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Summary

Vegetation is an important component of the global climate system through its control of the fluxes of energy, water, carbon dioxide, and nitrogen over land surfaces.  The aim of this project is to develop, evaluate, utilize, and make available a model of vegetation/soil dynamics to improve the ability of general circulation models (GCMs) to make predictions of future climate change.  The model is being developed by combining treatments of carbon and nitrogen fluxes, prognostic albedos, and vegetation community dynamics, as a standalone module within the NASA Goddard Institute for Space Studies GCM.

1. Introduction

This project aims to develop, evaluate, utilize, and make available a model of global vegetation dynamics suitable for use in GCMs. Past researchers have modeled detailed vegetation dynamics using approaches inconsistent with the needs of a GCM, or requiring many parameterizations that are not measurable. This new dynamic global vegetation model (DGVM) provides a unifying approach to integrating the fast biophysical, the slow biogeochemical, and the long-term biogeographical dynamics of vegetation. New process-based algorithms will be consistent with the needs of parallel computing within a GCM. This DGVM will be a tool for answering questions about past climate and vegetation distributions, as well as for predicting global changes due to rising atmospheric CO2 in the coming decades and century.  

The model is being implemented as a stand-alone module within the land surface component of the NASA Goddard Institute for Space Studies (GISS) GCM, which has now been parallelized and modularized.

2. Vegetation model features

The new DGVM is being developed to describe responses of vegetation physiology, structure, and distribution to climate, atmos-pheric CO2, nitrogen deposition, and land use change on time scales of minutes to centuries. It will treat the carbon balance of the land surface. All these processes are unified through a consistent conceptual structure: the vertical attenuation of light through the plant canopy. This attenuation is responsible for the land surface albedo, the spatial variation in the biophysics of photosynthesis and stomatal conductance, the biochemical partitioning of nitrogen to photosynthetic and non-photosynthetic pools, and the long-term biogeographical dynamics of competition between plants for light and soil resources (Figure 1)

To date, the following tasks have been accomplished:

A biophysical model of photosynthesis and plant canopy gas conductance has been developed and fully coupled to the GISS GCM (Friend and Kiang, in preparation;  Kull and Kruijt, 1999). This model incorp-orates realistic responses of evapotranspir-ation to vegetation type, atmospheric humidity, light (driving vertical variation in photosynthetic nitrogen), and temperature.  Its simple parameterizations are derived from a ground-based network of water, carbon, and energy flux measurements. The result is significant improvement in the GCM’s calculation of surface temperatures, warming regions that were previously too cool, and vice versa.  The introduction of a vegetation CO2 response into the GCM now makes possible the calculation of uptake of CO2 by vegetation, showing a realistic global total for the current climate.  The impact of doubled atmospheric CO2 concentrations on vegetation activity and climate was found to increase CO2 uptake by 48%, and surface temperatures in some regions by up to 2 (C due to stomatal closure.

A model of individual plant growth has been developed (Friend, in preparation). This model includes a mechanistic treatment of growth processes, carbon and nitrogen allocation, morphological changes with development and environment, and process-based foliage dynamics. The model has been tested off-line, and is now being implemented within the GISS GCM.

We are now addressing the process of competition between individuals and plant types through the approach of the Ecosystem Demography (ED) model of Moorcroft, et al. (2001). This approach overcomes the computational challenges of modeling plant competition, mortality and regeneration in canopy gaps by solving for these individual-based phenomena as plant size- and gap age-structured ensemble behaviors.  Prognostic albedos will be calculated using the model of Ni, et al. (1999), which can account for different levels of clumping of foliage and plants using a fast analytical calculation.  

3. Concluding Remarks

Each of the above improvements significantly advances the science of coupled global vegetation-climate modeling through the novel use of data, introduction of recent discoveries in plant physiology, and development of computationally efficient algorithms for parallelized computing in GCMs.
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Figure 1.  Diagram of  the dynamic vegetation embedded within the atmospheric and land surface components of a GCM.
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