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JMA/MRI-CPS2 (June 2015-) JMA/MRI-CPS3 (Jan. 2022-, date TBD)
Atmosphere 
model
JMA global 
atmospheric 
model

Version: GSM1011C - SiB
Resolution: ~110 km (TL159L60）
Model top: 0.1hPa
B.C.: CMIP5 RCP4.5 GHG, aerosol climatology 
(1D), Ozone climatology from MRI-CCM1

Version: GSM2003 ‒ iSiB
Resolution: ~55 km (TL319L100）
Model top: 0.01hPa
BC: CMIP6 SSP2-4.5 GHG, 3D aerosol climatology from 
aerosol MASINGAR model, Ozone climatology from MRI-
CCM2, Volcanic aerosols in stratosphere  (off-line)

Ocean model
(MRI.COM)

Version: MRI.COM v3.2
Resolution: 1.0° x 0.3-0.5°, L52+BBL

Version: MRI.COM v4.6
0.25° x 0.25° L60

Initial condition Atmosphere: JRA-55
Land: JRA-55 land analysis
Ocean: MOVE/MRI.COM-G2 T, S, SSH 3DVAR
Sea ice: no assimilation

Atmosphere: JRA-3Q
Land: Land analysis forced by JRA-3Q
Ocean: MOVE/MRI.COM-G3 T, S, SSH 4DVAR
Sea ice: MOVE/MRI.COM-G3 3DVAR

Initial 
perturbation

Atmosphere: Bred vector in the tropics and N.H.
Ocean: perturbations forced by the bred vectors

Atmosphere: Bred vector in the N.H. and S.H.
Ocean: perturbation using ocean obs. errors

Model 
uncertainty

Stochastic physics (SPPT) ←

Ensemble 13 members/5 days x 4 LAF 5 members/day x 11 LAF
(Predicted daily SSTs are used in Global EPS)

Configurations of seasonal prediction systems



Improved:
Cold bias in 
Kurosio Extention
region in summer 
(JJA),
warm bias in 
the northeastern 
tropical Pacific
in winter (DJF).

Degraded:
Global cold bias,
cold bias west of 
Sumatra (JJA)

JMA/MRI-CPS2JMA/MRI-CPS3
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Seasonal prediction performance | SST biases
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ENSO prediction starting from spring initials (end of April) are improved.

Seasonal prediction performance | ENSO (NINO3.4 SST)

Black: obs. (COBE-SST)  Blue: ensemble mean  Red: individual member
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NINO3.4 SST prediction skill
(monthly mean, all month initials)

― JMA/MRI-CPS3 (new)
― JMA/MRI-CPS2 

JMA/MRI-CPS3

JMA/MRI-CPS2



Seasonal prediction performance | Score cards (all seasons)
Overall skill is improved (yellow indicates statistically significant improvement from JMA/MRI-CPS2).

ACOR (globe) RMSE (globe)

ACOR (NH) RMSE (NH)

No statistically significant degradation.



Some highlights | Eddy-permitting ocean

0.05-degree satellite analysis 
ESA SST CCI* Level 4

JMA/MRI-CPS3 prediction
（Tl319−0.25x0.25°, Day 10-14）

JMA/MRI-CPS2 prediction
（Tl159−1x0.3-0.5°, Day 10-14）

Tropical Instability Wave (TIW): SST averaged during 22-26 Dec. 1999 

Sharp coastal upwelling, stronger TIW, which potentially better represents north-south heat exchange.

* Analysis from a historical SST analysis produced by European Space Agency (ESA) 
Climate Change Initiative (CCI) Programme (Prof. Chris Merchant, Reading Univ.)



Results for hindcasts during day 4-27.

Some highlights | Atmospheric blocking

JMA/MRI-CPS3 bias JMA/MRI-CPS2 bias

Blocking frequency is better represented in JMA/MRI-CPS3, in particular, in the Atlantic sector. 

JRA-3Q reanalysis



Some highlights | Cumulus convection

Cumulus convection scheme 
(Entrainment depending on relative humidity and cumulus closure)

Single-column simulation of TWP-ICE case (May et al. 2008) using boundary forcing (Lin et al. 2012) (FT=24-45hr).
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Radar/lidar obs. CTL TEST

𝑅𝐻! = 1.1

Entrainmanet rate 𝜖:

𝜖 𝑖, 𝑧 = 𝜖! 𝑖 𝑓 𝑅𝐻(𝑧) Komori et al.(2020, WGNE Blue Book)

𝑓 𝑅𝐻(𝑧) =
𝑅𝐻! − 𝑅𝐻(𝑧)

𝑅𝐻(𝑧)
×

*𝑞"(𝑧)
*𝑞"(𝑧#)

Adjustment of the closure and entrainment led to 
weakening of convection in mid-tropospheric dry 
conditions, improving the MJO prediction (next
slide).



Some highlights | MJO

MJO prediction skill (bivariate RMSE and correlation of RMM index, NDJFMA)

22 days
25 days

20 days
17 days

JMA/MRI-CPS2
JMA/MRI-CPS3



Some highlights | Mixed phase clouds

Previous studies suggested that biases of clouds and radiation fluxes over the Southern Ocean 
are related to deficiency of model representation of mixed phase clouds (supercooled liquid 
water clouds; e.g., Bodas-Salcedo et al. 2016).

A coefficient of rain transform in a 500-m layer below the cloud top, -25℃≦T≦-5℃ is reduced.
The cloud droplet effective radius is also used in a radiation scheme.

Downward shortwave radiation bias 
at the surface（DJF）

CNTL TEST

Chiba et al.(2020, WGNE Blue Book)

Satellite estimate (DARDAR mask)

Ratio of ice cloud



Some highlights | Sea ice assimilation

MOVE/MRI.COM-G3A MOVE/MRI.COM-G2

The excessive bias of the sea ice area in the old analysis was alleviated in the new system 
by sea ice assimilation.



Some highlights | Sea ice prediction
The model representation of sea ice is also improved in the new system.

JMA/MRI-CPS3 bias JMA/MRI-CPS2 bias
Sea ice area in the N. H. in the prediction starting from 30 June



Some highlights | Subseasonal prediction skill
Su

m
m

er
 (J

JA
)

W
in

te
r (

D
JF

)

Correlation skill for 28-day mean of T850 Diff. of JMA/MRI-CPS3 and JMA/MRI-CPS2
Subseasonal prediction skill is overall greatly improved from the previous system.



Thank you for your kind attention.
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Climatology of sea ice content during SON
(predictions from the end of July)



Some highlights in model development (subseasonal prediction skill)



Some highlights (improvement of monthly forecast skill of ASM)


