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1. Synopsis
One way to reduce the net emission of anthropogenic greenhouse gases is to increase the rate by which plants fix atmospheric carbon dioxide (CO2) into the organic-carbon of ecosystems. This can be done in several ways, such as:

· afforestation to increase the cover of forest on the landscape
· the conversion of annually cropped agricultural land into perennial grassland

· conserving younger forest in which biomass is increasing over time
· and protecting existing older forest against disturbances that would decrease their carbon storage

The accumulation of biomass-carbon in these ecosystems can be calculated and then sold in an emerging marketplace for so-called “carbon credits.” Many of the conservation projects of the Nature Conservancy of Canada represent situations in which ecological carbon credits are accruing over time and could potentially be marketed to willing buyers. This represents a new opportunity to raise funds in support of the conservation work of NCC. 

2. The Natural Greenhouse Effect

Earth’s so-called greenhouse effect is a well-understood natural phenomenon that is caused by the presence in the atmosphere of certain radiatively active gases (also known as RAGs or greenhouse gases). These gases absorb long-wave infrared energy emitted by the surface of the planet as it cools itself of heat generated by absorbed solar radiation. By doing this, the RAGs slow the rate of cooling of the surface and also warm the lower atmosphere. Water vapour (H2O) is the most important of the atmospheric greenhouse gases, followed by carbon dioxide (CO2). Lesser roles are played by trace concentrations of methane (CH4), nitrous oxide (N2O), ozone (O3), carbon tetrachloride (CCl4), and chlorofluorocarbons (CFCs). 

Earth’s greenhouse effect is crucial to maintaining environmental temperatures within a range that life can tolerate. Without this influence the average surface temperature of the planet would be about -18°C, or 33°C cooler than the actual value of 15°C. If the greenhouse effect did not exist, all water on the planet would be in a frozen state and this would make it impossible for organisms or ecosystems to function.

3. Intensification of the Greenhouse Effect

It is well-known that human activities are resulting in large emissions of CO2 and other greenhouse gases, causing rapid and large increases to occur in their atmospheric concentrations. For instance, the concentration of CO2 in the atmosphere has increased from about 270 ppm in 1850 to 380 ppm in 2007, a rise of 41%. A strong majority of environmental scientists believe that this atmospheric change will intensify Earth’s natural greenhouse effect, causing global warming and other important outcomes. Great risks are inherent in these environmental changes, including great damage to the human economy and to biodiversity.

Carbon dioxide is the most important of the RAGs whose concentrations are being rapidly increased by emissions associated with the human economy. The largest anthropogenic sources of CO2 emissions are associated with the mining, processing, and combustion of fossil fuels – coal, petroleum, natural gas, and oil-sand. The clearing of forests is also an important source of CO2 emissions, as is the manufacturing of cement.

4. Reducing Emissions of RAGs

Scientific and societal concerns are rapidly increasing about the socioeconomic and environmental damages that are predicted to result from global warming. Actions are being planned and undertaken to try to mitigate the problem, at international, national, and local levels. The key international action is being implemented by the United Nations Environment Program under the auspices of the Kyoto Protocol of 1997. This treaty is designed to encourage countries with developed economies to reduce their emissions of CO2. Many less-developed countries are also participants in the Kyoto Protocol, but they do not yet have specific commitments to reduce their emissions of greenhouse gases (although they will in subsequent international treaties).

The United States and Australia have not ratified the Kyoto Protocol, believing that such a commitment could be damaging to the structure of their national economies. Nevertheless, both countries are undertaking some important measures to reduce their emissions of greenhouse gases. In 1998, the Government of Canada joined many other developed countries as a signatory to the Kyoto Protocol. Under this treaty, Canada is obliged to reduce its national annual emissions of CO2 to at least 6% below their 1990 levels by the year 2012. Canada’s obligations under this treaty are, however, controversial because of the likelihood that the emissions targets will not be met – in fact, in 2007, our national emissions of CO2 were about 30% larger than they were in 1990. Nevertheless, all levels of government in Canada remain committed to showing substantial progress to meeting our Kyoto obligations.

Ultimately, the targeted reductions of emissions of CO2 and other greenhouse gases can only be achieved by the implementation of effective measures to do the following things:

· reduce the prominence of fossil fuels as sources of commercial energy, such as coal, petroleum, natural gas, and synthetic fuel manufactured from oil-sand;
· increase the use of renewable sources of energy, such as hydroelectricity, wind, solar, and biomass;
· implement intensive measures to reduce the demand for commercial energy, such as improved technological efficiencies, better insulation of buildings, increased reliance on public transit, and a popularization of smaller private vehicles;
· perhaps increase the reliance on electricity generated by nuclear power plants; and
· employ measures to sequester large amounts of CO2 in various ways, including deep storage in secure geological formations and actions that would increase the amount of biomass stored in ecosystems. 

It is the last of these actions that intersect in a large way with the conservation work of the Nature Conservancy of Canada. Because the biomass of ecosystems is ultimately derived from CO2 fixed by plants, any increase in this mode of carbon storage may be regarded as an offset to emissions from various economic activities, such as the combustion of fossil fuels.

5. Carbon Storage in Ecosystems

One way to gain carbon credits by managing ecosystems to promote an increase in the amount of organic-carbon that is stored as biomass (about 50% of dry biomass is carbon). As plants grow, their fixation of CO2 through photosynthesis exceeds their release of that gas by respiration, which results in a net reduction of CO2 in the atmosphere. As such, the uptake of CO2 into plant biomass may be considered to offset an equivalent emission of that gas by the combustion of fossil fuel or by deforestation.

A particularly effective way to achieve ecological carbon-credits is to plant trees onto disused farmland (i.e., by afforestation) – this is because of the small stocks of biomass that are initially present. For instance, the establishment of an area of white-spruce boreal forest would result in the storage of about 100 tonnes per hectare of living biomass-carbon after 100 years, while aspen-dominated boreal forest would accumulate 105 t/ha, Acadian mixedwood 100 t/ha, and coastal Douglas-fir 350 t/ha.

Another way to quickly gain carbon-credits through afforestation is to plant fast-growing species of trees to establish a plantation. This is particularly effective if the intention is to periodically harvest trees as a renewable bio-fuel (especially if fossil fuels are displaced), or to a lesser degree as sawlogs or pulpwood. Compared with the use of land for agricultural purposes, the establishment of commercial plantations will result in large carbon-offset benefits. However, these benefits are smaller than those gained from projects that establish more natural older-growth forests.
In some regions, large areas of agricultural land are potentially available to be afforested. This change in land-use would allow an enormous amount of organic-carbon to be stored, while also achieving other environmental and economic benefits. In North America, millions of hectares of disused agricultural land have reverted to forest since the 1920s, particularly in the eastern provinces and states. There are still extensive areas of economically marginal agricultural land that could be afforested in regions where the climate and soil are suitable. These kinds of ecological carbon credits are viewed as legitimate offsets under the terms of the Kyoto Protocol, and they may be traded in the marketplace to balance emissions of CO2 from other activities, such as the generation of electricity using fossil fuels.

The establishment of wild perennial grassland or tame pasture on annually cropped agricultural land would also provide carbon-sequestration offsets, but on a smaller per-hectare basis than afforestation. The benefits of perennial grasslands mostly involve an increase in the amount of dead organic matter in soil, rather than in living plant biomass.

Another class of carbon credits that is permitted by the Kyoto Protocol involves the conservation of existing ecosystems that are increasing in biomass over time. For example, secondary forests that are recovering from a natural disturbance caused by wildfire or a windstorm, or from an anthropogenic one such as clear-cutting, are increasing in biomass capital over time. Moreover, they will continue to do so until they reach an “old-growth” condition or are again subjected to a stand-replacing disturbance. The carbon credits associated with the successional recovery of these sorts of ecosystems can be tallied and sold in the CO2-offset marketplace. For example, between 50 and 150 years of age a regenerating stand of white-spruce boreal forest would increase in living biomass-carbon by about 109 tonnes per hectare, while aspen-dominated boreal forest would accumulate 74 t/ha over that period, Acadian mixedwood 110 t/ha, and coastal Douglas-fir 275 t/ha. There would also be large carbon-storage benefits associated with increasing amounts of dead biomass in logs lying on the forest floor and in the soil and surface litter. 

Another useful option is to prevent the conversion of natural ecosystems that store large amounts of organic-carbon into others that support less carbon, such as agroecosystems. The most effective way of doing this is to prevent deforestation (i.e., to conserve existing forests), because any permanent loss of forest cover will result in a huge emission of CO2 from biomass that is decomposed or burnt. The conservation of old-growth forest is especially important in this regard. Although old-growth forest has little capability to accumulate additional biomass, the ecosystem provides an important environmental service by tying up so much carbon in its living and dead biomass. As such, the conservation of old-growth forest can be viewed as a CO2-emissions deferral, because any disturbance of this “high-carbon” ecosystem by wildfire, timber harvesting, or conversion into another kind of land use would result in an enormous emission of CO2 to the atmosphere. This is an important rationale for conserving old-growth forest in protected areas. Unfortunately, however, under the terms of the Kyoto Protocol these sorts of CO2-emission deferrals cannot be counted as offsets, and so they have no present value in the carbon-trading marketplace. However, in future international treaties that replace the Kyoto Protocol, it is likely that emissions deferrals by the conservation of existing high-carbon ecosystems will have offset value.
6. Intersection with the Conservation of Natural Ecosystems
Ecological carbon-credit projects also provide important “non-carbon” economic benefits. For example, afforestation projects might be used to provide economic benefits through timber harvesting (although the disturbance involved would decrease the amount of carbon storage). Even if trees are not harvested from a CO2-offset forest, it would be possible to hunt animals such as deer and to engage in other kinds of economically valuable outdoor recreation.
Increasing the area of forest would also have important non-economic benefits in terms of the conservation of biodiversity. Any afforestation projects that are designed to emulate the structure and function of natural forests would provide additional habitat for native species of plants and animals, while also enhancing environmental services related to clean water and air, erosion control, and climate moderation. This would also be the case of projects involving the conversion of annually cropped agricultural land into perennial grasslands.
Moreover, private conservation organizations such as the Nature Conservancy of Canada sometimes engage in projects that involve ecological restoration. Because of the difficulty in reconstructing natural ecosystems, this kind of intensive management is rather expensive. In general, ecological restoration is only done to increase the area of natural ecosystems that have become so depleted in area that they are endangered, and to provide critical habitat for a suite of dependent species-at-risk. For example, NCC has several projects that are intended to increase the area of such endangered natural ecosystems as Garry-oak forest, Carolinean forest, tallgrass prairie, and mixedgrass prairie. In all of these cases, these restoration projects involve the conversion of agricultural land into natural habitats that store much larger amounts of biomass-carbon in the biomass of plants and soil. These carbon credits can be tallied and sold in the CO2-offset marketplace, raising funds to support the projects.
7. Marketing Carbon Offsets

Ecological carbon-credit projects are already being marketed for various purposes. For instance, they are being sold to utilities and other industrial customers who are seeking offsets to some of their operational emissions of greenhouse gases. A high-profile niche market also exists in the form of environmentally conscious entertainment businesses and performing artists who are seeking to eliminate their greenhouse-gas footprint. For instance, the Canadian rock group the Barenaked Ladies is seeking to have a CO2-neutral concert tour, and is achieving this in part by purchasing carbon-credits associated with tree planting (along with the use of biodiesel fuels for their tour bus and other actions). David Suzuki is presently engaging in a similar strategy to have a CO2-neutral lecture tour across Canada.
For a particularly offset project to be certified as legitimate, it is necessary to verify certain of its aspects. It is also possible to sell non-certified offsets, but the value would be considerably lower. In general, certified offsets may be purchased for $5 to $30 per tonne of CO2. For comparison, the per-capita emission of CO2 in Canada is 16.5 tonnes per year.

There is not yet a broad concensus as to what constitutes due diligence in the verification of ecological carbon-offset projects. However, the following criteria are important:

· Are there representative field data related to ecosystem productivity, and are appropriate conversions being used to calculate carbon equivalents from volume and biomass data?

· Are there data on living and dead biomass in all major components of the ecosystem, including vegetation, surface litter, and soil?

· In addition to baseline data on the ecosystem at the time of project implementation, is a reliable model available to predict the increase in biomass over time?

· Will the carbon-offset benefits be protected against wildfire or insect infestation? If any timber harvesting is to be allowed, how will this affect the dynamics of carbon storage in the ecosystem? Relevant consideratiions include the intended use of the harvested biomass, for example, as a source of renewable bio-energy, or to manufacture enduring products such as buildings or furniture.

A growing number of private organizations has been founded to help individuals, companies, and organizations to procure carbon offsets. Examples include Carbonfund (http://www.carbonfund.org/site/), Carbonpositive (http://www.carbonpositive.net/projects/), NativeEnergy (http://www.nativeenergy.com/), and TerraPass (http://www.terrapass.com/). Various organizations are active in the certification of carbon offsets, including the Centre for Resource Solutions (http://www.resource-solutions.org/index.htm), Chicago Climate Exchange (http://www.chicagoclimatex.com/), Edinburgh Centre for Carbon Management (http://www.eccm.uk.com/), Environmental Resources Trust (http://www.ert.net/), and Green-e (http://www.green-e.org/). Ernst & Young and KPMG also provide certification services.
A recent survey by EcoBusiness Links (2007) found a wide range of commercial selling costs of carbon offsets of about US $4 to $40. Recent trends are for lower prices, apparently reflecting a glut of carbon offsets in the markeyplace relative to the commercial demand. However, it is considered that the demand for carbon offsets has been set at an artificially low level. This is largely because many nations of the European Union are on track to meeting their Kyoto targets, while non-compliant countries such as the United States, Canada, and Australia have not yet set much political or regulatory priority on reducing their net emissions of greenhouse gases.
An additional key consideration for organizations like the Nature Conservancy of Canada is that their project-related carbon credits are a relatively “high-end” product. This is because of the greater visibility and marketability of the “non-carbon” benefits of projects in biological conservation. These cumulative benefits are related to the protection and restoration of endangered natural ecosystems and of the habitat of species-at-risk. These non-carbon benefits of NCC carbon-offset projects are an important form of value added that should help to garner premium prices in the marketplace for investment in green projects. 
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