JMA’s Seasonal Ensemble Prediction System

SATO Hitoshi

Numerical Prediction Division,
Japan Meteorological Agency

(@) %%ﬁ: Japan Meteorological Agency 1

Outline

1. Recent upgrade and performance

2. Current issues and future challenges
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Operational NWP global models at JMA

Global Spectral Model
(GSM)

Global EPS

Seasonal EPS
(JMA/MRI-CPS3)

Domain

Horizontal resolution

approx. 13 km

approx. 27 km (up to 18 days)
approx. 40 km (up to 34 days)

Atmosphere: approx. 55 km
Ocean: approx. 25 km

5.5 days (06,18 UTC)

25 (up to 34 days)

Forecast length 264 hours (00,12 UTC) 11 days (00 UTC) 7 months
(initial hours) 132 hours (06,18 UTC) 18 days (12 UTC) (00 UTC)
34 days (12 UTC on Tue. and Wed. )
Ensemble size 1 51 (up to 18 days) 5

Main Products

Typhoon Forecasts,
Three-hourly Forecasts,
Daily Forecasts,
Aviation Weather Forecasts and
Warnings

Typhoon Forecasts,
One-week Forecasts,
Early Warning Information on Extreme
Weather,
Two-week Temperature Forecasts,
One-month Forecasts

Three-month Forecasts,
Warm/Cold Season Forecasts,
El Nifio Outlook

Initial conditions

Hybrid 4D-Var

Global Analysis + SV
+ LETKF

Atmos.: Global Analysis+BGM
Ocean: 4D-Var + perturbations calculated
using 4DVAR minimization history

Sea Surface
Temperatures

Anomaly-fixed SST
(MGDSST)

Anomaly-fixed SST and ensemble-mean SST
by CPS3 after 6 days (two-tier method)

Predicted SST in the fully coupled model
(one-tier method)

P conditions
[0 IO —

Major upgrade of Seasonal EPS : Coupled Prediction System (CPS)

Model version
Atmospheric

Horiz. resolution
model

Vertical levels
Model version
(o] -1l (o] I8 Horiz. resolution
Vertical levels
Initial Atmosphere
conditions Ocean/Sea ice

Size and Frequency

Ensemble
generation

Perturbation
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CPS2 (June 2015)
GSM1011C
TL159 (~110 km)
60 levels
MRI.COM v3.2
1° (longitude) X 0.3-0.5° (latitude)
52 levels with a bottom boundary layer
JRA-55
MOVE-G2
13 members per 5 days

Stochastic physics in the atmosphere
Breeding for the atmosphere

Hirahara et al.(2023, JMSJ
CPS3 (February 2022)

GSM2003C
TL319 (~55 km)

100 levels
MRI.COM v4.6
0.25°
60 levels
Global Analysis (GA)
MOVE-G3 (detailed next)
5 members per day

Stochastic physics in the atmosphere
Breeding for the atmosphere
New ocean perturbations

MRI.COM: Meteorological Research Institute Community Ocean Model.
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Major upgrade of Ocean data assimilation: MOVE
Fujii et al.(2023, Front. Clim.)

MOVE-G3
MOVE-G2
G3A (4DVAR analysis) G3F (initialization of fcst.)

Horizontal resolution 1.0° (lon) X 0.3-0.5° (lat) 1.0° (lon) X 0.3-0.5° (lat) 0.25°
Vertical layers 52 + Bottom Boundary Layer 60 + Bottom Boundary Layer 60

Temperature(Salmlty 3DVAR/FGAT+IAU ADVAR+IAU IAU to G'3A Analysis
analysis (detailed next)

Water temperature, Salinity, | Water temperature, Salinity,
Sea surface height Sea surface height

Assimilated Observations
- Sea ice concentration

Atmospheric forcings JRA-55 JRA-3Q (delayed) and Global Analysis (early)
Analysis window 10 days 10 days 5 days

Observation window
(= Analysis interval) 10 days 5 days

MOVE: Multivariate Ocean Variational Estimation. IAU: incremental analysis updates.
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3DVAR vs 4DVAR: Error to independent (non-assimilated) Argo

3DVAR 4DVAR
MOVE-G2 RMSE [K] MOVE-G3 (G3A) RMSE [K] Normalized RMSE change

4DVAR
Improved

1 m temperature

100 m temperature

Reanalysis experiment (2005-2014) *Verified with 20% of Argo withheld from assimilation
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4DVAR and Downscaling with IAU

Previous G3A analysis window

S

5,

2
‘\\\‘@’ 2

G3A

4DVAR analysis
1X0.3-0.5 deg.
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Initialization of fcst.
0.25 X 0.25 deg.

4DVAR

Increments | Observations _

&

&
<

@ 10-day window

N

®

Previous window

SST and SIC from G3F reanalysis

(1 Do 4DVAR analysis with the low-res model
@ Run the high-res model with no obs info

B Get high-res increment = D-®@
(5-day mean temperature and salinity)

@ Run the high-res model again, now adding the
increment (@) distributed for 5 days (IAU)

5 days

® Prediction (coupled)

Experiments with a prototype system showed this setup outperforms straightforward 3DVAR with
the 0.25-deg. model (with acceptable additional cost)
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Midlatitude Oceanic Front around Japan: 1pec2017

SST

Surface
Current

s

150

1606

MOVE-G3(G3F: 0.25deg): new
2 r

OSTIA SST analysis (0.1deg)
i [

2075 300

wrs 30 T zezs 78 s w0 29Es 3

OSCAR surface current analysis
(1/3deg)

1706

0701702 03 04 05 06 07 OB 08 1 N1 1z 13 14 15

0701702 03 04 05 08 07 08 09 1 11 12

e 0701 02 03 04 05 06 07 08 03 1 11 12 13> 14 15

Large-scale feature including mainstream of the Kuroshio can be resolved, though there is still room for improvemer;t.



Sea Ice Extent in reanalysis (10° km?, year-to-year and seasonal)

MOVE-G2 (old) MOVE-G3 (G3F; new)
Monthly extent anomaly Climatology Monthly extent anomaly Climatology
. P : ii
2 21 2 2
Northern . | "
0 1 0 151
Hemisphere - ‘ZN i “
] COBE-ICE (reference) : | COBE-ICE (reference) !
-+ MOVE-G2 s -+ ‘MOVE-G3 (G3F) s
4 271 4 27
3 24 3 2%
Southern | " : -
Hemisphere - :Z b "
=2 9 -2: 9
o " 3 :
* 1995 2000 2005 2010 2015 2020 1995 2000 2005 2010 2015 2020
Jan Dec Jan Dec

Year-to-year and seasonal variabilities get closer to the reference in both hemispheres
*Not an independent reference
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Enhanced Operational Schedule

4D-Var analysis
1X03-05 deg.

P\ Gs3r m X (5 mutually independent, staggered streams) X (Early/Delayed analysis)

Dynamical downscaling |

oxxoxswes  F  sdap ‘ = Daily initial conditions available with minimal delay and data loss

December 22 December 27 January 1
ooute oouTe ooute Integration Whole integration
NS O Y N O O [ [ s . Frequency
L | R | i starts available at
; ' ime
o i13 ' 13 |
St i A Init +2 d Init +5 d Every 5 d
Start — I I + +
s . \\L_“ \ ni ays ni ays very 5 days
ni : l Dy

5 g
Q

FARRRARRR — meotmn smein e
IR ..

Execution
Start
CPS3
End

Operational schedule of prediction

More timely initial conditions are beneficial for shorter lead time.
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Tropical Instability Wave: Hindcast Case Study

CCI SST (reference, 0.05°)

CPS2 (1° % 0.3-0.5°0cean)
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CPS3 (0.25°ocean)
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5-day mean SST valid on December 22-26, 1999.
(CPS2 and CPS3 are 11t"-15t day of prediction.)

» With higher ocean resolution, CPS3 better reproduces the fine-scale TIW features.

» TIW is known to provide negative feedback to anomalous equatorial SST via meridional heat transport.
This improved TIW may have alleviated over-development bias for ENSO found in CPS2.
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El Nino Prediction: Hindcast

Anomaly correlation

RMSE and Spread [K]

ACC
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07

06

05

RMSE CPS3 ——

CPS3 -

CPS2

RMSE or SPREAD (K)

Lead time [months] Lead time [months]

Timeseries of NINO 3.4 SST anomaly [K] =

Black: MGDSST (reference)
Red: hindcast members (from April 11 and 26)
Blue: hindcast ensemble mean (10-member LAF)

b x:g.;;chAANqub

hohoh

& Anomaly correlation, RMSE, and Spread of
NINO 3.4 SST for different lead time. Based
on 360 instances from hindcast (1991-2020).

*Verified with MGDSST

CPSZ J]\
\ mAAK\.. A /\ kw /c{/m
i TAEE R s ESraa

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 20016 208 2020

1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 208 2020

1992 1994
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Comparison of SST, SLP, and precipitation patterns associated with El Nifo events

(Linear regression coefficients on NINO3.4 SST, DJF 1991-2020)

Shade : SST
Contour : SLP, Precipitation (solid-positive. dashed-negative)

SSTPSEARAIN regnes :Nov1991. SST.PSEARAIN Iegvessmsz init:Nov1991-2020)

40N -

—aT—]

Analysis
SST.PSEA.R) 991-2020)
) ~. i 4
‘

7

/
(Zaly

\ i

180 150w 120W 90w 90E 120 150E 180  150W 120w 90w 90E 1206 150E 180  150W  120W  90W

» Meridionally broader, less excessive warm anomalies in the eastern Pacific
» Better resolved TIWSs bring negative feedback to equatorial SST anomalies during ENSO events
(Vialard et al. 2001; An 2008; Graham, 2014)

> Stronger SLP and precipitation response in the western Pacific
> Better representation of ENSO asymmetry (not shown)
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Sub-seasonal variability in the tropics : MJO

All_seoson

Al_seoson

14 I jr 1 CHI200 (CPS3)
“‘*“* S . [N
Lead time o . o
[day]
15 15
~L 20 20
25 25
[:: 60E 120E 180 120w 60W o— [:,0]6 60E 120E 180 120w o
Longitude-time composite of equatorial velocity potential at 200hPa starting from the initial dates
with the MJO phase in the Indian Ocean (all seasons)
5 LR
= 0
© CPS3 . .
5 CPS3 improved the representation of MJO
[ =] [ SR SR - Wi " i .
o eastward propagation.
2 CPS2 propag
s
2
[11]

5 10 25 30

15 20
Lead Time (day)
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Seasonal progression of Indian Summer monsoon
in the first lead time month TrN

Latitude-time cross section of daily precipitation
climatology around India (65-85E).

(1998-2020, 5-member forecasts starting from
the last day of each month)

https:, .britannica. Indi

WS

Mar Apr May Jun Jul Aug Sep Oct Mar Apr May Jun Jul Aug Sep Oct Mar Apr May Jun Jul Aug Sep Oct

3 . s s 0 T2 Precipitation [mm/day]

» Northward march of South Asian monsoon precipitation well represented

» On the downside, excessive precipitation and earlier shift of precipitation band to the southern hemisphere .

NH Winter Blocking Frequency

Day 4-27, Blocking High Existence Frequency [number/day] ( NDJF )

<JRA-3Q> <CPS3(5mem)—JRA— 30> <CPS2(5mem)— —JRA- 3o>
ft=04—-27dy mean:07. ft=04—-27dy mean:07 ft=04—-27dy mean:0
init: NDJF 30 years (1991 2020) init: NDJF 30 years (1991 2020) init: NDJF 30 yeqrs (1991 2020)
0.05 0.05
b 0.02 0.02
0.15 (4
- ) —{[* 0.01 0.01
0.1
-0.01 -0.01
0.05
—-0.02 -0.02
-0.05 -0.05

Contour: Frequency

Shade: Frequency bias (less frequent. more frequent)
Blocking detection: defined as a maximum within #15° north-south direction of 500 hPa geopotential altitude (Scherrer et al. 2006)

» Underestimated blocking highs over the Atlantic becomes less evident
* Reduced atmospheric model bias, higher resolution atmosphere, SST gradient, orography
(Nakamura et al. 2004, Anstey et al. 2013, Berckmans et al. 2013; Schiemann et al. 2017; Athanasiadis et al. 2020, Kleiner et al. 2021)
» The Pacific bias remains roughly unchanged
* Summertime Pacific blocking improves with resolution, not for winter (Schiemann et al. 2020). Upstream jet bias ? (Nakamura and
Huang, 2018) 16



(hPa) &7 CPS3 »

<cPs2(10r
20MAL T
2020)
it =03

Zonal mean temperature bias

May Initial
JA

» Tropospheric temperature structure improves in the
tropics to mid-high latitudes

» Improvement in the too-strong polar vortex bias in e o (R B o
boreal winter

ZONAL T (K] ZONAL T [K]
BIAS / Model Clim for 30 years (1991-2020) BIAS / Model Clim for 30 years (WNO-ZOZO)
¢ Cold bias in the lower-middle stratosphere in the northern polar region
¢ Too-strong westerly wind (not shown)

Initial : 1028, 3mon mean : man 01-03 Initial : 1028, 3mon mean : mon 01-03
10 10

Oct Initial

DJF

Contour : climatology .
Shade : bias w.r.t. JRA-3Q(warm. cold) §
0

T

T 2
A SRS 150604 Q4 D& 15 25 4 P25 15 -06-04 0.4 08 1.5 25 4
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C3S Multi-model Long-range Forecast

Seasonal forecasts

The C3S regularly publishes seasonal forecast products. These

products are based on data from several state-of-the-art seasonal

prediction systems.

Home / What we

HIGHLIGHTS OF THE LATEST SEASONAL FORECASTS | ABOUT THE
‘ SEASONAL FORECASTS | USER SUPPORT AND FUTURE DEVELOPMENT

Highlights of the latest seasonal forecasts

13 JANUARY 2023

The latest seasonal forecast for
Europe shows the end of winter
most likely to be milder, windier
and wetter than average in the
north; milder conditions are also
favoured in the south

L
P>

read C3S seasonal
forecast

Moreonhowto [

RELATED NEWS

€35 provides early O
warning to the
energy industry

Enhanced seasonal (1
forecast system
now available

C3S multi-system seasonal forecast

Prob(most likely category of precipitation)

Nominal forecast start: 01/01/23
Unweighted mean

<+ below lower tercle

W 70.200% [l60.70% [[]s0..60%

180w 150'W 120w 90w

ECMWF/Met Office/Météo-France/CMCC/DWD/NCEP/JMA/ECCC
FMA 2023

above upper tercie >

[Jao.50% [Jother  [Jao.so% [Mso..c0% [leo.70% [l70.100%

6w 30w oe 30€ s0'e 0'E 120 150

oW oW 120w %W

®w 30w oE EE3 &€ B 0E 10°E

https://climate.copernicus.eu/charts/c3s_seasonal

JMA provides 6-month forecast data on the TCC website. The provision on C3S website is once a month.
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ACC of 3-month prediction by C3S hindcasts: 10 member

Verification against ERAS

500hPa Height : North Hemisphere

Surface Temperature : Tropics

ol Al il i
RO

g T

. 0 0

Start Month

JMA(CPS3) mmmm
JMA(CPS2) mm
ECMWF s

UKMO
NCEP mmm
Meteo France mmm

Start Month

DWD s
CMCC
ECCC(CanCM) mmmm
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S2S Archived Data for Research
525 Newsletter No. 22 Apr2023
i i Subseasonal-to-Seasonal
S2S, JMA, Realtime, Daily averaged WGRP e
o Voo s Praame
s2s5as S S Newsletter No. 22 p
« Real time
A S o et et WiRp:
Statistical process Selectaimonth
it i et M Agr My Jun A Sep Oct v Dec.JanFelo Mar Aoy Jul A S Ot Now
sccumulated i c ¢ ¢ oo 525 Newsletter No. 22 Apr 2023
e M0000000 >80 0
90 0 « a0
Origins. 28 a2 I Major upgrade of JMA prediction system for S2S Project based on a coupled model I
Sy 2 0
S 3 et M Agr My Jun Jul A Sep Ot NovDec.JanFelo Mar Aor iy Jn Jl A Sep Ot Now OB Toto0 B SONITONI Mosastt
- ECMWE
+ HMCR < >
- APCAS Center, (M)
. Select step
. it Dew Can e Dieis Gisis, D Daca On 19th February 2023, JMA upgraded its product for the S2S Project based on the atmosphere/ocean/
oty aouzs Dausasa Dzsaare Dareson Dawe Clxzesus Dasan Caass
. UKMO (396420 (1420444 Cassdss Clagsas2 [Jaszs16 (516540 [Iseoses (1564588 land/sea-ice-coupled system (CPS3; Coupled Prediction System version 3; Hirahara et al. 2023), which has
i S HameDaen Sure SR D SR been used for the th th predicti Id season outlooks and El Nifio outlooks
since February 2022. This report gives a system overview and describes verification and new products for
b et Allor Clear
P SeleetAorc the 525 Project.
 Control forecast
- Perurbed forecast Select parameter
GEPS2203 (IMA 2023) CPS3 (Hirahara et al, 2023)
o L edilis Model: IMA-GSM Model: Improved version of the physical process of
et coicom Eid e Aemospheri General |\ pyotat esobiions Up 18 days, 70 (appr, | V14-55Mfor seasona orcasting
e 27 km) and after 18 days, 70319 (approx. 40 km) Horizontal resolution: TL319 (approx. 55 km)
. Verticallevels: 128 up to 0.01 hPa Vertcallevels: 100 up to 0.01 hPa
https://apps.ecmwf.int/datasets/ e
Oceanic General Cir- N
culation Model N/A Horizonal resolution: 0.25° x 0.25°
. (osem) Vertical levels: 60
» 828 products have 3-week delay from the operations. prerer Y —
A\ H 1 Atmosphere: JMA Global Analysis (GA) (real-time), JRA- | Ocean: MOVE-G3 (Low-res. 4DVAR + High res.
» In Feb 2023, JMA prediction system for S2S was SR i el
iniial conditions
Land: JMA land surface analysis (real-time), Offline Sea-ice: MOVE-G3 (3DVAR)
upgraded to the new Seasonal EPS (CPS83). ol ns red by A 30 (frcs) Lad: Ot mode s rcd by S0 nd 4
) = % I—-— "
@) 3%/ T Japan Meteorological Agency 20
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Configuration of Intercomparison: ECMWF, UKMO and JMA

* Hindcast period: 2002-2016

¢ Ensemble size: 5 member
* Verification datasets: ERA5, MGDSST, GPCPv1.3, NOAA OLR

* Verification grid: 2.5deg

ECMWEF (CY47R3)

UKMO (GloSeab)

JMA (CPS3)

Initial dates
(MMDD)

0117 0131 0210 0224 0310
0328 0411 0425 0516 0530
0616 0630 0714 0728 0815
0829 0912 0929 1013 1027
1110 1128 1212 1226

0117 0125 0209 0225 0309
0325 0409 0425 0517 0525
0617 0625 0717 0725 0817
0825 0909 0925 1009 1025
1109 1125 1209 1225

0116 0131 0210 0225 0312
0327 0411 0426 0516 0531
0615 0630 0715 0730 0814
0829 0913 0928 1013 1028
1112 1127 1212 1227

21
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MJO Hovmoller Diagram: OLR Composite started from Phase3

Initial: Nov to Apr

MJO Lag co JMA ted from phase 3

wo il ECMWEF | tom phase 3 MJO LDJ UKMO L from phase 3
—— i
1.OLR (ecm November to April 1OLR (egrr November to Apri 1 . November to Apri
105 days v 5/ 85 doys 120 doys
J . i i ¥
ARy TR AL TR LI §
4 L 1 3
10{ ¥ 4 wd 1 .
15 ? 15
20 20
2 F 25
0 60W
o 60 120€ 180 1200 I 1200 L B! it £ V)
e s e e e b G I S W T E b
wo NOAA OLR L phase 3 },m phose 3 w NOAA OLR F phose 3
—‘ November to April November to April . November to Apri
16 doys ~ 23 doys
v .
. b
¢
&
‘ .
. .
) % L 2
180 120W 60W O, i
TF ¢ b o

JMA has clear eastward propagation with reasonable amplitude from the Indian Ocean to the date line.
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Boreal Summer Intra-Seasonal Oscillation (BSISO)

ECMWF UKMO IMA
o] semf g ] Jj
!

T 30
25 25 25
B B E » Cases of initial amplitude >= 1.5
BSISO1 . 2. E, are verified from May to
2 3 3 September using ERA-5.
S0 S0 S0
8 g » JMA model (CPS3) well
( |';' itial Ph e e Isniticil Péms:‘e e T I%\iti:l Pshasée 4R reprOduced BSISOf ’ the
W COR cemt W COR__srr o COR__rjtg northward/northeastward-
propagation mode with 30-60
=" = =" days cycle.
2,20 3,20 2, 20
BSISO2 £ 1sf-st Ei E > BSISO2, related to the pre-
E g, g monsoon and monsoon-onset
s J with 10-30 days cycle, is
R | — | relatively not well reproduced by
Initial Phase ! initial Phase o ! initial Phase | ° all models.
! 01.2 0.3 04 06 08 08 > ! 0{2 0.5 0.4 0.6 08 08 > ! o’.z 0[3 0.4 0.6 0.8 0.9 >
Bivariate Correlation
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Boreal Winter (DJF initial) Precipitation bias

i

E A T L L

=T
e g R

T
050 a5 1 2 3 48 B S TS A3 T2 1050 as | 2 3 s 80D

UKMO ok

/

EE A T EC N R I L ]
=T ] e
BSOS T T3 2 1050 08 1 2 3 4 8 8 e

=TT T
S TS Tz 1050 o3 1 2 3 e s o

JIMA
» Excessive precipitation is commonly seen over the tropics from week-1.
/9 = )
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Boreal Summer (JJA initial) Precipitation bias

Hindcast 2002-2016

Week 3&4
NG

A A R i

=TT =
e B S A T2 1050 a5 | 7 3 e 5 5 ©

T W ek e e Wk W wow v ww ew @ 0

DIy s T R T T BT T et

> All 3 models have excessive precipitation over the tropics and I0D-bias is emerging (detailed
later). [
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Seasonal progression of Indian Summer monsoon
in the first lead time month

‘—w..q.m,,..,,— ‘ (SN 1
Climatology for 15 years (2002-2016) Climatolagy for 15 years (2002-2018) Climatology for 15 years (2002-2018)
Region : Indio(65E~85E,10S-40N) Region : India(65E~85E,10S~40N) Region : India(65E—85E, 10S-40N)

GPCP ™' ] ) ) ) o <cPs3(1omem) : GPCP 25>
. | e G2 Latltude_—tlme cross section of_dally precipitation 505 1y i for 30 ysrs (1981-2020)
climatology around India (65-85E). 1L 0436, tmon mecn £ men 99700
(2002-2016, 5-member forecasts starting from the last day o o L
of each month) D s W
son f 75
) 3
> Northward march and onset of Indian A T 2
. j i
monsoon in May and June are well Y A —
- R
represented o PN
» Excessive precipitation is seen over 5S-5N [
L3 E3 G 50 & Hon

for UKMO and 5-20N for JMA, respectively | =1 7 T [ Fomm— [
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Seasonal progression of Southeast Asian Summer monsoon
in the first lead time month

ECMWF 'UKMO | IMA
~wAN MMy aay] | S—— wrerrepmm /day]
Climatology for 15 years (2002-2016) Climatology for 15 years (2002-2018) Climatology for 15 years (2002-2018)
Region : Southeastern—Asia(95E—115E,10S-40N) Region : Southeastern—Asia(95E—115E, 10S-40N) Region : Southeastern—Asia(95E—115E,10S-40N)

0D_v1.3)>

- GPCP
| years (2002-2018)

Region ¢ Southeastern—Asia(95E—115E, 10S-40N)

Latitude-time cross section of daily precipitation
climatology around India (65-85E).

(2002-2016, 5-member forecasts starting from the last day of each month)

» For Southeast Asian monsoon, all models
represent excessive precipitation
» Is there still room for improvement?

Strengthening of southwest winds
over South China Sea

From MSS webpage

http://www.weather.gov.sg/learn_winds/#atmosphere3 27

Outline

2. Current issues and future challenges
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Current Issue 1: Boreal Summer (JJA) bias for C3S models

Initial: 1st May,
1993-2016

Precipitation
bias
(vs GPCP)

SST bias
(vs MGDSST) ,

0): Positive phase

http://www.bom.gov.au/climate/iod/

T UBBUSS =
2 15125 -1 -0.05-05-02-0.1 0 01 02 05 0.5 1 12515 2

Cold Warm

> All 3 models have common positive-lOD bias with dry and cold-SST area over southeastern Indian Ocean

N

»  This bias is seasonally locked and grows with time in boreal summer-autumn
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Current Issue 1(cont’d): Time dependence of Surface wind, D20 and SST bias
June biases | JMA |19

1-2020
for 20Deg.depth(s| and prec.(contour)
-

Biases in June from May initials
G ? (1991-2020)

B &3

> Surface zonal wind bias leads the cold )
SST bias over south-eastern Indian s

. . »' Shade: 20deg isotherm depth bias
Ocean in spring

10 Contour: precipitation bias
» Vector: wind bias

» The equatorial easterly wind bias
shallows the thermocline in the south- 105 7

60E 80E

eastern Indian Ocean through upwelling

40-100E, 5S-5N*"

1208
90-110E, 10S-EQ

Kelvin waves, preconditioning the IOD o u bias indeq 420 bias indse sst bias indse u bias indse
bias in summer g [ 1M o Cinigem —— g
Mar [~ IN-AM) Mar [ nE:AMJ — Ini:AMJ — Ini:AMJ
» From the Monsoon onset in Apr, Apr [=IniJAS Apr |~ IniAS IniAS IniJAS
climatological flow becomes easterly in ”]'u: [~ in-one oY [t OND [~ Ink:OND [~IntOND
the south-eastern Indian Ocean, i P / /
reinforcing the cold SST bias through Aug hug :
Bjerknes feedback, i.e., D20-SST-wind th soep \
ct \
> Remote wind forcing from the central — > |
Indian Ocean and local reinforcementin | jan - |
the south-eastern Indian Ocean seem | -20Deg. Isotherm  ggT | Usurf
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Current Issue 2: Global Ocean Analysis (Surface Current): 23mar2011

[%@J G3A-4DVAR (1 0de0)

Downscaling

G3F-IAU (0.25deq)

OSCAR Surface Current Analysis (1/3deg)
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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 4DVAR is currently
under development
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Future challenge with MRI/JMA: Coupled DA

» JMA and its research
Improvementsintx:opicalprecipitation and sea surface air MRI-CDA1 059 a) = 0B5(COBEWERCE) inStitUte, MR', have a
temperature fields in a coupled atmosphere-ocean data 04 - JRASS_SSTvsPrec
assimilation system 03 =Dyl SSTvePren close O2R/R20
0.2 == UCPL_SSTvsPrec . . .
Yosuke Ffii® | Toshiyuli Ishibashit | Tamaki Yasuds? | Yuhei Takaga'® | < 01 collaboration, including
Chiaki Kobayashi'® | Ichiro Ishikawal® 3 0 Vi
£ 01 development of
©-02
Coupled DA Uncoupled DA _ Free run -03 atmosphere-ocean
"(a)‘V::i;SsT'PRngdaylag,CDA v('b)ija\he‘erTrPReg‘1—daylag,UCPL :;)\-NjamlssT—PReg‘1rdaylag,FREE :g; COUp|ed DA
D e = SN “G’r/, o ) Ry W@’%,V}? S s -30-25-20-15-10-5 0 5 10 15 20 25 30
(_6 W‘%ié 2 ‘ (- il § . é i § , x (; SST lead Prec Log @ Prec lead SST
> \\/ %r——-“o i %» Sl L R e ~‘x§x o0 « Coupled DA (MRI-
P = P ! i
T = 3/ . o)) A= il R | et et al (2021, CDA1: Fuijii et al. 2021)
R ot B . st M N e could reproduce SST-
(d) Weather SST-P Reg., 1-day lead, CDA (e) Weather SST-P Reg., 1-day lead, UCPL (f) Weather SST-P Reg., 1-day lead, FR»; PreC|p|tat|on relat|onsh|p
e P e = 7 Za Z . .
3 ol G B G V? {m ) with negative feedback
D —h ?‘" BBl L M in short and sub-
> i, i Eaan: .
T - bt Aol e B ey e Sy 128 seasonal time scale.
j'—j T e AN e AN
@ w0 W e @ e W oW @ w0 W o
e » As anext step,
‘ FIGURE 16 Distributions of the precipitation regression with a 1-day lag (a-c) and a 1-day lead (d-f) on SST at each development Of MRI-
horizontal point for the weather-timescale variations in CDA-Exp (a. d). UCPL-Exp (b, €) and FREE-Exp (c. f). Units are mm day~'-K~!

Fujii et al. 2021, QJRMS, DOI:10.1002/qj.3973
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CDAZ2 is ongoing now!
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Summary

Seasonal EPS: JMA/MRI-CPS3
* Major upgrade in February 2022
* Enhanced atmosphere and ocean resolution with ocean 4DVAR

» Better prediction skill for ENSO, TIW, MJO, BSISO, monsoon
propagation etc.

* |OD-type bias for precipitation and SST

@) %%ﬁ: Japan Meteorological Agency
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