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4D-Var 4D-EnKF 

Background error 
statistics Flow-dependent Flow-dependent 

Program code Complicated Simple 
Adjoint matrix Necessary Unnecessary 

Observation operator 
Requires tangent 
linear & adjoint 

operators 

Requires only a 
forward transform 

operator 
Asynchronous 
observations 

Handles at each 
observational time 

Handles at each 
observational time 

Analysis error 
covariance Not provided Explicitly provided 
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Comparison with the fixed lag Kalman Smoother

• Fixed lag Kalman smoother (e.g., Peters et al., 2005) uses the 
expanded state vector and the multiple time analysis. 

• has major advantages in analyzing long term variations of global 
surface fluxes at a large scale.

• since the approach allows the use of large constraints obtained 
from a long data assimilation window (possibly) w/o serious model 
error growth with time and sampling errors.

• It might be difficult to obtain meaningful constrains from remote 
data on surface flux variations especially at a fine scale.



Comparison with the fixed lag Kalman Smoother

• Our method, with localized analyses, has advantages in analyzing fine 
scale structures in surface fluxes, if provided sufficient observational 
information is available in a localized space. However, when the analysis 
increment is too localized, some areas are possibly under-constrained.

• Fixed lag Kalman smoother (e.g., Peters et al., 2005) uses the 
expanded state vector and the multiple time analysis. 

• has major advantages in analyzing long term variations of global 
surface fluxes at a large scale.

• since the approach allows the use of large constraints obtained 
from a long data assimilation window (possibly) w/o serious model 
error growth with time and sampling errors.

• It might be difficult to obtain meaningful constrains from remote 
data on surface flux variations especially at a fine scale.
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Ozone data assimilation
(vs. Sonde, 60S-90S)

August-September, 2006 
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△ MRI: simulated o3
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O3 Bias

Improvements of 
temperature and o3 biases 

by O3 data assimilation
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7-days Hindcast experiments using the assimilated field
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No aerosol data 
assimilation…
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Ground-based lidar 
network (NIES AD-Net):
NIES Japan is operating 
more than 20 lidar 
stations in East Asia.

Satellite Lidar observation 
(CALIPSO/CALIOP):
NASA launched the polar-
orbit satellite in 2006.
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Contours and gray 
shades are surface dust 
concentrations.

(a) Free model-run result 
without data 
assimilation.
(b) CALIPSO data 
assimilation result.

Red and blue circles are 
weather stations. 
 Red ones observed 
aeolian dust. 
 Blue ones did not 
observe any dust events.

Sekiyama et al., 
ACP (2010)
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Sekiyama et al., SOLA (2011)
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4D data assimilation system for carbon cycle
• Simultaneously estimate atmospheric concentrations and surface 

fluxes of CO2 at high spatial (2.8°) and temporal (1.5 days) resolution.
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Observation 
system 

simulation 
experiments 

(OSSEs)

(a) Surface: flask (b)  Surface: continuous

(c) CONTRAIL: vertical profile (d)  CONTRAIL: upper air

(e) GOSAT

Number of observations per month
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Flux error reduction rate [%]: grid-scale
(a) Surface network (b) GOSAT

(c) CONTRAIL (d) All



Flux error reduction rate [%]: regional-fluxes
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Flux error reduction rate [%]: regional-fluxes
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Sensitivity to OSSE settings and model/obs errors
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A bias correction scheme for GOSAT
9 5*$%/);&,"0$&H.0-&*1&\DQ=G&.-&"-%.,0%"'&H;&#*,+02.$3&\DQ=G&mCD>&

KL>Q:P!M&N.%/&45=&CD>&0$0);-.-&KH0-"'&*$&-8210#"&*H-"2(0%.*$-MA

9 W*%&-+*%&Z)8["-&02"&182%/"2&0'n8-%"'&8-.$3&-822*8$'.$3&'0%0A



9 i.0-B#*22"#%"'&\DQ=G&'0%0&
+2*(.'"&0''.%.*$0)&
#*22"#%.*$-&0$'&.,+2*("&
%/"&032"","$%&N.%/&
.$'"+"$'"$%&'0%0A

Real data assimilation



CO2 Analysis Results（Jul 2009） 

RMSE=3.12ppm RMSE=3.83ppm 

RMSE=3.96ppm 

JMA 
Analysis 

GOSAT 
assim. 

Flask 
assim. 

Surface CO2 concentrations 

w/o assim. 
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Multi-model comparison of surface 
CO2 flux estimates

Forecast models: 
  (1) MRI CDTM  (Maki et al., 2010)

  (2) JAMSTEC ACTM (Miyazaki et al, 2008)
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4. Air quality
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A priori: east Asia A posteriori: east Asia

A priori: Europe A posteriori: Europe

Surface NOx 
emission



Summary
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... more data will be included ...



• Miyazaki et al., Assessing the impact of satellite, aircraft, and surface observations on CO2 
flux estimation using an ensemble-based 4D data assimilation system, JGR, 2011. (CO2 DA 
system, OSSE study)

• Miyazaki, Performance of a local ensemble transform Kalman filter for the analysis of 
atmospheric circulation and distribution of long-live tracers under idealized conditions, 
JGR, 2009. (CO2 DA system, OSSE study)

• Miyazaki et al.,  Formation mechanisms of latitudinal CO2 gradient in the upper 
troposphere over the subtropics and tropics, JGR., 2009 (CO2 transport/CONTRAIL 
analysis)

• Miyazaki, et al., Global-scale transport of carbon dioxide in the troposphere, JGR, 2008. (CO2 
transport/modeling)

• Miyazaki et al., Global NOx emission estimates from data assimilation of OMI tropospheric 
NO2 columns, to be submitted (air quality DA) 

• Maki et al., New techniques to analyze global distributions of CO2 concentrations and fluxes 
from non-processed observational data, Tellus, 2010. (QC processes)

• Maki et al., The Impact of Ground-Based Observations on the Inverse Technique of Aeolian 
Dust Aerosol, SOLA, 2011. (Dust inversion)

• Sekiyama et al., Data assimilation of CALIPSO aerosol observations. ACP, 2010. (Aerosols 
assimilation)

• Sekiyama et al., The Effects of Snow Cover and Soil Moisture on Asian Dust: II. Emission 
Estimation by Lidar Data Assimilation, SOLA, 2011. (Aerosols assimilation)

• Iwasaki et al., Comparisons of Brewer-Dobson Circulations diagnosed from Reanalyses, 
JSMJ, 2009. (BD inter-comparison among reanalyses)

• Presentation at IUGG: Nakamura et al., Data Assimilation session (JM02). (Strat. O3)
• and more soon... (hopefully!!)


