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GRAPHICAL ABSTRACT
PUBLIC SUMMARY

- Young and middle forests would sustain China’s current net primary productivity (NPP) for about 15 years.

- Aging of forests would lead to an 8%–17% decline in China’s NPP in 40–80 years.

- Optimizing forest age structure can be a way to maintain and enhance China’s carbon sink.
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Forests are chiefly responsible for the terrestrial carbon sink that greatly re-
duces the buildup of CO2 concentrations in the atmosphere and alleviates
climate change. Current predictions of terrestrial carbon sinks in the future
have so far ignored the variation of forest carbon uptake with forest age.
Here, we predict the role of China’s current forest age in future carbon
sink capacity by generating a high-resolution (30 m) forest age map in
2019 over China’s landmass using satellite and forest inventory data and
deriving forest growth curves using measurements of forest biomass and
age in 3,121 plots. As China’s forests currently have large proportions of
young and middle-age stands, we project that China’s forests will maintain
high growth rates for about 15 years. However, as the forests grow older,
their net primary productivity will decline by 5.0% ± 1.4% in 2050, 8.4% ±

1.6% in 2060, and 16.6% ± 2.8% in 2100, indicating weakened carbon sinks
in the near future. The weakening of forest carbon sinks can be potentially
mitigated by optimizing forest age structure through selective logging and
implementing new or improved afforestation. This finding is important not
only for the global carbon cycle and climate projections but also for devel-
oping forest management strategies to enhance land sinks by alleviating
the age effect.

INTRODUCTION
Achieving carbon neutrality by 2060 is China’s commitment to the interna-

tional community.1,2 Carbon neutrality requires reducing carbon emissions to a
level that is in balance with carbon sinks in natural ecosystems, and the larger
the sinks the less pressure on emission reduction.3 Terrestrial ecosystems are
important carbon sinks, and China’s terrestrial ecosystem had a carbon sink of
�0.33 PgC year�1, accounting for �12% of carbon emissions,4–7 although
such estimates vary greatly.4,7–9 Forests contributed the highest proportion
(�80%) of carbon sinks among terrestrial ecosystems.10 To achieve carbon
neutrality by 2060, the cost of reducing carbon emissionsmay increase exponen-
tially with the amount of reduction,11 while the cost of increasing forest carbon
sinks is relatively low.3 Therefore, predicting future changes in China’s forest car-
bon sinks is important to guide forest management and policy formulation for
achieving carbon neutrality.

Many previous studies have predicted increased future forest carbon sinks in
China for natural and anthropogenic reasons.11–14 An accelerated increase in
China’s carbon sequestration after 2010wasdocumenteddue to climate change
and human activities.12 About a 22.0%–31.5% increase in China’s carbon
sequestration during the 2050s over the 2010s was projected by employing
target-oriented management under various Representative Concentration
Pathway scenarios.14 A potential increase of 66.7% in China’s carbon mitigation
rate was predicted during 2020–2060 relative to the years 2000–2020 by em-
ploying new natural climate solutions.11 China’s forest carbon sink in 2000–
2050 was projected to be as high as four times that of 1981–2000.13 However,
these carbon sink predictions may be overly optimistic as the effects of forest
stand age on forest growth have not been considered in these studies. Forest
carbon sink potential is closely related to net primary productivity (NPP), which
increases rapidly at young ages, peaks at middle ages, and then decreases at
old ages to some extent.15,16 The decrease of NPP in aging forests is mainly

driven by gross primary productivity (GPP), which declines faster with increasing
age comparedwith autotrophic respiration (Ra).16–20 China has conducted inten-
sive afforestation and reforestation programs since the 1960s,21 resulting in an
increase in forest cover from 14% in the first China Forest Inventory Report
(1973–1976) to 23% in the ninth China Forest Inventory Report (2014–2018).
Planted and naturally regenerated forests are reported by the Food and Agricul-
ture Organization of the United Nations (FAO) to occupy 94% of forest area in
China, and most of them are currently in the young- and middle-aged cate-
gories22,23 with high carbon uptake capacity.24 High carbon sinks are thus likely
to prevail in the near future in China given the absence of deforestation.25 How-
ever, there is a high risk that the carbon sink would decrease with natural for-
est aging.
Mapping China’s current forest age structure is critical for predicting the future

forest carbon sink changes. About 85% of China’s forests grow in mountainous
areas,26 and in most provinces forest stands are small (102–1002 m2) due to
topographic variation and natural and anthropogenic disturbances. However,
there were only three available forest age products covering all of China22,23,27

at the 1000 m spatial resolution, which is far beyond the stand scale (Figure S1)
and not adequate for the quantitative analysis of China’s forest age structure, as
the average age of two or more stands of different ages could be misleading in
predicting future forest carbon sinks. For example, a 10-year-old forest and a
60-year-old forest could both have low growth rates, but when they are averaged
to become a 35-year-old forest, the growth rate could double, according to some
of the forest growth (NPP-age) curves. Therefore, mapping forest age at a higher
resolution than the average size of forest stands is required to capture the spatial
variability of forest attributes and improve forest growth and carbon sink estima-
tion in China.
In this work, we present a robust prediction of how forest stand age im-

pacts China’s future forest NPP based on the current forest age map and for-
est growth curves from different forest cover types. NPP was used to quan-
tify the forest growth rate in terms of biomass production per unit time, and
the NPP-age curve was used to represent the forest growth variation with
stand age. Specifically, we first generated a forest age map based on high-
resolution satellite images over China’s landmass, and then derived forest
growth curves for different forest cover types and regions using satellite, for-
est inventory, and field survey data. We also predicted changes in China’s for-
est productivity from 2022 to 2100 based on the current forest age and the
derived forest growth curves. Maps of peak forest growth years (the year
with the peak forest NPP) and projected forest NPP in 2030, 2060, and
2100 are also provided to show the spatial patterns and trends of forest pro-
ductivity changes in China. We project that China’s forests will maintain high
growth rates for about 15 years. But as the forests grow older, their NPP will
decline by 5.0% ± 1.4% in 2050, 8.4 ± 1.6% in 2060, and 16.6 ± 2.8% in 2100,
indicating weakened carbon sinks in the near future. The weakening of the
forest carbon sink can potentially be mitigated by optimizing forest age struc-
ture through selective logging and implementing new or improved affor-
estation. The projected changes and maps are expected to guide sustainable
forest management and national policy development to achieve carbon
neutrality by 2060.
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RESULTS
China’s forest age distribution at 30 m spatial resolution

Since most forests in mountainous areas are in small sizes (102–1002 m2), a
forest agemap of China at a high spatial resolution of 30m (Figure 1) was gener-
ated as the base map of the current forest age structure for future prediction. It
was derived by merging annual forest disturbance maps derived from Landsat
time series data by the COLD algorithm28 and an agemap of undisturbed forests
in 2019. The latter was derived from a forest height map29 available from Global
EcosystemDynamics Investigation (GEDI) satellite data at a 30m resolution (Fig-

ure S2) using a machine learning method30 trained with forest height, climate,
terrain, and available forest age data (see supplemental methods). Forests that
were disturbed at least once between 1986 and 2019 occupied 29.1% of the for-
est area and were aged less than 35 years. In addition, there were 13% of forests
aged no more than 25 years (young forests), 35% aged 26–45 years (middle-
aged forests), 31% aged 46–70 years (mature forests), and 21% aged over 70
years (old forests). Older forests were mainly distributed in protected areas
and remote mountains, while young- and middle-aged forests were mainly
located in the south and southeast of China and in the planted and naturally

Figure 1. Distribution of China’s forest age in 2019 at
30m resolution The histogramshows the statistics of
the disturbed and undisturbed forest ages at an in-
terval of 5 years. “Disturbed” means the age of forest
where adisturbanceoccurredbetween1986and2019
and “Undisturbed” means the age of forest where no
disturbance occurred between 1986 and 2019.

A B

Figure 2. Maps of 3,907 reference forest disturbance samples and 3,121 forest field survey samples in China (A) The reference forest disturbance samples are shown in different
colors according to the frequency of forest disturbances that occurred between 1986 and 2021, and they were used to calibrate and validate the forest disturbance detection al-
gorithm for mapping the age of forest with disturbance that occurred between 1986 and 2021. (B) The forest field survey samples are shown in different colors according to their
forest cover types, and they are used tomap the age of a forest with no disturbance that occurred between 1986 and 2021 and build the NPP-age curves. EBF, evergreen broad-leaved
forests; ENF, evergreen needle-leaved forests; DBF, deciduous broad-leaved forests; DNF, deciduous needle-leaved forests; MF, mixed forests.
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regenerated forest areas. This forest age map was validated using two sets of
reference datasets: one is the interpreted 3,907 reference forest disturbance da-
taset in China (Figure 2A), and the other is the 3,121 forest field survey samples31

in China (Figure 2B). Validation with the reference forest disturbance samples
indicated that the mapped age of the disturbed forest had a small error
of ±3.6 years (Figure 3A). Validation with the randomly selected 30% of forest
field survey samples (samples with disturbances that occurred after the survey
date were screened) showed that the mapped forest age had a relatively large
error of ±8.4 years (Figure 3B), but still smaller than the reported errors of ±12
to ±48 years in mapping forest age from forest height data.23,27,32–34 These er-
rors of forest age mapping would be used in NPP uncertainty analysis (see sup-
plemental methods).

Forest growth curves across China
Forest growth curves (NPP-age relationships) for different forest types

and regions in China (Figure 4) were fitted using a mathematical model35

based on data from a total of 3,121 forest field survey samples.25 Due to
limitations in the available forest field survey samples, we merged regions
for some forest types to build the NPP-age curves, resulting in only 10
derived curves; in general, the ages at which forest NPP peaks are affected
by climate factors.22 Southern regions, with higher temperatures, show
growth curves that reach their peak earlier and experience relatively
more significant decreases at old ages compared with the northern re-
gions, which have lower temperatures. An evergreen broad-leaved forest
(EBF) reaches its peak NPP at 30 years in the northwest, north, northeast,
east, and south of China, and at 42 years in the southwest of China, which
are similar to the reported average peak age of EBF in China at 40 years36

An evergreen needle-leaved forest (ENF) reaches its peak NPP at 55 years
in northern China and 34 years in southern China, consistent with the re-
ported finding that the peak age in northern regions is 21 years older
than in southern regions.13 Deciduous broad-leaved forest (DBF), primarily
distributed in northern China, reaches its peak age at 47 years, which is
slightly larger than 41 years in southern China. The speed of NPP decline
after reaching its peak is much faster in southern China than that in north-
ern China in DBFs. Deciduous needle-leaved forests (DNFs), most of which
(60.2%) are located in north and northeast China, reach their peak growth
age at 40 years, which is consistent with the reported value of 40 years in
the same region obtained from the Logistic stand growth equation using
the National Forest Inventory (NFI) data.13 The mixed forest reaches its
peak NPP at 40 years in northern China and 39 years in southern China.

Projected forest growth from 2022 to 2100
The variation in China’s forest NPP from 2002 to 2100 is shown in Figure 5A.

The historical changes in China’s forest NPP from2002 to 2021were added as a
comparison. From2002 to 2021, NPP at the 30m resolutionwas downscaled by
MODIS NPP products, while from 2022 to 2100 it was predicted based on the
current forest age only. A significant increasing trend of China’s total forest
NPP, at 6.6 TgC year�1, was observed from 2002 to 2021, which was mainly
attributed to the effects of CO2 fertilization5,37 and increased leaf area index,4

as well as young and mid-aged forests.38 China’s forest NPP would maintain
near itsmaximumuntil about 2036, with a peak in 2027, and then start to decline
thereafter. Compared with 2021, China’s forest NPP would decrease by 5.0% ±

1.4% in 2050, 8.4% ± 1.6% in 2060, and 16.6% ± 2.8% in 2100, assuming no
climate changes and deforestation/afforestation. The forest growth curves, for-
est age, forest cover types, and reference NPP in 2021 contributed 52.3%, 36.1%,
6.7%, and 4.9% to the uncertainty on average. Due to the differences in climate,
forest age, and forest type, forest NPP in different regions showed diverse tem-
poral patterns. Figure 5B shows the projected variations of forest NPP from2025
to 2100 relative to that in 2021 in the six regions. Except for northwest Chinawith
a decreasing trend in forest NPP, the other five regions presented an initial
increasing and then decreasing trend in forest NPP. EasternChina even exhibited
an increased forest NPP until 2047, and two provinces Jiangsu and Shandong
(see Figure S3 for the province locations) mainly contributed to this increase.
The forest NPP in Jiangsu and Shandong will increase by 26.1% and 19.8% in
2050, respectively, probably due to the young age of newly planted forests
with a forest age smaller than 12 years. The forest cover in Jiangsu greatly
increased from 7% in 1999 to 24% in 2021 (17% of newly planted forests since
1999), and the forest cover in Shandong increased from 12.7% in 1999 to
20.9% in 2021 (8.2% of newly planted forests since 1999).

Spatial distribution of the year with peak forest growth
The spatial distribution of the year when the forest reaches its peak growth is

shown in Figure 6. In 2021, 64.6% of forests (red and yellow) had already reached
their peak NPP, so the age effect on NPPwas negative; Meanwhile, 35.4% of for-
ests (green and blue) had not yet reached their peak NPP, and the predicted
future NPP would first increase and then decrease. Different regions showed
diverse patterns of the peak growth year, and the pixels with a first increasing
and then decreasing trend of forest NPP occupied 51.0% of the north region,
50.6%of the east region, 40.2%of the south region, 30.3%of the northeast region,
24.1% of the northwest region, and 23.8% of the southwest regions. The forests
that will experience increasingNPP in the near future aremainly distributed in the

A B

Figure 3. Validation of mapped forest age with disturbance that occurred between 1986 and 2021 and with no disturbance The mapped forest ages with disturbances (A) were
validated using the interpreted reference disturbance samples (Figure 2A). The points far away from the 1:1 line are the over-detected and omitted forest disturbances by the COLD
algorithm, which represent only a small percentage of the total. The age of the undisturbed forest (B) was validated using the randomly selected 30% of 3,121 forest field survey
samples in China (Figure 2B). The mark size and color indicate the frequency of samples.
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parts of Daxing’an mountains, Taihang mountains, Dabie mountains, Hengduan
mountains, and the mountains in the east and south of China.

Maps of projected forest NPP for several key years
Maps of projected forest NPP in 2030, 2060, and 2100 across China, based on

current forest age only, are shown in Figure 7. The forest NPP downscaled from
MODIS NPP products in 2021 was included as a baseline for the comparison.
The total forest NPP across China in 2030 decreased slightly compared with
that in 2021, in which 16.5% of forest pixels had a decrease in NPP larger than
0.047 kgC m�2 year�1 (equal to 5% of China’s mean forest NPP in 2021) and
55.3% of forest pixels had a decrease in NPP less than 0.047 kgC m�2 year�1.
In addition, 6.0% of forest pixels showed no changes, and 22.2% of forest pixels
had an increase in NPP. The percentage of forest pixels with a decrease in NPP
larger than 0.047 kgCm�2 year�1 rose to 65.9% in 2060 and 81.3% in 2100. The
forest pixels with unchangedNPP (meaning that the NPP in a year was the same
as that of the year 2021) declined to 1.9% in 2060 and 1.0% in 2100, and the for-
est pixels with an increased NPP dropped to 8.3% in 2060 and 3.2% in 2100.
These pixels with unchanged or increased NPP had relatively low NPP values
in 2021, and their NPP could still increase until reaching a peak value, and then
started to decline, but were still equal to or larger than the value in 2021. The for-
ests in parts of East China, South China, and Southwest China still maintain rela-
tively highNPP in 2060 and 2100, whichmight be attributed to their young forest
ages and forest growth characteristics.

DISCUSSION
Role of forest age on carbon sink

The forest net carbon gain (NPP) increases rapidly at young ages, peaks at
middle ages, and thendecreasesatold ages.15,16 Theclassical viewof themech-
anisms underlying the decline of NPP in aging forests is primarily due to the
reduction in GPP as the forest ages, while Ra increases with age.39,40 However,
this classical viewwas demonstrated to be incorrect.16 Themechanisms of the
age-driven decline in NPP are mainly driven by the decrease in GPP and Ra with
increasingage,whereGPPdeclines faster comparedwithRa.16–20Thedecrease
in forest carbon gain in aging forestsmay be explained by nutrient limitation and

Figure 4. Forest growth curves in China The forest
growth curves are indicated by NPP-age relationships
for different forest cover types and regions in China.

ecosystem succession. Nutrient availability in
older forests is often lower due to long-term
biomass production and nutrient consumption,
leading to nutrient deficiency in some soils.
This restricts plant growth and slows down the
rate of forest carbon gain.41,42 Over time, domi-
nant species gradually occupy the forest, while
other species are reduced or excluded. These
changes in species composition and structure
may also lead to a slowdown in the rate of forest
carbon gain.43,44 Despite the age-driven decline
of net carbon gain, forests still accumulate car-
bon in old ages,45,46 but the magnitude of forest
carbon sinks is controversial (1.6 ± 0.6 vs. 2.4 ±

0.8 MgC ha�1year�1).
There are also limitations related to forest age,

NPP-age curves, and the predicted net carbon
gain of forests. Firstly, disturbed forests may
not regrow back in the next year after the distur-
bance, and considering this time difference is
critical for future updates of the forest age
map. Secondly, due to constraints in the avail-
able forest field samples, we had to merge sam-
ples over large areas for a region when building
the NPP-age curve, and the built curve may not
be optimal for some areas in the region or forest
types. Future modifications should consider

incorporating additional samples to construct separated NPP-age curves for
smaller regions. Finally, our predictions did not consider changes in the forest
age structure within plantations. In plantations, young trees can be planted after
each harvest and the forest age structure can be changed significantly, and
considering these age structure changes can be directions for future
modifications.

Effects of climate change and atmospheric composition on future NPP
China’s forest carbon sinks have been reported to increase due to the fertiliza-

tion effects of increased atmospheric CO2 and nitrogen deposition,5,25,37 as well
as the effects of climate change47 such as longer growing seasons.48 Process-
based diagnostic ecosystemmodeling quantified that CO2 fertilization effect, ni-
trogen deposition, and climate change were responsible for 47.0%, 1.1%, and
�28.6% of the global accumulated land sink from 1981 to 2016,4 respectively,
and the remaining 65.5% was contributed by the legacy effects of changes in
these drivers before 1981. Based on the same simulation,4 CO2 fertilization, nitro-
gen deposition, and climate change contributed 26.1%, 2.6%, and �14.0% of
China’s accumulated land sink from 1981 to 2016, respectively. CO2 is the basis
of photosynthesis, and its increase in the atmosphere will lead to an increase in
the rate of photosynthesis. Plant respiration can also be enhanced by the in-
crease in CO2 concentration, but its increased magnitude is smaller than that
of photosynthesis, resulting in the CO2 fertilization effect on NPP.49 The
increased nitrogen deposition from 1981 to 2016 led to a significant NPP
enhancement in China.4 Climate change had overall positive effects on both
GPP and ecosystem respiration, and the increase in ecosystem respiration
was more than the increase in GPP, leading to a net reduction in accumulated
terrestrial carbon sink.4 Assuming no future climate change, we predicted a
declining NPP trend of China’s forests in the near future based solely on the cur-
rent forest age structure. However, the legacy effects of past changes in climate
and atmospheric compositionwould still impact the NPP trend in the near future.
The predicted declining trend of future NPP will also be significantly modified by
future climate change, but mitigated by the continuous increase in atmospheric
CO2 concentration in the future, although the CO2 fertilization effect may be
decreasing.5 The average growth curve shown in Figure 5A for China’s forests
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in the near future can serve as a baseline to evaluate the impacts of the afore-
mentioned factors on China’s forest carbon sinks, and the projected decline of
future NPP may be significantly mitigated by the combining effects of climate
change, atmospheric composition, and future afforestation and reforestation
programs.

Implication of NPP on forest carbon sinks
This study only focused on predicting the changes of future forest NPP in

China, which includes biomass increment and soil organic carbon accumula-
tion due to foliage and fine root turnovers. The biomass carbon increment
over a specific period (named as biomass carbon sink here) is different from
biomass carbon stock, which refers to the total amount of stored carbon
and can still increase after the peak of NPP. When only the biomass carbon
increment is considered in the building of forest growth curves (Figure S4),
similar declining trends were projected for the future forest biomass carbon
sink predictions. It is estimated that the average forest biomass carbon sink
would decrease by 8.9% ± 1.0% in 2050, 13.1% ± 1.3% in 2060, and 23.1% ±

2.1% in 2100 compared with that in 2021 (see supplemental information,
Figures S5 and S6 for details). It should be noted that this calculation employs

the average forest biomass carbon sink instead of the total value, as the avail-
able reference biomass carbon increment data only cover 64.6% of China’s for-
est areas. A regional forest carbon sink is determined by not only carbon gain
through NPP but also carbon loss through heterotrophic respiration and distur-
bance.50 However, NPP is the major carbon cycle component affecting the
future carbon sink trend because heterotrophic respiration, consuming mostly
new soil organic matter,51,52 is closely proportional to NPP,52 which is the
source of new soil organic matter, while disturbances are caused by sporadic
weather events and human activities that could induce variable trends. Refor-
estation and afforestation in the future could also mitigate the projected
declining trend of forest net carbon gain shown in Figure 5A. The intent of
this study is not to determine the future trend of forest carbon sinks in China,
but to quantify the possible large impacts of forest age structure on the future
trend, which are so far under-studied and under-appreciated and could have
profound implications on policies for achieving carbon neutrality.

Implication of the urgent need for sustainable forest management
Maintaining high levels of forest carbon sequestration is critical to miti-

gate future climate change through sustainable forest management.14

A

B

Figure 5. Projected forest growth from 2022 to 2100 (A) Changes in China’s forest NPP from 2022 to 2100 due to forest aging. The forest growth curves, forest age, forest cover
types, and reference NPP in 2021 contributed 52.3%, 36.1%, 6.7%, and 4.9% to the uncertainty on average indicated by the light green area. (B) Variations of forest NPP from 2025 to
2100 relative to that in 2021 in the six regions. Green indicates a higher NPP than that in 2021, while orange indicates a lower NPP than that in 2021.
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China has undertaken many projects related to sustainable forest manage-
ment, with reforestation, natural forest management, and fire management
contributing 73% of carbon sink enhancement among nine natural climate
solutions from 2000 to 2020.11 In this study, China’s forest carbon sink is
projected to weaken significantly in the near future due to the aging of for-
ests. Optimizing forest age structure,38 through selective logging53 and
improved afforestation/plantation taking into account forest biodiversity54

and carbon uptake capacity,55 could be effective solutions to maintain high
levels of forest carbon sinks without sacrificing biodiversity and ecosystem
functions. The projected changes and maps in China’s future carbon sinks
at the spatial resolution of 30 m are expected to be highly useful for sus-
tainable forest management and national policy development to achieve
carbon neutrality in China by 2060.

CONCLUSION
This study predicted China’s forest carbon-absorbing capability from 2022 to

2100 based on its current forest age structure. It projects that China’s forests
can maintain high carbon-absorbing capability for about 15 years. But, as the
forests grow older, their carbon-absorbing capabilities could decrease by
5.0% ± 1.4% in 2050, 8.4% ± 1.6% in 2060, and 16.6% ± 2.8% in 2100, indicating
weakened carbon sinks in the near future. Incorporating optimization of forest
age structure into sustainable forest management strategies is therefore sug-

gested to enhance China’s future forest carbon sink capacity. This may be
achieved through selective logging and implementing new or improved
afforestation.

MATERIALS AND METHODS
Building forest growth curves

A total of 3,121 forest field survey plots31 were used to build the forest growth curves, i.e.,

NPP-age relationships. Each plot provided information on forest cover type, age, and above-

ground andbelowground biomass. The forest NPP-age relationships among different forest

types in six regions were modeled using a semi-empirical mathematical (SEM) model35 as

follows:

NPPðyÞ = a
�
1 +

�
b
�y
c

�d

� 1
��

exp
�y
c

��
(Equation 1)

where y is the forest age, NPP(y) is the forest NPP (see supplemental methods, Figure S7

and Table S1 for the details of calculating NPP from the field survey plots) at the age y,

and a, b, c, and d are model parameters to be determined from observations. Figure S8

shows the forest NPP-age curves constructed for different forest types and regions across

China based on the forest field survey plots. Comparison with other mathematical models

reveals that the SEM model exhibits the best performance in capturing forest growth

curves.56

Figure 6. Distribution and histograms of the peak forest growth years The peak forest growth year means the year when forest reaches its peak NPP across China at 30 m spatial
resolution. The green lines in the map are the parts of the mentioned mountain ranges downloaded from the National Tibetan Plateau/Third Pole Environment Data Center.58 Orange
in the histograms represents the predicted decreasing trend of future forest NPP; green in the histograms represents the predicted future trend of forest NPP rising first and then
decreasing. E, Northeast China; N, North China; NW, Northwest China; E, East China; S, South China; SW, Southwest China.
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Predicting NPP based on forest growth curves0
China’s forest annual NPPs at a 30m resolution from2022 to 2100were predicted based

on the NPP-age curves, forest standing age in 2021, referenceNPP in 2021, and themerged

forest cover type data (Figure S9).

NPPðiÞ = NPPref
fðageðiÞÞ

fðageð2021ÞÞ (Equation 2)

where i is the year, ageðiÞ and ageði refÞ are the forest age at the year of i and 2021, fðageðiÞÞ
and fðageði refÞÞ are the normalized forest NPP predicted by the NPP-age curves, and

NPPref is the reference NPP. The normalization of each NPP-age curve was achieved by

dividing it by the maximum NPP values in the curve. The reference NPP in 2021 at the

30m spatial resolution (Figure 7) was downscaled from the 500mMODIS NPP product us-

ing the near-infrared reflectance of vegetation (NIRv) as it correlates well with GPP and

NPP.36,57 To reduce uncertainty, the 500 m MODIS NPP was calculated as the mean value

(NPPmean) of MOD17A3HGF and MYD17A3HGF.

NPPref = NPPmean
NIRv30
NIRv500

(Equation 3)

where NIRv30 is the 30 m NIRv calculated from Landsat data, and NIRv500 is the 500 m

NIRv derived from 30 m NIRv using the cubic spline sampling.

Uncertainty analysis
The uncertainty of the predicted total forest NPPwas the sumof uncertainties caused by

forest growth curves, forest age, and forest cover types.

s2
NPP = s2

NPP2021+s
2

Curve + s2
Age + s2

Cover (Equation 4)

Figure 7. Comparison of projected forest NPPs to the year 2021 The upper four maps are the NPPmaps, and the bottom three histograms are the differences between the projected
forest NPP in 2030, 2060, and 2100 and the forest NPP in 2021. Orange represents a smaller forest NPP; blue represents an equal forest NPP; green represents a larger forest NPP.
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where s2NPP is the uncertainty of the predicted global forest NPP, s2NPP2021 is the un-

certainty caused by the reference NPP in 2021, s2Curve is the uncertainty caused by

the forest growth curve, s2Age is the uncertainty caused by forest age, and s2Cover is

the uncertainty caused by the forest cover type (see supplemental methods for de-

tails on calculating the four uncertainties). The contributions of the three compo-

nents to the final uncertainty were calculated as the ratio between the uncertainty

of each component and the final uncertainty. The uncertainty of the downscaled

NPP in 2021 was not included because our main focus was on analyzing the relative

changes compared with 2021. The average uncertainties across China’s forests over

the 2022–2100 period were used for the trend analysis of the predicted forest NPP

based on the current forest age structure.
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