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Abstract Land use patterns are changing and the envi-

ronment has become more vulnerable in an agro-pastoral

ecotone in Inner Mongolia. Modeling studies can be done

through studying the relationships between the soil organic

carbon density (SOCD) and the influencing factors in dif-

fering land uses such as cropland, forest and grassland.

Such studies can provide the basis for predicting soil

organic carbon (SOC) stocks and using land resources

efficiently. Therefore, the relationships between the SOCD

of surface soils and the influencing factors, such as soil

type, slope and elevation, were selected for a study in

differing land uses of Duolun County, Inner Mongolia. The

results showed that: (1) The variation in SOCD among the

soil types followed the same order in the three land uses:

chernozems [ meadow soils [ bog soils [ castanoz-

ems [ gray-cinnamon soils [ eolian soils. The sensitivity

of SOCD to land use change was different for the six soil

types. Both the degradation of grassland and the applica-

tion of the government policy of returning forest from

cropland induced the greatest variation in SOCD. (2)

SOCD correlated significantly with soil type and elevation

in each land use. There was a significant correlation

between SOCD and slope in the forest. (3) Statistical

models showing SOCD and the influencing factors were

developed and provided the basis for predicting SOC

stocks in Duolun County, Inner Mongolia.

Keywords SOCD � Influencing factors � Agro-pastoral

ectone � Land use types

Introduction

The terrestrial carbon cycle plays a vital role in the global

carbon cycle. Soil organic carbon (SOC) is the largest

terrestrial carbon pool and there is about three times as

much carbon stored in the aboveground biomass, and twice

as much as that in the atmosphere (Batjes and Sombroek

1997). Minor fluctuations in SOC can produce an important

impact on the concentration of greenhouse gases (Bruce

et al. 1999). SOC stocks mainly depend on the balance

between the inputs (plant residues) and outputs (decom-

position of organic material, mineralization process, crop

mowing, soil erosion) (Wang et al. 2008; Schaefer et al.

2009), which are affected by both soil-forming factors and

anthropogenic factors. Soil-forming factors include cli-

mate, time, parent material, vegetation and landforms.

Here, anthropogenic factors mainly refer to changes in land

use and the influence of agricultural activities (Dupouey

et al. 2002).

There has been a considerable amount of research on the

relationships between SOC content and the influencing

factors. Post et al. (1982) simulated SOC stocks by con-

sidering vegetation and climate based on the Holdridge life

zone model. Grigal and Ohman (1992) found that SOC

varies with annual precipitation, forest type and clay

content. Mueller and Pierce (2003) found significant

relationships between SOC and elevation. Liu et al. (2006)
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explored the spatial distribution of SOC and the relation-

ships between SOC and the influencing factors, such as

land use, topography and soil type. In these studies, SOC

stocks were predicted by statistical models, which were

developed. The soil-forming factors were always taken into

consideration as the influencing factors, while anthropo-

genic factors were often ignored. In fact, these factors will

affect the content and distribution of SOC directly or

indirectly through changing the rate of decomposition of

soil organic matter. These changes, such as land use, will

significantly affect the carbon cycles on different scales

(Kirschbaum 2000; Lal 2002). However, little research has

involved the study of the variation of SOC stocks with the

influencing factors in differing land uses.

An agro-pastoral ecotone refers to a compound eco-

system, which has special characteristics in the natural

environment, ecological characteristics and social econ-

omy. It has an obvious edge effect because it is formed

through the interaction of two adjacent agricultural and

pastoral ecosystems. It is more sensitive to human dis-

turbance and can be regarded as the representative region,

which can reflect the environment status of larger scale

(Qiao, 2007). Desertification results from serious land

deterioration due to excessive cultivation and use of

grassland, which can lead to grassland degradation and

yield reduction. These problems have restricted the

development of the local social economy and caused a

decline in the environmental quality of the surrounding

area (Han et al. 2004). The study area, Duolun County of

Inner Mongolia, southeast of Xilingol League, is a typical

agro-pastoral region and represents 3,773 km2 in total land

area (Fig. 1). Cropland and grassland coexist because of

the effects of the natural environmental conditions, its

unique history and human impacts. Grassland is the main

original land use type, but the area of the cropland has

expanded quickly since the 1950s. More recently, the local

government and residents have owned the land and there

has been unlimited control of its use in the county since

the economic reforms and open policy in 1978. More and

more grassland has been converted to cropland or has been

over-grazed. The area of indigenous grassland has

decreased rapidly and has become degraded in quality, and

soil erosion and desertification have occurred to a large

extent. The area of degraded grassland in Duolun County

has reached 11.2 9 104 hm2, about 86% of the total. The

area of sandy and desertification lands has also increased

from 10.67 9 104 to 33.65 9 104 hm2 since the 1970s to

about 89.2% of the total area of grassland (Baoyin and Bai

2004). The local government has been made aware of the

severity of environment changes. Since then, ecological

restoration, such as excluding grazing and restoring forest

or grassland from cropland, have been practiced to deal

with the environmental problems caused by intensive land

use. Are SOC stocks of Duolun County increasing or

decreasing with the frequent land use changes and the

policy of returning cropland to forest and grassland? It is

significant to estimate the SOC stocks, predict the trend

and rate of SOC change and simulate the carbon cycle

through analyzing the relationships between the SOCD

and the influencing factors of agro-pastoral ecotone in

differing land uses.

Currently, most research has been performed with

regard to the mechanisms involved in the carbon cycle in

agro-pastoral ecotone in the north of China. Fewer studies

Fig. 1 The location of Duolun

County in the Inner Mongolia

Autonomous Region, China
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have focused on the relationships between SOC content

and the influencing factors and on the estimation of the

SOC content in Duolun County. The objectives of this

study were to: compare SOCD at depths of 0–30 cm in

differing land uses and explore the results of ecological

restoration and structure regulation on land uses; clarify

relationships between SOCD and the influencing factors

and evaluate the contribution of each factor to SOCD

variation at depths of 0–30 cm in the differing land uses;

and to develop the statistical models of SOCD and the

influencing factors, which can eventually be used to esti-

mate the SOC stocks for Duolun County.

Materials and methods

Study area

The study was conducted in Duolun County of Inner

Mongolia of latitude 41�460E–42�360N, longitude

115�510E–116�540E. This region belongs to a typical

semiarid monsoon climate. The long-term mean annual

temperature is 1.6�C and the mean annual precipitation is

385.5 mm. Most (67%) of the total annual precipitation

falls in summer. Based on the Chinese Soil Taxonomy, the

soil types of the county can be classified as: gray-cinnamon

soils, chernozems, castanozems, meadow soils, bog soils,

eolian soils and meadow solonchaks. The main soil type is

castanozems, which comprises 70% of the whole area. The

meadow solonchaks were not considered in later analysis

due to their small distribution. The vegetation consists

predominantly of grassland plants such as Leymus chin-

ensis (Trin.) Tzve1., Stipa krylovii Roshev., Artemisia

frigida Willd., Setaria viridis Beauv. and Melilotoides

ruthenica (L.) Sojak.

The study area is located on the south edge of the Inner

Mongolia Plateau. The landform is dominated by a low

mountain knap, with an elevation of 1,150 * 1,800 m.

There are river and ditch valleys, which form a mosaic

pattern. Volcanic lava and pyroclastic rocks and tuff are

widely found. Faults and crush zones have developed

widely in this county; these are easily weathered and pro-

vide some of the source material for land desertification.

Data sources and processing

To analyze the relationships between SOCD and the

influencing factors efficiently, a stratified sampling

approach was employed. Soil type, land use type, slope and

elevation were used as variables for the procedure.

According to the average SOC content of each soil type,

a digital number from 1 to 6 was each assigned to eolian

soils, gray-cinnamon soils, castanozems, meadow soils,

bog soils and chernozems, respectively.

Grassland, cropland and other land use types contributed

to one-third of the land area, respectively. The area of

cropland and sandy soils was greater than that of the forest

(Baoyin et al. 2000). Cropland and grassland always con-

vert from one to the other frequently in the study area, the

same as the inter-conversions that occur between forest and

cropland. Therefore, the effects of the conversions on the

three land use types on SOC stocks of Duolun County were

considered. Cropland, forest and grassland were scored

from 1 to 3.

Fields with a slope of more than ten were converted to

grassland and forest since the government policy of

returning cropland to forest or grassland was enacted.

Based on the local topographic features, the slope gradient

was grouped into three classifications: 0�–10�, 10�–20� and

over 20�, and were scored from 1 to 3. Slope gradients

were measured using a compass.

The sampling sites were orientated by a portable Global

Positioning System. An altitude of\1,200 m was assigned

1, and other grades of elevation were increased by 1 for

every 100 m increment in altitude.

Six soil types, three land use types, three slope gradient

classes and six elevation classes were graded for the study

area. These classes were combined for being stratified.

Soil sampling and laboratory analyses

Soil samples were taken in August 2009. Three 30 9 30 m

plots were established on each stratified environment. Soil

samples were collected from five random locations at a

depth of 30 cm and bulked for the same plot using a

50-mm diameter soil sampler. Finally, 291 composite soil

samples were collected for measurements of soil physical

and chemistry properties.

Soils were air dried, gently crushed and passed through

a 2-mm sieve. SOC content was determined using the

dichromate oxidation method (external heat applied)

(Nelson and Sommers 1982). The soil bulk density was

measured with a cylinder carefully pushed horizontally into

the soil profiles, the volume of which was 100 cm3.

Calculation of SOCD

SOC density refers to SOC mass per unit area for a given

depth. It has been a significant index to evaluate SOC

stocks because it is calculated based on the volume of a

pedon, while the effect of area was excluded. The SOCD

of the ith layer was calculated as follows (Batjes 1996;

Schwartz and Namri 2002):
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SOCDi ¼ CiDiEið1� GiÞ=10 ð1Þ

Where,

SOCDi SOC density of the horizon (kg m-2);

Ci SOC content of the horizon (%);

Di bulk density (g cm-3);

Ei thickness of the ith horizon (cm);

Gi volumetric percentage of the fraction [2 mm

(rock fragments) in the layer i (%)

Statistical analysis

Statistical analysis was performed using SPSS 13.0 (Zhang

and Yan 2004). Post hoc test with Fisher’s least significant

difference (LSD) tests were used to analyze the variation in

SOCD in the differing land use and soil types. Analysis of

variance (ANOVA) was used to analyze the variation in

SOCD from the influencing factors, which include soil

type, slope and elevation. Means were considered to be

significantly different when p \ 0.05.

Canonical correlation analysis (CCA) was used to explain

the contribution of each influencing factor to SOCD variation

(Tan et al. 2003). Using the CCA method involved trying to

find one or a few combined variables which could represent

the original ones, and using the relationships of a few pairs of

combined variables to replace that of the original variables

(Zhang and Yan 2004). In this study, SOCD is the first set of

variables, and the influencing factors were the second set

variables, such as soil type, slope and elevation. The canonical

variables of set 1 and 2 represented the linear combination of

the original values.

Multiple linear regression analysis was used to develop

the statistical models for SOCD and the influencing factors.

Goodness of fit and multi-co-linearity tests were also

performed.

Results and analysis

Variation of SOCD in differing land use types

and soil types

The SOCD in the upper 30 cm of the soils in Duolun

County varied widely with soil types (Table 1). For all the

soil samples, the order of SOCD from highest to lowest

was: chernozems [ meadow soils [ bog soils [ casta-

nozems [ gray-cinnamon soils [ eolian soils. The SOCD

of eolian soils was only 27.6% of that of the chernozems.

The SOCD decreased in a similar manner amongst the soil

types in differing land use groups for all the soil samples

(Table 1). However, the SOCD differed in the land use

groups for each soil type (p \ 0.05, Fig. 2). The variation

of meadow soil SOCD in differing land use types was

significantly different. The SOCD in the grassland was the

Table 1 Soil organic carbon density (kg m-2) in the upper 30 cm of soils from the differing land uses

Soil type All soils Grassland Cropland Forest

NA MeanB N Mean N Mean N Mean

chern 54 9.8(2.2)a 27 10.1(1.8)a 15 9.7(2.2)a 12 9.2(3.1)a

MS 33 7.0(3.0)b 12 7.7(2.6)fg 12 7.3(3.5)b 9 3.4(0.5)a

Castan 84 5.2(2.0)cd 45 5.0(1.7)cde 18 3.9(1.0)def 21 6.4(2.5)bc

AS 81 2.7(1.5)h 36 1.9(1.3)h 21 3.9(0.7)def 24 2.7(1.4)gh

BS 12 6.0(3.3)bcd 12 6.0(3.3)bc

GCS 27 4.6(1.8)de 27 4.6(1.8)de

Fisher’s least significant difference (LSD) was applied to detect significant differences at a probability of a = 0.05. Means followed by the same

letter do not significantly differ from each other

chern chernozems, MS meadow soils, castan castanozems, AS aeolian soils, BS bog soils, GCS gray-cinnamon soils
A N sample number
B Mean mean and standard deviation of the mean

chernozems meadow soils castanozems aeolian soils
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highest in meadow soils, while that in the forest was the

lowest. It was very high for SOC content in chernozems,

and the variation of chernozems SOCD in differing land

use types was not significant. The variation of SOCD

between grassland and cropland was not significant in

castanozems. Eolian soils always had the lowest SOCD in

each land use type. The SOCD in the cropland was higher

than that in the forest and grassland in eolian soils. The

SOCD in the forest was a little higher than that in the

grassland in chernozems, castanozems and eolian soils,

which are the three mainly distributed soil types in Duolun

County, but the variation (in SOCD) between forest and

grassland was not significant.

ANOVA

The contributions of the individual controlling variables

were different within differing land use types (Table 2).

The influence of soil type was much larger than the other

two factors in each land use, with the contribution of slope

being the lowest. Elevation was important next to soil type

in the forest and cropland.

Most of the interactions produced significant impacts on

SOCD (p \ 0.05). However, the interaction between soil

type and slope was not significant in the croplands. The

effect of each controlling variable on SOCD is shown in

Table 3. The contribution of all the controlling variables to

explain the variation in SOCD was 60.4, 47.2 and 56.0% in

the three land use types, respectively.

CCA

Correlation between the two sets of original variables

Soil type and elevation were important regulators of SOCD

at all the sites (p \ 0.01) apart from the slope in Table 4,

and were consistent with the results shown in Table 2.

Only in the forest did the SOCD correlated with slope

significantly.

Canonical correlations

The expressions for the canonical variable for set 1 in

differing land use types are shown below (standardized

canonical coefficients were used as the numerical values):

S1stðGrasslandÞ ¼ �0:829ðSTÞ � 0:149ðSlpÞ � 0:388ðElvÞ
ð2Þ

S1stðCroplandÞ ¼ �0:937ðSTÞ þ 0:3ðSlpÞ � 0:16ðElvÞ
ð3Þ

S1stðForestÞ ¼ �0:656ðSTÞ � 0:38ðSlpÞ � 0:412ðElvÞ:
ð4Þ

A negative correlation was found between each

influencing factor and the canonical variables for set 1 in

the expressions 1, 2 and 3, except between slope and the

canonical variable of set 1 for the cropland. However, it

should be pointed out that a positive or negative sign was

dependent on the value of the influencing factors, which

Table 2 ANOVA analysis on the impacts of influencing factors on SOCD within each land use

Source of variance Grassland Cropland Forest

df Type-III SS P df Type-III SS P df Type-III SS P

ST 4 891.23 \0.0001 3 131.9 \0.0001 4 157.7 \0.0001

Slp 2 17.4 \0.0001 1 18.2 0.004 2 95 \0.0001

Elv 5 102.3 \0.0001 5 100.7 \0.0001 5 135.7 \0.0001

ST 9 Slp 4 95.4 \0.0001 2 12.9 0.053 4 102.3 \0.0001

ST 9 Elv 11 72.4 \0.0001 6 85 \0.0001 6 19.9 \0.0001

Slp 9 Elv 10 62.6 \0.0001 3 40.9 0.001 6 31.9 \0.0001

ST 9 Slp 9 Elv 6 39.8 \0.0001 0 0 1 13.9 \0.0001

ST soil type, Slp slope, Elv elevation

Table 3 The contribution of each variable to explain SOCD

variability

Variable Grassland (%) Cropland (%) Forest (%)

ST 42.0 16.0 15.9

Slp 0.8 2.2 9.6

Elv 4.8 12.2 13.6

ST 9 Slp 4.5 1.6 10.3

ST 9 Elv 3.4 10.3 2.0

Slp 9 Elv 3.0 5.0 3.2

ST 9 Slp 9 Elv 1.9 0.0 1.4

Total fraction 60.4 47.2 56.0

ST soil type, Slp slope, Elv elevation
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were assigned in ascending or descending order. The

canonical variable for set 1 was closely correlated with soil

types, but not with slope and elevation in all the land uses.

There was a closer correlation between the canonical

variable for set 1 and elevation in the grassland and forest,

but not between the canonical variable for set 1 and slope.

Canonical redundancy analysis can explain the contri-

bution of each canonical variable to the variation in the

original variables (Table 5). The canonical variable of set 2

can explain 51.7, 49.1 and 56.0% of the variation of the

canonical variable of set 1 (SOCD) in grassland, cropland

and forest, which also explained 39.9, 37.9 and 46.5% of

the variation of the original variables, as in Table 1.

Moreover, the canonical variable of set 1 (SOCD)

explained 20.6, 18.6 and 26.0% of the variation of

canonical variable of set 2, which indicated that SOCD can

also have an influence on the influencing factors.

Multiple regression analysis

The SOCD in each land use type was predicted by the

statistical model based on the influencing factors (Table 6)

and approximately 51, 55 and 47% of the variability in

SOCD could be explained. There was not serious multi-co-

linearity in the variables of each model, because the vari-

ance inflation factor (VIF) was close to the value of 1.

The order of the significance of the influencing factors

in grassland and forest was (Table 6): soil type [ eleva-

tion [ slope and slope [ soil type [ elevation. Elevation

was eliminated from the model because there was not a

significant correlation between SOCD and elevation in the

cropland. The order of the other two influencing factors in

the cropland was: soil type [ slope.

Discussion

The variation of SOCD in the differing soil types indicated

that SOCD was affected by soil-forming processes (Table 1).

For example, the accumulation rate of soil organic matter is

much higher than its decomposition rate and hence a fertile

soil layer develops on the surface of chernozems (Chen and

Huang 1988). The variation in SOCD of the differing land

use types in each soil type was not similar (Fig. 2). The

variation in SOCD between grassland and cropland was not

significant in castanozems, because the large extent of

grassland degradation-induced SOC content decreased (Li

et al. 2002). There was a significant variation in SOCD

between cropland and forest, which demonstrated that the

restoration of practice of returning cropland to forest had

produced the desired effect. Liu et al. (Liu and Tong 2005)

pointed out that the change in the land use structure of

Duolun County had led to soil fertility characteristics

changing considerably. Returning cropland to forest is

helpful for the accumulation of soil organic matter and the

conservation of soil and water. The SOCD of eolian soils was

low because the vegetation coverage was sparse and hence

the availability of plant residues was reduced. Therefore,

reclaiming the croplands in the fertilized area containing

eolian soils will also alter the terrestrial ecosystem balance,

which will then lead to greater chances of soil erosion and

desertification (Su 2006). The SOCD in the forest was close

to that in the grassland found on the chernozems,

Table 4 Correlation coefficients for SOCD in the various land use

types

Variable All pedons Grassland Cropland Forest

Soil type 0.754** 0.654** 0.664** 0.64**

Slope -0.046 0.055 -0.082 0.275**

Elevation 0.578** 0.434** 0.33** 0.544**

** Significant at 0.01 probability levels

Table 5 The proportion of the variation of original variable

explained by their canonical variable

Variable set Canonical variable Grassland Cropland Forest

Set1-Var Set2’s Can-Vara 0.517 0.491 0.560

Set2-Var Set2’s Can-Vara 0.399 0.379 0.465

Set1’s Can-Varb 0.206 0.186 0.260

a Canonical variable derived from the Set2-Var. Set2-Var represents

a set of influencing factors, including soil type, slope and elevation
b Canonical variable derived from the Set1-Var. Set1-Var refers to

SOCD

Table 6 Correlation coefficients between SOCD and influencing

factors in the various land use types

LUCC Parameter t value P VIF Adjusted R2

Grassland Intercept -3.02 0.0029 0.00 0.51

Soil type 11.37 0.0000 1.09

Slope 2.11 0.0365 1.02

Elevation 5.35 0.0000 1.08

Cropland Intercept 6.24 0.0000 0.00 0.47

Soil type 9.82 0.0000 1.03

Slope -2.80 0.0060 1.03

Forest Intercept -2.06 0.0410 0.00 0.55

Soil type 7.40 0.0000 1.32

Slope 4.93 0.0000 1.00

Elevation 4.66 0.0000 1.32

Grassland:SOCD = -1.78 ? 1.15(ST) ? 0.44(Slp) ? 0.63(Elv),

Cropland: SOCD = 3.88 ? 1.17(ST) - 1.16(Slp), Forest: SOCD =

-1.07 ? 0.97(ST) ? 1.01(Slp) ? 0.64(Elv)

ST soil type, Slp slope, Elv elevation, VIF variance inflation factor

P is the value of significance
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castanozems and eolian soils, which again indicated that

returning forest from cropland was productive. Other benefits

of returning the croplands to forest will be improving soil

quality, preventing and controlling desertification.

Different processes regulating humus accumulation

occur in different soil types and can lead to the differ-

ences in SOC content. Therefore, SOCD depends on the

soil type to a large extent (Zinn et al. 2005). Elevation

and slope produces impacts on soil water balance, soil

erosion and the process of geological deposition, which

will also have important roles in contributing to the

variation of SOC stocks (Ritchie et al. 2007). The cor-

relation between SOCD and slope was only significant in

the forest (Table 6). This was largely due to the effect of

returning cropland to forest, which has been done since

2000, especially over slopes of [20�. The different times

the cropland has reverted to forest and the different

degrees of site disturbance have led to differences in

SOCD as the slope increased. The variation in the

canonical variables for set 2 can be explained by the

canonical variable of set 1, which implies that SOCD can

have an influence on the influencing factors.

Multiple linear regression models (MLR) were devel-

oped to relate SOCD to the influencing factors in the dif-

fering land uses. It is likely that the regression models can

be used to estimate and predict the variation in SOC, which

can be sequestered in differing land use types of Duolun

County (based on the digital maps of land use, soil type,

slope and elevation, Table 5). Other studies have used

statistical models to predict SOC. For example, Moore

et al. (1993) used stream power, wetness index and aspect

as predictors of SOC and from these they explained 48% of

its variation. Florinsky et al. (2002) likewise analyzed the

relationship between SOC and the influencing factors and

were able to explain 37% of the variation with factors such

as elevation, slope, plan and profile curvatures. MLR seem

to be the preferred method for assessing the SOC stock on

different scales (Nyssen et al. 2008; Singh et al. 2007).

In general, the results implied that not only soil type, but

also slope can play an important role in regulating the

variation of SOCD in each land use type. Other studies

have also clarified the close relationship between SOC and

terrain features. Gessler et al. (2000) have shown that SOC

is highly correlated with the combination of slope and log

flow accumulation. Terra et al. (2004) have also pointed

out that at their site elevation, slope, compound topo-

graphic index, electrical conductivity, water table depth, as

well as sand and silt content can be used to explain the

variation in SOC efficiently. The results of MLR were

similar to that of ANOVA and CCA (Fig. 3). The total

contribution of the influencing factors to the variation in

SOCD in differing land use types was around 50%, indi-

cating that more factors such as those related to biological

and pedogenic processes should have been taken into

account to explain the SOCD variation.

Conclusion

1. The SOCD of the top 30 cm of soil varied significantly

among the soil types within each land use. This was

caused by the different processes involved in the

accumulation of soil organic matter in each soil type.

The sensitivity of SOCD to land use change was dif-

ferent in six soil types. In general, the degradation of

the soil led SOCD to decrease remarkably, which was

a result of the extensive degradation of the grassland.

Consequently, the variation in SOCD between the

cropland and forest was significant in most cases. The

SOCD of the forest has been increasing after a large

proportion of cropland was required to be returned to

forest due to governmental policy change, but no dif-

ferences (in SOCD) between forest and grassland have

been observed yet. Thus, the practice of allowing

cropland to revert to forest and grassland should be

ongoing.

2. There are close relationships between SOCD and the

influencing factors, which varies with land use types.

SOCD depended on soil type to a greater extent,

especially in the grassland. Except slope, other influ-

encing factors were significantly correlated with

SOCD in each land use. There were significant

correlations between SOCD and slope in the forest.

This indicated that allowing sloping fields to return to

forest will have a positive effect on the SOCD in the

forest.

grassland cropland forest
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Fig. 3 A comparison of the contribution of the factors regulating

the variation in SOCD using different statistical methods. ANOVA
analysis of variance, CCA canonical correlation analysis, MLR
multiple linear regression
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3. The statistical model, which was developed based on

multiple linear regression, can explain approximately

50% of the variation in SOCD for each land use type.

Using this model, the SOC stocks for the region can

then be predicted based on the maps of land use, soil

type, slope and elevation.
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