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Abstract 
As a huge natural carbon sink, forest ecosystems have carbon sequestration benefits that 
play an extremely important role in global climate mediation. Considering the forms of 
carbon sequestration in forests, this paper investigates the benefits of forest carbon 
sequestration in terms of direct and indirect carbon sequestration, respectively. And 
then forest carbon pools were classified into five types, and carbon storage was 
calculated using the biomass and volume method. Finally, two forest carbon 
sequestration management models applicable to different situations were derived as a 
way to achieve a dynamic balance of forest carbon sequestration value. 
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1. Introduction 

With the rapid development of science and technology, at the same time as the economy continues to 
grow, the global climate has changed significantly and extreme climate phenomena occur frequently. 
There is a consensus on the enormous impact of greenhouse gases on the global climate. As an 
important greenhouse gas, technologies such as controlling CO2 emissions and enhancing CO2 
uptake have become the main means of current research.[1] In addition to carbon capture, mineral 
sequestration and other technologies, forest ecosystems can make a significant contribution to global 
climate regulation as huge natural carbon sinks, both in terms of reducing carbon emissions and 
increasing carbon dioxide uptake.[2]. 

Unlike petroleum, natural gas, and others, forests are renewable and under certain conditions maintain 
stability. Forest resources are a whole of resources with life. Through the energy conversion and 
information transfer of each component within the resource, biodiversity continues to develop, as 
well as forest resources expand in area and improve in quality.[3] While forest resources are a huge 
carbon sink, they are also a very important source of carbon. During harvesting, most of the carbon 
stored in forest biomass is rapidly released into the atmosphere, and only a portion of the harvested 
wood and its wood products can be stored for a longer period during the product life cycle.[2],[4] 
Therefore, deforestation significantly alters the balance between national forest resources and forest 
product use, a balance that is an important component of national-level carbon sequestration analysis 
in UNFCCC Parties.[5]. 
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2. Carbon Storage Model 

2.1 Forest Carbon Sequestration and Forms 

Studies have shown that forest biomass accounts for about 90% of the biomass of the entire terrestrial 
ecosystem, production accounts for about 70% of the terrestrial ecosystem, and the carbon content of 
forest plants accounts for about 50% of the dry weight of the biomass. The assessment of the Food 
and Agriculture Organization of the United Nations shows that the global forest area is 4 billion hm2, 
and the global forest stock is about 434.2 billion m3, with an average stock of 110 m3 per hectare, 
and the global forest biomass carbon stock reaches 282.7 billion t, with an average forest biomass 
carbon stock of 71.5 t per hectare.[6]. 

Forest carbon sequestration can be divided into two forms: direct and indirect carbon sequestration. 
Direct carbon sequestration includes three types of carbon sequestration in trees, understory and soil, 
while indirect carbon sequestration is mainly reflected in the carbon sequestration of forest products 
during their average life cycle and the reduction of carbon dioxide when they are used instead of other 
building materials or energy sources.[7]. 

Tree carbon sequestration refers to the absorption of carbon dioxide from the air into organic carbon 
by trees through photosynthesis, which is sequestered in various parts of the plant and is related to 
various elements such as the species of the tree, the age of the tree, and the topography of growth. 

Carbon sequestration under forest refers to the carbon deposition of underground plants and humus. 
The dead branches and leaves produced by the understory vegetation during plant growth will form 
the fixed carbon into humus, the vast majority of which will decompose into soil organic matter and 
form carbon deposition. 

Soil carbon sequestration uses soil as a carbon sequestration carrier, which is mainly related to the 
nature of forest land. If the nature of forest land does not change greatly, such as no massive 
deforestation, the carbon sequestration effect of forest soil will not change much. 

Chopped-down trees no longer absorb carbon dioxide, and the carbon they absorb can be converted 
to be fixed in the form of forest products. Therefore, extending the life of forest products is an 
effective way to reduce carbon emissions. 

Live wood can be harvested to replace construction materials such as cement, steel, and plastics, 
which require less energy and emit less CO2 than producing the same weight of the material. 

2.2 Forest Carbon Stock Calculation 

Forests play a huge role in maintaining a regional ecological environment and global carbon balance. 
Therefore, accounting for forest carbon sinks is an important foundation for carbon sink trade and 
assessing the contribution of forests to mitigate global warming. We have reviewed the literature[8] 
and obtained the research methods of forest carbon stock at home and abroad, as shown below. 

Finally, we choose the biomass and volume method (plant carbon stock estimation). The biomass of 
forest communities is the most direct manifestation of the structural merit and functional highness of 
forest ecosystems and is a comprehensive reflection of the environmental quality of forest ecosystems. 

The formula for determining biomass is: 

 

 𝐵 = 𝑉 × 𝑆𝑉𝐷 × 𝐵𝐸𝐹                           (1) 

 

Where: 

k=1,2,3…n tree species that make up the stand; 

𝑆𝑉𝐷  basic wood density of tree species k, in t.d.m/m ; 

𝐵𝐸𝐹  biomass expansion factor of tree species k, dimensionless. 

The formula for determining the amount of carbon storage is: 
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 𝐶 = 𝐵 × 𝐶𝐶𝐹                               (2) 

 

Where: 

𝐶𝐶𝐹  carbon content factor for tree species k, in t/t.d.m 

From the classification of forest carbon sequestration forms we can obtain the formula for forest 
carbon sequestration as follows: 

 

 𝐶 = 𝐶 + 𝐶                              (3) 

 

Where: 

𝐶  total carbon sequestration of the forest, in 𝑡 

𝐶  direct carbon sequestration of the forest, in 𝑡 

𝐶  indirect carbon sequestration of the forest, in 𝑡 

 

Table 1. Comparison of domestic and international research methods on forest carbon stocks 

Classification Concept Advantage Drawback 

Soil-type 
Method 

Carbon stocks are obtained by 
calculating the carbon content of the 
classification unit as well as the sum 

carbon content of classification 
hierarchical aggregation of soil profile 

data, multiplied by the area. 

The principle is simple 
and the data is easier to 

obtain. 

Detailed data on the physical 
and chemical properties of 
various types of soils are 
required, otherwise, the 

estimated precision is not 
high. 

GIS 
Estimation 

Method 

The spatial analysis function of GIS 
software and the corresponding model 

was applied to estimate the soil 
organic carbon stock. 

The scale scaling 
problem can be solved 
to some extent, and it 
is also easy to couple 

with other 
technologies. 

The process is more 
complicated. 

Model 
Estimation 

Method 

Simulations were used to determine 
the mass of organic carbon entering 
the soil carbon pool and the rate of 
organic carbon decomposition to 

estimate the soil organic carbon stock. 

It can predict the trend 
of soil carbon stock 

dynamics based on the 
measured data. 

Parameterization and 
initialization are more 

complex. 

Biomass and 
Volume 
Method 

Establishing a method for estimating 
above-ground plant carbon stocks 

based on biomass and storage volume. 

It can be used for long-
term and large-area 
forest carbon stock 

monitoring. 

Consume more labor. 

Multiple 
Regression 

Analysis 

The regression equations to estimate 
forest vegetation were derived using 

different regression models established 
with biomass using primitive bands, 

vegetation, indices, topographic 
factors, meteorological factors, etc, 

and thus obtain biomass. 

A large number of 
empirical formulas are 

available for direct 
reference and the 

results are concise and 
intuitive. 

A large amount of observed 
data, regional context, and 

tree species had a large 
impact on the results. 
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2.3 Direct Carbon Sequestration 

Forest carbon sinks form carbon deposition, so that forests have the role of a carbon storage "bank", 
thus we can also visualize forests as a carbon storage "carbon bank". According to the definition of 
terrestrial ecosystem carbon pool by IPCC (International Panel on Climate Change), it mainly 
includes five carbon pools: above-ground biomass, below-ground biomass, deadwood, deadfall, and 
soil organic matter, as shown in Figure 1. 

 

 
Figure 1. Schematic of carbon sources in forest ecosystems 

 

And the formula for calculating direct carbon sequestration is: 

 

 𝐶 = 𝐶 + 𝐶 + 𝐶 + 𝐶 + 𝐶                          (4) 

 

Where: 

𝐶  the above-ground biomass carbon stocks of forest stands, in 𝑡. 

𝐶  the below-ground biomass carbon stocks of forest stands, in 𝑡. 

𝐶  carbon stock of deadfall in forest stands, in 𝑡. 

𝐶  carbon stock of deadwood in forest stands, in 𝑡. 

𝐶  soil carbon storage in forest stands, in 𝑡. 

Above-ground biomass carbon pool. 

The above-ground biomass carbon stocks of forest stands were obtained by the carbon stocks of 
above-ground parts of the tree layer, shrub layer and herb layer. The formula is: 

 

 𝐶 = 𝐶 + 𝐶 + 𝐶                            (5) 

 

Where: 

𝐶  biomass carbon stock of the above-ground fraction of tree layer in the forest stands, in 𝑡. 

𝐶  biomass carbon stock of the above-ground fraction of shrub layer in the forest stands, in 𝑡. 
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𝐶  biomass carbon stock of the above-ground fraction of herb layer in the forest stands, in 𝑡. 

The relevant formula of the tree layer is: 

 

 𝐶 = ∑ (𝐵 , × 𝐶𝐶𝐹 , )                        (6) 

 

Where: 

𝐵 ,  above-ground biomass of tree species k in forest stands, in t.d.m. 

𝐶𝐶𝐹 ,  carbon content factor of tree species k, in t/t.d.m. 

The relevant formula of the shrub layer is: 

 

 𝐶 = 𝐵 × 𝐶𝐶𝐹                            (7) 

 

Where: 

𝐵  biomass of above-ground parts of shrub layer in forest stands, in t.d.m. 

𝐶𝐶𝐹  the average carbon content of shrub layer, in t/t.d.m. 

The relevant formula of the herb layer is: 

 

 𝐶 = 𝐶 + 𝐶 + 𝐶                         (8) 

 

Where: 

𝐵  biomass of above-ground parts of herb layer in forest stands, in t.d.m. 

𝐶𝐶𝐹  the average carbon content of herb layer, in t/t.d.m. 

Below-ground biomass carbon pool: 

The below-ground biomass carbon stocks of forest stands were obtained by the carbon stocks of 
below-ground parts of the tree layer, shrub layer and herb layer. The formula is: 

 

 𝐶 = 𝐶 + 𝐶 + 𝐶                         (9) 

 

Where: 

𝐶  biomass carbon stock of the below-ground fraction of tree layer in the forest stands, in 𝑡. 

𝐶  biomass carbon stock of the below-ground fraction of shrub layer in the forest stands, in 𝑡. 

𝐶  biomass carbon stock of the below-ground fraction of herb layer in the forest stands, in 𝑡. 

The relevant formula of the tree layer is: 

 

 𝐶 = ∑ 𝐵 , × 𝐶𝐶𝐹 ,                      (10) 

 

Where: 

𝐵 ,  below-ground biomass of tree species k in forest stands, in t.d.m. 

 

𝐵 , = 𝐵 , × 𝑅𝑆𝑅                       (11) 

 

Where: 
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𝑅𝑆𝑅  the ratio of below-ground biomass to above-ground biomass of tree species k, dimensionless 
(default value: 0.236) 

The relevant formula of the shrub layer is: 

 

 𝐶 = 𝐵 × 𝐶𝐶𝐹                           (12) 

 

Where: 

𝐵  biomass of below-ground parts of shrub layer in forest stands, in t.d.m. 

The relevant formula of the herb layer is: 

 

 𝐶 = 𝐵 × 𝐶𝐶𝐹                          (13) 

 

Where: 

𝐵  biomass of below-ground parts of herb layer in forest stands, in t.d.m. 

Carbon stock of deadfall. 

 

 𝐶 = 𝐵 × 𝐶𝐹                            (14) 

 

Where: 

𝐵  biomass of deadfall in forest stands, in t.d.m. 

𝐶𝐹  the average carbon content of deadfall, in t/t.d.m (default value: 0.37 t/t.d.m). 

 

 𝐵 = ∑ 𝐵 , + 𝐵 + 𝐵 × 𝐷𝐹                 (15) 

 

Where: 

𝐷𝐹  the proportion of deadfall biomass to above-ground biomass (%). 

Carbon stock of deadwood. 

 

 𝐶 = 𝐵 × 𝐶𝐹                              (16) 

 

Where: 

𝐵  biomass of deadwood in forest stands, in t.d.m. 

𝐶𝐹  the average carbon content of deadwood, in t/t.d.m (default value: 0.37 t/t.d.m). 

 

 𝐵 = ∑ 𝐵 , × 𝐷𝐹                        (17) 

 

𝐷𝐹  the proportion of deadwood biomass to above-ground biomass (%). 

Carbon pool of soil. 

 

 𝐶 = 𝑆𝑂𝐶𝐶 × 𝑠                              (18) 

 

Where: 
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𝑆𝑂𝐶𝐶 soil organic carbon density in forest stands, in t/hm . 

𝑠 the area of forest stands, in hm . 

2.4 Indirect Carbon Sequestration 

Indirect carbon sequestration consists of carbon sequestration by forest products and CO2 emission 
reduction by wood substitution. Since there are few studies on emission reduction when the wood is 
used as an energy substitute and building material substitute, this paper only describes it qualitatively. 
The formula for calculating the indirect carbon sequestration is: 

 

 𝐶 = 𝐶 + 𝐶                               (19) 

 

Where: 

𝐶  carbon sequestration by forest products, in 𝑡. 

𝐶  CO2 emission reduction by wood substitution, in 𝑡. 

The amount of carbon sequestered by forest products can be expressed as the amount of carbon 
sequestered by wood accumulation. The accumulation conversion factor method is based on trunk 
wood to calculate tree biomass by accumulation expansion factor, and then calculate biomass dry 
weight by volume density, and then calculate its carbon sequestration by carbon content.[7] The 
amount of carbon sequestered by forest products is converted based on the harvesting utilization rate 
and wood yield, and the formula is as follows. 

 

 𝐶 = 𝜆∑(𝑉 × 𝑆𝑉𝐷 × 𝐵𝐸𝐹 × 𝐶𝐶𝐹 )                   (20) 

 

 𝜆 = 𝛾 × 𝛼                                (21) 

 

Where is wood carbon sequestration conversion factor; 𝛾 is wood utilization rate; 𝛼 is outturn. 

3. Forest Carbon Sequestration Management Model 

Forest managers can develop different plans to manage the forest to maximize certain values of the 
forest. For the carbon sequestration value of the forest, moderate harvesting facilitates carbon 
sequestration, while excessive harvesting limits carbon sequestration. To maximize the carbon 
sequestration value of forests, a balance must be found between the value of woody forest products 
and the value of allowing forests to continue to grow and absorb carbon as living trees. The two values 
can be dynamically balanced by certain methods, and the carbon sequestration can be maximized by 
cutting or planting, etc. The carbon sequestration of different types of trees of different ages can be 
estimated over a period using carbon sequestration models and compared to determine the initial 
solution. 

For the same type of trees, when direct carbon sequestration is larger than indirect carbon 
sequestration for different tree ages, it means that further cultivation and maintenance are more 
beneficial to forest carbon sequestration; on the contrary, managers can cut and process them into 
forest products or replace other construction materials to be more beneficial to carbon dioxide fixation. 

For different types of trees of different ages, trees with greater direct carbon sequestration can be 
selected for cultivation and planting, while trees with greater indirect carbon sequestration can be cut 
down and processed. When the direct carbon sequestration is the same as the indirect carbon 
sequestration, it means that the value of harvested forest products and the value of allowing the forest 
to continue to grow and absorb carbon as a living tree are in balance. 
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