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Abstract: It is crucial to assess the effects of urban expansion on croplands to allow sustainable
urbanization and cropland supply. However, owing to the complexity of land conversion and various
land policies in China, it is difficult to quantify the cropland dynamics and implications of urban
expansion throughout the whole accelerated stage of urbanization. This study was based on land
use data from 1990 to 2015 and urban expansion data from 2000 to 2030, analyzing urban expansion
and predicting its impact on croplands. We found that urban area would continue to increase and
croplands would contribute more than 70% of the urban expansion area. The urban area in China will
likely reach 71.6-87.0 thousand km? or more by 2030. Although the overall area of croplands may
remain at a similar magnitude in future decades, our findings imply that croplands will tend to shift
northward, resulting in some potential challenges owing to resource limitations in northern regions.
Our study provides a new perspective in terms of assessing future cropland dynamics and the effects
of urban expansion and highlights the significance of ensuring a realistic land policy in the future.

Keywords: food systems; urbanization; land use; cropland supply; land policy

1. Introduction

There are close linkages between urbanization and food systems in many areas worldwide [1].
Rapid urbanization directly causes spatial expansion of urban spaces and leads to occupation of former
patterns and areas of croplands [2]. As the largest emerging country in the world, China is experiencing
rapid urbanization since the implementation of reforms and the “opening up” policy [3-5]. Increasing
urbanization in China has sharply altered the spatial-temporal patterns of land use and land cover
(LULC) [6]. Urban expansion directly affects the croplands surrounding cities and indirectly impacts
farmers’ welfare, food systems, and the natural environment [7-10]. Many studies thus pay special
attention to urban expansion and cropland dynamics [10,11].

China may now have entered an accelerated stage of urbanization. According to Northam’s theory
of urbanization, urbanization follows an S-shaped logistic equation and can be divided into three
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phases: the initial stage, accelerated stage, and terminal stage [12]. With respect to China’s urbanization
stage, there is at present still no clear statement of its start and end time and the corresponding
impacts on land use pattern, although many studies have reported that urban expansion is widespread
nationally [5,13]. Many studies, based on historical LULC data, have simulated future land use change
and urban expansion. Numerous methods and models such as cellular automata, Markovian chain,
and agent-based and CLUE-S models are widely used in the study of urban expansion prediction [14,15].
A generic framework for path-dependent industrial land transition and even commercial software
such as Metronamica and Land Use Scanner have also been developed to analyze LULC change [16].
Different simulations based on these studies are always very consistent: that is, urban areas will
continue to expand irreversibly in the future. Urban expansion and its impacts on croplands, therefore,
continue to attract attention, although many factors can affect the area of croplands [17]. Urbanization
is still seen as a threat to food systems, although the proportion of urban conversion to total cropland
loss is relatively small in China [10]. Some studies have demonstrated that urban expansion has taken
place on some of the most productive croplands and threatens future cropland supply [2,10]. When
limited to long-term data related to urban expansion, however, very few studies focus on exploring the
spatial-temporal link between croplands and urban expansion during the lengthy, accelerated stage of
urbanization in China. Overall, one obvious fact is that the massive urbanization taking place will
continue into the foreseeable future, but there is no explicit understanding of the historical and future
urban expansion and croplands.

Urbanization and cropland protection are relevant to almost all land policies in China. A correct
understanding of the LULC process can provide new policy inspiration, although tracking urban
expansion and cropland dynamics on a national scale may be complicated since the situations in each
city will differ. Previous studies have focused on the impacts of land policies on LULC but insufficient
attention was paid to the impacts of LULC dynamics on current or even future policies [13]. In the
1980s, two basic policies were implemented that greatly affected LULC: one was economic reform
and the other was a strict family-planning law [4,18,19]. Land rights in cities and towns were also
protected by law, but in the 1990s China passed the “Prime Farmland Protection Regulations”. After
this, land and resources gradually began to be allocated by the land market, and the real estate markets
in urban areas became increasingly active [20]. At the time, the long-standing thought was that at least
1200 thousand km? of croplands should be preserved to safeguard food security in China. However,
to ensure a stable economy, the government always requires that the land supply for urban construction
must not affect the real estate market and economic development. As a whole, China still lacks a
framework for incorporating all land use-related policies [21]. Many policies overlap and only provide
temporary solutions for specific problems. However, as urban areas and croplands concentrate human
activity, it may be useful to continue to track the implications of policies that cross between them.

In view of urban expansion, croplands, and related land policies, urbanization has been considered
a threat to food systems in China [2,10]. However, how do we quantify the implications for the
conversion of urban expansion and croplands? Further, what is the policy inspiration during an
accelerated stage of urbanization? To address these questions, we need to identify cropland dynamics
and the effects of urban expansion within the context of multiple policies and, correspondingly, to
explore their inspiration on policies.

In this paper, based on the hypothesis that China is in an accelerated stage of urbanization,
we used multi-resource data to perform a spatially explicit analysis of changes in croplands and
urban expansion in China. In the Materials and Methods section we describe two independent data
sources obtained by different methods, the historical LULC and future urban expansion data. In the
Results section we track gross changes in four land use types: urban areas, urban expansion areas
(non-agricultural), cropland areas, and areas converted from croplands to urban areas between 1990
and 2015. To further assess the impacts of urban expansion on croplands, we also used the data
from two independent sources to predict future urban expansion and cropland dynamics in 2030.
The Discussion section presents an interpretation of the area differences between spatial data and
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statistical data, and offers perspectives and inspirations for future land policy in China. The Conclusion
section summarizes the key study results.

2. Materials and Methods

2.1. Land Use and Land Cover Data from 1990 to 2015

LULC data with a spatial resolution of 1 km were used to identify multi-year trends in cropland
and urban areas. In China, nationwide LULC data with a spatial resolution of 30 m have been produced
since the 1990s by more than 100 scientists from the Chinese Academy of Sciences [13]. The latest
version of LULC data with 1 km spatial resolution can be obtained from the Natural Resources and
Environment Center, Chinese Academy of Sciences (http://www.resdc.cn/Default.aspx). The method for
spatial upscaling from 30 m to 1 km is Resample and the aggregating rule is Nearest, which is suitable
for dealing with land use classification data (https://resources.arcgis.com/en/help/main/10.1/index.html).
In this study, given the study area and data resolution, we used 1 km data to analyze the national land
use change. A hierarchical classification system of six LULC classes was applied to the data. Among
these classes, “cropland” means land cultivated for crops, and includes mature cultivated land, newly
cultivated land, fallow, shifting cultivated land, intercropping land (such as crop-fruit, crop-mulberry,
and crop-forest land in which a crop is the dominant species), bottomland and beach that has been
cultivated for at least three years; “urban area” means a built-up area in large, medium, and small
cities [13].

The country is partitioned into six geographical regions: East China (EC), North China (NC),
Northeast China (NEC), Northwest China (NWC), South Central China (SCC), and Southwest China
(SWCQ). These regions have been used to analyze various aspects of regional characteristics, including
land use change and its impacts [22]. In this study, to focus on our study object, only pixels depicting
croplands and urban areas in the years 1990, 1995, 2000, 2005, 2010, and 2015 were selected (Figure 1).
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Figure 1. A map of the six geographical regions: East China (EC), North China (NC), Northeast China
(NEC), Northwest China (NWC), South Central China (SCC), and Southwest China (SWC). The map
represents the spatial distribution pattern of nationwide cropland and urban area in China in 2015.

The cropland and urban data were provided by Natural Resources and Environment Center, Chinese
Academy of Sciences (http://www.resdc.cn/Default.aspx).

2.2. Urban Expansion Data

Global urban expansion data with a spatial resolution of 5 km were downloaded from the
Seto lab at Yale University (http://urban.yale.edu/data). The urban expansion data for 2000 were
constructed from original urban impervious data, which were initially based on the Land Cover
Product from the National Aeronautics and Space Administration’s Moderate Resolution Imaging
Spectroradiometer [23,24]. For forecasting urban expansion, four sources of data were also used: urban
population projections to 2030 from the United Nations, population projection uncertainty ranges from
the US National Research Council, population density estimates from the Global Rural-Urban Mapping
Project, and country-level gross domestic product (GDP) projections by the Intergovernmental Panel
on Climate Change Special Reports on Emissions Scenarios. First, the regional aggregate amount of
urban expansion was generated from the corresponding probability density functions of projected
GDP and urban populations. Second, the spatial distribution of aggregate amount was simulated by
a spatially explicit grid-based land change model, which used slope, distance to roads, population
density, and land cover as the primary drivers of land change [25,26].

The grid values of the data indicated the probability of a certain grid being converted from another
LULC type to an urban area [25,26]. The percentage probability ranged from 0% to 100%. This study
used 75% as the threshold and assumed that the urban grids above this threshold are likely to be
urbanized by 2030. We also considered the probability difference and then selected four percentage
(100%, 95%, 90%, and 75%). Finally, the corresponding grid areas of the four percentages were used as
the future urban areas in 2030. Given that a spatial resolution of 5 km will contain more mixed pixels
than a 1 km resolution (which might exaggerate croplands and urban areas) we divided the spatial
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data from 2000 by the LULC data in 2000 to eliminate the value differences of the two-urban areas’
data in the six geographical regions in 2000. We took the quotients as a conversion index to extrapolate
the urban expansion areas to 2030.

2.3. Markovian Chain Model and Spatial Analysis

The Markovian chain model has been widely used to analyze temporal change in LULC and is a
useful method to depict future proportions of each LULC type. This study was based on a Markovian
chain model and predicted the possible proportion of each LULC type in China, finally obtaining
cropland and urban areas in the year 2030. It should be noted that the model is a mathematical method
that only can be used to analyze the data itself and does not consider the impacts of other factors on
cropland and urban distribution, such as cropland suitability, topography, and other environmental
factors. In this study, two accuracy analyses were performed to evaluate the error in the future cropland
and urban areas: (i) LULC data in 1990 and 2000 to predict LULC data in 2010; and (ii) LULC data in
1995 and 2005 to predict LULC data in 2015. We then compared the predicted areas with the actual
areas in 2010 and 2015 to assess the accuracy of the Markovian chain model and determine which two
years of historical LULC data were used for further simulation.

Spatial statistics. We used the Zonal Statistics tool in ArcGIS version 10.1 to calculate the attribute
values of grid cells (croplands and urban areas types) within the six geographical regions. Given
the spatial resolution of LULC and the urban expansion data, the 1 km scale was used to analyze
cropland and urban area, and the 1 km resolution was also reasonable to compare with the 5 km urban
expansion data.

3. Results

3.1. Variations in Urban Expansion and Cropland Areas from 1990 to 2015

The area of croplands showed an obvious characteristic of northward shifting from 1990 to 2015,
although it fluctuated slightly during the study period (Figure 2). In particular, with the latitude
of N38° as the dividing line, the area of croplands increased northward, while the area decreased
southward. From 1990 to 2000, cropland area increased continually: the total area in 1990 was 1772
thousand km? and in 2000 was 1800 thousand km?. From 2000 to 2015, cropland area decreased
slightly: the total area in 2015 was 1786.0 thousand km?. Correspondingly, from 1990 to 2015, the urban
area increased rapidly: comprising 25.0 thousand km? in 1990 and 52.1 thousand km? in 2015. Overall,
the total cropland area remained basically stable, while the total urban area increased dramatically;,
with an increased rate of more than 109.0% from 1990 to 2015.

Cropland area change
(2015-1990)

North latitude

-10000 -5000

o

5000 10000
Area (km?)

Figure 2. Changes of cropland along latitude in China from 1990 to 2015.
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The two maximum regions were NWC and SWC, with area proportions of 30.9% and 25.4%,
respectively. The two minimum regions were EC and NEC, with area proportions of 9.0% and 7.9%,
respectively (Figure 1). Because the original areas and geographical conditions are different in the six
regions, the cropland area over the study period followed the order (from greatest to least): EC > SCC
> NEC > NC > SWC > NWC, but the maximum amounts of variation in cropland area appeared in
NEC (Figure 3). The croplands increased in NEC, NC, and NWC but decreased in EC, SCC, and SWC.
The variation trends in urban and cropland areas differed among the six regions, but, overall, urban
areas in the six regions all tended to increase from 1990 to 2015. The amount of urban area over the
study period followed the order (from greatest to least): EC > SCC > NC > NEC > NWC > SWC,
and the order of variation amount in urban areas was similar, indicating that regions with higher urban
area retained the advantage of urbanization. Among the six regions, EC and SCC demonstrated more
dramatic increases than the other regions, with average annual increases in urban areas of 429.0 and
284.8 km? year~!, respectively. As detailed above, against the backdrop of urban expansion, increases
in croplands in the three northern regions (NEC, NC, and NWC) resulted in a weak increase in the
area of croplands in China from 1990 to 2015, even though the cropland decreased in the other three
regions (SCC, EC, and SWC) (Figures 2 and 3). Furthermore, these regions are facing rapid increases in
urban areas.
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Figure 3. Trends in cropland and urban area in the six geographical regions from 1990 to 2015. Orange
rhombuses represent the amount of urban area and blue dots represent the amount of cropland area
(km?). The orange and blue dotted lines represent the corresponding fitted regression lines for variations
in urban and cropland areas. Here, yu and xu reflect urban area and yc and xc indicate cropland area.
These figures are generated using the multi-year land use and land cover (LULC) data.
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3.2. Contribution of Croplands to Urban Expansion Areas

There are always extensive croplands around urban areas in China. We selected one major city in
each region and examined changes in land use type in greater detail. Figure 4 shows the basic spatial
distributions of urban expansion and the surrounding croplands from 1990 to 2015. Clearly, most of
the areas surrounding cities were covered by croplands. Therefore, croplands were easily occupied by
urban expansion. Most major cities, such as Zhengzhou and Beijing, showed several-fold increases in
their spatial area during the past two decades, though the urban expansion ratio varied in different
cities. However, the area of urban expansion in some cities increased only slightly, such as in Shenyang
and Xi’an (Figure 4). The overall rate of urban expansion from 2000 to 2015 was 57.8% and the rate from
1990 to 2000 was 32.4%, indicating that urban expansion has been increasing more quickly since 2000.

ghenyang
1990 1995 2000 2005 2010 2015

Figure 4. Urban expansion in six typical cities in China from 1990 to 2015. We selected six major cities
located in the six Chinese regions: Zhengzhou (SCC), Shanghai (EC), Chengdu (SWC), Beijing (NC),
Xi’an (NWC), and Shenyang (NEC). The red pixels represent urban areas and the light green pixels
represent croplands. These figures are generated using the multi-year LULC data.
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The contributions of croplands to urban expansion become visible through the occupancy
contribution proportion, which represents the share of newly added urban areas that used to be
croplands (i.e., the amount of area directly converted from croplands to urban areas). Here, we averaged
the multi-year contribution proportion of each region (Figure 5) and found that the contribution
proportion for all of China was 72.2%. This means that most new urban areas in China are directly
converted from croplands. Moreover, the unique characteristics and differences among the six
regions were clear. Specifically, SWC had the greatest contribution (83.9%), while SCC had the
lowest contribution (59.9%). Many reasons resulted in the regional contribution difference. From the
perspective of LULC, the greatest contribution in SWC means that the cities or urban areas in the region
are expanding towards the extensive areas of cultivated land that surround them. Conversely, many
other LULC classes—and not only croplands—are distributed around the cities in SCC. The deeper
reason for the difference may be in the distribution pattern of LULC and corresponding resource
endowment, environmental conditions, or land policy.

South Central China — 59.90%

East China | 51.51%

Southwest China | s3.86%

Region

North China |G 62.88%
Northwest China | 64.14%

Northeast China 76.83%

1 1 1 1

0% 20% 40% 60% 80% 100%
Cropland area percentage of urban expansion

Figure 5. Contribution proportion of cropland to urban expansion in the six regions. The figure is
generated using the LULC data from 2000 to 2015.

3.3. Predicted Impacts of Urban Expansion on Croplands from 2015 to 2030

Urban expansion will continue to affect croplands. There are two possible results for the situation
in 2030 according to multi-year LULC data and spatial urban expansion data. Using the multi-year
LULC data, we are able to calculate basic information about urban expansion (LUA) and its direct
impact on cropland areas (LUCA).

The results of accuracy analyses showed that the accuracy of the Markovian chain model was
relatively stable between two accuracy analyses (details are shown in Section 2.3 Markovian chain
model and spatial analysis). It was clear that croplands occupied a large area but had a small error,
while the urban area had a small area but large error. The estimated errors for croplands were —0.2%
and 2.2%, for the Markovian method and LULC data, respectively, while the errors of urban area
reached —9.1% and —9.4%, respectively (Table 1). We assume that, as the years pass, greater impact is
experienced as 2030 is approached. In addition, to avoid using simulated data for predictions, it is
necessary to predict future LULC data with historical LULC data on one occasion. We selected the
LULC data in 2000 and 2015, therefore, to directly predict future LULC data in 2030.
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Table 1. Comparison of future cropland and urban areas (2030) between the two independent datasets
and methods.

Name Data and Method Cropland Area Name

Historical spatial LULC
Statistical analysis data data from 2000 to 2015, 1771.9 (-0.2% to 2.2%) *

71.6 (fixed value, —9.1 to

(o) *
Markovian chain model —9:3%)
87.0 (100% probability)
Spatial urban expansion Spatial urban data in 113.0 (95% probability)
data (Seto et al. 2011) 2000, meta-analysis B 118.0 (90% probability)

126.0 (75% probability)

Note: * based on the LULC data in 1990 and 2000, the estimated errors of cropland and urban area in 2010 by
Markovian chain model were 2.2% and —9.37%, while based on the LULC data in 1995 and 2005, the estimated
errors of that in 2015 were —0.2% and —9.1%, respectively.

We used the historical LULC data and estimated that the area of croplands will reach 1771.9
thousand km? in 2030 (Table 1). From 2015 to 2030, we predict that there will be a reduction of 14.1
thousand km? in croplands. However, NWC will contribute 16.4 thousand km? of new croplands,
the only increase among the six regions. The other five regions will experience smaller area changes in
croplands in 2030 than in 2015. EC, which has the most rapidly increasing trend of urban expansion,
will see the greatest decrease in cropland area. In 2030, the cropland area in EC will reduce to 336.2
thousand km?, compared with 350.1 thousand km? in 2015. Correspondingly, the urban area in EC in
2030 will likely be around 26.4 thousand km? (Figure 6). From 1990 to 2015, the urban area in China
increased 2.09-fold, and the urban area is expected to increase 1.37-fold over the next 15 years. In 2030,
new urban areas will probably comprise 19.4 thousand km?2. All six regions are predicted to experience
increasing urban expansion. EC, SCC, and NC will see increases in most urban areas, while NEC and
NWC will expand most rapidly. In particular, EC and SCC will have 7.13 and 4.34 thousand km? of
new urban areas; and NEC and NWC will expand by 54.8% and 44.9%, respectively, in terms of new
urban areas. The LUCA occupied by urban expansion in 2030 will be 19.4 thousand km? greater than
in 2015, according to the contribution proportion data.

400000 1 30000
Cropland area
Urban area
300000 F
& 1 20000 £
< <
2 200000 | g
S { 10000 £
100000
0 0
Northeast Northwest North  Southwest East China  South
China China China China Central
China

Geographical regions

Figure 6. Urban areas and croplands in 2030. The figure is generated using the multi-year LULC data.

The urban areas in 2030 can be directly extracted by the urban expansion data. The cropland
areas occupied by urban expansion in 2030 can be estimated according to the spatial cropland data in
2015. We use the terms “SUA” and “SUCA” (corresponding to “LUA” and “LUCA”, respectively)
to describe the urban expansion areas and cropland areas occupied by urban expansion according
to the spatial urban expansion data. Because the spatial data allow us to set different probabilities
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of expansion, we chose four possibilities (100%, 95%, 90%, and 75%) to analyze the SUA and SUCA.
Both SUA and SUCA will be larger than LUA and LUCA in 2030 (Figure 7). The future contribution
proportion of croplands will be 64.6% (100% probability of urban expansion), 65.8% (95% probability
of urban expansion), 66.6% (90% probability of urban expansion), and 67.3% (75% probability of urban
expansion). Based on the four urban expansion possibilities, the SUA values are 87.0, 113.0, 118.1,
and 126.2 thousand km?, respectively (Table 1). The corresponding SUCA values are 26.2, 43.8,47.7,
and 53.9 thousand km?, respectively. EC and SCC will experience a greater expansion of urban area
than the four other regions (Figure 7a), and these two regions will occupy more former croplands than
the other regions (Figure 7b). Overall, results for SUA and SUCA for the different regions are similar to
the results of LUA and LUCA, although the exact values are different.

= South Central Ching u South Central China

Z = East China ®East China
% 95% Southwest China Southwest China
; North China North China
=) 100% » Northwest China 100% o » Northwest China
70 /0 . °
m Northeast China u Northeast China
0 10000 20000 30000 40000 50000 0 10000 20000 30000 40000
Urban areas (km?) Cropland areas (km?)
(@) (b)

Figure 7. New urban expansion areas (SUA) from 2015 to 2030 (a), and cropland areas occupied by
urban expansion (SUCA) from 2010 to 2030 (b). The numbers with italic style indicate the future
contribution proportions of cropland to urban expansion. The figure is generated using the spatial
urban expansion data.

4. Discussion

4.1. Mixed Pixel and Non-cultivated Land Coefficient

Analyses of remote sensing-derived data face the problem of mixed pixels, which limits the
accuracy of results. Using remote sensing data, spatial areas are sometimes exaggerated as a result of
the spatial resolution and mixed pixels. Because urban areas are always relatively concentrated, the
effect of mixed pixels at a scale of 1 km in urban areas is less than the effect on mixed pixels depicting
cropland areas. Additionally, using rough resolution data entails mixed pixels, but data with fine
spatial resolution will bring a series of new problems, such as fragmented grids and noise points.
In fact, even with the 30 m data, it is still hard to effectively eliminate the interference of mixed pixels
like boundaries, roads, and farming infrastructure within cropland fields. Given the study region and
the data resolution matching between LULC data and urban expansion data, we thus unified the data
analysis on a 1 km scale.

The impacts of mixed pixels on predicting cropland area are obvious because croplands tend to
be fragmented in China, especially in EC and SCC. To quantify the impacts of non-croplands within
a pixel, we can use the concept of “non-cultivated land coefficient” [27]. The non-cultivated land
coefficient refers to the spatial ratio of non-croplands within cropland pixels; thus, the coefficient can
reflect the exact proportions of croplands and non-croplands. Furthermore, the coefficient is based on
spatial resolution or analysis scale. Indeed, data are not the only limit considered by the non-cultivated
land coefficient; many other factors affect the coefficient, such as original patch fragmentation and
the density of rivers and road networks. According to the 30 m resolution Landsat image data,
the maximum non-cultivated land coefficient is nearly 0.2 in arid regions with large areas of continuous
croplands [28]. The coefficients in the EC and SCC regions will potentially be greater than in the
other regions.
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Based on our results, the cropland areas were 1793.0 and 1787.6 thousand km? in 2005 and
2010, respectively, while the cropland areas were 1217.0 and 1354.0 thousand km? in 2006 and 2009,
respectively, according to the results of a national survey [29,30]. Although our data include croplands
in Taiwan, Hong Kong, and Macao, the survey data are still far smaller than our results. We believe
that the survey data provide the exact cropland areas, and thus the non-cultivated land coefficient
should be approximately 0.28 at a resolution of 1 km. Although it is difficult to determine differences
in the non-cultivated land coefficients among the six regions, in this study we did not convert the
actual cropland areas using the non-cultivated land coefficients. Rather, we used the original statistical
data to analyze the cropland areas.

4.2. Urbanization and Its Impacts on Croplands

Based on research in the field of projections of future land use change, it is estimated that
urbanization in China will continue to increase over the next few decades. China’s urbanization was
in its initial stages before 1990 and may reach the terminal stage after 2030 (Figure 8). The urban
population in China was less than 30% in 1990 and earlier, while it accounted for 56.6% in 2015 [31].
According to a United Nations forecast, the proportion of the Chinese population living in urban
areas will reach 70% around 2030 [31]. The fitting analysis showed that urbanization from 1990 to
2030 will have a significant linear increase in China (R? = 0.99); the urban area also shows an obvious
expansion. All this clearly confirms our hypothesis that our study period is within the accelerated
stage of urbanization [12]. Although the current proportion of urban areas in China (0.54% in 2015) is
similar to the global urban areas average, no more than 60% of the Chinese population lives in urban
areas and urbanization is predicted to continue rising [31-33]. Therefore, it is very likely that urban
areas will increase by the amount of the current estimate (71.6-87.0 thousand km? or more). As for
the issue of the accuracy of future data, the relatively consistent results obtained by two datasets not
only actually indicate the credibility of our study, but can also be used to compare and confirm each
other. Additionally, although the Markovian chain model cannot consider the impacts of suitability for
farming or construction, the two accuracy analyses show that the errors for future cropland and urban
areas are stable to some extent.
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y=1.12x+2201.8
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~ ,o-'O'o
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Figure 8. The stages of urbanization according to the urban population in China from 1950 to 2050
and urban area changes from 1990 to 2030. Our study period from 1990 to 2030 (blue highlighted
area) is within the accelerated stage of urbanization. The orange and light red areas represent the
urban areas from 1990 to 2030 (future urban areas are obtained by LULC and urban expansion data,
respectively). The urban population data is derived from the World Urbanization Prospects: The 2014
Revision (United Nations 2014).
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The urbanization process inevitably causes loss of croplands. In China, the contribution of
croplands to new urban expansion areas is greater than that of other land use classes. From the
perspective of cropland supply, the higher contribution proportion means more negative impacts on
food security in the region. However, our results indicate that cropland areas may not suffer a sharp
decrease in the future. Actually, the results imply another hypothesis that the occupation proportion
of future urban expansion on croplands maintains the contribution proportion of croplands in the
historical period during the whole acceleration stage. The spatial distribution of cropland and urban
areas is complex, however, our hypothesis does not account for some potential factors such as the
spatial limitation of the geographical environment or the increasing densification of urban expansion
and croplands as the land price rises. However, there is a huge area of croplands in China, and so
the proportion of croplands occupied by urban expansion is theoretically insufficient to markedly
affect the size of future croplands. However, it should be also noted that, along with the impacts of
urban expansion on croplands, the spatial distribution of croplands occupied by urban expansion
and newly cultivated arable lands also have potential impacts on food systems [1,34-36]. Our results
show the northward cropland shifts, perhaps because of global warming, modern agricultural
technology, or reclamation of reserved cultivated lands in northern regions [17,37]. The increased
croplands in northern regions will need more light, temperature, water and fertilizer resources. This
will subsequently result in various environmental and sustainability issues for food systems in the
future [38-40].

4.3. Further Policy Inspirations

In considering the impacts of urban expansion on croplands in China, we further suggest that
future policies should pay more attention to the urban-rural gap in economic growth and resource
sharing [41,42]. The urban-rural gap in China is serious, and behind the prosperity of urban areas,
vast rural areas are in continuous decline. The rural population is decreasing sharply during this
accelerated stage of urbanization. Since the 1990s, rapid urbanization has been accompanied by a
massive transfer of the rural population to urban areas under the market-led economy. Thus, empty
villages and abandoned croplands have been increasing in rural areas in recent years [43]. Many
croplands are only cultivated by older residents, because agriculture provides a low income. At the
same time, the pressure to preserve prime croplands, and to ensure a self-sufficient supply of croplands
and food security in China has always existed and may increase further. According to data from the
National Bureau of Statistics (http://www.stats.gov.cn/), the area planted with grain in 2017 was 1.12
million km?, a figure that had decreased by 0.7% from 2016. However, the import and export data from
the General Administration of Customs (http://www.customs.gov.cn/) showed that China’s total grain
imports in 2017 reached 130.62 million tonnes, an increase of 13.9% over the previous year. Increasing
requirement for land needed to protect ecology, and decreasing reserves of cultivated land, are also
practical problems resulting from “projects of returning croplands to forests and grasslands” in China.
The supply of land for urban areas can directly impact land and real estate prices and result in some
economic problems at different urbanization stages. Perhaps importing food and making full use of
extraterritorial food resources will benefit China and reduce the pressure on its environment; that is
also of strong strategic significance for ensuring food supplies, and appears to be an effective policy
present. In the long run, if China can maintain the stability of its food imports until the terminal stage
of urbanization is entered, using the income from urban land to support the purchasing power for
food imports is a policy that can be used for reference by other countries or regions. Throughout
the study period, however, we found that dangers to food security owing to declining rural areas
and elderly peasants will always exist. Therefore, urban construction lands will always be restrictive
resources in China. In general, under the tide of urbanization, the development vitality of rural areas
urgently needs support with resources and policies to allow its restoration. To sustain cropland supply,
the Chinese Government clearly stipulates a “requisition-compensation balance”, but it is very unlikely
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that the new croplands will have the same crop yields as the previous ones [2,37]. Therefore, it may not
be advisable to simply emphasize the “requisition-compensation balance” in the present and future.

The perspective of environmental sustainability and the geographical area of food supply for
local residents must be considered. As food systems become more regional or even global, discussion
on urban expansion and food systems is even more necessary, because the global or regional supply
of food or food imports always masks the basic judgement that food security or a food crisis itself
is always a local or regional issue [44]. Furthermore, urbanization is irreversible, and urban land
cannot be cultivated effectively. In view of the above, some studies evaluate capacity and geographical
boundaries to localize food supply so as to formulate urban-rural plans and strategies for improving
local sustainability [45]. The geographical area of food supply required for a city often far exceeds the
city itself and its suburban areas [44]. The United States Department of Agriculture even defines the
local boundary of food supply as 644 km [46]. As far as China is concerned, although our study does
not cover this topic, it is necessary to regulate inevitable and scattered urban expansion and cropland
reclamation through well-considered urban-rural planning and appropriate allocation of resources.

Overall, during this developmental stage in China, the problems related to urban expansion
and croplands are very complicated. On the one hand, we should clarify that cultivated lands are
facing pressures of loss and potential resource and environmental issues; on the other hand, we should
also be aware of the enormous economic value of urban areas relative to croplands and realize that
urbanization is an irreversible trend. In light of our findings, when formulating policies, we should
consider them comprehensively.

5. Conclusions

Urbanization in China has led to dramatic increases in urban areas and unavoidable occupation
of croplands. Our results document that urban areas will continue to increase rapidly through to 2030.
We found that former croplands contributed more than 70% of new urban areas. However, our results
show that the overall area of croplands in 2030 may reduce compared to 2015, but maintain a similar size
compared to 1990. Moreover, the croplands tended to increase toward northern regions between 1990
and 2015. Our findings imply that cropland loss caused by urban expansion is not the only challenge
facing future development. Given the dual needs for cropland supply and sustainable urbanization,
active changes and adjustments in national land policies in different periods are also needed.
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