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Pattern and process in terrestrial plant communities: ...



A simplest ”forest-grass” model of the global vegetation pattern: dynamic approach, climatic calibration, biome verification Yuri M. Svirezhev1 and Nicolai N. Zavalishin2 . The changes in the Global Vegetation Pattern (GVP) under climatic and anthropogenic stress is one of most important problems in global modelling. Simple probabilistic ”urn” schemes with only two types of vegetation (grass and forest) can be a basis for dynamic models of modern state and future changes of GVP. The dynamics of these models is sufficiently complex to demonstrate nonlinear phenomena such as multiple equilibriums and hysteresis. In terms of biologically motivated parameters the models give three possible types of equilibriums corresponding to grass, forest and transitional forest-grass zones with nonintersecting stability domains in a parameter space. Assuming the same dynamic model to describe GVP dynamics at each geographic point and both tree and grass seeds to be always presented there we face the problem of connecting and calibrating model parameters with climatic variables like an annual temperature and precipitation. The solution can be obtained by connecting an annual temperature with the age of maturity for trees and by modifying the classical Lieth diagram to obtain boundaries between grass, forest and transitional zones in temperature-precipitation space. This approach is based on the hypothesis that the ratio of maturity age to the life span must be constant for coniferous and deciduous tree species. The hypothesis has been tested. Calibrating parameters by using climatic and vegetation data gives a model predicting vegetation distribution of present days in satisfactory agreement with observations. The equilibrium GVP



Pattern and process in terrestrial plant communities: ...



appears to be sensitive to the form of borders in the Lieth diagram, especially in the northern regions with low annual temperatures. The only tuning parameter of the model - an intensity of competition within the mature tree cohort - does not essentially influence on the GVP varying the fraction of young forest. For an integrating process of establishing equilibria we used two different classifications of Earth vegetation - Box and Olson systems - as initial conditions. The difference between them has no impact on the final equilibrium ”grass-forest” distribution. The simulation results in essentially different times of reaching equilibrium state for transitional zones compared to pure forest or grass equilibrium. Assuming the Lieth diagram to remain unchanged during the coming decades if climate conditions are modified slightly due to physiological processes in plants changes very slowly, we obtain the GVP evolution and shifts for forest-grass transition zones under carbon dioxide doubling scenario.



1 Potsdam Institute of Climate Impact Research, P.O.Box 601203, D-14412 Potsdam, Germany (e-mail: [email protected]). 2 Institute of atmosheric physics RAS, 3, Pyzhevsky Lane, 119017, Moscow, Russia (e-mail: [email protected]; [email protected]).
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