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ABSTRACT

Spatial distributions of 0—20 cm soil carbon sosfs@ks caused by land use changes from the
year 1980 to 2000 in an area of 2.97%k@"in eastern China were investigated using a land use
dataset from a recent soil geochemical survey. A wiasoil carbon sources/sinks has been
prepared based on a spatial analysis scheme wBh $jatial statistics showed that land use

changes had caused 3.713.64 Tg of surface soil organic carbon loss, whaclcounts for

0.33% of the total carbon storage of 9.22 Pg. Tdteeffect of the carbon source was estimated
to be ~71.49 Tg soil carbon decrease and ~40.8ihdrgase. Land use changes in Northeast
China (NE) have the largest impact on soil orgaaidon storage compared with other regions.
Paddy fields, which were mainly transformed intg thrmland in NE, and constructed land in
other regions, were the largest carbon sources githenland use types. Swamp land in NE was
also another large soil carbon source when it vaasstormed into dry farmland or paddy fields.
Dry farmland in the NE region formed the largestl smganic carbon sink, as some were

transformed into paddy fields, forested land, ati@oland use types with high SOCD.

Key words: Land use change; Soil organic carbon; GIS; Easi@ina

1. Introduction

Soils are the largest reservoir of carbon in threestrial biosphere (Batjes, 1996). Minor
changes in soil organic carbon (SOC) storage céectahtmospheric carbon composition
(Johnston et al.,, 2004). Several factors, such lesate change, land use change, land
management, etc., interact to regulate soil cadiorage (Xia et al., 2010), and these factors

tend to exert their influence at different timelssaSyers, et al., 1970; Jenny, 1980). However,
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at the time scale of decades, land-use change asobrthe important factors considerably
influencing soil carbon storage (Scott et al., 2002 et al., 2011; Leifeld, 2013).

Houghton (2003) showed that global land use chasge® 1850 had caused 156 Pg of soil
carbon release into the atmosphere. In partictiter,transformation of forests to agricultural
land and grassland will result in the decreaseodf garbon storage by 20-50% and ~20%,
respectively. Others (Schlesinger, 1986; Moraesalet 1995; Knopes and Tilman, 2000;
Motavalli et al., 2000; Guo and Gifford, 2002; Mu#t al., 2002) have obtained similar results,
which showed that SOC decreases 20-89% when faestsansformed into agricultural lands
depending on the region and vegetation. Furtherpibre widely known that when agricultural
land changes to forest and grassland, soil orgaarbon density (SOCD) will increases
significantly (Post and Kwon, 2000; Guo and Giffo2D02; Martens et al., 2004). Several
studies (Osher et al., 2003; Parfitt et al., 20B8niston et al., 2014) have investigated the
microcosmic mechanisms for various types of lanel alsanges, and showed that each land use
has a steady SOCD attained when the soil carboingyeaches the state of equilibrium at a
certain climate condition as well as other envirental factors (Johnston et al., 2004).

With the rapid development of agriculture and indug China, significant land use changes
have occurred over recent decades, particulatggreastern regions (Liu et al., 2004; Zhang et
al., 2006). Paddy fields and dry farmland have begpanded by reclamation of forests,
swampland, water regions, or sandy lands, espgamNortheast China. Urbanization expanded
the constructed lands by occupying the surrountinglands. The estimations of change of soill
carbon stock caused by the change of land useianhabscale and the spatial distribution of the
soil carbon source/sink are the major challengesdaby many researchers. In China, many

studies have been undertaken (Li et al., 2002;a8Hi Yu, 2003; Wu and Yu, 2004; Xu et al.,
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2005; Wang et al., 2006) related to soil organidbea storage under various land use types in
local areas. However, estimations at the regionabtional scale are limited.

Estimating the effect of land use changes on solban storage depends on data sources and
techniques (Leifeld, 2013). Former studies in Chisad soil data measured in situ (Li et al.,
2002; Shi and Yu, 2003; Wu and Yu, 2004; Xu et 2005; Wang et al., 2006) or from the
second soil survey performed in China during 1980 ét al., 2004). However, both datasets
have limited sample sizes. China’s national “M#tirpose Regional Geochemical Survey”
(MPRGS) (Li et al., 2013) project, started in 1998s now covered 1.7 million Kmit has
provided a new high resolution data source for ss8g soil carbon storage changes with a
surface (0—20 cm) soil sampling density of 1 safkpié And also, the techniques to quantify
the effect of land use changes on soil carbon géooa large spatial scales are poorly developed,
particularly those based on GIS to investigatesitegial distribution of the changes.

Using spatial data analysis techniques based ontGikSstudy aims to investigate (1) SOCD
under various land use types in eastern China,th{) spatial distribution of soil carbon
sources/sinks caused by land use changes fromt@98I0, and (3) the dominant types of land
use changes in each region, e.g., Northeast ChE3, (North China (NC), East China (EC),
Central China (CC), and South China(SC), and tbeilr carbon effects. This paper focuses on
the assessment of the soil carbon effect by lamdchenges on the regional scale during the
decades.

2. Materialsand methods
2.1 Sudy area
The study area in eastern China covers ~2.97%h, and is divided into five regions:

Northeast China (NE, including Heilongjiang, Jilamd Liaoning), North China (NC, including
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Beijing, Tianjin, Hebei, Shanxi, Shandong, and Hgn&ast China (EC, including Shanghai,
Jiangsu, Anhui, and Zhejiang), Central China (G€Juding Hubei, Hunan, and Jiangxi), and
South China (SC, including Guangdong, Guangxi,dfjjand Hainan). A map of the study area
is shown in Fig. 1.
2.2 Data sources

Soil organic carbon. The basic soil carbon data are taken from ChingPRK8S project. In the
project, the soil samples (grid wise) were collddieth from surface (0—20 cm) and depth (150—
180 cm). In this study, only the surface (0—20 swi) data were used as it directly records the
impact of land use changes in the time scale oddiex In the surface soil sampling, the samples
were randomly collected from the top soil layerZ0-m) within a 1 krhsampling cell defined
as a 1 km x1 km grid on a topographic map. Fourpsasnwere mixed to make a composite
sample to reduce analytical cost. A 4%aell for the four mixed 1 kfnsamples was designated
as the analytical cell, so as to get a soil dasalotion of 2 km. A total of 292,074 analytical
cells and mixed samples were obtained in the sanelg, which covered an area of~2.5%Rk¢°
in NE, ~3.3x18 kn? in NC, ~2.1x18km? in EC, ~2.1x18km” in CC, and ~1.7x10kn? in SC
as shown in Fig. 1. Fifty-four soil parameters,lining SOC for this study, were analyzed in
qualified labs. Details of the sampling scheme, @anpreparation, analytical schemes, and
analytical quality monitoring methods were adoptexn the regulation document developed
specifically for MPRGS (2014).

Soil bulk density, gravel volume, and land use data. Soil bulk density §) and gravel volume
percentage@) for SOCD calculation were spatially retrievednfreghe Harmonized World Soil
Database (HWSD v1.1) distributed by FAO and IIASA 2009. The land use data were

collected from the Data Center for Resources andr&mmental Sciences, Chinese Academy of
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Sciences (RESDC, http://www.resdc.cn). The gricadeith a resolution of 1 km, for the 1980s,
1995, and 2000, used a taxonomy of two levels wifiist level types and 25 second ones. The
land use type of the first level included plow Igig, woodland (2), grassland (3), water regions
(4), constructed land (5), and unused land (6)hénsecond level, plow land (1) included paddy
fields (11) and dry farmland (12); woodland (2) luded forests (21), shrub land (22), thin
forested land (23), and other woodlands (24); d¢mass(3) included density grassland (31),
middle grassland (32), and thin grassland (33)eweggions (4) included rivers and channels
(41), lakes (42), reservoirs (43), permanent gtacand snow land (44), tidal zones (45), and
bottom land (46); constructed land (5) includedamrtand (51), rural residential (52), and other
constructed land (53); unused land (6) includedidand (61), the Gobi (62), saline and alkaline
land (63), swampland (64), barren fields (65), reeid gravel covered land (66), and other
unused land (67). Each land use type was assigeedeaas shown above. The raster data files
were named after the code of each land use type.v@lues in the 1x1 km grids are the area
percentage of the land use type.
2.3 Data processing and calculation

2.3.1 SOCD calculation.

SOCD for 0-20 cm was calculated as: SOCD=SOC/D8®x(100-G)/100%x10, where SOC
is the concentration of soil organic carbon inPois the depth of the SOCD to be calculated,
namely, 20 cm in this study;is the soil bulk density; an@ is the volume percentage of >2 mm
gravel.

2.3.2 The gpatial distribution of soil sources/sinks caused by land use changes

The spatial distribution of SOCD in each region wakulated by the map algebra function in

ArcGIS™ 10.0 with SOCD,;;, =>_ SOCD, Valug, ;,, , where SOCE), denotes SOCD in the
k
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grid (i,j); k is the code of land use type; SOUB the average SOCD for land use typ@ the
corresponding region (NE, NC, EC, CC, and SC); \aluig; j « is the value of gridi() for land
use typek, i.e., the area percentage of land use tyje the grid (j). SOCQ;jwas calculated
with the land use data from the 1980s to the 2@@@btain two raster datasets for the respective
temporal points. SOCf} was calculated for each region, and then the rakttx for the five
regions were integrated to obtain the data forvthele study area. The raster data for the 1980
were subtracted from those for the 2000 using thp aigebra function in ArcGIS to obtain the
raster data describing the soil carbon sourcessink

2.3.3 Areas of land use changes

Raster data analysis tools in ArcGIS, e.g., ReiflgsRaster calculator, etc., were used to
calculate the area of each land use type. Theddrizand use typd transformed into land use

typet in a grid, denoted b¢y.;, was calculated byC, , =min(-A,A), where min() is the

function that returns the smallest number of thautrvalues A, denotes the area increased for

land use in a grid, which was calculated = if (A 00 = A 16805 = 0, A 2000 — A 10805 .0) » Where

A:20001S the area of land use typen the 2000 dataset, add;qg0sdenotes the area in the 1980s.
if() is a logic function that returns the secon@ut parameter when the first input parameter is
true and returns the third parameter, i.e., 0, witda false.-A¢ in formula (4) denotes the
decreased area of land use Kk, which was calculated by

= A = =if (A 000 = Aczomos < 00 A o00 = A 10305 0) » WhereAy 2000 is the area of the land use tylpe

in the 2000 dataset, ard 19s0sdenotes land use type in the 1980s.
2.3.4 Carbon storage change caused by land use changes
Change of SOCD caused by the transformation of lasel typek into typet, denoted by

SOCLx -, was calculated by SOGD=SOCD-SOCL, where SOCPand SOCR are the
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average values of SOCD bandk respectively, in each region. Carbon storage ohdrgnk
intot (CSG-¢) was calculated by: CRG=SOCDQ-XCy-.
2.3.5 Uncertainty analysis

Uncertainties from the calculation and statistitSOCD.-; and CS§.;were estimated using a

Monte Carlo method and the errors have been givestaindard deviation (SD) after the sign of

“+" in related figures.

3. Resultsand discussion
3.1 SOCD and storage by land use type

The statistical result of SOCD for various land tigees in the study area is shown in Fig.2.
The columns in the figure denote the average vaamsthe upper and bottom error lines denote
the 9/10 and 1/10 quantiles, respectively. In plawds, paddy fields typically show higher
SOCD compared to dry farm land. Forest and shmsidnad higher SOCD values compared to
thin forested land. For construction lands, urbamdl SOCD was higher than that for rural
residential areas. It should be noted that the MBR&mples from urban lands were typically
collected in the green fields of cities. Therefardan land SOCD was actually representative of
city green fields. Unused land had a high varidt$OCD values in the second land use levels,
including the highest values for swampland anddhest values for sand land.

The SOCDs for each land use type in NE, NC, EC,&@,CC are shown in Table 1, which
provides the averages and standard deviations. SMCih ecosystem is controlled by soil
carbon inputs (e.g. litter) and outputs (e.g. sedpiration). It reaches equilibrium at a steady
land use and climate condition for a long periodiwie, i.e. usually several decades depending

on the land use (Kutsch et al., 2009). The avexages ofSOCD by land use type for each
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region in Table 1 can be regarded as the equihibralues under each land use, as the majority
of the samples have been in a steady land useatypelimate condition for decades, or even

centuries, so it is reasonable to assume thatithey reached the equilibrium.

The storage of surface SOC under each land useftypeach region is calculated and
provided in Table 2. The study area, which was exiprately 2.96x10km? had a total carbon
storage of approximately 9.22 Pg. NE had the ldrged# organic carbon stock of 3.13 Pg
followed by 2.05 Pg in CC. From the perspectivéaofl use, forested land had the largest SOC
storage because of its high SOCD. Dry farm land @adtly fields also had high carbon storage

because they were dominant land use types in tigy sirea.

3.2 The gpatial distributions of the soil carbon sources/sinks

The SOCD equilibrium will be disturbed when onedarse type is changed to another, and
reaches a new equilibrium after a period time, gurathe scale of several decades (Kutsch et
al., 2009). China has seen dramatic land use ckangecent decades as described by Liu et al.
(2002, 2014). The maps of land use in the study, doe 1980 and 2000 respectively, were given
in Fig. 3. Figure 4 shows the map for the soil carsources/sinks caused by land use changes
during this period. Positive values, i.e., in dgreen, denote an increased SOCD during this
period. Soils with increased SOCD act as carbokssiiegative values, i.e., in red, denote
decreased SOCD. Soils with decreased SOCD actashan source. Figure 4 shows the effect
of land use change during 1980s—-2000s. It is todted that the carbon stock increase/decrease
might not have finished completely during that pdribut could have continued for a longer
time until it reached a new equilibrium. It cand®en that NE had large amounts of soil carbon
sources and sinks with significant land use chargfesarious types. However, the SOCD

changes in NC, EC, CC, and SC mainly occurred ogas and were mainly exhibited as soil
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carbon sources, particularly near the urban agglatioes of the Changjiang River and Peatrl
River deltas.

The SOCD changes in Fig. 4 reflect many eventsudireg human activities or projects with
the natural processes, in the last decades. Fonm&athe forest fire in the 1980s in the most
north Heilongjiang Province, i.e., Mohe County arahe County, caused a loss of soil carbon,
but then the vegetation restoration of the cut-daed gained a soil carbon sink in the following
decades. Reclamation of forests in the north ddtiedlongjiang province near the Sunwu, Beian,
and Yichun, and reclamation of swampland in Sagji&@ain in the northeast Heilongjiang
Province have caused a soil carbon loss in the geesides. Other events linked to the soil
carbon changes caused by land use change in théh\Nta can be found in Xia et al. (2011).
Soil carbon loss in other regions, i.e., NC, EC,,G0Ad SC, was mainly caused by the
urbanization in the last decades in China. Expanefahe cities occupied the farmland around
them and brought about a loss of soil carbon. Agrotiotable event is the several ecological
restoration projects that have been carried otlierlast decades from 1980. The projects mainly
carried out in the large river drainage basins saglChangjiang, Huaihe, and Qiantangjiang,

began to show the effect of carbon sequestratimhcaused soil carbon increase to some extent.

3.3 Satistics from regional perspective

When a land use type with higher SOCD is changeantather with lower one, soil carbon
storage will decrease until a new equilibrium iaateed, i.e., the soil has a potential to act as a
carbon source, provided there is no other distuwdsrsuch as climate change, change of soil
management etc. And also, when a land use typelavtar SOCD is changed to another with

higher one, it has a potential to act as a carlpdn(&utsch et al., 2009). There are many such

10
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types of land use changes in the study area. Séthem will act as a carbon source and others
as a carbon sink. Based on spatial analysis anidtsta with GIS, total carbon decrease and
increase in each region was calculated and prebémt€able 3. For the 29.68x1&m? study
area of eastern China, the total soil carbon lassed by land use change was ~71.49 Tg, and
the increase was ~40.80 Tg with an aggregate etfe@0.7+13.64 Tg of soil carbon loss.
Compared to total surface soil carbon storage 22 ®g in the eastern regions, the aggregate
effect of land use changes caused a 0.325% sdiocaloss. The result of this study is
comparable to that of Liu et al. (2004), which mstied that the soil carbon loss caused by land
use changes in China from 1990 to 2000 was 53.7Thig. quantity is for the whole region of
China, whereas 30.7 Tg is estimated for the eastgions during 1980 and 2000.

Table 3 also gives comparison of soil carbon chamgeng the regions, which shows that land
use changes in NE had the most significant effacsal carbon storage. Both land use data in
this study and those in literature of Zhang e(2006) showed that NE had the most significant
land use changes in the last decades. Also, NEdhatilvely higher SOCD variances among the
different land use types. So, carbon storage chemtls region is most significant.

3.4 Satistics from land use per spective

Table 4 presents the soil carbon changes by thialitand use for each region i.e. during
1980s. The result shows that forest land, swamg, land paddy fields are the main soil carbon
sources. Forest land, especially in NE, was transfd to dry farm land, which caused a carbon
loss. This type of transformation leads a soil oarbecrease of ~14.9 Tg in the study area. Soil
carbon change of swamp land occurred also in Niva# transformed to paddy fields and dry
farmland by ~1900 kfand ~ 2280 kfhand caused a carbon loss of 3.17 Tg and 5.34 Tg

respectively. Paddy fields were another carboncsouBome of them were transformed to dry

11
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farmland in NE, and to urban land in other regidhss a little soil carbon source was formed.
Dry farmland in the study area totally forms a carlsink. Some of it was transformed to paddy
fields, and forest land in NE, and EC, and CC tonfa carbon sink, at the same time, some was
transformed to urban land, especially in NC, SGQJ &€ to form a carbon source, and the
aggregated result is a carbon sink. Some are&efitaNE was transformed to swamp land, and
it forms a small carbon sink. Details of the typityges of land use change in each area and its
soil carbon effect was given in Tables S1 to StheSupplementary files.

This study estimates the soil carbon storage chaagsed by the change of land use during
the period from 1980 to 2000. The results do noichale that the carbon storage change was
completed during the time as it needs further timeeach equilibrium (Johnston et al., 2004).
Also, the present study aims to assess the catboage change using land use changes only and

all other factors were excluded (Xia et al., 2051ich as climate change, land management etc.

4. Conclusion

The spatial distributions of 0—20 cm soil carbonrses/sinks caused by various types of land
use changes from 1980 to 2000 in the study area weapped and statistically investigated.
Following are the conclusions of the study:

(1) Spatial statistics showed that land use changes 880 to 2000 had caused 3.7
13.64 Tg of surface soil organic carbon loss in #rea of 2.97x10km? which
accounted for 0.33% of the total carbon storagg 22 Pg.

(2) The net effect of the soil carbon source was eséichas ~71.49 Tg soil carbon decrease

and ~40.80 Tg increase.

12
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(3) The land use changes in NE China disturbed the @ganic carbon storage most

(4)

()

significant compared to other regions because @fctinsiderable land use changes and
the variety of SOCD in the different land use types

Paddy fields, which were mainly transformed inty tarmland in NE, and constructed
land in other regions, were the largest carboncgsuamong the original land use types.
Furthermore, swamp land in NE was also anotheelaal carbon source when it was
transformed into dry farmland or paddy fields.

Dry farmland in the NE region formed the largest sggyanic carbon sink, as some were

transformed into paddy fields, forested land, atietoland use types with high SOCD.
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Figure captions
Fig. 1 A sketch map of the study area and MPRG& daterage.

Fig.2 SOCD of 0-20 cm under the different land tigmes for eastern China. The columns
denote the average values, and the upper and bettamlines denote the 9/10 and 1/10
quantiles. Horizontal: 11—paddy fields; 12—dry feand; 21—forested land; 22—shrub land;
23—thin forested land; 24—other woodland; 31-dgngiissland; 32—middle grassland;
33-thin grassland; 45-tidal zone; 46—bottom larid;usban land; 52—rural residential;
53—-other constructed land; 61-sand land; 63—salivtk alkaline land; 64—swampland;

67—other unused land.
Fig. 3 Land use map of the study area for 2000) @efd 1980 (right).
Fig. 4 The soil carbon sources/sinks caused by te&dchanges from 1980 to 2000. Positive

values in dark green denote an increased SOCD,hwdt as carbon sinks. Negative

values in red denote decreased SOCD, which actahan source.

Table captions

Table 1 SOCD by land use type for each region (Rg/m

Table 2 Soil carbon storage by various land usesyp eastern China.
Table 3 Soil carbon sources/sinks caused by laadh@nges in each region.

Table 4 Soil carbon sources/sinks by land use @wimgthe study area (TQ).
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Table 1 SOCD by land usetypefor each region (kg/m?)

Code Land use NE NC EC SC CC
11 Paddy fields 3.89+1.9 2.56+1.0 3.15+0.9 2 6941 1 3.77+1.1
3 5 8 3
12 Dry farmland 2'2011'5 2.2320.9 2.3910.75'5111'1 3.24+1.1
21 Forested land 5.0243.5 3.03+2.2 3.1941.0 2.94+1.3 3.99+1.4
8 3 9 5 6
29 Shrub land 3.47+2.3 3.01+1.9 3.11+1.1 3.19+1.6 3.50+1.2
1 3 3 4 9
23 Thin forested land 2.94+1.3 2.06+1.4 2.90+0.8 2.94+1.3 3.71+1.2
8 3 7 5 4
24 Other woodland 2.84+2.0 2.20+1.1 2.59+1.1 2.73+1.3 3.69+1.8
5 9 3 2 9
31 Density arassland 3.61+2.6 2.31+1.2 2.49+1.3 2.87+1.4 4.15+2.0
v 1 9 8 7 8
. 2.91+1.6 2.26+1.8 2.55+1.1 2.76+1.2 3.41+1.1
32 Middle grassland 5 4 7 3 5
33 Thin grassland 5'3211'3 1.38+0.7 - :73'2211'5 -
. 2.41+1.4 1.66+1.3 2.60+1.1 2.42+0.9 2.59+1.0
41 Rivers and channels9
2 3 5 7
) 3.10+2.0 2.32+1.4 2.72+1.2 2.38+1.0 3.28+1.2
43 Reservoirs
5 3 2 3 1
45 Tidal zones 1.81+1.5 0.88+0.7 0.71+0.5 1.38+1.0 ]
5 3 4 9
46 Bottom land 3.17+2.1 2.45+2.1 2.95+1.5 2.17+1.1 2.90+1.2
3 1 2 9 7
51 Urban land 4.82+2.4 3.83+2.7 348416 2.43+1.4 4.12+1.7
S 6 3 4
50 Rural residential ;.8411.5 ;.3710.9 2 6840.9 ;.3411.1 2.9011.0
53 Other constructe@.78+2.5 1.92+1.7 1.70+0.9 1.79+1.0 3.45+1.6
land 6 8 8 3 2
61 sand land R X
Saline and alkalin@.02+1.4 1.37+0.7
63 - - -
land 3 7
64 Swampland 5.58+5.8 2.38+1.1 ] ] 2.85+1.1
3 7 8
67 Other unused land - 0.87+0.4 - - -

Note: the table values were given in Mean £ SD.



Table 2 Soil carbon storage by variousland usetypesin eastern China

Land use Carbon storage (TQg)

Code 2
type Arealkm)—SE—Nc  Ec__ cC SC Totd

11 Eaeld:;’ 364102 17085 39.99 36573 43805 189.4 1204.02

12 PV 800161 82145 817.95 156.39 18423 143.45 2123.47
farmland

21 E?]rdeged 885854 147324 20849 257.07 790.75 716.65 34462
Shrub

2 o 174293 1111 12681 3021 1396 16949 577.21
Thin

23 forested 178880 6211 2967 1504 30446 162.66 573.94
land

pq ~ Other 30619 1037 864 642 924 4941 84.08
woodland

31 Densy 134473 9667 10191 2812 5623 107.08 390.01
grassland
Middle

32 70030 6041 69.69 102 2273 2821 182.06
grassland
Thin

33 31637 379 3716 05 0 743 4888
grassland

45~ 1da 1038 012 017 025 0 077 131
Z0ones

46 Eﬁzom 24425 3472 1253 775 1098 185 67.83
Urban

51 26326 637 1347 719 401 998  41.02
Rural

52 - 104680 5403 1065 6365 2072 2302 26791
residential
Other

53  constructe 10303  3.08 95 284 24 309 2091
dland

61  Sandland 1324 043 097 0 0 016 156
Saline and

63  alkaline 13450 239  1.99 0 0 0 2589
land

64 dswamp'a” 32017 16261 3.7 0 548 0 171.26

67  Other unus 165 0 008 0 0 0 008

Total 2068121* 309525 1588.69 942.18 1988.88 1612.65 9227.64

" Includi ng the areas of rivers, channels, lakes, and reservoirs in the study area, whose
areas are not shown above. " It was corrected by multiplying 36% as samples in urban
land were typically collected from green fieldsin cities.



Table 3 Soil carbon sour ces/sinks caused by land use
changesin each region

Carbon Carbon
Area(X 10 storage Aggregated
5 2 storage
km") decrease . effect (TQ)
increase (TQ)
(Tg)
NE 7.88 -49.09 27.91 -21.18+12.18
NC 6.93 -6.72 410 -2.62+0.34
EC 3.51 -5.23 2.36 -2.87+0.08
SC 571 -5.77 2.86 -2.91+0.76
CcC 5.65 -4.68 3.56 -1.12+0.28
Total 29.68 -71.49 40.80 -30.70+13.64




Table 4 Soil carbon sour ces/sinks by land use changesin the study arez

:g:a' land \ e NC EC sc cc Total

Paddy fields -3.62 -0.21 -3.47 -1.24 -0.87 -941

Dry 8.15 -1.72 0.14 -0.46 0.16 6.27
farmland
:Z; rgsted -15.36 -0.79 0.21 -1.23 -0.09 -17.26

Grassland -1.1 0.41 -0.04 0.05 0.02 -0.66

Water 2.06 0.15 -0.01 0.01 -0.02 219
regions

Constructed 0.04 -0.68 0.09 -0.18 0.02 -0.71
Swampland -11.41 0 0 0 0.02 -11.39
Others 0.06 0.22 0.21 0.14 -0.36 0.27

Note: carbon storage change in Tg C; positive values denote carbon
increase; negative values denote carbon decrease; data was aggregated by
theinitial land use.
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Research highlights

Land use change has caused ~30.7 Tg SOC loss in the eastern regions of China.
Land use change in NE has the most significant disturbance on SOC.

Paddy field, having changed to dry farmland and others, isabig C source.

Swampland transformed to plow land as another large soil carbon source.



