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Future vegetation projections are constrained by 
uncertainties

● Climate change is expected to have profound impacts on 
biodiversity and ecosystem services in Africa. 

● But vegetation projections are constrained by
uncertainties regarding

– strength and impact of climate change,

– socioeconomic futures, and

– CO
2
 fertilisation effects.

We used an ensemble of DGVM simulations with the 
aDGVM to look at the uncertainties.

(van Vuuren et al., 2011, 
Climatic Change)
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aDGVM – adaptive Dynamic Global 
Vegetation Model

The aDGVM is a vegetation model for grass-tree ecosystems.



aDGVM – adaptive Dynamic Global 
Vegetation Model
The aDGVM …

● … was developed for tropical 
ecosystems;

● … simulates individual trees, and plants 
can adjust allocation and phenology to 
the environment;

● … simulates different vegetation types: savanna trees, forest 
trees, C4 grasses, C3 grasses;

● … includes fire dynamics, and impacts on trees are influenced 
by tree height.
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Ensemble simulations to deal with uncertainty

We used an ensemble of aDGVM simulations to look at the 
uncertainties in vegetation projections.

We forced the aDGVM with climate projections from 6 different
● General Circulation Models (GCMs),
● for two different Representative Concentration Pathways 

(RCP4.5 & RCP8.5), and 
● two CO

2
 scenarios (increasing according to RCP scenario & 

fixed at 400ppm).

 ensemble of 24 aDGVM simulations

Differences within the ensemble allow quantification of different 
uncertainties in vegetation projections.



Ensemble of 24 aDGVM simulations with 
6 GCMs, 2 RCPs, 2 CO

2
 scenarios
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aDGVM simulated carbon stocks in aboveground 
biomass
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aDGVM simulates stronger CO
2
 effect than 

elevated CO
2
 experiments 
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(Terrer et al., 2019, Nature CC)
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Population dynamic effects are accounted for in 
aDGVM, but large uncertainties remain

Midgley & Bond, 2015, Nature CC

But eCO2 experiments currently do not include
population dynamic effects like tree saplings 
escaping fire zones more easily under eCO2.
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 2000-2019
   consensus biomes from
   all ensemble members

Considerable biome shifts by the end of the century 
for RCP4.5 under elevated CO

2

 2080-2099
   RCP 4.5, elevated CO

2



RCP 4.5, RCP 8.5,
elevated CO

2
  elevated CO

2

consensus consensus
biomes biomes

➔ Woody encroachment into grassy biomes across both RCPs 
under elevated CO

2

➔ 25% (RCP 4.5) and 29% (RCP 8.5) of terrestrial Africa are 
projected to experience biome shifts

Biome shifts from 2000-2019 to 2080-2099 under 
elevated CO

2
 for consensus biome
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Biome changes from 2000-2019 to 2080-2099 for 
the four RCP-CO

2
-scenario combinations



Area change of consensus biomes is uncertain for 
woody biomes
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● Fewer biome changes with 
fixed CO

2

● Fixed-CO
2
 scenarios are 

dominated by transitions 
from forest to woodland or 
savanna

● Even for RCP4.5, a less 
extreme emission scenario, 
considerable biome changes 
are projected.

Biome changes from 2000-2019 to 2080-2099
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Large uncertainties in future biome changes in 
Africa call for flexible climate adaptation strategies

● Future biome changes due to climate and CO
2
 change are 

likely in large parts of Africa.

● CO
2
 effects in combination with RCP scenarios caused 

greater uncertainty in projected ecosystem changes than 
downscaled GCM projections. 

● Climate mitigation and adaptation response measures that 
rely upon vegetation-derived ecosystem services will need to 
account for alternative climate futures.



Thanks for your attention!



Carola Martens
Institute of Physical Geography, Goethe University Frankfurt

Introduction

Climate change will cause biome shifts 
in Africa with impacts on biodiversity and 
ecosystem services. 

Uncertainties in climate change impacts 
and the effects of elevated atmospheric 
CO2 on ecosystems challenge projections 
of future ecosystem states. 

We identified uncertainties in vegetation 
states in Africa until 2099 with ensemble 
simulations using the adaptive 
Dynamic Global Vegetation Model 
(aDGVM, Scheiter & Higgins 2009).

Simulation design

aDGVM ...
… simulates potential natural vegetation,
… simulates ecological processes from 
leaf to plant population level,

… simulates tree individuals,
… is forced with climate and soil data.

Ensemble of 24 aDGVM runs with high-
resolution climate data for Africa (Archer 
et al. 2018) and CO2 scenarios (Fig. 1):
  2 Representative Concentration 

Pathways (RCPs 4.5 & 8.5)
  2 CO2 scenarios (elevated CO2 

corresponding to RCPs 4.5 & 8.5, and 
CO2 fixed at 400ppm), 

  6 downscaled General Circulation 
Models (GCMs)

Results
●  Many regions at risk of 

biomass changes and 
biome shifts

●  Strongest effect on carbon 
storage variability through 
interaction effects between 
CO2 and RCP scenario 

●  Projected woody 
encroachment and shifts to 
tree-dominated biomes under 
elevated CO2 (Fig. 3b) 
correspond to biomass 
increases (Fig. 2)

●  Low-impact scenarios (both RCP 4.5 scenarios) with considerable vegetation changes
●  Lower projected change for both RCP 4.5 scenarios than for RCP 8.5 scenarios
●  Alternative climate futures lead to alternative future vegetation states.

Take home message
●  Ensemble simulations disentangle sources of uncertainty in climate impact modeling. 
●  Uncertainties in climate future and CO2 fertilisation effect result in alternative 

future vegetation states.
●  Climate mitigation and adaptation need to consider alternative vegetation futures.
●  Despite uncertainties, today’s policy decisions shape climate change 

(i.e. RCP scenario), and thus future environments.
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Ensemble simulations reveal uncertainties in vegetation 
projections in Africa due to CO2 and RCP scenarios
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Figure 2: (a) Mean 
biomes across all 24 
ensemble members in 
2000-2019, and 
(b) biome shifts from 
2000-2019 to 2080-
2099 for the mean of 
each CO2 and RCP 
scenario combination.
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Figure 1: Mean total carbon in above-ground 
biomass [Pg C] in Africa from 2000 to 2099 for 
the four RCP and CO2 scenario combinations. 
Standard deviation (SD) is derived from the six 
GCM runs per scenario.
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Total carbon in aboveground biomass 
in Africa from 2000-2099

Biome shifts from 2000-2019 to 2080-2099

(a) 2000-2019   (b) 2080-2099

Figure 1: Set-up of the aDGVM 
ensemble simulations


