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Self-stabilization of the biosphere under global change: 
a tutorial geophysiological approach 

By W. VON BLOH, A. BLOCK and H.J. SCHELLNHUBER*, Potsdam Institute for Climate Impact 
Research (PIK), Telegrafenberg, P. 0. Box 601203, D-14412 Potsdam, Germany 

(Manuscript received 6 June 1996; in final form 24 February 1997) 

ABSTRACT 

A 2-dimensional extension of the simple Lovelock-Watson model for geosphere-biosphere feed
back is introduced and discussed. Our enriched version also takes into account various pertinent 
physical, biological, and civilisatory processes like lateral heat transport, species competition, 
mutation, germination, and habitat fragmentation. The model is used as a caricature of the 
Earth System, which allows potential response mechanisms of the biosphere to environmental 
stress (as generated, e.g., by global warming or anthropogenic land-cover change) to be investi
gated qualitatively. Based on a cellular automaton representation of the system, extensive 
calculations are performed. They reveal a number of remarkable and, partially, counter-intuitive 
phenomena: our model biosphere is able to control almost perfectly the geophysical conditions 
for its own existence. If the environmental stress exceeds certain thresholds, however, life breaks 
down on the artificial planet via a first-order phase transition, i.e., in a non-reversible way. 
There is a close connection between self-stabilizing capacity, biodiversity and geometry of 
habitat fragmentation. It turns out, in particular, that unrestricted Darwinian competition, 
which reduces the number of co-existing species, is the best guarantee for survival of the artificial 
ecosphere as a whole. 

1. Introduction 

Humanity's experiment in exploring the resili
ence of the Earth System to large scale perturba
tions (e.g., modification of atmospheric 
composition or fragmentation of terrestrial vegeta
tion cover) is now in full gear. First results of this 
experiment (called Global Change) have already 
been achieved, in particular, statistical evidence 
for anthropogenic global warming and the erosion 
of biodiversity. A full account of the climatic 
aspects is provided by the forthcoming IPCC 
Report (Bolin et al. 1996); the present state of the 
biosphere is described, for instance, in Walter and 
Breckle ( 1991 ). 

Unfortunately, the investigators here are prob
ing their own material support system, which 
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cannot simply be replaced by a new specimen 
once the previous one has been worn out. The 
only way out this dilemma seems to be in model
ling and computer simulation based on extensive 
non-destructive measuring and monitoring cam
paigns. The so-emerging virtual Earth Systems 
can be scrutinized safely in order to give deeper 
insights into the interactions of the various con
stituents and so avoid irreversible dead-end streets 
for the evolution of the original planet. 

Big international research programmes like 
WCRP (WCRP 1994) and IGBP (IGBP 1994) 
are considered major stepping stones on our way 
towards such a fully-fledged Earth-System ana
lysis. As a matter of fact, detailed 3D analogical 
models of the coupled geosphere-biosphere 
dynamics are supposed to transpire from these 
and related efforts within the next decade. 

At present, such models are not yet available, 
but even when they exist they may be almost as 




























