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Why Siberia?
• Siberian boreal forest is a significant 

component of the global carbon cycle:
• ~ 10% of global terrestrial carbon 

(vegetation+soils)
• ~ 5-10% of global terrestrial 

productivity
• ~ 65% of Siberian forests contain 

permafrost
• Relatively homogenous ecosystem/landscape
• Modest anthropogenic impacts
• Expected large climate change impacts
• Large interannual climate variability
• Fire a crucial disturbance factor
• Permafrost carbon: 

400PgC, vulnerability: 5PgC (20yr), 
100PgC (100yr)



Anticipated high-latitude 
changes and unknowns 

• Changes in snow cover, sea ice, atmospheric 
circulation reflected for example in precipitation 
changes

• Changes in land cover (fires, steppe/agriculture, 
forest logging, ecosystem migrations) 

• Permafrost: deepening of active layer, possible 
catastrophic destruction of frozen soil C stores

•
è Ecosystem changes

è Atmospheric composition changes
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Estimating Reginal Carbon Balances:
Top-Down vs Bottom-Up Approach

CarboEurope-IP Approach
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Siberian carbon observational projects 
with substantial european support

•Terrestrial Carbon Observing Project -
Siberia 
(TCOS-Siberia) 2002-2005:
Network of surface flux measurements 
and atmosphere monitoring sites

•AEROSIB-YAK (F-D-RU) 2006-????:
Long-distance transects by chartered 
aircraft

•Zotino Tall Tower Observatory (ZOTTO):
300m tall observation tower near Zotino 
(~60°N, ~90°E)



TCOS-Siberia:   Principal Investigators
• MPI BGC Jena, Germany (Heimann,  coordination, PI, 

Schulze PI, Lloyd PI, Zimmermann, project manager )• LSCE, Saclay, France (Ciais, PI)• IUP, University of Heidelberg, Germany (Levin, PI)• RUG, Groningen, Netherlands (Meijer, PI)• UNITUS, Viterbo, Italy (Valentini, PI)• Vrije Universiteit Amsterdam, The Netherlands (Dolman, 
PI)• IPEE, Moscow, Russia (Varlagin, PI)• IFOR-RAS, Krasnojarsk, Russia (Shibistova, PI)• IBPC-RAS, Yakutsk, Russia (Maximov, PI)• PIG-RAS, Cherskii, Russia (Zimov, PI)• UNI.BIAL, Bialystok, Poland (Chilmonczyk, PI)• UNI.FB.FBS, Ceske Budejovice, Czech Republic 
(Santruckova, PI)



TCOS-Siberia Study 
Sites



In Situ Flux Measurements and Process 
Studies
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Large interannual variability of in 
situ carbon flux measurements

(Varlagin et al, EUROSIBERIAN CARBONFLUX, TCOS-Siberia data)



Aircraft Measurements



Aircraft Measurements: Zotino 
(~60°N, ~90°E, 0-3000m)
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Model Simulation
West-East CO2 Concentration Gradients 

at 60N, 
Monthly Mean and Standard Deviation, 

July 2002

[REMO Simulation, Karstens et al.]
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“Footprint” of Atmospheric Measurements:
Uncertainty Reduction of Time-Averaged 

(monthly) Source Estimates by TCOS-Siberia 
Aircraft Measurements - Bi-Weekly 

Observations
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Interannual Variability of Ecosystem 
Carbon Fluxes

Fluxes determined by inverse 
atmospheric modeling including 
observations from TCOS-Siberia 

project



• TCOS-Siberia has demonstrated the feasibility of 
operating elements of a biogeochemical monitoring 
system in Siberia. 

• Siberia smaller sink than generally assumed: < 20% of 
fossil emissions from Russian Federation (~0.4 
PgC/yr)

• Expected high interannual variability of terrestrial 
carbon fluxes, driven by the large variability of 
climate variability and fires

• Comparative studies show increases in carbon uptake 
with higher temperatures

• Abandoned agriculture in southern grasslands region 
leads to substantial carbon uptake

• Siberia a longer-term (decadal) source or sink of 
carbon? Need longer term measurements!

Some Results



AEROSIB-YAK
Transiberian Airborne Greenhouse Gases Observations

P. Ciais1, G. Golitsyn 2, M. Heimann3, C. Gerbig3, B. Belan4, M. Ramonet1 C. Carouge1, C. 
Camy-Peyret5, D. Mondelain5, J. Chappelaz6, P. Nedelec7,

D. Hauglustaine1, K. Law8
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5 LPMA (F) 6 LGGE (F) 7 LA (F) 8  SA (F)
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Observations and models

• 2006 : Measurement of suite of tracers: 
– in situ : CO2, CO, O3 , CH4, , [aerosols]
– In flasks : CO2, CH4 with their 13C isotopes, CO18O, APO
– SF6 , N2O, CO, H2

• Meteorological parameters
• After 2006
• in-situ : 13C using specifically developed laser diode

• in flasks : isotopes in CH4, 15N and 18O in N2O 

• Use of high resolution atmospheric transport/chem models 
• Use of remote sensing to infer ecosystem fluxes and fires



300mTower Location
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Why 300m?

Footprint Analysis

Typical aircraft profiles 
over Zotino

Lloyd et al., 2002,  Tellus



Tall Tower in Siberia
• Funding by German Max-Planck-Society:  ~ 3.0 

MEuro/5yr, 
• (Installation: ~1 MEuro, running costs: ~ 

400k Euro/yr )
• Funding administration through ISTC
• Core partners:
• Max-Planck-Institute for Biogeochemistry, 

Jena
• Institute of Forest, Krasnojarsk
• Max-Planck-Institute for Chemistry, Mainz

• Status: Construction in 2004/6, fully 
operational by October 1, 2006

• Beyond 2010: to become an international 
observatory with a life time of more than 30 
yr
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Construction in Progress -
Winter 2005/6: Height of ~53m
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Tower 
Construction -
June 2006:

Height ~ 120m



ZOTTO Organization



Key Siberian ecosystems and processes 
necessitating improved monitoring and analysis

• Forest:• Photosynthesis + respiration• Disturbances (fire, harvest, insects)• Soil accumulation and lateral export by water• Permafrost:• Large vulnerable carbon pool• CO2 vs CH4 emissions• Bogs:• Large vulnerable carbon pool• Effects of water table changes (climate 
change, river rerouting) • Grasslands:• Land use and management effects 
(recovery from agricultural use, cattle 
grazing)


