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Chapter 1  Atmospheric and Oceanic Simulation

A high-resolution (64-region) time-dependent inverse model (TDIM) using forward model simulations with the inter-annu-

ally varying (IAV) meteorology from NCEP/NCAR reanalysis and atmospheric CO2 observations from up to 100 stations.

was applied to simulate inter-annual variations in CO2 source sink fluxes. Our analyses suggested that while ENSO is the sin-

gle largest controlling factor for inter-annual and decadal variability in land and oceanic CO2 fluxes, the effect of Mt. Pinatubo

aerosols on the terrestrial ecosystem can also be detected.

The off-line carbon dioxide transport model (JMA-CDTM) was successfully ported to Earth Simulator and tuned to run on

multiple nodes in parallel using message-passing interface.
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a. Time-dependent inverse model
Last year we reported the development of a high-resolu-

tion (64-region) time-dependent inverse model (TDIM). This

TDIM uses forward model simulations with the inter-annual-

ly varying (IAV) meteorology from NCEP/NCAR reanalysis

and atmospheric CO2 observations from up to 100 stations.

Use of IAV meteorology helps for better simulations of the

inter-annual variations in CO2 concentrations due to the

change in transport caused by the climate oscillations such

as the El Niño Southern Oscillation (ENSO), North Atlantic

Oscillation (NAO). Thus we avoid a potential misattribution

of CO2 sources and sinks at regional or global scales. While

our analyses suggested that ENSO is the single largest con-

trolling factor for inter-annual and decadal variability in land

and oceanic CO2 fluxes, the effect of Mt. Pinatubo aerosols

on the terrestrial ecosystem can be detected (Fig. 1). During
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Fig. 1  Comparison of 64-region TDIM derived fluxes (This Work) and several other published results for global land (a: left panel)

and ocean (b: right panel) are shown. The vertical bars indicate TDIM estimated a posteriori flux uncertainties for This work

only using atmospheric CO2 data from 87 stations. The modeling approached used in different studie vary widely; e.g., Rayner

et al., Bousquet et al. and This work use Bayesian inversion but the inverse model resolution and observational data network

are different. Keeling et al. used double deconvolution method, Rodenbeck et al. adopted an adjoint model based inversion.

Results of Lequere et al., are forward model based.



48

Annual Report of the Earth Simulator Center  April 2004 - March 2005

the warm ENSO period tropical ocean (mainly East

Equatorial Pacific) upwelling is suppressed because of the

increased thermal stratification in the upper ocean, and that

led to the negative oceanic flux anomalies in 1992 and 1997

(Fig. 1b). The same situation creates a drier and warmer sur-

face condition over the tropical land which produced

enhanced emission of CO2 (positive flux anomaly) due to

lesser photosynthetic uptake and increased heterotrophic res-

piration by the plants, and biomass burning of dry matter

(Fig. 1a) as seen during 1992, 1994 and 1997. Large amount

of aerosols loading into the atmosphere following the Mt.

Pinatubo eruption in June 1991 the terrestrial uptake of CO2

increased by suppressed respiration and enhanced photosyn-

thesis during period 1991–1993. This is due to the lower

ground temperature and enhanced diffused radiation at the

tree level caused by the aerosol scattering of the sunlight. All

these features are most consistently captured by our TDIM

using the observations at 87 stations when compared with

the other published results (see Fig. 1).

b. Development of high-resolution tracer transport
model.
We have developed a high resolution chemical/tracer

transport model (CTM) for better representation of atmos-

phere CO2 data in space and time. In the coarse resolution

model (typically 2 × 2 degrees) often the measurement loca-

tions are not well separated from the point sources, land-

ocean boundary is ill defined or the heterogeneity in sources

is not represented appropriately. To account for these prob-

lems we have designed a CTM that can run at variable hori-

zontal resolutions (e.g., 1 × 1, 0.5 × 0.5, 0.25 × 0.25 degree).

This version of the CTM has 47 vertical layers with several

of them usually within the planetary boundary layer (PBL).

The PBL is varied diurnally using the 3-hourly boundary

layer heights from the ECMWF reanalysis and operational

forecast model. The higher horizontal resolution is achieved

by domain decomposition of the global grid into up to 180

latitude bands. The domain boundary data are exchanged by

MPI interface. Preliminary results from this high-resolution

model show significant improvements both in horizontal con-

trast and diurnal cycles of concentration profile in lower tro-

posphere. Surface flux inventories combine lower resolution

natural CO2 fluxes with high resolution anthropogenic emis-

sions. Currently we are testing our simulation results by com-

paring with high-frequency observations (hourly time step)

for Transcom continuous data intercomparison experiment.  

c. CO2 simulation experiment at 1 × 1 degree resolu-
tion with JMA-CDTM transport model.
The off-line carbon dioxide transport model (JMA-

CDTM) was successfully ported to Earth Simulator and

tuned to run on multiple nodes in parallel using message-

passing interface. Horizontal transport scheme of the JMA-

CDTM is Semi-Lagrangian scheme and vertical mixing

scheme is an offline version of JMA global spectral model.

The model uses 6 hourly-analyzed meteorological fields to

transport tracers.

The improved model demonstrates parallelization ratio of

about 99.5% on 10 nodes (80 PEs) for typical model applica-

tion. Also we have modified our model code to achieve

higher vectorization ratio. Finally, the vectorization ratio of

the model achieves 99.4% on 10 nodes (80 PEs). As we can

treat each tracer independently in inverse modeling that can

estimate regional carbon fluxes from observational data, we

can divide more number of the source region without lessen

the parallelization ratio.

To obtain model transport matrix for inverse modeling,

we have prepared high- resolution (1 × 1 degree, 32 layers, 6

hourly) meteorological dataset from 1990 to 2002 using MJ-

98 GCM nudging with ERA-40 re-analysis.

We have upgraded the horizontal resolution of JMA-

CDTM from 2.5 × 2.5 degree to 1 × 1 degree on Earth

Simulator. Upgraded model can represent smaller scale dis-

turbance with higher resolution meteorological dataset that

we have prepared (Figure 2). We have a plan to analyze

regional scale carbon flux history using two transport mod-

els (FRCGC/NIES and JMA-CDTM) with similar experi-

mental conditions in order to estimate the uncertainty of the

carbon cycle analysis due to the model difference.

d. Fully chemistry coupled global chemical transport
model 
The FRCGC/UCI Global Chemical Transport Model is

now running on the ES at T63 (1.9 degree) resolution on 8

processors. The model has been upgraded to run at T106

(1.1 degree) resolution, and this has now been thoroughly

Fig. 2  Simulated surface CO2 concentrations in different resolution of

JMA-CDTM.
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tested on the FRCGC SX5 system with T159 meteorological

data that has recently been made available by the ECMWF.

We are now working on porting the data and code upgrades

to the ES system.
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a. 
NCEP/NCAR 100 CO2

64 CO2
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b. 
CO2

47 1 × 1, 0.5 × 0.5, 0.25 × 0.25 

c. JNA-CDTM 1 × 1 CO2
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CDTM
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