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Terrestrial Biomes

Diese und einige der folgenden Abbildungen stammen aus: Gerten et al., 2005, Terrestrial Carbon 
and Water Fluxes. In: Hantel., M. (Ed.), Observed Global Climate, Landold-Börnstein, V/6 
(Geophysics/Climatology), Springer
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The importance of terrestrial biomes: the global 
water cycle

Gerten et al. (2005)

Plants exert a strong control on the flow of water from the land masses into 
the atmosphere. They tend to maintain an optimal balance between limitation 
of H2O loss and admission of CO2, thus influencing the release and uptake of 
the two most important greenhouse gases. Under stress (in particular water 
stress), the stomata close and carbon uptake is reduced or ceases.
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Water reservoirs

Gerten et al. (2005)
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Soil water availability

Gerten et al. (2005)
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Actual evapotranspiration

Gerten et al. (2005)
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The importance of terrestrial biomes:
atmospheric CO2

IPCC (2001)
www.ipcc.ch

TRENDS (2005)
cdiac.ornl.gov/trends/co2/sio-mlo.htm
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Atmospheric CO2

Respiration

Photosynthesis

TRENDS (2005)
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Terrestrial biomes in the course of the seasons
In the extratropics, the activity of terrestrial biomes undergoes a seasonal 
cycle. This can be monitored from space, because the spectrum of radiation 
reflected by foliage has a different shape from the spectrum for all types of 
soils (Monteith and Unsworth, 1990).
Denoting with ρVIS and ρNIR the reflectivity of leaves in the visible (VIS) and 
near infrared (NIR) range of the specturm, we can define the so-called 
normalized difference vegetation index (NDVI) as:

VIS NIR
VISNIR

VISNIRNDVI
ρ+ρ
ρ−ρ

=

Oke (1987)
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Using the NDVI
The usefulness of the NDVI
resides in the fact that it is 
related to properties of the 
vegetation such as the 
fraction of photosynthetic 
active radiation absorbed by 
the leaves (FPAR),  the leaf-
area index (LAI) or the 
roughness length (z0).

Algorithms for retrieving 
vegetation properties from 
measurements of the NDVI 
are reviewed by Stöckli and 
Vidale (2004)
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Monitoring the NDVI
As shown e.g. by Stöckli and Vidale (2004)*, with the available data it is 
currently possible to reconstruct with some confidency a 20-years long record 
of the NDVI. Examples for Europe are discussed in the original paper.

* Stöckli, R. and P. Vidale, 2004, European plant phenology and climate as 
seen in a 20-year AVHRR land-surface parameter dataset, INT. J. 
REMOTE SENSING, VOL. 25, NO. 17, 3303–3330.
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Temporal variability of the NDVI

Stöckli and Vidale (2004)
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The importance of terrestrial biomes:
the global carbon cycle
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The global carbon cycle

Gerten et al. (2005)
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Carbon reservoirs in terrestrial biomes
With the exception of the tropical rain forests, in all other terrestrial biomes 
the largest amount of C is stored in the soil.

Wolfgang Cramer (2005)

Boden

2011 / 466 ~ 5

1 Gt C ≡ 1012 kg C ≡ 1015 g C (1 Pg)
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Some definitions
• GPP: gross primary production, the 

total amount of C fixed by plants 
through photosynthesis. Globally 
GPP ~ 120 Gt yr-1;

• NPP: net primary production, i.e. 
GPP minus autotrophic respiration. 
Globally NPP ~ 60 Gt yr-1;

• NEE or NEP: net ecosystem 
exchange or net ecosystem 
production, i.e. NPP minus 
heterotrophic respiration. Globally 
NEE/NEP ~ 10 Gt yr-1;

• NBE or NBP: net biome exchange or 
net biome production, NEE or NEP 
minus the losses due to disturbances 
(fires, soil tillage, ...). Globally 
NBE/NBP ~ +1 Gt yr-1.

Kirschbaum et al. (2002)
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Worldwide distribution of NPP [g C m-2 d-1]:
annual mean values
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This and the following pictures were obtained from simulations with 
the Lund-Potsdam-Jena (LPJ) model.
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Worldwide distribution of NPP [g C m-2 d-1]:
seasonal mean values
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Worldwide distribution of NBP [g C m-2 d-1] ]:
annual mean values
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Worldwide distribution of NBP [g C m-2 d-1]:
seasonal mean values
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The radiative properties of foliage

Oke (1987)
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Photosynthetic Active Radiation (PAR)
Photosynthetic active radiation (PAR) is the part of the solar spectrum located 
between 0.4 and 0.7 µm (400 to 700 nm). PAR is almost a constant fraction 
of global radiation (Gl), and in the absence of specific measurements one can 
assume:

Gl47.0PAR ⋅≈

At noon (true solar time) under clear skies Gl ~ 800 W m-2 and the energy 
available for photosynthesis is PAR ~ 400 W m-2.

In ecological studies it is not uncommon to express PAR in units of
mol m-2 s-1. The convert between [W m-2] and [mol m-2 s-1] we need to know 
that:
• 1 quantum of radiation with frequency ν has an energy in J equivalent 

to (h ν), where h = 6.63 ⋅ 10-34 J s is the Planck constant.
• The number of quanta in 1 mole of light is given by the Avogadro 

number NA = 6.023 ⋅ 1023 quanta mol-1.

As a rule of thumb, 1 mol m-2 s-1 ≈ 2 ⋅ 105 W m-2.
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A global map of PAR

Raschke and Ohmura (2005)
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Leaf photosynthesis
Photosynthesis is the assimilation of atmospheric CO2 for reduction to 
carbohydrate. The assimilation of 1 kg CO2 requires ~ 107 J PAR.
As far as climate is concerned, photosynthesis rate is limited either by 
radiation or atmospheric CO2 concentrations:
• at low radiances (intensities) leaf photosynthesis is directly 

proportional to the available PAR (radiation limited regime). The 
proportionality constant is the photosynthetic efficiency α;

• under conditions of light saturation, photosynthesis becomes 
proportional to the available CO2 (CO2 limited regime). In this regime 
one obtains the maximum rate of photosynthesis Pmax (for given CO2).

Pmax(CO2)

α, photosynthetic efficiency
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Leaf photosynthesis (2)
A simple but flexible formula for describing leaf photosynthesis Pleaf  that 
provides the correct asymptotic behaviour is the so-called non-rectangular 
hyperbola (Thornley and Johnson, 1990):

ξ
αξ−+α−+α

=
2

PF4)PF(PF
P maxPAR

2
maxPARmaxPAR

leaf

where FPAR [W m-2] is the flux of PAR and ξ is a shape parameter 
determining the sharpness of the knee in the curve.

Thornley, J.H.M. and I.R. Johnson, 1990, Plant and Crop Modelling. Oxford University Press, 
Oxford, 669 pp.



25

C
al

an
ca

, 2
3.

05
.2

00
6

Canopy photosynthesis
Not all leaves in a canopy do assimilate CO2 at the same rate. The two main
reasons are:

• extinction of solar radiation in the canopy
• variations of CO2 concentrations within the stand.

The extinction of solar radiation or PAR within the canopy can be describe 
using the Beer-Bouguer-Lambert law (see notes on ‘Radiative Transfer’) as:

*
can LAIk

PARPAR e)0(F)z(F −=

Here z is the depth below the canopy top, FPAR the flux of solar radiation in 
the PAR range, kcan ~ 0.5 m2 ground (m2 leaf)-1 the extinction coefficient of 
the canopy and LAI*, in units of m2 leaf (m2 ground)-1, the cumulative leaf-
area index



26

C
al

an
ca

, 2
3.

05
.2

00
6

Within-canopy variations of climatic elements

Oke (1987)



27

C
al

an
ca

, 2
3.

05
.2

00
6

Monitoring GPP, NPP and NEP worldwide
A worldwide network of observing site, called FLUXNET, has been 
established at the beginning of the 1990s to monitor the net ecosystem 
exchange (NEE) of the terrestrial biosphere. 

www.daac.ornl.gov/FLUXNET
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FLUXNET 
Informations about FLUXNET and its subprojects are provided on the 
internet. 

www.fluxnet.ornl.gov/fluxnet/index.cfm



29

C
al

an
ca

, 2
3.

05
.2

00
6

FLUXNET (2) 
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FLUXNET (3) 
Currently the exchange of CO2 is measured at more than 200 
sites (400 towers), covering all continents (except Antarctica) 
and a wide range of biogeographic conditions. 


