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Abstract: The 2001–2012 MODIS MCD12Q1 land cover data and MOD17A3 NPP data were used
to calculate changes in land cover in China and annual changes in net primary productivity (NPP)
during a 12-year period and to quantitatively analyze the effects of land cover change on the NPP
of China’s terrestrial ecosystems. The results revealed that during the study period, no changes
in land cover type occurred in 7447.31 thousand km2 of China, while the area of vegetation cover
increased by 160.97 thousand km2 in the rest of the country. Forest cover increased to 20.91%,
which was mainly due to the conversion of large areas of savanna (345.19 thousand km2) and cropland
(178.96 thousand km2) to forest. During the 12-year study period, the annual mean NPP of China
was 2.70 PgC and increased by 0.25 PgC, from 2.50 to 2.75 PgC. Of this change, 0.21 PgC occurred
in areas where there was no land cover change, while 0.04 PgC occurred in areas where there was
land cover change. The contributions of forest and cropland to NPP exhibited increasing trends,
while the contributions of shrubland and grassland to NPP decreased. Among these land cover
types, the contributions of forest and cropland to the national NPP were the greatest, accounting
for 40.97% and 27.95%, respectively, of the annual total NPP. There was no significant correlation
between changes in forest area and changes in total annual NPP (R2 < 0.1), while the correlation
coefficient for changes in cropland area and total annual NPP was 0.48. Additionally, the area of
cropland converted to other land cover types was negatively correlated with the changes in NPP,
and the loss of cropland caused a reduction in the national NPP.

Keywords: land cover change; net primary productivity; MODIS; China land cover

1. Introduction

Net primary production (NPP) represents the total amount of organic matter accumulated by
vegetation per unit area and time and is the difference between the carbon absorbed by photosynthesis
and the carbon released by autotrophic respiration [1]. NPP is used to determine the carbon sources/sinks
of ecosystems, regulates ecological processes, and is the material basis for the survival and reproduction
of other organisms in terrestrial ecosystems [2]. Due to differences in the carbon sequestration capacity
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of different vegetation types, there are differences in NPP per unit area [3]. Therefore, land cover
changes will affect NPP to some extent. NPP is not only affected by precipitation, temperature,
and other environmental factors but also actively responds to human activities [4,5]. Land use and
land cover change (LUCC) is a popular topic in global research and is one of the important factors by
which human activities can induce changes in total NPP in terrestrial ecosystems. Therefore, against
the background of the increasing impact of global changes and human activities on the ecological
environment, several international studies have employed terrestrial ecosystem models to investigate
the effects of land use and land cover change on NPP [6]. Examples include the CASA model [7,8],
SIB2 model [9], CENTURY model [10], and TEM model [11], all of which use either land use or land
cover changes as input data to evaluate NPP changes. Since the 19th century, international researchers
have obtained many important results on the relationship between global or regional ecosystem NPP
and climatic factors, particularly precipitation and temperature. The responses of vegetation cover to
climate change, however, exhibit large spatiotemporal heterogeneity, and different vegetation types
have different sensitivities and response characteristics to climate change. Therefore, the driving
mechanisms behind the spatiotemporal heterogeneity of NPP at the regional level remain unclear [3].

China covers a vast area, features a complex geographical environment. As one of the world’s first
cultivated areas [12], it has responded to the rapid population growth of the past 300 years in the form
of an unprecedented expansion of its agricultural land [13]. In addition, the modernization of China has
resulted in a new active period of structural changes in China’s land use [14]. Subsequently, cropland
afforestation, the conversion of fields to grassland, and the implementation of natural forest resource
conservation have resulted in some improvements to vegetation cover. By the end of 2007, the area
of returning farmland to forest and grassland had reached up to 9,264,135 ha, and the afforestation
of barren hills and wasteland had reached 14,979,333 ha [15]. During this period, China’s research
on land use changes and climate change has been more developed than that of any other period.
Many researchers have examined the effects of land use changes on ecosystem NPP at the regional
scale [16–18]. In Xinjiang, the total NPP of the whole area increased by 252.51 Gg C during 2001–2009,
mainly resulting from forest expansion [19]; however, the total NPP on the Sanjiang Plain declined by
6.7 % (0.29 × 104 Gg C) from 2000 to 2005 and this reduction had a significant correlation with LUCC in
terms of wetland degeneration, forest reduction, and farmland increase [20]. Additionally, in mainland
China the national total losses in NPP attributed to urbanization reached 1.695 TgC between the late
1980s and 2015 [21].

Therefore, the objectives of this study were to (1) use the MODIS land cover and NPP data
to study changes in land use and land cover in China from 2001–2012 at the national scale and (2)
further examine their effects on the country’s terrestrial ecosystem NPP. This research will assist in the
identification of land configuration dynamics and the responses of ecosystems to changes in the land
configuration dynamics of China in recent years.

2. Materials and Methods

2.1. Data Sources

The MODIS Land Cover Type MCD12Q1 [22] was used in this study. MCD12Q1 is a descriptive
land cover product obtained after processing the annual observation data from the Terra and Aqua
satellites. Its spatial resolution is 500 m. Cross-validation analysis indicates that the overall accuracy of
the product is approximately 75% correctly classified [23]. According to land cover dataset assessments
across China, the overall spatial agreement of MCD12Q1 2001 and 2010 reached 73.2% [24].

We selected the land cover map of China from 2001–2012 that was classified according to the
U.S. University of Maryland (UMD) classification scheme [25]. Table 1 lists the land cover type and
definition of the UMD classification scheme.
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Table 1. The UMD classification scheme.

Code Classes Definitions

0 Water Bodies Oceans, seas, lakes, reservoirs, and rivers. Can be either fresh
or salt water. This class is derived from a land/water mask.

1 Evergreen Needleleaf
Forests

Lands dominated by trees with a percent canopy cover >60%
and height exceeding 5 m. Almost all trees remain green all

year. Canopy is never without green foliage.

2 Evergreen Broadleaf
Forests

Lands dominated by trees with a percent canopy cover >60%
and height exceeding 5 m. Almost all trees remain green all

year. Canopy is never without green foliage.

3 Deciduous Needleleaf
Forest

Lands dominated by trees with a percent canopy cover >60%
and height exceeding 5 m. Trees shed their leaves

simultaneously in response to cold seasons.

4 Deciduous Broadleaf
Forests

Lands dominated by trees with a percent canopy cover >60%
and height exceeding 5 m. Trees shed their leaves
simultaneously in response to dry or cold seasons.

5 Mixed Forests

Lands dominated by trees with a percent canopy cover >60%
and height exceeding 5 m. Consists of tree communities with
interspersed mixtures or mosaics of needleleaf and deciduous

forest types. Neither type has <25% or >5% landscape
coverage.

6 Woodlands
Lands with herbaceous or woody understories and tree

canopy cover of >40% and <60%. Trees exceed 5 m in height
and can be either evergreen or deciduous.

7 Wooded
Grasslands/Shrublands

Lands with herbaceous or woody understories and tree
canopy cover of >10% and <40%. Trees exceed 5 m in height

and can be either evergreen or deciduous.

8 Closed Bushlands or
Shrublands

Lands dominated by bushes or shrubs. Bush and shrub
percent canopy cover is >40%. Bushes do not exceed 5 m in

height. Shrubs or bushes can be either evergreen or deciduous.
Tree canopy cover is <10%. The remaining cover is either

barren or herbaceous.

9 Open Shrubland

Lands dominated by shrubs. Shrub canopy cover is >10% and
<40%. Shrubs do not exceed 2 m in height and can be either

evergreen or deciduous. The remaining cover is either barren
or of annual herbaceous type.

10 Grasslands Lands with continuous herbaceous cover and <10% tree or
shrub canopy cover.

11 Croplands
Lands with >80% of the landscape covered in crop-producing
fields. Note that perennial woody crops will be classified as

the appropriate forest or shrubs land cover type.

12 Urban and Built-up

Land covered by buildings and other man-made structures.
Note that this class is not mapped from the Advanced Very

High Resolution Radiometer (AVHRR) imagery but is
developed from the populated places layer that is part of the

Digital Chart of the World [26].

13 Barren Lands of exposed soil, sand, rocks, snow, or ice that never
have more than 10% vegetated cover during any time of year.

14 Unclassified
Points where the ISLSCP II land/sea mask was labeled land
and the UMD original data had sea and which could not be

filled in from a 3 by 3 average of surrounding cells.
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In this study, the downloaded data were reclassified based on the UMD land cover type into
8 types: Water bodies, forests (including evergreen needleleaf forests, evergreen broadleaf forests,
deciduous needleleaf forests, deciduous broadleaf forests, mixed forests), shrubland (including closed
shrublands or shrublands, open shrubland), savanna (including woodlands, woodlands/shrublands),
grassland, cropland, urban and built-up areas, and barren areas. Statistical analysis was then performed
on the annual area changes in every land type across China.

The NPP data used in this study comprised the MODIS 2001–2012 vegetation product MOD17A3,
which has a spatial resolution of 1 km. The Biome-BGC carbon cycle process model [27] was used
to generate the MOD17A3 product [28]. Model inputs included land cover type, daily leaf area
index (LAI), and daily meteorological data (including PAR, precipitation, minimum temperature,
maximum temperature, and vapor pressure deficit), and the land cover and leaf area index were
derived from Landsat data [29]. At present, this product is widely used in the estimation of vegetation
growth and biomass, environmental observations in different regions, and global change studies,
allowing some information to be obtained.

2.2. Data Analysis

The land use dynamic degree model [30] is a marker that reveals the land use rate of change and is
often used to analyze temporal changes in land use type areas. The calculation of the land use change
dynamic degree for each land cover type from 2001–2012 was employed to analyze the areal change of
each land use type during the study period [31]. The equation is as follows

S =


n∑

i j

(
∆Si− j/Si

)× (1/t) × 100% (1)

where S represents the rate of change of land use in the corresponding study region during time
period t; Si represents the total area of the ith land use type at the start of monitoring; ∆Si− j represents
the sum of the area of the ith land use type that was converted to other land use types during the
monitoring period; and t is the time period of land use change. The land transfer matrix in 2-year
intervals from 2001–2012 was generated to obtain the annual conversion between various land use
types during the 12-year period.

Correlation analysis was employed to establish a regression formula between the annual changes
in the percentage of each land use type over the total land area of China, the annual conversion area
among the four main vegetation types (forests, shrubland, grassland, and cropland), and the calculation
of the annual NPP changes as well as the coefficient of determination, R2. R2 < 0.4 indicates a low
correlation and R2 < 0.6 indicates a moderate correlation. Additionally, we established a multiple
linear regression equation between the area change of six coverage types and the change in national
NPP to find the relationship between land cover change and NPP.

3. Results

3.1. Land Cover Changes in China from 2001–2012

Statistical analysis of the MCD12Q1 land cover data revealed that during the study period,
the area of vegetation cover (including forests, savanna, shrubland, grassland, and cropland) expanded
from 7073.08 thousand km2 in 2001 to 7234.04 thousand km2 in 2012, an increase of 160.97 thousand
km2 (Table 2), although the areas of and grassland decreased. The reduction in shrubland area
was the greatest (approximately 45.84%) based on the rate of change, while the area of forest and
cropland increased by 467.25 thousand km2 (30.79%) and 58.26 thousand km2 (3.45%), respectively,
compared with their respective values in 2001. In areas without vegetation cover, the area of
water bodies increased by 14.98%, and the area of bare land (including permafrost) decreased by
158.66 thousand km2 (−7.05%).
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Table 2. Area of land use and dynamic changes in China during 2001–2012 (unit: thousand km2).

Land Cover
Type Water Forest Shrubland Savanna Grassland Cropland Urban and

Built-up Barren Unclassified Vegetation
Land

Area in 2001 66.86 1517.59 244.95 736.43 2887.72 1686.38 83.49 2251.46 16.44 7073.08
Area in 2012 76.88 1984.85 131.89 496.62 2876.04 1744.64 83.48 2092.80 4.14 7234.04

Changed
area 10.01 467.25 −113.06 −239.81 −11.68 58.26 −0.01 −158.66 −12.31 160.97

Changed
rates 14.98% 30.79% −46.16% −32.56% −0.40% 3.45% −0.01% −7.05% −74.85% 2.28%

S 1.25% 2.57% −3.85% −2.71% −0.03% 0.29% 0.00% −0.59% −6.24% 0.19%

The land use change dynamic degree analysis (Table 2) showed that from 2001–2012, the reduction
rate of shrubland in China was the fastest (S = −3.85%), followed by that of savanna (S = −2.71%).
The areas of water bodies and forests continuously increased, by 1.25% and 2.57%, respectively.
Although the area of cropland increased, this increase was small (0.29%). Overall, the area of bare land
decreased by an annual average of 0.59%, while the area of vegetation cover increased by an annual
average of 0.19%.

The increase in forest area was mainly due to decreases in savanna, shrubland, and cropland
(Table 3). From 2001–2012, 345.19 thousand km2 of savanna, 44.00 thousand km2 of shrubland,
and 178.96 thousand km2 of cropland were converted to forests, accounting for 46.87%, 17.96%,
and 10.61% of the 2001 areas of savanna, shrubland, and cropland, respectively. The increase in
cropland area mainly originated from shrubland, savanna, and grassland. During the study period,
13.80% of shrubland (33.81 thousand km2), 12.86% of savanna (94.69 thousand km2), and 9.17% of
grassland (264.94 thousand km2) were converted to cropland. In addition to the conversion of shrubland
to forests and cropland, a large amount of shrubland was converted to grassland (99.78 thousand km2)
and bare land (15.04 thousand km2), accounting for 40.73% and 13.08%, respectively, of the grassland
in 2001. A small area of shrubland (12.26 thousand km2, 5.01%) was converted to savanna.

Table 3. Transferring matrix of land cover types in China during 2001–2012 (unit: thousand km2).

From To

Water Forest Shrubland Savanna Grassland Cropland Urban and
Built-up Barren Unclassified

Water
58.00 3.46 0.11 0.56 1.90 0.59 0.00 2.23 0.00

86.75% 5.17% 0.17% 0.83% 2.85% 0.88% 0.00% 3.34% 0.00%

Forest
2.90 1337.58 3.77 100.61 31.62 39.79 0.00 1.31 0.01

0.19% 88.14% 0.25% 6.63% 2.08% 2.62% 0.00% 0.09% 0.00%

Shrubland
0.56 44.00 39.40 12.26 99.78 33.81 0.00 15.04 0.09

0.23% 17.96% 16.09% 5.01% 40.73% 13.80% 0.00% 6.14% 0.04%

Savanna
1.05 345.19 3.17 274.31 16.98 94.69 0.00 1.01 0.02

0.14% 46.87% 0.43% 37.25% 2.31% 12.86% 0.00% 0.14% 0.00%

Grassland
5.67 71.93 44.02 23.66 2381.50 264.94 0.00 95.92 0.07

0.20% 2.49% 1.52% 0.82% 82.47% 9.17% 0.00% 3.32% 0.00%

Cropland 2.38 178.96 7.51 84.67 114.03 1297.30 0.00 1.32 0.21
0.14% 10.61% 0.45% 5.02% 6.76% 76.93% 0.00% 0.08% 0.01%

Urban
and

built-up

0.01 0.00 0.00 0.00 0.00 0.00 83.48 0.00 0.00
0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 99.98% 0.00% 0.00%

Barren
6.11 2.54 33.78 0.27 229.66 6.12 0.00 1972.50 0.49

0.27% 0.11% 1.50% 0.01% 10.20% 0.27% 0.00% 87.61% 0.02%

Unclassified
0.20 1.18 0.13 0.27 0.56 7.40 0.00 3.46 3.23

1.21% 7.20% 0.78% 1.65% 3.43% 45.01% 0.00% 21.05% 19.67%

Note: The percentage represents the land area that was converted divided by the total area of that land type in 2001.

With the exception of small areas of grassland (44.02 thousand km2) and bare land
(33.78 thousand km2) that were converted to shrubland, the areas of other land cover types that were
converted to shrubland were extremely low (<1%). This process caused the area of shrubland to greatly
decrease during the 12-year period. While savanna was converted to other land cover types, some forest
(100.61 thousand km2, 6.63%), shrubland (12.26 thousand km2, 5.01%), and cropland (84.67 thousand km2,
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5.02%) areas were converted to savanna. In addition, 229.66 thousand km2 are land (which declined in
area) was converted to grassland, accounting for 10.22% of the bare land area in 2001.

3.2. Annual Changes in Terrestrial NPP and Contribution of Major Vegetation Types in China from 2001–2012

Statistical analysis of the MODIS MOD17A3 data for China (Figure 1) revealed that the mean total
NPP of China’s terrestrial vegetation from 2001–2012 was 2.70 PgC/year. With the exception of 2001,
when the national NPP was low (2.50 PgC), the mean NPP in the remaining 11 years was >2.63 PgC
(2010), with its peak (2.79 PgC) occurring in 2004. In 2012, China’s terrestrial vegetation NPP was
0.25 PgC higher than its 2001 level, i.e., 2.75 PgC vs. 2.50 PgC.

Figure 1. The annual NPP of China during 2001–2012.

Among forests, shrubland, savanna, grassland, and cropland, the contribution of forests to the
national NPP was the greatest, with an average of 1.10 PgC per year in the 12-year period, accounting
for 40.89% of the total annual NPP. This value was followed by that of cropland, grassland, savanna,
and shrubland, with total annual NPP contributions of 27.95% (0.76 PgC), 16.94% (0.46 PgC), 13.38%
(0.36 PgC), and 0.44% (0.01 PgC), respectively, while the remaining 0.40% originated from bare land
and sparsely vegetated land. During the study period, forest NPP increased each year (from 0.95 PgC
in 2001 to 1.27 PgC in 2012), cropland NPP initially increased prior to decreasing, grassland NPP
increased, and the NPP levels of shrubland and savanna both decreased.

There were large differences in the mean annual NPP of different vegetation cover types. Of the
forests, the mean annual NPP of evergreen broadleaf forests was the highest (1028 gC/m2/year),
followed by that of mixed forests (572 gC/m2/year). The NPP values of the remaining forest types in
descending order were evergreen coniferous forests (466 gC/m2/year), deciduous broadleaf forests
(360 gC/m2/year), and deciduous coniferous forests (309 gC/m2/year). The annual mean NPP values of
cropland and grassland were 415 gC/m2/year and 168 gC/m2/year, respectively. For shrubland, the NPP
of closed shrubs was 315 gC/m2/year, and the NPP of sparse shrubs was 72 gC/m2/year (Figure 2).
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Figure 2. Spatial distribution of mean NPP in China (unit:gCm-2yr-1): (a) Distribution of mean NPP in
2001; (b) distribution of mean NPP in 2012.

From the spatial distribution, it can be seen that the mean annual national NPP and land cover
type map during the 12-year study period exhibited similar regional distributions, decreasing from the
southeast to northwest. Regions with an NPP of 900 gC/m2/year mostly appeared in Yunnan Province,
while there were large desert areas with NPP values of zero around the Taklamakan Desert in Xinjiang.
Compared with 2001, the NPP in northeastern to central China displayed a significant increase by 2012,
increasing at an average of 300–500 gC/m2/year to the northwest (Figure 2).

Combining land cover and NPP changes revealed that no land cover change occurred in
7447.31 thousand km2 (Table 3) of China during the study period, and the total NPP increased
by 0.25 PgC compared with that in 2001. Of these changes, 0.21 PgC occurred in areas where there
was no land cover change, while 0.04 PgC occurred in areas where there was land cover change.
Among regions with no land cover changes, the NPP of all land cover types increased, with the
exception of savanna, for which the annual mean NPP decreased.
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3.3. Correlation Analysis of Land Cover Area Changes and National NPP

A statistical analysis of the annual changes in the areas of various land cover types showed that
forest cover increased from 15.99% in 2001 to 20.91% in 2012, and cropland cover increased from 17.77%
in 2001 to 18.38% in 2012 (Table 2); in contrast, the areas of savanna and bare land decreased (Table 2).
In this study, we calculated the annual area dynamics of each vegetation type during the study period
and determined the correlations of each with the total NPP each year. Our results revealed that the
annual changes in cropland area had the highest R2 with annual NPP changes, reaching 0.48 (Figure 3),
indicating a moderate correlation. In addition, changes in shrubland, savanna, and bare land areas
exhibited some negative correlations with annual NPP changes, with R2 values of 0.23, 0.24, and 0.12,
respectively, indicating a low correlation. Meanwhile, the changes in forest and grassland areas did
not show any correlation with NPP (R2 < 0.1).

Figure 3. Correlation between the area change of different land cover types and annual NPP in China
during 2001–2012.

Using multiple linear stepwise regression analysis, the fitting equation between the change in
coverage area and the total amount of NPP was obtained (Table 4). The R2 of the fitting equation
was 0.83, and the p value was less than 0.01. The results showed that the area changes in savanna,
grassland, farmland, and wasteland affected the total amount of NPP in China. The changes in the
areas of these four coverage types explained the change in NPP.

Table 4. Multiple linear stepwise regression analysis between the change of coverage area and the total
amount of NPP.

Regression Model R2 F P

NPP = AreaGrass 0.2726 − AreaSavanna 1.004 + AreaCrop 0.777 + AreaBare 0.6024 0.83 8.73 <0.01

3.4. Correlation Analysis of the Area Converted between Vegetation Types and National NPP

We calculated the annual conversion area between forest, shrubland, savanna, grassland,
and cropland and constructed a regression formula with the annual NPP changes. The results
showed that, with the exceptions of the conversion of grassland to forest, shrubland, and savanna and
the conversion of shrubland to grassland (R2 < 0.1), the mutual conversion between various types
displayed some correlation with changes in NPP (Figure 4). The highest correlation was found for
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the conversion of cropland to shrubland, with an R2 of 0.57. In addition, the conversions of forest to
grassland and from cropland to savanna exhibited moderate correlations with changes in NPP, with R2

values of 0.56 and 0.55, respectively. In addition, R2 > 0.4 was found for the conversions of forest to
cropland, shrubland to cropland, savanna to grassland, and savanna to cropland. Meanwhile, the R2

values of the other conversions ranged from 0.11–0.30, showing a low correlation.

Figure 4. Correlation between the area of land cover type transitions and annual NPP changes in China
during 2001–2012.

From the slope in the linear regression formula, it can be seen that the conversions of cropland
to other vegetation types were negatively correlated with the annual NPP changes. In addition,
the conversion of forest to shrubland, forest to savanna, and savanna to shrubland were negatively
correlated with changes in NPP changes.

4. Discussion

4.1. Land Cover and NPP Changes in China from 2001–2012

Since the 1990s, China has initiated various key forestry projects, such as natural forest conservation,
wind-blown sand governance in Beijing-Tianjin, and cropland afforestation, in an effort to achieve
ecological restoration [32]. Since cropland afforestation was initiated in 1999, tremendous progress
has been made in ecological restoration and poverty alleviation [33]. In combination with this study,
we discovered that the forest area increased in China from 2001–2012. At the same time, large tracts of
cropland were converted to forest and grassland. The national cropland afforestation project planned
to complete 146.7 thousand km2 of cropland afforestation by 2010. The results of this study revealed
that a total of 165 thousand km2 underwent cropland afforestation from 2001–2012, demonstrating
that China’s cropland afforestation was well implemented. However, in other studies, based on
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different datasets, although the estimates in China showed a net increase in forest cover (from 1.5% to
3.4%) during 2000–2013 [34], there have been other studies that have shown a net decrease in forest
cover [35]. So, there is a speculation that China’s forest cover could have stabilized during the 2000s
(2000–2013) [34]. This difference may be due to the definition of different land cover classification
schemes and the resolution of the dataset; thus, further studies are needed to verify the area change of
forest in China after year 2000.

In addition, a large area of grassland was lost in China during the 12-year period, as it was converted
to forests, cropland, or desert. It can be speculated that grassland degradation and reclamation are still
ongoing under many grassland conservation measures (such as converting cropland to grassland and
prohibiting grazing). During the same period, however, approximately 229.66 thousand km2 (10.20%)
of bare land was converted to grassland, indicating that the ecological environment in some parts of
China gradually improving.

From 2001–2012, the annual mean NPP of China was 2.70 PgC, and the mean NPP per unit area
decreased from the southeast to northwest. Since there are large differences in the carbon sequestration
capacity per unit area among different land cover types, the annual mean NPP and land cover of China
exhibited similar distribution patterns. During the study period, NPP increased from 2.50 to 2.75 PgC.
The current estimates of NPP at global and regional scales are highly uncertain [36]. Precision analysis
of the simulation results of the Miami model, LUE model, CASA model, CEVSE model, and GLOPEM
model in China demonstrated that the CASA model results were the most accurate [37]. The NPP of
China from 2001–2010 measured by the CASA model increased from 2.25 to 2.62 PgC [38], and the
values, variation trends, and spatial distribution were close to the statistical results of this study.

4.2. Correlation between Land Cover and NPP Changes in China from 2001–2012

Changes in grassland area did not significantly affect NPP. The area dynamics of shrubland,
savanna, and bare land displayed some negative correlations with NPP, but the R2 values were not
high. Forest and cropland provided the largest contributions to total NPP in China. The correlation
between the area dynamics and annual NPP changes, however, revealed that the effects of changes
in cropland area on NPP were higher and that forest area dynamics were not correlated with NPP.
A possible reason for this result may be that the biomass per unit area and NPP differences in sparse
forests and close forests are higher, while the carbon sequestration capacity per unit area of young
forests is not high. As forest area and crown density increase, however, the NPP per unit area will
significantly increase. Therefore, the effects of an increase in forest area on total national NPP are
not significant.

From the correlation between the conversion area of land cover types and NPP, cropland was
shown to have the highest correlation between area and NPP, and its conversion to other vegetation
types exhibited negative correlations with NPP. From the R2 values, it can be seen that for the land
cover types with low correlations between area dynamics and NPP, the correlations between land
type conversion and NPP changes were also low. For example, the NPP changes between shrubland,
grassland, and forest had R2 < 0.2. Conversions involving cropland had R2 > 0.2, regardless of whether
the correlations were positive or negative, and most R2 values were >0.4. Correlation studies of NPP
in other regions of China have shown that cropland exerts significant effects on NPP. For example,
Liu et al. employed the BEPS model to calculate that cropland NPP accounted for 33.67% of the national
NPP in China from 2001–2010 [39]. Dong et al. employed the CASA model to calculate changes in
forest and cropland areas on the Sanjiang Plain from 2000–2010 and found that total NPP decreased by
6.7% [20].

It is worth noting that most other studies on the effects of land use changes on NPP have examined
ecosystems consisting of either woody plants (forests) or grasses (grasslands), while there have been
few studies examining savanna, which is a mixed ecosystem consisting of woody plants and grasses.
However, our study found that the correlations between savanna area dynamics and NPP, as well
as the conversion of savanna to other vegetation types and NPP, differed from those of forests and
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grassland. Therefore, the contributions to and effects of mixed woody plant-grass ecosystems on
national NPP is are worthy of further study.

4.3. Uncertainty Analysis

During the study period, the MCD12Q1 data showed that the area of urban land in China was
approximately 83 thousand km2. (Based on the definition in the classification scheme, these data were
obtained from the population distribution layer in the digital chart of the world [26], instead of AVHRR
image classification.) From 2001–2012, there was no significant change in area and there was no spatial
transfer, although statistical data from the Statistical Yearbook of China [40] and China Land Resource
Bulletin [41] revealed that some cropland area was lost each year from 2001–2012 due to conversion to
construction land. This result was not reflected in the MCD12Q1 data, however. Related studies also
showed that construction land increased by 1.7053 million ha from 2000–2005, of which 1.276 million
ha came from cropland [16]. Therefore, further research on the precision of the MCD12Q1 data on
urban construction land in the UMD classification scheme is required. At the same time, changes in
the unclassified land area of the MCD12Q1 data were large, which somewhat interfered with the
study results.

In addition to the effects of land cover change, NPP exhibits significant responses to precipitation
and temperature [3]. Gao used the GLO-PEM model to simulate NPP in northern China. The results
revealed that the effects of climate on NPP predominated in the study region (accounting for 90% of the
total effects). With regard to regions with land use, the effects of land use were dominant, accounting
for 97% of the effects [42]. However, our study did not consider the effects of climatic factors. Therefore,
further research is required to determine the proportion of the effects of land use change on NPP
changes of China.

5. Conclusions

We found that during the 12-year period, the vegetation cover in China has increased, of which
forest area displayed the largest increase. The increase in area mainly originated from savanna and
cropland, while shrubland, savanna, and grassland showed varying degrees of reduction. At the same
time, some bare land was gradually replaced by shrubland and grassland. Among these land cover
changes, forest and cropland provided the largest contributions to China’s NPP, although the effect of
cropland area on total annual NPP was greater, and forest area did not exhibit any correlation with
NPP. In addition, the loss of cropland has resulted in the total NPP to decrease.

Moreover, from 2000 to 2012, the annual total NPP has increased by 0.25 PgC. Of this change,
0.21 PgC occurred in areas where there was no land cover change, while only 0.04 PgC occurred in areas
where there was land cover change. Furthermore, 7447.31 thousand km2 of China did not experience
land cover change, but the annual mean NPP values of various land cover types have been changed.
We can conclude that China’s land cover underwent various changes from 2001–2012 and exhibited
some limited association with NPP; however, land cover change was not the main controlling factor
causing NPP changes, so further studies are needed to verify and quantify the relationship between
land cover and NPP and other potential factors as well.
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