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Kyoto! 

From Dr. Pieter Tans, NOAA/ESRL (www.esrl.noaa.gov/gmd/ccgg/trends/)  

The global picture 



Paris! 

Modified after Dr. Pieter Tans, NOAA/ESRL (www.esrl.noaa.gov/gmd/ccgg/trends/)  

My own projection (and I hope I am wrong!) 
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Outline 
 
• The global context 
• Definition of net carbon exchange in terrestrial 

ecosystems (forests)  
• Uncertainties in the future carbon balance 
• Doing the right thing 





The global carbon balance 

Global Carbon Project 2011; Updated from Le Quéré et al. 2009, Nature G; Canadell et al. 2007, PNAS 

2000-2010 
(PgC y-1) 

(Residual) 

2.3±0.5 
(5 models) 

4.1±0.2 

7.9±0.5 

1.0±0.7 
2.5±1.0 



Fate of Anthropogenic CO2 Emissions (2010) 
9.1±0.5 PgC y-1 

+ 0.9±0.7 PgC y-1 

2.6±1.0 PgC y-1 

26% 
Calculated as the residual 

of all other flux components 

5.0±0.2 PgC y-1 

50% 

24% 
2.4±0.5 PgC y-1 

Average of 5 models 

Global Carbon Project 2010; Updated from Le Quéré et al. 2009, Nature Geoscience; Canadell et al. 2007, PNAS 



Changes in the Global Carbon Budget over Time 
The sinks have continued to grow with increasing emissions 

It is uncertain how efficient the sinks will be in the future 

 

Source: Le Quéré et al. 2012; Global Carbon Project 2012 
 

http://www.earth-syst-sci-data-discuss.net/5/1107/2012
http://www.globalcarbonproject.org/carbonbudget/




Total forest sink = 2.4 ± 0.4 Pg C yr-1 
of which 20% in boreal forests 
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Asa 2002
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Source: Le Quéré et al. 2012; Global Carbon Project 2012 
 

Question: How will the sink in the terrestrial ecosystems 
 change in the future? 

http://www.earth-syst-sci-data-discuss.net/5/1107/2012
http://www.globalcarbonproject.org/carbonbudget/


Source: Friedlingstein et al., 2006 



Question: What will happen with the permafrost C pool in the future? 



Collapsing edge of a peatland 

 Photo: Seppälä 



(From McGuire et al., 2010) 

Atmosphere ∼ 750 Pg 
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The C sink in Swedish forests by inventory method 



The Swedish roadmap towards zero net emissions 2015 



Atmosphere 

Vegetation 
& soil - GROT 
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industry 
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∆CO2 = F1 - F2 - F3 - F4 

Blue = gas fluxes 
Red = material fluxes 

Forest 

F1 F2 F3 F4 



Atmosphere 
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Blue = gas fluxes 
Red = material fluxes 

Forest 

F1 F2 F3 F4 

A positive climate effect is achieved when the sum of the 
fluxes (blue arrows) is such that the CO2 concentration 
in the atmosphere decreases 



Atmosfär 

Vegetation 
& mark - GROT 

GROT Produkter till 
industrin 

Fossilt kol 

Suppose now that we wish to use the forest to obtain 
 a reduction of the CO2-emissions to 2020 – how to do? 

Blått = gasflöden 
Rött = materialflöden 

Skog 

Scenario 1 – we increase the cuttings by  10% (20 000 ha/yr) and  
substitute fossil fuels with biomass. The effect will be: 
1. The net uptake in the forest will decrease by ca 12 M tonnes of 

CO2 because 8 M tonnes of emissions from clearcuts and 4 M 
tonnes ‘lost’ uptake in the forest that was harvested (F1 
decreases) 

2. Emissions to the atmosphere from the combustion of the biomass 
will be approximately the same as the one that would have been 
emitted from the fossil fuels 
(F3 increases as much as F4 decreases) 

3. The total effect – a strong increase of CO2 in the atmosphere! 

F1 F2 F3 F4 



Atmosfär 
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Blått = gasflöden 
Rött = materialflöden 

Skog 

Scenario 2 – we decrease the cuttings by  10% (20 000 ha/yr) and  
substitute biomass with fossil fuels(!). The effect will be: 
1. The net uptake in the forest will increase by ca 12 M tonnes of CO2 

because 8 M tonnes of less emissions from clearcuts and 4 M tonnes 
additional uptake in the forest that was not harvested (F1 increases) 

2. Emissions to the atmosphere from the combustion of the fossil fuel 
will be approximately the same as the one that would have been 
emitted from the biomass (F3 decreases as much as F4 increases) 

3. The total effect – a strong decrease of CO2-conc. in the atmosphere! 

F1 F2 F3 F4 



Atmosfär 

Vegetation 
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Blått = gasflöden 
Rött = materialflöden 

Skog 

The scenario 2-paradox 
Please notice that this does not mean that I 

advocate increased use of fossil fuels! 
OF COURSE shall we do everything we can to 

reduce our dependence on fossil fuels BUT we 
must take notice so that our suggested actions will 

have the anticipated effect. 

F1 F2 F3 F4 



Take home messages: 

1. The forests constitute an important  
sink in the global and regional C-budget 

2. There are large uncertainties in the 
evolution of the future C-sink 

3. Permafrost thawing is another risk with 
positive climate feedback 

4. Understanding the whole forest-climate-
’industry’ system is critical for making the 
right mitigation decision 
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