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Principles and Ways to Enhance Forest Carbon Sink Under the Background 
of Carbon Neutrality

Abstract
Reducing atmospheric CO2 content and mitigating climate warming has become a frontier hot issue 

of widespread concern in the scientific community and the international community. There are many 
options for achieving “carbon peak and carbon neutral”, among which forestry carbon sequestration is 
an important way to play a fundamental, strategic, and unique role in addressing global climate change. 
The enhancement of forestry carbon sink potential is a process of regulating the balance of net carbon 
budget in the forest ecosystem, mainly including the regulation principles of plant fixation of inorgan-
ic carbon (photosynthesis process, net productivity, etc.), turnover and fixation of soil organic carbon 
(decomposition of animal, plant and microbial residues and clay fixation), etc. The author expounds the 
main principles, methods or ways of improving forest carbon sink from the perspective of forest carbon 
sink. The main ways to enhance the potential of forest carbon sink include: 

(1) The first way to increase forest carbon sink is to increase forest area. 
(2) Strengthening the scientific management and fine management of forests to increase forest net 

productivity is the core of improving forest carbon sink. 
(3) Prevent forest diseases and insect pests and forest fires to avoid reducing forest net productivity. 
(4) Use mineral clay to protect organic carbon to increase forest soil carbon sink. 
(5) Protect forest resources, always adhere to the concept of harmonious development between 

human beings and nature, and increase forest area through suitable sites, trees, and artificial 
afforestation.

Keywords: Carbon neutralization; forest carbon sink; carbon sequestration.

1. Introduction

Over the years, climate change has gradually evolved into a global issue, forcing the world to study it to explore 
targeted measures to solve the problem. Existing research can clarify the uncertainty of climate change, but research-
ers believe that preventive measures can have a certain impact. Trutnevyte et al. (2019) proposed that climate change 
is not just a field of research, but should be based on the establishment of climate models, encouraging scientists 
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from different fields to conduct interdisciplinary learning and research, and jointly develop reasonable, feasible, and 
effective solutions to climate challenges. In addition, they called on countries around the world to participate in the 
cause of addressing climate change, and countries should not be left out. To alleviate this problem, two approaches 
can be taken: carbon emission reduction and carbon sequestration. At present, both of them have become the focus of 
research by scientists. The main research directions for carbon emission reduction are adjusting the energy structure 
and researching and developing clean energy; In the field of carbon sequestration, researchers believe that the ability 
of biomass to fix carbon dioxide should be explored to achieve greater carbon sequestration.

The terrestrial ecosystem mainly absorbs CO2 through photosynthesis and fixes it in vegetation and soil to regu-
late regional carbon cycle and maintain global ecological balance. One of the core contents of global change research 
is the carbon cycle at global and regional scales, and climate change is also affected by carbon cycle feedback (LU et 
al., 2018). The terrestrial ecosystem fixes 1/3 of the carbon in the atmosphere, and different types of terrestrial eco-
systems have different carbon capture capacities. The area of forest and grassland ecosystems accounts for more than 
half of the land ecosystem. At least 40% of global soil carbon is stored in forest ecosystems and 10%~30% is stored 
in grassland ecosystems (Li et al., 2021). The area of agricultural ecosystem accounts for 38.5% of the terrestrial 
ecosystem, and it is the most active carbon pool in the carbon cycle process of the terrestrial ecosystem. The univer-
sality of agricultural activities and the remarkable dual attributes of carbon fixation and carbon release have aroused 
widespread concern of scholars at home and abroad in carbon cycle research (Lv et al., 2019). Although wetlands 
account for the least area, they still occupy a place in the terrestrial ecosystem carbon cycle with their ultra-high 
carbon fixation efficiency. To sum up, forests have enormous application value for carbon storage. Therefore, various 
departments should strive to improve forest carbon sinks in the context of carbon emission reduction policies (Mu et 
al., 2013). The forestry department believes that there are two key directions for improving forest carbon sinks, one is 
to protect forest biodiversity, and the other is to improve energy efficiency (Sepp ä l ä et al., 1998; Yang et al., 2019). 
This also reflects the importance of forest carbon sinks. Therefore, studying the factors that affect forest carbon sinks 
plays an important role in improving forest carbon sinks (Singh et al., 2011).

2. Method: literature review

2.1. Principle of improving forest carbon sink

Forest carbon sink includes forest plant (including living/dead trees) biomass carbon and soil (including surface 
litter and mineral soil layer) organic carbon. The level of carbon sink depends on the carbon turnover rate (reciprocal 
of turnover cycle) and carbon input and output (Fang et al., 2021). In a balanced ecosystem, input equals output. The 
carbon input of forest comes from its net productivity, which is mainly represented by the growth of biomass and the 
annual production of litter. The carbon output of forests is mainly reflected in the harvest of raw materials of forest 
products and the output of CO2 and soluble organic carbon (DOC) from the decomposition of animal, plant and mi-
crobial residues (YANG et al., 2022). In a balanced forest ecosystem, the turnover rate is the ratio of carbon input to 
carbon sink (YANG et al., 2022). The net productivity and harvesting age of forests, especially the input and turno-
ver rate of forest soil carbon, have a significant impact on forest carbon sinks. Therefore, we want to improve forest 
carbon sink, that is, increase forest plant biomass carbon and soil organic carbon.

2.2. Ways to improve forest carbon sequestration

2.2.1. Increase afforestation area

Forest biomass carbon is proportional to forest area, so the first way to increase forest carbon sink is to increase 
forest area. The global terrestrial ecosystem has a net carbon sequestration of 60 Pg per year (PAN et al., 2013). In 
2020, the global forest area will be 4.06 billion hm2 (FAO, 2018), forest carbon sequestration accounts for up to half 
of the carbon sequestration of the entire terrestrial ecosystem (PAN et al., 2013), so the average carbon sequestration 
of global forests will be about 7.4 t/(hm2. a). If the forest area is increased by 3.4%, the carbon fixation amount of 1 
Pg can be increased every year.
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On the contrary, cutting down forests and planting crops or economic forests will reduce forest carbon sinks. Ten 
years after the conversion of forest land into agricultural land, the soil organic carbon decreased by 30.3% on average, 
becoming the carbon source of the atmosphere (Li et al., 2016). Compared with temperate and cold zone forests, 
the carbon storage of tropical rainforest vegetation is higher, the frequent occurrence of deforestation in tropical 
rainforests has also led to significant carbon emissions, accounting for 20% of global greenhouse gas emissions.

2.2.2. Increase forest net productivity

Strengthening the scientific management and fine management of forests to increase forest net productivity is the 
core of improving forest carbon sink. Proper irrigation or fertilization can increase the net productivity of forests and 
achieve the goal of increasing carbon sequestration of forests. Also on a global scale, an increase of 3.4% in forest net 
productivity can generate an additional 1 Pg of carbon sequestration each year. The net productivity of tropical forests 
is twice that of temperate forests (PAN et al., 2013). Increasing the net productivity of tropical forests can effectively 
reduce atmospheric CO2 content. The latest research shows that compared to a single pure forest, in addition to 
providing a richer habitat environment and more effectively preventing the occurrence of diseases and pests, the 
biomass is also significantly higher than that of pure forest, with an average increase of 25.5% (FENG et al., 2022). 
Therefore, focusing on the construction of mixed forests is also one of the important ways to increase forest carbon 
sink.

In order to effectively improve forest carbon sequestration capacity, forest management can adopt afforestation 
and reforestation to renew forest resources. Afforestation refers to the conversion of wasteland into forest land for 
artificial tree planting and planting or natural seeding. Reforestation is to convert the land originally covered by 
forest but damaged by natural or human factors into forest land after later planting and seeding or natural seeding. 
That is, replanting or supplementary planting of forest land within a large space between trees, so as to promote the 
regeneration of forest trees and improve the forest carbon sink capacity (Chen, 2018).

In addition, the amount and capacity of fixed carbon of forests are closely related to the life and business cycle 
of forest trees. The longer the natural life of forest trees, the longer their carbon dioxide fixation time, and the 
carbon fixation amount and carbon fixation capacity will gradually improve. Therefore, managers related to forest 
management can cultivate long-lived trees with a long growth cycle, which can continuously strengthen the vitality of 
forest resources, thus increasing carbon storage. When managing forests, we should maximize the cultivation of forest 
tree species and the replacement of tree species, focusing on the cultivation of basically formed tree species and top 
tree species. At the same time, we should accelerate the transformation of pioneer tree species, so as to cultivate and 
manage high-quality forest trees and promote the sustainable development of forest resources (Xiang, 2021).

2.2.3. Prevention of pests and diseases and fire to reduce the loss of forest net productivity

Forest diseases and pests often reduce forest net productivity. The loss of forest net productivity can also be 
reduced through chemical, physical and biological control of pests and diseases. When pests and diseases break 
out, the loss can often reach 5%~20% of the forest net productivity (Hu, 2019). Different pest damage modes and 
mechanisms are different (CHI, 2022). At the stand level, leaf loss usually leads to a decrease in carbon storage (Jing 
et al., 2016); Leaf pests directly affect photosynthesis by eating leaves or absorbing juice to destroy chlorophyll; Stem 
borers such as bark beetles kill trees and turn forests from carbon pools to carbon sources. Kurz et al. of the Natural 
Resources Agency of Canada (KURZ et al., 2008) published shocking research results in the journal Nature by 
calculating the impact of the mountain pine caterpillar epidemic on the pine forests of British Columbia: in the worst 
years of pest damage, the affected forests have become a large source of CO2 emissions, and its total carbon emissions 
are 3/4 of the carbon emissions caused by Canadian fires.

Forest fire reduces forest carbon sink. Strengthening the monitoring of forest fires and reducing fires can reduce 
the loss of forest net productivity (He, 2021). Disturbance causes a large area of forest loss, which is an important 
factor affecting forest carbon flux (Tian et al., 2003) and one of the main sources of global greenhouse gases (Hu et 
al., 2013). In 2019, there was a serious forest fire in Australia. High temperatures and drought caused the forest fire to 
rage for several months, and the area of forest burning exceeded 80000 km².

2.3. Ways to increase soil organic carbon content
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According to Zhou's research (Zhou et al., 2004,2008,2013; Huang et al., 2011; Xiong et al., 2020,2021), external 
environmental changes (such as global temperature rise, N deposition, acid deposition, etc.) do not play a leading 
role, that is, endogenous driving process. Under the endogenous drive, the source of soil organic carbon increases 
with the increase of forest maturity. Even in the zonal forest stage, there is much higher source of soil organic carbon 
than that of immature forests.

Changes in the external environment (such as global temperature rise, N deposition, acid deposition, etc.) can 
not only directly affect the dynamics of soil organic carbon, but also regulate the dynamics of soil organic carbon by 
changing the driving factors such as the water and heat status of the ecosystem, the quality of plant residues (such 
as C/N ratio, lignin content), and plant diversity. The former is obviously an exogenous driven process, and its basic 
characteristics should be that it plays a role in both immature and mature ecosystems, but there are exceptions; The 
latter is difficult to be directly classified as exogenous drive, because the natural succession of the ecosystem will also 
cause changes in these driving factors, that is, internal and external combined drive.

Therefore, we can increase soil organic carbon from the following aspects. The global soil data shows that the 
higher the soil clay content, the higher the soil organic carbon content (ZHOU et al., 2005). The decomposition of 
plant residues can form small particle size organic matter, but most of the small size organic matter comes from 
microbial residues. Microbes first decompose plant residues, and then produce new microbial residues after death. 
50%~80% organic carbon in mineral soil layer is microbial residue carbon (LIANG C et al., 2019). In other words, 
the important way to increase soil carbon sink is to increase the amount of microbial residues in the soil with high 
clay content.

Underground carbon input from plant roots is more conducive to the formation of microbial residual carbon 
than aboveground litter input, and is more stable (JIA S X et al., 2022).  Therefore, it can be considered to bury the 
litter on the forest land surface into the soil, and then cultivate microorganisms in the mineral soil layer. The resulting 
microbial residues can be directly protected by soil clay particles, so as to increase the fixation of soil organic carbon 
and increase the soil carbon sink. For example, every 1-3 years, plough and dig ditches (about 30 cm deep) between 
the rows of trees in the already closed forest land, and bury the dead branches and fallen leaves of adjacent plants. If 
the operation measures are implemented in the soil with wet expansion and dry shrinkage or the area with alternate 
freezing and thawing, the protection effect of clay will be doubled; This business measure is also very suitable for 
areas where mechanized operations can be carried out.

In humid areas, it can be considered to plant nitrogen fixing plants between tree rows, which is conducive to 
increasing the number of earthworms. Earthworms are cultivators of forest soil, which contribute to the formation of 
soil organic matter and clay particle complexes. One kind of endogenous earthworms lives in the mineral soil layer 
but feeds on the surface litter layer, which can bury the surface plant litter into the soil and increase the soil carbon 
fixation effect. In relatively dry areas, termites and ants that nest underground also have similar carbon fixation effects 
(BONACHELA J A et al., 2015). Therefore, protecting soil biodiversity and increasing the number of earthworms, 
ants and other animals can promote the fixation of soil organic carbon.

This requires doing a good job of protecting forest resources, adhering to the balanced development of human 
beings and nature, and achieving the goal of harmonious development of ecological civilization. The harmonious 
development of man and nature should not only protect forests, but also maintain ecological balance and promote 
the unified and harmonious development of human, nature and society (Yuan, 2019). Therefore, when carrying out 
forest management, relevant managers should take a broad view of the overall situation. While doing well in forest 
management, construction and management, they should also strengthen the concept of forest carbon sequestration, 
strengthen publicity and guidance, so that people can be aware of the role of forest resources in promoting sustainable 
social development and the positive role of improving forest carbon sequestration capacity in protecting the natural 
ecological environment. Improve the consciousness of human and society on forest resources protection, thereby 
improving the forest carbon sink capacity and promoting the harmonious development of humans, nature and society.

3. Conclusion

In order to achieve the carbon neutral vision and control CO2 emissions, this article focuses on the carbon storage 
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capacity of forests, and specifies that to enhance forest carbon sinks, it is necessary to increase forest plant biomass 
carbon and soil organic carbon. By elaborating on the principles of enhancing forest carbon sinks, suggestions for 
improving forest carbon sinks are proposed.

(1) Forest biomass carbon is proportional to forest area, so the first way to increase forest carbon sink is to 
increase forest area. If the forest area is increased by 3.4%, the carbon fixation amount of 1 Pg can be 
increased every year. On the contrary, cutting down forests and planting crops or economic forests will reduce 
forest carbon sinks.

(2) Strengthening scientific management and fine management of forests to increase forest net productivity is the 
core of improving forest carbon sink. Proper irrigation or fertilization can increase the net productivity of 
forests and achieve the goal of increasing carbon sequestration of forests. Managers related to forest 
management can cultivate long-lived trees with a long growth cycle, cultivate and manage high-quality forest 
trees, and promote the sustainable development of forest forest resources.

(3) Forest diseases and pests often reduce forest net productivity. The loss of forest net productivity can also be
 reduced through chemical, physical and biological control of pests and diseases. And forest fire reduces 
forest carbon sink. Strengthening the monitoring of forest fires and reducing fires can reduce the loss of forest 
net productivity.

(4) The important way to increase soil carbon sink is to increase the amount of microbial residues in the soil 
with high clay content. It can be considered to bury the litter on the forest land surface into the soil, and then 
cultivate microorganisms in the mineral soil layer to increase the fixation of soil organic carbon, so as to 
increase the soil carbon sink. Protecting soil biodiversity and increasing the number of earthworms, ants and 
other animals can promote the fixation of soil organic carbon.

(5) Protect forest resources, adhere to the concept of harmonious development between man and nature, and 
achieve the goal of harmonious development of ecological civilization. The harmonious development of man 
and nature should not only do a good job in forest protection, but also maintain ecological balance and  
promote the unified and harmonious development of human, nature and society.
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