March 8t , 2012

GRUAN meeting

Kazumasa AONASHI*, Toshiyuki ISHIBASHI,
Hirotaka Kamahori

Meteorological Research Institute, Tsukuba, Japan
aonashi@mri-jma.go.jp



Outhine

#What 1s “Data Assimilation”?
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What Is “Data Assimilation”?



Definition of Data Assimilation
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Analysis technique in which
the observed information is accumulated into
the model state by taking advantage of

consistency constraints with the model equations
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Statistical approach to produce

analysis data
@ Conditional PDF of X given obs. Y:

rof(X ‘Y) rof (Y‘X) rof(x)

¢ Modeling the PDF of first guess and
observation error:

rof(x) rof (8 ) rof (le) rof (5)
fox X' £ =Y —H(X)

@ Find optimal values that maximize the PDF.



Data Assimilation I1s essential
for NWP systems



°I\/Iajor NWP models at IMA

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

Data assimilation: 4DVAR

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




JMA GLOBAL ANALYSIS — DATA COVERAGE MAP - 1 (Da12ps): 2010/06/22 12:00(UTC)
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JMA GLOBAL ANALYSIS — DATA COVERAGE MAP - 2 (Da12ps): 2010/06/22 12:00(UTC)
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DA Is important for NWP.
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MRI| Research Projects on
Data Assimilation



Study on sophistication of global data assimilation

CLEAR SKY RADIANCE
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Study on meso-scale data assimiation
e and ensemble forecast
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ﬂ Satelllte Observation (TRMM) = Sosem .,

Microwave Imager

Radiation from Rain
Scattering by Frozen
Particles

-

| | Infrared Imager

S SS

ﬂud Top Temp.
s ., OC
Cloud Particles—/) Ty % e,
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1 I

Snow Aggregates
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JMANHM (Saito et al,2001)

e Resolution:
e Grids:
e Time Interval:

5km

400 x 400 x 38
15 s
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Cloud—Resolving Model used

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

MWI TBs

._:' AT I‘E‘z .
2007-11-18103:00 = 03:590 U/ TC)
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Importance of Upper-Air
Sonde Observation to Data
Assimilation & Reanalysis
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Complementary Property of Upper-Air
Sonde Data to Satellite observation
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Dfit Score
Compare GO14_MULTI_3(TEST) to GO14_VA_2(CNTL)
Period: 2009 08/01 - 2009 08/31

Test:GO14_MULTI_3
Cnil:Go14_VA 2

Anal Test Guess Test Cntl
Dfit Score of U Dfit Score of R
10 BIAS N.H. RMSE N.H. . BIASN.H RMSE N H.
20 i ( 20
50 =0
L 1 2 a 10 © 0
T 1o n T 1w -
z 2o Z o
300 r 200 +
400 400
T 500 ™ 50
o o
£ 800 E
700 700
800 00 +
200 a0
1000, 535 00 05 10 2 ] B T TR 5 10 15 20 25 30
- BIAS Trop. RMSE Trop = BIAS Trop. RMSE Trop.
i .
50 <> 50
100 “ 100
_ 2 1 0 1 2 © 2 a 6 _ ©
S g w
= 2w = 2
= s = o /
400 400
W 500 W 500
a o
£, 800 £ &0 +
700 700 “
200 &0
200 200
1000 1000,
Zi0 05 00 05 10 O 2 a 6 20 10 0 10 2 0 5 10 15 20 25 30
BIAS SH. RMSE S H. BIASSH RMSE S H.
10 — 10
20 20
50 50
L 1 z ] 2
o 100 ae 100
[Z X 7
a0 0
400 400
w50 i T &0
o o
£, 800 & 8o
700 700
800 &0
200 o0
1000155 00 o5 10 2 ] "o o 0 = 5 10 15 20 25 a0

diosonde data as the validation data for
checking the analyses of DA systems
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ermodynamical profiles from sonde data
IS essential for NWP precip. schemes

Rain Monitor
Compare GO14_MULTI_3{TEST) to G014_VA_2(CNTL) Period: 2009 08/01 — 2009 08/31
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'Input data for Reanalysis :JRA-55

Surface pressure, temperature, humidity, wind and snow depth from SYNOP, SHIP and BUQY reports l

lSnuw depth over Russia, Mongol and USA .
Digitized snow depth aver China ‘
Upper-air wind, temperature and humidity from radiosondes, pilot balloons and wind profilers

ITmpical cyclone wind retrievals l

Flight-level wind from aircraft

Surface pressure from PAOBS

Satellite radiances from IR sounders Hyperspectral Sounders
Satellite radiances from MW sounders

AMV from GOES

AMV from METEOSAT {reprocessed) l
|
AMVY from GMS and MTSAT (reprocessed) l‘
-
Polar wind from AVHRR MODIS I‘
Conventional CSR from GOES

—— Sate||ite(|mager) CSR from METEOSAT (reprocessed)
Satellite(Reprocessed imager) CSR from GMS and MTSAT (reprocessed

Sate”lte(Sounder) Satellite radiances from MW imagers
Satellite(Other)
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. . . Year
@ First use in any reanalysis
Utilized in JRA-55, but no use in JRA-25JRA-25/JCDAS




JRA-55C

e Reanalysis specialized in climate change study.

 Only with no time change observations (SYNOPs, TEMPs)

|synop =7d BUOY

Rean IV§7§rR5§€ilij?“Wlmmno time chan

|Trop|cal cyclone Wwr

ReanaIyS|s for climate change research

 S/N of conventional reanalysis is too large to study climate change.
e This is due to the dependency of reanalysis on observations (Satellite).
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Global mean precipitation (12 month running mean)

JRA-55C

Progress of the calculation

Global Precipitation (mm/day)
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Summary

#What 1s “Data Assimilation”?

#Importance of Data Assimilation to
NWP systems

#MRI| Research Projects on Data
Assimilation

#Significance of Upper-Air Sonde
Observation for Data Assimilation &
Reanalysis



