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1. Introduction of the Coupled
Prediction System and the global
ocean 4DVAR system in JMA



v« Specifications of Coupled Prediction System (CPS) in JIMA

- CPS3 (February 2022)

Model version GSM2003C

Atmr:;:iemleric Horiz. resolution TL319 (~55 km)
Vertical levels 100 levels @ Last Upgrade: Feb. 2022
Model version MRI.COM v4.6

of-EL (e [I8  Horiz. resolution 1/4° ¢ E?::r:z:;:it A1 2023
Vertical levels 60 levels https://doi.org/10.2151/im

Initial Atmosphere Global Analysis (4DVAR) 5j.2023-009
conditions Ocean/Sea ice MOVE/MRI.COM-G3 (0.5°x1°, 4DVAR)
Size and Frequency 5 members per day =

v’ Breeding and Singular vectors for the <o Y g : =

Enseml?le e B

generation Perturbation v" Stochastic physics in the atmosphere X . >| al )

v Ocean perturbations from the MRI.COM: Meteorological Researc
minimization history of 4DVAR

[

|

Institute Community Ocean Model.



https://doi.org/10.2151/jmsj.2023-009
https://doi.org/10.2151/jmsj.2023-009

»¢ Global Ocean 4DVAR System, MOVE/MRI.COM-G3

€ MOVE/MRI.COM-G3 is constituted of the 2 models, that is, the
analysis model G3A and the downscaling model G3F.

€ The data assimilation method is mostly the same as the JMA’s eddy-
resolving ocean prediction system, MOVE/MRI.COM-Jpn.
» Analysis Model (G3A)
* Global tripolar grid coordinate, resolution: 1° X 0.3-0.5°

* In-situ TS profiles, satellite altimetry data, and SST objective
analysis are assimilated through IAU-4DVAR.

* Sea Ice 3DVAR (Toyoda et al. 2016, partly modified)

» Downscaling Model (G3F)
 Global tripolar grid coordinate, resolution: 0.25° X 0.25°
» Constrained to TS fields of G3A by IAU (downscaling)
* Sea Ice 3DVAR (the same as G3A)

* GPVs of G3F are used as the oceanic initial condition of
the coupled predictions.

& "N

Resolution: 1°X(0.3-0.5°

Oceanic Init. for Co

Downscaling Model G3F

TS Fields Sea lce
- IAU-4DVAR 3DVAR
Downscaling by
IAU or REPLAY
\

N S Sea Ice

TS Fields DA
Resolution: 0.25°X0.25°

upled Prediction



3. Advantage of 4DVAR
in the global system



v¢ Capacity to reduce data-misfits effectively (Comparison with assimilated data)

Bias from the objective SST analysis

» 4DVAR effectively reduces the
SST bias from the objective SST

analysis witch is assimilated
compared with 3DVAR.

0 GbE 12‘0[,: 12‘30 12bw eéw 0 0 BéE 1 ZIOE 180 1 ZbW 66W 0

-l [ > < [ [ -

| Y N I
-0.3 -0.18 —0.06 0.06 0.18 0.3 -0.3 —0.

60N A 60N 15

30N 30N S

» RMSDs from assimilated Argo

data are also generally reduced ] .
by 4DVAR.
» Thus, 4DVAR more effectively %08 ‘ iy ‘ o ‘ - ‘ ‘
reduces the data-misfits. 0 60E 120E 180 1200 60W 0 0 60E 120F 180 120W 60W 0
[ | | [ | [ [ —l ] [ | [ [
-0.2 -0.1 —=0.05-0.02-0.01 0O 0.01 0.02 0.05 0.1 0.2 -0.2 -0.1 -0.05-0.02-0.01 0 0.01 0.02 0.05 0.1 0.2

Blue: 4DVAR is better



¢ Capacity to reducing actual errors (Comparison with Argo not assimilated)

60N T T

son ]| B

3051

60S 1

Difference of RMSDs from the
independent Argo data
(4ADVAR—3DVAR)

Difference of absolute biases from
the independent Argo data
(4DVAR—3DVAR)

[
—-0.2 -0.1 -0.05-0.02-0.01

0.01 0.02 0.05 0.1 0.2

EQ g N

[
-0.2 -0.1 -0.05-0.02-0.01 0.01 0.02 0.05 0.1 0.2 —-0.2 -0.1 —-0.05-0.02-0.01 0.01 0.02 0.05 0.1 0.2

> 4DVAR reduces the SST bias more
effectively than 3DVAR.

» The impact of 4DVAR on 100mT bias
and RMSD of SST and 100mT seems to
be neutral, probably because the
model does not sufficiently represent
the real physics due to the low
resolution.

» But 4DVAR performs better than
3DVAR in the equatorial Pacific and
the Kuroshio Extension area.

» Actually, 4DVAR reproduce variation
of the equatorial Pacific thermocline
much better than 3DVAR

» 4DVAR tends to reproduce large
variations better than 3DVAR.

Blue: 4DVAR is better



¢ G3F-CTL vs G3F-3DVAR: Validation using the eq. Pacific Vertical Section

Difference of the absolute bias Difference of the RMSE from
from independent Argo data independent Argo data

g3f—ctl—fst—g3f—3dvicu—fst Eq temp abs(bias %Sf—ctl—:fsi‘—gf?f—;;dw:ou—:fstz qu tepD
0 . . ‘ . . . : ‘ : . . .

= -

Difference of the analysis
variance normalized by the
observation variance
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Blue: G3F-CTL is better. Blue: G3F-CTL is better. Blue: G3F-CTL is larger.

» The absolute bias of temperature is generally smaller in 4DVAR, in particular, around the thermocline.

» Although the 4DVAR result (G3A-CTL) has larger RMSDs in the large part of the section, RMSEs are
smaller around the thermocline.

~ » ADVAR generally has larger variances. This seems to be a major cause of larger RMSEs.



v Sensitivity experiments of forecasts from 4DVAR and 3DVAR initialization

& Model: Atm=TL159 (about 110km), Ocn=the model used in G3A (1x0.3-0.5")
(The model resolutions are lower than the operational system.)
€ 10 ensemble member forecasts
@ Initialization by the 4DVAR system (4DVAR-FCST) and its 3DVAR version (3DVAR-FCST)

Observation (ESA SST CClI) ADVAR-FCST 3DVAR-FCST

MJan2000-15Jan2000 NJan2000-15Jan2000 1MJan2000-15Jan2000
CCISST CPS3LL4D MEM:00 CPS3LL3D MEM:00
B bof ‘ . - A
16N ) 16N - I 16N -
) : ‘ .
8N | , ‘ 8N | 8N |
A
EQ r | EQ EQ |
8s | 8S 8S |
16S | 165 16s |
180 160W 140W 120W 100W 8OW 180 160W 140W 120W 100w 8sowW 180 160W 140W 120W 100W 80W

» Although some TIWs are not clear because they are smoothed in the 3DVAR-FCST, 4DVAR
reproduces TIWs clearly.



¢ Impact of 4DVAR on the coupled Prediction (using a lower resolution model)

Ratio of SST prediction RMSE (4DVAR/3DVAR) Resolution: Atom. ~110km, Ocean 0.3-0.5 x 1.0°
Lead time: 1-5 days 1§ Lead Time: 36-40 days
: : shae 90N
Rl me—— e - S A D < 112
60N s A o 60N o =tr s L .@‘ - 1:41 108
30N [ 30N [ ~ 104
EQ [} R e - u A EQ [ " Nt ) e 1.00
30S 4 ,. % . 30S \‘ >4 R R . 0.96
e .o : ' j ‘Lf 60S i ; . - ; 0.92
60S e e e — = ‘*""k_,_. = - e ¥4 - 0.88
90S 90S
0 60E 120E 180 120W 60W 0 60E 120E 180 120W 60W
Lead time: 21-25 days Blue: 4DVAR is better
90N
B e e i, 97
60N Kas SO e -~ g > : . : :
on [RE S 9§ P 4DVAR predl-cts SST variations better in the regions wh-ere
s M\ TS  m—— TIWs are active and the western boundary current regions.
EQ [l chee Wy e > B
200 [\ £ . ) » The impacts can be seen even in the forecasts more than a
c0s [EE s s e et ‘ month ahead.
905 = - » Due to better physical balance in the 4DVAR?
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v¢ Use of CPS3 predicted SST in the uncoupled predictions

Transition weight of CPS3 SST

@ Earlier transition of SST forcing from anomaly persistence to CPS3 in 10
the uncoupled subseasonal predictions improves the forecasts. s New -— _ ;:,:;yliiziy
€ Now, we apply the global CPS3 SST as the forcing in the operation, Id

but it used only in the tropics in the test. 03 . % s 2 25

Forecast day

Difference in SST ACC score: Comparison of the time-series of ACC score in the tropics
[CPS3] — [anomaly persistence]

(Green means CPS3 is better.) Sea Lev. Pres. 1000hPa T
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< Impact of earlier transition to CPS3 predicted SST for the longer lead-time

PSEA TS PSI850 PSI1200 CHI200
Tropics 0.1 . . 0.1 . ; 0.1 . ; 0. . ; 0.1 . ; P 1 .
eriod: 1991-2020
008 & % 0.0E e 008 e 008 e 008
006 T ~ 006 - 006 - 006 - 006 T
0.04 T 0.04 0.04 T 0.04 . 0.04 ‘
A LR . DI SO IR R I IR A |
o0z | |mp|'ove»dz I 1 002 | 1 002 | i 1 00z |
004 | - 004 | - 004 | - 004 | - 004 |
DJF JJA  DJF JUA  DJF JJA  DJF JJA  DJF JUA
1.5week
2week D
North PSEA TS PSI850 PSI200 Z500 3-4week
(18 ] v - 0.1 - < 0.1 - < 0.1 ' N 0.1 ' 1
Hemisphere 0.08 0.08 0.08 0.08 0.08
D.I}S L m 1 - Mi L + . N n_ni ! _rl-. _Jm N u_ni L 1 N n.ni ! ! o
-0.02 - - -0.02 -0.02 -0.02 ] -0.02 ]
-0.04 -0.04 -0.04 -0.04 0.04
-0006 E 006 + E 006 + E 006 + E 006 +
-0.08 - 008 - 008 | ] 008 - 008
0 -0.1 : - -0.1 : - -0.1 : - .01 : -
DJF JJA DJF JJA DJF JJA DJF JJA DJF JJA

O Earlier transition to the CPS3 SST improves the forecasts especially for longer lead times.
O The positive impact mainly appears in the tropics but is also found in the mid-latitude regions.
— Indicating the importance of SST prediction in the subseasonal forecasts



Improvement of model-bias correction scheme

XIt’ — x2t9+ bt (The model prediction to which the estimated bias is added is used as the background state.)
_ a c C ' ‘ i
bt — (1 _ W)bt—l + WAXt—l + bt — b¢_, (Ne.w)_ Offline terrp of clfmatologlca.l sgasonal |
variation of the bias estimated a priori from analysis
The bias is estimated online increments in preliminary reanalysis.
from the analysis increments.
Verification results of temperature fields at 100 m depth from 1991 to 2020
Biases (Anal. — Obs.) of control exp. Bias differences : Test — Cntl Normalized RMSE differences : (Test — Cntl)/Cntl

= - W
60F 1208 180 120W 60W 0 60F 1208 180 120W GOW 0 Blue : Test exp. is better, 6OW 0

<A T T T O A > [ ] T A S [ Y )
-1.5 -1.256 -1 -0.75 -05 -0.25 0 025 0.5 075 1 125 1.5 -0.2  -015 -0 —0.05 0 0.05 0.1 0.15 0.2 -02  -015  -01 —0.05 0 0.05 0.1 0.15 0.2

’,%?i(ﬁ: Japan Meteorological Agency




Y% Introduction of 1/4° resolution oceanic 4DVAR

€ Current System Improve eddy @ Tested system
> 4DVAR with 0.3-0.5 x 1° resolution model activities? > 4DVAR with 1/4° resolution model
» Downscaled to (replay in) 1/4° resolution » No downscaling
» ADVAR analysis window: 10 days »» A4DVAR analysis window: 2 days
_ _ Degrade the , , ,
» Max iteration Num.: 30 balance? » Max iteration Num.: 10 (3 in the test)

» First Guess from preliminary 3DVAR

» First Guess from preliminary 3DVAR

Additional computational cost due to the higher resolution is balanced with the time reduction by the shorter analysis

window and the smaller iteration number.

G3F SSH 20110209

|

CMEMS L4 SSH 20110209

0.6  -0.35  -0.1 0.15 0.4 0.65 0.9

1.15

1.4

* Bias is subtracted for visualization purpose

’,%?i(ﬁ: Japan Meteorological Agency
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RMSE to Current System Tested System Normalized change (blue: improved)

<G3A> RMSE(TU"RL)) 2006—-2011 <G4> RMSE(T(1m)) 2006—2011
GLB=0.479, ATL=0.511, |

=0.527, PAC=0.441 GLB=0.471, ATL=0.518, (ND=0.516, PAC=0.43 <G4—G3A> NRMSE(T(1m)) 2006—2011
=

— - Bp—
=3

independent
Argo data

<G3A> RMSE(T(2100m)) 2006—2011 <G4> RMSE(TgOOm%) 2006—-2011
GLB=0.97, ATL=0.992, IND=1.256, PAC=0.883 GLB=0.956, ATL=1.022, IND=1.165, PAC=0.871

T at
100m

Impact on variance ratio (= STDV[Analysis anomaly] / STDV[Observed anomaly], verified assimilated Argo data)

temperature G3A (Current 4DVAR System) G3F (current downscaled system) Tested System

<G3A> VRATIOgélODm)) 2006—2011 <G3F> VRAT|O(T(21 Om)) 2006—2011 oLs gGBg; \ﬁ_ALTI%(gg 00m)) 2006—2011

IND=0.697, PAC=0.718 GLB=0.753, ATL=0.7 IND=0.712, PAC=0.73 IND=0.835, PAC=0.868
] — =)

w' e

Va ri a n Ce — . GLBO.732, ATL=0.
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@ UN Ocean Decade Project

(SynObs)

N Synérgistic Cbserving Network for Ocean Predli;:tion

CNTL NoArgo-CNTL

(-v-

!

» SynObs is the Project of the United Nations
(UN) Ocean Decade to seek the way to get
maximum synergy from the combination
among various observation platforms in
ocean predictions.

SynObs is now promoting a coordinated
OSEs using various ocean prediction
systems.

JMA has currently been conducting the
OSEs for the SynObs coordinated OSE
activity.

The figure shows the RMSEs of 100 m
temperature fields of OSEs not
assimilating the altimetry (NoAlt), Argo
(NoArgo), and mooring data (NoMoor), as
well as the control run (CNTL).

tRMSD wrt indep Argo; CNTL level:100m t RMSD wrt indep Argo; NoArgo—CNTL level:100m

180 120w BOW

120E 180 120W 60W
—0.06

- NoAlt-CNTL NoMoor-CNTL

t RMSD wrt indep Argo; NoMoor—CNTL level:100m

-0.18 0.06 0.18 0.3

t RMSD wrt indep Argo; NoAlt—CNTL level:100m

» RMSEs are evaluated for each 5°x10° box using independent Argo data.

» Argo data has significant impacts in the global ocean, but altimetry
and mooring data still have some positive impacts complimentary to
Argo data.







v¢ Concluding Remarks

>

>

A better SST representation likely improves both
uncoupled and coupled predictions!

Oceanic 4DVAR and dedicated bias correction can
Improve the SST analysis, resulting in better coupled
forecasts.

Using SST predicted by a coupled prediction system can
Improve the uncoupled atmospheric forecasts.

JMA/MRI are currently conducting OSEs for the SynObs
coordinated muti-system OSE project, and NOAA/CPC
and EMC and NASA/GMAO plan to join the project.

Please mail to SynObs (synobs@mri-jma.go.jp) or visit
the web page to join the SynObs activities. (We share
the information on the activity through the SynObs
mailing list and the SynObs web meetings.)

o m RE A E'MES
W y 1 R B ot

SynObs Webpage:
https://oceanpredict.org/un-
decade-of-ocean-science/synobs-2/
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% IAU-4DVAR

€ Model fields are modified by gradually
adding TS increments for 5 days by IAU.

Background

& The TS increments are optimized so as to oSl ion Window (10 days)

fit the model trajectory to observations
through the iterative calculation of the
forward and adjoint model.

r

s
I S —

IAU window (5days) |  Obs. window (5 days)

——eptegr—2

@ The observation window is shifted 5 days
after the IAU window, and overlapped with
the IAU window in the next analysis cycle.

@ the system performs 3DVAR before the 4DVAR analysis, and |

the result of 3DVAR is used as the first guess (not the
background fields) of the 4DVAR.

» To reduce the computational time

Assimilation Window (10 days)
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IAU window (5 days) ' Obs. window (5 days)

» We regard the trajectory connecting model
» To grantee the accuracy similar to 3DVAR even if the

fields in the second half of the assimilation
number of the iterations are insufficient.

window in each analysis as the analysis fields.
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"Prediction (Old)

w Improvement of SST Predictions

Evaluation Period: 1990-2019

Winter NINO3 Winter Far Western
SST Predictions EgPac SST Predictions
from ends of Julys from ends of Julys

Global distribution
of the standard
deviation from

that time average
of winter SST S e SN , S
predictions from SR N L e T R

3 ends of Julys.

2.

5 \.

01 o 4 E :"r ! Iy
=11 8 & \ \‘:-, "

5] i

-3 ACC=0.94 !

- 1985 2000 2005 2010 2015 -2 1995 2000 2005 2010 2015 F
KB >

3 ; 15
3 '

9 5 .

19 Z ! i :' D 031 . 0 . g‘\ . A ':~.‘

] o o/ B o A !,“ "=- 18 ,: £ -- '/o:_':;:,‘!' . . . . .
SN LA TS LA N iy VYN V) e Objective Analysis Objective Anal
of e B Sk VAR ® Ensemble mean e —
-3 ACC=0.90 N ACC=0.67 - OEach Member A
- 1995 2000 2005 2010 2015 15 1995 2000 2005 2010 2015

- » Prediction Scores related to ENSO are generally improved.

> Variabilities are suppressed in the eastern equatorial Pacific,
and enhanced in the eastern equatorial Indian Ocean.

> Variabilities are increased in the mid-latitude frontal zones.

J0E GOE 90E 120E 150E 1280 150w 120w 90w aow 30w

0
T T T T T T T - K
02 03 D04 05 08 07 08 0% 1 125 1.5 1.5 2



CPS3

High-resolution ocean 4DVAR

G3A-4DVAR (1.0deq)

130E

Downscaling

G3F-IAU (0.25deq)

A i 7
< | =
4 9
= T
&

140E 150E 160E 170E

S T T T T T T T T T
0 o1 02 03 04 05 06 07 08 08 1 11 1.2 1.3 1.4 1.5

50N

45N

S T T T T T T T T T T
0 o1 02 03 04 05 06 07 08 08 1 11 1.2 1.3 14 15

TEST-4DVAR (0.25deq)

150E 160E 170E

T T A T T T T T T T T T T
0 01 02 03 04 05 06 07 08 09 1 11 12 1.3 14 15

’,%?i(ﬁ: Japan Meteorological Agency

Currently using the combination of
low resolution 4D-Var (1.0x0.3-
0.5deg.) and high-resolution IAU
(0.25deg.)

Only large-scale features such as
mainstream of the Kuroshio

are resolved by the current 4D-Var
system.

Finer resolution (0.25deg) Ocean
ADVAR is currently under
development (, but is not targeted
on CPS4)



v« Comparison of the prediction scores of ENSO indices

ACC for NINO3.4 Index ACC for NINO3 Index

ACC nino34 MGDSST init:Feb,May, Aug,Nov1991-2019 ACC nino3 MGDSST init: Feb, May, Aug,Nov1991-2019

! I 1 ! I
; CPS3 —— : CPS3 ———
0.95 f ADVAR-FCST 0.95 ADVAR-FCST
' ~ 3DVAR-FCST ' 3DVAR-FCST
0.9 = i 0.9
0.85 e e 0.85
0.8 e e 0.8
0.75 ' ' ' 0.75 I | | |

2 3 4

Lead Time [month]

Lead Time [month]

0 The better scores of the operational system (CPS3) are due to its higher resolutions.
0 4DVAR-FCST has better scores for 4 to 5 months predictions.

» Maybe due to the smaller bias and RMSD around the equatorial thermocline in the 4DVAR

ocean data assimilation system (G3A-CTL).



v¢ Capacity of improving the analysis fields using future observations

D1 D6 D11 D

I Obs window |

(o)}

Difference of RMSD against indep. Argo

between delayed and real-time Ans

4DVAR(D1-10)

BON - (.~ 1 Obs window

|
| Real-Time An | I
1

30N 1

4DVAR(D6-15)

EQA

3054

- —_-————————————H

|
| Delayed AN |

605

O The real-time analysis are further improved by assimilating
observations in the next five days in the delayed analysis,
especially for 100-m temperature.

BON - Gt
30N =

N O SSTis not so improved because sufficient SST observation

o data have already constrained the real-time analysis.

60S 1

0 4DVAR has a capacity of improving the analysis fields using

0 60E 120E 180 120W B0 0 future observations.
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% 0bs g\x Synergistic Observing

syn
\\ [ [
& m}mm et NETWOrK for Ocean Prediction

Q’v
Led by OceanPedict OS-Eval TT

° L € Objective
' SynObs will seek the way to extract maximum benefits from the combination
ForeSea among various observation platforms, typically between satellite and in situ
= observation data, in ocean predictions.

A% =
<(@_5 € Strategy

SynObs aims to identify the optimal combination of different ocean observation
2021 United Nations Decade

505 of cusan Scinc platforms through observing system design/evaluation, and to develop
forSustanable Development g ssimilation methods with which we can draw synergistic effects.

— —

SynObs Co-Chairs: Y. Fujii (JMA/MRI), Elisabeth Remy (Moi)

SynObS E-Mail: synobs@mri-jma.go.jp
Contact https://oceanpredict.org/un-decade-of-ocean-science/synobs-2/
e . SynObsML@googlegroups.com
Mallmg List Please mail to synobs@mri-jma.go.jp for joining



mailto:synobs@mri-jma.go.jp
mailto:synobs@mri-jma.go.jp

Y¢ Plan of SynObs Flagship OSEs/OSSEs

1 CNTL SST
SynObs plans to implement OSEs/OSSEs using various 2 NoAt cer
ocean prediction systems with a common setting.
3 NoArgo SST
Why’) 4 NoMoor SST
> In order to remove system dependency by averaging S [NeSST
the results with various systems 6 Nolnsitu
Systems participating in the OP OSEs il i
8 F
Center System Area Res. (Deg.) b
UK MetOffice FOAM Global 1/12 9 |HalfArgo
NOAA/NCEP | RTOFS-DA Global ~  0.08 | 10 Oper St
ECMWF ORAS5/6 Global 1/4 * ’ dicti
NASA/GMAO | GEO-S2SV3  Global 1/4 Ocean Pre_ iction OSEs
IMA/MRI MOVE-G3F Global 1/4 ¢ ReanaIySIS: Jan. 2020-Dec. 2020 (DeC. 2022)
ECCC GIOPS Global 1/4 e 10-day predictions: Started from every pentad
NOAA/NCEP GLORe Global = 1 € 525 OSEs (with lower resolution systems)
| NOAA/QUOSAP MOM6 Global ? e Reanalysis: 2003-2022
JAMSTEC-APL JCOPE-FGO Semi-glob. 0.1 ° 1_month prec“ctlonS. Once 3 month
IMA/MRI | MOVE-NP NPac.  1/10x1/11 o 4_month predictions: Twice a year
i | KoosPEM 17 24 ocean reicton st
MetService. Nz |MetService, NZ S, Pac. 1/24 Use GEOS/NASA coupled simulation as the Nature Run
h - -

Argo 80%

Argo 80%

Argo 80%

Argo 80%

OSEs requested in the OP OSEs and S2S OSEs

Nadir
Altimeter



	スライド 1: Development of 4DVAR Global Ocean Data Assimilation System for Coupled Predictions in JMA 
	スライド 2: 1．Introduction of the Coupled Prediction System and the global ocean 4DVAR system in JMA
	スライド 3
	スライド 4
	スライド 5: 3．Advantage of 4DVAR in the global system
	スライド 6
	スライド 7
	スライド 8
	スライド 9
	スライド 10
	スライド 11: 3．Recent Developments and activities
	スライド 12
	スライド 13
	スライド 14: Improvement of model-bias correction scheme
	スライド 15
	スライド 16: RMSE to independent Argo data
	スライド 17
	スライド 18: 4. Concluding Remarks
	スライド 19
	スライド 20: Supplemental Materials 
	スライド 21
	スライド 22
	スライド 23: High-resolution ocean 4DVAR
	スライド 24
	スライド 25
	スライド 26
	スライド 27

