
Észak-magyarországi Stratégiai Füzetek XXI. évf.  2024  2 
 

17 
 

Jiqin Ren3 – Xiangyu Qi4 – Sijia YangHiba! A könyvjelző nem létezik.Hiba! A könyvjelző nem 
létezik.5 – Jingjing Li6 – Guoliang Liu7 – Jianghong Feng8 

Beijing Forest Carbon Storage Potential Capacity 

Forests serve as a crucial carbon reservoir. Therefore, optimizing forest carbon storage is a 
pathway towards achieving carbon neutrality. In this study, the Forest Simulation Optimization 
System (FSOS) was used to simulate the carbon storage in Beijing forests over 250 years (2018-
2268). It was found that under the no management scenario, carbon storage fluctuates with the 
natural growth and death of trees, with peaks of more than 90 million tons. It proves that forests 
have a strong capacity of carbon storage. In the management scenario, harvest trees and make 
them into furniture, total carbon storage is high and maintains a stable level of 108 million tons. 
This is almost 1.6 times higher than in the no management scenario on average. In addition, the 
growth rate of carbon storage is fastest in the middle-aged forest and the near-mature forest. 
Therefore, in order to optimize the carbon sequestration benefits of forests, the forestry sector 
must pay attention to the age structure of forests in the future. Based on the results of this study, 
recommendations were made to optimize carbon storage in Beijing forests and to integrate 
forest managements of Beijing forests into regional economic and environmental planning. 
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1.INTRODUCTION 
Rising levels of atmospheric carbon dioxide (CO2) and the resulting greenhouse effect have 
caused global climate change. As one of the four major carbon reservoirs, the terrestrial 
ecosystem plays a major role in regulating the concentration of atmospheric CO2 (Liu et al. 
2012). Forests are the main body of the terrestrial ecosystem, and a crucial part of the global 
carbon cycle (Daigneault and Favero 2021). Approximately 80% of above-ground carbon 
storage, and 40% of underground biological carbon storage are in the forests (Wang et al. 2015). 
Effective use of forest carbon sinks can significantly mitigate climate change (Liu and Wu 2017) 
and bring economic benefits under good forest governance (Lin and Ge 2019).  
To combat climate change, China has proposed to become carbon neutral by 2060. In order to 
increase forest carbon storage and achieve carbon neutrality on schedule, Beijing has carried out 
afforestation activities to promote the growth of forest resources reserves (Ren et al. 2023). In 
this context, it is of great significance to evaluate and optimize forest carbon storage in Beijing 
for forest management and urban development. 

2.LITERATURE REVIEW  
Scholars around the world have evaluated and analyzed forest carbon storage, which reflects the 
important role of forest carbon sequestration (Tu et al. 2023). Jiang et al. evaluated and analyzed 
the carbon storage of forest ecosystems in Beijing mountain area, and compared the total carbon 
storage performance of different stand types (Jiang et al. 2019). Chen et al. measured the forest 
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carbon storage in the Greater Khingan Mountains and assessed the forest carbon sequestration 
potential (Chen et al. 2022). Jo et al. and Nowak et al. investigated the forests of Seoul city Park 
and American city respectively, quantified the carbon storage and sequestration capacity of 
forests, and confirmed the importance of urban forests in climate change (Jo et al. 2019; Nowak 
et al. 2013). The results of these studies reflect the strong carbon sequestration capacity of 
forests. However, their discussions and studies on practical forest management plans are still 
insufficient. 
Studies have shown that sustainable forest management leads to enhanced carbon storage, for 
example, effective management, and diversified tree species (Robert et al. 2022). Bishnu et al. 
showed that regular management effectively protects ecologically significant tree species in 
Nepal's subtropical forest when compared with other management approaches (Bishnu et al. 
2019). Roth et al. pointed out that potential for future carbon accumulation in the soil was higher 
in uncut forests and retention-cuts than in clear-cuts in boreal Scots pine (Roth et al. 2023). 
Composition of tree species has direct and indirect impact on carbon storage (Jia et al. 2022). 
The direct impact is that different tree species have different carbon storage capacity through 
their growth rates, wood density and mortality rates (Sugiyama et al. 2024). Tree species 
diversity also has a direct impact on carbon storage, for example, it has a positive impact on 
above-ground carbon storage (Rius et al. 2023; Wei et al. 2023). The indirect impact is that tree 
species diversity can increase carbon storage through multiple factors such as stem density, 
functional diversity and functional dominance of species (Rius et al. 2023; Wondimu et al. 
2021). As for Beijing, the tree species with the largest carbon storage and the largest carbon 
density is poplar (Ren et al. 2023). It is well known that the carbon storage level of a forest is 
related to its area, timber volume, tree species, and age classes. However, optimization of 
forests’ carbon storage in Beijing remains challenging. 
To optimize forest carbon storage and establish a scientific forest management model, it is 
essential to consider tree species characteristics and optimize the age structure of the forest 
through timely and rational harvesting (Zheng et al. 2019). Traditional methods for calculating 
timber harvest volume include area-based harvesting, maturity-based methods, and second age 
formula methods (Wu et al. 2022). However, these methods have certain limitations when 
applied to the complex environment of forests. For example, formula-based methods may 
struggle to deal with mixed forests, and different methods may yield significantly different 
results (Dai et al. 2020). Forest simulation optimization system (FSOS) (SFSCCP 2022; Liu 
2000) fully considers the age structure, tree species composition, and evolution of forests. It has 
been applied in the province of British Columbia in Canada and in the Changbai Mountain 
region of China, achieving good results (Liu et al. 2012; Liu and Han 2009; Liu et al. 2000). 
FSOS can effectively address forest carbon storage optimization issues, such as determination of 
forest cutting volume (Wu et al. 2022; Dai et al. 2020). 
This research focuses on the optimization of the carbon storage capacity in Beijing. Different 
management scenarios were analyzed, and the carbon storage was estimated using FSOS. The 
results can be used by the Forestry and Grassland Administration for management practices and 
forest management in Beijing, optimizing its carbon storage capacity and contributing to broader 
goals of carbon neutrality and sustainable development, and mitigating the impacts of climate 
change. 

3.METHODOLOGY AND DATA 
3.1 FSOS model  
FSOS (Liu et al. 2000) was used in this study to simulate carbon storage over 250 years. 
Simulation was designed for 250 years, considering the lifespan of platycladus orientalis is 140 
years, the start year is 2018. 
The input information include: (1) Tree species, area distributions of tree species in Beijing 
forests. (2) Tree species growth parameters. (3) Parameters require to calculate carbon storage. 
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All data are described in Section 3.2. Forest stands were generated according to this information. 
Two different management scenarios were set. 
FSOS utilizes these parameters as initial values to generate timber volume and carbon storage 
over 250 years of each forest stand under the two scenarios with the simulated annealing 
algorithm (Liu et al. 2000). Output information include: (1) Timber volume of each and all 
forest stand in each year in the 250-year study period. (2) Carbon storage of each and all forest 
stand in each year in the 250-year study period. 
For scenario two, to optimize forest carbon storage, FSOS was used to simulate multiple times. 
The objective function is carbon storage of each stand. Control variables are harvest time and 
harvest percentage.  

3.2 Data sources and data processing  

3.2.1 Tree species parameters  
According to the Twelfth Five-Year Plan Survey Statistical Report of Beijing Forest 

Resource Planning and Design Survey (BFSDI 2016), nine dominant tree species in Beijing 
forests were selected. They are platycladus orientalis, larch, Chinese pine, toothed oak, birch, 
populus davidiana, black locust, poplar,and broad-leaf tree.  However, other tree species in terms 
of market value or carbon storage capacity were not considered. The growth parameters of these 
species are from Biomass and Its Allocation of Forest Ecosystems in China (Luo et al. 2013), 
shown in (Table 1). The carbon storage parameters of tree species are from Forest Management 
Carbon Storage Project Methodology (SFAC 2014), shown in (Table 2). 

Table 1 Growth parameters of the nine dominant tree species 

Tree species MAI TMax MValue 
platycladus orientalis 0.4735 80 3 

larch 2.3992 60 3 
Chinese pine 1.1166 30 3 
toothed oak 0.8384 60 3 

birch 1.6637 40 3 
populus davidiana 1.4959 30 3 

black locust 1.8010 18 3 
poplar 1.4959 30 3 

broad-leaf tree 1.3643 60 3 
Source: Biomass and Its Allocation of Forest Ecosystems in China (Luo et al. 2013). 
MAI: Maximum Mean Annual Increment (m3/year). 
TMax: The age when a stand reaches the maximum Mean Annual Increment (years). 
MValue: A constant for timber volume, usually equaling 3. 

Table 2 Carbon storage parameters of tree species 

Tree species 
Biomass carbon 

content 
Litter carbon 

content 

Underground/ 
above-ground 
biomass ratio 

Dead wood/ 
forest biomass 
carbon storage 

ratio 

Trunk density 

platycladus 
orientalis 

0.510 0.37 0.220 0.021 0.478 

larch 0.521 0.37 0.212 0.021 0.490 
Chinese pine 0.521 0.37 0.251 0.021 0.360 
toothed oak 0.5 0.37 0.292 0.021 0.676 

birch 0.491 0.37 0.248 0.021 0.541 
populus 0.496 0.37 0.227 0.021 0.378 
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davidiana 
black locust 0.497 0.37 0.261 0.021 0.598 

poplar 0.496 0.37 0.227 0.021 0.378 
broad-leaf tree 0.490 0.37 0.370 0.021 0.482 

Tree species 

Equation of above-ground biomass 
(BAB) and accumulation (V) 

BAB=a*Vb 

Equation of percentage of litter 
biomass to above-ground biomass 
(LI%) and above-ground biomass 

(BTREE _ AGB) 
LI% = c*ed*BTREE _ AGB 

Parameter a Parameter b Parameter c Parameter d 
platycladus 
orientalis 

1.985 0.794 3.76 -0.005 

larch 1.642 0.802 67.413 -0.014 
Chinese pine 2.632 0.697 24.827 -0.023 
toothed oak 1.341 0.896 7.732 -0.005 

birch 1.076 0.902 6.978 -0.004 
populus davidiana 0.943 0.871 12.311 -0.007 

black locust 3.322 0.687 6.978 -0.004 
poplar 0.943 0.871 12.311 -0.007 

broad-leaf tree 3.322 0.687 6.978 -0.004 
Source: Forest Management Carbon Storage Project Methodology (SFAC 2014). 
 
3.2.2 Establishing forest stands 

Each forest stand has the same tree species and age group. Five age groups were 
considered, young, middle-aged, near-mature, mature and over-mature. The Five age groups for 
the nine tree species (Table 1) were obtained from the Regulations for age-class and age-group 
division of main tree-species and were shown in (Table 3) (SFAC 2017). Each stand’s age was 
then set. With nine tree species and five age groups, there are 45 forest stands. 

Table 3 Classification of five age groups of the nine tree species 

Tree species 
Young 
stand 

Middle-aged 
stand 

Near-mature 
stand 

Mature 
stand 

Over-mature 
stand 

platycladus 
orientalis 

≤60 61-100 101-120 121-160 ≥161 

larch ≤40 41-60 61-80 81-120 ≥121 

Chinese pine ≤30 31-50 51-60 61-80 ≥81 

toothed oak ≤40 41-60 61-80 81-120 ≥121 

birch ≤30 31-50 51-60 61-80 ≥81 
populus 

davidiana 
≤20 21-30 31-40 41-60 ≥61 

black locust ≤10 11-15 16-20 21-30 ≥31 

poplar ≤20 21-30 31-40 41-60 ≥61 

broad-leaf tree ≤40 41-60 61-80 81-120 ≥121 

Source: the Regulations for age-class and age-group division of main tree-species (SFAC 2017). 

3.2.3 Polygon generation  
The area of each forest stand is different. According to the Twelfth Five-Year Plan Survey 
Statistical Report of Beijing Forest Resource Planning and Design Survey (BFSDI 2016), the 
area of each forest stand in 2018 was obtained and was shown in (Table 4). Thus, virtual 
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polygons for each forest stand were created, the area of each polygon is 10 hectares. The smaller 
polygon size will result more accurate analysis and longer calculation time. Areas less than 10 
hectares are also considered as one polygon. For example, the area of young birch (Stand 1) is 
87009.48 hectares, consisting of 8,701 polygons. 

Table 4 Area distributions of dominant tree species in Beijing forests (hm2). 

Tree species 
Young 
stand 

Middle-aged 
stand 

Near-mature 
stand 

Mature 
stand 

Over-mature 
stand 

platycladus 
orientalis 

87009.48 35012.38 13111.02 10578.21 3277.75 

larch 9899.83 3983.66 1491.76 1203.58 372.94 
Chinese pine 78426.60 31558.65 11817.71 9534.741 2954.43 

toothed oak 118797.91 47803.95 17901.05 14442.90 4475.26 

birch 12715.37 5116.63 1916.02 1545.88 479.00 
populus 

davidiana 
13532.79 5445.56 2039.19 1645.25 509.80 

black locust 17710.70 7126.74 2668.74 2153.18 667.18 

poplar 63531.45 25564.88 9573.23 7723.86 2393.31 

broad-leaf tree 52496.32 21124.38 7910.41 6382.26 1977.60 

Source: Beijing Forest Survey and Design Institute, Twelfth Five-Year Plan Survey Statistical 
Report of Beijing Forest Resource Planning and Design Survey (BFSDI 2016). 

3.2.4 Setting management scenarios  
To optimize forest carbon storage, two management scenarios were devised. Scenario 1 is the no 
management scenario. When trees grow to over-maturity, they will die, at which point the stored 
carbon will be reduced. At the same time the same tree species will be planted. Scenario 2 is the 
management scenario. Trees are harvested when they are going to natural succession, and new 
trees are planted at the same time. The harvested trees will be used for wood products and every 
wood product has its own lifespan. The carbon will be stored in the wood product and will be 
released after the lifespan.Furniture is the only wood product considered in this research, and its 
lifespan is 30 years. Based on Regulations for age-class and age-group division of main tree-
species (SFAC 2017), the succession ages of the nine tree species are shown in (Table 5). 

Table 5 The succession ages of the nine tree species (year) 

Tree species Natural age of death Harvest age Wood product Lifespan 

platycladus orientalis 140-165 140-165 furniture 30 
larch 100-125 100-125 furniture 30 

Chinese pine 70-85 70-85 furniture 30 

toothed oak 100-125 100-125 furniture 30 

birch 70-85 70-85 furniture 30 

populus davidiana 50-65 50-65 furniture 30 

black locust 25-35 25-35 furniture 30 

poplar 50-65 50-65 furniture 30 

broad-leaf tree 100-125 100-125 furniture 30 

Source: Regulations for age-class and age-group division of main tree-species (SFAC 2017). 

3.RESULTS AND DISCUSSION  
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3.1 Comparison of timber volume of two scenarios  
(Figure 1) illustrates timber volume over 250 years. In the no management scenario, at the 
beginning (2018), the timber volume was 33 million cubic meters. As trees naturally grow and 
mature, the timber volume increases and will reach 52 million cubic meters in 2068. From the 
year 2068, many trees will go to succession, and the timber volume will decline to 25 million 
cubic meters. Then, newly planted trees grow, allowing timber volume to continue to increase. 
The variation of timber volume is large. 
In the management scenario, timber volume was similar to the no management scenario in the 
first 50 years (2018-2068), but significantly different over the next 200 years. Because some 
trees were harvested to make wood products before death, and the results of this study count not 
only the timber volume in the forests, but also the additional timber volume stored in harvested 
trees. After the wood products reach their life, their own accumulation will be reduced, so the 
timber volume will not grow indefinitely. The amount of a single harvest is 25% of the trees that 
have reached harvest age. Over the next 200 years (2068-2268), timber volume in the 
management scenario was higher than in the no management scenario because new trees of the 
same species were planted in time after deforestation. Since then, although the timber volume 
has fluctuated slightly, it has remained roughly at the same level, at about 56 million cubic 
meters. Because the forest is harvested in time, the timber volume in the management scenario is 
higher and more stable than that in the no management scenario, which is suitable for long-term 
management.  

 
Figure 1 Comparison of timber volume of two scenarios from 2018 to 2268 

Source: own work based on FSOS 

3.2 Comparison of carbon storage of two scenarios  
(Figure 2) illustrates carbon storage over 250 years. In the no management scenario, as trees 
naturally grow and mature, the carbon storage increases and exceeds 92 million tons. The trees 
will then succession, and carbon stocks will gradually decline, falling to a minimum of 44 
million tons in 2133, and gradually rising to a peak of 94 million tons in 2248. The variation of 
carbon storage is large. Over the course of 115 years, the increase in carbon storage is about 50 
million tons, with a growth rate of about 113.6%. It indicates that forests have a strong capacity 
for carbon sequestration, mainly through trees’ growth. 
In the management scenario, carbon storage was similar to the no management scenario in the 
first 50 years (2018-2068). However, over the next 200 years (2068-2268), carbon storage in the 
management scenario was higher than in the no management scenario because some trees were 
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harvested and new trees of the same species were planted in time. As new trees and trees that 
have not yet reached harvest age continue to grow, forest carbon storage continues to increase. 
At the same time, the harvested trees are made into furniture, and the carbon is stored in this 
furniture. If this additional carbon storage is added, the total carbon storage reaches and remains 
at 108 million tons. Therefore, over the long term, on average, the carbon storage in the 
management scenario is almost 1.6 times greater than that in the no management scenario. In the 
long term, in management scenario, forests create greater value in terms of carbon sequestration. 
The longer the period, the greater the value relative to the no management scenario. The 
management of forests is necessary for more and more stable carbon storage. 

 
Figure 2 Comparison of carbon (CO2) storage of two scenarios from 2018 to 2268 

Source: own work based on FSOS 

3.3 Carbon storage of platycladus orientalis  
Taking young platycladus orientalis (Stand 1) as an example, under the management scenario, 
the timber volume and carbon storage of Stand 1 are shown in (Figure 3) and (Figure 4), 
respectively.  

 
Figure 3 Young platycladus orientalis (Stand 1) timber volume in 200 years 
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Source: own work based on FSOS 

 
Figure 4 Young platycladus orientalis (Stand 1) carbon (CO2) storage in 200 years 

Source: own work based on FSOS 

At the beginning, because Stand 1 is a young forest stand, its timber volume and carbon storage 
are both very low. Then, its timber volume and carbon storage continue to increase with 
increasing age till maturity (121-160 years). The timber volume and carbon storage continue to 
increase slowly, reaching their maximum values at the same time in 200 years, reaching 60 m3 
per hectare of timber volume which is equivalent to 120 tons per hectare of carbon storage. 
Among the five carbon pools, the carbon storage of above-ground biomass is the largest, 
followed by litter, with much lower values in dead wood, soil organic matter, and underground 
biomass. All five pools exhibited the same trends of carbon storage, gradually increasing until 
the trees over-mature, and then leveling off. 
For different growth stages, the growth rates of timber volume and carbon storage of forests are 
different. The growth rate is the fastest in the middle-aged forest and the near-mature forest, the 
slowest in the over-mature forest, followed by the mature forest. Therefore, in order to optimize 
the carbon sequestration benefits of forests, the forestry sector must pay attention to the age 
structure of forests in the future. Reasonable cutting can adjust the age group structure of forest 
well, which is helpful to optimize carbon storage. 
For other stands, under the management scenario, timber volume and carbon storage also 
gradually increase and then remain stable. Due to the different tree species and different initial 
age of trees in each forest stand, the time to reach a stable timber volume and carbon storage is 
different. 
The result of this study should be reasonable. On the one hand, the results show that Beijing 
forests can store more than 90 million tons of carbon at most, which proves that Beijing forests 
have a strong carbon sequestration capacity, which is consistent with the results of Jiang et al. 
and Ren et al. (Jiang et al. 2019; Ren et al. 2023), and other studies on forest carbon storage 
capacity have also reached similar conclusions (Jo et al. 2019; Nowak et al. 2013). On the other 
hand, the results obtained by the simulation show that harvesting is an influential factor that 
significantly affects forest carbon storage, which is consistent with the results of Štraus et al. and 
Roth et al.(Štraus et al. 2023; Roth et al. 2023). The results also show that age group influences 
carbon storage, and middle-aged forests make the greatest contribution to carbon storage, which 
is consistent with the conclusion of Li et al. (Li et al. 2023). Other studies using FSOS to 
analyze forest management have reached similar conclusions (Wu et al. 2022; Dai et al. 2020). 
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In addition, in this study, the strategy of harvesting forests and making wood products can 
achieve sustainable carbon storage and optimize forest carbon storage. 
There are a few limitations in the results of this study. We only analyzed the carbon storage 
capacities in this study and believe that the management scenarios can produce a lot of wood and 
have greater socioeconomic capacities. Further studies are needed to explore more different 
management scenarios with socioeconomic capacities and other ecological capacities. For 
example, our research studies carbon storage in furniture made from harvested trees, but there 
are many wood products that can be made, and future studies could include the effects of more 
different wood products. In addition, Our study considers long-term management, with a study 
period of 250 years, which fails to think about the effect of climate change on the selected tree 
species during 250 years. Further study is needed to include the growth and yield changes 
caused by climate changes. 

4.CONCLUSIONS AND RECOMMENDATIONS  
In this study, two different management scenarios were analyzed to predict forest carbon storage 
over 250 years based on the tree species composition and age groups of Beijing forests. 
In the no management scenario, forest carbon storage reaches a peak of 94 million tons, and 
reaches a low of 44 million tons. In the management scenario, forest is harvested to make 
furniture, to maintain the total carbon storage at a stable level of 108 million tons throughout the 
rest of the study period of 250 years. Between the two scenarios, the management scenario 
yields a 60% higher and more stable forest carbon storage. Further, the management strategy 
will generate significant economic and environmental benefits to the region. The case study was 
carried out for Beijing forests. However, the approach could be applicable in other region in and 
out of China to optimize carbon storage thus to curb atmospheric CO2 levels and climate change. 
Based on the above research, the following recommendations are put forward: 
Firstly, optimizing tree species. The results show that most tree species grow fastest when they 
are young and have high carbon sequestration rates. Therefore, it is suggested that Beijing plant 
more fast-growing valuable species to increase its carbon sequestration capacity, select proper 
silvicultural methods to maintain the heathy forests.  
Secondly, adopting a proactive and dynamic forest management strategy. Forest carbon storage 
is related to the age of trees, as demonstrated in this study. When the forest ages, over-mature 
trees need to be replaced. Considering that natural events such as wildfires and extreme droughts 
are inevitable, cutting and replacing over-mature or dead trees should be scheduled based on the 
status of each forest, utilizing technological innovations such as remote sensing and other tools.  
Those proactive, dynamic, science-based, and data driven management approaches will lead to a 
higher level of carbon reserves while protecting the ecosystem and the environment. 
Thirdly, developing a comprehensive approach of forest management, carbon storage, product 
utilization, and economical benefit. Forest products are a valuable resource. Products of some 
tree species could yield a high market price. This should be considered when selecting tree 
species in addition to carbon storage. Further, the forest product output should be incorporated 
into regional economic planning to promote effective utilization. Overall, active and effective 
forest management is a win-win-win situation for the ecosystem, the environment, and the 
economy. 
Fourthly, managing forest with long-term strategies. Long-term strategic forest planning and 
carbon storage strategies are important for the national carbon-neutral strategies. The study was 
conducted over a period of 250 years, and the results show that forest carbon stocks under the 
management scenario are about 1.3 times greater and more stable over the long term than under 
the no management scenario. Therefore, forest management should be viewed in terms of long-
term development. 
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