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Chapter 1  Atmospheric and Oceanic Simulation

1. Introductio
Our research goal is to provide integrated climatological

reanalysis datasets to science community. For this purpose,

we are constructing the 4-dimensional variational data

assimilation system (4D-VAR) on the coupled atmosphere-

ocean-sea ice model. This year, we (1) improved the coupled

model, (2) completed the assimilation system of each model

components, and (3) started experiments by the coupled data

assimilation.

2. CFES as a platform for coupled assimilation system
We use the Coupled Atmosphere-Ocean-Sea Ice model

for the Earth Simulator (CFES) as a platform for coupled

assimilation system. The atmospheric component (AFES) is

based on the CCSR/NIES model. The ocean plus the ice

component (OIFES) is from the GFDL/MOM3 and the

IARC Ice model. We also integrated the land parameteriza-

tion scheme MATSIRO (Minimal Advanced Treatments of

Surface Interaction and Runoff) into the CFES instead of the

current one layer model so called "bucket model". 

We added many modifications and tunings to the CFES to

improve its physical performance. One example of such tun-

ings is shown in Fig 1. It is well known that in many coupled
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models the precipitation over the tropical Pacific Ocean is

too symmetric about the equator (so called "Double ITCZ")

as is shown in Fig 1 (a). Our tuning to the cloud parameters,

however, lessened the Double ITCZ structure (Fig 1 (b)).

Fig. 1  Precipitation over tropical Pacific Ocean from the CFES.

(a) Before tuning. (b) After Tuning.
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After tunings, the CFES reproduces important climatolog-

ical phenomena reasonably well. This is the good base for

further perfection of the datasets by the assimilation system.

Figure 2 confirms that the interannual variation pattern of

the sea surface temperature (SST) of the CFES is close to the

one of observation.

3. Assimilation of the atmospheric component
We have developed an adjoint code for the atmospheric

component with the use of an automatic differentiation tool

TAF. Figure 3 shows the assimilation results of the atmos-

pheric model to the SSM/I observed wind speed. The differ-

ence of the observed 10 m wind speed between the simula-

tion and the observation (Figure 3(a)) decreased well after

the assimilation to the 1-month averaged data (Figure 3(b)).

This figure demonstrates that the assimilation to the climato-

logical (beyond weather) data is possible by our system.  

4. Assimilation of the oceanic component
We have constructed the oceanic component of the assim-

ilation system. Using this system, a data assimilation experi-

ment is performed to define a global ocean state during

1996–2002. The assimilated elements in this experiment are

water temperature, salinity data, and sea surface height

anomaly data. The ARGO float data, which can provide

higher quality subsurface information covering the entire

ocean, is also used for recent years. Horizontal resolution of

the ocean model is 1 degree in both latitude and longitude,

with 36 vertical levels. This model is better able to repro-

duce ocean circulation and is expected to form a platform

suitable for the use of the 4D-VAR adjoint model. The

obtained reanalysis dataset shows good consistency with

previous knowledge of important climate events. For exam-

ple, the root mean square difference value between the

observed time-evolution of Niňo3 SST and the assimilated

one is 0.69 K during 1996–1998, while for the simulated

case the difference is 1.60 K (Fig. 4). This much improved

reproduction of the evolution of Niňo3 SST gives us confi-

dence in the validity of our dataset as representing the 

climate variability in this region. Further, our dataset

exhibits realistic subsurface water mass distribution and

enables us to clarify the water mass formation and move-

ment processes. The North Pacific Intermediate Water,

which is characterized by a subsurface salinity minimum, is

also successfully reproduced. This good correspondence is

the result of both realistic subsurface flow patterns and sur-

face processes in our reanalysis data. These results illustrate

that the ocean state derived from our data assimilation has

greater information content and that the forecast potential 

for climate variability is greater than that due either to the

models or the data alone. 

Fig. 2  Liner regression of SSTs at each grid box against Nino 3.4 SST

anomalies. (a) From CFES. (b) From the observation (ERSST).

Fig. 3  The difference of the 10 m wind speed. (a) Between the simula-

tion and the observation. (b) Between the assimilation and the

observation.

Fig. 4  Time change of the NINO3 SST. Result from observation

(black), simulation (red), and assimilation (green).
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In addition, we have investigated the impacts of the sub-

surface observational data (ARGO) to reveal that they are

striking particularly in the North Atlantic region (and the

Bering Sea) in this assimilation experiment (Fig. 5). This

result is reasonable and implies that the ARGO buoy is

promising tool.

Acknowledgments
This study is supported by MEXT RR2002 Project in Japan.

References
1) Masuda, S., T. Awaji, N. Sugiura, Y., Ishikawa, K. Baba,

K. Horiuchi, and N. Komori, "Improved estimates of the

dynamical state of the North Pacific Ocean from a 4

dimensional variational data assimilation", Geophys. Res.

Lett., 30, 1868, doi: 10.1029 /2003GL017604, 2003.

2) Awaji, T., S. Masuda, Y. Ishikawa, N. Sugiura, T. Toyoda,

and T.Nakamura, "State estimation of the north pacific

ocean by a four-dimensional variational data assimilation

experiment", J. Oceanogr., 59, 931–943, 2003.

3) N. Sugiura, S. Masuda, Y. Shen, J. D. Annan, T. Awaji,

Y. Sasaki, Q. Jiang, "4D-VAR GLOBAL OCEAN DATA

ASSIMILATION ON THE EARTH SIMULATOR" ,

Realize Teracomputing (World Scientific Publishing Co.

Pte. Ltd.), 2003.

4) N. Sugiura, T. Awaji, K. Baba, S. Masuda, Q. Jiangm Y.

Shen, J. D. Annan, S. Kitawaki, "Improving Computational

Efficiency of 4D-VAR System for Global Ocean

Circulation Study", Parallel Computational Fluid

Dynamics (North-Holland), 2003.

5) Takahashi, K., N. Komori, W. Ohfuchi, K. Komine, Y.

Kurihara, H. Nakamura, H. Sakuma, and T. Sato, "Coupled

Atmosphere-Ocean-Sea Ice Model for the Earth Simulator

(CFES): Model description, spinup and validation", The

23rd General Assembly of IUGG, JSM01/30P/B18–009,

Sapporo, Japan, June 2003. 

6) Takahashi, K., N. Komori, W. Ohfuchi, K. Komine, Y.

Kurihara, H. Nakamura, H. Sakuma, and T. Sato,

"Coupled Atmosphere-Ocean-Sea Ice Model for the Earth

Simulator (CFES): Model description, spinup and verifi-

cation", International Conference on Earth System

Modelling 2003, Hamburg, Germany, September 2003.

Fig. 5  Impact of interannual subsurface observations (vertical section

30W). Color shade denotes salinity difference between the results

of assimilation experiment with and without subsuraface data

5. Coupled Assimilation
We have started the experiments of the assimilation on the

coupled model. Our preliminary result shows that the cost

function to the observational data successfully decreases by

controlling the bulk coefficient for the air-sea fluxes. 

6. Concluding remarks
We have developed each component of a coupled data

assimilation system. We use the Coupled model for the

Earth Simulator as the coupled data assimilation platform.

After improvements and tunings, the CFES reproduces the

global climate and its variability very well. We have devel-

oped the assimilation systems of an atmospheric and an

oceanic component. Both components show capability of

improving simulation results by assimilating observational

data. We have combined all these components and started

the coupled data assimilation. 


