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1. Introduction of the CDA
system in JMA/MRI

CDA System Development in JMA/MRI
 JMA/MRI has been developing CDA systems since 2006 in
order to evaluate their potential for operational use in
numerical weather predictions and sub-seasonal to seasonal
climate predictions.

2016: MRI-CDA1 was build up
2014: Development of weakly coupled DA
system was started
2009, 2011: Papers on the negative feedback of
SST and precipitation in the quasi-CDA system
2006: Development of a quasi-coupled DA system
was started.
(Only ocean data are assimilated into a CGCM.)

Configuration of MRI-CDA1
 Based on the operational atmosphere and
ocean DA systems (NAPEX and MOVEG2) and the operational coupled model
(JMA/MRI-CGCM2).
 The coupled model is used as the outer
model for atmospheric 4DVAR.
 The atmosphere model in the coupled
model is different from the model in
NAPEX (adjusted for seasonal forecasts,
and the flux bulk formula (Louis et al. 1982)
is replaced to COARE 3.0)
 The system uses different intervals for
data assimilation cycles of the atmosphere
(6 hours) and ocean (10 days.)
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Why a longer assimilation cycle for ocean fields?
 A Quasi-CDA system can reproduce a
negative feedback between SST and
precipitation (PRC), which remarkably
improves the tropical PRC field.
 The negative feedback modifies the
artificial strong coupling of SST and PRC
in an AMIP Run.
 In order to functionalize this feedback, a
DA system must allow the model to
simulate high frequency ocean variations
without constraints.
 From this consideration, we adopt a 10day assimilation interval for the ocean
fields in MRI-CDA1.
Fujii et al. 2009, J. Clim, http://dx.doi.org/10.1175/2009JCLI2814.1
Fujii et al. 2011, InTech, http://dx.doi.org/10.5772/30330
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Quasi-CDA System

System Flow of MRI-CDA1
 Ocean 3DVAR results are inserted into
the coupled model by IAU with 10-day
interval.

 Atmospheric 4DVARs are performed twice from
Day-0 and Day-5.

Atmospheric 4DVAR results
are used as the initial of the
coupled model every 6 hours.

2. Comparison between
CDA reanalysis and JRA-55

Data Description
Experimental MRI-CDA1 Reanalysis
• Period: 28 October 2013 to 31 December 2015
• Separated to 2 streams (Oct2013-Dec2014, Oct2014-Dec2015)
JRA-55 (pronounced as jra go go !)
• JMA’s Atmospheric Reanalysis Data by 4DVAR
• Outer Model: TL319H60, Inner Model: T106L40
• The models and 4DVAR scheme are different from those in the CDA.
• In particular, the flux bulk formula are different from that in the CGCM.
Reference Data
• CMAP (monthly and pentad, until 20 May 2015)
• GPCP (monthly, until October 2015)
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 JRA-55 has excess latent heat flux as often pointed out.
 The excess latent heat flux is suppressed in CDA.
 Consequently, the oceanic heat budget is much improved.
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Comparison of Precipitation (Mar-May 2014)
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 Excess precipitation in the tropics in JRA-55 is suppressed in
CDA. This tendency is also clear in other seasons.
 Double-ITCZ structure is weakened in CDA.

RMSE of Precipitation against CMAP pentad data
MRI-CDA1

JRA-55

Difference (JRA-CDA)

for 2014-2015

 Biases are removed from both reanalyses.
 CDA reduces RMSE of precipitation particularly in Tropics.
 This improvement may be caused by the improvements of the
atmospheric model (tuning for the seasonal predictions) or by
representing coupled physics, such as the negative feedback
between SST and PRC, in the CDA system.
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 Distribution of ACC score in CDA is similar to that of JRA-55.
 Although large negative impacts can be seen over the continents
and southeastern tropical Pacific, positive impacts are generally
dominant in ocean areas.
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 The correlation map of CDA is similar to that of JRA-55.
 The negative correlation in the western tropical North Pacific is
intensified in CDA.
 The time lag between SST and precipitation changes is likely to
become longer due to the negative feedback between SST and
precipitation in the CDA system.

Differences in CHI200 and U200 (CDA - JRA55)

 Divergence in the upper troposphere is intensified over the
western tropical Pacific.
 The divergence over western Indian Ocean is also increased.
 The walker circulation is intensified over the maritime continent
but the difference is small (around 1 m/sec.) basically because
wind fields are well constrained by atmospheric DA.

3. Comparison with an
uncoupled run based on the
CDA system

Uncoupled (UCPL) Run
Purpose
• Separate the differences between CDA and JRA55 due to the effects of
representing coupled physics from those due to improvements of the
atmospheric model (or the tuning for seasonal predictions)
Method
• Stop sending SST, sea ice, and ocean current data from the oceanic
component to the atmospheric component in the coupled model.
• Instead, daily SST and sea ice concentration data are input.
• Use default setting of the atmospheric model for sea ice data processing.
• Effects of the surface ocean currents on momentum and heat fluxes are
ignored.
• Daily SST data are also input to the atmospheric DA system instead of
SST simulated by the ocean component.
Data Period currently available
28 October 2013 – 5 July 2014
(It will be extended to Dec. 2015.)

Reevaluation of Latent Heat Flux (Nov2013-Jun2014)
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 Small differences between CDA and UCPL indicate that the
reduction of the latent heat in CDA is due to the improvement of
the atmospheric model (or replacement of the bulk formula).
 Sea ice treatment is likely inadequate in UCPL.
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 The excess rainfall is not seen in the uncoupled run.
⇒ excess rainfall is suppressed due to the model improvements
 There are still systematic difference between CDA and UCPL
(e.g., northward shift of ITCZ in CDA. )
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 Although large biases are removed in UCPL, CDA still has an effect of
removing remaining biases.
 CDA reduces the RMSE from UCPL in the tropical Atlantic, the NINO3
region, the western tropical Indian Ocean.

Difference of ocean fields in the Pacific Eq. Section
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Contours: CDA, Shading: CDA-UCPL, Averaged in Nov2013 – Jun2014

 The westward South Equatorial Current near the surface is strengthen and the
eastward Equatorial Undercurrent around the thermocline is weaken in CDA.
 CDA deepens the thermocline in the eastern and central equatorial Pacific, and
makes the slope of the thermocline moderate.
 Thus, CDA makes El Nino-like anomalies of equatorial ocean fields compared
with the uncoupled run (UCPL).

Effects of CDA on the zonal wind stress fields
Surface zonal wind (CDA-UCPL)

Zonal wind stress (CDA-UCPL)

Contours: CDA, Shading: CDA-UCPL, Averaged in Nov2013 – Jun2014

 In CDA, zonal wind stress becomes more eastward at the eastern and central
equatorial Pacific because the effect of the ocean current speed on the
relative wind velocity is considered.
 This difference of the wind stress fields induces the El Nino-like ocean
anomalies in the equatorial Pacific.
 The difference also likely strengthens the easterly trade winds in the equatorial
Pacific.

4. Summary

Summary
 JMA/MRI has developed a weakly-coupled DA system, MRICDA1, and we conducted an experimental reanalysis with the
system.
 Excess latent heat flux found in JRA-55 is suppressed in CDA
mainly due to the replacement of the flux bulk formula.
 Excess rainfall in the tropics in JRA-55 is also suppressed in
CDA. It is mainly due to improvements of the atmospheric
model, although representing coupled physics in CDA likely
has potential for reducing the precipitation errors.
 In CDA, the surface ocean current speed is considered in
estimation of the wind stress fields. This effect induces El
Nino-like anomalies in the equatorial Pacific ocean fields in
CDA reanalysis while the easterly trade winds are intensified.

Thank you!!

