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Thembi,
On page 25, I would suggest adding the clause below to 4th clause in the list of 5 things that
 the GHG model should cover. I presume that the BOF considers wood chips that go to energy
 plants to be a product, albeit one that is immediately turned into renewable energy. Adding
 'substitution benefits' is a simple way to consider the benefits of burning less fossil fuel. I am
 attaching a recent article from the Forest Products Journal that provides detail on substitution
 benefits of various products. 

- Emissions and storage associated with life cycle of harvested wood products,
 including production related emissions and substitution benefits of using wood
 products rather than common fossil-fuel intensive substitutes 
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[bookmark: _Toc30994532][bookmark: _Toc185924509][bookmark: _Toc376254608]912.9, 932.9, 952.9 Cumulative Impacts Assessment Checklist  [All Districts]



STATE OF CALIFORNIA BOARD OF FORESTRY AND FIRE PROTECTION CUMULATIVE IMPACTS ASSESSMENT

	(1)  Do the assessment area(s) of resources that may be affected by the proposed project contain any past, present, or reasonably foreseeable probable future projects?  Yes ___  No___

If the answer is yes, identify the project(s) and affected resource subject(s).

	(2)  Are there any continuing, significant adverse impacts from past land use activities that may add to the impacts of the proposed project?  Yes ___   No ___      

If the answer is yes, identify the activities, describing their location, impacts and affected resource subject(s).

	(3)  Will the proposed project, as presented, in combination with past, present, and reasonably foreseeable probable future projects identified in items (1) and (2) above, have a reasonable potential to cause or add to significant cumulative impacts in any of the following resource subjects?





		

		                                               

Yes                       after mitigation (a)

		                                 

 No                   after mitigation (b)

		                                                                                   

No reasonably potential      significant effects impacts (c)



		1.  Watershed

		

		

		



		2.  Soil Productivity

		

		

		



		3.  Biological

		

		

		



		4.  Recreation

		

		

		



		5.  Visual

		

		

		



		6.  Traffic

		

		

		



		7. Greenhouse Gases (GHG)

		

		

		



		8.  Other

		

		

		



		a)  “Yes after mitigation”, means that potential significant adverse cumulative impacts are left after application of the forest practice rules Forest Practice Rules and mitigations or alternatives proposed by the plan submitter.

b)  “No after mitigation” means that any potential for the proposed timber operation to cause or add to significant adverse cumulative impacts by itself or in combination with other projects has been reduced to insignificance or avoided by mitigation measures or alternatives proposed in the THP Plan and application of the forest practice rules Forest Practice Rules.

c)  “No reasonably potential significant cumulative effects impacts” means that the operations proposed under the THP Plan do not have a reasonable potential to join with the impacts of any other project to cause, add to, or constitute significant adverse cumulative impacts. 





	(4)  If column (a) is checked in (3) above describe why the expected impacts cannot be feasibly mitigated or avoided and what mitigation measures or alternatives were considered to reach this determination.  If column (b) is checked in (3) above describe what mitigation measures have been selected which will substantially reduce or avoid reasonably potential significant cumulative impacts except for those mitigation measures or alternatives mandated by application of the rules of the Board.

	(5)  Provide a brief description of the assessment area used for each resource subject.

	(6)  List and briefly describe the individuals, organizations, and records consulted in the assessment of cumulative impacts for each resource subject.  Records of the information used in the assessment shall be provided to the Director upon request.

	 








BOARD OF FORESTRY AND FIRE PROTECTION TECHNICAL 
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CUMULATIVE IMPACTS ASSESSMENT



Introduction

	The purpose of this addendum is to guide the assessment of cumulative impacts as required in 14 CCR §§ 898 912.9, 932.9, 952.9 and 1034 that may occur as a result of proposed timber operations.  This assessment shall include evaluation of both on-site and off-site interactions of proposed project activities with the impacts of past and reasonably foreseeable future projects.

	In conducting an assessment, the RPF must distinguish between on-site impacts that are mitigated by application of the Forest Practice Rules and the interactions of proposed activities (which may not be significant when considered alone) with impacts of past and reasonably foreseeable future projects.

	Resource subjects to be considered in the assessment of cumulative impacts are described in the Appendix.

	The RPF preparing a THP Plan shall conduct an assessment based on information that is reasonably available before submission of the THP Plan.  RPFs are expected to submit sufficient information to support their findings if significant issues are raised during the Department's review of the THP Plan.

	Information used in the assessment of cumulative impacts may be supplemented during the THP Plan review period.  Agencies participating in plan review may provide input into the cumulative impacts assessment based upon their area of expertise.  Agencies should support their recommendations with documentation.

	The Department, as lead agency, shall make the final determination regarding assessment sufficiency and the presence or absence of significant cumulative impacts.  This determination shall be based on a review of all sources of information provided and developed during review of the Timber Harvesting Plan.



Identification of Resource Areas

   The RPF shall establish and briefly describe the geographic assessment area within or surrounding the plan for each resource subject to be assessed and shall briefly explain the rationale for establishing the resource area.  This shall be a narrative description and shall be shown on a map where a map adds clarity to the assessment.



Identification of Information Sources

	The RPF shall list and briefly describe the individuals, organizations, and records used as sources of information in the assessment of cumulative impacts, including references for listed records and the names, affiliations, addresses, and phone numbers of specific individuals contacted.  Records of information used in the assessment shall be provided to the Director upon request.

	Common sources of information for cumulative effects impacts assessment are identified below.  Sources to be used will depend upon the complexity of individual situations and the amount of information available from other plans.  Sources not listed below may have to be consulted based on individual circumstances.  Not all sources of information need to be consulted for every THP Plan.

  1.  Consultation with Experts and Organizations:

  		(a)  County Planning Department;		(b)  Biologists;

 		(c)  Geologists;				(d)  Soil Scientists;

  		(e)  Hydrologists;				(f)  Federal Agencies;

		(g)  State Agencies;				(h)  Public and private utilities.

  2.  Records Examined:

		(a)  Soil Maps;				(b)  Geology Maps;

 		(c)  Aerial Photographs;			(d) Natural Diversity Data Base;

		(e)  THP Plan Records;			(f)  Special Environmental Reports;

		(g) Topographic Maps;			(h)  Basin Plans;

		(i)  Fire History Maps;

		(j)  Relevant Federal Agency Documents or Plans;

(k)  Relevant Watershed or Wildlife Studies (published or unpublished);

(l) Available Modeling Approaches



   As provided in Section14 CCR § 898 of the rules, the RPF or supervised designee and the plan submitter must consult information sources that are reasonably available.



Past and Future Activities

Past and future projects included in the cumulative impacts assessment shall be described as follows:

A. Identify and briefly describe the location of past and reasonably foreseeable probable future projects as defined in 14 CCR § 895.1 within described resource assessment areas.  Include a map or maps and associated legend(s) clearly depicting the following information: 

	1. Township and Range numbers and Section lines.

	2. Boundary of the planning watershed(s) within which the plan area is located along with the CALWATER 2.2 identification number.

3. Location and boundaries of past, present and reasonably foreseeable probable future timber harvesting projects on land owned or controlled by the timberland owner of the proposed timber harvest within the planning watershed(s) depicted in section (2) above.  For purposes of this section, past projects shall be limited to those projects submitted within ten years prior to submission of the THPPlan.

4. Silvicultural methods for each of the timber harvesting projects depicted in section (3) above.  Each specific silvicultural method must be clearly delineated on the map(s), and associated THP Plan number referenced in the legend or an annotated list. In addition, shading, hatching, or labeling shall be used which clearly differentiates silvicultural methods into one of the four categories outlined in Table 1.

5. A north arrow and scale bar (or scale text).

6. Source(s) of geographical information.  

The map scale shall be large enough to clearly represent one planning watershed per page or of a scale not less than 1:63,360.  Planning watersheds with densely situated or overlapping harvest units, or those which are large or irregular in size, may require multiple maps to achieve clarity.  Map(s) shall be reproducible on black & white copiers, and submitted on an 8½ x 11 page(s).






Table 1

		Silvicultural Category

		Silvicultural  Method



		Evenaged 

Management

14 CCR § 913.1 [933.1, 953.1]

		Clearcutting, Seed Tree Seed Step, Seed Tree Removal Step, Shelterwood Preparatory Step, Shelterwood Seed Step, Shelterwood Removal Step



		Unevenaged 

Management

14 CCR § 913.2 [933.2, 953.2]

		Selection, Group Selection, Transition



		Intermediate 

Treatments

14 CCR § 913.3 [933.3, 953.3]

		Commercial Thinning, Sanitation-Salvage



		Special 

Prescriptions and 

Other Management

14 CCR § 913.4 [933.4, 953.4]

		Special Treatment Area Prescriptions, Rehabilitation of Understocked Area Prescription, Fuelbreak/Defensible Space, Southern Subdistrict Special Harvesting Method (14 CCR § 913.8), Variable Retention, Conversion



		Alternative Prescriptions shall be put into the category within which the most nearly appropriate or feasible silvicultural method in the Forest Practice Rules is found pursuant to 14 CCR  § 913.6 (b)(3)[933.6(b)(3), 953.6(b)(3)].










B. Identify and give the location and description of any known, continuing significant environmental problems caused by past projects as defined in 14 CCR § 895.1. The RPF who prepares the plan or supervised designee shall obtain information from plan submitters (timberland or timber owner), and from appropriate agencies, landowners, and individuals about past, and future land management activities and shall consider past experience, if any, in the assessment area related to past impacts and the impacts of the proposed operations, rates of recovery, and land uses. A poll of adjacent land owners is encouraged and may be required by the Director to determine such activities and significant adverse environmental problems on adjacent ownerships.



Appendix Technical Rule Addendum # 2



	In evaluating cumulative impacts, the RPF shall consider the factors set forth herein.

	A.  Watershed Resources

[bookmark: OLE_LINK1]	Cumulative Watershed Effects (CWEs) occur within and near bodies of water or significant wet areas wet meadows or other wet areas, where individual impacts are combined to produce an effect that is greater than any of the individual impacts acting alone.  Factors to consider in the evaluation of cumulative watershed impacts are listed below.

   	1.  Impacts to watershed resources within the Watershed Assessment Area (WAA)  shall be evaluated based on significant on-site and off-site cumulative effects on beneficial uses of water, as defined and listed in applicable Water Quality Control Plans.

	2.  Watershed effects produced by timber harvest and other activities may include one or more of the following:

·   Sediment 

· Water temperature

· Organic debris

· Chemical contamination

· Peak flow 

   The following general guidelines shall be used considered when evaluating watershed impacts.  The factors described are general and may not be appropriate for all situations.  Actual measurements may be required if needed to evaluate significant environmental effects.   The plan must comply with the quantitative or narrative water-quality objectives set forth in an applicable Water Quality Control Plan.

			a.  Sediment  Effects.  Sediment-induced CWEs occur when earth materials transported by surface or mass wasting erosion enter a stream or stream system at separate locations and are then combined at a downstream location to produce a change in water quality or channel condition.  The eroded materials can originate from the same or different projects.  Sediment is composed of both suspended and bedload material.  Suspended sediment is usually the primary source of turbidity in forested watersheds, although suspended organic material also accounts for a proportion of the suspended load.  Chronic turbidity can be an indicator of  a cumulative watershed sediment effect when sources can be identified and linked to one or more projects.  Both turbidity and suspended sediment concentrations are subject to extreme inherent variability from region to region, storm to storm, and from year to year, dependent upon underlying geology and precipitation. 



Potentially adverse sediment changes are most likely to occur in the following locations and situations:

				- Downstream areas of reduced low stream gradient where sediment from a new source may be deposited in addition to sediment derived from existing or other new sources.

				- Immediately downstream from where sediment from a new source is combined with sediment from other new or existing sources and the combined amount of sediment exceeds the transport capacity of the stream.

				- Any location where sediment from new sources in combination with suspended sediment from existing or other new sources significantly increases turbidity, reduces the survival of fish or other aquatic organisms, or otherwise reduces the quality of waters used for domestic, agricultural, or other beneficial uses.

				- Channels with relatively steep gradients which contain accumulated sediment and debris that can be mobilized by sudden new sediment inputs, such as debris flows, resulting in debris torrents and severe channel scouring.

			Potentially significant adverse impacts of cumulative sediment inputs may include:

				- Increased treatment needs or reduced suitability for domestic, municipal, industrial, or agricultural water use.

				- Direct mortality of fish and other aquatic species.

- Impaired spawning and rearing habitat for salmonids or otherwise .- Rreduced viability of aquatic organisms or disruption of aquatic habitats and loss of stream productivity caused by filling of pools and plugging or burying streambed gravel.

				- Accelerated channel filling (aggradation) resulting in loss of streamside vegetation and stream migration that can cause accelerated bank erosion.

				- Accelerated channel filling (aggradation) resulting in increased frequency and magnitude of overbank flooding.  

				- Accelerated filling of downstream reservoirs, navigable channels, water diversion and transport facilities, estuaries, and harbors.

				- Channel scouring by debris flows and torrents.

				- Nuisance to or reduction in water related recreational activities.

			Situations where sediment production potential is greatest include:

				- Sites with high or extreme erosion hazard ratings.

				- Sites which are tractor logged on steep slopes.

	- Unstable areas.

			b.  Water Temperature Effect.  Water temperature related CWEs are changes in water chemistry or biological properties caused by the combination of solar warmed water from two or more locations (in contrast to an individual effect that results from impacts along a single stream segment) where natural cover has been removed.  Cumulative changes in water temperature are most likely to occur in the following situations:

				- Where stream bottom materials are dark in color.

				- Where water is shallow and has little underflow.

				- Where removal of streamside canopy results in substantial, additional solar exposure or increased contact with warm air at two or more locations along a stream.

				- Where removal of streamside canopy results in substantial, additional solar exposure or increased contact with warm air at two or more streams that are tributary to a larger stream.

				- Where water temperature is near a biological threshold for specific species.

			Significant adverse impacts of cumulative temperature increases include:

				- Increases in the metabolic rate of aquatic species.

				- Direct increases in metabolic rate and/or reduction of dissolved oxygen levels, either of which can cause reduced vigor and death of sensitive fish and other sensitive aquatic organisms.

				- Increased growth rates of microorganisms that deplete dissolved oxygen levels or increased disease potential for organisms.

				- Stream biology shifts toward warmer water ecosystems.

			c.  Organic Debris Effects.  CWEs produced by organic debris can occur when logs, limbs, and other organic material are introduced into a stream or lake at two or more locations.  Decomposition of this debris, particularly the smaller sized and less woody material, removes dissolved oxygen from the water and can cause impacts similar to those resulting from increased water temperatures.  Introduction of excessive small organic debris can also increase water acidity.

	Large organic debris is an important stabilizing agent that should be maintained in small to medium size, steep gradient channels, but the sudden introduction of large, unstable volumes of bigger debris (such as logs, chunks, and larger limbs produced during a logging operation) can obstruct and divert streamflow against erodible banks, block fish migration, and may cause debris torrents during periods of high flow.

	Removing streamside vegetation can reduce the natural, annual inputs of litter to the stream (after decomposition of logging-related litter).  This can cause both a drop in food supply, and resultant productivity, and a change in types of food available for organisms that normally dominate the lower food chain of streams with an overhanging or adjacent forest canopy.

			d.  Chemical Contamination Effects.  Potential sources of chemical CWEs include run-off from roads treated with oil or other dust-retarding materials, direct application or run-off from pesticide treatments, contamination by equipment fuels and oils, and the introduction of nutrients released during slash burning or wildfire from two or more locations.

			e.  Peak Flow Effects.  CWEs can be caused by management induced peak flow increases in streams during storm events. are difficult to anticipate.  Peak flow increases may result from management activities that reduce rainfall interception (i.e., evaporation) and vegetative water use (i.e., transpiration), or produce openings where snow can accumulate, (such as clear-cutting in  clearcuts and site preparation on roads and landings). or that change the timing of flows by producing more efficient runoff runoff (such as insloped roads).  These While increases, if any,, however, are likely to be small relative to pre-harvestnatural peak flows, extensive canopy removal over a short period of time on a watershed scale can increase peak flow effect on streambank erosion, channel incision, and headward channel extension in erodible landscapes.  from medium and large storms. Research to date on the effects of management activities on channel conditions indicates that channel changes during storm events are primarily the result of large sediment inputs. The timing and concentration of flows affecting lower order stream channel morphology can also be affected by the routing of runoff from roads, landings, and skid trails.  Peak flow effects diminish with decreasing intensity of canopy removal, increasing time since harvest, and during larger flow recurrence intervals. 



		3.  Watercourse Condition.  The watershed impacts of past upstream and on-site projects are often reflected in the condition of stream channels on the project area.  Following is a list of channel characteristics and factors that may be used to describe current watershed conditions and to assist in the evaluation of potential project impacts:

			 Gravel Embedded - Spaces between stream gravel filled with sand or finer sediments.  Gravel are often in a tightly packed arrangement.

			 Pools Filled - Former pools or apparent pool areas filled with sediments leaving few areas of deep or "quiet" water relative to stream flow or size.

			 Aggrading - Stream channels filled or filling with sediment that raises the channel bottom elevation.  Pools will be absent or greatly diminished and gravel may be embedded or covered by finer sediments.  Streamside vegetation may be partially or completely buried, and the stream may be meandering or cutting into its banks above the level of the former streambed.  Depositional areas in aggrading channels are often increasing in size and number.

			 Bank Cutting - Can either be minor or severe and is indicated by areas of fresh, unvegetated soil or alluvium exposed along the stream banks, usually above the low-flow channel and often with a vertical or undercut face.  Severe bank cutting is often associated with channels that are downcutting, which can lead to over-steepened banks, or aggrading, which can cause the channel to migrate against slopes that were previously above the high flow level of the stream.

			 Bank Mass Wasting - Channels with landslides directly entering the stream system.  Slide movement may be infrequent (single events) or frequent (continuing creep or periodic events).

			 Downcutting - Incised stream channels with relatively clean, uncluttered beds cut below the level of former streamside vegetation and with eroded, often undercut or vertical, banks.

			 Scoured - Stream channels that have been stripped of gravel and finer bed materials by large flow events or debris torrents.  Streamside vegetation has often been swept away, and the channel has a raw, eroded appearance.

			 Organic Debris - Debris in the watercourse can have either a positive or negative impact depending on the amount and stability of the material.  Some stable organic debris present in the watercourse helps to form pools and retard sediment transport and downcutting in small to medium sized streams with relatively steep gradients.  Large accumulations of organic debris can block fish passage, block or divert streamflow, or could be released as a debris flow.

			 Stream-Side Vegetation - Stream-side vegetation and near-stream vegetation provide shade or cover to the stream, which may have an impact on water temperature, and provides root systems that stabilize streambanks and floodplains and filter sediment from flood flows.

			 Recent Floods - A recent high flow event that would be considered unusual in the project area may have an impact on the current watercourse condition.

	B.  Soil Productivity

	Cumulative soil productivity impacts occur when the effects of two or more activities, from the same or different projects, combine to produce a significant decrease in soil biomass production potential.  These impacts most often occur on-site within the project boundary, and the relative severity of productivity losses for a given level of impact generally increases as site quality declines.  The primary factors influencing soil productivity that can be affected by timber operations include:

			 Organic matter loss.		 Soil compaction.

			 Surface soil loss.			 Growing space loss.

	The following general guidelines may be used when evaluating soil productivity impacts.

		1.  Organic Matter Loss.  Displacement or loss of organic matter can result in a long term loss of soil productivity.  Soil surface litter and downed woody debris are the store-house of long term soil fertility, provide for soil moisture conservation, and support soil microorganisms that are critical in the nutrient cycling and uptake process.  Much of the chemical and microbial activity of the forest nutrient cycle is concentrated in the narrow zone at the soil and litter interface.

	Displacement of surface organic matter occurs as a result of skidding, mechanical site preparation, and other land disturbing timber operations.  Actual loss of organic matter occurs as a result of burning or erosion.  The effects of organic matter loss on soil productivity may be expressed in terms of the percentage displacement or loss as a result of all project activities.

		2.  Surface Soil Loss.  The soil is the storehouse of current and future site fertility, and the majority of nutrients are held in the upper few inches of the soil profile.  Topsoil displacement or loss can have an immediate effect on site productivity, although effects may not be obvious because of reduced brush competition and lack of side-by-side comparisons or until the new stand begins to fully occupy the available growing space.

	Surface soil is primarily lost by erosion or by displacement into windrows, piles, or fills.  Mass wasting is a special case of erosion with obvious extreme effects on site productivity.  The impacts of surface soil loss may be evaluated by estimating the proportion of the project area affected and the depth of loss or displacement.

		3.  Soil Compaction.  Compaction affects site productivity through loss of large soil pores that transmit air and water in the soil and by restricting root penetration.  The risk of compaction is associated with:

			- Depth of surface litter.		- Soil structure.

		- Soil organic matter content.	- Presence and amount of coarse     fragments in the soil.

			- Soil texture.			            - Soil moisture status.

							

	Compaction effects may be evaluated by considering the soil conditions, as listed above, at the time of harvesting activities and the proportion of the project area subjected to compacting forces.

		4.  Growing Space Loss.  Forest growing space is lost to roads, landings, permanent skid trails, and other permanent or non-restored areas subjected to severe disturbance and compaction.

	The effects of growing space loss may be evaluated by considering the overall pattern of roads, etc., relative to feasible silvicultural systems and yarding methods.

  C.  Biological Resources

	Biological assessment areas will vary with the species being evaluated and its habitat.  Factors to consider in the evaluation of cumulative biological impacts include:

		1.  Any known rare, threatened, or endangered species or sensitive species (as described in the Forest Practice Rules) that may be directly or indirectly affected by project activities.  Significant cumulative effects on listed species may be expected from the results of activities over time which combine to have a substantial effect on the species or on the habitat of the species.

		2.  Any significant, known wildlife or fisheries resource concerns within the immediate project area and the biological assessment area (e.g. loss of oaks creating forage problems for a local deer herd, species requiring special elements, sensitive species, and significant natural areas).  Significant cumulative effects may be expected where there is a substantial reduction in required habitat or the project will result in substantial interference with the movement of resident or migratory species.

The significance of cumulative impacts on non-listed species viability should be determined relative to the benefits to other non-listed species.  For example, the manipulation of habitat results in conditions which discourage the presence of some species while encouraging the presence of others.

	3.  The aquatic and near-water habitat conditions on the THP Plan and immediate surrounding area.  Habitat conditions of major concern are:  Pools and riffles, Large woody material in the stream, Near-water vegetation.  Much of the information needed to evaluate these factors is described in the preceding Watershed Resources section.  A general discussion of their importance is given below:

			a.  Pools and Riffles.  Pools and riffles affect overall habitat quality and fish community structure.  Streams with little structural complexity offer poor habitat for fish communities as a whole, even though the channel may be stable.  Structural complexity is often lower in streams with low gradients, and filling of pools can reduce stream productivity.

			b.  Large Woody Material.  Large woody debris in the stream plays an important role in creating and maintaining habitat through the formation of pools.  These pools comprise important feeding locations that provide maximum exposure to drifting food organisms in relatively quiet water.  Removal of woody debris can reduce frequency and quality of pools.

			c.  Near-Water Vegetation.  Near-water vegetation provides many habitat benefits, including: shade, nutrients, vertical diversity, migration corridors, nesting, roosting, and escape.  Recruitment of large woody material is also an important element in maintaining habitat quality.

          4.  The biological habitat condition of the THP Plan and immediate surrounding area.  Significant factors to consider are:

			 Snags/den trees			 Hardwood cover

			 Downed, large woody debris	 Late seral (mature) forest characteristics. 

			 Multistory canopy			 Late seral habitat continuity

			 Road density

	The following general guidelines may be used when evaluating biological habitat.  The factors described are general and may not be appropriate for all situations.  The THP Plan preparer must also be alert to the need to consider factors which are not listed below.  Each set of ground conditions are unique and the analysis conducted must reflect those conditions.

		a.  Snags/Den/Nest Trees:  Snags, den trees, nest trees and their recruitment are required elements in the overall habitat needs of more than 160 wildlife species.  Many of these species play a vital role in maintaining the overall health of timberlands.  Snags of greatest value are >16" DBH and 20 ft. in height.  The degree of snag recruitment over time should be considered.  Den trees are partially live trees with elements of decay which provide wildlife habitat.  Nest trees have importance to birds classified as a sensitive species.

		b.  Downed large, woody debris:  Large downed logs (particularly conifers) in the upland and near-water environment in  all stages of decomposition provide an important habitat for many wildlife species.  Large woody debris of greatest value consists of downed logs >16" diameter at the large end and >20 feet in length.

		c.  Multistory canopy:  Upland multistoried canopies have a marked influence on the diversity and density of wildlife species utilizing the area.  More productive timberland is generally of greater value and timber site capability should be considered as a factor in an assessment.  The amount of upland multistoried canopy may be evaluated by estimating the percent of the stand composed of two or more tree layers on an average per acre basis.

 Near-water multistoried canopies in riparian zones that include conifer and hardwood tree species provide an important element of structural diversity to the habitat requirements of wildlife.  Near-water multistoried canopy may be evaluated by estimating the percentage of ground covered by one or more vegetative canopy strata, with more emphasis placed on shrub species along Class III and IV streams (14 CCR §§ 916.5, 936.5, or 956.5).

		d. Road Density:  Frequently traveled permanent and secondary roads have a significant influence on wildlife use of otherwise suitable habitat.  Large declines in deer and bear use of areas adjacent to open roads are frequently noted.  Road density influence on large mammal habitat may be evaluated by estimating the miles of open permanent and temporary roads, on a per-section basis, that receive some level of maintenance and are open to the public.  This assessment should also account for the effects of vegetation screening and the relative importance of an area to wildlife on a seasonal basis (e.g. winter range).		

		e.  Hardwood Cover:  Hardwoods provide an important element of habitat diversity in the coniferous forest and are utilized as a source of food and/or cover by a large proportion of the state's bird and mammal species.  Productivity of deer and other species has been directly related to mast crops.  Hardwood cover can be estimated using the basal area per acre provided by hardwoods of all species.

		[Northern and Southern only]:  Post-harvest deciduous oak retention for the maintenance of habitats for mule deer and other hardwood-associated wildlife shall be guided by the Joint Policy on Hardwoods between the California Board of Forestry and California Fish and Game Commission (5/9/94).  To sustain wildlife, a diversity of stand structural and seral conditions, and tree size and age classes of deciduous oaks should be retained in proportions that are ecologically sustainable.  Regeneration and recruitment of young deciduous oaks should be sufficient over time to replace mortality of older trees.  Deciduous oaks should be present in sufficient quality and quantity, and in appropriate locations to provide functional habitat elements for hardwood-associated wildlife.

		f.  Late Seral (Mature) Forest Characteristics:

  Determination of the presence or absence of mature and over-mature forest stands and their structural characteristics provides a basis from which to begin an assessment of the influence of management on associated wildlife.  These characteristics include large trees as part of a multilayered canopy,  large decadent trees and the presence of a large numbers of snags and downed logs,  all of which  that contribute to an increased level of stand decadence and complexity.  Late seral stage forest amount may be evaluated by estimating the percentage of the land base within the project and the biological assessment area occupied by areas conforming to the following definitions: 

Forests not previously harvested should be at least 80 acres in size to maintain the effects of edge.  This acreage is variable based on the degree of similarity in surrounding areas.  The area should include a multi-layered canopy, two or more tree species with several large coniferous trees per acre (smaller subdominant trees may be either conifers or hardwoods), large conifer snags, and an abundance of large woody debris.

 Previously harvested forests are in many possible stages of succession and may include remnant patches of late seral stage which generally conform to the definition of unharvested forests but do not meet the acreage criteria.

		g.  Late Seral Habitat Continuity:  Projects containing areas meeting the definitions for late seral stage characteristics must be evaluated for late seral habitat continuity and functionality.  The fragmentation and resultant isolation of late seral habitat types is one of the most significant factors influencing the sustainability of wildlife populations not adapted to edge environments.

 This fragmentation may be evaluated by estimating the amount of the on-site number of acres within both the project area, and as wells as the biological assessment area occupied by portions of or entire late seral stands greater thanat least 80 acres in size (considering the mitigating influence of adjacent and similar habitat, if applicable) and less than one mile apart or connected by a corridor of similar habitat.

		h.  Special Habitat Elements:  The loss of a key habitat element may have a profound effect on a species even though the habitat is otherwise suitable.  Each species may have several key limiting factors to consider.  For example, a special need for some large raptors is large decadent trees/snags with broken tops or other features.  Deer may have habitat with adequate food and cover to support a healthy population size and composition but dependent on a few critical meadows suitable for fawning success.  These and other key elements may need special protection.

	D.  Recreational Resources  RECREATIONAL RESOURCES

  The recreational assessment area is generally the area that includes the logging area plus 300 feet.

To assess recreational cumulative impacts:

		1.  Identify the recreational activities involving significant numbers of people in and within 300 ft. of logging area (e.g., fishing, hunting, hiking, picnicking, camping).

      	2.  Identify any recreational Special Treatment Areas described in the Board rules on the plan area or contiguous to the area.

	E.  Visual Resources VISUAL RESOURCES

  The visual assessment area is generally the logging area that is readily visible to significant numbers of people who are no further than three miles from the timber operation.  To assess visual cumulative effects:

  		1.  Identify any Special Treatment Areas designated as such by the Board because of their visual values.

		2.  Determine how far the proposed timber operation is from the nearest point that significant numbers of people can view the timber operation.  At distances of greater than 3 miles from viewing points activities are not easily discernible and will be less significant.

		3.  Identify the manner in which the public identified in 1 and 2 above will view the proposed timber operation (from a vehicle on a public road, from a stationary public viewing point or from a pedestrian pathway).



	F.  Vehicular Traffic Impacts VEHICULAR TRAFFIC IMPACTS: 

  The traffic assessment area involves the first roads not part of the logging area on which logging traffic must travel.  To assess traffic cumulative effects:

		1.  Identify whether any publicly owned roads will be used for the transport of wood products.

		2.  Identify any public roads that have not been used recently for the transport of wood products and will be used to transport wood products from the proposed timber harvest.

		3.  Identify any public roads that have existing traffic or maintenance problems.

		4.  Identify how the logging vehicles used in the timber operation will change the amount of traffic on public roads, especially during heavy traffic conditions.

	

G. Greeenhouse Gas (GHG) Impacts

Cumulative GHG impacts occur when the effects of two or more activities, from the same or different, projects combine to produce a significant increase in GHG emissions. Increase in GHG emissions has been linked to global climate change and potential for related adverse environmental effects including extreme weather patterns, rapid sea level rise, and loss of bio-diversity, which has the potential to have substantial health and environmental impacts.  Timber Operations influence the sequestration and emissions from forests, and direct and indirect sequestration and emissions related to harvested wood products.  



[bookmark: _GoBack]To assess for potential significant cumulative GHG effect, an estimate of net GHG sequestration or emission resulting from the project shall be made using a model or methodology that addresses:   

			- Identification of planning horizon for GHG impacts assessment

				- Inventory, growth and harvest over planning horizon

				- Harvesting emissions 

				- Emissions and storage associated with life cycle of harvested wood products, including production

				- Project sequestration over planning horizon 





If the estimate of net GHG sequestration or emission resulting from the project is no net emission then no cumulative adverse impacts are likely to occur.  	Comment by Thembi: DECISION POINT 4:
1. Replace this sentence with “No further analysis is required if an equivalent or greater amount of carbon is sequestered prior to the next harvest, given that no cumulative adverse impacts are likely to occur.”
2.Leave as is.
3.Do something different.



If the estimate of net GHG sequestration or emission resulting from the project results in a net emission of GHG then the following potential sources of emissions associated with the project and other project causing related impacts should be further evaluated at a landscape level to determine significance of cumulative effect, opportunity for mitigation, and if any GHG emissions thresholds of significance established for the forestry sector are being exceeded:	Comment by Thembi: DECISION POINT 5:
1.Make the assessment area  specific.
2.Leave at the discretion of the project proponent.	Comment by Thembi: DECISION POINT 6 (IF THE DECISION IS MADE TO MAKticipated harvest cycle (re using the anG HORIZON?RECOVERY PERIOD SPECIFIC)E SPECIFIC THE ASSESSMENT AREA):
1. Use Watershed Assessment Area.
3. Do something different.

· Timberland conversion/deforestation.

· An increase in wildfire hazard.

· An acceleration of tree mortality and decay.

· Significant soil disturbance. 

· Emissions from gasoline and diesel powered equipment.  	Comment by Thembi: DECISION POINT 8ticipated harvest cycle (re using the anG HORIZON?RECOVERY PERIOD SPECIFIC):
1. Retain.
3. Remove.



Feasible mitigation of greenhouse gas emissions include, but are not limited to, Timber Operations that address:

1. Forest health.

2. Wildland fire risk reduction through fuels treatments.

3. Increasing long-term carbon sequestration and storage.  



Conversely, timberland management that includes the following can be a source of GHG emissions:



The GHG assessment area is the logging area plus the haul route.  



Factors to consider in the evaluation of cumulative GHG impacts are listed below.

	1. Identify the project activities that influence GHG emissions either directly or indirectly that may have a significant effect on the environment.  

	2. Identify GHG emissions that conflict with an applicable plan, policy or regulation adopted with the purpose of reducing GHG emissions.



Following are several methods for determining the significance of impacts from GHG emissions:

	1. Describe, calculate or estimate the amount of GHG emissions resulting from the project by means of the following: 

		a. Use a model or methodology to quantify GHG emissions resulting from the project through synthesis of the following metrics: 

			- Identification of planning horizon for GHG impacts assessment

				- Inventory, growth and harvest over planning horizon

				- Harvesting emissions over planning horizon

				- Long-termed storage from milling and wood product manufacturing over planning horizon

				- Project sequestration over planning horizon 

				- The forestry sector State GHG emissions limit.

			and/or

		b. Rely on a qualitative analysis or performance based standards.

	Or

	2. Tier and streamline the analysis of GHG emissions to the following, if available, and which can be incorporated by reference, pursuant to 14 CCR § 15150. 

		a. A programmatic analysis of GHG emissions, as described in 14 CCR § 15183.5, in which a threshold of significance is provided and the parameters of which cover the proposed project.	  

		b. A Plan for the Reduction of GHG Emission, as described in 14 CCR § 15183.5, and the proposed project is within its scope and complies with it. 



  Cumulative GHG effects occur atmospherically where individual potential impacts are combined to produce an effect that is greater than any of the individual impacts acting alone.  Factors to consider in the evaluation of cumulative GHG effects are listed below.

		1. Identify greenhouse gas emissions either directly or indirectly that may have a significant effect on the environment.  

		2. Identify GHG emissions that conflict with an applicable plan, policy or regulation adopted of the purpose of reducing GHG emissions.

		3. Quantify the potential impacts, or lack thereof, through synthesis of the following metrics:

· Identification of planning horizon for GHG impacts assessment

· Inventory, growth and harvest over planning horizon

· Harvesting emissions over planning horizon

· Long-termed storage from milling and wood product manufacturing over planning horizon

· Project sequestration over planning horizon



H. Wildfire Risk and Hazard

Modifications to fuel loading through timber harvest activities may affect wildfire hazard and risk.  In turn, this can potentially affect cumulative watershed effects.  Alteration of overstory and understory structure and composition, as well as fuel bed depths, are affected to varying degrees depending on silviculture, selected yarding methods, site preparation, or alternative treatments identified within the Plan. Metrics that may be utilized to address fire hazard or risk may include: 



		· Crown bulk density

		· Overstory vegetative communities



		· Crown base height/Height to live crown

		· Understory vegetative communities



		· Flame lengths

		· Rate of spread



		· Use of adjacent landscapes

		· Use of project area



		· Fire weather

		· Ignition and fire history



		· Current fuel loading

		· Physical setting (e.g. highways or county roads near project area)



		

		










Amend 895.1 – Definitions 



	Project means an activity which has the potential to cause a physical change in the environment, directly or ultimately, and that is:  1) undertaken by a public agency, or 2) undertaken with public agency support, or 3) requires the applicant to obtain a lease, permit, license or entitlement from one or more public agencies.  This includes Timber Harvesting Plans.



NOTE:  This regulatory amendment could be considered by the Board to accompany the updating of Technical Rule Addendum # 2.  The current revisions to Technical Rules Addendum # 2 include replacing “THP” with “Plan”, therefore potentially requiring a revision to the definition of “project” to clarify that all Plans would be considered projects throughout the existing FPRs, inclusive of Technical Rule Addendum #2.   










Definitions to consider in regards to “significant cumulative impacts” versus “significant cumulative effects”. 



California Environmental Quality Act (PRC 21068) 

Significant Effect on the environment means a substantial, or potentially substantial, adverse change in the environment.   



 CEQA Guidelines 15355. 

“Cumulative impacts” refers to two or more individual effects which, when considered together, are considerable or which compound or increase other environmental impacts.

(a) The individual effects may be changes resulting from a single project or a number of separate projects.

(b) The cumulative impact from several projects is the change in the environment which results from the incremental impact of the project when added to other closely related past, present, and reasonably foreseeable probable future projects. Cumulative impacts can result from individually minor but collectively significant projects taking place over a period of time.



CEQA Guidelines 15358. 

“Effects” and “impacts” as used in these Guidelines are synonymous.

(a) Effects include:

(1) Direct or primary effects which are caused by the project and occur at the same time and place.

(2) Indirect or secondary effects which are caused by the project and are later in time or farther removed in distance, but are still reasonably foreseeable. Indirect or secondary effects may include growth-inducing effects and other effects related to induced changes in the pattern of land use, population density, or growth rate, and related effects on air and water and other natural systems, including ecosystems.

(b) Effects analyzed under CEQA must be related to a physical change.



CEQA Guidelines 15064.4. DETERMINING THE SIGNIFICANCE OF IMPACTS FROM GREENHOUSE GAS EMISSIONS

(a) The determination of the significance of greenhouse gas emissions calls for a careful judgment by the lead agency consistent with the provisions in section 15064. A lead agency should make a good-faith effort, based to the extent possible on scientific and factual data, to describe, calculate or estimate the amount of greenhouse gas emissions resulting from a project. A lead agency shall have discretion to determine, in the context of a particular project, whether to:

	(1) Use a model or methodology to quantify greenhouse gas emissions resulting from a project, and which model or methodology to use. The lead agency has discretion to select the model or methodology it considers most appropriate provided it supports its decision with substantial evidence. The lead agency should explain the limitations of the particular model or methodology selected for use; and/or

	(2) Rely on a qualitative analysis or performance based standards.

(b) A lead agency should consider the following factors, among others, when assessing the significance of impacts from greenhouse gas emissions on the environment:

	(1) The extent to which the project may increase or reduce greenhouse gas emissions as compared to the existing environmental setting;

	(2) Whether the project emissions exceed a threshold of significance that the lead agency determines applies to the project.

	(3) The extent to which the project complies with regulations or requirements adopted to implement a statewide, regional, or local plan for the reduction or mitigation of greenhouse gas emissions. Such requirements must be adopted by the relevant public agency through a public review process and must reduce or mitigate the project’s incremental contribution of greenhouse gas emissions. If there is substantial evidence that the possible effects of a particular project are still cumulatively considerable notwithstanding compliance with the adopted regulations or requirements, an EIR must be prepared for the project.



CEQA Guidelines 15183.5. TIERING AND STREAMLINING THE ANALYSIS OF GREENHOUSE GAS EMISSIONS

(a) Lead agencies may analyze and mitigate the significant effects of greenhouse gas emissions at a programmatic level, such as in a general plan, a long range development plan, or a separate plan to reduce greenhouse gas emissions. Later project-specific environmental documents may tier from and/or incorporate by reference that existing programmatic review. Project-specific environmental documents may rely on an EIR containing a programmatic analysis of greenhouse gas emissions as provided in section 15152 (tiering), 15167 (staged EIRs) 15168 (program EIRs), 15175–15179.5 (Master EIRs), 15182 (EIRs Prepared for Specific Plans), and 15183 (EIRs Prepared for General Plans, Community Plans, or Zoning).

(b) Plans for the Reduction of Greenhouse Gas Emissions. Public agencies may choose to analyze and mitigate significant greenhouse gas emissions in a plan for the reduction of greenhouse gas emissions or similar document. A plan to reduce greenhouse gas emissions may be used in a cumulative impacts analysis as set forth below. Pursuant to sections 15064(h)(3) and 15130(d), a lead agency may determine that a project’s incremental contribution to a cumulative effect is not cumulatively considerable if the project complies with the requirements in a previously adopted plan or mitigation program under specified circumstances.

(1) Plan Elements. A plan for the reduction of greenhouse gas emissions should:

(A) Quantify greenhouse gas emissions, both existing and projected over a specified time period, resulting from activities within a defined geographic area;

(B) Establish a level, based on substantial evidence, below which the contribution to greenhouse gas emissions from activities covered by the plan would not be cumulatively considerable;

(C) Identify and analyze the greenhouse gas emissions resulting from specific actions or categories of actions anticipated within the geographic area;

(D) Specify measures or a group of measures, including performance standards, that substantial evidence demonstrates, if implemented on a project-by-project basis, would collectively achieve the specified emissions level;

(E) Establish a mechanism to monitor the plan’s progress toward achieving the level and to require amendment if the plan is not achieving specified levels;

(F) Be adopted in a public process following environmental review.

(2) Use with Later Activities. A plan for the reduction of greenhouse gas emissions, once adopted following certification of an EIR or adoption of an environmental document, may be used in the cumulative impacts analysis of later projects. An environmental document that relies on a greenhouse gas reduction plan for a cumulative impacts analysis must identify those requirements specified in the plan that apply to the project, and, if those requirements are not otherwise binding and enforceable, incorporate those requirements as mitigation measures applicable to the project. If there is substantial evidence that the effects of a particular project may be cumulatively considerable, notwithstanding the project’s compliance with the specified requirements in the plan for the reduction of greenhouse gas emissions, an EIR must be prepared for the project.

(c) Special Situations. As provided in Public Resources Code sections 21155.2 and 21159.28, environmental documents for certain residential and mixed use projects, and transit priority projects, as defined in section 21155, that are consistent with the general use designation, density, building intensity, and applicable policies specified for the project area in an applicable sustainable communities strategy or alternative planning strategy need not analyze global warming impacts resulting from cars and light duty trucks. A lead agency should consider whether such projects may result in greenhouse gas emissions resulting from other sources, however, consistent with these Guidelines.
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Abstract
Wood products have many environmental advantages over nonwood alternatives. Documenting and publicizing these


merits helps the future competitiveness of wood when climate change impacts are being considered. The manufacture of
wood products requires less fossil fuel than nonwood alternative building materials such as concrete, metals, or plastics. By
nature, wood is composed of carbon that is captured from the atmosphere during tree growth. These two effects—substitution
and sequestration—are why the carbon impact of wood products is favorable. This article shows greenhouse gas emission
savings for a range of wood products by comparing (1) net wood product carbon emissions from forest cradle–to–mill output
gate minus carbon storage over product use life with (2) cradle-to-gate carbon emissions for substitute nonwood products.
The study assumes sustainable forest management practices will be used for the duration of the time for the forest to regrow
completely from when the wood was removed for product production during harvesting. The article describes how the carbon
impact factors were developed for wood products such as framing lumber, flooring, moulding, and utility poles. Estimates of
carbon emissions saved per unit of wood product used are based on the following: (1) gross carbon dioxide (CO2) emissions
from wood product production, (2) CO2 from biofuels combusted and used for energy during manufacturing, (3) carbon
stored in the final product, and (4) fossil CO2 emissions from the production of nonwood alternatives. The results show
notable carbon emissions savings when wood products are used in constructing buildings in place of nonwood alternatives.


Evaluating the environmental impact of product
choices is increasingly important to help address sustain-
ability issues. Wood products have many environmental
advantages over nonwood alternatives (Wegner et al. 2010,
Lippke et al. 2011, Ritter et al. 2011, Eriksson et al. 2012).
One advantage is a lower global warming impact, which
refers to the impact on climate change of product production
from emissions of greenhouse gases (GHGs) to the
atmosphere. Although there are many GHGs, carbon
dioxide (CO2) gas released from burning fossil fuels is the
main driver of global warming (Intergovernmental Panel on
Climate Change [IPCC] 2013). To provide some context on
the magnitude of the problem, we looked at global fossil
fuel CO2 emissions. The US Energy Information Agency
(US EIA) reported that in 2011, global fossil fuel CO2


emissions were about 35.9 billion tons,1 an increase of 3.4
percent from 2010, with China contributing the most at 9.6
billion tons (US EIA 2014a). The increase in global carbon


emissions occurred even though the United States, the


second largest contributor at 6.1 billion tons, had lower
emissions in 2011 than 2010.


An area of huge concern is fossil fuel and cement


emissions because of their ties to building construction,
particularly in Southeast Asia (i.e., China), where fossil fuel


resources are consumed to build residential structures
(Wang et al. 2013). For example, although global fossil


fuel and cement emissions declined 1.4 percent in 2009
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received for publication in May 2014. Article no. 14-00047.
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1 The present article was written with the wood building products
industry in mind. Therefore, English units will be used instead of
metric units.


220 BERGMAN ET AL.







because of the financial fallout from the Great Recession,
this circumstance was quickly reversed with a substantial
gain of 5.9 percent in 2010, which also exceeded the world
2010 gross domestic product (GDP) gain of 5.0 percent, a
disturbing condition of increasing fossil carbon intensity per
GDP when considering present and future impacts to
climate change (Friedlingstein et al. 2010, Peters et al.
2012, British Petroleum [BP] 2014). Cement is an important
component of concrete, which competes directly with wood
in buildings.


Documenting the merits of wood will be important to the
future competitiveness of the forest industry when selection
of products will be made in part based on the climate change
impacts associated with their production and use. In the
United States, buildings consume roughly 40 percent of the
energy generated; this includes the ‘‘operating energy’’ of
buildings as well as the ‘‘embodied energy’’ (the energy
required for manufacturing) of the building products
produced (US Department of Energy [US DOE] 2012). To
ensure that buildings incorporate products with low
environmental impacts, it is important that information on
the net carbon emissions associated with production and use
be provided in a format that is clear, concise, and available
to a wide range of building product specifiers and users,
including architects, engineers, builders, and homeowners.


The environmental advantages of wood products are
important and may be common sense to many; however, not
everyone recognizes and understands these merits. Life-
cycle assessment (LCA) is the internationally accepted and
standardized method for evaluating the environmental
impacts of products. LCA is a scientific approach to
assessing the holistic environmental impacts of a product,
including the resources consumed and the emissions
released. An LCA can cover the life of a product from


extraction of raw materials to production (i.e., ‘‘cradle-to-
gate’’; Fig. 1), or from extraction through production to
distribution, use, and final disposal (i.e., from ‘‘cradle-to-
grave’’). LCA can identify unit processes of the manufac-
turing stage with higher environmental impact (‘‘hot
spots’’), and companies can use this information to improve
their product’s environmental footprint. For cradle-to-gate
manufacturing of wood products, the manufacturing stage
typically outweighs the energy consumption and carbon
emissions associated with the forest resource removal and
regeneration stage and raw material transportation stage by
at least a factor of 10 (Puettmann and Wilson 2005,
Puettmann et al. 2010). For our analysis, we estimate net
carbon emissions through product production and include
carbon stored during the useful life of a wood product. We
also include emissions from raw material transportation but
not transport and installation of wood products (or nonwood
substitutes) in end uses. This comparison implicitly assumes
that transport and installation emissions are similar for wood
products and nonwood substitutes.


Life-cycle assessment can be used to compare the
environmental impacts of products; consumers can use this
information to choose products with better environmental
footprints (e.g., lower net GHG emissions). Many cradle-to-
gate LCA studies have focused on wood products (www.
CORRIM.org) and their nonwood alternatives. These
analyses generally indicate that the manufacturing stage
(rather than raw material extraction or transportation)
accounts for greater environmental emissions then any
stage of a wood products’ life cycle. LCAs have shown a
low emission environmental profile for wood compared with
nonwood products that can serve the same function.
Performing an LCA for a product is a detailed, data-
intensive process, and the results may be difficult to


Figure 1.—Generic cradle-to-gate product production flow diagram.
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interpret for nonexperts. Thus there is a need for simplified
metrics from LCA studies, especially to enable users and
specifiers of building products to choose materials with
favorable environmental footprints.


In the present study and the Consortium for Research on
Renewable Industrial Materials (CORRIM) research done
so far, a distinction is made between logging and mill
residues that are part of the sequestered carbon in the
standing tree. Logging residues including branches, bark,
and tops that are generated during harvesting, which make
up approximately 30 to 50 percent of the tree harvested, are
left behind in the forest to decay (Lippke et al. 2011,
Ganguly et al. 2014, Hytönen and Moilanen 2014).
However, Sathre and Gustavsson (2011) showed logging
residues can be collected and used as fuel to generate
electricity, thus replacing fossil-fuel based electricity, as
reported by Bergman et al. (2013b) in the case of redwood
logging in California. Most likely, though, logging residues
will not be collected unless part of a forest management plan
and thus will be left to decay in the forest, which is the
assumption made in the present article. Therefore, assuming
sustainable forest management practices will be followed
from the time the forest was harvested for wood until the
time the forest has completely regrown, the net carbon flux
of the forest for logging residues is zero. This could be a
conservative estimate because some of the carbon in the
logging residues may become part of the soil organic carbon
and be permanently sequestrated (Sathre and Gustavsson
2011, Skog et al. 2014). Concerning the impacts on soil
carbon from forest harvesting, we assumed no lasting effect
on soil carbon would occur during forest harvesting
(Johnson and Curtis 2001, Lippke et al. 2011, Pacaldo et
al. 2013), although there is some uncertainty around this
assumption (Garten 2002, Nave et al. 2010). As for mill
residues, the mill residues are a coproduct of the log brought
to the production facility. Because mill residues are
generated on-site, their use for energy or other purposes
such as feedstock for other products is practically 100
percent. Mill residues not used for energy are not considered
in calculating carbon impact factors for the same reason that
logging residues (for which sustainable forest management
practices will enable the forest to regrow to its original state
before the next harvest) are not considered, and thus no net
carbon flux from the forest for mill residues occurs. This
may be a conservative estimate as well because some carbon
from mill residues may be stored in various other wood
products for several decades.


Carbon footprint


The quantity of CO2 and other GHGs released per unit of
product during a product’s manufacturing and, in some
cases, end use and disposal, is sometimes referred to as its
‘‘carbon footprint’’ (International Organization for Stan-
dardization [ISO] 2013). Coal, oil, natural gas, and wood all
contain solid carbon that becomes CO2 gas when the
material is burned for energy. CO2, methane (CH4), nitrous
oxide (N2O), and water vapor are the primary GHGs of
concern. Increases in GHGs in the atmosphere are
considered the primary factor in global warming. Global
warming impact is measured for each GHG in tons of CO2


equivalent (CO2 eq), where 1 ton of CO2 emissions
represents the global warming (radiative forcing [RF]) it
causes over a specific time period, typically 100 years.


Because of the need to conserve energy resources and
avoid GHG emissions, there is a global push to choose
materials that have a low carbon footprint. The carbon
footprint of a product can be calculated by measuring all the
direct and indirect energy and material inputs to the
manufacturing of a product and considering the carbon
emissions associated with these inputs. Therefore, a carbon
footprint can be determined through an LCA with the
analysis limited to emissions that have an effect on climate.


During the production of wood materials, energy is used
during harvesting to run equipment such as chainsaws and
skidders, to fuel the transportation of logs to mills, and
during manufacturing to power saws, planers, dryers, etc.
Depending on the source of energy, the released emissions
contribute to a variety of impact categories such as
acidification (e.g., sulfur emissions), eutrophication (nitro-
gen), smog (particulates), and global warming (CO2).
Although many gases (e.g., methane) contribute to global
warming and carbon footprint, CO2 is by far the most
important GHG in wood product life cycles from forest
cradle–to–mill output gate (Puettmann and Wilson 2005,
Puettmann et al. 2010).


Fossil versus biogenic carbon emissions


The production of energy from combustion sources
results in CO2 emissions. When coal, oil, natural gas, or
wood are burned, water vapor and CO2 are the primary
atmospheric emissions. The resultant energy may be used
directly in the production process, as heat or steam for wood
dryers, or indirectly, as sources for electricity generation
that can be used to power electric saw motors. For fossil
fuels (coal, petroleum, and natural gas), the CO2 emissions
are commonly classified as ‘‘fossil CO2.’’ This classification
is in contrast to ‘‘biogenic CO2,’’ which is emitted from the
burning of biomass, such as wood. In the case of wood
products, much of the process energy for manufacturing
facilities is provided from burning wood-processing (mill)
residues (Puettmann and Wilson 2005), thus primarily
emitting biogenic CO2.


In terms of the contribution of CO2 to the greenhouse
effect and the impact to climate change, there is no
difference between the atmospheric chemistry and physics
of biogenic and fossil CO2. However, a distinction is
commonly made between biogenic and fossil energy sources
in life-cycle–based analyses because of the cycling of
biogenic CO2 from the atmosphere into wood resources and
back to the atmosphere (i.e., natural carbon cycle) in
comparison with the one-way flow of fossil CO2 to the
atmosphere. For attributional life-cycle analysis, which
assesses the flux of emissions in the year a product is
produced, biomass energy sources are considered to be
offset when currently growing trees absorb CO2 from the
atmosphere as part of the photosynthesis process. Under an
assumption of sustainable forest management, forests are
sustained so annual carbon released does not exceed the
annual carbon absorbed for the indefinite future. Therefore,
the atmosphere does not see a net increase in CO2 emissions
(Beauchemin and Tampier 2008, Fernholz et al. 2009,
Richter et al. 2009). Therefore, we use the attributional life-
cycle analysis framework with a focus on current year net
emissions as part of an assumed long-term forest carbon
balance to count net zero emissions from wood energy
emissions.
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A number of alternate methods can be used to evaluate
the impact of biogenic carbon emissions. One way is to use
attributional life-cycle analysis but to estimate net emissions
over a specific period of years by explicitly tracking carbon
fluxes that include harvest and regrowth of the forest (i.e.,
temporal effects). A second method involves consequential
life-cycle analysis, where a case of harvest and regrowth is
compared with a case without harvest and continued forest
growth over a specific time horizon. Features of these
approaches can vary depending on the time frame of
analysis, the extent of geographic area evaluated, and other
factors. For each of these types of evaluation, the degree to
which biogenic emissions are offset within a certain time
frame can depend on many potential factors including (1)
the types of biomass (e.g., logging residue, roundwood, new
plantations, mill residue), (2) the age of forests at harvest,
(3) forest growth rates, and (4) the extent to which increased
wood prices lead landowners to hold or increase land in
forest or intensify management (Brander et al. 2009,
Brandão and Levasseur 2011, Cherubini et al. 2011,
Bergman et al. 2012, Agostini et al. 2013, Guest et al.
2013, Helin et al. 2013). Regardless of the framework, forest
growth from sustainable forestry can offset biogenic
emissions over time. It could take a shorter time (a decade
or less), or a longer time (many decades), depending on the
wood source and circumstances. The extent of the offset can
also be influenced by the GHG metric that is used (global
warming potential [GWP] vs. time-zero equivalent [TIZE];
Salazar and Bergman 2013, Nepal and Skog 2014). For
instance, the method used to estimate the impact to climate
change for the delay of wood decay while in storage either
as a product or in a landfill can provide different results.
This happens because the TIZE approach quantifies the RF
effects as they occur from GHG emissions, while the more
common GHG metric, GWP, quantifies RF effects from the
time of analysis out to the end of the selected time horizon,
typically 100 years for the GHG regardless of when the
emission occurred. The end result is that the TIZE approach
better estimates the impact to climate change for temporary
carbon sequestration in products and wood decay than GWP
(Salazar and Bergman 2013). However, if the additional
variables listed above had been included in the analysis, this
would have increased the complexity, thus generating more
uncertainty. Consequentially, attributional life-cycle analy-
sis as is done in our analysis is best used because it is more
robust for estimating the emissions directly linked with the
life cycle of a product and for emissions accounting.


Carbon storage


Wood can store carbon in trees and long-term wood
products for long time periods. A typical new 2,062-ft2


home could contain 13,500 pounds of lumber, 3,160 pounds
of plywood, 6,470 pounds of oriented strandboard (OSB),
and 892 pounds of laminated veneer lumber, totaling 24,000
pounds of wood at 12 percent moisture content (MC) or
21,000 pounds of wood at 0 percent MC (Meil et al. 2004,
Wood Products Council [WPC] 2009). On average, OD
wood contains about 50 percent carbon by weight.
Therefore a 2,062-ft2 home could store 10,500 pounds of
carbon or sequester 38,500 pounds of CO2 eq,2 assuming


wood MC is 12 percent. This value does not include
nonstructural wood products, which may have a shorter
service life. Service life of structural wood products tends to
match the service life of the structure itself. Therefore,
assuming an expected median life of 80 years for a single-
family home (Skog 2008), its stored carbon may last from
two to three forest rotation cycles of intensely managed,
highly productive forests (O’Connor 2004, Smith et al.
2005). This article considers carbon stored with products
installed in a building but not emissions that occur after the
service life of products.


As mentioned previously, carbon in wood products may
continue to be stored after its service (i.e., use) life in a
building, or it may be emitted by burning or decay. Wood
products may end up in landfills where most of the wood
does not decompose, it may be recycled into new engineered
products, it may be burned for its energy values, or it may be
reused as is in new construction (Skog 2008, Bergman et al.
2013a). Specifically, for wood to be used in new
construction, Bergman et al. (2013a) show fossil CO2


emitted for new framing lumber and new hardwood flooring
are about four times greater than for recovered softwood
framing lumber and recovered hardwood flooring. Addi-
tionally, end-of-life (i.e., after first product use) scenarios
for old wood products can result in large cumulative energy
savings and fossil CO2 emission reductions when discarded
wood is used to displace coal or natural gas in producing
electric power. In fact, for the base case end-of-life scenario
developed by Bergman et al. (2013a), these energy savings
would offset 53 and 75 percent of biomass energy consumed
to make new softwood framing lumber and new hardwood
flooring, respectively.


Avoided emissions


For this analysis, the ‘‘avoided emissions’’ are the fossil
carbon dioxide emissions from production of a nonwood
product alternative that are avoided when a wood product is
used instead (Fig. 2). The CO2 emissions are estimated for
the production of the in-use equivalent amounts of the two
products. In the present study, product substitution is
assumed to be one-to-one. We assume the two products
have the same service life. This means that durability and
the long-term functionality of the structural wood product
and its nonwood substitute was considered to be equal in the
analysis, an assumption consistent with the findings of
O’Connor (2004). However, the life expectancy of all
products used in buildings varies depending upon the quality
of construction and owner preferences.


This study first estimates net carbon emission footprint
values per unit of product for a number of US-produced
wood products and for their nonwood product alternatives.
We estimate the carbon footprint for each wood product by
using fluxes shown for the wood product system in Figure 3.
The carbon flux for each nonwood product alternative (Fig.
2) is simply based on fossil fuel emissions. Second, we
estimate the savings in emissions by use of each wood
product instead of its nonwood product alternative as the
difference between the two carbon footprint estimates. In
essence, the system boundary for the present study is set to
analyze empirical data provided from raw material extrac-
tion to production through the LCA method for all products
that could be considered a partial analysis. The reason is that
although we assume sustainable forestry will be practiced in
the future, an underlying assumption exists that any


2 Using molecular weights of CO2 and carbon, 38,500 pounds of
CO2¼ 10,500 pounds of carbon 3 44 kg of CO2/12 kg of carbon.
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Figure 2.—System boundary and carbon fluxes for nonwood product production (Net emissions = D).


Figure 3.—System boundary and carbon fluxes for wood product production and carbon storage in end-use [Net emissions = (A�
B) þ B � C � B = A � B � C].
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additional forest harvesting for product substitution would


result in no net loss of forest carbon based on today’s


forestland levels. However, this is an unlikely scenario if


product choices are made based on the current carbon


impacts presented in this article. Therefore, this additional


harvesting carbon impact will need to be analyzed and


quantified when additional wood product substitution occurs


and then included in carbon impact factors for wood
products.


Methods


Product data sources and descriptions


We used the existing wood product life-cycle inventory
(LCI) data sets to determine the net carbon emission


Table 1.—Data sources used to develop the net carbon footprint for each wood product and its substitutes.a


Wood product Notes Wood data source reference Substitution product Alternative data source reference


Hardwood lumber Northeast/North Central region Bergman and Bowe (2008) Polyvinyl chloride


(plastic) moulding


Mahalle and O’Connor (2009)


Southeast region Bergman and Bowe (2010b)


Softwood lumber Northeast/North Central region Bergman and Bowe (2010a) Steel stud Rowlett (2004); Studs


Unlimited, Inc. (2013)Southeast region Milota et al. (2004)


Hardwood flooring Solid strip flooring Hubbard and Bowe (2008) Vinyl flooring Potting and Blok (1995)


Engineered wood Bergman and Bowe (2011)


Doors Solid wood Knight et al. (2005) Steel door Knight et al. (2005)


Softwood decking ACQ-treated pine Bolin and Smith (2011a) Wood–plastic composite Bolin and Smith (2011a)


Siding Western red cedar Mahalle and O’Connor (2009) Vinyl siding Mahalle and O’Connor (2009)


Softwood pole Pentachlorophenol-treated wood Bolin and Smith (2011b) Concrete pole Bolin and Smith (2011b)


OSBb Southeast region Kline (2004) NA NA


Plywoodb Pacific Northwest region Wilson and Sakimoto (2004) NA NA


Southeast region Wilson and Sakimoto (2004) NA NA


I-joist Pacific Northwest region Wilson and Dancer (2005) Steel joist DiBernardo (2013);


SSMA (2013)Southeast region Wilson and Dancer (2005)


Hardwood railroad tie United States Bolin and Smith (2013) Concrete railroad tie Bolin and Smith (2013)


a ACQ ¼ alkaline copper quaternary; NA¼ not applicable; SSMA¼ Steel Stud Manufacturer’s Association.
b No direct nonwood substitution products for oriented strandboard (OSB) or plywood were identified.


Table 2.—Mass and carbon content of some US wood products and their substitutes.a


Product Material Unit


Mass


(lb/unit)b


Biogenic carbon


content (%)


Moulding Northeast/North Central hardwood lumber 1 bd ft (12 3 12 3 1 in.) 2.22 50


Southeast hardwood lumber 2.22 48


Polyvinyl chloride (plastic) 2.65 0


Stud Northeast/North Central softwood lumber One 2 3 4 stud 7.65 52


Southeast softwood lumber 9.54 53


Steelc 5.92 0


Flooring Engineered hardwood 1 ft2 1.28 52


Solid hardwood 2.55 50


Vinyl 0.52 0


Doors Solid woodd One door 55.0 50


Steelc 84.0 0


Decking Alkaline copper quaternary–treated One deck board 18.2 53


Wood–plastic composite 36.8 27


Siding Western red cedar 100 ft2 93.4 50


Vinyl 55.6 0


Utility pole Pentachlorophenol–treated wood One 45-ft pole 1,315 53


Concrete 4,000 0


Oriented strandboard (OSB) Southeast OSB One 4 3 8-ft sheet @ 3/8 in. 34.8 51


Plywood Southeast plywood One 4 3 8-ft sheet @ 3/8 in. 33.8 54


Pacific Northwest plywood 29.3 51


I-joist Southeast wood One 16-ft-long, 10-in.-deep joist 76.2 50


Pacific Northwest wood 95.5 50


Steel joistc 57.2 0


Railroad tie US wood One 7 in. high 3 9 in. wide 3 8.5 ft long 139 48


US concrete 700 0


a All comparisons are cradle-to-gate (production gate). Therefore, no product use or disposal was considered.
b Mass is listed at 0 percent moisture content.
c Galvanized steel processes were used for steel studs, steel doors, and steel I-joists.
d Solid wood door used Northeast/North Central hardwood lumber as input.
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footprint for a range of wood products from cradle-to-
gate (Table 1; Fig. 3). Many LCI data sets for wood
product manufacturing and nonwood alternatives are
publically available through Web-based sources including
the US LCI Database (National Renewable Energy
Laboratory [NREL] 2014). In the US LCI Database,
which was used in this analysis, carbon emissions for the
wood product LCI data are allocated by mass. Interna-
tionally accepted LCA software was used for modeling
wood product production to obtain carbon emissions from
wood products and alternative materials (PRé Consultants
2014). As shown herein, much LCI data exist for US
wood and nonwood products, and the list of sources will
grow with continued interest in environmental issues and
LCA. Some wood products are specified by geographical
areas. For example, softwood lumber is typically
produced in four areas, the Southeast (SE), the North-
east/North Central (NE/NC), the Pacific Northwest, and
the Inland West.


Carbon content


To calculate carbon stored in various products, we
calculated the mass and biogenic carbon content of each
wood product and the nonwood substitute alternatives
(Table 2). Some of the nonwood materials (e.g., vinyl
flooring) contain carbon, but in those cases, the carbon is
from fossil (e.g., petroleum) sources. We do not consider
fossil carbon content, because unlike wood products, the
carbon transferred from fossil fuel to nonwood products is
not being replaced as wood carbon is by continuing forest
regrowth. As shown in Figure 3, forests are actively
reabsorbing carbon removed by harvest and which then is
transferred to wood products. In Figure 2, there is no
equivalent reabsorption of fossil carbon emissions by the
source of the fossil fuel. Birdsey (1992) provided the carbon
content values for the various wood products.


Difference between wood and nonwood
product carbon footprints (net carbon
emission savings)


The net carbon emission footprints for the wood product
and nonwood product, respectively, are


Wood product net carbon emissions footprint ¼ A� B� C


(see Fig. 3)


Nonwood product net carbon emissions footprint ¼ D


(see Fig. 2). The difference between the two carbon
footprints for the 11 wood products and corresponding
nonwood substitutes indicates the emissions savings from
use of a wood product rather than the nonwood alternative
and is calculated using this formula


A� B� C � D ¼ E ð1Þ
where


A ¼ Gross carbon emissions during wood production ¼
(fossil CO2 þ biogenic CO2). Cradle-to-gate product
manufacturing consumes various energy sources, and
almost all energy production results in CO2 emissions.
Energy sources used in wood manufacture include
sources such as natural gas, diesel, gasoline, and
electricity derived from fossil fuels that release fossil
CO2 when combusted. Biomass energy from burning
wood processing (mill) residues is a major fuel source
for energy that releases biogenic CO2, not fossil CO2,
when combusted. Gross carbon emissions are also a
reasonable proxy for energy consumption even though
no carbon emissions are associated with hydroelectric
and nuclear power emissions. This occurs because
coal and natural gas are the primary energy sources
for generating power in the United States (US EIA
2014b).


Table 3.—Carbon emission savings from use of US wood products in place of nonwood product alternatives (pounds of CO2 per unit
of product).a


Product Units Notes


A B


Gross carbon released during


wood product manufacturing


Biofuel used during wood


product manufacturingb


Hardwood lumber 1 bd ft (12 3 12 3 1 in.) Northeast/North Central region 2.0 1.3


Southeast region 2.4 1.8


Softwood lumber One 2 3 4 stud Northeast/North Central region 4.0 2.6


Southeast region 5.5 4.2


Hardwood flooring 1 ft2 Solid strip flooring 2.4 1.5


Engineered wood 2.2 1.1


Doors One door Solid wood 102.5 64.8


Decking One deck board ACQ-treated pine 11.5 3.7


Siding 100 ft2 Western red cedar 83.1 13.2


Utility poles One 45-ft pole Pentachlorophenol-treated wood 1,002 950


OSB One 4 3 8-ft sheet @ 3/8 in. Southeast region 41.9 23.6


Plywood One 4 3 8-ft sheet @ 3/8 in. Pacific Northwest region 12.6 9.0


Southeast region 22.3 14.3


I-joist One 16-ft-long, 10-in.-deep joist Pacific Northwest region 50.3 41.7


Southeast region 72.8 50.5


Railroad ties One 7 in. high 3 9 in. wide


3 8.5 ft long


United States 113.6 6.6


a ACQ¼ alkaline copper quaternary; OSB ¼ oriented strandboard.
b Woody biomass energy.
c Negative values represent a carbon credit.
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B ¼ Carbon emissions from burning wood residues ¼
(biogenic CO2). Biogenic CO2 is released when wood
is burned for energy. These biogenic carbon emis-
sions are also being reabsorbed in forests and thus are
deducted from the gross carbon emissions in this
analysis (see emission and forest sequestration fluxes
in Fig. 3).


C ¼ Carbon stored in the wood product. CO2 absorbed
from the atmosphere during photosynthesis is con-
verted to wood, bark, and other parts of the tree. On
average, wood contains about 50 percent elemental
carbon by dry weight of wood (Table 2). If the tree
decays or burns, this solid carbon in the wood is
released again to the atmosphere as CO2 gas, and the
carbon cycle continues. As long as the wood is
‘‘locked-up’’ in a product, the carbon is ‘‘seques-
tered’’ as a solid and does not contribute to climate
warming through the atmospheric greenhouse effect.
The carbon transferred to storage in a wood product is
also being replaced by regrowth in a sustainably
managed forest. This regrowth is equal to or greater
than the amount of the carbon transfer to products and
can be used to offset wood product production
emissions for the period that the carbon remains
stored in the wood product (see Fig. 3). The carbon
stored in the product was calculated by multiplying
the carbon content of a given wood product by the dry
weight of the individual wood product (Table 2) and
converting to CO2 equivalents (Eq. 2).


Carbon storage ¼ CSi ¼ CCi 3 Wi 3 3:67 ð2Þ
where


CSi¼ carbon storage for a unit of wood product i (lb/
unit),


CCi¼ carbon content for wood product i (% carbon/
100),


Wi ¼ weight of a unit of wood product i (lb), and


3.67 ¼ ratio of the molecular weight of CO2 to the
molecular weight of carbon.


D ¼ Alternate product emissions avoided ¼ (Nonwood
product fossil CO2). When the fossil CO2 releases
associated with the manufacture of a nonwood
product are not generated, this is considered
‘‘avoided emissions’’ (Fig. 2).


E¼Net carbon savings¼ (A�B�C�D). The net carbon
emissions savings obtained by use of each wood
product is the difference between the carbon footprint
for the wood product and for the nonwood products
alternative. A negative value for E can be interpreted
as a ‘‘carbon credit’’ or carbon savings, where using
the wood product in place of a nonwood alternative
results in a reduction in the net amount of CO2 in the
atmosphere.


E/A ¼ Net carbon emission savings per unit of gross wood


emissions ¼ (Net carbon savings/gross carbon
emissions during wood production).


E/C ¼ Net carbon emission savings per unit of carbon in


wood¼ (Net carbon savings/carbon contents of wood
product).


Because wood product units are of varying mass, the
absolute values for carbon footprints can be difficult to
compare across products. Normalizing the net carbon
savings by dividing by gross carbon emissions or by the
carbon content of the wood can show the relative
importance of the substitution and biogenic carbon effects
for each product. Negative values for the emission savings
per unit of wood emissions indicate that the gross carbon
emissions are more than offset by the use of wood biofuel,
carbon sequestration in wood products, and avoided fossil
carbon emissions. The magnitude of these negative values
for the emissions savings per unit of carbon in the wood
product indicates how effective use of a unit of wood in the
product is in offsetting emissions compared with use of a
unit of wood in other products.


Table 3.—Extended.


C D A � B � C � D ¼ E E/A E/C


Carbon stored in


the wood product


Carbon released during nonwood


product manufacturing


Net carbon emission


savingsc


Carbon emission savings per unit


of gross wood emissions


Carbon emission savings per


unit of CO2 eq of wood


4.0 6.5 �9.9 �5.0 �2.5


4.0 6.5 �9.8 �4.0 �2.5


14.6 16.7 �30.0 �7.6 �2.1


18.5 16.7 �34.0 �6.2 �1.8


4.6 0.8 �4.7 �1.9 �1.0


2.4 0.8 �2.1 �1.0 �0.9


221.4 540.8 �724.5 �7.1 �3.3


35.5 34.2 �62.1 �5.4 �1.7


171.3 116.0 �217.3 �2.6 �1.3


2,559 3,112 �5,618 �5.6 �2.2


76.5 — �58.1 �1.4 �0.8


56.2 — �52.8 �4.2 �0.9


68.1 — �60.2 �2.7 �0.9


140.9 154.8 �286.9 �5.7 �2.0


176.4 154.8 �309.1 �4.2 �1.8


244.8 487.3 �625.0 �5.5 �2.6
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Results and Discussion


All of the wood products examined in this analysis
provide a net emission savings when used in place of the
selected nonwood alternative products (Table 3). The
columns in Table 3 are labeled with letters corresponding
to those in Equation 1. Using solid wood doors as an
example,


The net carbon savings for a single wood door


¼ 102:5 ðAÞ � 64:8 ðBÞ � 221:4 ðCÞ � 540:8 ðDÞ
¼ �724:5 ðEÞ kg CO2 eq


For individual wood products, Column E (Table 3) shows
the two lowest net carbon footprints for utility poles and
solid wood doors (�5,618 and �724.5 kg CO2 eq,
respectively). This is because utility poles and solid wood
doors are the two of the three largest wood products by
mass. Wood studs, which are smaller in size, have a less
negative net carbon footprint individually, but far more are
used; thus, it doesn’t make much sense to compare the
carbon footprints of these different products. A more
important comparison is the carbon footprint of the wood
product with its nonwood alternative. As shown in Table 3,
almost all of these nonwood alternatives require more
energy for their manufacture, and the energy used is almost
entirely fossil fuels containing carbon that has been stored in
coal, oil, and natural gas for millions of years.


Normalizing the net emission savings to a unit of gross
emissions for making wood products or a unit of carbon in
the wood product helps when comparing various wood
products. For example, utility poles result in�5,618 lb CO2


eq net emission savings per pole. However, its normalized
net emission savings per unit of gross emissions pole
production is �5.6, which is near the value of �6.2 for the
SE wood stud product. The normalized values per unit
carbon in the wood product (E/C) are also similar,�2.2 and
�1.8, respectively. The normalized values per unit carbon
are consistent with the reported GHG displacement factor of
�2.1 by Sathre and O’Connor (2009). For all 11 wood
products studied including panel products, the values for
normalized net carbon emissions per unit of gross emissions
(E/A) range from �1.0 to �7.6, with a mean of �4.38 6
1.99. One way to interpret this finding is that, on average,
the use of wood building products avoids the use of about
four times as much fossil fuel as the cradle-to-gate
manufacture of the wood product requires.


The most effective ways to use a unit of wood to offset
emissions is indicated by the normalized value of net
emission savings per unit of carbon in the wood product (E/
C). By this measure, wood use is most effective in use for
solid wood doors, railroad ties, and hardwood lumber,
followed by utility poles, softwood lumber, pine decking,
cedar siding, and hardwood flooring.


Not all wood products have large substitution effects. In
fact, solid wood flooring had a less energy-intensive
nonwood alternative in this analysis, although the assump-
tion that vinyl flooring provides a functional equivalent to
wood flooring is debatable because of aesthetic consider-
ations and the potentially short service life of vinyl. A better
alternative for wood flooring might be ceramic or stone tile,
but we are not aware of LCI data for these products. As such
data becomes available, this type of comparative carbon


emission analysis can be redone to more accurately reflect
substitution scenarios.


Not all the products studied here have simple one-to-one,
nonwood alternatives (i.e., plywood and OSB). Concrete
block walls can be substituted for wood-framed walls that
contain OSB or plywood; however, these walls also contain
other products such as studs and nails. This type of more
complicated substitution scenario was not attempted for this
analysis but can be modeled using tools such as the Athena
Impact Estimator for Buildings (AIE4B; Athena Sustainable
Materials Institute [ASMI] 2014). For a demonstration of
the AIE4B tool using cradle-to-gate manufacturing LCI
data, see Lippke et al. (2004). Without considering the
carbon stored in the wood and not differentiating between
biogenic and fossil CO2 emissions, Lippke et al. (2004)
showed that building wood-framed structures in Minneap-
olis, Minnesota, and Atlanta, Georgia, instead of building
steel- and concrete-framed structures reduced GHG emis-
sions by 26 and 32 percent, respectively, reductions that
were tempered by the fact all structures analyzed had
common concrete foundations. Much larger differences
were found when analyses were confined to assemblies that
contained fewer or no common elements.


Carbon emission savings for some wood products vary by
region. For hardwood lumber, the net carbon emission
savings for the NE/NC region is slightly larger than for the
SE region, about 1.0 percent more, whereas for wood studs
for the NE/NC region, the net carbon emission savings is
smaller than for the SE region, about 13 percent less. There
are two reasons for higher net carbon emissions savings for
wood studs in the SE. First, although more gross carbon is
released in manufacturing of the SE wood stud (5.5 vs. 4.0),
a greater amount of the gross carbon emissions come from
woody biomass (4.2 vs. 2.6); thus, fossil CO2 emissions per
board foot are lower (5.5 � 4.2 ¼ 1.3 vs. 4.0 � 2.6 ¼ 1.4).
Second, the species composition for SE wood studs
(southern pines) has a substantially higher density than
species composition for the NE/NC wood stud, as noted in
Column C in Table 3 (18.5 vs. 14.6; Milota et al. 2004,
Bergman and Bowe 2010a). Denser wood contains more
water than lighter wood at a specific MC. Therefore, denser
wood requires more drying to reach the same final MC
starting from the same initial MC as indicated by higher
gross carbon emissions for the SE than the NE/NC studs
(Bergman 2010). These density differences are not found in
hardwood lumber, which is primarily produced in the
eastern United States (Bergman and Bowe 2008, 2010b).


Conclusions


The reduced carbon emission impacts associated with
woody biofuel use and storage of carbon in long-lived wood
products result in lower net carbon emissions of wood
products compared with nonwood product alternatives. For
the cases we evaluated, the combined GHG emissions
reductions due to biofuel usage, carbon storage, and avoided
fossil emissions are always greater than the wood product
manufacturing carbon emissions. Thus, use of wood
products can help to reduce contributions to GHGs in the
atmosphere that increase the greenhouse effect, with the
caveat that sustainable forestry continues to occur from
product substitution. However, more wood product substi-
tution in the future would cause large removals of wood
during forest harvesting and could violate our assumption of
sustainable forestry. Therefore, this impact would increase


228 BERGMAN ET AL.







the carbon emissions associated with wood products and
thus lessen the effect of substitution.


For some wood products, such as wood flooring, the
nonwood substitutes are not quite equivalent because the
nonwood product is likely to have a substantially shorter use
life. Structural products such as softwood (framing) lumber
and their nonwood substitutes tend to have the same useful
life of the structure, and LCI data are available for both of
these products. The estimated net carbon emission savings
for these secondary wood products would likely be even
larger, e.g., if we used LCI data for more comparable
nonwood flooring products.


Net carbon emission savings for wood products can differ
among regions because of differences in species composi-
tion, and thus density, which influences the amount of
drying energy and carbon emissions. However, these
differences result in minor differences in net carbon
emissions savings.


Our estimates of net carbon emission savings use an
attributional, current period accounting framework to
estimate the emission benefits associated with wood energy
carbon emissions and wood product carbon storage. If we
used an attributional or a consequential dynamic time
framework, the level of carbon emission benefits of wood
energy use and wood product carbon storage would have
been lower but with higher uncertainty. Regardless of the
framework used, these carbon emission benefits would still
offset gross wood product manufacturing emissions. In
addition, using wood products avoids using known energy-
intensive producers of GHGs.
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