ChinaRxiv [$X]

AT translation - View original & related papers at
chinarxiv.org/items/chinaxiv-201711.00367

Impact of land use/cover changes on carbon stor-
age in a river valley in arid areas of Northwest
China postprint

Authors:

Date: 2017-11-07T00:00:00+00:00

Abstract

Soil carbon pools could become a CO2 source or sink, depending on the direc-
tions of land use/cover changes. A slight change of soil carbon will inevitably
affect the atmospheric CO2 concentration and consequently the climate.
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Abstract: Soil carbon pools can become either a CO, source or sink depend-
ing on the direction of land use/cover changes. Even slight alterations in soil
carbon inevitably affect atmospheric CO, concentrations and consequently in-
fluence climate. Based on data from 127 soil sample sites, 48 vegetation survey
plots, and Landsat TM images, we analyzed land use/cover changes and es-
timated soil organic carbon (SOC) storage and vegetation carbon storage in
grassland, discussing the impact of grassland changes on carbon storage from
2000 to 2013 in the Ili River Valley of Northwest China. Results indicate that
the areal extents of forestland, shrubland, moderate-coverage grassland (MCG),
and water bodies (including glaciers) decreased, while those of high-coverage
grassland (HCG), low-coverage grassland (LCG), residential and industrial land,
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and cultivated land increased. Grassland SOC density in the 0-100 cm depth
varied with coverage in descending order: HCG > MCG > LCG. Regional grass-
land SOC storage in the 0-100 cm depth increased by 0.25$x107{11}$ kg in
2013 compared to 2000. Regional vegetation carbon storage (Srve) of grassland
was 5.278x107{9}$ kg in 2013, representing a 15.7% decrease from 2000. Un-
derground vegetation carbon reserves (Sruvb) in 2013 were 0.685x107{9}$ kg,
increasing by approximately 19.01% compared to 2000. This research improves
our understanding of how land use/cover changes impact carbon storage in arid
areas of Northwest China.

Keywords: land use/cover; organic carbon; grassland; global change; Ili River
Valley

Introduction

Land use/cover change is widely recognized as a key driver of global carbon
dynamics and plays a critical role in maintaining and building soil carbon. Soil
contains the largest organic carbon pool, with approximately 2344, 1550, and
615 Pg C stored in 3.0, 1.0, and 0.2 m soil depths, respectively, in global ter-
restrial ecosystems. Moreover, the soil organic carbon (SOC) pool is 2.2 times
larger than the atmospheric carbon pool and 2.8 times larger than the biomass
carbon pool. SOC is relatively easy to change and inevitably affects atmo-
spheric CO, concentration. Under the influence of land use/cover change, soil
carbon pools can become either a source or sink of CO,. Due to high spatial
heterogeneity of soil, global SOC reserves vary regionally, ranging from 1220
to 2000 Pg C in the 0-100 cm soil layer. Conversion of farmland to grassland
significantly increases soil carbon sequestration, while the opposite conversion
results in SOC loss. Therefore, evaluating SOC pools and their response to land
use/cover changes is crucial for precise assessment of the global carbon cycle.

The Ili River Valley, located in arid Northwest China, is a key region on the
Silk Road Economic Belt that suffers from serious soil and water loss resulting
from land use/cover changes. Land use/cover change represents a major driving
force for soil carbon pool changes. Our previous work indicated that both SOC
and SOC density (Dsoc) in the 0-50 c¢m soil horizon of meadows in the Ili River
Valley were higher than those of temperate coniferous forest. During 2000-
2013, grassland experienced major changes in the Ili River Valley. How have
these changes affected the grassland carbon pool there?

The objectives of this study were: (1) to analyze land use/cover changes, (2)
to estimate regional grassland carbon storage in the Ili River Valley, and (3)
to discuss the influence of grassland changes on carbon storage during 2000-
2013. This study will not only obtain specific information on the effects of
grassland changes on SOC stocks in the Ili River Valley but also provide regional
information on how regional policies impact land use/cover changes.
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Methods
2.1 Study Area

The Ili River Valley is located in the western part of the Tianshan Mountains
(42°14 16 -44°50 30 N, 80°09 42 -84°56 56 E), China. The valley is surrounded
by high mountains on the north, east, and south, with terrain that generally tilts
westward and narrows eastward. The climate is dominated by moderate tem-
perate continental and alpine conditions, generally warm and humid with large
diurnal temperature differences. Mean annual precipitation and annual mean
air temperature range from 200 to 800 mm and 2.9°C to 9.1°C, respectively.
Precipitation increases significantly with altitude, reaching 200-300 mm in low-
elevation plain areas and exceeding 1000 mm in high-elevation mountains. At
our study area, the Narat Grassland (above 1700 m a.s.l.), mean annual precipi-
tation exceeds 800 mm, and mean annual evaporation is 1260-1900 mm. Annual
frost-free days are 130-180 d, and mean annual sunshine hours are 2700-3000
h. Detailed descriptions of vegetation types in the valley can be found in Yang
et al. (2010).

[Figure 1: see original paper] Location of the study area and sampling sites

2.2 Soil Sampling and Vegetation Survey

The sampling area (43°95 -44°20 N, 81°05 -81°55 E) was on the northern slope
of the Ili River Valley, where human disturbances are rather severe. Sampling
sites were selected across a gradient of human disturbance levels and a diver-
sity of landscapes and vegetation. Specifically, more samples were collected in
areas with higher levels of human disturbance and more diverse landforms and
vegetation. Land use/cover types in the sampling area included high-coverage
grassland (HCG), moderate-coverage grassland (MCG), low-coverage grassland
(LCG), ecological forestland (EF), fruit forestland (FF), dry farmland (DF), and
vineyards (VY).

Fieldwork was conducted from May to June 2015. A total of 127 soil sampling
sites were established, with 11, 45, 28, 13, 17, 7, and 6 sites in HCG, MCG, LCG,
EF, FF, DF, and VY, respectively. Each sampling site was positioned using a
global positioning system (GPS). Soil samples were taken with a soil auger at 0-
20 cm depth. Five soil samples were collected from different points at each site
and mixed thoroughly to create a single representative sample. Soil samples
were sorted for roots and gravels, air-dried at room temperature, and passed
through a 2-mm sieve. Samples were subsequently analyzed in the laboratory for
soil organic matter content using the K,-Cr,0,-H,SO, Walkley-Black oxidation
method, and organic carbon content was obtained by multiplying soil organic
matter content by a correction factor of 0.58.

Another set of 127 soil samples was collected in aluminum boxes at exactly the
same sites and weighed in situ. These samples were later oven-dried at 105°C in
the laboratory to measure soil moisture content. To calculate soil bulk density
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at 0-20 cm depth, three replicated undisturbed soil samples were collected at
each site using soil cores.

We also dug four soil profiles in the grassland. Soil samples were collected from
these profiles with a shovel at depths of 0-5, 5-10, 10-15, 15-20, 20-30, 30-50,
50-70, and 70-100 cm. At each layer, soil was sampled at five different points
and mixed to create a single representative sample for that layer.

Vegetation was only sampled in grassland, where we established 48 quadrats (1
m X 1 m) to survey plant biomass according to coverage. Above-ground plant
parts in each quadrat were mowed, placed in envelopes, and later oven-dried
at 65°C to obtain above-ground biomass. To measure below-ground biomass,
we first cleaned residues and impurities from the ground surface, then sampled
soil in a 30 cm x 30 cm x 30 cm volume within each quadrat. Samples were
sieved in situ to retain visible roots, which were later rinsed with clean water
and oven-dried at 65°C in the laboratory to obtain below-ground vegetation
biomass.

2.3 Other Data

Land use/cover changes during 2000-2013 were identified based on Landsat
TM images from bands 5, 4, and 3 obtained on 8 August 2000 and 2013. Good-
quality images were selected. Land use/cover in the Ili River Valley was clas-
sified into water bodies, forestland, shrubland, high-coverage grassland (HCG),
moderate-coverage grassland (MCG), low-coverage grassland (LCG), cultivated
land, residential and industrial land, and unused land according to the six-type
classification system developed by the Resources and Environment Database
of the Chinese Academy of Sciences. Classification was conducted using ENVI
and ArcGIS, augmented by field trips with GPS. LCG, MCG, and HCG were
defined as coverage >50%, 20%-50%, and 5%-20%, respectively.

2.4 Methods

We selected Dsoc, regional SOC storage (Ssoc), regional above-ground vegeta-
tion carbon storage (Srve), and regional below-ground vegetation carbon storage
(Sruvb) to analyze carbon storage under the impact of land use/cover changes
in the Ili River Valley.

Dsoc refers to SOC reserve per unit area in a soil horizon with a specific depth,
normally 1 m but potentially larger or smaller depending on soil conditions. If
a soil profile comprises multiple horizons, Dsoc (kg/m?) of each horizon can be
calculated by Equation 1 (Wang and Zhou, 1999):

Dsoc = SOC x H x D x (100 -Vcf)/100

where SOC is SOC concentration (g/kg), H is layer depth (cm), D is soil bulk
density (g/cm?) of the layer, and Vcf is volume (%) of coarse fragments (>2 cm).
In this study, we calculated Dsoc at 0-100 cm depth (Dsocyq) by summing Dsoc
values for each soil layer within this depth.
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Ssoc refers to total SOC reserves within a region, derived from the sum of Ssoc
for each soil layer, obtained by multiplying region area by Dsoc of each layer.
We calculated Ssoc (kg) of each soil layer using Equation 2:

Ssoc = S x H x Dsoc

where S is region area (m?), H is layer depth (cm), and Dsoc is SOC density
(kg/m?) of the layer. We estimated grassland Ssoc at 0-100 cm depth (Ssocgq)
based on Dsocy.

Srvce refers to vegetation carbon reserves of above-ground plant parts, calculated
by Equation 3:

Srve = Davb x A x B

where Davb is above-ground vegetation biomass density of grassland (g/m?), A
is grassland area (m?), and B is the coefficient for converting vegetation biomass
to vegetation carbon. B equals 0.5 for forest land use and 0.45 for non-forest
land use (Liu et al., 2010). In this study, we used B = 0.45 when calculating
grassland Srvc.

Sruvb refers to vegetation carbon reserves of below-ground plant parts, calcu-
lated by Equation 4:

Sruvb = Duvb x A x B

where Duvb is below-ground vegetation biomass density of grassland (g/m?),
A is grassland area (m?), and we also used B = 0.45. Based on Davb and
Duvb values from 2015, combined with grassland areas from 2000 and 2013, we
estimated Srvc and Sruvb for 2000 and 2013, respectively.

2.5 Statistical Analysis

We compared effects of land use/cover change on SOC among different land use
types using one-way analysis of variance and least significant difference (P <
0.05).

Results
3.1 Land Use/Cover Change

Due to human activities, land use/cover experienced considerable changes in the
Ili River Valley during 2000-2013. The areal extents of forestland, shrubland,
MCG, and water bodies (including glaciers) decreased, while those of HCG,
LCG, residential and industrial land, and cultivated land increased. In 2000,
forestland and shrubland accounted for 10.08% and 0.67% of the total area,
respectively, decreasing to 6.41% and 0.16% in 2013. However, total grassland
area in 2013 was larger than in 2000. Specifically, HCG and LCG areas increased
from 30.79% and 7.80% in 2000 to 42.53% and 8.44% in 2013, respectively, while
MCG area decreased significantly. Water bodies (including glaciers) decreased
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from 5.65% to 2.57%, while cultivated land, unused land, and residential and
industrial land increased from 12.20% to 14.83%, 10.59% to 11.99%, and 1.08%
to 1.46%, respectively.

[Figure 2: see original paper| Land use/cover changes in the Ili River Valley
during 2000-2013

3.2 Grassland Soil Organic Carbon

Grassland Dsoc,, varied with vegetation coverage in descending order: HCG
> MCG > LCG. Overall, grassland Ssoc,g, increased by 0.25$x107{11}$ kg
from 2000 to 2013. Among the three grassland types, HCG Ssoc;,, increased
by 1.25x107{11}$ kg, MCG Ssoc,,, decreased by 0.87$x10"{11}$ kg, and
LCG Ssoc increased by 0.06$x107{11}$ kg.

Within soil profiles, SOC gradually decreased with depth, except in the 50-70 cm
layer where SOC was higher than the overlying layer. To further compare Dsoc
among different soil layers, we used 5 cm as the standard height to calculate
Dsoc (Dsoc;) for each layer. As shown in the analysis, Dsoc; decreased within
the top 0-20 cm, then increased within 20-70 cm, and decreased below 70 cm.
In the profile, the highest SOC appeared in the 0-5 cm soil layer, but the highest
Dsocy occurred in the 50-70 cm layer, demonstrating that SOC concentration
cannot replace Dsoc to reflect Ssoc.

[Figure 3: see original paper] Soil organic carbon (SOC) in grassland under
different coverage and soil depths. Values of 5, 10, 15, 20, 30, 50, 70, and 100
cm represent soil layers of 0-5, 5-10, 10-15, 15-20, 20-30, 30-50, 50-70, and
70-100 cm, respectively. DSOC100, SOC density at 0-100 cm depth; SSOC100,
grassland regional SOC storage at 0-100 cm depth; DSOC5, SOC density with
a standard height of 5 cm; HCG, high-coverage grassland; MCG, moderate-
coverage grassland; LCG, low-coverage grassland. Bars indicate standard errors.

3.3 Above-Ground and Below-Ground Vegetation Carbon Storage in
Grassland

Grassland Davb varied with vegetation coverage in descending order: MCG >
HCG > LCG. Overall, grassland Srvc was 5.278x107{9}$ kg in 2013, decreasing
by 15.7% from 2000. HCG and LCG Srvc increased by 38.3% and 8.3% during
2000-2013, respectively, while MCG Srvc decreased by 54.1%. Vegetation cov-
erage affected Duvb of grassland, with the highest Duvb in HCG and the lowest
in LCG. Sruvb in 2013 was 0.688x107{9}$ kg, increasing by approximately
19.01% from 2000.

A significant correlation existed between Duvb and Davb (P = 0.031 < 0.05, n
= 45) in grassland, expressed as: y = -9.95 + 0.099x -7.1$x10{-53{2}$ (P =
0.009 < 0.05).

[Figure 4: see original paper| Vegetation carbon in grassland under different
coverage. Davb, above-ground vegetation biomass density; Duvb, below-ground
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vegetation biomass density; Srvc, regional vegetation carbon storage; Sruvb,
regional below-ground vegetation carbon storage. Bars indicate standard errors.

3.4 Influence of Land Use/Cover on Soil Organic Carbon

Land use/cover affected both SOC and Dsoc,,. Grassland SOC was higher than
that of forestland and DF. The highest and lowest SOC and Dsoc,,, appeared
in HCG and VY, respectively. FF SOC was significantly different from other
land use/cover types, though no significant difference existed among VY, EF,
and DF or between DF and LCG. Dsoc,, ranked in descending order: HCG >
MCG > LCG > EF > FF > DF > VY.

[Figure 5: see original paper] SOC and Dsoc,,, in different land use types.
Lowercase letters denote significant differences among land use/cover types at
P < 0.05. FF, fruit forestland; VY, vineyard; EF, ecological forestland; DF, dry
farmland. Bars indicate standard errors.

Discussion
4.1 Land Use/Cover and Soil Organic Carbon

SOC can reflect the dynamic status of an ecosystem under certain conditions.
SOC accumulation varies greatly depending on climatic conditions and human
disturbances. Vegetation coverage, grassland productivity, and rainfall are the
main factors influencing surface SOC. Our research indicates that grassland SOC
is intuitively highest in HCG, moderate in MCG, and lowest in LCG. Grassland
Dsoc,, was higher than that of DF, showing that conversion of grassland to
DF can decrease Dsoc in the Ili River Valley. Therefore, natural grassland
represents the optimal choice for increasing soil carbon storage.

Dsoc values in the 0-20 cm soil layer varied with vegetation types, with values
of 3.77, 4.70, and 2.56 kg/m? under coniferous forest, broadleaved forest, and
scrub, respectively. In the Ili River Valley, grassland Dsoc of the 0-20 cm soil
layer estimated from SOC (2.02 kg/m?) was significantly lower than that under
forestland, showing that Ssoc of grassland is significantly lower than that of
forestland in the Ili River Valley.

4.2 Land Use/Cover and Vegetation Carbon Storage

SOC at 0-5 cm depth in DF and VY was lower than in MCG, showing that
land use/cover change can affect surface SOC, supporting the research of Bat-
jes and Dijkshoorn (1999) and Batjes and Sombroek (1997). Dsoc in MCG
was lower than in HCG while Davb in MCG was higher than in HCG, possi-
bly due to differences in plant species. Our field survey shows that gramineae
herbs with rich fine roots dominate HCG, while non-gramineae herbs such as

Sophora alopecuroides with greater above-ground biomass and fewer roots dom-
inate MCG.
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4.3 Changes of Grassland Types and Carbon Storage

Above-ground vegetation carbon densities for LCG, MCG, and HCG in our
study were 8.77, 26.58, and 18.93 kg C/hm?, respectively—far lower than those
of grassland in the Tibet Plateau (44.542-1620.895 kg C/hm?). Ma et al. (2014)
reported that overall Davb values (4.3-731.3 g/m?) were much lower than overall
Duvb values (44.6-4899.5 g/m?) in Chinese grasslands. Our research found
Davb was approximately 10 times Duvb in Ili grasslands, contradicting Ma et
al. (2014). This discrepancy may result from differences in sampling times. In
spring, above-ground growth rate exceeds below-ground growth rate, and the
root-shoot ratio decreases with rising temperatures in July and August, reaching
its minimum ratio then. Our vegetation biomass survey in July may have led
to an unusually small below-ground to above-ground biomass ratio. Mokany
et al. (2006) reported that over 62% of published root:shoot ratio data are not
acceptable for representing yearly ratios, with non-acceptability most likely due
to sampling-depth differences. Because of difficulties in obtaining below-ground
biomass data, other studies used root-shoot ratios to estimate below-ground
biomass, potentially increasing estimation errors of grassland vegetation carbon
stocks. Our study used measured data to estimate grassland vegetation carbon
stocks, which should be more reliable.

This study shows that the relationship between grassland Davb and Duvb can be
expressed by a quadratic model, while relationships between above-ground and
below-ground biomass in other ecosystems (e.g., alpine meadow, warm desert
grassland, alpine grassland) can be expressed by power models. However, Ma
et al. (2014) found no obvious relationship between above-ground and below-
ground biomass in mountain meadows. These differing results indicate that the
relationship between above-ground and below-ground biomass requires further
investigation.

Grassland Srvc in 2013 was less than in 2000, likely caused by changes in grass-
land areas and associated changes in Davb. In MCG, Davb was highest among
the three grassland types, but MCG areal extent declined most dramatically.
The combined effects of increased Davb and decreased areal extent made MCG
Srve in 2013 smaller than in 2000.

Areal extents of HCG and LCG increased while MCG decreased during 2000-
2013. The increase in HCG and LCG may be directly related to government
policies protecting grasslands from overgrazing. However, fencing (protection)
and overgrazing coexisted on MCG. Coverage change directly affects not only
grassland vegetation carbon storage but also the terrestrial ecosystem carbon
cycle. Conversion from low-coverage to high-coverage grassland can increase
Dsoc, while conversion from high-coverage to moderate-coverage, low-coverage,
or other land use/cover types may lead to declining grassland Dsoc, thus reduc-
ing Ssoc in grassland.
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Conclusion

Land use/cover plays an important role in carbon storage in terrestrial ecosys-
tems. From 2000 to 2013, areal extents of forestland, shrubland, MCG, and wa-
ter bodies (including glaciers) decreased, while those of HCG, LCG, residential
and industrial land, unused land, and cultivated land increased. Land use/cover
change strongly impacted both Srvc and Ssoc in the region. Overall grassland
Srve decreased during 2000-2013 while overall grassland Ssoc increased during
the same period. The overall Ssoc increase resulted from expanded areal extents
of HCG and LCG, but not MCG, which experienced a decline in areal extent.
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