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Der Kohlensto&reislauf im globalen 
Klimasystem
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Globale Emissionen 
und atmosphärische 
CO2 Wachstumsrate

Rote Linien:
Exponentialfunktion

mit µ = (45 a)-1
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“Airborne Fraction” = na / Qtot•

0.44
± ~0.09

.

Systematischer Fehler wegen Unsicherheiten der 
Emissionen aus der Landnutzung: ±20%!



Simple Linear 
Perturbation 
Model of the 

Global Carbon 
Cycle
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Verlauf der atmosphärischen Konzentration von CO2 und O2
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Konzentrationsdifferenz Mauna Loa - Südpol als Funktion der 
Differenz der CO2 Emissionen in Nord- und Südhemisphäre
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Der atmosphärische Transport definiert eine Abbildung vom Raum 
der Quellen Q in den Raum der Spurensto&onzentrationen (C=ρχ)

Q(x,t) wird diskretisiert in Raum und Zeit: qi, (i=1,...,nq)
Bereitstellung der a priori Information der Quellen: qap, Covq
Suche das Minimum der Kostenfunktion:

Die lange Lebensdauer der betrachteten Spurengase verlangt lange  
spin-up und spin-down Zeiten (>2 a)

Ermittlung von Quellen und Senken mit 
Hilfe der inversen Modellierung 

Cmod(x, t) = TQ(x, t)

S
2 = (T · q−Cobs)

T
·Cov−1

obs · (T · q−Cobs) + (q− qap)
T
·Cov−1

q · (q− qap)

∂

∂t
ρχ = −∇ · vρχ + Q



Globales in situ Beobachtungsnetz 
(Flaschendaten, 2000: ca 100 Standorte)

measurements at a global network of atmospheric background stations (e.g. Gurney et al., 2002,

Rödenbeck et al., 2003). The top-down approach at present is severely limited by the small

number of observing stations. The present network of measurement sites encompasses about

100 sites (Figure 1), most of which are located at the surface on remote mountains, remote

coasts and islands. In addition, there exist about 10 sites where regular vertical atmospheric

sampling for CO2 and associated tracers is performed by means of aircraft. Many interior regions

of the continents are not sampled at all. It is for this reason, that a space borne sensing

technique, if accurate enough, would tremendously improve the  top-down estimates.

Figure 1.

Current global atmospheric CO2 monitoring station network (based on GLOBALVIEW, 2000, and

EU funded projects AEROCARB and TCOS-Siberia).

2.1.2 Requirements for scientific and political relevance

Both of the two main objectives directly address surface fluxes of CO2. Critical is a long-term

perspective  (5-10 years and more), which is implied by the importance of the slower processes

(turnover time of carbon in vegetation and soils, upper ocean and thermocline mixing) that control

to a large extent the buildup of anthropogenic CO2. This is also important for the political

objective in that the specified commitment periods for the verification of the Kyoto emission

reduction targets is 5 years. Nevertheless, seasonal and interannual variations, which are large

compared to these longer term changes, are also of scientific interest for better process

understanding.



CO2 Fluss 
gemittelt 
über den 
Zeitraum
1995-2000
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Rödenbeck et al., 2003,  ACP



CO2 Fluss 
gemittelt 
über den 
Zeitraum
1995-2000
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Daten erzeugte 
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CO2 Bilanz von EuropaRESULTS

CO2 flux estimates for Europe
• Regionally integrated • deseasonalized • non-fossil CO2 only
• 11, 16, 19, 26, or 35 sampling locations • positive: surface → atmosphere
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• Robustness scale-dependent
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Interannuale Variabilität ermittelt aus 
zeitabhängier Inversion der 

atmosphärischen CO2 Messungen 
1995-2000 

Rödenbeck et al., 2003, Observations: NOAA-CMDL



EOF Analyse:
Interannuale Variabilität ist 

dominiert durch die 
Amazonas-Region

(32% der totalen Varianz)

PC1 Zeitreihe

MEI ENSO Index [Wolter, 2002]

Korrelation mit MEI ENSO Index



Fehlender 
Niederschlag als 
Treiber anomaler 
CO2 Emissionen?

El Niño  1997/8

Rödenbeck et al.,  ACP, 2003



CO2 Fluss - Anomalien:
Modelliert durch globales Biosphärenmodell und 

beobachtet durch globale Inversionsrechnung

Zeng et al., in prep.



Vergleich der 
Inversionsrechnung mit 

aus Fernerkundungsdaten 
ermittelten Emissionen 

von Vegetationsfeuer
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Fig. 19. Comparison of the flux estimates from the inversion (standard and selected sensitivity set-ups, 35 sites) with the independent

estimates of biomass burning emissions from the Global Fire Emissions Database (GFED, version 1), and comparison of the timing of flux

anomalies with fire counts measured by the ESA satellite (ATSR World Fire Atlas). Conventions as in Fig. 5. In particular, all fluxes as well

as the fire counts are deseasonalized by running 12-months sums, which converts the usually extremely narrow peaks of the fire emissions

(typically one or two months in the fire season of the respective region) into ‘rectangular’ pulses of one year duration centered around the

event. The fire counts (extra panels) are given in arbitrary units, proportional to the sum of counts in a region. Integration is done over a

special set of regions shown in Fig. 20.
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estimates of biomass burning emissions from the Global Fire Emissions Database (GFED, version 1), and comparison of the timing of flux

anomalies with fire counts measured by the ESA satellite (ATSR World Fire Atlas). Conventions as in Fig. 5. In particular, all fluxes as well

as the fire counts are deseasonalized by running 12-months sums, which converts the usually extremely narrow peaks of the fire emissions

(typically one or two months in the fire season of the respective region) into ‘rectangular’ pulses of one year duration centered around the

event. The fire counts (extra panels) are given in arbitrary units, proportional to the sum of counts in a region. Integration is done over a

special set of regions shown in Fig. 20.
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estimates of biomass burning emissions from the Global Fire Emissions Database (GFED, version 1), and comparison of the timing of flux

anomalies with fire counts measured by the ESA satellite (ATSR World Fire Atlas). Conventions as in Fig. 5. In particular, all fluxes as well

as the fire counts are deseasonalized by running 12-months sums, which converts the usually extremely narrow peaks of the fire emissions

(typically one or two months in the fire season of the respective region) into ‘rectangular’ pulses of one year duration centered around the

event. The fire counts (extra panels) are given in arbitrary units, proportional to the sum of counts in a region. Integration is done over a

special set of regions shown in Fig. 20.
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Fig. 19. Comparison of the flux estimates from the inversion (standard and selected sensitivity set-ups, 35 sites) with the independent

estimates of biomass burning emissions from the Global Fire Emissions Database (GFED, version 1), and comparison of the timing of flux

anomalies with fire counts measured by the ESA satellite (ATSR World Fire Atlas). Conventions as in Fig. 5. In particular, all fluxes as well

as the fire counts are deseasonalized by running 12-months sums, which converts the usually extremely narrow peaks of the fire emissions

(typically one or two months in the fire season of the respective region) into ‘rectangular’ pulses of one year duration centered around the

event. The fire counts (extra panels) are given in arbitrary units, proportional to the sum of counts in a region. Integration is done over a

special set of regions shown in Fig. 20.
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Erste Simulationen des globalen Wandels mit gekoppelten 
Kohlensto&reislauf-Klimamodellen zeigen potentiell signifikante 
Rückkopplungseffekte

Bis heute zeigt der globale Kohlensto&reislauf nur ein passives, lineares 
Verhalten bezüglich der anthropogenen Störung

Globale Inversionsrechungen: heutige Auflösung auf der kontinentalen 
Skala; zeitliche Variabilität besser bestimmt als das zeitlich gemittelte 
räumliche Muster 

Interannuale (< ~5a) Variabilität dominiert durch terrestrische Ökosysteme

Vegetationsfeuer ein wichtiger Beitrag der interannualen Variabilität
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Nächste Schritte zur Verbesserung der 
Top-Down Methode

Ausbau des globalen Beobachtungssystems für biogeochemische Spurenstoffe

Verfeinerung des in situ Netzwerks (z.B. im Innern der Kontinente, u.a. mit Hilfe 
von “tall towers”)

Kontinuierliche Konzentrationsmessungen 

Multi-tracer Verfahren (CO, CH4, SF6, O2/N2, C-isotope,...)

Entwicklung von Satelliten-gestützten Sensoren (OCO, GOSAT,...)

 Methodische Entwicklungen

Hohe raumzeitliche Auflösung des atmosphärischen Transportes  
(z.B. durch Beizug eines atmosphärischen Mesoskalen-Modellsystems)

Datenassimilation: Einbezug von in situ Beobachtungen in gekoppelte 
Kohlensto&reislauf-Klimamodelle

Datenassimilation: Einbezug von Beobachtungen mit unterschiedlichen 
zeitlichen und räumlichen Charakteristiken (Konzentration, Flussmessungen, 
Forstinventardaten, Multi-tracer Daten, Fernerkundungsdaten, etc. - GEMS) 


