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1. Introduction       [red: terms explained in glossary] 
 Human-induced climate change and land-use change are significantly affecting 
ecosystem functions and biodiversity at the global scale. In a geological time scale, 
Earth’s climate and biosphere have co-evolved, such that the emergence of photosynthetic 
plants is necessary to form the present atmospheric composition and climate condition, 
and on the other hand, climatic variations have brought about evolution and extinction of 
species. In contrast to the natural processes that have formed the present biodiversity, 
human-induced climatic change and land-use change would have unprecedented and 
irreversible impacts.  
 
2. Modeling of terrestrial ecosystems and biodiversity 
 To assess the impacts of global change on ecosystem functions and biodiversity, 
integrated programs (e.g., IGBP and MEA) have been conducted. Recently, a biodiversity 
observation network (BON) project has been launched as a pert of the Global Earth 
Observation System of Systems (GEOSS), which will work with ecosystem functional 
monitoring networks such as the FluxNet in a complementary manner. For integration 
and scaling-up of observational findings and prediction, appropriate models simulating 
ecosystem structure, function, and biodiversity are required. In our institutes, a 
process-based biogeochemical model (VISIT, Vegetation Integrative SImulator for Trace 
gases; Ito and Oikawa 2002, Inatomi et al. 2010) has been developed to simulate 
atmosphere-ecosystem exchange of greenhouse gases and other compounds under 
changing environment. The model enables us to successfully evaluate the carbon budget 
at point to global scales, including global warming and deforestation impacts. Different 
types of models, which simulate geographical distribution of plant functional types, have 
been developed to estimate the future change in forests and other biomes; i.e., dynamic 
global vegetation models (DGVMs). For example, the Spatially Explicit Individual-Based 
(SEIB) model has been developed in Japan, and the ORganizing Carbon and Hydrology 
In Dynamic EcosystEms (ORCHIDEE) model has been developed in France.  
 These biogeochemical and dynamic vegetation models have been actively developed 
for ecosystem and environmental researches, leading to increasingly high credibility as 
validated with observational data. Nevertheless, it is still not straightforward to develop 
models, which directly simulate biodiversity (e.g., species composition at specific sites); 
this task remains for our future studies. 
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3. Ecosystem models for climate change researches 
 For reliable climate projection and mitigation-adaptation planning, terrestrial 
ecosystem models are widely used for the following usages. (1) The carbon cycle models 
simulate the terrestrial CO2 budget from the past to the future, including human 
land-use change (e.g., Representative Concentration Pathways for the IPCC AR5). 
Sometimes, simple ecosystem models are embedded into Integrated Assessment Models 
for estimating the future forest and crop productivity. (2) The biogeochemical models and 
dynamic vegetation models are implemented in Earth System Models (ESMs), which 
simulate interactions (e.g., climate-carbon cycle feedback) among the atmosphere, ocean, 
and land systems and are used for the future projection for the IPCC AR5. However, 
terrestrial ecosystem behaviors remain to be one of the most uncertain components in the 
ESMs, as suggested by the model intercomparison study. (3) Fine-scale terrestrial 
ecosystem models are required to conduct impact assessment of climatic change and 
land-use change. The model simulations also carry implications for planning ecosystem 
management toward mitigation and adaptation. I’ll show several research examples 
conducted in Japan. 
 
4. Ecosystem monitoring and mitigation 
 The reduced [greenhouse gas] emission from deforestation and forest degradation in 
developing countries (REDD) is one of the most prospective mitigation options of climatic 
change, especially in the post-Kyoto climate management framework. The REDD is also 
expected to work more effectively as a preventing mechanism of biodiversity loss. 
However, for actual implementations, we need global ecosystem observations and 
appropriate ecosystem models for evaluating forest coverage and emission. In 2008–2010, 
we have developed the Forest Carbon Monitoring System with the support of the 
Japanese Ministry of the Environment. In this system, forest cover change is detected by 
satellite remote sensing (e.g., ALOS/PALSAR by Japan) and carbon emission is estimated 
using the VISIT model. In the near future, we are planning to expand the system to 
monitor not only forest and carbon emission but also ecosystem service and biodiversity. 
 
Conclusion 
 The global change and biodiversity issues are extremely complex and highly 
interdisciplinary. Intimate discussions and collaborations among different research fields 
(e.g., ecology and meteorology), different approaches (observation, theory, and modeling), 
and different regions (e.g., Japan and France) are essential to build up an integrated view 
of the whole issues.  
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