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What is “Data Assimilation”?



Observed

data

Definition of Data AssimilationDefinition of Data Assimilation

NWP forecasts

Assimilation

Other
Observations

Analysis data

Analysis technique in which
the observed information is accumulated into
the model state by taking advantage of
consistency constraints with the model equations



StatisticalStatistical approach to produceapproach to produce
analysis dataanalysis data

Conditional PDF of X given obs. Y:

Modeling the PDF of first guess and
observation error:

Find optimal values that maximize the PDF.
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Data Assimilation is essential

for NWP systems



Major NWP models at JMAMajor NWP models at JMA

MSM: Meso-Scale Model
5km (3600x2880km) / 50leves（top 22km）
15 hour forecasts（00,06,12,18UTC）
33 hour forecasts（03,09,15,21UTC）

Data Assimilation: 4DVAR

GSM: Global Spectral Model
TL959（0.1875deg（20km）） / 60levels（top 0.1hPa）
84 hour forecasts
216 hour forecasts （12UTC）

Data assimilation: 4DVAR
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Data used in the assimilation cyclesData used in the assimilation cycles (Jun 22, 2011)(Jun 22, 2011)
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DA is important for NWPDA is important for NWP.
T213L30

Revision of cumulus
parameterization

T213L40

Revision of cumulus
parameterization

Revision of cloud

MODIS AMVs Revision of
radiation

TL319L40

4D-Var

SSM/I and TMI

VarBC

QuikSCAT

ATOVS BT3D-Var

CSR

Revision of
VarBC

Revision of
RTM

SSMIS, ASCAT

TL959L60

Reduced Grid

TL959L60

Courtesy of Y. Sato (JMA)

500 hPaGeopotential Height RMSE (NH)



MRI Research Projects on

Data Assimilation



Study on sophistication of global data assimilation

高層観測

地上観測

ブイ観測

航空機観測

海上観測

ウインドプロファイラ
人工衛星

データ同化手法の高度化
衛星データ同化技術の高度化

高精度の解析値

全球予報の
成績改善

大規模
環境場の
精度向上

高精度の
第一推定値
（予報値）

熱帯・台風
環境場の
精度向上



Study onStudy on mesomeso--scale datascale data assimiationassimiation
and ensemble forecastand ensemble forecast



Satellite Observation (TRMM)Satellite Observation (TRMM)

Infrared Imager

SST, Winds

Cloud Particles

Frozen Precip.

Snow Aggregates

Melting Layer

Rain Drops

Radiation from Rain
Scattering by Frozen

Particles

Radar

Back scattering from Precip.

Scattering

Radiation
0℃

Microwave Imager

Cloud Top Temp.

10μm

3 mm-3cm
（１００－１０GHｚ）

2cm

１９GHｚ ８５GHz
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CloudCloud--Resolving Model usedResolving Model used
JMANHM（Saito et al,2001)
• Resolution: 5 km
• Grids: 400 x 400 x 38
• Time interval: 15 s

Explicitly forecasts 6 species
of water substances
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Goal: Data assimilation of MWI TBs into CRMsGoal: Data assimilation of MWI TBs into CRMs

Hydrological ModelCloud Reslv. Model
+ Data Assim System

MWI TBs
(PR)

Precip.

15



Importance of Upper-Air

Sonde Observation to Data

Assimilation & Reanalysis



Data used in the assimilation cyclesData used in the assimilation cycles (Jun 22, 2011)(Jun 22, 2011)



Complementary Property of UpperComplementary Property of Upper--AirAir
SondeSonde Data to Satellite observationData to Satellite observation

Weighting of
AMSU-B

B3

B4

B5



n

GPS Occultation



RadiosondeRadiosonde datadata asas the validation data forthe validation data for
checkingchecking the analyses ofthe analyses of DA systemsDA systems



ThermodynamicalThermodynamical profiles fromprofiles from sondesonde datadata
is essential for NWPis essential for NWP precipprecip. schemes. schemes



Input data for Reanalysis :JRAInput data for Reanalysis :JRA--5555

First use in any reanalysis

Utilized in JRA-55, but no use in JRA-25JRA-25/JCDAS

Conventional
Satellite(Imager)
Satellite(Reprocessed imager)
Satellite(Sounder)
Satellite(Other)



 S/N of conventional reanalysis is too large to study climate change.

 This is due to the dependency of reanalysis on observations (Satellite).

 Reanalysis specialized in climate change study.

 Only with no time change observations (SYNOPs, TEMPs)

Reanalysis only with no time change Obs.

JRAJRA--55C55C
Reanalysis for climate change researchReanalysis for climate change research



JRAJRA--55C55C
Progress of the calculationProgress of the calculation

Global mean precipitation (12 month running mean)
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