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Introduction
Due to the unprecedented speed of 
temperature change expected over the course 
of the 21st century and the lack of direct 
experience from past changes, models are 
used to assess the impacts of different 
scenarios of climate change. Recent research, 
however, revealed that inconclusive outputs of 
ecosystem models may occur as a result of 
instable model dynamics [1-3]. This research 
presents numerical measures of predictability 
and resilience of the rain forest and savannah 
biomes in the Congo basin under past, present 
and 4°+ climate conditions.

Research area
During the Holocene the distribution of savannas and rainforests

 

in the Congo 
basin changed with changing climate. In some regions rainforest and savannas 
replaced each other [4-6] while on some sites one vegetation type persisted. For 
this study we use two regions located along a W-E gradient in annual precipitation 
and dry season length in Gabon [7] (see fig. 1). 

Probabilistic climate data
Daily climate input data for 
our model applications were 
generated using MarkSim

 

[10].

Region 1: Mts. Birougou 
rain forest refuge

Region 2: Plateau de Batéké 
open savannas

Figure 1: Western Congo

 

Basin. Study

 

regions: (i) Mts. Birougou

 

rain

 

forest

 

refuge

 

[8] and 
(ii) long

 

established

 

savannas

 

on the

 

Batéké

 

plateau

 

[9].

Statistical model validation
Model validation was done

 

 
using error assessment 
procedures to assess the 
confidence, prediction and 
tolerance intervals

 

of errors 
[12].

Dynamic ecosystem model
Ecosystem simulations were 
done using the BIOME-BGC 
model including its extensions 
regarding soil hydrology [11] 
and dynamic mortality [2]. In 
this study we focussed on

 

 
modelled NEE.

Assessment of model dynamics
Ergodic

 

theory was used to derive 
two numerical measures describing 
system dynamics: (i) the Lyapunov

 

exponents [13]; and (ii) the

 

 
correlation dimension [14]. 

Results
Lyapunov

 

exponents characterize how two initially close trajectories deviate over time and thereby provide a limit measure for 
the predictability of the system. The correlation dimension describes the systems complexity. It is a measure of attractor size 
which is a measure of system resilience [15]. Results presented in Table 1 indicate:

Scientific Rationale & Methods
There are two different descriptive views of observable phenomena, a statistical view and a dynamic view. The statistical view uses a 
set of observations on particular properties of individuals to extrapolate the behaviour of the system. The dynamic view explains the 
particular properties of observed system behaviour using mechanistic descriptions of the interactions among the participating forces. 
We stepwise alternate these two principal descriptive views of reality during our work.

W O R K F L O W

Biome  Forest Savannah 
 
Climate     [CO2] ppm 

Lyapunov 
exponent 

Correlation 
dimension 

Lyapunov 
exponent 

Correlation 
dimension 

Past                 278 0.076 ± 0.015 1.56 0.110 ± 0.066 0.59 
Present            390 0.084 ± 0.038 1.53 0.115 ± 0.071 0.59 
Future             700 0.081 ± 0.039 1.62 0.104 ± 0.084 0.59 
 

(i)   Both systems exhibit chaotic behaviour.
(ii)  Forests behave less chaotically than

savannas (lower Lyapunov

 

exponents).
(iii) Forests are 2.5 times more resilient than

savannas.
(iv) 4°+ increases the resilience of forests

by ~7%, while the resilience of
savannas remains at a constant low
value.

(v) Predictability of both systems is limited.

Discussion
Results presented above can be used to derive the prediction horizon of model 
behaviour, i.e. the point in time when the  uncertainties in model predictions exceed a 
certain limit relative to the uncertainty in initial conditions.

 

The prediction horizon t is 
calculated by solving equation 1 for t (see Eq. 2). If we accept a doubling of 
uncertainty from initial to predicted conditions, the prediction

 

horizons for past,

 

 
present and future climate are 9.2±1.5, 8.3±2.6 and 8.6 ±

 

2.8 years for the rain forest 
biome, and 6.3±2.4, 6.0±2.3 and 6.6±3.0 years for the savannah biome,

 

respectively. 
If we accept an uncertainty of one order of magnitude, the prediction horizons for 
past, present and future climate are 40±7, 61±19, 69±22 years, and 43±16, 40±15, 
57±25 years for rainforest and savannah biomes, respectively.

Table 1: Lyapunov

 

exponents

 

and Correlation

 

dimensions

 

derived

 

from

 

simulations

 

of rain

 

forests

 

and savannas

 

of the

 

Congo

 

basin

 

(cf. Fig. 1) under

 

past, present

 

and future

 

(4°+) climate

 

and atmospheric

 

CO2

 

conditions.
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Conclusion
The impacts of climate change on ecosystem behaviour are difficult to assess 
beyond the prediction horizon. Uncertainties increase from the initial conditions and 
depending upon the uncertainty accepted for model outputs the prediction horizon 
may be shorter or longer but never reaches beyond the year 2100 (cf. Eq.1&2).
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