
Tel/us (1991 ), 43B, 188-196 

Modelling the seasonal C02 uptake by land vegetation using 
the global vegetation index 

By MATTHIAS LUDEKE, ALEX JANECEK and GUNDOLF H. KOHLMAIER, Institut far 
Physikalische und Theoretische Chemie, Niederurseler Hang, D-6000 Frankfurt 50, Germany 

(Manuscript received 4 December 1989; in final form 9 October 1990) 

ABSTRACT 

An algorithm is developed to calculate the seasonal carbon exchange flux between the living 
parts of the vegetation and the atmosphere by using monthly time series of NDVI satellite data, 
air temperature and photosynthetically active radiation. The algorithm is based on already
existing models of the optical and physiological properties of the plant cover, introducing the 
concept of a seasonally variable green cover and considering some primary plant processes 
driven by climatic variables. The resulting carbon flux is compared to fluxes obtained by simpler 
models for one example pixel in Northern Germany during a period of 2 years, showing signifi
cant differences in timing and shape. In addition, the seasonal carbon exchange rate measured 
for beech trees is compared with the corresponding flux derived from the proposed model. 

1. Introduction 

The AVHRR (advanced very high resolution 
radiometer) aboard the NOAA 7 satellite mea
sures the reflectance ai in different channels "i", i.e. 
the ratio between incident solar and reflected 
terrestrial electromagnetic radiation in different 
wave length bands. 

The NDVI (normalized difference vegetation 
index) is defined as the following combination of 
the near infrared (i = N, Ji. : 725-1100 nm) and the 
visible red (i = R, Ji.: 580-680 nm) channel: 

(1) 

It is designed to be a good measure of the 
photosynthetic capacity of the vegetation (Tucker 
and Sellers, 1986). Various authors used this 
NDVI concept in order to derive the seasonal 
carbon sink function of the terrestrial biota on a 
global scale (Fung et al., 1987; Heimann and 
Keeling, 1989). Their rather heuristic methods of 
correlating the NDVI directly to the net primary 
production (NPP) are compared with a more 
complex approach in which known mechanisms 
concerning the reflectance of the plant canopy /soil 

system and the dependence of photosynthesis and 
autotrophic respiration on radiation and tempera
ture are accounted for. 

2. Interpretation of the NDVI 

A mechanistic interpretation of the interaction 
between the considered electromagnetic radiation 
and the vegetation canopy reveals that the NDVI 
is primarily correlated to the leaf, area index, LAI 
(Sellers, 1985); therefore we start with the discus
sion of the relation LAI(NDVI). As a basis for its 
calculation we take the twostream radiation model 
of Tucker and Sellers (1986), in which a canopy 
with horizontal leaves and the equivalence of 
leaf reflectance and transmission coefficients is 
assumed. For the reflectance a; of the canopy in a 
defined channel "i" they obtained: 

a;(LAI) 
u - v exp( - 2k · LAI) 
w-z exp( -2k ·LAI)' 

(2) 

with u, v, w, z and k being constants with values 
determined by different combinations of the scat
tering coefficient of leaves, w;, and the soil reflec
tance, p;, for the respective channel i = N or R. 
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