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Presenter
Presentation Notes
Focus is on analysis results, particularly those done in the PNW



Key Points 

• Promote conservation of carbon storage in forests 
• Natural disturbance (fire, insects) has small impact on 

forest carbon compared to intensive harvest 
• Thinning does not reduce emissions and fire occurrence 
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Presentation Notes
Activities to promote carbon storage in forests include allowing existing forests to continue to store and accumulate carbon, and forestation of lands that once carried forests
Natural disturbance (fire, insects) has small impact on forest carbon compared to intensive harvest, unless frequency and intensity increase greatly
Thinning does not reduce emissions, fire occurrence. Large-scale thinning for bioenergy production is neither sustainable nor GHG neutral




Role of Forests: 
More Carbon in Forests = Less Carbon in the Atmosphere 

• Old forests store up to ~10 times 
more carbon per unit ground area 
than young forests 

• Old forests store carbon for hundreds 
of years 

• Low hanging fruit: Allow existing 
forests to continue to store and 
accumulate carbon 

Sources: Schulze et al. 2012, Hudiburg et al. 2009 
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Presentation Notes
U.S. forests absorb the equivalent of around 20% of the nation’s fossil fuel emissions (from 2001-2005; King et al. 2012). Forests in the US are responsible for 30 to 70% of the North American terrestrial carbon dioxide sink, or 10-25% of the equivalent of N America’s fossil fuel CO2 emissions. 
Fossil fuel emissions dominate the continent’s CO2 carbon budget (6649 +/- 266 Mt CO2 in 2010).
Old forests store 3-10 times the biomass carbon of young forests (<80 yrs old, so this is conservative estimate, as we consider young to be more like <20 yrs)
Annual carbon accumulation by old forests is lower or similar to young forests
This is from analysis of thousands of inventory plots over OR and N CA

Details:
Inventory data from 6 ecoregions in OR and N CA. Stocks and NPP are averaged within each ecoregion, and the low vs high averages among ecoregions are shown. Differences between young and old are calculated within each ecoregion. (Hudiburg et al. 2009)




Regional Potential to Store More 
Biomass Carbon 

 Current 3.2 Pg C           Potential 5.9 Pg C 

• Mesic temperate forests 
in PNW among highest 
biomass in the world 

• Centuries to make up for 
carbon lost 

Sources: Hudiburg et al. 2009, Leighty et al. 2006 
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Presentation Notes
In absence of disturbance, there is theoretical potential to significantly increase regional forest C stocks in areas of intensive harvest (here, from 3.6 to 5.9 Pg C in OR+NCA forests). This can be done by reducing harvest rates and increasing rotation age. It may take centuries to make up for carbon that was lost in the past.

Details: OR NCA study region 218,390 km2, Tongass NF 1/3 of our forested area at 77,000 km2. Tongass NF asymptote at ~25 kg C/m2 aboveground mass (our estimate is above-+belowground C). 2.8 Pg total C in trees, roots, soil, dead mass compared with 3.2 Pg C for OR and N CA.



Potential for Reforestation, Regrowth 
Improve Connectivity for Migration 

Presenter
Presentation Notes
Example of where harvest intensity is currently high and has the potential for reforestation, regrowth and for improving connectivity for migration



Decreasing Harvest Intensity Increases 
Carbon Sequestration: NW Forest Plan 

• Public lands were source of carbon before NWFP, changed to a 
sink in the decades after ~80% reduction harvest rate 

Source: Turner et al. 2011, Law et al. 2013 
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Presentation Notes
In the late 1980s, forestland in both ownerships was subject to high rates of harvesting, and consequently the land was a carbon source (negative NECB). After the policy driven reduction in the harvest level, public forestland became a large C sink driven in part by increasing NEP, whereas private forestland was close to carbon neutral. In the dry 2003–2007 period, the trend towards carbon accumulation on public lands continued despite severe drought impacts on growth and a moderate increase in wildfire extent. 
Figure: Net ecosystem production (NEP) and net ecosystem carbon balance (NECB) on public and private lands in the NWFP area. Values are 5 yr means. (NECB = NEP–harvest removals–fire emissions)



Pyrogenic CO2 Emissions 

Presenter
Presentation Notes
Although fires look impressive, the carbon emissions are less than often thought, and are significantly lower than ffe.
Only 1-3% of tree stem mass is combusted in low to high severity fires. Most of what burns is fine fuels in low and high severity fires, making actual carbon loss much less than one would think.
For example, from 1987 –n 2007, C emissions from fire were the equivalent of ~6% of ffe in the NWFP area.



Fire has Small Effect on Forest Carbon 
Compared to Intensive Harvest 

• Decomposition after fire takes decades to 
centuries 

• ~Half of fire-produced carbon in soil 
remains ~90 yrs, other half >1000 yrs 

• If fire doesn’t significantly reduce carbon 
stored in forests, it isn’t going to 
materially worsen climate change 

Source: Turner et al. 2011 
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Presentation Notes
The release of C through decomposition after fire occurs over a period of decades to centuries.
About half the fire-produced carbon in soils remains for 90 yrs, and half for >1000 yrs.
Similarly, after insect attack and tree die-off, there is no large change in C stocks. C stocks are dominated by soil and wood, and wood in killed trees is transferred to dead pools that decomposes over decades to centuries.
If fire hasn’t significantly reduced total carbon stored in forests, it isn’t going to materially worsen climate change.




Survivors are Still Productive –  
C Sequestration & Seed Source 

• ~50 to 75% of live biomass survives moderate + low severity fire 
which accounts for 80% of burn area in PNW 

• Removing surviving trees will reduce carbon storage, and in 
many cases sequestration and regeneration 

Sources: Meigs et al. 2009, Irvine et al. 2007, Waring 2005 
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In the PNW, 50-75% of live biomass survives low and moderate severity fires combined, which account for 80% of the burn area. Current methods used to determine if trees are likely to die in the decade after fire lead to overestimation of mortality and removal of healthy trees. Physiological measurements show those trees are healthy and productive 10 yrs after fire.
Removal of surviving trees from a burned area will reduce C storage, and in many cases  C sequestration and regeneration.



Full Life Cycle Assessment to 
Account for Carbon Losses 

• Changes in carbon on land 
• Emissions associated with harvest, production, 

transport, usage of wood 
• Substitution and displacement of fossil fuel 

emissions associated with extraction and use  

     

     

Sources: Law & Harmon 2011, Hudiburg et al. 2011 
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Presentation Notes
A complete analysis requires accounting for changes in carbon on land (NECB), and tracks carbon losses in transport, manufacturing, combustion, and fossil fuel substitution, and displacement of ffe associated with extraction and use. 
An assumption underlying expected GHG benefits of bioenergy is that a unit of bioenergy use reduces fossil energy use by the same amount. Not true. 
The global warming effect of carbon dioxide in the atmosphere does not depend on its source. Per unit of energy, the amount of carbon dioxide released from biomass combustion is about as high as that of coal (78%) and substantially larger than that of oil and natural gas (Haberl et al. 2012).
An economic study also found that non-hydro renewables do not displace, and may do the opposite (York, Science 2012).
Reviews of LCAs show analyses need to be more rigorous – garbage in, garbage out.
Details:  West Coast harvests generate merchantable bole wood at rates of 50-60% of the total wood harvested. ~54% of this wood remains in use or is in landfills after 20 years. The amounts of long- and short-term wood products that could be generated by merchantable wood were determined from published data, accounting for losses along the way. The remaining non-merchantable wood (including understory trees) from harvest was used for biofuel biomass and associated emissions in the analysis.
Fossil fuel substitution with bioenergy was calculated as a 50/50 energy mix of ethanol conversion and biomass combustion compared to fossil fuel derived automotive gasoline. The maximum potential energy of woody biomass is 78% of fossil fuel if wood is combusted and 36% if converted to cellulosic ethanol. These maximum values are highly unrealistic as they have yet to be attained  Wood products substitution for a 50/50 mix of aluminum and steel used in residential American housing generates a 36% reduction in fossil fuel emissions assuming a sustained rate in new residential housing. We applied a wood substitution benefit as 36% of the final structural wood product pool.




Regional Analysis: Effects of Harvest 
Strategies, Future Climate, CO2 

     

     

Sources: Hudiburg et al. in press, Hudiburg et al. 2011 

• Over next 20 yrs, thinning forests 
of WA, OR, CA for crown fire risk 
reduction & bioenergy production 
increases net C emissions 

• By 2100, enhanced productivity 
from CO2 fertilization & warming 
overshadows increased fire 
emissions at current harvest rates 

• Harvest strategies lead to long-
term increased C emissions, semi-
arid region contributes little 

Earth System Modeling, inventories, 
Life Cycle Assessment 
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In a regional analysis of the effect of harvest strategies on forest carbon emissions in WA, OR, CA forests, thinning strategies to reduce crown fire risk in vulnerable forests, and provide wood products and bioenergy result in an increase net carbon emissions compared with current harvest rates. The harvest rates we used are those that have been proposed or recently implemented.
The analysis was extended to assess the effects of multiple harvests over time and future climate and atmospheric CO2 in Oregon. By 2100, increased productivity from CO2 fertilization and warming overshadows increased fire emissions when current harvest rates are assumed.
Harvest strategies lead to long-term increased C emissions over current harvest rates, although semi-arid region contributes little to the increase.
Thus, thinning to reduce the probability of crown fire and provide biomass for energy production does not reduce carbon emissions under current and future climate. If implemented, it would result in long-term C emissions because many areas that are thinned don’t burn during the period of treatment effectiveness, and thinning areas that later burn may exceed the carbon ‘saved’ by reducing fire intensity. 
Bioenergy still puts carbon dioxide in the atmosphere when a key objective is to reduce GHG emissions.  

Details if asked:  All of the management scenarios significantly increase state-wide CO2 emissions with the majority of the emissions produced from the intensification of management in the more mesic ecoregions of western OR. The clearcut and combined harvest scenarios are examples of “slow in and fast out” where increased emissions from bioenergy exceeds growth, such that forest carbon that took decades to centuries to accumulate is rapidly lost to the atmosphere through harvest for bioenergy.  The thinning scenarios are rates and amounts that are currently being implemented or proposed for dry areas, and the clearcut rotations are proposed for mesic productive forests (shortening rotations from ~80-90 yrs to 45-50 yrs. Areas with low MFRI (< 40 years), high stand density due to fire suppression, and in areas potentially vulnerable insect damage were chosen for the thinning scenarios in the East Cascades and Blue Mountains and in high density areas of the West Cascades. Treatment years were staggered so that no more than 2% of the total forested area was treated each year to be consistent with average regional harvest rates and current mill capacity in the study region. For thin, clearcut, and combined thin + clearcut scenario, the harvest rates and treatment areas replace the current BAU management in that grid cell. Because the treatment scenarios include a whole-tree harvest (non-merchantable residues plus the conventional merchantable wood harvest), the result is an intensification of harvest per grid cell rather than an increase in forest area harvested.



Repeated Thinning for Bioenergy 
Production Can Impact Soil Fertility 

• Shorter rotations (30-50 yr) increase nutrient 
removal, decrease productivity 

• Residue removal increases soil nitrogen losses 
• Depleted soil fertility would require fertilization, 

which increases GHG emissions (N2O) 

Aber et al. 1989, Peckham & Gower 2011 
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Depleted soil fertility would require fertilization, which increases GHG (N2O) emissions
Shorter rotations (30-50 yr) increase nutrient removal, decrease productivity up to 75%
As residue removal increases, mineral soil nitrogen losses increase relative to no harvest.
N2O has the global warming potential of 310 x CO2 GWP. Soil management, primarily from fertilizer applications, is currently ~70% of the N2O emissions.
Details: Short rotations (30yr x 3 or 45 yrs x 2 cycles) decrease fertility and  productivity by as much as 66% (Aber et al. 1982). NPP decline with decreased available N can range from 4-76% (Peckham & Gower 2011).
Repeated removals for bioenergy production (to produce 20% of energy) would export substantial amounts of nutrients, further depleting the soil nutrient stock, particularly if removals includes relatively nutrient-rich biomass residues (slash) and root stocks (Peckham & Gower, 2011).
Peckham&Gower 2011: Repeated harvest at 50 yr cycle or less – reduces available nitrogen and productivity in forests. 
Residue removal: Management activities that are being considered include removing harvest residue left on-site for biofuel feedstock. Residual slash (i.e. branches, cull trees, etc.) represents ~35% of the biomass pool. For a given harvest type (clear-cut or selective) and harvest interval, as residue removal increased, mineral soil C losses increased relative to the base scenario.



Thinning Does Not Necessarily  
Reduce Fire Occurrence 

• Fuel treatments may do little to mitigate fire spread or severity 
in extreme weather conditions (drought, high winds) 

• Removal of small diameter trees can reduce crown fire hazard, 
reduce severity (if treated within 10-20 yrs of fire) 

Sources: Pollet & Omi 2002, Omi & Martinson 2002 

Photos: Brian Hines 
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Wildfires pass through areas that received fuel treatments (thinning, underburning)




Slow In, Fast Out –  
Opportunity Cost 

• Today’s harvest took decades to 
centuries to accumulate 

• Returns to atmosphere quickly via 
bioenergy use 

• Increased GHG emissions mostly due to: 
– Consumption of current forest carbon 
– Long-term reduction of C stock 

Slow In 

Fast Out 
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Presentation Notes
Slow in, fast out. When consumption > growth, today’s harvest is C that took decades to centuries to accumulate and results in a reduction of biomass compared to the current biomass. This is a reduction of biomass that takes decades to centuries to be paid back by ff substitution, if paid back at all.
Burning biomass for energy production increases the amount of carbon in the atmosphere as does burning coal, oil or gas, if harvesting the biomass decreases the amount of carbon stored in plants and soils, or reduces carbon accumulation.



Summary 
• Activities that promote conservation of carbon storage in forests 

– allowing existing forests to accumulate carbon 
– forestation of lands that once carried forests 

• Natural disturbance has small impact on forest carbon stores 
compared to intensive harvest regime 

• Full accounting shows thinning results in increased carbon 
emissions to the atmosphere for at least many decades 

Presenter
Presentation Notes
Forests have an important role in GHGs, and thus future climate.
Human activities can exacerbate or improve the situation
Natural disturbance has a small impact on forest C stores compared to intensive harvest.
Comprehensive assessments are needed to understand the carbon consequences of land use actions. Full accounting of all carbon benefits and costs, including crown fire risk reduction, storage in long- and short-term products, and substitution of fossil fuel, shows that thinning increases carbon emissions to the atmosphere for at least many decades. It doesn’t reduce emissions.



Extras 



Fossil Fuel Displacement 

Assumption behind expected GHG benefits of bioenergy:  
• A unit of energy supplied by bioenergy takes the place of a unit of 

energy supplied by fossil fuel sources 
Finding: Not true.  
• Non-hydro renewables do not displace, and may do the opposite 
• Per unit of energy, the amount of CO2 released from biomass 

combustion is ~ as high as coal and substantially larger than oil, 
natural gas 

 
 

Sources: York 2012, Haberl et al. 2012 
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York: A common assumption is that each unit of energy supplied by non-fossil-fuel sources takes the place of a unit of energy supplied by fossil-fuel sources.
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• Regional analysis of PNW forests, observation-based 
• 20 year timeframe, three harvest scenarios 
• Increase emissions relative to BAU harvest rates 
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Presentation Notes
OR, CA, WA forests. Not climate change implemented over 20 yr period.

Although half-lives of forest products (7–70 years) are not significantly different than the half-life of the same biomass left in forests (Krankina and Harmon 2006), only a small fraction of forest products ever enters “permanent” product stocks, particularly smaller-diameter trees typically removed during fuel treatments (and then used for bioenergy). 
The capacity of forest biofuels to offset C emissions from fossil-fuel consumption is greatly constrained by both transportation logistics and the lower energy output per unit C emitted as compared with fossil fuel (Schulze et al. 2011, Marland and Schlamadinger 1997; Law and Harmon 2011). 



Potential Forestation Carbon Gains 

Forestation of 25% of relatively low-production crop or rangeland has 
capacity to offset ~20% of annual fossil fuel emissions 

Rangeland Cropland 

Source: Potter et al. 2007 

Presenter
Presentation Notes
Light areas = potential forestation. The model predictions of regrowth forest production lead to a conservative national projection of 0.3 Pg C as potential carbon stored each year on relatively low-production crop or rangeland areas. Areas were identified as marginal based on the difference between current productivity and what would be possible if forested (without fertilization). To be conservative, assuming other ecosystem services will dominate, they set 25% of the area identified as marginal as an afforestation objective to come up with the 0.3 PgC annual accumulation.
Afforestation at this level of intensity has the capacity to offset at least 20% of annual fossil fuel emission of carbon in the United States. These projected afforestation carbon gains also match or exceed recent estimates of the annual sink for atmospheric CO2 in currently forested area of the country.

Includes effects of dead biomass decomposition, forest disturbance, and aging on net carbon sequestration rates for the projected length of the case study


	Role of Forest Ecosystems in Climate Change Mitigation and Adaptation
	Key Points
	Role of Forests:�More Carbon in Forests = Less Carbon in the Atmosphere
	Regional Potential to Store More Biomass Carbon
	Potential for Reforestation, Regrowth�Improve Connectivity for Migration
	Decreasing Harvest Intensity Increases Carbon Sequestration: NW Forest Plan
	Pyrogenic CO2 Emissions
	Fire has Small Effect on Forest Carbon Compared to Intensive Harvest
	Survivors are Still Productive – �C Sequestration & Seed Source
	Full Life Cycle Assessment to Account for Carbon Losses
	Regional Analysis: Effects of Harvest Strategies, Future Climate, CO2
	Repeated Thinning for Bioenergy Production Can Impact Soil Fertility
	Thinning Does Not Necessarily �Reduce Fire Occurrence
	Slow In, Fast Out – �Opportunity Cost
	Summary
	Extras
	Fossil Fuel Displacement
	PNW Region: None of Harvest Scenarios �Reduce GHG Emissions
	Potential Forestation Carbon Gains

