A

& e
% ICAO ENAV Aeronautical Meterological Service

sl =~ SVenov

ITALIAN AIR NAVIGATION
SERVICE PROVIDER

Operations /\ Technolagy

Operational and ing IT Platf d CNS Systems Engineering
Services Engmemng and Operations and Maintenance
¢
ATM Platforms Navigation
Operations and Systems P
Meteorology QPR Services Network ineeri Communication
Airports MET ~ Meteorological Met Network Met Systems Engineering
Services  ForecastUnit Service  Operations Design COM Systems Design

ENAV Aeronautical Meteorological Service

Paris, November 6, 2019
AI=: ICAO & ENAV3®)

StormGeo= 1997 AHEAoH A MANA 7P 2 %3t 7173 Al AlF HGA
stueltt. 53] afek, AAAAUA, i, 719 ®H o mYo] ARl AR
StormGeo:= =2 9o] Wl2Alo] BALE T3 gom A MA 27/H9 AAE F
H 7]golth T/he 2 ZAAIHAE = Y=, 20189 8Loll= A
£7153% Y HRUAE 3 AH = E (UN Global Compact
Action Platform for Sustainable Ocean Business)oll %Fed gl =2 FHE FHAFgo
24 1uAo] FHoR A e vlRYx AAHES Wﬂttl E%% FaA sk F3E7F Q)
t}.39 StormGeox= 202013 4€¥€) ‘River Monitoring and Alerting Solution’ & &A|goH, &
A 2" w2 u5¢EZ==H(US Advanced Hydrologic Prediction Service)e] 7+ Alo)A A4
o] 5¢ A= %1, A AlolA #F, 5Y ArE dF, #Held 4 2 HT #5H A AClA
T HHsd TF F A8 A4 HolHE Agste Zlo] 7hssitio,

StormgGeor= MZ-& 7|ZAHl~ ZPWEQ] GridWatchE 7HeH3ch GridWatch AH] 2~
A EAAE 2 10d5e] Y AE dAWS Edste V1A S dHolHE AlEdth

o

1__
)

B

s
=
Z

GridWatches 27 2 B4l & HEE Agsta A ts8 & AES
A Qdste] 7Hs A AZFE Fola HEALS Ad & 4 AY GridWatches Awdt =dS

37) ENAV S.p.A.(2020), Corporate Brochure, pp. 4-8.

38) ICAO & ENAV(2019. 11. 6.), TITALIAN PLANNING FOR IMPLEMENTATION OF IWXXM FORMAT, , p. 6.

39) StormGeo, "Who We Are, , https://www.stormgeo.com/company/who-we-are/ (AAY: 2021. 5. 13.)

40) StormGeo, "StormGeo Launches River Monitoring and Alerting Solution, , https://www.stormgeo.com/newsroom/st
ormgeo-launches-river-monitoring—and-alerting—solution/#:~:text=StormGeo%20Launches%20River %20Monitorin
2%20and%20Alerting%20Solution%20%2D%20StormGeo&text=Digital%20publications%20and%20ENCs%20availabl
e,easy%2Dto%2Duse%20workflow.&text=Empower%20your%20crew%20with%200n,and%20joint%20onshore%2Fo
nboard%20decisions. (AAY: 2021. 5. 13.)

41) StormGeo(2016. 5. 19.), "StormGeo Announces GridWatch Service , https://www.stormgeo.com/newsroom/stormg
eo—announces-gridwatch-service/ (AMY: 2021. 5. 14.)
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H3d 70 214 & 28 dig

7Rt 2 FE3 IX HAEE AFste] oA 2V Y Azdle 29T W A glo] &
Ssh=t TR
2]

npxjato 7 A7FE =20 9 Xgk Terra Weather Pte Ltd A} (©]3} Terra)= QAFA 5= 7|Ht
o7 INALE LS = 7Igoelth A9t 7t #EHE YR FFHAENA AFFHoE &
FAS AFstay Jdor, g okl S53tE 71dd R Ar] AdH ARE Ao

T71784 714, 202D, P& sief, A R vk dH ZRAE AFo TP A AR o
Ao thnstr] §8te] TerraZolA= AAE 74 o R

]

=4

= - FaFs Z
£ Ae® 7Y A a) AN A, A mE FRA &) Aol A%t Mg 8
4 =] =

S AFsta i, AP Z2HEA AFA S

6. T Z14AHI 27 AH

HoAA A viet o] gAEr|es 83 22 APl 7|gEo] AAsta ok =
ol = FARSE Bl2Y 2~ A 24 The Weather Company, S Fractum, 12]a1 ST Logic®]
2d& AAgth The Weather Company®] 7-9-& IBM Watsongs @83t 7oK
B s, @76 FEFEAHCIE F& £43ta, FadS 9 Blzysd &&sta ok S
Fractum2 24 WS 2 JFE S A8, st 71484 daet A-4" S AFsta
t}. mpAeto 2 ST Logice Al&3F d ,
= A&% AHE AlAstste] 714 #E JIAIEE =E3%Th

o
o
et
4
i)
A
N
ot
X
2
QL
ki
R
(N
A
[
oft
%
b
AL
1%
o
i)

42) TerraWeather(2016), TOil and Gas, , http://terra—weather.com/what-we-do.html#OilandGas (A2: 2021. 5. 31.)
43) TerraWeather(2016), "Offshore Construction, , http://terra-weather.com/what-we—do.html#OffshoreConstruction
(AMY: 2021, 5. 31.)
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[2¥ 3-22] IBM9] =4 714482~ B2y~ g

o :;::5’5" - Weather Insight & & 9 Weather Impact & &
Weather [DEPTSpaywi - ME/ A BV RS LB/ NE SVEED
g c MM HEAS X URHR DS = A
c HABNNGENS/OIANE SN RS
o+ DI Syt MI-DIE B 40N THE DH @ 3 &

(Seasonal)

HEMEW S LUE T20= A OHAE 71=
Co'ann;le « SOIEIEIN A B SH0N OHE DHAIS DI
Analytics s HEMNSWNIBOISHRUE S

- MID/XHM /0N 3 S S0 2 Hit &5 ORI

HEBram 2| kel 22| 2

Customer
Business « MD/IHS SO S KPL 2212 Al % S St
Data ST I CTRRAN « MPI 2|8 KIS OSSN 8 XS

- EHIH M= 24 22
- DM/ 'R R =

A}Z: The Weather Company(2020)
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[19 3-23] EX HEE F83 FRoAF 74D

Data Driver Analysis Key Demand Drivers Waeathar conditions

I Customer Income
Customer —— Past purchasas

sl Promotions
B Regional Economic
% * | Temperature Snow in past 5 days Validate predictive
power of top drivers

- Waeather +— Humsidity
L Rain {in) Others
Number of sales.

bt Running promotions

Forecast " o I \ 5 P i
- -l
z : N Rt L o |

- Chicage, IL
- San Diego, CA
« Bastan, MA

S.FRACTUM @ ST Logic

Innovative technical service company Spatio Temporal Logic

A}Z: The Weather Company(2020)
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1. 81] SubX (Subseasonal Experiment) 24 &

"= NOAAE 25 ol Ui o9 d3& 93 tsEd(multi-mode) Rlu Z=AE
SubX (Subseasonal Experiment)& <~3Jstal Ut} SubX ZZAEE w|=3 st 7)ol A

SEFQU BAFBo] F2 FoIstn Uk Aol Folsts mu o SH% was B A A
- L
o -

=
g N AFE AEHS FAL B o FolATh 54

< Uell= Axe 273} ol%F
of| 24 %50] 1995-2014(20d) 713t AZol tidk 95% A FFFo] FAHE dSAS &3
(Seo et al., 2020).

ASH5S 2d, Wy wet oYt 25 Uiy, dutd oz ol vt A4 7]
L =M so] ¢ . EF|, gEEdS o83ty 9 =3 MME (multi-model ensemble) A&
Atz 712 452 Hold A5S UetARE A d3F9 49 bR AHES 78 dF
d BFol ATdAQ AR YEhdT

_LC_):

<ol
A4 7)€2] 7% CESM, RSMAS welo] AL8HE 2714e Edo] g2 wdd] Ha »
WolA AL & 4 Yon), 74 A% NCEP, RSMAS o] 27)%

(E 4-1> SubX Z2AEQ Hdst= mllAR)

SNE dHH o=
[=]=1] S| reforeca| Forec AI; o == A=
sts asts =
Atmosphe(re) (A)
Land (L
NCEP-CFSv2 Ocean (0) 4 4 45 1999-2016 Saha et al., (2014)
Sea ice (SI)
Zhou et al., (2016,
EMC-GEFS A L 11 21 35 1999-2016 2017)
Zhu et al., (2018)
ECCC-GEM AL 4 20 32 1999-2014 Lin et al., (2016)

Koster et al., (2000)

Molod et al., (2012)
GMAO-GEOS A L, O, Sl 4 4 45 1999-2015 Reichle and Liu, (2014)

Rienecher et al., (2008)

Hogan et al.,, (2014)

NAVY-ESPC A L O, Sl 4 4 45| 10902016 | 90 % Botay
RSMAS-CCSM4 | A, L. O, S| 3 9 45 | 1999-201¢ | IMfanti g‘&g‘rtman’
ESRL-FIM A L 0. S i i 32 | 1999-2016 | Sun et al., (2018a.b)

ZX|: Pegion et al., 2019

44) & &L 2020000 713 el A G AT 71 FASA R 284 S A% AREAY B g 7kl 4R A
kel
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2. WMO Z=2AE: S2S (Subseasonal-to-seasonal)

A WMOE o Ao ZRE 253 o)A 271 ool A™u(subseasonal) AlZF =2
7155 d d&AF vHln BI7FE 93 S2S(Subseasonal-to-seasonal) ZZAEE =35t Q1O
W, A AA 1T Ael A Fosta gl

(E 4-2> AAY d=A 28 2ol 2d A H(Subseasonal-to-seasonal 1~271 <)
GHE AN S 3 o=
=7} 7% =k | I d=
reforsecast Forecasts | reforecasts | Forecasts AL
Australia| BoM POAMA 3% 11 3% 11 6/month 2/week 62 1981-2013

China CMA BCC-CPS-S25v1 4 4 2/week 2/week 60 |past 15 years

Italy |CNR-ISAC| ISAC-CNR 5 41 evdfnyS weekly 32 | 1981-2010
France | CNRM | CNRM-CM6.1 | 10 25 evdfyys7 weekly | 47 | 1993-2017
Canada | ECCC GEPS 4 21 weekly weekly 32 1998-2017

EU ECMWF ECMWF 11 51 2/week 2/week 46 |past 20 years

Russia | HMCR RUMS 10 20 weekly weekly 61 1985-2010

Japan JMA | IMA-GEPS2003 13 50 2/month weekly 33 1981-2010

Ii‘(’)‘rléz KMA | GloSea5-GC2 3 4 4/month daily 60 | 1991-2016

u.s. NCEP CFSv2 4 16 daily daily 44 1999-2010

UK. UKMO | GloSea5-GC2 7 4 4/month daily 60 1993-2016

S8 ZRAES Folghs RAES ol4d tErde AN e, 4 ST E HAT
o} F2 g3 AFHRO ASH g2 AL A T F QoH, 52 oS4TS F
2 dA= Add FAFHM, 58 IundPo] W= Gl BPFelA =% Fol
=3 Uehd,

S5 ZeAEE mde) A% v skl AMY s B3Rl MO Bedse
Hl st ECMWE =dl& oF 35¢ ojate] MIO o&A 5o E 714 & MIO RoAdsS

25 J

Rolx, UKMO =d 3} o] »elo] family model % 3}4<] BoM Edlo] @
TOE 5% ASE YET

"2,
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[Z29 4-1] S2S =2 ¢ MJO o)A s(Lim et al, 2018)

- (a) Bivariate Correlation, BCOR .0 (b) Bivariate Mean Squared Error, BMSE

Ny -\ 5.

0.6

BCOR
BMSE

0.4

0.2+

5 10 15 20 25 30 35 40

Forecast lead ({days) Forecast lead (days)
—— BoM(657) —— CMA(400) CNR—ISAC(597) —— CNRM(131)
—— ECCC(274) ECMWF(438) —— HMCR(359) —— UMA(309)

NCEP(227) —— UKMO(186)

3. AA 7R 9= 71&

AA FRoAA S P 7|2 9 A dg 7o =
7Fet A5+ Hyun et al. (2020)o1 23}

el g dF H5S B
e 1194 A&

71%dE 2dE FE A= AFHFELS YFE dSolH yehd 3E9 oW E(Below
Normal, Normal, Above Normal)7} #Zol|Ax ¥Ast= Wx A X|&
Bty om, 284 tholo] 1 (Reliability Diagram)S o] &3te] zF 7|#E2] R¥ =289
MRS 7HAE E/S AAE Hlastgth
of| Zzkoll 3k AN =ZE 15 F(Perfect), 25F(Still very Useful), 355 Marginally useful), 4
SalNot u 5% g (Dangerously useless)o.zZ Yo 7|3 7 o &2 FHrlsit o
o, #S5@H aﬂ—f— Atole] APFAA7E 3T W 154, 7153k A= vla) =25 U2
Fvd "= 358, 29 AV e W= 55 E R FATH.

25
T%
i=X

Mo N2 L

T

<E 4-3> AF A9 571A EF(Hyun et al., 2020)

Category Reliability Description
1 Perfect The uncertainty range of the reliability slope includes the
perfect slop and falls into the skillful BSS area
5 Still very The uncertainty range of the reliability line at minimum slope
useful = 0.5
3 Marginally The slope of the reliability line = 0 and not includes the
useful perfect line
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The slope of the reliability line cannot be distinguished within
4 Not useful | o
its uncertainties from 0
Dangerously o
5 The reliability line < 0
useless

F8 TS 0~48AIZH R, 3~TL(F7D), 15~1ML(E7]) B 7|t e 7L, A5
AE F2 st ok 9rloe Xl FEFS vX= ENSO, MIO, 9443 A¢, B2,
EZxOo Ag = S @Ay 7|4 7k ATAS 7HA - o= . Holsta gon, 7Fd=s
A% FARHAY 2% HaEAS A% FATS ATV I3 Folth AFERYE Jg2n
go] A9 ol 7] o =0 HFte] 7<= d=d] oy e A} Y= Ao F E
wth B3], SolAlol Yo A9 thaFd 7|3RIxte| oF FFS W] wjie] thE (Y7
Hlwate] o S50l BolA= AS Bt

)
4
N
23
ay

A 24 7FqF 7

L 717373 8 71FASED AAT 454%

off

7h AZs FEEd g AAF 2% 3 F 434

S 714 e uZ(NOAAT ) WMO #A7ldrR gdEsrd G448 A=AE(Lead
Center for Long-Range Forecast Multi-Model Ensemble, LCLRFMME)E %93t 9lom
AA A7l 1 AeE3 A GPC (Global Producing Center)25-E o& 282 33}
3t AEE AFta Ak 71EAH G 712 ASA 'S =713 AL AR Al

29e ST Yot S A QoA ofzte] Hol & Helth AF AHE ol
L oAepy, A, AEE Aol7t AT AAAOR IR dF Axde AE
b iAo Be Zlow e gk ot AM dZe] s 2718 34 2 9
g8 AN B Aolo] A1 HOE FFHM, o] REo] ANHNATGA 71 oSN xHe
B P b Bt

IH AAHOR A4 SR L A AHTE QRO uF SHHH FAS
Gezoln, AA A1 SEow Pl ECMWFe vmste] 71449 71 o2 28w}
Mg 29 AeE EART. dujxle) o%& ECMWEe olZo] $-9% Aol 9
B FobAol A9 dZe Ae ML, GBS 23 B Ue 345 B

B
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G 78 7154 8 47438 AR 54

off
o
N

ZF A9 715 O A9 8 QAT A9l ti7] B s el 2HA §a, dAE
o geFet 715Hs el s dFe Tenh VRS Bl dSAHee 4 A 9
Fe A= 7IFAAY A5 71 FAAet HEE 9443 HHs ¥ Befst=
Lholl oJ3) 2AH7] w&ol, 2 mdo] Rojste Fa 7|FUAL] AF4%E Fofshe A
= 715 Rg ] A E=E Fristed wg st

43 AYmd(GloSead) e F& 7130 24 %S Hrhshr] 9)stked 1996 2E 2009

4
rot
rz
b

71
A7A A 715 o ZA FHhindcasHE o] -85+
= T8 JIFIASH I d54dee A

(GMSAD)®] 74-¢, B A tisiA 571 L7t

71%e FFE T dEA A
stackJung et al, 2015). ATFLEAF
g s AR Yeigon, 71439
& AAF AR HsHATEE, dUe )& I FF A5 Jhedsta §4
Th SolAlok2 = A GHEASAT)] A9, 9¥-& Al9)stale lead timeo] wi-¢- #2 74
Aoz veigth 949 qFgdo] F ol AF 712 Edsg dYy
o] Wt ZAxz gty Ay AFNno3d APHeE ZE
ZAo® Yeigton dyne] Frle FUHeR A, gl 45 v
Qg dYUn dFEdo] /LA W & AT
BuE3 ok dYes FWE 7]5of T GIFol
o g & 534S =Y
E AFI0D)= A=de] txARl 7I$HE RERA, 74A dF
J . BEATAFAO0Y] B, 1282 MY A 4%
< = dZFolet Fojrd dS5A%E el
o oAg B AF F, Uy w8l vlEgS & A5 (Summer_MSD+E A 540] s A
o2 YehA g, Foprote] ¢3S AH Ao g FHFE= A5 (Summer_MS2)ol| ts) A=
MS1, Winter MS2)& F A &F %

A O[N
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(2% 4-2] /| FelSRds} A7A 2 2 vlw 2%
Climate model Biosphere-atmosphere
exchanges Selar
m Input
E
i 7717/
Snow l /}f//’/ Ocean-atmosphere
Runclf exchanges
—— e
H,0. momentum
I
Runolf Sea loe
Sod water e
Groundwater Sub-surface drainage
Earth system model Biosphere-atmosphers

erchanges

Y // 7/ ol e

Oeean-atmosphers
C0.CH, dlemrs:rr anrosols

. S ATAIEE 22 76 2 Ed A

2 7)Ed = A|~E mulo GloSeasS y|wto 2 ¢4t 9tk GloSeas: T, &<k,
iy, AW = X]:rL/\V“E‘ #d ®2so] AZFHE Tl AHA Ao FF=EP(Unified
ModeDoll T3t ool 2, t7]3st & AFAI2H 2Eo] ZgH o Aok ¢4, s =2
B ATTES ok *1]7417‘4 Fole vEd FEolth ¥FF dYge A A+ (Research
to Operation, R20)2} A+E 13+ A (Operation to Research, O2R)¢] fF7]H o2 25T
5 Q= A2EHS FEIE Aol Fasith a8 vt @A) HEsta 7Y Aol
@& AFA2E =Y A ko] I g et
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£ Clat Surface thermal &roughness
ﬁ Vn8.6 GL6 lengths, surface emissivity

(FuLes “TOPMODEL” - hyrology
R ENDGame Dynamical Core
_Glyoal Vn 8.6 GAg Radiation, Boundary layer,
GloSea5 GC2 ﬁ-\stﬂhﬂ’ﬁ Cloud, Precipitation,
Unitfied Mede] Convection Scheme

_ Atmosphere Ocean & Sea Ice

< @ Horizontal resoultion ~ N216 (0.83° x 0.56%) ORCA tri-polar grid
d at 0.25°

_’, Vertical resolution 85 levels (~85km) 75 levels
&: Vn 3.4 GOS5 Bathymetry, vertical mixing
NEM

bal Albedo & thermal
ﬁﬁce Vn4.1GSle conductivities

s _CICE_

ok 39 AFAIEE 2d 7)6E 2 3y A

D vl= 71434 7le v 2 2d A%

o= &35 5~10d 3F HEgwd YAE(coupled ensemble), A E-A(reanalysis), =
(re-forecast)o] 3= 53 dSA|~wl(unified forecast system) Z#| P2 AL SA]
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A BE, FF 5w, ool2E, $3/14 BES FEE westy ok

(2) ECMWF 7]
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o 227 2
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A 2~E] oo
H(InteDe] x86 H

gl FZoj/ujyso] CPUE #A23tR et IBM POWER, AMD x86 T2 Sz glom, o
AL2AD AR o] BASEHA GPU, FPGA 52| 7147]7F 2%¢td CPU S22 BL g3}
7} 38 Folth. 20201 d9l= UM User Workshop NGMS(Next Generation Modelling Systems)

A Ao A FPGAZ o] &8 49 7AFE /Y d3S wxah} 9ot
AN2AY FHAFE 7)ee Ay, AHE, 45 92

A,
SAshe BFOE #AURY 1%

Nen =1 A7 2 1::: WAo] o] FojA
Atk WA, AdY S|4 APan] APY)&o] ol FASUA AR o] FA =W
NG 53 0, iw% Hi5e oA avdee dRe waon 7))ol
AR E Aot 45 A4 SRAE CPU, wue, 2827, MEAZL 5 AUES
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2020-20243

GE 4-40 89 A= AY o AFE A AE

28 e EU zz g
= A7) 2021-2023 2023-2024 2020 2020
E2AA Intel, AMD ARM & SW-26010 ARM
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(Oak Ridge National Laboratory, ORNL)e] Frontier Al2~®l2 }At) AMD EPYC CPU%+
AMD9] Mt GPU 7}=<l Radeon InstinctE 7§t 58 g FolH, of=2F =dA
T4(Argonne National Laboratory, ANL)2] Aurora A]2®’l% Intel GPU7} A502 AHEH=
THAFEE = Tk
A& IA2=AY Al2=H] Post-K Computer (2019'd Fugaku® 387) 7/Hd F1dAGYS 4

HRE, K-computer ¥£40% g 22 EFLAGSHIP20200= 2014-20203 744 1
AEs} oF 1= Fdsted, A= A, MY, F5& 20|38 ARIKEN)
Axr#stars A74R-CCO%Y Fujitsu7t 31 Foltt. AW ol& 4% 2.7 TFLOPSH
, HPL efficiency= 90%% }X.o|w, 0.4 Byte/flops A==2 W=t Z/flops A% Hl

& #olt}. Fujitsu= Fugaku £lol= Tofu JEAYNE 7|&S &85t = A
& 7 st e "HEld 28 %<l DLU (Deep Learning Unit)E 7l Sl Sl
t}. Mastere} th4=2] DPU (Deep learning Processing Unit)2 H&o] & o]7|F F=Z T
dElo] 71& AlzHlo] HlE] ER 108 d5S E T e AMdY Jo= sdFolth

%2 Sunway TaihuLight s+ FEHZ 20161 6¥€ TOP500 1915 243 ¥ 2020-2021
H & wdS A gt AA2AL Al2E PSS F T Ao =3 AL
CPU/GPUE &&3te] Z2EEFY S 7|dsta o]2 A% 1EFLOPS, W =& 10 PetaBytes, 2
Eg]A] 1 ExaByte, WHFAZA thdF 400 GB/s A Al2=Hl& 7ldsta )T

EUS AAz=AL A28 72 EPI (Europe Processor Initiative)E F5°% ARM H
RISC-VE 7|dto. = 3k CPUS Bkt 7FE715 AAl i 31 Folth 20220l SA] oA
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HAHFH 7&s/do] A&EH o2 g Folth EPI ZZAHEE= st=go], AZEH o], Bt
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=35] st=gont oz}t OS, /i =, HAode 2 golHey] T AA LZES
= T2 T&std AFE Aol

= FHAFE Al2=" S TOPS00 w+HAFHE SAC 19608 A=de 33 2°F 3
TH(KISTI ¥ HFE 557] 1d, 7174A 457] 2ol 91zt 22 dobsgk Holoh FHZ IBS
(1.4 PFLOPS/* 18'd), &g %1215 PFLOPS/* 19), 7144 557] (40-50 PFLOPS/" 20),
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373 5 RE ZRAES AFAF J14e AR AT

2 g8A4L F3Er] Y3 AAA NCAI ZZ(NOAA Center for ADS A H

CEa ! 21
il Bl Z2AAE FEHIHCE VY AT ZRAEES JAFAT FE ATE ABs)

-9

a2y’



PP

7|02 g B AHA HA i e @FE ot AT

o, 2020 79 Al oF 37%7F AF FolH, 1% 25%= =FHAl =T olE

o] Google, olvlEAHl~, IBM, lo]a2AXE 5 Oy 9= 7dExe] 89S 4
et Qom 1 AF}E NOAAE #Al# Y (machine learning) £41-S vkt 7w o] g o
HgN &8 /eSS 4SSt

G7 AL 20199 FHHOE vlilYd AF JaFol A

AT} o]F 20200 6Lol T,
Hho] mdEl ZrAE 2%71] A
st XBT 3lY 2% ASE &
5o EAS oo EN, T el S
7} X8 Folth. FA R mAE Fofo|x e walgdel 718k SOCRATES
o Bl o] d(radiation parameterization emulation)g &-&3}l1, LS &3 A
H7t I Bgrd 7125 GA7(Global Atmosphere 7)ol ®l8] 4d A%<
ECMWF& 4DVar A5 %53le Fdst= AAolA Hildds
(bias)e ShFstal ol& HAS FO2M 7B =7
dr 2d oA geld 7ol BAME, 93 3¢
A = A=A dg 7Hs8Es %7}0}%10“4 H2E Ay BEAdGHEY] /2848
ghgete] G REG H85 Ay 7)|E WekS o] 83t 2
T F4e HYh
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= /W8t o71A

* e
N

°1ﬂ w
A
B 2

3. Z A

NAIFRB714A8 e 71 BlholE e} AT IFAE 7ES AR AZATF V]
FelE B dudn’ RS FASAT dRdts A 7 oF 15919 HolHE
F8 - At oEe] A& - FEF) JEARE PAT F JAEF AL7Th wiled
ﬂ%L Oﬂ?ibﬁ ngﬂiﬁ% E}%— Haed daeEs Agste] de |
715Hs Al oo mE sk S A WIE AW
H} %‘E‘r(Park and Lee, 2020)). lsttistalol = Haleld 71" S(SVM, Decision tree,
Random forest)< 0]%‘6‘}04 F=d A9 913 o= 2y N AFE Y3 o
™(Choi et al., 2018), @ olZH#A FANFRANE FFore] o H=s
7171 218l umai%(oﬂ: XGBoost) 71¥& o]&39a(Choi et al. (2018), B& HE
HI=s FPA7E Ao deht
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A 5 A A7 K AU

B Aol s AEAA U] g7ldne] A4 8 FFAG, AR fa Al o)
G BT G A AENE 6T 2 AR FUsT 10 BE ALEE SEE
. B AolAE oled EAYEL veow, mloq] e D Az AA AN B
HAe 98] HotrE wrol W AV|dR JHE G4 Bk Arldne] Y Agre w
A3 BEE AT e ANGTA BT}

AlA ZFGE Fgs AT AA

L A7dE A= &4 8449 =

=
S
X
iy
o
o,
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L

71 AP = Fgoll FFES A= 29 Jesd WHEkel Bdste], 9 HAxl=
ATFAzE 2d 7 A, AFA 2" 2d Fde AT wHAFE Ve @9, 2 7)Hke
ZNedE % Agx &, AR A FF JbeAe 2 Ystd ofefet 2o

O AFAI2=" =2d 74 Alg
3] A= AFAI2E 2E N AgS AUEH, vE, Y §F ANTS FHOE
RE AER F88 F e AFA2E Bl F5E F
At ok wl=¢ A¢ FF 5-10d 3b g
(re-analysis), Aol Z(re-forecast)o] &= += 53
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M Zeme] W] | o

A

ko

TxE Jlees A5 F
2 Hgmd  dE(coupled ensemble), A&
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