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Objectives

• Demonstrate the assimilation of optical
reflectance data from satellites into a new
generic model of leaf phenology (Fig. 1)

• Assess the reduction in uncertainty of carbon
fluxes after simultaneous assimilation of
satellite-data at multiple sites

• Explore suitability for global-scale applications

Results

• Efficient algorithm finds optimum for

all 6 sites simultaneously after ~60

iterations, producing good fit to

observed FAPAR (Fig. 1)

• For 6 sites, FAPAR data constrain

most phenology parameters (Table 1).

• Limited constraint for parameters

related to photosynthesis (≤7%).

• Only small constraint on carbon

fluxes (Fig. 3).
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Outlook

• Algorithm fast enough for
global applications.

• Since one set of parameters is
used across multiple sites,
adding more grid cells will
increase constraint on
parameters from satellite data.

• Expect significant constraint on
carbon fluxes if model is applied
globally.

Methods
• Extend the Carbon Cycle Data Assimilation

System (CCDAS)1 to include hydrology and
leaf phenology

• Incorporate satellite data of the Fraction of
Absorbed Photosynthetically Active
Radiation (FAPAR) from ESA’s MERIS2

instrument for 6 sites.
• Optimise process parameters of global

vegetation model BETHY3 for best
agreement of model and satellite FAPAR.

• Use local information at the optimum to
infer a posteriori uncertainties of parameters
and compare to a priori uncertainties.

• Project a priori and a posteriori uncertainties
from parameters to carbon fluxes.

Generic Phenology
Model

• Leaf area index (LAI): Λ
• Leaf sprouting rate: ξ
• Leaf shedding time: τL

• Water-limited LAI: Λmax

• Fraction of plants in growth phase: f

! 

d"( t)

dt
= #["

max
$ "(t)] f $

"(t)

%L
(1$ f )

Loobos

Maun

N. Finland (67°N, 27°E) Siberia (61°N, 81°E)

Netherlands (52°N 6°E)

Brazil (3°S 60°W)

Botswana (20°S 24°E)

Germany (51°N 10°E)

Figure 1: Revised CCDAS scheme.

Figure 2: a priori (dotted) and a posteriori (solid) FAPAR simulated
with BETHY at the 6 sites. Satellite data are shown with error bars.

Figure 3: a priori (black) and a posteriori (red)
NPP simulated with BETHY, with error bars.

(Equ. 1)


