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A B S T R A C T

Understanding of cropland dynamics in a large geographical extent is mostly based on observations of area
change, while the changes in landscape pattern are hardly assessed. The total amount of cropland in China has
remained relatively stable in recent years, which might suggest there was little change. In this analysis, we
combine the number of cropland patches (NP) with the total cropland area (TA) for a more comprehensive
characterization of cropland change in China. We use GlobeLand30–a global land cover dataset with a 30 m
resolution for the years 2000 and 2010–and characterize changes in TA and NP for each county as increase,
stable, or decrease. This characterization shows that 703 out of 2420 counties experienced both cropland loss
and increased fragmentation. The predominant cropland loss in these areas, especially in the North China Plain,
is converted to artificial land. Another 212 are characterized by the opposite developments: an increase in
cropland and decreased fragmentation. These counties, are mainly characterized by a conversion of forest areas
and grassland areas. It suggests that the cropland conservation policy in China effectively protected the total
cropland area in overall, but the consequences in terms of fragmentation might be underestimated. Counties
with no obvious change in both indicators, measuring 279 counties, are mainly located in the Southeast. Our
results are further compared with local level case studies: the fair consistency indicates alternatives of applying
GlobeLand30 for analyzing landscape changes across scales and for cross-site comparisons.

1. Introduction

Cropland is vital for human as a producer of food, fuel, fibers, and
many other ecosystem services. It is the largest use of land on the planet
and it is one of the most important land cover types for society (Foley
et al., 2011). Cropland is also an essential research topic for land system
studies (Verburg et al., 2013) and landscape studies (Merriam, 1988),
where the spatial-temporal characteristics of cropland has been as-
sessed from local level to global level. Land system science mainly fo-
cuses on the area of cropland cover, and the existing analyses include
area expansion and conversion (Döös, 2002; Tyler et al., 2015), aban-
donment (Schierhorn et al., 2013), displacement (Meyfroidt et al.,
2010; van Vliet et al., 2017), and potential availability (Lambin et al.,
2013; Eitelberg et al., 2015). Recently, more attention is given to the
spatial structure of croplands in terms of farm size (Samberg et al.,
2016), field size (Fritz et al., 2015) or the level of fragmentation of

cropland area with other land use types (van der Zanden et al., 2013).
Usually, cropland area change is often considered in the context of
climate change, food security, and sustainability at a macro level
(Verburg et al., 2015), while fragmentation is frequently connected
with detailed placed-based ecological and social processes at a micro
level, e.g. distribution, movement, and persistence of species (Forman
and Godron, 1986; Turner, 1989).

In China, the spatial-temporal characteristics of cropland and their
consequences, among other land cover types, have gained much at-
tention from scientists and policy-makers. This is because Chinese
cropland plays an essential role as the “rice bowl” for the country,
which currently feeds 22% of the world population with only 7% of the
planet's cropland resources (Ryan and Flavin, 1995). Especially since
the late 1990s, the challenge to provide national food security has been
amplified along with China’s unprecedented economy growth. A na-
tional level land cover mapping work suggests a net cropland loss of
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0.69 million ha from year 2000 to 2005 (Liu et al., 2010), then followed
by a loss of 0.15 million ha from 2008 to 2010 (Zhang et al., 2014).
Together, cropland has roughly decreased about 1.02 million ha in the
first decade of the 21th century (Liu et al., 2014a



conversion matrices for cropland at the county level basis, quantifying
the gain and loss of cropland area from/to the other land cover types.
Specifically, we assess what land cover type is the largest contributor to
the observed cropland change. For example, in a county that is char-
acterized by a net cropland loss in combination with cropland frag-
mentation, we look for the land cover type that makes the largest gross
contribution to the observed cropland loss. We further adopt such a
gross area conversion as the manifestation of cropland change to the
identified characterizations in terms of both TA and NP.

3. Results

3.1. Observed cropland change

The distributions of TA changes and NP changes across counties are
presented in the lower part of Fig. 2. These figures show that about 25%
of the total counties remain stable for either TA or NP, and that the
number of counties decrease with increasing amount of change. Fig. 2
also shows that a decrease in TA predominates across counties, while an
increase in NP prevails. The locations of TA changes and NP changes
are illustrated in the upper part of Fig. 2. It shows that most counties
located in Northern and Central China experienced a net loss in crop-
land, including Inner Mongolia, Hebei, Henan, Shanxi, Shaanxi,

Shandong. Counties with higher NP changes are also located in the
North China Plain (Hebei, Henan, Shanxi, Shandong, and the northern
part of Anhui and Jiangsu), in addition to the vast territory of Inner
Mongolia and Xinjiang. The spatial patterns of TA and NP in the year
2000 and 2010 are displayed in the Supplementary Information (SI).

Following the bin width estimated from the histogram-based ap-
proach, nine combinations of cropland change can be found, as pre-
sented in Section 2.2. The indicator-combining analysis suggests that
the counties with TA loss and NP increase predominate in China, as 703
out of 2420 are characterized accordingly (Fig. 3). This figure further
shows that cropland loss is frequently accompanied with fragmentation
in China between 2000 and 2010.

Counties with TA loss and NP increase – the largest group across the
whole country – are mainly located in the North China Plain, the Lower
Yangtze River Basin, as well as Liaoning, Hainan, central Inner
Mongolia, north Zhejiang, east Yunnan, west Guangdong. Counties with
TA loss and NP decrease – the second largest group observed (313 out
of 2420) – are mainly located in the South (Hunan, Yunan, and
Guangxi), east Shandong, and north Jiangsu. Counties with no change
in TA and NP, measuring 279 counties, are mainly located in the
Southeast (Jiangsu and Fujian). Other types of cropland change are
distributed more scattered throughout the country (Fig. 3).

Fig. 2. Characterization of cropland change in China at a county level. The histograms of TA change rate and NP change rate are displayed in lower-left and lower-right, respectively. The
spatial distributions of TA change rate and NP change rate are displayed in upper-left and upper-right, respectively. Colors in the maps correspond with the histograms, and intervals are
set following the Freedman-Diaconis rule (see Section 2.2).
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3.2. Manifestations of cropland change

There is much more gross change in cropland than net change, as we
found a 10.5 million ha gross decrease and an 8.6 million ha gross in-
crease between 2000 and 2010, yielding a 1.9 million ha net cropland
loss. In other words, net change only accounts for 9.9% of the total
gross change in cropland. The conversion matrix also indicates that
cropland change is mainly related to changes in forest, grassland, water,
and artificial land at the national level (Fig. 4). Fig. 5 illustrates the
largest contributor of gross cropland change, in which only counties
with change in both TA and NP are selected for the illustration (see
Fig. 3, the corner groups).

Fig. 5 shows some clear relations between cropland change and it’s
manifestations: Fig. 5(1) shows that cropland fragmentation is mainly
associated with artificial land development in the North China Plain,
with grassland occupation in part of Inner Mongolia, Liaoning and
Yunnan, and with forest occupation in Hainan province. Fig. 5(7) shows
that a larger cropland loss to artificial land in parts of the North China

Plain as well as southern China might yield cropland concentration, but
the pattern is more scattered. It also shows that cropland loss in the
West is mainly associated with increased forest and grassland. The right
figures both show that a net increase in cropland is mainly related to a
conversion of forest and grassland. The reclamation on grassland would
more likely yield an overall cropland fragmentation in the West
(Fig. 5(3)). The clearance of forests might also lead to fragmentation in
some places (Fig. 5(3)), while it is related to cropland concentration
elsewhere, especially in the south (Fig. 5(9)).

4. Discussion

4.1. Bridging the gap of cropland change studies across disciplines and
scales

Different ways of measuring cropland change have been used across
the literature. Net area changes of cropland, as well as other land uses,
are used most often. Such a simple indicator has been used, for

Fig. 3. Characterization of cropland change in China combining TA change rate and NP change rate. The left map presents the spatial distribution at the county-level basis, while the right
figure illustrates the legend of the map as well as the statistics of the characterization results.

Fig. 4. Landscape conversions representing cropland
loss (left) and gain (right) to/from other land cover
types. The figure is plotted based on county level
values. The boxes indicate the 25%–75% percentile,
the winkles indicate the 5%–95% percentile, the
lines with in the boxes indicate the median, and the
dots indicate the average values of each land cover
type. The values out of the 5%–95% percentile scope
might not be presented in the figures.
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example, in economic models to indicate the resource capacity of
agricultural sector (Schmitz et al., 2014), and in earth system models to
measure the land use impacts on global climate (Deng et al., 2013).
Recent work by Fuchs et al. (2015) and Pongratz et al. (2014) has
shown the importance for accounting for gross changes of land use
rather than only focusing on net change. However, there are few studies
that, across larger spatial scales, assess the spatial structure of cropland.
Even the mosaic representation of land systems are typically based on
land cover compositions (including the fraction of cropland), rather
than the landscape pattern (van Vliet et al., 2017). In our study, we
have combined these different indices of change in studying cropland
change in China, and we confirmed the hypothesis that more gross
changes might only result in a limited net change, but it is associated
with a much larger change in landscape pattern.

Cropland fragmentation is context-, and scale-dependent. For ex-
ample, the physical, social, and operational fragmentation have been
conceptualized for different research disciplines, which focused on non-

contiguous land parcels, scattered and downsized ownership, and
mismatch between different scale of holdings and recourse accessi-
bilities respectively (King and Burton, 1982; Sabates-Wheeler, 2002).
The measurements are different from each other as well. For example,
the physical fragmentation is mostly presented in a spatially explicit
way based on fine resolution remotely-sensed images (Baldi et al.,
2006; Su et al., 2014; Cheng et al., 2015). While socioeconomic data
such as census and cadaster are frequently used for describing owner-
ship fragmentation, e.g. using per capital cropland as an indicator (Tan
et al., 2006; Deininger et al., 2012). Although the physical, social, and
operational fragmentation might be related to each other, there are few
studies that combine these aspects together, due to the lack of a human-
land integrated observing system (Yu et al., 2017). Complicating factor
is the high scale-dependence of fragmentation because “landscape” is
not a geographically precise unit of measurement (Meentemeyer and
Box, 1987). Therefore, cropland fragmentation can be understood at
pixel, plots/households, village, and district levels, which are

Fig. 5. Manifestations of cropland change, characterized by the largest gross change to the identified characterizations in terms of both total area and number of patches. Different colors
indicate different land covers converted from or to cropland. Darker colors indicate gross cropland loss while lighter colors mean gross cropland gain. Only the counties with change in
both TA and NP are displayed (see Figs. 1 and 3).
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underpinned by different processes and would have different con-
sequences on crop production, biodiversity and biomass (Müller and
Munroe, 2008).

Our study bridges the gaps of cropland change studies cross dis-
ciplines and scales. First, its purpose fits land system science that is to
observe and explain the changes of cropland cover, while an extra
landscape indicator is used in addition to the widely-used indicator (i.e.
total area) for improving the characterization, and the net area changes
are disentangled to larger gross area changes for better manifesting the
characterization. Second, unlike the traditional socioeconomic studies,
our study explores the physical fragmentation at the land cover level.
Therefore, the applied data and the meaning behind are totally different
from those ownership fragmentation studies. A comparison using the
current results as proxy against other fragmentation studies would thus
be interesting. Third, in contrast to existing studies which have pre-
liminarily examined cropland fragmentation at small scales, e.g. Peng
et al. (2017b), Fan and Ding (2016), Wan et al. (2015), Cheng et al.
(2015) and Su et al. (2014), we provide a national level overview. Fig. 6
shows the comparison of NP change rate with these five relevant case
studies. It suggests that the global datasets are fairly consistent with
local case studies and thus allow capturing the detailed landscape
characteristics, and cross country/region comparisons as well. More-
over, most of the existing studies investigated the landscape indices
independently, our study characterizes cropland change in both terms
of area and structure. It is believed that integrating landscape char-
acteristics would deepen our understanding of the geographies of
agricultural land use change (Wadduwage et al., 2017).

4.2. Implications and limitations

We measure cropland fragmentation as an aspect of land change
processes complementary to the well-documented area change, and
reveal how changes in land cover and landscape pattern interact with
each other. Our results suggest a strong trend of cropland fragmentation
associated with a relatively small area loss. These findings are partly
supported by the smaller scales studies, e.g. Cheng et al. (2015) and Su
et al. (2014). The predominant trend of cropland loss and fragmenta-
tion lead to a decreased mean patch size in many counties across China
(Fig. 6), and the average county level mean cropland patch size de-
creased by 28.1%, against to a sharp increase of mean patch size of
urban land, see Fang et al. (2016).

We find that the expansion of artificial land is the most significant
contributor for both cropland loss and fragmentation (Fig. 5(1)) in the
flat and productive North China Plain, indicating the current urbani-
zation process may take place at the cost of cropland, and further
fragment the concentrated cropland patches into smaller pieces. This is
in correspondence with the existing studies that show that urban land is
often taken from primary cropland (Xu et al., 2016), and that the
fragmentation due to urbanization might be further accelerated by peri-
urbanization (van Vliet et al., 2017), i.e. the landscape interface be-
tween town and country where cropland and artificial land are inter-
woven. On the other hand, the net cropland increase is mainly related
to conversion of grassland and forest in the Northeast, Northwest and
South. This suggests that the national level cropland “increasing vs.
decreasing balance” policy inevitably makes infringements into the
more conserved ecosystems, in order to balance the noticeable cropland

Fig. 6. Comparison of NP change rate with five relevant local scale case studies (highlighted out in tables); and spatial distribution of the classification of mean patch size change at the
county-level basis, with thresholds set according to the histogram-based approach (see Section 2.2).
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loss in the more fertile regions. While it should also be noted that some
counties in the West and South China have witnessed cropland loss
associated with forest and grassland regrowth, and cropland becomes
more concentrated overall (Fig. 5(7)). This suggests that the ecological
restoration programs (known as “Grain for Green”) might have suc-
cessfully converted the marginal cropland, thus decreased the number
of cropland patches (Wang et al., 2017). However, it should be noted
that while our analysis established clear relations, it does not reveal the
causal mechanisms underlying these relations. Such analysis would
require an assessment of biophysical and socioeconomic conditions in
the processes of cropland fragmentation cross scales, e.g. in those
hotspot areas.

Our study adopts NP for measuring the changes in landscape pat-
tern. A large number of other indices have been developed to measure
landscape fragmentation, including patch density, cohesion index,
splitting index, effective mesh size, normalized landscape shape index,
perimeter area ratio distribution and aggregation index, etc., in addi-
tion to TA and NP, see Jaeger (2000), Li and Wu (2004), and Uuemaa
et al. (2009). However, comparisons show that different landscape
metrics are often strongly correlated (Riitters et al., 1995; Peng et al.,
2010; Plexida et al., 2014), justifying a selection rather than an inclu-
sion of all metrics for the assessment of cropland changes. Hence, while
NP might not cover all aspects of fragmentation, we believe it is a
meaningful indicator for such a large-scale analysis, especially when it
is used along with TA: one controls the total amount, the other reflects



Appendix A. Supplementary data

Supplementary data associated with this article can be found, in the
online version, at http://dx.doi.org/10.1016/j.jag.2017.11.002.
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