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Increased soil organic carbon storage in Chinese
terrestrial ecosystems from the 1980s to the 2010s
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Abstract: Soil stores a large amount of the terrestrial ecosystem carbon (C) and plays an
important role in maintaining global C balance. However, very few studies have addressed the
regional patterns of soil organic carbon (SOC) storage and the main factors influencing its
changes in Chinese terrestrial ecosystems, especially using field measured data. In this study,
we collected information on SOC storage in main types of ecosystems (including forest,
grassland, cropland, and wetland) across 18 regions in China during the 1980s (from the
Second National Soil Survey of China, SNSSC) and the 2010s (from studies published be-
tween 2004 and 2014), and evaluated its changing trends during these 30 years. The SOC
storage (0—100 cm) in Chinese terrestrial ecosystems was 83.46 + 11.89 Pg C in the 1980s
and 86.50 £ 8.71 Pg C in the 2010s, and the net increase over the 30 years was 3.04 + 1.65
Pg C, with an overall rate of 0.101 + 0.055 Pg C yr". This increase was mainly observed in
the topsoil (0—20 cm). Forests, grasslands, and croplands SOC storage increased 2.52 + 0.77,
0.40 £ 0.78, and 0.07 + 0.31 Pg C, respectively, which can be attributed to the several eco-
logical restoration projects and agricultural practices implemented. On the other hand, SOC
storage in wetlands declined 0.76 + 0.29 Pg C, most likely because of the decrease of wet-
land area and SOC density. Combining these results with those of vegetation C sink (0.100
Pg C yr™"), the net C sink in Chinese terrestrial ecosystems was about 0.201 + 0.061 Pg C yr ™",
which can offset 14.85%—-27.79% of the fossil fuel C emissions from the 1980s to the 2010s.
These first estimates of soil C sink based on field measured data supported the premise that
China’s terrestrial ecosystems have a large C sequestration potential, and further empha-
sized the importance of forest protection and reforestation to increase SOC storage capacity.
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1 Introduction

Soil stores about 80% of the carbon (C) present in the global terrestrial ecosystems (Post et
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al., 1982). Soil organic carbon (SOC) pools affect global food security directly or indirectly
by supplying nutrients, improving soil fertility, and fixing and decomposing pollutants (Cox
et al., 2000; Lal, 2004b), and changes in SOC storage can affect global climate to some ex-
tent, as a source or sink of atmospheric CO,. In fact, C sequestration capacity of terrestrial
ecosystems, especially soil, has been considered an environmentally friendly and
cost-effective way to moderate the increased concentration of atmospheric CO,. Therefore,
accurate evaluations of SOC storage and its changing trends at a regional scale are important
to effectively manage terrestrial ecosystems in a global effort to decrease the rate at which
CO; accumulates in the atmosphere (Piao et al., 2009).

Based on forest inventories, grassland resources surveys, field measurements, and re-
mote-sensing data, some scientists have assessed terrestrial ecosystem C storage and its
changing trends at regional and global scales (Pacala et al., 2001; Janssens et al., 2003; Piao
et al., 2009; Pan et al., 2011). In China, most studies focused on vegetation C storage (Fang
et al., 2007; Pan et al., 2011) and only a few examined changing trends in SOC storage
(Wang et al., 2003; Xie et al., 2007), although some studies estimated SOC storage at re-
gional scales (Wu et al., 2003; Yang et al., 2007; Xu et al., 2015; Yang et al., 2017) (Table 1).
Furthermore, the estimates of SOC storage both at global and regional scale are still uncer-
tain, with the total SOC storage in world’s soils varying from 1395 to 2200 Pg C (Bohn,
1982; Eswaran et al., 1993; Batjes, 1996; Jobbagy and Jackson, 2000), and the SOC storage
in China ranging from 50 to 185.7 Pg C (Fang et al., 1996; Pan, 1999; Yang et al., 2007)
(Table 1). These wide ranges are mainly attributed to insufficient sampling (Piao et al., 2009;
Schrumpf et al., 2011; Wiesmeier et al., 2012; Ni, 2013). Compared to vegetation invento-
ries and remote-sensing data, which have been regularly obtained, periodic soil survey is
scarce, resulting in the unavailability of contemporary soil C measurements (Hayes et al.,
2012; Yang et al., 2014b). Thus, it is urgent to obtain additional robust estimates of SOC by
using reliable data and optimized methods at regional or global scales.

Because China comprises a considerable part of the global terrestrial ecosystems, it is
crucial to determine the global C balance in terms of SOC changes (increase or decrease).
The government has implemented a series of ecological protection/restoration projects since
the 1980s, such as the Three-North Shelter Forest Program, Yangtze River Shelter Forest
Project, Zhujiang River Shelter Forest Project, South China Timber Production Project, and
Natural Forest Protection Project, to restore or improve the ecological status of these habi-
tats. In addition, many advanced agricultural practices have been implemented to increase
crop production and soil improvement (Huang and Sun, 2006). Taken together, these pro-
jects have undoubtedly increased C sequestration capacity to tackle climate change (Wang et
al.,2011; Liu et al., 2014b; Yang et al., 2014a; Ouyang et al., 2016), and a large increase in
C storage, both in vegetation and in soil, has been anticipated. Although some studies as-
sessed changes in vegetation C, or changes in ecosystem C focusing on vegetation (Fang et
al., 2007; Xu et al., 2007; Xin et al., 2009; Ma et al., 2010; Liang et al., 2015), it is virtually
unknown how SOC storage changed in the past three decades in Chinese terrestrial ecosys-
tems. Still, Yang et al. (2010) explored changes in SOC storage in northern China’s grass-
lands, combining soil investigation data with historical records and Pan et al. (2010) and
Yang et al. (2014a) explored changes in SOC storage across Chinese croplands and forests,
respectively, based on published data. Therefore, understanding SOC storage changes in
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China’s terrestrial ecosystems is imperative to accurately evaluate their capacity to sequester
atmospheric CO,, as many studies suggested this is similar between soil and vegetation, or
even higher in soil than in vegetation (Lal, 2004a).

In the present study, information on SOC storage in China recorded during the 1980s
(8,897 soil profiles from the Second National Soil Survey of China (SNSSC)) and 2010s
(7,683 soil profiles published between 2004 and 2014) for the main ecosystems (forest,
grassland, cropland, and wetland ecosystems) and at different soil depths (0-20 cm and
0-100 cm), were analyzed with three main objectives: 1) estimate SOC storage in Chinese
terrestrial ecosystems during 1980s—2010s; 2) assess the increases in SOC storage from the
1980s to the 2010s; 3) reveal differences in soil C sequestration rates among forest, grass-
land, cropland, and wetland.

2 Materials and methods
2.1 Data collection

2.1.1 Collection and compilation of the 2010s’ data

To estimate the current status of SOC storage in China, we compiled all the information
available in studies considering SOC concentration/content published during the 2010s (i.e.,
from 2004 to 2014). Data were obtained from: (1) field investigated data published from
2004 to 2014, available in the China National Knowledge Infrastructure (CNKI,
http://www.cnki.net) and International Scientific Indexing Web of Knowledge (ISI,
http://apps.webofknowledge.com) databases, searching for ‘SOC’ in keywords or abstract;
and (2) field-measured data obtained by personal correspondence. Data collected from pa-
pers were further screened based on the following rules: 1) data on SOC content must have
been obtained through field investigations; 2) field investigations were carried out after 2000;
and 3) SOC measuring methods were similar to those in the SNSSC (Xu et al., 2018). If
geographical information was not available for sampling sites, we extracted their latitude
and longitude with a digital map (http://map.tianditu.com), based on the description of the
study site. The 805 papers selected encompassed the main ecosystems in China, namely for-
est, grassland, cropland, and wetland ecosystems. Specifically, the collected data included
records for 7,683 soil samples (4536 samples for the 0-20 cm soil layer, and 3147 samples
for the 0—100 cm soil layer; Figure 1 and Table 2).

2.1.2 Collection of the 1980s’ data

To estimate the status of SOC storage in the 1980s, we collected 8897 soil profiles from the
SNSSC, which was implemented in 1979-1985, and included information on geographic
location, soil thickness (cm), organic matter content (%), bulk density (g cm ), rock content
(%), clay, silt and sand content (%), and soil type (Wang et al., 2004). These soil profiles
were standardized from soil survey treatises at the provincial and national scale (Figure 1
and Table 2).

2.1.3 Division of ecological regions

To explore regional differences in SOC storage changes, Chinese terrestrial ecosystems were
divided into 18 ecological regions (Figure 1) based on climate and topography (Fu et al.,
2001), named as follows: cold humid regions (R1), temperate humid regions (R2), temperate
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semi-humid regions (R3), temperate semi-arid regions (R4), temperate arid regions (R5),
warm temperate arid regions (R6), Qinghai-Tibet Plateau frigid arid regions (R7), warm

(a) Ecological regions pe ’ml

R1 R7 R13
R2 R8 R14

R3 R9 “ R15
R4 R10 J R16

RS R11 J R17

R6 R12 g R18

(c) 0-100 cm SOC (1980s)

Figure 1 Regional division of China’s terrestrial ecosystems and the distribution of soil samples collected in
China in the 1980s and 2010s

R1, Cold humid regions; R2, Temperate humid regions; R3, Temperate semi-humid regions; R4, Temperate semi-arid
regions; RS, Temperate arid regions; R6, Warm temperate arid regions; R7, Qinghai-Tibet Plateau frigid arid regions; RS,
Warm temperate semi-humid regions; R9, Warm temperate humid regions; R10, Qinghai-Tibet Plateau temperate arid
regions; R11, Qinghai-Tibet Plateau temperate semi-arid regions; R12, Qinghai-Tibet Plateau subfrigid semi-arid regions;
R13, Qinghai-Tibet Plateau subfrigid semi-humid regions; R14, North subtropical humid regions; R15, Qinghai-Tibet
Plateau temperate humid and semi-humid regions; R16, Mid-subtropical humid regions; R17, South subtropical humid
regions; R18, Tropical humid regions
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Table 2 The properties of soil samples and SOC density (kg C m2) across different ecosystems of China in the
1980s and 2010s

1980s 2010s
Forest Grassland Cropland Wetland Others Forest Grassland Cropland Wetland Others
0-20cm  N' 1990 1367 4175 498 867 1861 931 840 796 108
Min  0.04 0.13 0.05 0.14 0.09 <0.01 0.03 0.28 0.18 0.11
Max 15.02 16.94 17.09 5742 1226 13.59 13.40 791 23.75 6.28
Mean 3.93 3.39 2.95 7.11 2.52 4.48 4.06 3.03 5.60 1.72
SD 2.45 2.53 1.89 5.15 1.74 2.83 2.99 1.56 4.82 1.24
CvV  0.62 0.74 0.64 0.72 0.69  0.63 0.74 0.51 0.86 0.72
0-100cm N 1989 1349 4175 498 867 1344 842 544 328 89
Min  0.04 0.13 0.23 0.71 0.11  0.50 0.39 0.94 0.55 0.41
Max 55.87 30.84 49.89 176.17 4098 34.66 30.01 22.44 85.12  27.50
Mean 10.11 8.56 8.49 23.80 7.06 10.12 8.23 8.16 14.87 5.96
SD 6.90 6.02 5.76 19.07 4.50 6.23 5.74 4.06 14.81 5.09
CV  0.68 0.70 0.68 0.80 0.64  0.62 0.70 0.50 0.99 0.85

N, sample number; Min, Max and Mean, the minimum, maximum, and mean value of SOC density (kg C m™); SD,
standard deviation; CV, the coefficient of variation.

temperate semi-humid regions (RS8), warm temperate humid regions (R9), Qinghai-Tibet
Plateau temperate arid regions (R10), Qinghai-Tibet Plateau temperate semi-arid regions
(R11); Qinghai-Tibet Plateau subfrigid semi-arid regions (R12), Qinghai-Tibet Plateau sub-
frigid semi-humid regions (R13), north subtropical humid regions (R14), Qinghai-Tibet Pla-
teau temperate humid and semi-humid regions (R15), mid-subtropical humid regions (R16),
south subtropical humid regions (R17), and tropical humid regions (R18) (Xu et al., 2018).
Areas of the different ecosystems (forest, grassland, cropland, wetland, and others) within
each ecological region in the two periods were extracted from the Chinese land cover data
(Wu et al., 2014). The total area of terrestrial ecosystems in China, not including Taiwan
Province and inland waters, covered approximately 9.25 x 10° km”.

2.2 Data analysis

2.2.1 Calculation of SOC density

In order to determine the C sequestration rate at 0-20 cm and at 0—100 cm soil depths, we
estimated SOC density and storage in both layers. SOC density (kg C m?) at 0-20 cm or
0-100 cm was calculated using equations (1) and (2):

SOC density =)"" SOC; x BD, x D; x (1-5;)x 0.1 (1)

SOC,=SOM, x0.58 2)
where SOC,, BD;, D;, 6;, and SOM; represent SOC content (%), bulk density (g cm*3), soil
depth (cm), the volumetric percentage of the fraction > 2 mm (%), and soil organic matter
(SOM) content (%), respectively, in soil layer i, and # is the number of soil layers. SOM was
converted to SOC using the constant 0.58 (Xie et al., 2007). The pedotransfer function was
used to estimate bulk density from related SOC concentration in soil samples without bulk
density records (Yang et al., 2007), and the mean value of rock fragment volume was used to
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substitute the same soil type without measured values.
2.2.2 Calculation of SOC storage

SOC storage in the 1980s and 2010s was calculated in two steps (Figure 2). After calculating
SOC storage for the several ecological regions, these values were summed to estimate total
SOC storage in China according to equation (3):

SOC storage= Z,"; 22:1 (SOCD; x S;;) 3)

where m and n are the number of ecological regions and ecosystems, SOCD;;are SOC den-
sity of ecosystem j in ecological region i, S;is the surface area of ecosystem j in ecological
region i. For ecological regions where the number of samples within one of the ecosystems was
less than 10, or where the spatial distribution of samples was extremely uneven (i.e., sam-
ples were concentrated in a single area), we combined samples from the same ecosystems in
adjacent regions with similar climatic conditions to estimate SOC density (Xu et al., 2018).

2010s % imimimemm i m -

Y
D ——— NN ) :
SOC density for SOC storage for SOC storage in \?‘ Total SOC :
ecosystem j ecosystem j ecoregion i i storage in :
y / s P 2010s y Change |;
.. N\ of C
E storage
1980 t| Total sOC &
S —— N - 1 1
SOC density for | ] SOC storage for SOC storage in /'V s i);g%: n
ecosystem j ecosystem j ecoregion i A \_} .
Area as weight

Figure 2 Flow diagram of soil organic carbon (SOC) storage change calculation during the 1980s—2010s

2.2.3 Changes in SOC storage from the 1980s to the 2010s

Changes in SOC storage (AVs, Pg C yr ') was calculated according to equation (4):

_ S0CS(20105) ~ SOCS(1980s) @
30

where SOCS(2010s) and SOCS(1980s) represent SOC storage (Pg C) in the 2010s and 1980s,
respectively.

AV

3 Results
3.1 SOC density and storage in the 1980s and 2010s

In the 1980s, SOC storage in the topsoil (020 cm) was approximately 30.94 + 3.93 Pg C
and represented 37.07% of SOC storage in the 0—100 cm soil layer (83.46 + 11.89 Pg C)
(Figure 3). The SOC storage in forest, grassland, cropland and wetland topsoil was 11.30 +
2.44,9.01 £2.33,5.26 £ 1.13 and 1.36 + 0.44 Pg C, respectively. In the 0-100 cm soil layer,
SOC storage in forest, grassland, cropland, and wetland was 28.81 + 7.13, 23.31 + 6.87,
15.10 £ 3.56, and 4.51 = 1.63 Pg C, respectively (Figure 4).

In the 2010s, SOC storage in the topsoil was about 34.62 + 3.71 Pg C and accounted for
40.02% of SOC storage in the 0-100 cm soil layer (86.50 + 8.71 Pg C) (Figure 2). In the
topsoil, SOC storage in forest, grassland, cropland, and wetland was 13.93 + 2.66, 10.06 + 2.19,
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Figure 4 SOC density (a, b; kg C m2) and storage (c, d; Pg C) across different ecosystems of China

5.66 £ 0.79, and 1.20 = 0.24 Pg C, respectively. For the 0-100 cm soil layer, SOC storage in
forest, grassland, cropland, and wetland was 31.34 + 5.78, 23.72 + 4.68, 15.17 = 1.99, and
3.75 £ 0.89 Pg C, respectively.

3.2 Changes in SOC density and storage from the 1980s to the 2010s

From the 1980s to the 2010s, China’s SOC storage in 0-20 cm and 0-100 cm layers in-
creased by about 3.68 £ 0.53 and 3.04 + 1.65 Pg C, at rates of 0.123 + 0.018 and 0.101 +
0.055 Pg C yrﬁl, respectively (Figures 3 and 5a). The increasing rate of SOC storage was
higher in the 0-20 cm soil layer (11.88%) than that in the 0—100 cm (3.64%) (Figure 5b).
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Figure 5 Absolute (a, Pg C) and relative (b, %) changes in soil organic carbon (SOC) storage across different
ecosystems of China

In forests, grasslands, and croplands, SOC storage increased during the past three decades,
being the highest in forests and the lowest in croplands. For forests, the net increases in SOC
density and storage were higher in the topsoil (0-20 cm) (0.96 + 0.09 kg C m ™~ and 2.62 +
0.24 Pg C, respectively) than in the 0—100 cm soil layer (0.92 £ 28 kg C m~and 2.52 + 0.77
Pg C, respectively). The net increases in SOC storage in the 0-20 ¢cm and 0-100 cm soil
layers of grasslands were estimated as 1.06 + 0.33 and 0.40 + 0.78 Pg C, with an average
rate of 0.035 + 0.011 and 0.013 + 0.026 Pg C yr ', respectively. Compared to forests and
grasslands, the increase in SOC storage in croplands was relative small. Contrarily, SOC
density in the 0-20 cm and 0—100 cm soil layers of wetlands decreased by about 1.16 + 0.51
and 5.29 + 2.02 kg C m 2, respectively, resulting in a loss of SOC storage in the last three
decades (0.17 = 0.07 and 0.76 + 0.29 Pg C, respectively).

3.3 Changes in SOC storage in different regions

From the 1980s to the 2010s, SOC density and storage increased in most regions (Table 3).
Regarding the topsoil (0-20 cm), SOC density increased the most in cold humid regions (R1)
(2.84 + 0.56 kg C m %), and SOC storage increased the most in mid-subtropical humid re-
gions (R16) (1.03 £ 0.14 Pg C). In the 0-100 cm soil layer, SOC density and storage in-
creased the most in Qinghai-Tibet Plateau temperate arid regions (R10; 3.33 + 0.77 kg C m >
and 1.23 = 0.29 Pg C, respectively). In temperate semi-arid regions (R4), temperate arid re-
gions (R5), Qinghai-Tibet Plateau subfrigid semi-arid regions (R12), and tropical humid
regions (R18), SOC density and storage decreased in the 0-20 cm and 0—100 cm soil layers,
with RS presenting the greatest decrease in both indices.

Forests SOC storage increased in most ecological regions but slightly decreased in tem-
perate semi-humid regions (R3), temperate semi-arid regions (R4), temperate arid regions
(RS), warm temperate arid regions (R6), and tropical humid regions (R18) (Tables 4 and 5). In
grasslands, there was a general increase in SOC storage, although it decreased in some re-
gions in northern China (Tables 4 and 5). Grasslands in Qinghai-Tibet Plateau and in south-
ern China played important roles in SOC accumulation. For croplands, SOC storage slightly
increased in the main grain product areas (e.g., temperate humid regions (R2), warm temperate
semi-humid regions (R8), and north subtropical humid regions (R14)) (Tables 4 and 5). On
the contrary, SOC storage in wetlands decreased in most ecological regions (Tables 4 and 5).
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4 Discussion
4.1 Uncertainty of SOC storage estimation in the 1980s and 2010s

The SOC storage (83.46 + 11.89 Pg C in the 1980s and 86.50 = 8.71 Pg C in the 2010s) and
average densities (9.01 + 1.28 kg C m™* in the 1980s and 9.35 + 0.94 kg C m ~ in the 2010s)
estimated for the 0—100 cm soil layer in China were close to the values obtained in most
recent studies (Li ef al., 2003; Xu et al., 2015), although higher than in Pan (1999), and
lower than in Fang et al. (1996) (Table 1). Differences in soil datasets might be the main
factor accounting for the variation across SOC storage studies in China. For example, while
some studies used data from the first national soil survey (1958-1963) to estimate SOC
storage (Fang et al., 1996), others used SNSSC data (1979-1985), or combined SNSSC data
with new data (Wu et al., 2003; Yang et al., 2007). Considering the large changes in land-use
in China from the 1980s to the 2010s, we combined the SNSSC data with data published
during 2004-2014 to estimate SOC storage in the two periods, simultaneously. The datasets
used in the present study contained the most recent and comprehensive information, and, there-
fore, might reflect the current status of SOC storage in China. Differences in SOC storage esti-
mation methods might also have contributed to the wide range of SOC storage estimates.
Because changes in climate, vegetation, and land-use are important factors influencing the
spatial distribution of SOC storage (Post et al., 1982; Cao and Woodward, 1998; Jobbagy and
Jackson, 2000; Yang et al., 2007; Wiesmeier et al., 2012), we first estimated SOC storage
across the different ecosystems within each ecological region, and then summed these values
to estimate SOC storage at the national scale, to improve the accuracy of estimation. Another
factor that might have contributed to the large differences in SOC storage estimates among
several studies are the methods used to optimize critical parameters (e.g. soil bulk density,
rock fragment volume, soil depth, and area). Additionally, the small number of soil profiles
from the northwestern regions might have reduced estimation accuracy to some extent, and,
therefore, field measurements in these regions should be strengthened in future studies.

4.2 Changes of SOC storage in different ecosystems from the 1980s to the 2010s

China’s forest soils represented the largest SOC sink over the past three decades, although
SOC storage in forests declined in some ecological regions (Tables 3 and 4). Overall, the net
increase in SOC storage in the 0-100 cm soil layer (2.52 + 0.77 Pg C, with an average in-
creasing rate of 0.084 + 0.026 Pg C yr ") accounted for 83% of soil C sequestration capacity
in Chinese terrestrial ecosystems, which was consistent with the SOC dynamics reported in
Xie et al. (2007), Piao et al. (2009), and Yang et al. (2014b). Xie et al. (2007) estimated
SOC storage changes based on the mean rate of forest SOC accumulation, Piao et al. (2009)
explored changes of SOC storage through regression equations of SOC density on climatic
factors and biomass, and Yang er al. (2014) used 501 paired plots to directly evaluate
changes in the 0-10 cm layer. Considering method and data source, our estimates should be
more accurate and more comprehensive, and the higher estimates in our study could be
partly attributed to differences in the study period. Since most reforestation projects started
in the 1980s, forest C sequestration (in both vegetation and soil) increased with tree growth
(Zhou et al., 2006; Luyssaert et al., 2008). Despite being relatively more stable than top
soils (0-20 cm), deep soils (20—100 cm) might have played a role in forest C sequestration,
which should be further studied.

Grassland soils in China acted as a weak C sink in the 1980s—2010s period, with SOC
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storage increasing only 1.06 + 0.33 and 0.40 = 0.78 Pg C in the 0—20 cm and 0—100 cm soil
layers, respectively. These estimates were consistent with those of Piao et al. (2007), who
used regression of SOC density on climatic factors and NDVI to assess changes in Chinese
grasslands SOC storage. Contrastingly, Xie et al. (2007) reported a decrease in the SOC
storage of China grasslands, which acted as a C source, based on the rate of SOC loss driven
by vegetation degradation in Tibetan grasslands. These differences might have resulted from
the different approaches used to estimate SOC storage in China’s grasslands (Fang et al.,
2010). In this study, there was an overall increase in SOC storage in China’s grasslands, al-
though it decreased in some northern grasslands (Table 5). Previous studies reported an in-
crease in the aboveground biomass in northern China’s grasslands since 2001, when the gov-
ernment implemented measures to protect grassland resources (e.g. returning reclaimed land
to grasslands, grazing exclusion, and rest grazing) (Piao et al., 2007; Piao ef al., 2009; Xin et al.,
2009; Ma et al., 2010). Thus the observed SOC decrease might be partly attributed to a lag
in the response of SOC to increase inputs from plant biomass (Hu et al., 2016). Additionally,
increases in SOC storage in China’s grassland might be because of new SOM inputs from
root and litter, and to a slower SOM decomposition accompanying the decrease in
grasslands’ temperature following the increase in aboveground biomass (He et al., 2008,
2013).

Croplands had the smallest SOC increase in China over the past 30 years with topsoil
(0-20 cm) SOC storage increasing at a rate of 0.013 = 0.003 Pg C yr ', approximately. The
increase of SOC storage in the topsoil was mainly contributed to changes in agricultural
practices to increase crop production, which increased soils’ residues and root input (Huang
et al., 2007; Xie et al., 2007; Sun et al., 2010). The return of agricultural residues to crop-
lands has also been pointed out as an important factor contributing to SOC storage increase
in some regions of China (Liu et al., 2014a). However, cropland soils in southern China,
which have an intensive and long history of agricultural activity, lost SOC in the 0—-100 cm
layers even though SOC increased in the topsoil.

China’s wetlands acted as substantial C sources during the 1980s and the 2010s, despite
the apparent decrease in China’s wetlands SOC storage because of a decrease in wetland
area and SOC storage per unit area (Liu and Zhang, 2005). Although wetlands occupy only
1.6%—1.7% of the Chinese terrestrial ecosystems, their SOC content is much higher than in
other ecosystems. The decreasing water level or the declining area of wetlands, might lead to
a drastic decrease in the SOM, to which increasing soil temperature, porosity and permeabil-
ity (Davidson and Janssens, 2006). Unfortunately, few studies have addressed wetlands’ role
as a C sink or source based on systematic field investigations at a national scale, an issue
that still requires further studies.

4.3 Changes of carbon storage in Chinese terrestrial ecosystems from the 1980s to the
2010s

Overall, the soils of Chinese terrestrial ecosystems acted as net C sink (3.04 £ 1.65 Pg C)
from the 1980s to the 2010s, with an average increasing rate of 0.101 + 0.055 Pg C yr . Our
estimates were slightly higher than that of Piao et al. (2009), which used an inventory-satellite-
based and process-based methods to estimate the C sink rate (0.075 Pg C yr'). Based on
China’s ground observation data, Fang et al. (2007) estimated that terrestrial vegetation sunk
approximately 0.100 + 0.006 Pg C yr ' from 1981-2000. If these results were simply combined
(vegetation and soil C sink rates), the net C sink in Chinese terrestrial ecosystems would be
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0.201 + 0.061 Pg C yr ', which is similar to that of European terrestrial ecosystems (Peters
et al., 2010), but lower than that of terrestrial ecosystems in the United States (Xiao et al.,
2011) (Figure 6). The amount of C sink in Chinese terrestrial ecosystems may offset about
14.85%—-27.79% of the CO, emissions from fossil fuel during the 1980s—2010s period in
China (C emission data in China were retrieved from http://www.globalcarbonproject.org.)
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Figure 6 Overall terrestrial ecoystems C sink in China, Europe, and the United States
(Data for Europe and United States are derived from Peters ef al., 2010 and Xiao et al., 2011)

5 Conclusions

This is the first estimate of soil C sink in Chinese terrestrial ecosystems at a national scale
based on field measured data. The SOC storage (0—100 cm) in China increased 3.04 £+ 1.65
Pg C, with an average increasing rate of 0.101 + 0.055 Pg C yr ', accompanying the increase
rate of 0.100 = 0.006 Pg C yr ' in vegetation C storage, because of a series of key ecological
restoration projects and changes in agricultural practices. Increase in SOC storage was the
largest in forest soils, followed by grasslands and croplands, but decreased in wetlands from
the 1980s to the 2010s. Thus, both public and government should pay more attention to the
protection of wetlands’ vegetation and soil. Combining soil and vegetation C sink capacity,
China’s terrestrial ecosystems might have absorbed 14.85%-27.79% of the fossil fuel C
emissions during the 1980s—2010s. Overall, our findings suggested that the large C seques-
tration potential of China’s terrestrial ecosystems is because of the increase in afforestation
and vegetation restoration programs implemented in the past decades, and these ecosystems
might play additional important roles in C sequestration in the scenario of global warming.
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