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A model-data integration framework to a terrestrial ecosystem model using multiple satelli
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Various satellite-based spatial products, such as evapotranspiration (ET) and gross primary productivity (GPP), are now avai
able by integration of ground observation and satellite observation. Therefore, effective use of these multiple spatial products t
terrestrial biosphere models is an important step toward better simulation of terrestrial carbon and water cycles. However, due
the complexity of terrestrial biosphere models with a large number of model parameters, the application of these spatial data se
to terrestrial biosphere models is difficult.

In this study, we show an effective but simple framework to refine a terrestrial biosphere model, Biome-BGC, using mul-
tiple satellite-based products as constraints, and tested it in the monsoon Asia region (60E-180E and 80N-10S) covered t
eddy-covariance observations. The framework is based on the hierarchical analysis (Wang et al. 2009) with model paramett
optimization constrained by satellite-based spatial data . The Biome-BGC model is separated into several tiers to minimize th
freedom of model parameter selections and maximize the independency from the whole model. For example, the snow sul
model is first optimized using satellite-based snow cover product, followed by soil water sub-model optimized by satellite-basec
ET (estimated by an empirical upscaling method), photosynthesis model optimized by satellite-based GPP, and respiration ar
residual carbon cycle models optimized by biomass data.

As a result of initial assessment, we found that the most of default sub-models (e.g. snow, water cycle and carbon cycle) showe
large deviations from satellite-based products; however, these biases were removed by applying the method. For example, grc
primary productivities were overall underestimated in boreal and temperate forest and overestimated in tropical forests. How
ever, the parameter optimization scheme successfully reduced these biases. Our analysis shows that terrestrial carbon and w:
cycle simulations in monsoon Asia were greatly improved, and the use of multiple satellite observations with this framework
is an effective way for improving terrestrial biosphere models. We also found that respiration fluxes, biomass, and soil carbor
data, which are currently unavailable, are also important to constrain simulated terrestrial carbon cycles and generation of the:
products are urgent.
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Most land surface models assume that a plant canopy can be abstracted as a turbid medium to compute mass, energy, and cat
exchange. The canopy is horizontally homogeneous as leaves are randomly distributed in space. Consequently, radiation or
changes in a vertical direction. Lambert-Beer type light penetration scheme is widely adapted for transmission and absorptio
simulation of a plant canopy. In this scheme, the incoming light exponentially decreases with an increase in leaf area. Lea
inclination angle and light incident angle is considered in the model. This model is only valid when the leaves are randomly
distributed in space. To consider the spatial anisotropy of leaf distribution, Nilson (1971) introduced clumping modeling. By
putting the clumping index into the Lambert-Beer equation, this scheme extends the light environmental computation for non-
random distribution of leaves within a plant canopy. The clumping modeling is simple. Yet, there are some issues. For example
the clumping index is not a constant value. The clumping index changes with the light incidence angle and vertical levels. Also,
we cannot directly measure the clumping index. The 3-dimensional modeling of forest light environment needs a lot of ecosysten
structural data sets along with a vast computation time. The recent progress of measurement techniques (e.g. LIDAR) enabl
to run and evaluate the realistic light environment. In this presentation, | show some of the comparison results to see how th
different complexities of light penetration modeling affect the light environment.
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Estimation of carbon exchange in terrestrial ecosystem associates with difficulties due to complex entanglement of physica
chemical, and biological processes: thus, the net ecosystem productivity (NEP) estimated from simulation often differs among
process-based terrestrial ecosystem models. In addition to complexity of the system, validation can only be conducted in a poil
scale since reliable observation is only available from ground observations. With a lack of reliable spatial data, extension of mode
simulation to the global scale results in significant uncertainty in the future carbon balance and climate change. Greenhouse gas
Observing SATellite (GOSAT), launched by the Japanese space agency (JAXA) in January, 2009, is the 1st operational satellit
promised to deliver the net land-atmosphere carbon budget to the terrestrial biosphere research community. Using this inform:
tion, the model reproducibility of carbon budget is expected to improve: hence, gives a better estimation of the future climate
change.

Because of the direct association with climate change, improving estimation of global NEP is essential; yet, global gross
primary productivity (GPP) and ecosystem respiration (RE) need to improve as well for further sophistication of ecosystem
modeling. In the system of carbon cycle, GPP and RE are the true physiological quantities representing photosynthesis and re
piration, and NEP is a byproduct of them. Since a major purpose of process-based ecosystem models is to clarify the mechanis
of carbon cycle, it is important to invest efforts to refine GPP and RE as well.

Currently, the most reliable estimate of global GPP is provided by observation-based empirical upscaling with machine learn:
ing models [Jung et al. 2011]. Machine learning regression is based on a network of eddy covariance flux tower observation, i
conjunction with global satellite remote sensing and meteorological data sets. Because of the high correlation with GPP, avail
ability of long-term global observations of vegetation indexes (e.i. EVI, NDVI, and NDWI) from operational satellites makes
performance of machine learning model finer in prediction of GPP. Because of limited availability of carbon pool data, however,
it is difficult to induce equivalent performance in RE with machine learning models [Jung et al. 2011]. Instead of a direct estima-
tion, combination of global GPP estimated by machine learning regression and NEP from GOSAT L4A would produce a more
reliable budget of global RE.

This initial analysis is to compare a set of observation-based global carbon flux products, NEP from GOSAT L4A, GPP from
support vector machine regression, and RE from a combination of them, with three types of TEMs and an inversion model.
Biome-BGC (prognostic model), CASA (diagnostic model), LPJ (dynamic vegetation model), and Carbon Tracker (inversion
model). Comparison was conducted with the standardized format based on GOSAT L4A: 42 sub-continental tiles and monthly
temporal coverage from June 2009 to May 2010. Through the comparison, we discuss similarities and dissimilarities in (1) sea
sonal variations, (2) global and annual averages, (3) variability with climate (air temperature, precipitation, and solar radiation).

Reference
Jung, M., et al. (2011), Global patterns of land-atmosphere fluxes of carbon dioxide, latent heat, and sensible heat derived frol
eddy covariance, satellite, and meteorological observations, Journal of Geophysical Research, 116.
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