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Welcome to this short, interactive learning experience from the Michigan State University Department 
of Forestry, the U.S. Forest Service, and the Northern Institute of Applied Climate Science, known as 
NIACS. 

You will learn about climate change in relation to forests, how carbon is stored in forests, how policies 
incentivize carbon storage, and how management practices can impact carbon storage. 
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Content will be covered in four parts:   

1. Physical Science Background 

2. Forest Carbon Policy and Markets 

3. Management Considerations for Forest Carbon 

4. Tools and Learning 

Feel free to skip around sections to best suit your learning needs.  
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Part 1: Physical Science Background. 

This section will provide a foundation of forest carbon science, including how carbon is stored and 
absorbed by trees and forests and how forests play a role in global climate regulation. 
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This process begins when a tree absorbs carbon dioxide from the atmosphere through photosynthesis. 
When discussing carbon, we often refer to this process as “carbon sequestration”.  
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Once absorbed by a forest, carbon is stored in various above- or belowground pools. Carbon can be 
stored in living parts of the tree, aboveground in the trunk, branches, and leaves, and belowground in 
the roots.  

Throughout a tree’s life it sheds old leaves and roots as it grows, producing plant waste, including annual 
leaf litter, fallen branches, and dead trees and roots where carbon is transferred into the soil. The 
various elements in a forest that have carbon storing properties, especially those belowground, make it 
difficult to tell at a glance how much carbon is stored in a forest. 

Carbon is naturally returned to the atmosphere as CO2 through respiration by plants and plant 
decomposition.  



Sequestration rates can be calculated by measuring standard tree and forest growth every year and 
increased by planting new trees and forests. If forests are burned, cut, or die from drought or an insect 
infestation, they release the stored carbon, and this can be calculated as well. 

Decomposition can happen quickly if burned by fire or very slowly if in a cold environment. If the forest 
recovers, the carbon also slowly returns to forest carbon pools as the forest regrows through 
sequestration. If the forest doesn’t recover, or becomes a different type of land use, like agriculture, 
that can be considered a permanent loss of stored carbon.   
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Forests act as a sink for carbon, absorbing a significant amount of carbon dioxide from the atmosphere 
through a process of photosynthesis.  Carbon dioxide - or CO2 - is a molecule of carbon and oxygen and 
absorption also takes place in the oceans, in living organisms, and is stored in soils, sediments, and in 
rock minerals.  
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Carbon flows in and out of a forest ecosystem through “fluxes” and carbon is stored throughout the 
ecosystem in “pools”. Carbon flows into land primarily through vegetation, where trees and forests are 
powerful sinks of carbon alongside other types of vegetation, like grasslands.  

Fossil fuels and cement production add additional carbon to the atmosphere beyond what occurs 
through natural carbon cycle fluxes. This increased carbon dioxide in the atmosphere is directly linked to 
climate change. 
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While forest ecosystems are vulnerable to impacts of a changing climate, such as drought, fires and new 
pests, they can mitigate or slow climate change through the removal and long-term storage of carbon as 
trees grow. This capacity of trees to slow climate change is what shapes the management practices and 
policy examples covered in this learning module.  
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Let’s look a little more closely at some important aspects of the carbon cycle.  

Two major concepts are “sources” and “sinks” of carbon.  

Burning fossil fuels is the primary source of CO2 entering the atmosphere over time, but land use change 
is also an important source, for example through deforestation which releases carbon stored in trees, 
other plants, and soil.   

“Sinks” remove CO2 from the atmosphere by absorbing and storing carbon in vegetation, the 
atmosphere, and the ocean. Anthropogenic CO2 emissions, meaning emissions from human activities, 
and natural sinks have changed since the beginning of the industrial revolution in the late 19th century. 
Emissions during this time and earlier periods were primarily from land use change. Over the last 
century, fossil fuel emissions have increased far more rapidly than land-use change emissions and now 
dominate total emissions.  



When CO2 is released into the atmosphere from the burning of fossil fuels, deforestation, or another 
source, the extra CO2 stays in the atmosphere or is absorbed by oceans or by vegetation during growth 
in a net addition to what is naturally absorbed in the carbon cycle. This is why this graphic is mirrored 
across the zero line.  

In other words, carbon sinks - the atmosphere, terrestrial ecosystems, and oceans – store increased CO2 
emissions caused by these anthropogenic carbon sources in addition to the natural flux of carbon 
through these systems. 

While it seems like it’s a good thing that oceans and the atmosphere absorb CO2, it’s important to point 
out that there are negative impacts when the amount of CO2 entering and being held in these pools 
increases. This is evidenced through measurable changes in climate and ocean chemical composition, 
including acidification. We must consider the sources of the increases in CO2 in order to begin to find 
solutions to reduce this undesirable impact. 

Let’s zoom in on human activities from 2006 – 2015 to learn about carbon sources and sinks that 
currently affect the overall CO2 balance.  
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During this period, fossil fuel combustion and land-use change are responsible for carbon sources 
associated with human activities. 91% is from fossil fuels used in transportation, heating, cooling, 
electricity generation, industrial activities, and cement production, while 9% is from land-based activities 
like cutting down forests, or deforestation, and changing land use to agriculture or development.  

These activities disrupt stored carbon, releasing it back into the atmosphere through decomposition or 
burning. This can represent particularly vast quantities of carbon when mature forests or native 
grasslands are lost. 

Forests play a dual role in the overall carbon balance as they can represent both a carbon source – 
through deforestation and land-use change – or a carbon sink. For example, 31% of absorbed emissions 
in this same period are due to land and forests acting as long-term carbon storage.  
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The forest sector carbon cycle includes the natural carbon cycle, as well as human activities related to 
forest management and forest product use.  Forest carbon storage on managed lands can be enhanced 
through purposeful land-use and forest management, including the storage of carbon in harvested wood 
and wood materials.   

Harvested wood material continues to store carbon as long as that material stays in a solid form and 
does not decompose. Carbon can flux from harvested wood back into the atmosphere if burned for 
wood energy, or by decomposition, which happens more slowly in a landfill than would occur in nature. 
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Forest carbon pools vary in the amount of time they can store carbon, due to differing forest types and 
environmental conditions. This amount of time is referred to as a “residence time for carbon”.  



Plant waste can break down in only a few months and acts as a short-term carbon storage. Bark and 
wood take decades to centuries to break down, and soil can store carbon for years to even millennia in 
some cases, representing longer-term storage of carbon.  

This wide variation in residence times is an important factor when considering forests role in climate 
change mitigation and adaptation. When considering management approaches related to carbon 
sequestration, land owners must think about how carbon accumulates and the residence times of that 
accumulation.  For example, a metric ton of carbon stored in wood is more valuable than a metric ton of 
carbon in leaf litter, due to the longer residency time of carbon. 
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In addition to residence times, another important consideration is that different ecosystems store 
carbon differently. The composition, structure, and environmental conditions of a forest influence how 
much carbon is stored and in which pools.  

For example, tropical forests have rapid growth and turnover, leading to rich aboveground carbon 
storage and fast decomposition in case of losses. Comparatively, boreal forests have slow new growth 
and absorption rates but great belowground carbon storage in root systems and soil.  
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This map shows aboveground woody biomass across the conterminous United States. This biomass 
reflects living matter and plant waste, including dead trees, that is measurable above ground.  
Aboveground biomass is relevant for carbon because woody biomass, when dried, is roughly 50% 
carbon. It’s easy to see from this map where higher amounts of aboveground carbon is stored in 
different geographic regions. 
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Differences in geography also show variation in the overall distribution of carbon pools in the United 
States. 

Forests are a consistent and primary store of carbon across the United States. However, other natural 
carbon pools hold a large amount of carbon in some parts of the country.  In the West, forests clearly 
store more carbon per hectare than any other land type, but in the moist conditions of the east, there is 
also important storage in wetlands. 
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To demonstrate how policies and markets affect and can support forests, Part 2 will have two sections: 
The first is the status of carbon storage and sequestration in U.S. ecosystems, and the second is an 
explanation of general policy approaches with an emphasis on carbon markets. 
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With a total 766 million acres of forested land in both public and private ownership, the United States 
has vast resources and a legacy of forestry and forest management. Private forests dominate the 
landscape in much of the US, making up 56% of all forest land, but is concentrated in the Eastern part of 
the United States, whereas the Western part has a higher percentage of publicly owned land. These 



forests provide many goods and resources, including recreational opportunities, natural space, clean 
water, timber, and crucial wildlife habitat.  

Despite this value, forests are vulnerable to development pressures, parcelization - or dividing up 
parcels smaller and smaller over time, changing ownership and owner values, invasive species, and 
climate change. These threats vary depending on where you are in the country, but all introduce new 
sources of risk. 
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Historical records of domestic forest carbon storage show that forests were not a carbon source until 
widespread deforestation and land clearing for agriculture began in the 1800s and early 1900s. By 1950, 
forest regrowth resulted in forests acting as a carbon sink once again. 

Today, U.S. forests continue to act as a net carbon sink and sequester the equivalent of 10-20 percent of 
U.S. emissions annually. With intentional forest carbon sequestration management, including activities 
such as reforestation, afforestation, avoided deforestation, or active forest management, it’s believed 
that this rate of carbon sequestration could be doubled by 2100. 
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Using traditional tools and economics, governmental policies and programs can encourage forest 
protection and management to produce climate and carbon benefits. 

Tax breaks, payments for ecosystem services, conservation easements, and grant programs are all 
examples of direct payments to landowners to encourage specific behaviors. These can be voluntary or 
mandatory, but often exist as voluntary incentives for landowners to pursue individually.  

These are considered direct because they either reduce the tax burden on the landholder or give money 
to them, typically in exchange for undertaking a type of forestland practice with various benefits, 
including carbon storage.  

In a market-based system, land owners receive payments to improve or maintain a forest’s ability to 
absorb and store carbon. Beyond carbon, other market-based programs may look to protect the water 
filtration benefits of forests or habitat for important species. 

Market-based payments for forest offsets are already occurring. Carbon is currently traded in multiple 
markets around the world, sometimes voluntary (called the voluntary market) and sometimes because 
of government regulation (a compliance market).  
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There are significant advantages and disadvantages to both methods of incentivizing carbon storage. 

Direct incentives present an option where participation can be simplified, they make income sources to 
small forest owners more reliable, they are relatively easy to understand, and examples of many 
successful incentive programs already exist.  However, long-term funding or consistency in these 
programs can be an issue, and their impact is limited to the amount of funding earmarked to them. 

There are current successful market-based systems, which are known to be an efficient way to 
encourage behaviors. For example, a market may be able to incentivize investments in cleaner 



technologies, while also providing funding to support forest conservation. However, accessing such 
markets can be complex and profits depend on a fluctuating market price.  
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Given their overall complexity, let’s look more closely at market-based systems. Forest offsets can be 
understood through a simple example of how a policy mechanism can affect the distribution of CO2 
emissions.  

In this example, Business A and Business B have been given the same “allowance” of emissions, meaning 
how much CO2 equivalent they are permitted to release.  In a real-world application, it is likely that 
these businesses would have different allowance amounts, but equal amounts are shown here for 
simplicity. Business A is emitting above their allowance, which can happen if costs to reduce emissions 
are high, like investing in new technology.   

- Business B is emitting CO2 below the allowance limit, perhaps due to recent investments to 
improve operations or a transition to renewable energy sources.   Business A can choose to 
purchase offsets created by a working forest, shown here in green, to offset its excess 
emissions, or it can purchase the extra allowances held by Business B. Offsetting means that 
though the emissions are still released, activities elsewhere absorb or avoid the same amount 
CO2 that was emitted.   

The forest is not directly related to the businesses and their emissions until they are linked by a market. 
A carbon market is established when these three entities – a business with excess emissions, a business 
with emissions below the established allowance, and an offset-producing project – join to balance the 
CO2 emissions amongst them.  

- Recall that Business A is OVER their emissions allowance, that means they can either purchase 
the extra allowances from Business B OR purchase carbon credits from offsets to emit at or 
below the emissions allowance, referred to as being “in compliance”.   

- Business B has extra allowances, so they can sell their allowances on the market. Finally, the 
forestland owner can certify offsets from their forest management activities and put them on 
the market for sale. 
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A forest owner creates forest carbon credits to earn income for preservation of forest carbon pools 
present in the forest. This activity is often referred to as a “forest carbon project”.  

As these credits are purchased to offset emissions elsewhere, as in the previous example, these are 
referred to simply as “offsets”. 

The number of credits a project will earn is determined by the methodology chosen, the ecological 
conditions, specific management practices implemented, and a variety of other factors.  

Each credit is equivalent to 1 metric ton of carbon dioxide equivalent. To create a credit that is 
recognized and trusted to be equivalent to 1 metric ton of CO2, guidance must be followed to accurately 
measure the carbon stored in the forest and show that any activities are delivering a carbon benefit.  
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There are many forest management options for reducing carbon emissions or increasing carbon 
sequestration.  Mitigation considerations may be new to some decision-makers, but resources and 
training are available.  
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Forests are typically managed to provide benefits including recreation, wood products, biodiversity, 
habitat, spiritual value, water filtration, and soil health.   

Planning for carbon is often a natural fit with these other management objectives, as they typically 
overlap in their overall practices and goals. Most of what is already considered “best practices” in 
forests have significant carbon and climate benefits. Managing a forest for carbon is not likely to be a 
major diversion from current forest goals but can be a way to leverage financial benefits that can help us 
conserve and care for forests in the long-term. 
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Management of forests for carbon storage and climate benefits are often discussed in terms of 
adaptation and mitigation.  

Adaptation refers to actions that reduce the vulnerability of forests to climate change and promote 
forest health. Mitigation refers to activities that reduce the effects of climate change by reducing CO2 
emissions and enhance forests’ ability to absorb and store carbon. Mitigation includes the avoided loss 
of stored carbon and activities promoting wood-use as a sustainable substitute for more carbon-
intensive materials. 

There are differences between mitigation of and adaptation, but for forests, the benefits and 
approaches often overlap.  

Some examples of these activities include:  

• Improving the ability of forests to resist pests and pathogens; 

• Removing or preventing the establishment of invasive plant species; 

• Protecting forests from severe fire and wind disturbance; 

• Promoting diverse age classes with in stands;  

• Enhancing plant diversity, (particularly of species better adapted to future conditions) 
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There are three major management approaches used to increase carbon sequestration and carbon 
storage in the forest sector: increase or maintain forest land, maintain or increase carbon stocks, and 
increase of wood use.  

Increasing or maintaining forestland means to protect current forests and increase forests area. To 
maintain or increase forest stocks means to change management to protect or increase carbon stored in 
forest pools, such as living trees and soil.  Increased wood use is important for “working forests”, or 



forests that grow trees for timber. These forests can continually draw in more carbon that can be stored 
in long-lasting wood products.   

- There is also something called the “substitution effect”, which occurs when you use wood in 
place of a material that creates more emissions in production like cement or steel. Substitution 
replaces fossil fuels with wood-based energy and products, like in tall wood buildings or energy 
from woody waste material.  

- Wood products also store carbon as long as they are in solid form.  The wood used in 
construction and furniture can store carbon for a very long time. 
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The carbon Management strategies which focus on maintaining and increasing forest and carbon stocks, 
are often pursued through well-known activities, including:  

• Afforestation, or establishing a forest on land not previously or recently forested 

• Reforestation, establishing a forest on land that was recently forested 

• Restoration, or restoring tree cover on land not at optimal stocking levels 

• Avoided Conversion, or prevention of the conversion of forest to non-forest where there is a 
high likelihood of tree and carbon loss; and  

• Improved Forest Management, or any activity to maintain or increase carbon stocks like 
increased rotation age and reduced impact logging.  

These activities are the most commonly used to create forest carbon credits in a forest carbon project.  
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To understand how one of these activities leads to the creation of a carbon credits, we first need to 
measure a given forests’ current carbon storage or sequestration levels without any intentional 
management activity. This is referred to as the “Baseline”.  

Next, we’ll need a measured estimate of future carbon storage following the introduction of a proposed 
management activity.  

When compared to the baseline, increases in carbon storage and/or sequestration levels create a 
“Benefit”. This benefit amount, which would be an estimated amount of carbon, is what is used to 
create a carbon credit. After implementing a management activity with a benefit, a forest owner can 
receive credits or direct payments for that amount of additional carbon sequestered. If a credit is given, 
this can then be sold to businesses trying to meet allowance requirements.  
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In review, Forests offer wide-ranging benefits for water filtration, habitat provision, air quality, 
recreation, and carbon storage. Intentional management approaches can protect forests while also 
incentivizing management practices to improve forest health and increase carbon storage. 



There are specific activities in major categories including afforestation and reforestation, restoration, 
avoided Conversion, and improved forest management.  

Forest carbon management approaches have benefits that accrue over time, compared to a baseline, 
making long-term planning for forested lands necessary to achieve many benefits. 
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Additional training and learning will be crucial for successful participation in forest carbon decision-
making in relation to the issues of science, policy, and management covered today. Michigan State 
University and our partners have a variety of options available, both in the form of formal learning 
opportunities and informal learning networks.  
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Formal learning in forest carbon is offered through the Forestry Department’s Forest Carbon and 
Climate Program. The Program’s online Graduate Certificate in Forest Carbon Science, Policy, and 
Management can serve as both a professional development opportunity or be included in a graduate 
degree.  

The Program is expanding to offer online short courses, which will provide focused training to 
professionals in forest carbon measurement, monitoring, and policy and finance. Additional engagement 
opportunities with the Forest Carbon and Climate Program include free webinars and a newsletter. 

Slide 32:  

There are numerous additional networks for support and learning that can serve as great resources for 
those pursuing carbon management practices and project design. 

These include the Climate Learning Network, who host webinars, videos, and discussion groups focused 
on climate impacts, Society of American Foresters that is rolling out short online training for continuing 
education credit, Association of Natural Resource Extension Professions, and the Northern Institute of 
Applied Climate Science. For a list of contact information, please click on the logos below. 
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Specific to forest carbon estimation, there are many tools available to assist in the project design 
process. These are provided by the USDA and the US Forest Service. 

Please note that no tool is “all-purpose” and when choosing which to use, trade-offs of cost, generality 
versus accuracy, spatial scale, and other factors must be considered. Additionally, most USDA tools are 
not appropriate for use outside of the United States, as they are largely based on data from the U.S. 
Forest Inventory Analysis Program.  
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Thank you for participating in the Forest Carbon Science, Policy, and Management mini-course!  Please 
visit the FCCP website or the U.S. Forest Service website to find out more about learning opportunities 
and access to additional materials. 

 




