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Abstract. Paucity in the knowledge of responses of grassland carbon dynamics to environmental variables constrains
our ability to predict future ecosystem productivity. The aim of this study was to investigate differential responses of
above- and below-ground carbon stocks to environmental drivers in Tibetan alpine Plateau at both regional and local
scales. Variance partitioning and non-linear regression between carbon stocks and environmental driving variables
suggested that both above- and below-ground carbon stocks showed a significant negative relationship with tem-
perature and a positive relationship with soil moisture. Annual accumulated temperature constrained above-ground
carbon at regional scale (2= 0.50, P < 0.0001), while soil moisture controlled below-ground carbon at local scale (r* =
0.48, P < 0.0001). Scale-specific responses of above- and belowground carbon storage to temperature and soil moisture
complicated the influences of abiotic environmental variables on ecosystem productivity. Soil carbon had significant
unimodal (= 0.11, P = 0.0073) and linear (r*= 0.37, P < 0.0001) relationships with mean annual temperature and
soil moisture, respectively. Since the driving factors of aboveground and soil carbon content are specific to spatial
scales, the relationships of grassland carbon storage and environmental factors at small scales are not applicable to a
large spatial scale.
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Introduction

Grasslands play an important role in global terrestrial car-
bon cycle due to their large area and high carbon density.
Grassland stores up to 10% of terrestrial biomass carbon,
10-30% of global soil organic carbon, and likely provide
an annual sink of ~0.5 Pg C (Scurlock et al. 2002). Iden-
tifying the responses of above-ground and below-ground
carbon dynamics to environmental variables is critical to
investigate the effect of climate change on grassland eco-
system functions.

The relationship between carbon dynamics, especially
belowground carbon and environmental variables, is not
certain in Tibetan grassland yet. Majority of previous lit-
erature only includes measurements of above-ground car-
bon or biomass storage (Sala et al. 1988; Swemmer et al.
2007; Yang et al. 2008; Sun et al. 2013). Although below-
ground carbon has been estimated to account for more
than 50% of the net carbon stocks of grassland ecosystems,

fewer studies focused on below-ground carbon in Tibetan
plateau (Hendricks et al. 1993; Wu et al. 2011). Relative
to the aboveground biomass, determinations of root bio-
mass distribution and belowground processes are much
more challenging due to the intensive labour and time
consuming. In addition, environmental variables includ-
ing climate, soil physical, chemical and biological charac-
teristics, and plant properties all affect the distribution of
root carbon (Gong et al. 2015; Xu et al. 2015). Therefore,
it is important for Tibetan grassland ecosystem manage-
ment to investigate the effects of environmental factors on
belowground carbon distribution in various regions.

The driving mechanism of environmental factors on
above-ground carbon and below-ground carbon are dif-
ferent. Above-ground carbon turnover rates increase as
moisture availability increases (Chabot, Hicks 1982; Reich
et al. 1992; Piao et al. 2006; Bai et al. 2008; Sistla et al.
2013). This has been generalized to roots, and it has been
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assumed that root and shoot biomass ratio follow roughly
the same extent regardless of environmental conditions
(Hendricks et al. 1993; Ostertag 2001; Hui, Jackson 2005).
It is specific to environmental conditions for grass to cap-
ture nutrients, water, and light, and hence maximize their
growth rate and to allocate to carbon among various or-
gans (Chapin et al. 1986; Enquist, Niklas 2002). Thus, en-
vironmental drivers and driving mechanism of roots and
foliage carbon may be different in allocating carbohydrates
between above-ground and below-ground tissues (McCo-
nnaughay, Coleman 1999). For example, carbon is primar-
ily allocated to tissues where resources are most limiting
(Chapin et al. 1990; Ostertag 2001). Therefore, when en-
vironmental variables including moisture are positively
related to the above-ground carbon and negatively related
to below-ground carbon, the negative influences of envi-
ronmental variables on soil carbon (SOC) could be offset
by high growth rate.

Fewer studies of carbon stocks in Tibetan plateau
grasslands have been carried out at a large spatial scale.
The influence of environmental factors on plant biomass
and soil carbon stock varied greatly from scale to scale.
Generally, at a small scale, the above-ground carbon and
SOC were controlled by nutrient level and moisture avail-
ability, whereas temperature played a much more impor-
tant role than moisture at a large scale. For example, at
local scale, above-ground carbon storage, cycling and their
responses to disturbance have been well described by soil
properties, soil moisture, grazing (Patton et al. 2007), land
use change (Gibbon et al. 2010), nutrient availability (De
Deyn et al. 2009), and/or topography (Avohou, Sinsin
2009). At large spatial scales, grass primary productivity
had good relationships with regional factors, including
annual precipitation (Sala et al. 1988; Bai et al. 2008; Med-
vigy et al. 2010), variation in annual precipitation (Knapp
et al. 2002; Bai et al. 2004), and the interaction of tempera-
ture and precipitation (Swemmer et al. 2007). Therefore,
environmental drivers of carbon sequestrations and SOC
content are sensitive to spatial scales in grassland ecosys-
tems. The cause-effect relationship of ecosystem carbon
stock and driving factors discovered at local scales may be
invalid at regional and/or global scales. Climatic patterns
may be too broad to account for the observed variations
in carbon productivity at a small geographic scale. As a
result, determining environmental drivers and driving
mechanism of carbon stock is of great importance at dif-
ferent scales.

The objectives of this research focus on (a) the driv-
ing forces of above-, below-ground, and soil organic car-
bon content at local and regional scales, (b) partitioning
the influences of resources availability on the components
of grassland carbon content at local and regional scales,
and (c) predicting the influence of climate change on
plant and soil carbon content in the Tibetan Plateau. The

hypothesis of this research is that the limiting factors of
above-, below-ground, and soil organic carbon content
are different and scale-dependent. To test the hypothesis,
we collected plants and soil samples across the Tibetan
Plateau, which is one of the largest alpine grasslands in
the world with extending about 2.40x10° km? in western
China. The spatial gradients of temperature and moisture,
limited grass species and sparse ecosystem types together
with little human disturbance made the Tibetan plateau an
ideal study area for investigating response of plant and soil
carbon stock to various resources availability.

1. Methods and materials
1.1. Study sites

Plant and soil samples were collected at 45 sites and 96
quadrates on the Tibetan Plateau grasslands by cutting
or grazing during the summer (July to August) of 2010.
The climate on the plateau is cold and relatively humid,
with mean annual temperature of 1.61°C and precipitation
of 413.6 mm (Yang et al. 2008). The altitude of the Pla-
teau ranges from 200 to 8840 m with mean value of 4000
to 5000 m above sea level. Information obtained from
the vegetation atlas of China with a scale of 1:1000,000
showed that vegetation is mainly dominated by the alpine
steppe and meadow, with a total cover of >60% area of the
plateau (Chinese Academy... 2001). The spatial patterns of
alpine grasslands are closely related to the precipitation
gradient across the plateau. Alpine steppe occurs in cold
and arid regions and consists of xerophytic grasses such
as Carex moorcroftii Falc. ex Boott, Stipa purpurea Griseb,
and Polygonum viviparum L.. Alpine meadow dominated
by Kobresia pygmaea C. B. Clarke is distributed in humid
and relatively warm areas. Soil types relate to alpine steppe
and meadow are cold calcic and felty soils, respectively,
which both have been defined as cambisols in the Food
and Agriculture Organization (FAO) soil taxonomy sys-
tem (Wu et al. 2003).

1.2. Sampling and measurements

To achieve systematic sampling, the spatial interval be-
tween sampling sites was set at about 100 km. Because
of inaccessibility of traffic and limitations of topography,
some samplings were conducted along the major roads,
while others were more widely spaced and the average
distance was >100 km, especially in areas with altitude
higher than 4000 a.s.l. The geographical locations of sam-
pling sites were determined by a Global Positioning Sat-
ellite device together with records of altitude, soil condi-
tion, grassland type, and total vegetation cover. At each
site (50x50 m), all plants in plots (1x1 m) were harvested
to ground level to measure above-ground biomass. Below-
ground biomass was sampled by taking 2-10 soil cores of
12 cm diameter within each quadrate at depths of 0-10,
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10-20, 20-40, 40-60, 60-80, and 80-100 cm. Roots and
other belowground plant biomass, e.g., rhizomes con-
tained within the excavated soil were separated with wa-
ter through a 0.3-mm-mesh sieve. Biomass samples were
oven-dried at 65°C to constant mass. A correction factor
of 0.45 was applied to convert biomass to carbon. In situ
air (Temp-air) and soil (Temp-soil) temperature was mea-
sured by putting mercury thermometer either 1 m above
the ground or 15 cm below the ground.

Soil samples at each quadrate were obtained at depths
of 0-10 cm and then handpicked to remove plant detritus
and rock. All soil samples were sieved through a 2 mm
mesh and grounded with a ball mill for carbon and nu-
trient analysis. Soil organic carbon content was analysed
using wet oxidation method. Carbon contents (%) of soil
samples were converted to soil organic carbon (SOC) con-
tent (kg Cm™) for a single layer:

SOC = Cx h xp XA, )

where C represents carbon contents of soil samples (%);
h represents soil layer thickness (m); p is the mean bulk
density (g cm™); A is the top surface area of soil core
(104 cm™ is this case).

Soil moisture was measured gravimetrically after 24 h
desiccation at 105 °C. Bulk density was calculated as the
ratio of the oven-dry soil mass to the volume (g cm™) of
soil cylinder. Soil texture was determined by particle size
analyzer (Mastersizer 2000, Malvern, UK) after removal of
organic matter and calcium carbonates. Mean annual tem-
perature (MAT), mean annual precipitation (MAP), and
accumulated annual temperature (the sum of temperature
higher than zero degree, AAT) used in our analysis were
derived from the climate database of the Tibetan Plateau
at 0.1x0.1 degree resolution during 2001-2009. Because
there was a quadratic relation between soil organic matter
and MAT, a squared MAT was used to improve the fitness
of regression analysis. The climate database was generated
from records of 77 total climatic stations across the pla-
teau, 45 of which located above 3000 m in elevation.

1.3. Data analysis and statistic

All data were tested for normality and made log-transfor-
mations when necessary. Ordinary least squares (OLS) re-
gression analyses were conducted to evaluate the relation-
ships between carbon stocks and local (including in situ
measured air and soil temperature, soil moisture, soil bulk
density and texture) and regional environmental variables
including MAT, MAP, AAT, latitude, longitude, altitude.
A stepwise regression was used to assess the impact of the
“pure” local and regional factors and the interaction of
them on carbon stocks. All analyses were performed us-
ing SAS 9.3 and figures were generated by using Sigmaplot
10.00 for Windows (SYSTAT Inc. Chicago, Illinois, USA).

Table 1. Plant and soil carbon contents of alpine steppe and
alpine meadow grasslands in Tibetan Plateau

. Alpine Alpine

Variables Steppe Meadow Mean
Above-ground
carbon content 0.029+0.024  0.050+0.045 0.039+0.036
(kg m™?)
Belowground
carbon content 0.101£0.096  0.335+£0.296 0.207+0.241
(kg m™?)
Plant carbon = 179.0103  0.38740.335 0.249+0.244
content (kg m)
Soil carbon ) 14 42441 3.143.0
content (kg m™)
Total carbon 23420 43+4.1 3.243.0

content (kg m)

Note: soil carbon content is sampled to depth of 10 cm.
The same as below.

2. Results

2.1. Spatial distributions of grassland carbon stocks
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Fig. 1. Relationships between log-transformed above-ground
carbon stock (ACS) and environmental variables: (a) latitude;
(b) longitude; (c) air temperature; (d) soil moisture

2.2. Environmental drivers of above-ground carbon
(AGC) stocks

Above-ground carbon content was mainly influenced by
regional factors (Table 2). AGC had significant (P < 0.001)
unimodal and linear relationship, respectively, with lati-
tude and longitude (Figs 1a, 2b). Although both air tem-
perature and soil moisture had significantly (P < 0.01)
correlated with AGC, they could only explain about 10%
of the variation (Figs 1c, 2d). Step-wise regression results
indicated that regional variables (latitude, longitude and
mean annual temperature) explained 49.8% of the varia-
tion of AGC, while local factors (i.e. air temperature, soil
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water content, and sand content) explained less than one
third of the variation (Table 3). Of the variables exam-
ined by regional factors, longitude explained the largest
proportion (88.4%) of the variation, followed by latitude
(68.5%) and annual accumulated temperature (51.4%). At
local scale, the AGC was mainly influenced by air tem-
perature (44.3%) and then followed by soil water con-
tent (31.9%) and sand content (27.9%). We then applied

Table 2. Summary of the results obtained from multiple linear
regressions, showing the effects of regional and local factors on
three carbon pools in alpine grassland of Tibetan Plateau

CoO SE SC P value
Lat -0.305 0.057 -0.685 <0.0001
Regio-
Lon 0.237 0.034 0.884 <0.0001
Above-  nal
ground AAT -0.001 0.000 -0.514 <0.0001
carbon Tem-
content air -0.091 0.021 -0.443 <0.0001

-2
(gm™) Lol "o i 002 0008 0279 0012

SWC 0359 0121 0319  0.004
Regio- Lat 0.085 0.039 021  0.032

Below- nal

ground MAT -0.057 0.013 -0.441 <0.0001
carbon Clay -0.645 0315 -0.164 0.044
Eonte?)t Local BD  -0.783 0411 -0261  0.060
o

& SWC 0468 0.143 0451  0.001

Soil Regio- Lon  0.091 0016 05  <0.0001

carbon gl MAT -0.023 0.008 -0.25  0.005
content

(Kg m™) Local SWC 0497 0.066 0.629

<0.0001

Abbreviations: 1CO is coeflicient; SE is standard error; SC is stan-
dardized coefficient; Lat is latitude; Lon is longitude; AAT is an-
nual accumulated temperature; Tem-air is air temperature; Sand
is soil sand content; SWC is soil moisture content; Clay is soil
clay content; BD is soil bulk density; MAT?is the square of mean
annual temperature.

Table 3. Summary of the ANOVA results, shows the different
influence of regional and local factors on three carbon pools in
alpine grassland of Tibetan Plateau

SS* MS Rsquare Fratio P value
Above-  Regio- 00,3 )36c) 0498  28.124 <0.0001
ground nal
carbon
content [ocal 41239 13.746 0296 11.762 <0.0001
(gm™)
Below- Regio- ) 504 12147 0204  11.403 <0.0001
ground nal
carbon
content [ocal 55972 18.641 0482 26392 <0.0001
(gm™)
Soil Regio- 1 657 10892 0331 21731 <0.0001
carbon nal
content

26.398 13.199 0.407 29.112 <0.0001

(Kgm2) Local

variance partitioning method to estimate the contribution
of local and regional factors to AGC, and found that only
3.1% of the variation of AGC was attributed to “pure” local
factors, while 23.3% of the variation can be explained by
“pure” regional factors (Fig. 2a). Overall results implied
that the spatial distribution of AGC is mainly limited by
regional factors, especially temperature.

2.3. Environmental drivers of belowground carbon
(BGC) stocks

Unlike AGC, BGC was weakly related to regional factors
(Table 2). Rather, significant relationships (P < 0.0001)
were observed between BGC and soil water content (r?=
42%), and between BGC and soil bulk density (2 = 46%),
though the overall trends were opposite (Fig. 3a, b). No-
table, BGC showed a moderately significant negative re-
lationship with mean annual temperature (= 0.07, P =
0.011) (Fig. 3c). Compared with regional factors, BGC was
affected more strongly by local (20.4% vs. 48.2%) factors
(Table 3). The result of variance partitioning showed that
only 9.0% of the BGC variation was attributed to “pure”
regional factors, while 36.8% was explained by “pure” lo-
cal factors (Fig. 2b). Of the variables examined by local
factors, BGC was mainly controlled by soil water con-
tent (45.1%), followed by bulk density (26.1%), and clay
content (16.4%) (Table 2). In general, BGC is highly con-
trolled by local factors, in particular soil moisture.

2.4. Environmental drivers of soil organic carbon
(SOC) stocks

Both regional and local factors had relatively similar yet
significant influence on SOC (Table 2). SOC had signifi-
cant linear relationships with soil water content and lon-
gitude (Fig. 3d, e), but had a unimodal relationship with
mean annual temperature (Fig. 3f). At regional scale,
SOC was mainly constrained by longitude (50.0%) and
the square of mean annual precipitation (25.0%), while
limited by soil water content (62.9%) at local scale. Step-
wise regression suggested that the effects of regional and

Fig. 2. Partitioning of the variances in carbon stock into
percentages explained by regional properties (blue cycle), local
factors (orange cycle), and their covariance (intersection).
Numbers in the respective circles outside the intersection
represent the variance explained by pure regional properties
and pure local factors
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carbon stock; SCS is soil carbon stock; MAT is mean annual temperature

local factors on soil organic carbon stock are relatively
similar, with explaining 33.1 and 40.7% of the variation,
respectively. Variance partitioning showed similar result,
i.e. “pure” regional and “pure” local factors were compat-
ible (13.2% vs 20.8%) in explaining the variation of SOC.

3. Discussion

3.1. Scale-specific responses of grassland carbon stocks
to environmental drivers

Carbon dynamics in Tibetan high-altitude grasslands are
of special interest because of its high belowground carbon
proportion and fragile feedbacks to climate change (Mack
et al. 2004; Zimov et al. 2006; Davidson, Janssens 2006;
Freschet et al. 2015). Responses of carbon dynamics to en-
vironmental factors remain uncertain in Tibetan plateau,
mainly due to paucity of field belowground carbon data
and high spatial heterogeneity (Jobbagy, Jackson 2000;
Sun et al. 2013). Field belowground carbon survey and
scaling-up approaches were thus combined to estimate
ecosystem carbon content of grassland in those remote
and high-altitude areas. There is an explicit fundamental
assumption associated with scaling-up and/or scaling-
down approach: the site-scale models should be applied to
scale up to regional scales, i.e., the relationships between
independent environmental predictors and carbon stocks
dependent variables are applicable across various scales.
Our study showed that the driving forces of aboveground
carbon (AGC), belowground carbon (BGC), and SOC in
the Tibetan Plateau were not constant, but strongly scale

dependent (Table 2 and 3). The results of variance par-
titioning showed that the variation of AGC explained
by “pure” regional factors was 7.8 (23.3% vs 3.1%) times
higher than “pure” local factors, while the variation of
BGC was explained 4.1 (36.8% vs 9.0%) times more by
“pure” local factors than by “pure” regional factors. Com-
pared with the significant but opposite patterns of regional
and local factors on AGC and BGC, both local and region-
al factors had relatively similar (20.8% vs. 13.2%) influ-
ence on SOC. Overall, temperature at large scales play an
important role in AGC, whereas soil moisture availability
constrains BGC, both of them determining SOC.

Such climatic variables controlling AGC at great geo-
logical scale and edaphic factors limiting BGC and SOC at
fine-scale is caused by a couple of reasons. The first reason
is sampling efforts. Ecosystem carbon stocks have been ap-
proximated by mean annual temperature and precipitation
at large geological scale (Amundson 2001; Gibbon et al.
2010; Jiang et al. 2015). At small local scale, however, eco-
system carbon content vary with respect to simple, easily
quantified soil variables such as soil nutrient availability,
texture, and moisture (Wynn et al. 2006; Miao, Li 2007;
Miao et al. 2011; Qin et al. 2015). Leith and Whittaker
(1975) pointed out that these conflicting results regarding
dissimilar driving factors of ecosystem processes at differ-
ent spatial scales may be related to sampling efforts. They
thought that climatic factors generally limit grassland
production at a continental scale, but typically too broad
to account for the observed variations in productivity at
smaller geographic scales. The scale-dependent limiting
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factors of carbon stocks have important implications for
continental to global scale carbon modeling efforts: the in-
terpolating and/or extrapolating between small and large
scales seem infeasible.

The second reason is the functional difference of
plant organs. The functional difference between shoot and
root, as well as the heterogeneous distribution of resourc-
es, such as solar radiation and moisture determine the
response of AGC and BGC to environmental conditions,
and hence SOC and the terrestrial ecosystem carbon cy-
cling. Compared with edaphic variables such as soil mois-
ture and nutrients, the distribution of solar energy and
air temperature are highly homogeneous across the land-
scape. The main function of shoot is to absorb solar ener-
gy and transform it into bioavailable energy. Consequent-
ly, a positive relationship between AGC and temperature
at large scales can be expected, since air temperature and
solar irradiation are closely related (Piao et al. 2006; Sun
et al. 2013). By contrast, root support life cycle of plants by
providing water and nutrients, which are heterogeneously
distributed either temperately or spatially. Keeping large
root system will benefit to plants water budget by absorb-
ing more water through increased absorption area. Tis-
sues that are expensive to build because of a scarcity of
mineral nutrients or slow acquisition of carbon should be
long-lived because it will take longer for them to return
the resources spent in constructing them to the plant.
Consequently, plants growing on water limited sites often
have long-lived leaves with low carbon-gaining capacities.
Conversely, plants on water limited sites often have leaf
tissues that require a shorter time period before the re-
sources spent in building them are returned to the plant.
Water addition in arid and semi-arid regions could stimu-
late root system growth by allocating more carbohydrate
into root system (Chapin et al. 1986). As a result, the local
factors play a determinative role in root growth, such as
soil moisture and nutrient availability. The magnitude of
SOC fundamentally depends on the rate of input (litter fall
and find root) and output (decomposition and transport)
(Amundson 2001). Despite this simplicity, measurement
of SOC at regional scales is problematic, due to the het-
erogeneous distribution of SOC across the landscape and
non-linear relationships between SOC, temperature and
moisture (Davidson, Janssens 2006). Compared with the
significant but opposite patterns of regional and local fac-
tors on the above- and below-ground carbon stock, both
local and regional factors had relatively similar (20.8%
vs. 13.2%) influence on SOC. It seems that the offsetting
responses of AGC and BGC to air temperature and soil
moisture seem to have negated any overwhelm influence
of either resource on SOC. Our result generally in line
with others that precipitation could stimulate plant pro-
duction and thus contribute to the accumulation of soil
organic matter in a water-limiting area (Jobbagy, Jackson

2000; Wynn et al. 2006; Miao et al. 2011). On the other
hand, SOC tends to be high in cold and/or wet regions,
owing to a combination of biological factors related to ei-

ther high biomass productivity or slow decomposition, or
both.

3.2. Environmental drivers of Tibetan alpine
carbon stocks

As one of the largest alpine grasslands in the world, Tibet-
an Plateau is characterized by low temperature, long term
snow coverage, and short growing season. It is generally
assumed that projected global warming will benefit the Ti-
betan Plateau grassland carbon stock by prolonging grow-
ing season, promoting photosynthesis, and enhancing nu-
trient availability (Piao et al. 2006). However temperature
showed linear and unimodal relationship, respectively,
with plant and soil carbon stocks, implying complex im-
pacts of global warming on the carbon stocks of Tibetan
Plateau. The positive correlations between temperature
and primary productivity are widely reported across vari-
ous terrestrial ecosystems (Hui ef al. 2005; Sun et al. 2013;
Miao, Li 2010; Miao et al. 2011). The responses can also be
related to the particular soil resource that is most limiting.
For example increased temperature could also inhibit plant
growth in arid regions due to worse soil moisture (Niu
et al. 2008). In addition, increase in temperature could re-
duce nutrient supply as metabolic enhanced microbial will
compete with plants for available resources (Rustad et al.
2001; King et al. 2008). In this study, the opposite trends
of plant biomass and temperature indicated that AGC and
BGC are not limited by temperature in Tibetan Plateau. By
contrast, the overall unimodal relationships of SOC with
MAT (mean annual temperature) revealed that SOC in-
creased with MAT when MAT was lower than -0.50 °C,
while SOC decreased with an increasing of temperatures
when temperature is above -0.50 °C. The decrease of SOC
under moderate temperature (-0.50 °C of MAT) is likely
due to the decrease of soil moisture with an increase of
temperature.

Alpine regions are believed to be exposed to a
higher rate of warming compared to any other parts of
the globe and are most sensitive and vulnerable to global
change (King et al. 2008). The strong significant (r*= 0.42,
P < 0.0001) linear relationship between BGC and soil
moisture, and between SOC and soil moisture (= 0.37,
P < 0.0001) indicated that BGC and SOC were mainly
limited by soil moisture. The weak relationships between
BGC and MAT (= 0.07, P = 0.01) and between SOC
and MAT (= 0.11, P = 0.01) suggested that temperature
played a minor role in determining BGC and SOC. Our
results were consistent with many other reports (Kardol
et al. 2010; Wu et al. 2011). The scale-specific responses
of AGC, BGC and SOC to temperature and moisture
were helpful to predict the responses of alpine grassland
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community to warming-induced decrease of soil mois-
ture in alpine grassland community. Climatic warming
increases soil temperature and hence accelerate soil wa-
ter transpiration by stimulating evapotranspiration (Rus-
tad et al. 2001; Fontaine et al. 2004; Niu et al. 2008). Soil
moisture aggravation will significant negatively impact on
the above- and below-ground properties related to climate
change. As a result, soil moisture variation is an important
possible consequence of global warming. Although soil
moisture was measured only one time, the significant cor-
relation (2= 0.86, P < 0.0001) between soil moisture and
soil texture suggested a general trend of soil moisture dis-
tribution in the Plateau. Understanding interannual varia-
tion in carbon sequestration and allocation will require
more detailed analysis of the influences of soil resources
on the components of ecosystem carbon stocks.

Conclusions

Overall results indicated that the responses of above- and
below-ground carbon stocks to environmental drivers are
different in Tibetan alpine Plateau at both regional and lo-
cal scales.

1. Aboveground carbon storage was mainly constrai-
ned by regional factors, especially air temperature.

2. Belowground carbon stocks was limited by local
factors, especially soil moisture, whereas both re-
gional and local factors had similar influence on
soil carbon.

3. Global warming would reduce carbon stocks and
complicate alpine grassland carbons mosaics,
mainly caused by increasing air temperature and
decreasing soil moisture.
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