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Climate change impacts are felt around the world. 

And much more to come!

2



Increase in Atmospheric CO2 Concentration

CO2 Concentration

March 8 2018

410 ppm
46% above preindustrial

2016: first year with all weekly CO2 levels above 400 ppm



Global emissions from fossil fuel and industry: 36.2 ҕ2 GtCO2 in 2016, 62% over 1990 

Projection for 2017: 36.8 ҕ2 GtCO2, 2.0% higher than 2016

Estimates for 2015 and 2016 are preliminary. Growth rate is adjusted for the leap year in 2016.
Source: CDIAC; Le Quéré et al 2017; Global Carbon Budget 2017

Emissions from fossil fuel use and industry

Uncertainty is ҕ5% for 
one standard deviation 
όLt// άƭƛƪŜƭȅέ ǊŀƴƎŜύ

http://cdiac.ornl.gov/trends/emis/meth_reg.html
https://doi.org/10.5194/essd-2017-123
http://www.globalcarbonproject.org/carbonbudget/


30%
11.0 GtCO2/yr

Fate of anthropogenic CO2 emissions (2007ς2016)

Source: CDIAC; NOAA-ESRL; Houghton and Nassikas 2017; Hansis et al 2015; Le Quéré et al 2017; Global Carbon Budget 2017

24%
8.8 GtCO2/yr

34.4 GtCO2/yr

88%

12%
4.8 GtCO2/yr

17.2 GtCO2/yr

46%

Sources  =  Sinks

6%
2.2 GtCO2/yr

Budget Imbalance: 
(the difference between estimated sources & sinks)

Deforestation, land-use change 

Fossil fuel burning, cement

http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.esrl.noaa.gov/gmd/ccgg/trends/
https://dx.doi.org/10.1002/2016GB005546
http://dx.doi.org/10.1002/2014GB004997
https://doi.org/10.5194/essd-2017-123
http://www.globalcarbonproject.org/carbonbudget/
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Å Ambitious temperature target well 

below 2o C.

ÅThe submissions on intended Nationally-

Determined Contributions (NDCs) from 

~148 countries recognise the importance 

of the land sector in achieving GHG 

emission reduction targets. 

Paris Agreement
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IPCC emissions scenarios
Representative Concentration Pathways

CO2 Concentrations CO2 Emissions    

Source: Zwiers, Van Vuuren et al. 2011, Climatic Change

To stay below the 2o C climate threshold NEGATIVE net emissions are required later in this century. 

Forests can remove carbon from the atmosphere cost effectively and with multiple co-benefits.

<2 oC



BECCS: Bioenergy with Carbon Capture & Storage

Á Estimates of required cumulative CO2 removal using BECCS 

to achieve < 2oC increase vary by study.

Á IPCC estimate ~600 Gt CO2 cumulative removals by 2100

Á Land required for bioenergy plantations: 500+ Mha

Á Competing with other wood uses, food and other land values.

Á Current operational BECCS capacity:  ~ZERO.
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BECCS: Bioenergy with Carbon Capture & Storage

Á Let the promise of unrealistically large future sinks from 

BECSS and the land sector not become an excuse to not 

reduce fossil fuel emissions.

Á If the land sector fails to deliver these large sinks then the 

temperature goals will be even less attainable.

Á However, the land sector and in particular forests can 

contribute to climate change mitigation strategies.
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Forest

Ecosystems

Maximise Carbon Stocks

Minimise net Emissions to the Atmosphere

Non-forest

Land Use

Land-use Sector Forest Sector

Biofuel

Wood Products

Services used by Society

Other Products

Fossil Fuel

Mitigation Strategies: Need for Systems Perspective

Source: IPCC 2007, AR4 WG III, Forestry
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Minimise net impacts on climate system
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Forest

Ecosystems

Biofuel

Wood Products Other Products

Fossil FuelFossil Fuel

Fossil Emissions

Maximise 

Carbon stocks

Forest

Ecosystems

Biofuel

Wood Products

Services used by Society

Fossil Fuel

Other Products

Fossil Fuel

Fossil Emissions

or maximise 

Carbon uptake?
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Max. C uptake (NEP) and max. C stocks occur at different stand ages:

we cannot ñmaximiseò both at the same time

Source: Kurz et al. 2013

= Net Primary Production

= Heterotrophic Respiration

= Net Ecosystem Production

Stand age

Net forest carbon balance is a small 

difference between two large fluxes.
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Design of portfolios aimed at climate change mitigation 

through GHG management in the forest sector should 

account for changes in  

Áforest ecosystem carbon, 

Áharvested wood product carbon, and 

Áfor changes in emission from substitution benefits

relative to a base case (business-as-usual).

Systems Perspective
13



Increase sinks through forest 
management: fertilization, stand 
tending, tree selection, etc.

Rehabilitation after natural 
disturbances (wild fire and insects).

Reduce harvest residue burning.

Harvest less / more depending on 
conditions.

Increase afforestation and avoid 
deforestation.

Maximize carbon retention in 
long-lived products.

Cascading wood use.

Reduce wood waste at every 
stage.

Divert wood products from 
landfills.

Replace emissions-intensive 
products such as steel and 
concrete with wood products.

Replace fossil fuels with 
bioenergy from wood waste, 
where appropriate.

Options for forest sector mitigation activities:
Forest Ecosystem                                  Harvested Wood Products                            Substitution
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We have modeled some of these é



Mitigation analyses: analytical framework

CBM-CFS3 and CBM-FHWP used for Canadaôs National GHG 

inventory reporting. 
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Forest

Ecosystems

Biofuel

Wood Products

Fossil Fuel

Other Products

Fossil Fuel

Carbon Budget Model 

CBM-CFS3

CBM

FHWP

Substitution

Estimation
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National-scale Mitigation Analysis

http://www.biogeosciences.net/11/3515/2014/bg-11-3515-2014.pdf
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http://www.biogeosciences.net/11/3515/2014/bg-11-3515-2014.pdf
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Maximize Forest Management and HWP mitigation

Cumulative emission reductions to 2050 (relative to baseline)
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Results
{ŎŜƴŀǊƛƻǎΥ tƭŀƴǘƛƴƎ ŀƴŘ ΨōŜǘǘŜǊ ƎǊƻǿǘƘΩΦ 

Planting and better 

growth enhanced 

forest sink

Change in Emissions (cumulative to 2050)



Scenarios:  Harvest Less 

and enhanced forest 

sinks.

but reduced 

emissions from 

wood products,

Increased emissions 

from non-wood 

energy and 

products,

Net Change

Results

Forest

HWP

Product Substitution

Energy Substitution

Change in Emissions (cumulative to 2050)


