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Background 
 

 

CO2 emissions => 

(-) Climate change 

(+) Fertilization 



Objectives 

CO2 Fertilization => 

Forest Growth 
Wood supply 

Prices 
Consumption & Production 

Trade 
Forest stock 

 



Theory 
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Presenter
Presentation Notes
We assume competitive markets.  The all world or one region only may implement an offset payment for CO2 stored in forests.  The offset payment is equivalent to an upward shift of the supply curve for wood, i.e. an increase in the marginal cost of producing, since harvesting one additional m3 of wood induces an opportunity cost equal to the offset payment that would be received by leaving the same m3 of wood in the forest.  The upward shift of supply leads to a new equilibrium with a higher global price.  Production is lower in the region with the offset payment,  lower production in the region with offset payment, partly compensated by higher production in the rest of the world.  Consumption decreases in both regions, as does trade.



GFPM 
  

• Dynamic spatial economic 
model 
 

• 180 countries 
– Forest area, stock 
– 14 commodities + CO2e 

• Production 
• Consumption 
• Imports, exports 
• Prices 

 

• Current version 2015 
 

 
 



GFPM Product Flows 
Raw material Intermediate product Final product 

Fuelwood 

Industrial wood 

Other fibre pulp 

Waste paper 

Fuelwood 

Sawnwood 

Plywood 

Particleboard 

Newsprint 

Printing paper 

Other paper 

Mechanical pulp 

Chemical pulp 

Fiberboard 
Inventory 

CO2e stock 



Static phase 
Market surplus: 

Equilibrium: 

Dual => Pik 



Dynamic phase 
 Supply shift 

Forest inventory change 

Inventory growth 
CO2 fertilization 

111 −−− −+= SGII
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Presentation Notes
For the purpose of this study, the important part of the dynamic phase of the GFPM is the change in wood supply and forest inventory.  Other things being equal (especially price)), the wood supply shifts between periods by an amount corresponding to the increase in offset payment (subsidy) and to the change in forest stock.  The growth rate of the forest stock is an inverse function of forest density (see next slide).   



DATA 
 
Base year = 2011  
(FAOSTAT, 2014)  
 
 
 
Resources = FRA 2010 
(FAO, 2010) 
  
 
 
GDP 
  
Population   
 
2009-2065 
 
 

USDA-ERS 
(2012) 

Presenter
Presentation Notes
The demand, supply elasticities were the same as in the RPA outlook to 2060 and the North American forest sector outlook study (scenario A1B low fuelwood). The base year of the GFPM was updated from 2006 to 2009, and the iO coefficients and manufacturing costs were updated accordingly.  The stock growth and forest area change data and equations were updated.  The growth rates of GDP and GDP/capita were updated based on USDA-ERS projections (1/26/2012). 



CO2 fertilization 

“The response of NPP to elevated CO2 is highly 
conserved across a broad range of productivity, 
with a median response of 23±2%” 
  (Norby et al. 2005. PNAS) 

 
   
 
   ∆NPP=0.13%/ppm CO2   

 

=> 



CO2 fertilization 

Presenter
Presentation Notes
Based on projections of the price of CO2e according to: 
IEA: IEA. 2009. How the energy sector can deliver on a climate agreement in Copenhagen. Special early excerpt of the World Energy Outlook 2009 for the Bangkok UNFCCC meeting. Paris; International Energy Agency. 56 p. IEA (2010). 450 Scenario: Methodology and Policy Framework. Paris; International Energy Agency;. http://www.iea.org/weo/docs/weo2010/Methodology_450_Scenario.pdf 

Synapse: Johnston, L., E. Hausman, B. Biewald, R. Wilson, D. White. 2011. Carbon dioxide price forecast.  Synapse Energy Economics, Inc., Cambridge, MA, 28p.

CEC: CEC.2011. European CO2 emission trading system. Publication of CO2 price forecast (ZEPHYR-Flex model). Climate Economics Chair. 
Available at: http://climateeconomicsblog.blogspot.com/2011/12/eu-ets-publication-of-cecs-co2-price.html last accessed May 10, 2012.

GFPM: Assumes offset payments of $15, or $30, or $50/t CO2 beginning in 2015, remaining constant thereafter. 







Effects on wood markets 



Price effects ($/m3) 
 

2065, A1B 

2011 Without With Difference 

Fuelwood 63 61 49 -20% 

Industrial  
roundwood 101 135 110 -19% 



∆ Fuelwood 
Scenario A1B, 2065 

    Production Consumption 

 (%)  (%) 
    Africa 12.5 12.5 
    N/C America 2.8 2.8 
    S America 2.7 2.7 
    Asia 5.4 5.4 
    Oceania 2.9 2.9 
    Europe 2.4 2.5 
        EU-28 0.2 2.2 
    World   7.7 7.7 



∆ Industrial roundwood 
Scenario A1B 

    Production Consumption 
 (%)  (%) 

    Africa 15.3 19.5 
    N/C America -7.6 -10.4 
    S America 5 19.1 
    Asia 18.4 -0.3 
    Oceania -2.3 5.5 
    Europe 6.9 10 
        EU-28 4.3 9.6 
    World   4.2 4.2 



 
Effects on 
sawnwood & panels 
markets 



Price effects ($/m3) 

2065, A1B 
2011 without with 

Sawnwood 259 324 295 -9% 
 
Veneer & plywood 573 999 963 -4% 
 
Particleboard 285 552 518 -6% 
 
Fiberboard 433 915 883 -3% 



∆ Sawnwood & panels 
Scenario A1B, 2065 
Production Consumption 

 (%)  (%) 
    Africa 21.1 2.3 
    N/C America -24.6 1.1 
    S America 23.9 2.0 
    Asia -2.7 1.1 
    Oceania 3.4 1.0 
    Europe 5.6 1.2 
        EU-28 4 1.2 
    World 1.2 1.2 



 
Effects on Pulp & paper 



Price effects ($/t) 
2065, A1B 

2011 Without With 

Mechanical pulp 509 942 901 -4% 

Chemical pulp 642 1036 978 -6% 

Other fiber pulp 1309 3848 3812 -1% 

Waste paper 187 563 524 -7% 

Newsprint 632 774 731 -6% 

Printing & writing paper 974 1128 1088 -4% 

Other paper & paperboard 986 1586 1538 -3% 



∆ Wood pulp 
Scenario A1B, 2065 

Production Consumption 
 (%)  (%) 

    Africa 9.2 4.8 
    N/C America -4.9 0 
    S America -1.7 -3.4 
    Asia 4.1 0.2 
    Oceania 0.6 0.6 
    Europe 19.2 8.8 
        EU-28 28.8 10.8 
    World 1.8 1.8 



∆ Value added 
Scenario A1B  Scenario B2 

(109 $) (%) (109 $) (%) 
    Africa 1.3 8.8 0.8 5.7 
    N/C America -11.8 -4 -5.1 -2.6 
    S America 7.3 10.4 3.0 4.9 
    Asia -6.1 -0.9 -3.1 -0.6 
    Oceania 0.2 1.9 0.2 2.3 
    Europe 16.8 5.3 6.5 2.3 
        EU-28 14.0 5.2 6.6 2.6 
    World 7.6 0.6 2.3 0.2 



Effects on stock=> CO2e 



∆ Growing stock 
  Scenario A1B    Scenario B2 
  (109m3) (%)   (109m3) (%) 
Africa 26 34% 16 21% 
N/C America 11 11% 3 3% 

S America 318 19% 17 10% 
Asia 20 27% 9 10% 
Oceania 2 14% 1 5% 
Europe 26 19% 15 11% 
        EU-28 5 14% 3 7% 
World 117 20%   62 10% 



 
• Caveats 

 
– CO2 fertilization 
– Related climate changes 

 
• Market effects 

– Scenario dependent 
– Lower prices 
– Regional differences 

 
• (+) Effect on stock > (-) Harvest => (+) CO2e   

 
 

Conclusion 

Presenter
Presentation Notes
It seems particularly important to avoid partial policies applied unilaterally in developed countries.  The result is the classic exportation of environmental damage.  While more CO2e is stored in the forests of developed countries, the harvest increases in developing countries, decreasing the amount of CO2e stored and causing other environmental damages.  
Furthermore, a partial policy is economically inefficient.  For a given budget for offset payments, distributing it to all countries leads to much more CO2e being stored globally. 
Carbon offset payments benefit wood producers.  Although production decreases where there are offset payments, prices increase globally and more than compensate for revenues losses.  Offset payments further increase producer revenues.
In product markets, price increases lead systematically to less consumption in all countries, and thus a decrease in consumer welfare.  Carbon offset payments have a particularly large relative impact on trade.  This leads to a redistribution of production and value added, from developed to developing countries, especially in Asia, under both policies.
The highest amount of world CO2e sequestration  from 2015 to 2030, obtained with a high price of $50/tCO2e, is only about ¼ of the global annual emissions of CO2.  Thus, though useful, the policies have only a modest role in decreasing the amount of CO2 in the atmosphere.        



World CO2 emissions in 2010 comes from:
UNSTATS 2012. Millennium development goal indicators. Carbon dioxide emissions (CO2), thousand metric tons of CO2 (CDIAC). United Nations Statistics Division.  Available at: http://mdgs.un.org/unsd/mdg/SeriesDetail.aspx?srid=749&crid= last accessed May 10, 2012.
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