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The aboveground carbon sequestration rate (ACSR) of forests serves as an indicator
of their carbon sequestration capacity over time, providing insights into the
potential carbon sequestration capacity of forest ecosystems. To explore the
long-term Spatiotemporal variation of ACSR in the transitional ecotone of
the eastern Tibetan Plateau under climate change scenarios, we utilized a forest
landscape model that was parameterized with forest inventory data from the
eastern Tibetan Plateau to simulate this ecological function changes. The study
found that climate warming had significant effect on forests ACSR in different types
of forests. ACSR was significantly reduced (p<0.05) in cold temperate coniferous
and temperate coniferous forests, whereas it was significantly increased in
deciduous broad-leaved forests. However, the impact of climate warming on
evergreen broad-leaved forests was found to be negligible. At the species level,
climate warming has mostly suppressed the ACSR of coniferous trees, except for
Chinese hemlock. The main dominant species, spruce and fir, have been
particularly affected. Conversely, the ACSR of most broad-leaved trees has
increased due to climate warming. In addition, at the landscape scale, the ACSR
within this region is expected to experience a steady decline after 2031s-2036s.
Despite the effects of climate warming, this trend is projected to persist. In
conclusion, the forests ACSR in this region will be significantly affected by future
climate warming. Our research indicates that climate warming will have a
noticeable suppressive effect on conifers. It is imperative that this factor be taken
into account when devising forest management plans for the future in this region.
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1 Introduction

Numerous studies have shown that human activities have
caused noticeable global warming for decades, which have direct
effects on the growth, maturation, and interspecific competition of
tree species, changing the productivity, carbon sequestration
capacity, and other ecological functions of forests (Lindner et al.,
2010; Bachelot et al., 2020; Liu et al., 2021; Liang et al., 2023). The
response of forests to future climate remains highly uncertain (Liu
et al, 2013; Frank et al., 2015; Schurman et al., 2019). On one hand,
high levels of CO, emissions can benefit the growth and
productivity of tree species (Franks et al., 2013; Gustafson et al,
2018). However, different tree species exhibit varying responses to
elevated CO, concentrations (Kallarackal and Roby, 2012). On the
other hand, moderate temperature increases can prolong the
growing season and enhance productivity of tree species
(Duveneck and Thompson, 2017), but excessive temperature
increases can induce heat stress in tree species, resulting in
decreased productivity and reduced carbon sequestration capacity
(Teskey et al., 2015). This complex process highlights the need for a
flexible and suitable indicator to reflect changes in forest carbon
sequestration capacity under climate disturbance, the aboveground
carbon sequestration rate (ACSR) could reflect the dynamic
changes of forest carbon sequestration capacity timely and
determine the potential carbon sequestration capacity of forest
ecosystems (Chapin et al., 2002; Chen et al., 2013).

Several studies have revealed that climate change will significantly
influence the carbon sequestration capacity of forests on a large scale
(Ma et al., 2014; Zhou et al.,, 2022). Yao et al. (2018) introduced a
semi-empirical model that demonstrates the positive relationship
between rising CO, concentration due to climate change and the
increase in total forest biomass and forest carbon sequestration in
China. Specifically, transition zone forests have been identified as
highly susceptible to the impacts of climate change (Dai et al., 2016;
Wu et al., 2020). To fully understand the impact of climate change on
forest carbon sequestration capacity, it is crucial to investigate the
response of transition zone forests to these changes.

The alpine forests of western Sichuan are the transition zone
from the Sichuan Basin to the Tibetan Plateau and are an important
ecological barrier in the upper reaches of the Yangtze River,
transition from broadleaf-dominated forests of southeast low
mountain region to conifers-dominated forest of the northwest
alpine region. The transitional ecotone between biomes represents
areas where abrupt changes exist in response to climate change
(Frelich and Reich, 2010), making this ecotone forest a sensitive
region to climate change (Wei and Fang, 2013). In addition, this
area has experienced severe harvesting and artificial regeneration
(Miao et al., 2014), the forest structure and composition of this
region have experienced substantial changes under the interaction
of natural restoration and climate change, forest carbon
sequestration has also been affected (Huo et al, 2010; Zhang
et al., 2023). Therefore, it is necessary to explore the long-term
spatial and temporal variation of ACSR in the alpine forests of
western Sichuan in the context of climate warming, to develop
appropriate forest management strategies for the characteristics of
the region.
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Assessing the long-term impact of climate change on the carbon
sequestration capacity of forests is a challenge, which usually requires
a large spatial and temporal scale to be represented, and the long-
term complexity of climate change impacts on forest carbon stocks
makes changes in forest vegetation carbon with a significant lag
(Nevins et al., 2021). Most recent studies on carbon sinks in forest
ecosystems on the Tibetan Plateau in response to long-term climate
change have been based on model simulations and remote sensing
monitoring (Dong and Ni, 2011; Zhao et al,, 2014; Sun et al., 2022).
However, these models only consider climate change as the main
driving force and directly or indirectly ignore forest landscape
processes. Whereas forest landscape models provide a favorable
tool for studying changes in forest carbon sequestration capacity
under climate change at the integrated scale of tree species,
community, and landscape over long periods of time, which can
not only reflect natural forest succession dynamics, but also set up
different disturbance scenarios to help understand the dynamics of
forest carbon pools in the context of climate warming through
repeated simulation experiments (Shifley et al., 2008; Gustafson
et al., 2010).

In this study, we conducted simulation experiments using the
LANDIS-II forest landscape model (Scheller et al., 2007), to
quantitatively evaluate the temporal and spatial variation
characteristics of the ACSR in western Sichuan transitional forests
in the next 100 years (2016-2116) under three climate warming
scenarios. The aims of this research were to (1) explore the temporal
and spatial variation characteristics of the ACSR in alpine forests in
western Sichuan under different climate scenarios at various levels,
(2) analyze the differences in the impact of different climate scenarios
on ACSR using statistical methods, (3) provide scientific insight for
selecting appropriate forest management schemes for alpine forests in
western Sichuan under the climate warming scenarios. We want to
answer these questions to provide useful scientific information for
achieving the goals of sustainable forest management to improve the
carbon sequestration capacity of the western Sichuan alpine
mountains under future climate change.

2 Materials and methods
2.1 Study area

We conducted our simulation experiment within Mao Country
(102°56'~104°10’E, 31°25’'~32°16'N)), located in the Western
Sichuan Province of Southwestern China (Figure 1). The study area
encompasses 3903.28 km? with approximately 67.5% of the area
covered in forests. The elevation of the region varies greatly, ranging
from 890 m to 5230 m, resulting in a diverse vertical and regional
climate. The climate in the region is characterized as a highland
monsoon, with an average annual temperature of 11.0°C and an
annual precipitation of 486.3 mm. The forest landscape of the region
is predominantly a mixed forest comprised of both coniferous and
broad-leaved forests. The main dominant species in the subalpine
region at elevations between 1900 m-3000 m are spruce (Picea
asperata) and fir (Abies fabri). And birch (Betula spp.), maple
(Acer spp.) and ring-cupped oak (Cyclobalanopsis glauca) are the
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FIGURE 1
Location and forest landscape types of our simulation.

main broad-leaved tree species, which are distributed at
lower elevations.

The region experienced a large-scale forest harvesting event
before 1998, which led to serious damage to its forest ecosystem,
and since the implementation of the Natural Forest Protection
Project, the forest cover in the region has been restored through
afforestation, but due to the homogeneous composition and age
structure of planted forests, causing significant changes in forest
structure and composition (Zhao and Shao, 2002). At present, the
forests in the region are mainly for ecological protection, and forest
management is based on natural succession, with no harvesting and
afforestation, it can be expected that carbon sequestration capacity
will be affected (Piao et al., 2019).

2.2 Climate data

To investigate the impact of future climate change on forests ACSR,
we considered the current climate and three emission scenarios
(RCP2.6, RCP4.5 and RCP8.5) in the experiment (Supplementary
Figure 1). In the current climate, the monthly mean temperature and
precipitation for the study area were obtained from data from 12
surrounding meteorological stations for the period 1980s-2020s and
interpolated by regression kriging, and we assumed that the current
climate conditions will not change in the next 100 years. In the future
climate scenarios, climate datasets that were derived from the Coupled
Model Intercomparison Project Phase 5 (CMIP5) framework of the
World Climate Research Programme (IPCC, 2013), it is compiled by
averaging projections from multiple climate models, which are then
reduced and interpolated to a 30-inch grid by the MarkSimGCM
weather generator (http://gisweb.ciat.cgiar.org/MarkSinGCM/). CO,
concentrations data were from the RCP database (http://tntcat.iiasa),
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and the photosynthetically active radiation (PAR) data was from the
Chinese Ecosystem Research Network Data Center (http://
www.nesdc.org.cn/), due to the low changeable rate of PAR (Zhu
et al, 2010), we assumed that PAR remains constant in the future
scenarios of our study area.

2.3 Simulation model

We used a spatially explicit landscape model LANDIS-II v6.0 and an
ecological process-based model PnET-II to conduct our research. The
LANDIS-II is a stochastic, process-based model that simulates forest
development (seed dispersal, tree establishment, growth, competition,
mortality) on large spatiotemporal scales (Scheller et al., 2007). Within
LANDIS-II model, landscapes are represented as a grid of spatially
interacting cells, and each cell is aggregated into different ecological land
types according to its site conditions (e.g., climate, soil), forest
composition is formed through the use of age cohorts of one or more
tree species on each cell, these tree species compete with each other
through a variety of vital attributes, ultimately driving successional
pathways through competition. And PnET-II is a process-based model
that could stimulate the growth of forest trees under specific soil, climate
and hydrological conditions (Aber and Federer, 1992), so we used it to
calculate the aboveground net primary production (ANPP) and tree
species establishment probability (SEP) needed for the LANDIS-II model
by simulating the carbon, nitrogen and water cycle processes in the forest.

The key input parameters for the LANDIS-II model include tree
species life history parameters, ANPP, SEP and stand spatial
parameters (initial tree species distribution raster and ecoregion
raster). Life history parameters for 16 dominant tree species were
obtained from previous studies and consultation with local forestry
experts (Liu et al,, 2021) (Table 1). The initial distribution raster map of
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tree species was synthesized by using the forestry survey data of Mao
County in 2016. And we divided the study region into five ecoregions
based on elevation, land type and soil, including an inactive ecoregion
and four active ecoregions, the inactive ecoregion was no-forested and
shrubs, the four ecoregions were classified mainly based on elevation,
with ecoregion 1 being above 1500 m, ecoregion 2 ranging from 1500
to 2000 m, ecoregion 3 ranging from 2000 to 2800 m, and ecoregion 4
being above 2800 m (Supplementary Figure 2). We uniformly set the
resolution of the spatial data to 100 mx100 m.

The parameters selected for the PnET-II include climate data
(monthly temperature, monthly mean precipitation, PAR and CO,
concentration), species physiological parameters (Supplementary
Table 1), and site conditions parameters. The species physiological
parameters reflect the differentiation in the response of different tree
species to climate and environmental changes, and the physiological
parameters of each tree species are mainly from the relevant literature
review and site survey (Duan et al., 2014; Wang et al., 2017; Cai et al,,
2019). Latitude and water holding capacity (WHC) are the main
parameters in the site conditions, water holding capacity was
calculated by rock fragment, clay and sand content obtained from a
national soil database (http://gis.soil.csdb.cn/).

The applicability of the LANDIS-II model has been well
demonstrated in previous studies (Xu et al., 2009; Gustafson et al.,
2010), but the lack of long-term observations on large spatial and
temporal scales makes it difficult to visually validate the spatial model.
In this study, we compared the initial forest simulation data of
LANDIS-II with actual observations (Supplementary Figure 3). The
comparison results show that the model can better simulate the forest
dynamics in Mao County.

TABLE 1 Life-history attributes of the main tree species in the study area.

10.3389/fpls.2023.1212406

2.4 Data analysis

To compare the differences in forest carbon sequestration
capacity over the next 100 years under different climate scenarios,
we calculated aboveground carbon sequestration rates from 2016 to
2116 at the tree species-, community-, and landscape-scales (Fang
et al,, 2001). ACSR was calculated using the following equation:

CSR; = (Cipy = Cip) [ (t, = 1)

where CSR; is the ACSR at a certain period, C;,; is the biomass
at the time t; and C;,is the biomass at the time t,.

To visualize the spatial and temporal variation of forest carbon
sequestration capacity, we produced spatial maps of aboveground
carbon stocks for each cell in the study region. Five iterations of each
climate scenario were simulated to reduce the stochasticity of the
models. We tested differences in ACSR across climate scenarios by
one-way ANOVA with multiple comparisons using LSD, and
different letters representing significant differences (P<0.05).

3 Results
3.1 ACSR at landscape level

ACSR of forests under different climate scenarios varied
noticeably in the next 100 years (Figure 2). The overall trend in
ACSR was consistent over the simulation period under different
climate scenarios, with a continuous increase in ACSR from 2016s to
2036s, followed by a persistent decrease in ACSR over the next 50

Species Common name

Picea asperata Spruce 300 60 4 50 150 0

Abies fabri Fir 300 60 4 50 150 0

Tsuga chinensis Chinese hemlock 400 80 4 100 150 0

Pinus armandii Huashan pine 200 35 2 30 100 0

Pinus tabuliformis Chinese pine 150 35 2 30 100 0

Quercus wutaishanica Liaodong oak 300 40 2 50 200 1

Quercus semicarpifolia Brown oak 250 40 2 50 200 1

Quercus variabilis Cork oak 200 20 3 50 300 0.8
Cyclobalanopsis glauca Ring-cupped oak 250 20 2 50 200 0.9
Cupressus chengiana Minjiang cypress 300 30 3 200 500 0

Sophora japonica Locust 150 15 1 300 1500 0.9
Toona sinensis Chinese toon 120 15 1 300 1000 0.9
Acer spp. Maple 200 20 3 50 200 0.5
Betula spp. Birch 150 15 1 200 1500 0.8
Populus spp. Aspen 150 15 1 300 1500 0.9
Alnus cremastogyne Alder 150 15 2 200 1000 0.8

LONG, longevity (years); MTR, age of maturity; ST, shade tolerance (1-5), 1 represents minimal shade tolerance, and 5 represents maximum shade tolerance; ESD, effective seeding distance;

MSD, maximum seeding distance; VSR, vegetative reproduction probability (0-1).
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years, with a short period of fluctuation by the end of the simulation.
The overall ACSR was maximum under the RCP8.5 scenario with a
mean value of 0.36 t ha™ a’', the mean ACSR under the current
climate scenario was 0.27 t ha™ a™, which was slightly lower than the
RCP8.5 scenario. The ACSR was minimum in the RCP2.6 and
RCP4.5 scenarios, and the difference between them was minor,
with mean values of 0.18 t ha™' a™' and 0.17 t ha™' a’, respectively.

3.2 ACSR at community level

Four forest communities with varying ACSR were simulated
under different climate scenarios (Figure 3). The ACSR exhibited an
overall decreasing trend in all climate scenarios in cold temperate
coniferous forests. Furthermore, the forest ACSR was suppressed in
the climate warming scenario, particularly in the late simulation
period, with negative ACSR observed in all climate warming
scenarios. The ACSR of temperate coniferous forests continued to
decline under all climate scenarios during the simulation period,
and warming also harmed the ACSR of temperate coniferous
forests, with the ACSR under all warming scenarios was always
lower that than current climate. The ACSR of deciduous broad-

«_»

leaved forests showed a “v” shape for all climate scenarios during
the simulation period, with the minimum values occurring in the
2081s-2086s. And climate warming had a positive effect on the
ACSR of deciduous broad-leaved forests, as temperatures increased,
this effect became more pronounced, with the highest ACSR

observed under the RCP8.5 scenario. The impact of climate

10.3389/fpls.2023.1212406

warming on the ACSR of evergreen broad-leaved forests was
found to be negligible. The ACSR of evergreen broad-leaved
forests showed a noticeable increase from 2016s-2036s, regardless
of the climate scenario, during this period, the ACSR values shifted
from negative to almost 0, eventually stabilizing at around 0.

3.3 ACSR at species level

The simulated response of coniferous species ACSR to climate
change in the next 100 years was roughly the similar excluding
Chinese hemlock (Figure 4). Our study found that climate warming
had a negative impact on ACSR in the majority of coniferous forests
in the study area. However, it did not alter the overall trend of ACSR
in tree species. Like the spruce (Figure 4A), the ACSR generally
displayed a consistent downward trend throughout the simulation
across all climate scenarios, furthermore, its ACSR became negative
towards the end of the simulation, with this trend being further
amplified by warming. The impact of climate warming on fir was
significant, as shown in Figure 4B, the ACSR experienced a fluctuating
decline under the current climate scenario, although the decline was
relatively minor, during the simulation period, the ACSR changed
from 0.17 tha' a t0 0.05 t ha! a’, and this change was exacerbated
by climate warming. According to the RCP8.5 scenario, the ACSR
decreased from 0.16 t ha a™* to -0.19 t ha 2, similarly, under the
RCPA4.5 scenario, it decreased from 0.085 t ha' a™! to -0.16 t ha™ a™!,
and under the RCP2.6 scenario, it decreased from 0.066 t ha™ a to
-0.15tha™ a. Warming had a positive effect on the ACSR of Chinese
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Forest aboveground carbon sequestration rate in landscape level
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hemlock (Figure 4C), and increased its ACSR substantially
throughout the simulation period, with the most pronounced
promotion by RCP8.5. ACSR of Huashan pine, Chinese pine and
Minjiang cypress has been negatively affected by climate warming,
which has exacerbated the decline of their ACSR (Figures 4D-F).
The simulation showed that broad-leaved trees had complex
dynamics, as depicted in Figure 5. Additionally, the study found that
climate warming had a positive impact on the ACSR of the majority of
broad-leaved tree species. The ACSR of Liaodong oak exhibited an
initial increase followed by a subsequent decrease, specifically, between
2016s and 2036s, the ACSR demonstrated a rapid increase before
gradually declining, climate warming does not alter this trend, but
enhances the ACSR to some extent when compared to current climate

Frontiers in Plant Science

scenario. Throughout the simulation period, warming shifted the mean
ACSR of Liaodong oak from a negative value under the current climate
to a positive value. The impact of climate warming on brown oak and
ring-cupped oak was relatively minor, and the effect of warming on
their ACSR was not noticeable. During the simulation period, the
ACSR of cork oak exhibited a trend of increasing and then decreasing.
The impact of warming on the ACSR was considerable, particularly
between 2021s and 2026s, resulting in a substantial increase in the peak
ACSR of cork oak. The effect of warming on maple was similar to that
on Liaodong oak. The variation of birch’s ACSR resulted in a “v”
shape, with a decrease followed by an increase, and the minimum value
was observed between 2081s and 2086s. The ACSR of birch was
pronouncedly increased due to climate warming, and the most evident
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Forest aboveground carbon sequestration rate of coniferous species trees. (A) Spruce, (B) Fir, (C) Chinese hemlock, (D) Huashan pine, (E) Chinese

pine, (F) Minjiang cypress

positive effect was observed in the RCP8.5 scenario, the simulation
revealed that the maximum ACSR can reach 0.43 t ha' a™.

3.4 Differences of ACSR among
climate scenarios
The results of ANOVA indicated significant differences in ACSR

between cold temperate coniferous forests, temperate coniferous
forests and deciduous broad-leafed forests under different climate
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scenarios (p<0.05) (Figure 6), and there was no significant effect of
climate change on ACSR in evergreen broad-leaved forests. The
ACSR of cold temperate coniferous forests has been significantly
reduced due to climate warming, with the RCP4.5 scenario showing a
significant difference from the other two warming scenarios
(Figure 6A). Climate warming had a significant negative impact on
ACSR in temperate coniferous forests (Figure 6B). In deciduous
broad-leaved forests, the increase in climate warming led to a
significant rise in their ACSR, this resulted in a shift from negative
to positive mean values as per simulations (Figure 6C).
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Climate change only significantly affected the ACSR of some
tree species (Supplementary Table 2). Specifically, the ACSR of
spruce was significantly reduced by climate warming, with no
discernible difference observed across various warming scenarios
(Figure 7A). The ACSR of fir was negatively impacted by climate
warming, however, it was observed that the effects of RCP8.5 were
significantly different from the other two warming scenarios
(Figure 7B). The Chinese hemlock exhibited a significantly higher
ACSR for all warming scenarios compared to the current climate,
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among the three warming scenarios, the ACSR for RCP8.5 was
significantly higher than the other two (Figure 7C). The impact of
climate warming on Minjiang cypress was found to be similar to
that of spruce, the study revealed that warming had significant
negative effect on the ACSR of Minjiang cypress (Figure 7D). The
ACSR of cork oak and birch was significantly increased by climate
warming, especially RCP8.5 produced a significant increase in the
ACSR of birch (Figures 7E, H). ACSR of locust and Chinese toon
had significant decreases under warming scenarios (Figures 7F, G).
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3.5 Spatial distribution of carbon stocks

Forest carbon stocks showed a large variation in different stages
under different climate scenarios (Figure 8). Our study found that
climate warming had a mixed impact on forest carbon stocks in the
area. In the RCP2.6 scenario, there was a positive effect on forest
carbon stocks until the 2060s, followed by a slight suppression.
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4 Discussion

Our study found that climate warming has a significant impact
on the ACSR of forests in this transitional ecotone. More
specifically, we found that forest ACSR was influenced by various
climate change scenarios, forest types, species, and successional
stages. The findings of our study suggest that warming has a
significant impact on different tree species. In particular, it was
observed that warming led to a decrease in the ACSR of coniferous
trees, whereas it had a positive effect on the ACSR in broad-leaved
trees. These results are consistent with previous research conducted
in this field (Ma et al., 2014). The study revealed that warming had a
negative impact on the ACSR of spruce and fir, and this negative
trend was observed in the later stages of the simulation. We suggest
that this may be attributed to the species’ adaptation to current
temperature conditions and the inhibitory effect of increased
temperature on their photosynthesis. Consequently, warming is
expected to exert a stronger negative impact on the ACSR of spruce
and fir compared to CO, fertilization, and further warming could
continue to inhibit their growth (Coops and Waring, 2011).
Consistent with our findings, Liao et al. demonstrated that future
warming scenarios would result in a contraction of the habitat range
of spruce and fir on the eastern Tibetan Plateau, highlighting their
vulnerability to climate warming (Liao et al,, 2020). The warming
has positively influenced the ACSR of Chinese hemlock, with the

10.3389/fpls.2023.1212406

RCP8.5 scenario having the most pronounced enhancing effect.
This may be attributed to the higher maximum photosynthetic
temperature tolerance of Chinese hemlock, the current warming
not yet surpassing its threshold, and the temperature increase
promoting its photosynthesis, consequently increasing its ACSR.
Other coniferous trees, such as Minjiang cypress and Huashan pine,
exhibit a similar response to climate warming as spruce and fir.
Broad-leaved tree species generally exhibit a positive response in
terms of ACSR to climate warming (Cheng and Yan, 2008; Zhang
et al, 2023). Research indicates that climate warming is more
favorable for broad-leaved trees as compared to subalpine
conifers, the latter is experiencing a decline in growth due to
standing encroachment (Cao et al,, 2021). Climate warming can
greatly enhance the ACSR of birch, resulting in a distinct “v” shape
in the ACSR change. This is due to the fact that birch, as a pioneer
tree species, reaches its natural lifespan and experiences mortality
after a short period of increased ACSR, leading to a subsequent
decline in ACSR. At the community level, climate warming
negatively affected the ACSR of cold temperate coniferous and
temperate coniferous forests. In contrast, deciduous broad-leaved
forests exhibited a significant increase in ACSR as a result of climate
warming. The impact of climate warming on evergreen broad-
leaved forests was relatively smaller, which could be attributed to
their lower proportion in the region, resulting in a less
significant effect.
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Our study revealed that climate warming does not alter the
trend of ACSR at the landscape scale. After a brief increase, the
ACSR continues to decline. This decline may be attributed to
artificial plantations established after harvesting in this ecotone.
The current forest is in a young state and capable of ongoing carbon
sequestration. However, the natural mortality of uniformly planted
plantations leads to a significant reduction in ACSR (Wang et al.,
2016; Urbano and Keeton, 2017). At the landscape scale, the RCP8.5
scenario has exhibited certain positive effects on ACSR in this
ecotone. However, the RCP4.5 and RCP2.6 scenarios have resulted
in a decrease in ACSR compared to the current climate. This can be
attributed to a notable increase in ACSR of broad-leaved trees
resulting from the RCP8.5 scenario. The ACSR of broad-leaved
trees has experienced a significant rise due to climate warming.
However, under severe climate warming scenarios in the future, the
forest carbon stock in the area will be significantly diminished. This
is because spruce and fir forests, which represent the dominant
communities in our study region, cover the largest area and possess
the highest forest carbon sequestration capacity in this ecoregion
(Zhang et al., 2013). However, the climate warming scenario has
significantly suppressed the ACSR of spruce and fir, leading to a
decrease in forest carbon stock.

Our results do not aim to accurately predict the ACSR of this
transition ecotone under climate warming scenarios. Instead, the
experimental design and model results aim to uncover general
patterns of warming effects on carbon sequestration capacity
across different ecological scales through controlled experiments.
However, the experimental design does not consider certain factors
that undoubtedly influence species succession and carbon
sequestration capacity, such as increased frequency of fires in
warming scenarios, land use changes, and pests and diseases.
These limitations indicate a direction for future research. Previous
studies have examined the sensitivity and uncertainty of the
LANDIS-II model (Gustafson et al., 2010; Thompson et al., 2011;
Xiao et al,, 2017), revealing that the model input is highly stable. To
minimize stochastic error, we conducted repeated simulations and
found minimal variability between these repetitions. Our study
yields reliable results that highlight the variations in forest ACSR
across different scales within the transitional ecotone of the eastern
Tibetan Plateau, under different warming scenarios. These findings
offer valuable insights for enhancing the forest carbon sequestration
capacity in the region.

5 Conclusion

In this study, the forest landscape model LANDIS-II was
utilized to simulate the effects of climate warming on the ACSR
of the eastern Tibetan Plateau Forest transition ecotone. Our results
demonstrated that climate warming significantly affects the ACSR
in this region. At the landscape scale, it was found that climate
warming did not have a significant impact on ACSR, however, the
RCP8.5 scenario led to an increase in forest ACSR, whereas the
RCP2.6 and RCP4.5 scenarios resulted in a decrease in forest ACSR.
The impact of climate warming on ACSR varied in different forest
types. In cold temperate coniferous forests and temperate
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coniferous forests, ACSR was significantly reduced. However, in
deciduous broad-leaved forests, ACSR increased significantly due to
climate warming. Evergreen broad-leaved forests in the study area
were found to be less responsive to climate change. At the scale of
tree species, the top communities in our research region, namely
spruce and fir, exhibited a significant decrease in ACSR as a result of
climate warming. Additionally, climate warming led to a decrease in
ACSR of other coniferous trees, with the exception of Chinese
hemlock. The response of broad-leaved species’ ACSR to climate
warming was mostly positive, particularly in the case of birch, where
there was a significant increase in ACSR due to climate warming. In
addition, the study found that a moderate increase in temperature
had a positive effect on the increase of forest carbon stock in the
area, however, a drastic increase in temperature had a significant
negative impact on the forest carbon stock in the study area. The
findings of this study provide valuable insights into the
connection between forest carbon sequestration capacity and
climate warming in the eastern Tibetan Plateau. Additionally,
these results have practical applications for promoting sustainable

forest management in the region in the coming years.
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