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Why model the terrestrial biosphere?

• Scientific curiosity
• Need to assure specific „services“ from the 

biosphere (risk avoidance)
• Understand the role of the biosphere as part

of the coupled Earth system (energy & 
momentum transfer, biogeochemical cycles, 
paleo dynamics)

• Observations, experiments & models
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Some ecosystem services
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The Holdridge system
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Life forms (Raunkiær)
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• Biogeography models:
– limitation of plant and animal distribution in space

and time

• Biogeochemistry models:
– establishment, growth, survival and mortality of 

organisms in relation to essential resources
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Tmax mean temperature of the warmest month (oC) 

Tmin mean temperature of the coldest month (oC) 

DT range between Tmin and Tmax (
oC) 

P mean total annual precipitation (mm) 

MI moisture index, defined as the ratio between P and an-
nual potential evapotranspiration (Thornthwaite and 
Mather 1957) 

Pmax mean total precipitation of the wettest month (mm) 

Pmin mean total precipitation of the driest month (mm) 

PTmax mean total precipitation of the warmest month (mm) 
 

Bioclimatic variables (E. Box)
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The Miami Model (Lieth 1972)

NPP = min (NPPT, NPPP)

NPPT = 3000 (1 + exp ( 1.315 – 0.119 * T ) )-1

NPPP = 3000 (1 – exp ( -.000664 * P ) )

NPP – Net Primary Productivity (g DM m-2 yr-1)

P – Mean annual total precipitation

T – Mean annual temperature
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Rutger Sernander 1936 – Boreal forest gap dynamics
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Simple Interactive Biosphere Model: 
• initially a model of the energy balance at the land 
surface (for climate modelling), assuming a single „big
leaf“
• later involving more complex physics and 
biogeochemistry
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Combining biogeography and 
biogeochemistry

• Goal: 
– to predict biogeography from physiological and 

biophysical „principles“, 
– to predict biogeochemical fluxes from realistic

biogeography

• Essential elements:
– water balance estimation instead of rainfall

measurements
– basic plant types („functional types“)
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Plant functional types
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 Tmin GDD0 GDD5 Tmax AET/PET 

plant functional type min max min min min min max 

trees tropical evergreen 15.5 
    

0.80 
 

 tropical raingreen 15.5     0.45 0.95 

 warm-temperate ever-
green 

5.0     0.65  

 temperate summergreen -15.0 15.5  1200  0.65  

 cool-temperate conifer -19.0 5.0  900  0.65  

 boreal evergreen conifer -35.0 -2.0  350  0.75  

 boreal summergreen  5.0  350  0.65  

non-trees sclerophyll/succulent 5.0     0.28  

 warm grass/shrub     22.0 0.18  

 cool grass/shrub    500  0.33  

 cold grass/shrub   100   0.33  

 hot desert shrub     22.0   

 cold desert shrub   100     

no plants (dummy type)        
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BIOME 1
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BIOME 1
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BIOME4
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The LPJ Dynamic Global Vegetation Model  (Sitch et al., GCB, 2003)
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Observations
(Cogley, 1998)

LPJ

Wagner et al. 2003

Runoff

Soil moisture
Korrelationskoeffizient
simulierte monatl. 
Bodenfeuchte vs.
satellitengestützter
Feuchteindex
1992–1998

Gerten et al. 2004

Hydrological Validation
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Runoff
Gerten et al., J. Hydrol., 2004

Fire return time
Thonicke et al., GCB, 2001

Vegetation distribution

Sitch et al., GCB, 2003

Soil C
Dynamics

Sitch et al., 
GCB, 2003

Soil C 

Biomass

NPP
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Nettoökosystemproduktivität (NEP)
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Nettoökosystemproduktivität
(g C m-2 y-2)
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Data issues

• „Driving“ data (climate, soils, CO2, nutrients, 
etc.)

• Data for model testing (vegetation
distribution, biogeochemical fluxes etc.)

• Appropriate spatial resolution
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Olson et al.
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BIOME 1
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Olson et al.
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Critical gaps in understanding

• The importance of site history
• Soil carbon dynamics
• Ecosystem response to high atmospheric CO2

concentrations
• Biodiversity (how many PFTs are sufficient?)
• Plant-animal interactions
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Tropical deforestation:
physical impacts
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Tropical deforestation:
biogeochemical impacts
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Tropical deforestation:
combined impacts
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Impacts of deforestation on high and low
latitudes

Total deforestation 50-60 °N:

Total deforestation 0-10 °S:

physical geochemical combined
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Implementation of agriculture within LPJ – how?

Sowing date estimation:
for 4 temperate CFTs = f(T), 
for 4 tropical CFTs = f(P)
Adaptation of heat sum and 
vernalization requirement

Oct Jul

LAI, ~ 6

Total biomass, ~ 20 tDM/ha
Grain harvested, ~ 6 tDM/ha

Daily coupled growth and 
development simulation:
Phenology, LAI change, 
carbon allocation to leaves, 
roots, storage organs, ... 
Estimation of the harvesting
period

No water stress for
irrigated crops, 
computation of the water
requirement and of the 
effective irrigation

For grasses, several
cuts (f(LAI)), or
regular grazing

Winter 
wheat

Harvested biomass
removed, residues sent to 
the litter pool or removed
(fodder, biofuel, ...)

Possibility of multiple cropping
(e.g. rice)
Grass during the intercrop season
otherwise

Adaptation of LPJ to 
simulate the carbon and 
water fluxes for crops: 
each CFT on a distinct
stand with access to a 
separate soil water pool
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1b) Distribution of the major 19 crops types (Leff et al. 2004)
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Phenological variations for the European temperate zone
[10°W-32°E; 34°N-72°N], period 1982-1998
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Nettoökosystemproduktivität
(g C m-2 y-2)
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Carbon Balance Amazonia (LPJ, 10yr running means)
HadCM3 climate and different deforestation estimates
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„Fully coupled“ Earth System models

• Biosphere coupled to atmosphere (physical
and biogeochemical feedbacks) but also to 
anthroposphere (land use change and 
changed land use potential)

• Main problem: iterative modelling of climate 
& biosphere, optimization modelling of 
economic component (usually approximated
through scenario analysis)
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The IMAGE Model 2.4



ECCOREV, Journées de modelisation, Aix-en-Provence, 20.5.2008

La modélisation des surfaces continentales
en relation avec les changements climatiques

• Why model the (terrestrial) biosphere?
• A historical overview
• Data issues
• Critical gaps in understanding
• Intermediate complexity models
• Land use and land use change
• Recent and future applications
• Summary
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Summary

• The land surface can be modelled for
multiple purposes, requiring different 
methods

• Significant open questions remain about the 
carbon cycle and the potential future
functioning of the land biosphere
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