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06.
MOUNTAIN PINE BEETLE

ABSTRACT
This report accesses the potential carbon emissions of harvesting dead lodgepole pine as a result of an out-
break of mountain pine beetles.  The report reviews the potential benefits (pros) and the many concerns (cons) 
about the harvesting practices and strategies utilized to mitigate the socio-economic and carbon emission 
impacts of mountain pine beetle outbreak. The goal is to help designers better understand the potential impli-
cations of specifying wood products. Could current harvesting practices emit more carbon than is estimated to 
be released by the dead and decaying trees? 

DEFINITIONS:  
Allowable Annual Cuts (AAC) - The rate at which timber is made available for harvesting in response to social, 
economic and environmental considerations. The AAC is determined either by the Chief Forester in British 
Columbia or by forest managers for individual Forest Management Units (FMUs), in partnership with provincial 
government.
Afforestation – The process of establishing a forest on land that is not a forest or has not been a forest for a 
long time. 
Biomass (ecology) – The mass of living biological organisms in a given area or ecosystem at a given time. 
Biomass can refer to a single species, which is the mass of one or more species, or to a community, which is the 
mass of all species in the community including microorganisms, plants and animals.
Bycatch – Species of trees cut down during a clear-cut that is not the intended or sought-after species. 
Early successional species – Species that are fast-growing, well dispersed, opportunist species (r-selected 
species). As succession proceeds, these species are replaced by more competitive, shade tolerant (k-selected) 
species.
Girdling – Also called ring barking, is the process of completely removing a strip of bark, including the phloem, 
cork cambium and cork, around a tree’s outer circumference, cutting off it’s flow of water and nutrients. Gir-
dling is used as a silvicultural practices to thin a forest stand, by accident or by herbivores who feed on bark. 
Mountain pine beetle – Dendroctonus ponderosae, a species of bark beetle native to the forests of western North 
America from Mexico to central British Columbia. 
Pheromone baiting – The practice of using pheromone (semiochemical) baits to manipulate the behavior of bark 
beetles by attracting and concentrating new attacks to baited trees that can be managed and removes easier. 
Phloem - The innermost layer of bark which transports nutrients, specifically sucrose, from the leaves to other 
parts of the tree.
Pupae – A life cycle stage for holometabolous insects that undergo a complete metamorphosis of four stages of 
life: embryo, larva, pupa and imago. The pupal stage follows the larval stage and proceeds adulthood or imago. 
Secondary structure
Silviculture – The science (and art) of controlling the growth, establishment, composition, health and quality 
of a forest to meet management goals. Silvicultural practices will vary depending the management goals and 
objectives (i.e. productions of wood vs. habitat quality) 
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1.0 INTRODUCTION
This report accesses the potential carbon emissions of 
harvesting dead lodgepole pine as a result of an out-
break of mountain pine beetles. The current mountain 
pine beetle attack began in 1997 and is estimated to 
have peaked in the summer of 2004 affecting 13.5 mil-
lion hectares or 141 million cubic metres of pine (Brit-
ish Columbia Ministry of Forestry). The current attack 
is ten times larger than any known historical attack. 
The largest previous outbreak occurred between 1930 
and 1936 and peaked at 650,000 hectares. The out-
break of the pine beetle infestation has caused British 
Columbia’s forests to become a carbon source instead 
of a carbon sink. Researchers from the Canadian For-
est Service report that an extra 990 million tonnes of 
carbon dioxide, or 270 million tonnes of carbon will be 
emitted into the atmosphere, which is equivalent to five 
times the annual emissions from all the cars, trains and 
planes in Canada. However, could current harvesting 
practices emit more carbon than is estimated to be re-
leased by the dead and decaying trees?

There are a number of other environmental issues as-
sociated with the harvesting and use of dead lodge-
pole pine that are not addressed in this report such as 
habitat loss, erosion of topsoil, impacts to the natural 
hydrological cycle or socio-economic impacts. Natural 
disturbances such as pine beetle attacks play an impor-
tant role in maintaining ecosystem processes. Natural 
disturbances create diversity on spatial and temporal 
scales, which are important for forest health, productiv-
ity and biodiversity1. The fact that we are not addressing 
these issues in this report should not reflect negatively 
upon the importance of these issues.

1.1 Climate Change
The main increases in atmospheric levels of carbon di-
oxide are attributed to the burning of fossil fuel and land 
use change, specifically deforestation.  The reduction 

of carbon dioxide emissions from fossil fuel use is of 
major concern and must be addressed however, emis-
sions can also be offset, to a degree, by accumulation 
in carbon sinks such as plant biomass and oceans. Key 
individual GHG mitigation options in the U.S. and Cana-
dian forest industry include:

• Afforestation 
• Sustainable forest management, (i.e. thinning, 

removing dead wood or planting trees to fill in an 
under-stocked stand)

• Forest preservation 
• Fertilization, improved stocking, species mix and ex-

tended rotations 
• Modified harvesting practices (extending average 

life of trees until mature)
• Fire suppression and management
• Increase use of wood products, (i.e. substitute wood 

for concrete/steel)
• Extended wood product life
• Recycle wood and paper products

Sequestration of carbon dioxide in plant biomass and 
oceans as well as capturing carbon dioxide in carbon 
stores such as wood products does not offer the ulti-
mate solution towards stabilizing carbon dioxide con-
centrations, but if part of a broader package of options, 
with clear energy emission reduction measures, can 
have a significant contribution. 

Currently, the average service life of a wood framed 
house is 80 to 100 years and the construction indus-
try uses nearly 47% of all softwood harvested, therefore 
the building industry can make a significant contribu-
tion to the reduction of carbon dioxide by specifying 
wood materials. The embedded energy of wood prod-
ucts compared to steel or concrete is significantly less. 
The Athena Institute completed a study showing that 
wood framed homes generated 26 to 31 percent less 
greenhouse gas emissions when compared to a steel 
and concrete framed house. 

Skip and skid – These are two methods used for primary transport of felled logs from their original point of 
extraction (or felling) to a landing or processing location. Skidding is the movement of felled trees or logs to a 
landing or processing location by dragging on the ground by an animal (mule or oxen) or mechanically with a 
rubber-tired skidder or tracked skidder.
Succession – Refers to (more-or-less) predicable and orderly changes in the structure and composition of an 
ecosystem after a disturbance such as a fire. 
Understory – The term for the area of a forest which grows in the shade of the forest canopy. This includes 
seedlings, saplings, shrubs and herbs. 
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1.2 Lodgepole Pine
Approximately 141 million cubic meters of lodgepole 
pine has been affected by mountain pine beetle attacks 
throughout British Columbia (British Columbia Ministry 
of Forestry). The lodgepole pine grows throughout the 
northwest, has relatively thin bark and a shallow root 
system. Because the lodgepole pine has little taper and 
thin bark it produces a high volume of wood, which 
makes it ideal for the timber industry. Province wide 
lodgepole pine accounts for 25% of the timber supply 
annually and up to 80% in some central interior areas1. 
The lodgepole pine grows rapidly where competition 
is limited for about 60 years at which time maturity is 
reached.  The pine beetle plays an important role in the 
lodgepole pine forest ecosystem by opening the canopy 
allowing needed sunlight to young lodgepole pine and 
thinning the forest allowing for diversity of species and 
age classes. 

Lodgepole pines become susceptible to attack by 
mountain pine beetles when they reach at least 15 cen-
timeters in diameter, which is typically at about 60 to 80 
years of age1. At low populations pine beetles attack old 
and weak trees, which are more susceptible to attack. 
However, once the pine beetle populations become 
large and have increased beyond some critical thresh-
old, pine beetles can successfully over power younger 
healthier trees. Currently over 2/3 of the lodgepole pine 
in B.C. forests are 60 years or older, which is one of the 
factors that has fuelled such a catastrophic outbreak.

The abundance of equal age lodgepole pine stands 
is due to widespread fires in the late 1800s and early 
1900s during the European settlement. The settlers’ 
slash and burn techniques were ideal for the lodgepole 
pine due to it being an early successional species. Fire 
suppression policies and practices during the 1970s, 

used to save timber stocks, also helped to create con-
tinuous stands of even-aged stands. The British Colum-
bia Ministry of Forests and Range estimate that cur-
rently British Columbia has three times more mature 
lodgepole pine than it did 90 years ago. The second 
factor contributing to the magnitude of the current out-
break is climate change. Under normal conditions pine 
beetle populations are kept in control by freezing tem-
peratures. Temperatures below -35 degrees Celsius for 
several days will kill off large numbers of pine beetle 
eggs and pupae. The warming temperatures during the 
winter and dry summers have been ideal for pine beetle 
populations. Additionally, these hot and dry summers 
drought-stress the trees leaving them weak and more 
susceptible to attacks by the mountain pine beetle.    

1.3 The Mountain Pine Beetle (D. ponderosa)
Lodgepole pine is extremely susceptible to mountain 
pine beetle attacks. The pine beetles attack in July or 
August by tunneling through the bark and lying eggs 
in the phloem. The beetles introduce blue stain fungi 
into the tree, which inhibits the tree’s resin (sap) out-
put, effectively disabling the tree’s only defense mecha-
nism as well as staining the wood blue. This allows the 
beetles to burrow under the bark without resistance 
from the tree. Once hatched, the beetle larvae feed on 
the bark, eventually causing girdling (removing a ring 
of bark which dissects the phloem and cork cambium, 
stopping the flow of nutrients and water throughout the 
tree) killing the tree. There are four factors that influ-
ence beetle populations: structure of stands, phloem 
thickness, moisture content and climate. Cold winters 
and forest fires usually function to keep the mountain 
pine beetle populations low. 

1.4 Current Harvesting Practices
There are two types of harvesting for lodge pole pine; 
salvage harvesting, which refers to the logging of dead 
red and grey areas after beetle broods have passed 
through and sanitation harvesting, which refers to the 
logging of infected wood that house hibernating beetle 
larvae.  Because beetle larvae overwinter in a tree and 
emerge as adults in the spring there is a chance that in-
fected wood can be removed before the beetles emerge 
in the spring and attack new healthy trees.  Currently, 
the British Columbia Chief Forester is allowing Annual 
Allowable Cut (AAC) uplifts to forests for “salvage” har-
vesting. Unfortunately, the Forest Practices of British 
Columbia Act does not distinguish between salvage log-
ging and sanitation logging. Therefore, in forests where 
there are infected trees still hosting beetles, healthy 
trees are being harvested in addition to infected trees 

Figure 1: Age distribution of pine-dominated stands in B.C. 
(Adapted from Ref. [1])
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under the regime of “salvage” logging when clear-cut 
harvesting methods are used instead of selective har-
vesting or partial cuts.  Additionally, other tree species 
are being harvested along with the dead and infected 
lodgepole pine. Currently, one or more non-pine spe-
cies is being harvested for every two pine trees harvest-
ed during “salvage” logging4.

2.0  POTENTIALS FOR HARVESTING SALVAGE  
       WOOD

2.1 Carbon Stocks in Forests
Forests are the largest terrestrial reservoir for atmo-
spheric carbon.  Trees absorb carbon dioxide from the 
atmosphere through photosynthesis and use the carbon 
to build physical components such as branches, roots 
and leaves. Trees also release carbon dioxide through 
respiration, decomposition or when they burn. When a 
forest sequesters more carbon through photosynthesis 
than the release through respiration or decomposition 
it is considered to be ‘carbon sink’. The current carbon 
stock in tree biomass comprises half of the atmospheric 
storage and is continuing to grow despite deforestation8.  
There are five storage pools in forests:

• Above ground biomass, which includes all living 
biomass above the soil including stem, stump, 
branches, bark, seeds and foliage.  This category 
includes live understory.

• Below ground biomass, which includes all living 
biomass of coarse living roots greater than 2 mm 
diameter.

• Dead wood, which includes all non-living woody bio-
mass either standing, lying on the ground or in the 
soil.

• Litter, which includes the litter, fumic and humic 
layers and all non-living biomass with a diameter 
less than 7.5 cm at transect intersection lying on 
the ground.

• Soil organic carbon (COC), including all organic ma-
terial in soil to a depth of 1 meter, but excluding the 
coarse roots of the above ground pools8.

Left entirely to nature, forests will achieve a climax 
stage, where the site is supporting the maximum 
amount of biomass that soil fertility, rainfall and tem-
perature conditions will allow. At this point, the forest 
carbon capacity only grows as trees fall from age, wind, 
landslip, disease or fire. Not harvesting results in more 
onsite carbon storage than sequential harvest scenar-
ios, regardless of rotation age, as shown in Figure 2.

Younger trees, in vigorous growth, absorb more carbon 
dioxide than mature trees, which will eventually die and 

rot, returning their store of carbon dioxide to the atmo-
sphere, while most of the carbon captured in the trees 
harvested from a managed forest will continue to be 
stored throughout the life of the resulting wood product. 
Additionally, a well managed forest has less soil dis-
turbance and higher biodiversity, which also increases 
carbon stores (Possible management strategies are dis-
cussed in the conclusion). However, the largest source 
or sink of carbon in sub-boreal forests and most other 
forest types are found in old growth areas or stands3. 
Thus, proper management of young forests and protec-
tion of old growth forests is essential.  

2.2 Harvesting of Dead Lodgepole Pine
Once a forest reaches its carbon sequestration (bio-
mass) capacity, the carbon capacity of the forest can 
only be increased by removing and storing biomass. 
If sustainably harvested and ‘stored’ in wood products 
such as lumber or paper products, harvested wood 
can become carbon stores and help to optimize forest 
carbon sinks. Wood products are carbon stores, rather 
than carbon sinks, as they do not themselves capture 
carbon dioxide from the atmosphere, but they have an 
important role in enhancing the effectiveness of the for-
est sinks, both by extending the period that the carbon 
dioxide captured by the forests is kept out of the atmo-
sphere and by encouraging increased forest growth by 
giving the industry an incentive to plant new trees in 
their place. There are two harvest wood product pools:

• Harvest wood products used in buildings and con-
sumer products

• Harvest wood products in landfill
Increasing demand for wood as opposed to other build-
ing materials such as steel or concrete would also con-
tribute to an increase or replanting of forests previously 
cut down for agricultural purposes (afforestation).  In-
creasing the amount of forests will increase the global 
forest carbon sink and decrease the amount of carbon 
in the atmosphere. Currently, the biggest potential to 
increase carbon sequestration is in afforestation of mar-
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Figure 2: Carbon storage in the forest pool for 45, 80, 120 year 
rotations or harvest cycles and no harvest option that should 
be considered a potential maximum for carbon storage in the 
forest pool7. (Adapted from Ref. [7])
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ginal agricultural lands. In a report prepared for the Pew 
Center on Global Climate Change it estimated that con-
version of an estimated 115 million acres of marginal 
agricultural lands in the Unites States to forests could 
sequester 270 million metric tons of carbon per year 
over a period of 100 years, which would offset nearly 20 
percent of current emissions of carbon dioxide from US 
combustion of fossil fuels5. 

2.3 Harvesting Sanitation Wood
The selective harvest of infected pine beetle wood 
(sanitation wood) during the sanitation process could 
provide a number of benefits including the opportu-
nity for younger pine trees in the understory to grow 
more rapidly and regenerate. The infected older adult 
lodgepole pines grow significantly slower than young 
lodgepole pines and therefore would not be sequester-
ing as much carbon dioxide as a young growing tree. 
This provides an opportunity to replace the old and 
sick wood infested with beetle larvae with young trees, 
which would increase carbon sequestration capacity 
of the stand. Selective harvesting will also retain forest 
structure and prevent future out breaks because of the 
varied ages of trees.  

3.0 CONCERNS AND DISCUSSION

3.1 Forest Fires
Carbon is ‘captured’ in wood until it is released either 
by burning (in wildfires or for energy) or by decompo-
sition.  An increase in the number of forest fires and 
higher-intensity forest fires due to the presence of dead 
wood, debris and hotter, dryer summers could poten-
tially release stored carbon into atmosphere. For the 
first few years after a pine beetle attack while the dead 
lodgepole pine trees still retain their needles, the risk 
of forest fires increases. Once the dead lodgepole pine 
trees lose their needles the risk declines until the dead 
trees fall providing fuel for ground fires.  One study of 
ponderosa pine forests in Idaho estimated that a high-
intensity wildfire consumed an average of 79.5 metric 
tons of fuel and emitted approximately 132 metric tons 
of carbon dioxide per acre. Large areas of dead pine 
stands represent a potential fire hazard.  The Province 
is directing fuel management activities in beetle areas 
to reduce threats to communities located in the infesta-
tion zone.  

However, wildfires are essential for a healthy forest cre-
ating a patchy ‘mosaic’ landscape, increasing species 
diversity and quality of habitat. Lodgepole pines are an 
early successional species intolerant of shade and have 

serotinous (sealed by pitch) cones that do not open 
until they are heated by fire or direct sunlight.  Thus, 
lodgepole pines will not regenerate under a closed 
canopy.  Forest fires and other natural disturbances are 
essential to the reproduction and growth of lodgepole 
pine. Thinning of the forest by forest fires will increase 
young lodgepole growth by eliminating competition and 
opening up the canopy.

3.2 Allowable Annual Cut Uplifts
Forest companies, with approval from provincial regu-
latory agencies, have inserted AAC uplifts into their 
annual harvesting plan increasing the harvesting rate 
higher than long term sustainable harvest levels (as de-
termined by the Chief Forester). The AAC for Quesnel 
TSA rose by 39% to 3.248 million cubic meters1, a 50% 
increase in the 100 Mile House TSA4, and a 103% in-
crease in the Lakes TSA. The uplifts were set in place 
because the dead wood’s economic value is believed 
to be degrading. However, the dead trees could stand 
for many years before beginning to breakdown and de-
compose. A study of stands killed by the mountain pine 
beetle in 1979, found that approximately half of the at-
tacked trees were still standing and still sound 25 years 
after the attack9. Additionally, the stands were able to 
develop a unique multi-aged and size stand structure, 
which had considerable habitat value because it includ-
ed elements of dead standing wood, fallen trees and a 
healthy understory. The study also found that the lodge-
pole pine trees able to withstand the attack (which gen-
erally ranged from 10 to 50%) grew significantly faster 
after the epidemic. The average increase according to 
this study was 44% greater9.

AAC uplifts will have detrimental long-term effects on 
the forest ecosystems and the forest’s capability to 
sequester carbon.  AAC uplifts have been pushed by 
economic and community interests in order to mitigate 
the economic losses, however, AAC uplifts will also have 
a detrimental impact to the timber industry’s economy 
during the re-growth of forests. After clear-cutting the 
replanted seedlings will take 60 or more years to reach 
harvesting age, yet if the forests are left to naturally re-
generate the younger and smaller trees in the under-
story would be ready to harvest within 20-30 years, 
significantly less time, which will lessen the economic 
impact4.

As noted in section 1.4, many mixed forests, forests 
with a high percentage of healthy trees and forests with 
high numbers of understory (non-pine) trees are be-
ing harvested under the guise of ‘salvage’ logging. The 



Mountain Pine Beetle

increase in AAC for salvage logging has also increased 
the harvesting of other species, (as ‘bycatch’) which 
would otherwise continue to sequester carbon until 
harvested in the midterm (30-40 years). Many of the 
forests affected by the mountain pine beetle are mixed 
forests with Douglas fir and true fir species. Roughly 
39 percent of forests in British Columbia are comprised 
of forests that contain 90 to 100% pine. The other 60 
percent are comprised of mixed forests dominated by 
other species. If the salvage harvesting efforts were fo-
cused only on the dead or infected lodgepole pine trees, 
other species of trees as well as healthy young lodge-
pole pine could be harvested in the midterm while the 
clear-cut salvaged forests are re-growing, softening the 
economic impacts. This would require using alternative 
harvesting methods such as partial cutting. In a report 
provided to the Chief Forester on the abundance of 
secondary structure in lodgepole pine stands affected 
by the mountain pine beetle concluded that only 20 to 
25 percent of pine dominate stands lacked adequate 
secondary structure to regenerate without human in-
tervention and were primate candidate for total salvage 
harvesting and replanting6. The report also stated that 
20 – 30 percent of affected stands had sufficient un-
derstory to regenerate and the other 40 – 50 percent 
had other species that could provide midterm harvest 
opportunities. 

3.3 Clear-cutting
The main method of harvesting used in British Colum-
bia is clear-cutting in which most of the trees from an 
area are harvested leaving a large open area suscepti-
ble to erosion and loss of soil moisture due to increased 
temperatures. Environment Canada reports that clear-
cutting is used for 99% of harvesting along the coast of 
BC and 90% in the Boreal Forests. Clear-cutting is the 
most efficient and safest harvesting method which also 
makes it the cheapest method as the cost of insurance 
for manual harvesting methods is 3 to 4 times higher. 
There is much concern that clear-cutting eliminates ex-
isting green and healthy trees of all ages. Ben Parfitt, in 
Over-cutting and Waste in British Columbia’s Interior, 
estimated that one or more non-pine tree is being har-
vested for every two infected/dead pine trees.  Addi-
tionally, once clear-cut the stand of trees replanted will 
be largely of the same age and once old enough to be 
susceptible to a pine beetle attack the whole stand of 
trees will be infected and preventative measures cannot 
be used. Several studies have shown that clear-cutting 
practices used in the past have contributed to the se-
verity of beetle infestation due to a lack of age diversity 
among the trees.  

Removing all above-ground biomass and subjecting the 
soil to heavy mechanical disturbance to prepare for tree 
planting may, in some cases, encourage faster growth 
of new crop, but is likely to result in relatively higher soil 
carbon emissions than other harvesting and regenera-
tion methods.  Maintaining woody debris and standing 
trees for partial shade while minimizing soil disturbance 
may reduce early tree-growth rates, but can have the 
benefits of lower carbon emissions and retaining larger 
carbon stocks on site. A study completed by Dr. Fre-
deen showed that salvage logging will contribute to 
increased carbon dioxide emissions, as it can disturb 
the forest-floor plant life and soil. Fredeen found that 
carbon dioxide monitoring stations above infested ar-
eas have, in their first year, shown a six-fold increase 
in carbon emissions above logged plots compared to 
infested areas left to decay2. Additionally, boreal/sub-
boreal regions in Canada are estimated to hold 65-104 
Gt of carbon within the soil or eight times the amount 
stored in the plant biomass.  

A study completed by University of Northern British Co-
lumbia showed that clear-cuts were clear sources for 
carbon dioxide 5 to 6 years after harvesting not becom-
ing sinks for carbon dioxide until sometime between 8 
to 10 years3.  They found that clear-cuts are net carbon 
sources for 8 years because the below ground respi-
ration exceeds photosynthesis which equal losses of a 
total of 33 tonnes per hectare over 8 years. Soil dis-
turbance and increased rates of decomposition in soils 
can lead to emission of carbon into the atmosphere, 
with increased soil erosion and leaching of soil nutri-
ents further reducing the potential for the area to act 
as a sink for carbon.  Scientists estimate that the total 
potential carbon sequestration in world soils could be 
as much as 1.2 Gt per year depending on management 
practices and amount of nitrogen. They concluded that 
partial cut harvesting conserves the greatest amount of 
carbon because it have the lowest impacts on soils and 
leaves the secondary structure intact. However, partial 
cut harvesting, if not managed well, can result in ‘junk’ 
forests with little economic and habitat value. 

4.0 CONCLUSIONS
The current pine beetle attack in British Columbia is the 
largest attack in recorded history, affecting 13.5 million 
hectares. The carbon dioxide emission estimates for the 
dead lodgepole pine are 990 million tonnes, which is 
higher than the estimated annual carbon dioxide emis-
sions for all of Canada. This estimate, however, does 
not reflect the harvesting methods nor the lost potential 
carbon sequestration capacity of healthy trees cut down 
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as by catch during a clear-cut. Ultimately, protecting 
and allowing the understory and secondary structure 
of stands to grow and dominate the stands will change 
the composition and structure of the stands. The stands 
will not be dominated by even aged lodgepole pine, the 
ideal composition for loggers wanting to make a profit. 
Markets will need to open up for other species and 
management practices will need to change. Ultimately 
if we continue to clear-cut and replant lodgepole pine 
species we will be setting ourselves up for another ca-
tastrophe in 60 to 80 years. While there are 20 to 30 
percent of stands that do not have adequate secondary 
structure to regenerate on their own, the other 60 to 
70 percent of stands could provide environmental and 
socio-economic benefits during the midterm. 

In the midterm small-scale treatments such as patch 
cuts and selection harvesting for infested trees, phero-
mone baiting, helicopter logging of infested areas, mo-
saic burning, partial cutting for specific species, age 
class manipulations and thinning are all strategies to 
reduce carbon emissions associated with clear-cutting 
as well as help to prevent further mountain pine beetle 
attacks. Additionally, increasing soil carbon seques-
tration though judicious land use and recommended 
management practices such as adding high amounts 
of biomass to the soil, reduction in soil disturbance, im-
proved soil structure, enhancing microbiotic activity and 
increasing species diversity of soil fauna and strength-
ening mechanisms of elemental cycling will also reduce 
emissions and increase productivity. Using these man-
agement practices, soil sequestration can be sustained 
for 20 to 50 years or until the soil sink capacity is filled.
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