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Abstract: Over the past few decades, built-up land in China has increasingly expanded with 
rapid urbanization, industrialization and rural settlements construction. The expansions en-
croached upon a large amount of cropland, placing great challenges on national food security. 
Although the impacts of urban expansion on cropland have been intensively illustrated, few 
attentions have been paid to differentiating the effects of growing urban areas, rural settle-
ments, and industrial/transportation land. To fill this gap and offer comprehensive implications 
on framing policies for cropland protection, this study investigates and compares the spa-
tio-temporal patterns of cropland conversion to urban areas, rural settlements, and indus-
trial/transportation land from 1987 to 2010, based on land use maps interpreted from remote 
sensing imagery. Five indicators were developed to analyze the impacts of built-up land ex-
pansion on cropland in China. We find that 42,822 km2 of cropland were converted into 
built-up land in China, accounting for 43.8% of total cropland loss during 1987–2010. Urban 
growth showed a greater impact on cropland loss than the expansion of rural settlements and 
the expansion of industrial/transportation land after 2000. The contribution of rural settlement 
expansion decreased; however, rural settlement saw the highest percentage of traditional 
cropland loss which is generally in high quality. The contribution of industrial/transportation 
land expansion increased dramatically and was mainly distributed in major food production 
regions. These changes were closely related to the economic restructuring, urban-rural 
transformation and government policies in China. Future cropland conservation should focus 
on not only finding a reasonable urbanization mode, but also solving the “hollowing village” 
problem and balancing the industrial transformations. 
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1  Introduction 

As the largest developing country in the world, China has experienced rapid economic de-
velopment and broad scale urbanization and industrialization over the last decades, espe-
cially since the implementation of the reform and opening-up policy in 1978 (Longley, 
2002). Along with these changes, land resources and the structure of land use in China have 
undergone profound changes. Perhaps the most notable land use change is the loss of large 
areas of cropland. The fast decline of cropland is due to the combined effects of rapid eco-
nomic development, population growth, urbanization, agricultural restructuring, ecological 
policies, natural disasters and land degradation (Yang and Li, 2000; Ding, 2003; Tan et al., 
2005). Among these factors, the demand for built-up land has placed growing pressure on 
the remaining available cropland resources. According to monitoring data from the Ministry 
of Land and Resources of China, the proportion of cropland lost to built-up land among the 
total cropland loss of China continuously increased in the 2000s. The expansion of built-up 
land also affected the quality of cropland in China due to the fact that cropland located at the 
urban and rural settlement fringes was generally in good condition and so could produce 
more food. According to a quality grade survey of cropland in China, the average quality 
grade of the lost cropland was 8.60, while that of newly added cropland was 9.88 in 2014 
(quality grade 1 being the best quality and 15 the worst). The quick depletion and degrada-
tion of agricultural land resources is intrinsically linked to food insecurity, as well as to the 
livelihoods of millions of rural people across the country (Qin, 2010; Liu et al., 2015; 
d’Amour et al., 2017). 

With its rapid economic development, China has experienced a rate of urban growth al-
most unparalleled in history. In 2011, the proportion of China’s population living in urban 
areas reached 51.27% surpassing the agricultural population (NBSC, 2011). The conflict 
between the loss of arable land and urban development has attracted the special attention of 
many scholars worldwide (Anderson and Yang, 1998; Boland, 2000; She and Xie, 2000; 
Tania et al., 2001; Cai et al., 2002). In previous research, urban land was usually defined by 
impervious surfaces and other manifestation of the built environment (Seto et al., 2011), 
including both settlements and industrial/transportation land, as these classes are easy to 
extract from satellite images with automatic classification methods (Yeh and Li, 1999; Seto 
et al., 2011; Pandey and Seto, 2015). Industrial land is that used for the manufacturing and 
processing of commodities, while transportation is land in roads, pipelines, airports, railways 
and transportation storage facilities such as warehouses and shipping yards. With the further 
rapid development of industrialization and the movement of industries from the coastal cit-
ies and regions to the vast areas of inland China, more land will be needed by factories, 
quarries, mining, oil-field development and transportation. The industrial/transportation land 
expansion could become more significant drivers of cropland loss. It is worthwhile investi-
gating the patterns of cropland lost to urban areas and to industrial/transportation land sepa-
rately, before cropland protection strategies are designed and proposed. 

When the increasing urban-rural disparities began to endanger socioeconomic stability, 
the Chinese government began to promote rural development by creating policies that favored 
rural areas to intensify the mutual linkages between cities and the countryside (Tu and Long, 
2017). The rural collectives and their members have strong incentives to engage in farmland 
conversion activities in order to capture a share of profits from land conversion (Wang and 



JU Hongrun et al.: The changing patterns of cropland conversion to built-up land in China from 1987 to 2010 1597 

 

 

Scott, 2008). Moreover, croplands in rural areas are always close to rural settlements in 
China (Xie et al., 2017), highlighting the potential vulnerability of agricultural land in rural 
areas to the expansion of rural settlements. Indeed, more cultivated land in southern Jiangsu 
was converted to rural settlements than to urban areas during 1990–2006 (Long et al., 2009; 
Liu et al., 2010). How these different types of built-up land place pressure on cropland is a 
question worth answering for the sake of framing more specific land management policies. 

In this research, we investigated how the expansion of the three different built-up land 
types (urban, rural settlement, and industrial/transportation land) encroached on China’s 
cropland from 1987 to 2010. Based on land use change data visually interpreted from remote 
sensing images, we illustrated the spatio-temporal patterns of the speed and the structure of 
cropland conversion to built-up land. We further quantitatively measured the influence of 
different built-up land on cropland loss from three aspects: the contribution of built-up land 
expansion to cropland loss, the dependence of built-up land expansion on cropland loss and 
the conversion’s impacts on cropland quality. Finally, we discussed the drivers of the crop-
land conversion to built-up land and the implications on future cropland use. The research 
on investigating the individual effect of different types of built-up land on cropland loss is of 
great importance, since it helps understand the explicit drivers of massive cropland loss. By 
comparing the patterns of the different kinds of conversion and exploring the embodied 
drivers, we may highlight the risks of cropland loss in the future and develop precise sug-
gestions on protecting cropland from this type of land use change. 

2  Data and methods 

2.1  Land use data 

The spatio-temporal data revealing cropland lost to built-up land were obtained from the 
China Land Use Dataset at 1:100,000 scale established by the Chinese Academy of Sciences. 
It was visually interpreted by experts using medium resolution satellite images including 
Landsat MSS/TM/ETM, the China-Brazil Earth Resources Satellite (CBERS) and HJ-1A 
from the late 1980s (In the remainder of this paper, the year of 1987 was used to represent 
the period of the late 1980s, because images obtained in 1987 were the major sources for the 
land use interpretation for this period), 1995, 2000, 2005 and 2010. Landsat data were the 
main data source, and CBERS and HJ data were only used where no qualified or cloud free 
Landsat data were available. Field investigation was applied to verify the accuracy of the 
dataset, and the overall classification accuracy was above 90% (Zhang et al., 2014). The 
built-up land and cropland data used in this study were resampled to a raster format with a 
spatial resolution of 100 m. It was converted from the original vector format by attributing 
each grid cell to the land type with the largest area within the cell. 

A hierarchical land use classification system with six first level types and 25 second level 
types was adopted. The first level types included cropland, woodland, grassland, water bod-
ies, built-up land and unused land. The cropland comprised two second level types of paddy 
and dry land, while the built-up land comprised three second level types of urban, rural set-
tlement and industrial/transportation land. The cropland in this database included perma-
nently cultivated land, newly cultivated land, fallow, and grassland farming with crop rota-
tion land. It also included intercropping land such as crop-fruit, crop-mulberry, and 
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crop-forest land in which the crop was the dominant species (Liu et al., 2005). Urban re-
ferred to land used for urban settlement, with a largely continuous area covered by urban 
construction and city facilities. Rural settlement referred to land used for village settlements, 
while industrial/transportation land referred to land used for factories, quarries, mining, 
oil-fields outside cities and land for transportation uses, such as railroads, pipelines, high-
ways and airports (Zhang et al., 2014). 

2.2  Methods 

We developed five indicators to understand the process of the conversion from cropland to 
built-up land. We illustrated the spatio-temporal patterns of the conversion from two aspects: 
the speed of cropland lost to built-up land (SCBi) and the proportion of cropland loss to each 
type of built-up land in total area of cropland converted into built-up land (PCBi). The im-
pacts of built-up land expansion on cropland loss were measured by three indicators: the 
contribution of built-up land expansion to cropland loss (Ccropi), the dependence of built-up 
land expansion on cropland loss (Dcropi), and the impact of built-up land expansion on 
cropland quality (Tcropi). The relationships between these indicators are shown in Figure 1. 
Databases of built-up land and cropland for 1987, 1995, 2000, 2005 and 2010 were created 
in ESRI’s ArcView geographic information system (GIS) software to compute these indicators. 

 

Figure 1  The relationship between built-up land expansion and cropland loss 

To explicitly describe the spatial patterns of cropland conversion to built-up land and the 
impacts of this conversion on cropland loss, we adopted the “comprehensive agricultural 
zonation of China” to analyze the spatial variation by regions (NCAR, 1981). The division 
of the regions is based primarily on their agriculture production and geographic features. 
These regions include Northeast agriculture and forestry region; Inner Mongolia and along 
the Great Wall pastoral, agriculture and forestry region; Huang-Huai-Hai Plain agriculture 
region; Loess Plateau agriculture, forestry and pastoral region; Middle-Lower Yangtze River 
agriculture, forestry and aquaculture region; Southwest agriculture and forestry region; 
South China agriculture, forestry and tropical crops region; Gansu-Xinjiang agriculture, for-
estry and pastoral region; and Qinghai-Tibet Plateau pastoral, agriculture and forestry region 
(Figure 2). Among these regions, Qinghai-Tibet region has the smallest amount of cropland 
which was distributed sparsely. The Northeast region, the Huang-Huai-Hai Plain region, the 
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north part of the Middle-Lower Yangtze River region and the central part of the Southwest 
region has a large amount of cropland clustered in a large continuous area. By contrast, the 
cropland in southern part of the Southwest region, the southern part of the Middle-Lower 
Yangtze River region, and the South China region is fragmentedly distributed. 

 

Figure 2  Distribution of cropland and built-up land and the agricultural regions in China in 2010 

2.2.1  Methodology for measuring the patterns of cropland lost to built-up land 

For temporal patterns, we used the annual area of cropland converted into built-up land (the speed 
of conversion) to illustrate the quantity, while the percentage of cropland lost to each 
built-up land type in the cropland lost to total built-up land was used to measure the proportion 
change. 

The speed of cropland lost to built-up land (SCBi) (Figure 1) was calculated as follows: 
 SCBi = CBi /t (1) 
where CBi represents the area of cropland lost to built-up land type i. The area of cropland 
lost to built-up land was obtained by extracting the grids of cropland in the early period and 
the built-up land in the later period using GIS overlay analysis. Built-up land type i includes 
urban, rural settlement, industrial/transportation land and built-up land. SCBi was calculated 
for four periods: 1987–1995, 1995–2000, 2000–2005, and 2005–2010. The value of t was 8 
for the period of 1987–1995 and was 5 for the other periods. The larger the SCBi, the faster 
the built-up land use type i encroached on the cropland. 

The proportion of cropland lost to each built-up land type in cropland lost to total built-up 
land (PCBi) (Figure 1) was calculated as follows: 
 PCBi = CBi / ∑CBi × 100% (2) 
where CBi means the same as in equation 1. Built-up land type i includes urban, rural 
settlement and industrial/transportation land. PCBi was calculated for four periods: 
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1987–1995, 1995–2000, 2000–2005, and 2005–2010. The larger the PCBi, the more built-up 
land type i contributes to cropland loss. 

For spatial pattern, we used conversion area from cropland to built-up land in each grid 
cell to illustrate the quantity, and the dominant built-up land type in each grid to illustrate the 
proportion. We employed a gridded zonal model with a 5-km resolution to facilitate the 
visualization of the land use change (Zuo et al., 2014). The map produced a spatial 
distribution of the two indicators, from which the spatial patterns of cropland lost to built-up 
land could be seen. First, we generated a standard grid frame in vector format using the 
FISHNET module in the ArcGIS software over the study area. Each cell of the grid was 5 
km × 5 km. Then, we used the 25-km2 grid to intersect with the patches from the 100 m data 
to obtain five types of the 25-km2 gridded zonal values: area of cropland lost to built-up land, 
area of cropland lost to urban, area of cropland lost to rural settlement, area of cropland lost 
to industrial/transportation land and the dominant built-up land use type. Since the spatial 
pattern changed a great deal before and after 2000, we did the spatial analyses for two 
periods: 1987–2000 and 2000–2010. 

2.2.2  Methodology for measuring the impacts of built-up land expansion on cropland loss 

We used the percentage of cropland lost to built-up land in the total cropland loss area to 
indicate the contribution of built-up land expansion to cropland loss (Ccropi) (Figure 1), 
which was defined as: 

 Ccropi = CBi / Lcrop × 100% (3) 

where Lcrop represents the area of cropland loss. CBi, built-up land type i means the same as 
in equation 1. A larger value of this index indicates a more critical impact of built-up land 
expansion on the cropland loss. 

We took the percentage of cropland lost to built-up land in the total built-up land 
expansion area as an indicator illustrating the dependence of built-up land expansion on 
cropland loss (Dcropi) (Figure 1), which was defined as: 

 Dcropi = CBi / Ebuilti × 100% (4) 

where Ebuilti represents the expansion area of built-up land type i during the period j. CBi 
and built-up land type i mean the same as in equation 1. A larger Dcrop value indicates 
built-up land expansion relies more on the cropland as its land source. 

We used the percentage of traditional cropland in the cropland lost to built-up land as the 
indicator illustrating the impacts on cropland quality. Here, we defined traditional cropland 
as the cropland that has existed since 1987. The existing croplands in China are generally in 
more favorable condition for food production than the newly claimed and more marginal 
cropland (d’Amour et al., 2017). The percentage of traditional cropland in cropland lost to 
built-up land (Tcropi) (Figure 1) was calculated as follows: 

 Tcropi = TCBi / CBi × 100% (5) 

where TCBi represents the area of traditional cropland lost to built-up land type i and CBi 
means the same as in equation 1. Here, Tcrop was calculated for four periods of 1995–2000, 
2000–2005, 2005–2010, and the whole period of 1987–2010 (1987–1995 was not included 
in this analysis because this was the base period). A larger Tcrop value indicates built-up 
land expansion encroaches upon more traditional cropland. 
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3  Results 

3.1  Spatio-temporal patterns of cropland lost to built-up land 

During 1987 to 2010, a total of 42822 km2 of cropland was converted into built-up land in 
China (Table 1). The rate of cropland loss to overall built-up land fell greatly from 1492.81 
km2/yr in 1987–1995 to 833.32 km2/yr in 1995–2000; however, it grew dramatically after 
2000 and reached 2827.41 km2/yr in 2005–2010. The rate of cropland lost to urban land first 
decreased in 1995–2000, and then peaked at 1290.22 km2/yr in 2000–2005. For rural settle-
ment, the speed of cropland lost was stable at about 700 km2/yr except for falling during 
1995–2000. The speed of cropland loss to industrial/transportation land increased from 
120.76 km2/yr in the late 1980s–1995 to 931.60 km2/yr in 2000–2005. Urban had the highest 
speed of encroaching upon cropland among the three types of built-up land after 2000. The 
speed of industrial/transportation land encroaching upon cropland was the lowest of the three 
types, however, it exceeded the rate of loss to rural settlement in the last period (Figure 3).  

Table 1  The area of cropland converted into built-up land of China during 1987–2010 

Cropland to built-up land (km2) 1987–1995 1995–2000 2000–2005 2005–2010 1987–2010 

Urban 5440 1265 6451 5945 19101 

Rural settlement 5536 2184 3609 3534 14863 

Industrial/transportation land 966 718 2517 4658 8859 

Total 11942 4167 12576 14137 42822 

 
Figure 3  Temporal changes of SCB (the speed of cropland lost to built-up land) and PCB (the proportion of 
cropland lost to each built-up land type in the cropland lost to total built-up land) in China from 1987 to 2010 

Over the entire period, urban land encroached most on cropland, accounting for 44.6% of 
the total cropland lost to built-up land, while rural settlement and industrial/transportation 
land accounted for 34.7% and 20.7%, respectively. However, the contribution of the differ-
ent built-up land types changed over time. The percentage of cropland lost to urban land 
decreased to 30.4% in 1995–2000, the lowest in all four periods, and then peaked at 51.3% 
in 2000–2005. The percentage of loss to rural settlement saw a slight increase and peaked at 
52.4% in 1995–2000; followed by a decrease, ending up at 25.0% in 2005–2010. The con-
tribution of industrial/transportation land became increasingly larger, as its percentage went 
from 8.1% to 33.0% during the entire period (Figure 3). 

The spatial pattern of cropland loss to built-up land changed significantly before and after 
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2000. In 1987–2000, this kind of conversion clustered in the west of the Huang-Huai-Hai 
Plain region, the northeast of the Middle-Lower Yangtze River region, the east of the South 
China region, the middle of the Southwest region, and the south of the Loess Plateau region. 
By contrast, the conversion in the other regions was scattered. In 2000–2010, the distribu-
tion of cropland lost to built-up land was more widespread and more evenly distributed 
across the regions in the east and south of China. Most regions in China showed an increase 
in the area of cropland lost to built-up land, except for Gansu-Xinjiang and Qinghai-Tibet 
Plateau (Figures 4a and 4b). 

The distribution of cropland lost to urban land was near the city fringes and scattered in  
space. In 2000–2010, urban land expanded into cropland more intensively all over the coun- 
try with several obvious clusters in Beijing, Tianjin, the Yangtze River Delta Economic Zone 
and the Pearl River Delta Economic Zone (Figures 4c and 4d). In contrast, cropland lost to 
rural settlement was distributed more widely. During 1987–2000, rural settlement en- 
croached upon a large amount of cropland in the Huang-Huai-Hai Plain region and the Mid- 
dle-Lower Yangtze River region, while in 2000–2010, the total area of cropland occupied by 
rural settlement decreased, and the Huang-Huai-Hai Plain region experienced the largest 
decrease. However, other regions including Middle-Lower Yangtze River region, Southwest 
region, Northeast region and Inner Mongolia and along the Great Wall region saw an in- 
crease in the loss of cropland to rural settlement (Figures 4e and 4f). The spatial distribution  
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Figure 4  Spatial patterns of areas of cropland lost to built-up land of China in 5 km × 5 km grids 

of cropland loss to industrial/transportation land was quite scattered during 1987 to 2000, 
and it caused the least cropland loss in all regions. In 2000–2010, however, the industrial/ 
transportation land expanded significantly and occupied a large amount of cropland, espe-
cially in Middle-Lower Yangtze River region, South China region, Huang-Huai-Hai Plain 
region and Southwest region (Figures 4g and 4h). 

The dominant type of each grid indicates the leading contributor to cropland loss. In China, 
the loss of cropland to rural settlements was the dominant type in most areas where the con-
version from cropland to built-up land happened in both periods. During 1987–2000, 72.6% 
of the grid cells with cropland lost to built-up land were dominated by rural settlement ex-
pansion, which were mainly in the west of the Huang-Huai-Hai Plain region and the north-
east of the Middle-Lower Yangtze River region (Figure 5a). This loss fell to 45.8% during 
2000–2010, accompanied by a dramatic increase in the loss to industrial/transportation land 
(Figure 5b). The percentage of the grid cells with industrial/transportation land expansion as 
the dominant type increased dramatically from 6.9% in the early period to 32.2% in the later 
period. The percentage of grid cells dominated by cropland loss to urban expansion was 
relatively stable, 20.5% and 22.0% for the former and latter period, respectively. The crop-
land losses dominated by urban expansion were mainly concentrated in Beijing, Tianjin, the 
Yangtze River Delta Economic Zone and the Pearl River Delta Economic Zone. 
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Figure 5  Spatial patterns of dominant types of cropland conversion to built-up land of China in 5 km × 5 km 
grid cells 

3.2  Effects of built-up land expansion on cropland loss 

It was found that built-up land expansion explained 43.8% of the total cropland loss during 
1987 and 2010 in China. However, this situation varied over time. Before 2000, only about 
30% of the lost cropland was converted into built-up land; but this figure soared to 71.1% 
during 2005–2010. This indicates that built-up land has become an increasingly important 
factor in causing cropland loss. Among the three types of built-up land, the largest contribu-
tor to cropland loss changed from rural settlements before 2000 to urban land after the year 
2000. The contribution of the industrial/transportation land expansion was the smallest at 
first; however, it grew sharply by more than 9 times and ended up as the second largest con-
tributor to cropland loss after urban expansion in the last period (Figure 6a). 

 

Figure 6  Spatio-temporal pattern of Ccrop in China (the contribution of built-up land expansion to cropland 
loss) 

Spatially, during 1987–2000, built-up land expansion in the Huang-Huai-Hai Plain region 
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had the largest impact on the cropland loss, followed by the Middle-Lower Yangtze River 
region. Both of these two regions are major food producing zones in China. In most regions, 
rural settlement had the largest contribution to the cropland loss; however, in the South 
China region and the Southwest region, urban was the type that encroached on the most 
cropland. During 2000–2010, urban became the type that caused the largest cropland loss in 
most regions except in the Loess Plateau region. Further, the effects of indus-
trial/transportation land on cropland loss increased a great deal and even surpassed that of 
the loss to rural settlement in Inner Mongolia and along the Great Wall region, the South-
west region and the South China region (Figure 6b). 

The expansion of built-up land in China during the period depended heavily on the avail-
ability for conversion of cropland. Most (85.8%) of the built-up land expansion come from 
cropland loss, however, the percentage fell to 69.8% by 2010. Among the different types of 
built-up land, rural settlement expansion depended mostly on cropland; more than 85% of 
rural settlement expansion comes from cropland loss for the whole period. The dependence 
of urban and industrial/transportation land expansion on cropland loss had similar temporal 
sequences, an increase during 1995–2000 and a decrease during 2000–2005. However, the 
dependence of urban expansion on cropland was much higher than that of indus-
trial/transportation land (Figure 7a). 

 

Figure 7  Spatio-temporal pattern of Dcrop in China (the dependence of built-up land expansion on cropland 
loss) 

Spatially, croplands were the major source for built-up land expansion, especially to ur-
ban and rural settlement expansion. During 1987 and 2000, the percentage of new rural set-
tlement changing from cropland was larger than that of urban in all regions except the 
Southwest region. During 2000–2010, proportionally less of the rural settlement expansion 
encroached onto cropland, except for the Northeast region, the Loess Plateau region and the South 
China region. Urban expansion also showed a lower percentage of encroachment into crop-
land in most regions. However, the Gansu-Xinjiang region and the Tibetan Plateau region 
experienced an increase in the percentage, which even surpassed that of rural settlement (Fig-
ure 7b). 
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Traditional cropland was usually of good quality and produced more food than newly re-
claimed cropland in China, because most of the suitable land was already under intense, 
multi-cropping cultivation (d’Amour et al., 2017). It was found that 90.3% of the cropland 
occupied by the built-up land was traditional cropland for the whole period of study. In the 
early period (1995–2000), built-up land expansion consumed a smaller proportion of tradi-
tional cropland at 76.0%. However, the proportion kept increasing and ended up at 88.5% in 
2005–2010. This indicates that more and more built-up land expansion occupied traditional 
cropland of the best food production quality. Rural settlement expansion took the highest 
percentage of traditional cropland, followed by urban growth. Industrial/transportation land 
expansion consumed least traditional cropland (Figure 8a).  

 

 

Figure 8  Spatio-temporal pattern of Tcrop (the percentage of traditional cropland in the cropland lost to built-up land) 

Spatially, during 1995–2000, urban land use occupied a higher proportion of traditional 
cropland in most regions except the Middle-Lower Yangtze River region, the Southwest re-
gion and the Gansu-Xinjiang region. In 2000–2010, the proportion of traditional cropland in 
cropland lost to built-up land saw an obvious increase in all regions except the 
Gansu-Xinjiang region. During this period, rural settlements encroached on proportionally 
more traditional cropland in the Huang-Huai-Hai Plain region, the Middle-Lower Yangtze 
River region, the Southwest region and the South China region, where the cropland quality 
is generally higher than in other regions of the country. The Middle-Lower Yangtze River 
region had the largest proportion of traditional cropland lost to built-up land among all the 
regions in the later period (Figure 8b). 

4  Discussion 

4.1  Drivers of cropland loss to built-up land 

Economic growth, represented by GDP growth, is recognized as the major driver of urban 
expansion in China (Liu et al., 2005; Seto et al., 2011), which in turn places great pressure 
on cropland. Therefore, the changes in annual GDP growth and its structure help to under-
stand the patterns of cropland lost to built-up land. According to the data from NBSC 
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(NBSC, 2011), the average annual GDP growth rate for China in 1987–1995 was 21.9%, 
before it declined to 10.5% in 1995–2000. After 2000, the annual GDP growth rate gradually 
increased, ending up as 13.5% and 17.3% for the period of 2000–2005 and 2005–2010 re-
spectively. Correspondingly, the cropland loss to built-up land also experienced a similar 
process; the annual area of cropland loss to built-up land bottomed out in 1995–2000, and 
increased afterward (Figure 3). Meanwhile, the contributions to GDP from different sectors 
changed over time. The percentage of GDP from agriculture continuously decreased from 
22.9% in the period of 1987–1995 to 10.1% in the period of 2005–2010. This largely ex-
plains the decline of contributions from rural settlement to the cropland lost to built-up land, 
and the increasing contributions from urban and industrial/transportation land as a whole. 

Population changes directly influence urbanization and urban land (Pacione, 2001), and 
population migration also drives urban and rural land expansion. In China, the total popula-
tion increased at an annual rate of 0.92% from 1.08 billion in 1987 to 1.34 billion in 2010. 
However, the changes of urban population and rural population were completely different. 
The average annual growth rate of the urban population was 3.92%, while the agricultural 
population has been decreasing since 1996 (NBSC, 2011). Although rural settlement still 
saw an expansion after 2000 due to the “rural hollowing” problem (Li et al., 2015), the per-
centage of rural settlement expansion among total built-up land expansion decreased, and in 
turn the percentage of cropland lost to rural settlement in the cropland lost to built-up land 
decreased greatly from 52.4% in 1995–2000 to 25.0% in 2005–2010 (Figure 3).  

Policy and land management are the third kind of factor that drives the changes in the 
pattern of cropland loss to built-up land. Building industrial parks has spread overwhelm-
ingly almost all over the country since China launched reform. These started in the coastal 
regions of China, but now are flourishing in the vast inland of China. Indus-
trial/transportation land saw a dramatic expansion and was causing larger and larger 
amounts of cropland loss. Both the speed of cropland loss to industrial/transportation land 
and its percentage of total cropland lost to built-up land increased greatly. Moreover, with 
the planning of a medium and long term railway network proposed in 2004, high-speed 
railway construction promoted by the central government has accelerated transportation land 
expansion, as well. 

Various factors have led to the expansion of built-up land, thus taking up productive 
cropland. However, positive land use management could slow down the loss of cropland (Li 
et al., 2014). To protect the cropland from being encroached by built-up land, the State 
Council released Regulations for the Protection of Basic Agricultural Land (Jiben Nongtian 
Baohu Tiaoli) in 1994, and the Protection Rules of Basic Farmland (New Jiben Nongtian 
Baohu Tiaoli) in 1998. Additionally, a “requisition-compensation balance of arable land” 
policy was implemented in 1997. From our results, we can see the decline of the dependence 
of built-up land expansion on cropland conversion (Figure 7). 

4.2  Implications on future cropland use 

Cropland is the major source of land for built-up land expansion, since it is located nearby or 
surrounding settlements. China is undergoing a historic urban-rural transformation process 
and is anticipating a boom of new urbanization in the near future. Much land will be in de-
mand, not only to accommodate the large and growing population, but also to support the 
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development of various industries and to support infrastructure projects. d’Amour et al. 
(2017) projected that from 2000 to 2030, one quarter of global cropland loss (7.6×106 ha) 
due to urban expansion that would occur in China. Therefore, cropland loss is a lasting 
problem worthy of attention. The combination of a growing urban population and a declin-
ing rural population with diminishing and more impacted farmland means that China’s food 
security will be increasingly threatened. 

As our results show, urban expansion has consumed the largest amount of cropland since 
2000. Things might be getting even worse as China has shifted the urban development 
strategy from developing big cities as a priority to developing small towns or secondary cit-
ies. This may be a more land consuming mode of urbanization. Research indicates that if we 
had developed small towns as a priority during 1995–2000, there would be 9% more crop-
land lost to urban; and the additional cropland loss would be even larger (29%) in 
2000–2008 as the urbanization rate in this period was much higher (Deng et al., 2015). 

For rural settlement expansion, although we measured a decreasing value of PCB since 
the year 2000 and the rural population was migrating to cities, rural settlements continued to 
expand over the last 20 years. According to land use and population data (NBSC, 2011), the 
rural settlement use of land per capita increased from 151.95 m2 to 203.93 m2 during 
1987–2010, which was considerably above the national standard of 150 m2 per capita (MCC, 
1993). The “hollowing village” has become quite common in many areas of China, in which 
new houses are built at the fringes of rural towns and historical village centers are aban-
doned. Also, cropland encroachment by rural settlement was more likely to be into tradi-
tional and more fertile cropland (Figure 8). This further magnifies the pressure of rural set-
tlement expansion on cropland and on the food supply.  

Industrial/transportation land was the kind of built-up land taking up more and more 
cropland in the past. During 1990–2010, the railways, highways, inland waterways, civil 
aviation lines and pipelines increased by 0.58, 2.9, 0.14, 4.46 and 3.11 times, respectively 
(Jiao et al., 2016). This trend is more likely to continue into the near future. With the promo-
tion of policies such as “Rise of Central China” and “Belt and Road Initiative”, central and 
western regions of China are anticipated to see more economic growth, industrialization and 
an emphasis on transportation. Building industrial parks to collocate various factories and 
companies has already been quite common and will be more widely spread to many other 
parts of China. What’s more, although high-speed roads and high-speed railway have been 
greatly developed in the last several years, airports are now only just starting to boom. As a 
result, transportation land expansion will continue to induce a large amount of cropland loss. 

5  Conclusions 

Based on land use data interpreted from remote sensing imagery, this study examined the 
spatio-temporal patterns of cropland lost to different types of built-up land in China during 
1987–2010. In addition, the impacts of built-up land expansion on cropland loss were 
measured quantitatively. With the new knowledge, drivers of this conversion and implica-
tions on future cropland use were further analyzed. 

Results showed that 42,822 km2 of cropland were converted into built-up land in China, 
accounting for 43.8% of total cropland loss during 1987–2010. Among the three types of 
built-up land, the contribution of rural settlement expansion to this kind of conversion de-
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creased, while that of industrial/transportation land expansion increased dramatically. The 
increment of cropland lost to industrial/transportation land mainly distributed in regions with 
high-quality cropland, such as the Middle-Lower Yangtze River region, the South China 
region, the Huang-Huai-Hai Plain region and the Southwest region. In addition, the built-up land 
expansion depended on cropland heavily. 85.8% of the built-up land expansion came from 
cropland in 1987–1995, however, the percentage fell down to 69.8% at last. Among the dif-
ferent types of built-up land, rural settlement expansion depended on cropland mostly and took up 
the highest proportion of traditional cropland, which placed great pressure on cropland quality. 

The fast increase in economic activity and the large rural to urban transformation were the 
main driving forces of the cropland lost to built-up land. Policies to protect the cropland 
showed obvious effects in the period of 1995–2000, however, the booming industrial land 
construction and intensive expansion of small cities drove a massive conversion from crop-
land to built-up land afterwards. Our results suggest that other than urban expansion, rural 
settlement should be a focus when conserving cropland because of its widest distribution, 
greatest dependence on croplands when expanding, and the greatest impacts on high quality 
traditional cropland. In addition, industrial/transportation land has a high potential to 
threaten the cropland in the future because of the undergoing transformation of industries 
from coastal region to inland China. Comprehensive regulations on the development of 
built-up land are essential to cropland conservation. 

Our research offers evidences that the expansion of different built-up land types places 
distinguishing impacts on cropland in terms of quantity and quality, suggesting the impor-
tance of regulations on the development of rural settlements and industrial/transportation 
land when cropland protection policies are framed. For future research, a further quantitative 
assessment on cropland quality is worth to conduct, so that the impacts of built-up land on 
the quality of cropland could be more explicitly addressed. Moreover, a quantitative inves-
tigation on the driving forces of the conversion from cropland to built-up land will be more 
helpful on framing cropland-related policies. 
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