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Abstract: Rapid urbanization and economic growth in China have accelerated changes in rural
settlements and associated land-use types that are expected to alter ecological services and the
environment. Relevant studies of the dynamics of rural settlements and corresponding rural land-use
changes are in short supply, however, especially in undeveloped areas in China. This study, therefore,
investigated the spatio-temporal dynamics of rural settlements and their impacts on other land-use
types by using 30 m rural settlement status and dynamic maps from the end of the 1980s to 2010.
These maps were generated by visual interpretation with strict product quality control and accuracy.
Henan province was selected as a case study of undeveloped regions in China. We examined in
particular how the expansion of rural settlements affected cultivated lands and the processes of rural
settlement urbanization. This study looked at three periods: the end of the 1980s-2000, 2000-2010,
and the end of the 1980s-2010, with two spatial scales of province and prefecture city. Major findings
about the rural settlements in Henan from the end of the 1980s to 2010 include (1) the area of rural
settlements grew continuously, although the increasing trend slowed; (2) the expansion of rural
settlements showed a negative trend contrary to the trend of the urbanization of rural settlements;
(3) rural settlement expansion occupied considerable expanse of cultivated lands, which accounted
for up to 96% of the total expansion lands; (4) urbanization of rural settlements was the main mode
by which rural residential lands vanished, accounting for more than 98% of the lost lands. This study
can provide suggestions for the conservation and sustainability of the rural environment and inform
reasonable policies on rural development.
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1. Introduction

Economic globalization has accelerated land-use changes globally [1]. China, as a developing country,
has experienced rapid urbanization and economic growth during the last decades. Urbanization has
become an increasingly dominant force for land-use changes in China in both urban and rural areas [2—4].
Land-use changes are associated with multi-scale variations in energy, resources, and other ecological
services, which cause further local and global environmental change [1,5,6]. In recent years, many studies
have focused on urban regions to examine the consequences of urbanization and land-use changes for
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human well-being and ecosystem services [7,8]. Limited attention however, has been paid to rural land-use
changes and their associated consequences alongside rapid urbanization [9-11].

In China, rural areas are highly populated due to a long history as an agrarian society. In 2010,
6.71 x 108 people, 50.05% of the total population, were still living in rural regions [12], although
that stands as an evident decrease in comparison with the 8.70 x 10® people (69.11% of the total
population) in the late 1990s [13]. Population outmigration and the improved living standards of rural
people driven by rapid urbanization directly altered rural settlements and led to the conversion of
rural residential lands and other land-use types [14-16]. Thus, understanding the dynamics of rural
settlements and associated land conversion is a key to comprehensively evaluating the consequences
of urbanization and economic growth on both local and global environments.

Prior to this work, studies on rural settlements mainly concentrated on the following aspects: the
evolution of morphology and landscape [17,18], spatial distribution and reconstruction [19,20], hollowing
and consolidation [21-23], and rural residential land changes and conversions [14-16,24]. Changes and
conversions of rural residential lands are the immediate results of local human activities during a given
period. Generally, they respond to national and local levels of socio-economic development [16]. Recent
studies on this point were conducted mainly in the developed regions of China, like the eastern coastal areas
and metropolitan areas [9,14,16,24-26]. Although some studies were implemented in the Loess Plateau of
China [27,28], they are inadequate for the purpose of understanding rural settlement dynamics and their
impacts on local land uses in the undeveloped regions of China during the period of rapid urbanization.
In addition, rapid urbanization in China arose from the economic transition from a centrally-planned
economy to a market-oriented economy following the reform and opening-up in 1978 [4]. Previous studies
usually covered only a certain short period [14,15,25,29], rendering them difficult to use to describe the
temporal dynamics of rural settlements during different urbanization phases. Finally, with respect to the
transformations between rural settlements and other land-use types, recent studies mainly referred to the
impacts of rural settlement sprawl on cultivated lands [10,25,29,30] and less attention has been paid to the
loss of rural settlements [9]. As the dynamics of rural settlements comprise both expansion and loss [24],
it is necessary to conduct a study taking these two aspects together to generalize the transformations of
rural settlements along with urbanization.

The overall goal of this study is to understand the historical dynamics of rural settlements and
the associated impacts on local land use within an undeveloped area from the end of the 1980s to 2010.
Several scientific questions need to be answered: (1) whether and how have the rural settlements in
undeveloped regions changed during recent decades with rapid urbanization and economic growth?
(2) How has the rural settlement expansion impacted on local land use? (3) What have been the
contributions of rural settlement loss to local land use? Remote-sensing images from Landsat have
recorded continuous land-use and cover changes at consistent spatial and temporal scales since
1984 [31-33]. In this study, we used time-series land-use status vector datasets from the end of the
1980s, 2000 and 2010 and the dynamic vector datasets for the end of the 1980s—2000, 2000-2005,
2005-2008, and 2008-2010, which were in the shapefile format produced by the Chinese Academy of
Sciences mainly based on Landsat images [34]. Henan province of China was chosen as a case study
area. We conducted this work for three periods comprising the end of the 1980s-2000, 20002010,
and the end of the 1980s-2010, with two spatial scales of province and prefecture city. The specific
objectives of this study are to: (1) understand the current status of land-use types and rural settlements
in Henan in 2010; (2) quantify the area dynamics of rural settlements at the province and prefecture
levels over the three study periods; (3) quantify the conversions of rural settlements and other land-use
types. During the study on the conversions of rural settlements, we examined the impacts of rural
settlement sprawl on cultivated lands and the urbanization of rural settlements. We defined the
“urbanization of rural settlements” as a conversion of rural settlements into urban lands. In general,
this work tends to supplement the previous studies on rural land-use changes by simultaneously
surveying rural settlement expansion and loss in an undeveloped area over a long period of about
20 years. Currently, rural land-use/land-cover change (LULCC) is widespread globally and the
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associated impacts have been increasingly reported in other regions except China [35-42]. This study
could provide some knowledge for studying rural land dynamics for the sustainable management of
rural land resources.

2. Material and Methods

2.1. Study Area

Henan province was selected as our study area. Henan is located in the central and eastern part of
China (31.38° N~37.37° N, 110.35° E~116.65° E) between the developed regions to the south-east and
undeveloped ones to the north-west (Figure 1a). Henan consists of 17 prefecture cities with a total land
area of about 167,000 km? (Figure 1b). It has a warm temperate to subtropical, humid to semi-humid,
monsoon climate. From the north to the south, the annual mean air temperature and the average
annual precipitation ranges from 12 °C to 16 °C and ~530 mm to ~1380 mm, respectively. Elevation
ranges from the low eastern regions of ~80 m to the high western regions of ~3353 m above sea
level according to the 30 m Shuttle Radar Topography Mission digital elevation model (SRTM/DEM)
(Figure 1b). More than 50% of the topography in Henan is plains, which is very beneficial for human
life. According to the 2011 China Statistical Yearbook [12], Henan had the first highest household
population and the third highest resident population in 2010. It also had the largest rural population
and highest crop yields. It is a large economic province with the fifth highest gross domestic product
(GDP) in China. As a large province in terms of both agriculture and population, Henan was chosen as
a case area to study the changes of rural settlements and the accompanying rural land-use changes in
the undeveloped inland of China under urbanization.
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Figure 1. Henan province in China is selected as a study area. (a) The location of Henan. (b) The digital
elevation model (DEM) of Henan.

2.2. Data

2.2.1. Land-Use Datasets from the End of the 1980s to 2010

This study used the vector National Land-Use/Cover Database of China (NLUD-C) for three
periods of the end of the 1980s, 2000, and 2010 and the dynamic database of the NLUD-C for four
periods of the end of the 1980s—-2000, 2000-2005, 20052008, and 2008-2010. NLUD-C was generated at
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a mapping scale of 1:100,000 by visual interpretation based on multi-source remote sensing data with a
spatial resolution of approximately 30 m [34]. There was strict quality control in the data production
by repeated visual interpretation and field verification. The thematic accuracy of construction land
should reach 90% in a quality control [34]. The accuracy of the NLUD-C was evaluated at more than
95.41% using the selected samples of first-level types [34]. NLUD-C used a hierarchical classification
system of six first-level types of land use and 25 second-level types. The six first-level land-use
types consist of cultivated lands, woodlands, grasslands, water bodies, built-up lands, and unused
lands. The built-up lands are composed of three sub-level types: urban lands, rural settlements,
and industry-traffic lands. Detailed information about this database has been reported in a previous
study [34]. In this study, we extracted the rural settlements for three periods and the dynamics for
four periods in Henan province from the NLCD-C datasets. The four dynamic periods for the
rural settlements were integrated into three research periods comprising the end of the 1980s-2000,
2000-2010, and the end of the 1980s-2010.

2.2.2. Auxiliary Data

To characterize the distribution of rural settlements and potential regions of rural residential land
changes, we used the 30 m SRTM/DEM data. This dataset was downloaded from the United States
Geological Survey (USGS) to describe Henan's topography.

2.3. Methods

2.3.1. Area Dynamic Analysis

We compiled statistics about the total area and the changes of rural settlements at two spatial
scales, the entire province and 17 prefecture cities using Henan's rural settlement datasets. The total
area was analyzed at three points: the end of the 1980s, 2000 and 2010; and the total area changes
were calculated for three research periods: the end of the 1980s—2000, 2000-2010 and the end of the
1980s-2010. The workflow of this study was shown in Figure 2.

NLUD-C in the / Dynamic datasets of /
end of 1980s, VA NLUD-C during the /
2000, and 2010 / end of 1980s to 2010 /

Rural settlements for three Transformation between rural
times of 1980s, 2000, 2010 | settlements and other land-use types

v v

Area dynamics of rural settlements

v

Occupation of cultivated lands by rural settlemetns

v

Urbanization of rural settlements

Figure 2. The workflow of this study.

2.3.2. Transformation Analysis between Rural Settlements and other Land-Use Types

Constructing a transformational matrix is a widely used approach to quantify conversions among
land-use types [2]. We used a transformational matrix to analyze the conversions between rural
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residential lands and other land-use types during the three study periods across the entire province.
The transformational matrix was generated based on the dynamic datasets of rural settlements.
Three statuses describe the dynamics of rural settlements during each period: (1) no-change areas,
(2) increased areas, and (3) decreased areas. The transformational matrix of rural settlements was
composed of two parts: (1) those land-use types that were used to increase the rural residential lands;
and (2) those land-use types that replaced rural residential lands when they decreased.

We then focused on the conversion of cultivated lands to the sprawl of rural settlements and the
rural settlements to the sprawl of cities and towns in order to quantify the impact of rural settlement
expansion on cultivated lands and the processes of rural settlement urbanization. The following
equations (Equations (1) and (2)) were used to describe the occupation rate of cultivated lands (ORCL)
and the urbanization rate of rural settlements (URRS) at two spatial scales of the entire province and
17 prefecture cities:

Acl o
ORCL = 7 — x 100% 1)
u O,

where Acl is the area of cultivated lands occupied by the expansion of rural settlements at the end
of a study period; T is the length of the study period, using year as a unit; Ars is the area of rural
settlements at the beginning of a study period; and Au is the urbanization area converted from the
extinction of rural settlements at the end of a study period.

As the area of rural settlements varies between different prefecture cities at the beginning of a
study period, we used a ratio model (Equation (3)) to consistently compare the spatial differences of
ORCL and URRS among 17 prefecture cities:

RC

=% ()

where [ is a relative rate of ORCL or URRS for each prefecture city to the entire province; RC is the rate
of ORCL or URRS for each prefecture city; and RP is the rate of ORCL or URRS for the entire province.
We defined that I > 1.05,1.05> 1> 0.95, and I < 0.95, respectively, denoting that the prefecture cities had
strong, normal, or weak rates of cultivated land occupation or rural settlement urbanization relative to
the average level of the entire province. In mathematics, I equals 1 presenting that the rates of ORCL
or URRS of each prefecture is consistent with the average of the entire province. Here, we slightly
adjusted the strict threshold of 1 to a range of 1 £ 0.05 which are 1.05 and 0.95 in order to assess the
development of each prefecture.

3. Results

3.1. Land Use in Henan in 2010

Henan’s 2010 land-use datasets (Figure 3) show that cultivated lands, woodlands and built-up
lands are the main land-use types, accounting for 63%, 20%, and 11.5% of Henan’s total area,
respectively (Figure 3b). Cultivated lands have a wide distribution in Henan province except in
hilly areas, like the west. Woodlands are mainly concentrated in the northern, western, and southern
hill regions. Like cultivated lands, built-up lands are also in the plains of the east. Rural settlements
are a subclass of the built-up lands. In 2010, rural settlements had an area of ~14,334 km?, 8.7% of
Henan's total area. The numerous rural settlements distribute unevenly on the space with a spatial
characteristic of scarcity in the west and density in the east. The number and area of rural settlements
are largely different between cities.
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Figure 3. The distribution (a) and proportion (b) of land uses in Henan in 2010.

3.2. Dynamics of Rural Settlements from the End of the 1980s to 2010

We generated the rural settlement distribution at three points: the end of the 1980s, 2000, and 2010
(Figure 4a—c), and the dynamics of rural settlements during the three periods of the end of the
1980s-2000, 2000-2010, and the end of the 1980s—2010 (Figure 4d—f). The three rural settlement areas
(RSAs) for each prefecture city suggest that RSAs in the southern prefecture cities were higher than
those in the northern regions for all study times (Figure 4g). Most of the cities experienced a continuous
increase in RSAs from the end of the 1980s to 2010 (Figure 4g). The dynamics of RSAs for individual
cities during the three periods are shown in Figure 4h. The spatial patterns of the changes of RSAs
during the end of the 1980s-2010 demonstrate that most of the cities experienced an increase of RSA in
this period, except for four cities in the east (Figure 4h). The RSA of Henan increased continuously from
~14,450 km? in the late 1980s to ~14,600 km? in 2000. Then the increase was slower, reaching an area of
~14,620 km? in 2010 (Figure 4i). Statistics on the expansion and loss of the RSA of Henan suggest that
RSA has sequentially increased by ~329 km? and ~212 km?, and decreased by ~176 km? and 191 km?,
respectively, during two sequential periods comprising the end of the 1980s-2000 and 2000-2010
(Figure 4i). This result reveals that the expansion of Henan’s RSA has slowed down, while the decline
of Henan’s RSA has sped up.

The density maps at three times of the end of 1980s, 2000 and 2010 reveal that the rural settlements
clustered more in the southern prefecture cities than the northern ones (Figure 5a—c). The density of
rural settlements presented a negligible change from the end of 1980s to 2000. In contrast, there was
a slightly more pronounced downtrend in the density of rural settlements from 2000 to 2010.
The centroid of the rural settlements did not change significantly in the study period (Figure 5d).
However, we can find a slight southward trend by comparing the centroids at the three study periods
(Figure 5e).
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Figure 4. (a—c) Rural settlements at three points: the end of the 1980s, 2000, and 2010. (d—f) The dynamics
of rural settlements in three periods: the end of the 1980s-2010 (80s—-00), 2000-2010 (00-10), and the
end of the 1980s—2010 (80s-10). (g) Statistics of rural settlement area for each prefecture city in the
three periods. (h) Statistics for the dynamics of rural settlement area for each prefecture city in the three
periods. (i) Statistics of area, area dynamics, expansion area, and lost area of rural settlements during the
study periods.



Sustainability 2018, 10, 1490 8of 16

(a) the end of 1980s (b) 2000

(¢) 2010

%-J
o 140 280 Jyy 0 2 4km N

Density of rural settlements (number/km?)
Eloo-02 [Jog-1 [Eli6-138
Bo2-04 [J10-12 pElis-2
ENo04-06 [J12-14 l20-22
[o6-08 [A14-1.6

a4 Centroid of rural settlements in the end of 1980s

4 (Centroid of rural settlements in 2000
2 Centroid of rural settlements in 2010

Figure 5. (a—c) Density maps of rural settlements at three study times of the end of the 1980s, 2000,
and 2010. (d,e) The centroids of rural settlements at the three study times.

3.3. Interactions of Rural Settlements and other Land-Use Types

The expansion and decline of rural settlements occurred at the same time. The spatial patterns
of the land-use conversions of Henan are shown in Figure 6a—f for the three study periods.
During all the periods, rural settlement expansion occupied the land-use types of cultivated lands,
woodlands, grasslands and water bodies (Figure 6a—f). Cultivated lands are the main land source
for rural settlement sprawl, providing over 96% of the rural settlement expanded area in all study
periods (Figure 6g). The loss of rural settlements supports the development of water bodies, urban,
and industry-traffic lands. Conversion to urban lands is the main transformation of rural settlements
with a proportion above 98% of the rural settlement lost area (Figure 6h).

The study of the entire province suggests rural settlement expansion has significantly influenced
cultivated lands with a total occupation area of ~532 km? in the end of the 1980s-2010 (Figure 6g).
Therefore, we further examined the occupation area of cultivated lands (OACL) (Figure 7a), ORCL,
and the spatial differences of ORCL (Figure 7b) during the three study periods at a prefecture city scale.
OACL varies between prefecture cities and periods (Figure 7a). During the end of the 1980s-2010,
four prefecture cities had an OACL of larger than 40 km?, and eight prefecture cities had less than
20 km?. The average OACL was ~27 km?. ORCL also changes between prefecture cities and periods
(Figure 7b). During the end of the 1980s-2010, we can divide the prefecture cities into those with



Sustainability 2018, 10, 1490 9of 16

strong and weak impacts on cultivated lands according to the spatial differences of ORCL analyzed by
the ratio model of Equation (3) (Figure 7b). There is a distinct boundary on the space between these
two types of regions. The areas with severe impacts on cultivated land are distributed in the west,
and those with weak impacts are in the east (Figure 7b).

Similarly, the study of the entire province demonstrates that rural settlements were mainly
converted to urban lands (urbanization of rural settlements) with a total area of ~361 km? at the end of
the 1980s-2010 (Figure 6h). We examined the urbanization area of rural settlements (UARS) (Figure 7c),
URRS, and the spatial differences of URRS (Figure 7d) during the three study periods at a prefecture
city scale. During the end of the 1980s to 2010, three cities had the highest UARS at greater than 35 km?
and six cities had the least UARS of less than 15 km? (Figure 7c). The average UARS is ~18 km? in this
period. The URRS of each city during the three study periods is shown in Figure 7d. From the end of
the 1980s to 2010, we found three types of cities with strong, normal, and weak urbanization of rural
settlements according to the spatial differences of URRS analyzed by the ratio model of Equation (3)
(Figure 7d). The areas with strong URRS were clustered in the north-west and those with weak URRS
were in the south-east. The prefecture city of Pingdingshan had a normal URRS, which corresponded
to its location at the junction of the strong and weak urbanization regions (Figure 7d).
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Figure 6. (a—c) The transformations of rural settlements and other land-use types in three periods
of the end of the 1980s-2000 (80s—00), 20002010 (00-10), and the end of the 1980s-2010 (80s-10).
(d—f) The zoom-in views correspond to the region highlighted by a blue box in Figure (a—c).
(g) Statistics of converted area and proportion from other land-use types to rural settlements in the
three study periods. (h) Statistics of converted area and proportion from rural settlements to other
land-use types in the three study periods.
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Figure 7. (a) The occupation area of cultivated lands (OACL) for each prefecture city during the three
periods of the end of the 1980s-2000, 20002010, and the end of the 1980s-2010. (b) The occupation rate
of cultivated lands (ORCL) for each prefecture city during the three periods. (c) The urbanization area
of rural settlements (UARS) for each prefecture city during the three periods. (d) The urbanization rate
of rural settlements (URRS) for each prefecture city during the three periods.

4. Discussion

4.1. Comparison with Previous Studies of Rural Settlements

This study explored the spatio-temporal dynamics of rural settlements and the associated
interactions with other land-use types in Henan, especially the conversion of cultivated lands and
urban lands, in the three study periods using multi-period land-use status and dynamic products.
This study suggested there were numerous rural settlements in Henan, mainly concentrated on the
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plains. Early studies reported that rural settlements in China were small and densely gathered
on the large plains [15,20,43]. The rural settlements in Henan reflect this typical feature of rural
Chinese settlements both in landscape patterns and spatial distribution. This study showed that
rural settlements were continuously increasing at the province level from the end of the 1980s to
2010, while the trends were slowing down. These results were consistent with the findings about
rural settlement dynamics in China during the different periods of 1995-2005 [44] and 1990-2000 [15].
Meanwhile, the continuous expansion of rural settlements since the 1990s has been observed in
many regional studies [14,16]. Due to the change of rural settlements corresponding to the level of
socio-economic development of a given region [16], the dynamics of rural settlements varied markedly
at the prefecture level (Figure 4h).

Land from cultivated lands, woodlands, grasslands, and water bodies supported the rural
settlement expansion in Henan during the three study periods, with cultivated lands providing
more than 96% of the expanded lands (Figure 6). Land-use changes caused by rural settlement
encroachment had been observed in cultivated lands, woodlands, grasslands, water bodies, unused
lands, and other lands in an early study by Tian, Yang and Zhang [15]). This early study reported
croplands contributed 59.82% of the rural settlement expansion, followed by grasslands and other
lands with fractions of 13.65% and 10.46%, respectively. The disparity in land source types and
proportions between this study and the earlier study could be explained by the different spatial scales
between province and nation. Rural settlement expansion at the cost of croplands has become a major
land-use transition in China [25,29]. The prefecture cities with the highest OACL and the fastest ORCL
were mainly distributed in the west of Henan (Figure 7a,b). More occupation of croplands occurred
in the earlier period of the end of the 1980s-2000 at both the province and prefecture scales, except
for the capital (Zhengzhou) of Henan (Figures 6g and 7a,b). A study on the developed eastern areas
of China also indicated that the impacts of rural settlement urbanization on cultivated lands varies
between regions due to different urbanization modes [10]. However, this early study found the loss of
cultivated lands caused by the expansion of villages increased from the late 1990s to the late 2000s.
This differs from our results that OACL and ORCL had slight decreases from the former (the end
of the 1980s—2000) to the later period (2000-2010) (Figures 6g and 7a,b). This could be related to the
different levels of development between the study areas. Within our study area, Zhengzhou, as the
most developed region, had the only increasing positive trends of OACL and ORCL (Figure 7a,b),
which were consistent with the results obtained from the eastern developed regions [10].

This study found that the lands from the loss of rural settlements were converted to water bodies,
urban lands, and industry-traffic lands during the study periods, and that the conversion to urban
land accounted for more than 98% of the lost rural settlements (Figure 6). The prefecture cities with
the highest UARS were around the capital (Zhengzhou) and the northern prefecture cities showed
faster URRS (Figure 7c,d). UARS in the later period of 2000-2010 was higher than that in the former
period at the provincial scale (Figure 6h). Nevertheless, the temporal dynamics of UARS and URRS
varied significantly between prefecture cities (Figure 7c,d). This could be explained by the different
levels of socio-economic development and industrialization between prefecture cities. Zhengzhou is
the capital and the largest city of Henan with the highest socio-economic development. The northern
prefecture cities had a higher level of industrialization than the southern ones from the end of the
1980s-2010, especially at the end of the 1980s-2000 period [45-47]. The spatio-temporal patterns of
UARS and URRS can be explained as the result of urbanization. Likewise, urban encroachment was
identified as a mode to describe the disappearance of rural settlements [24]. Previous studies indicated
that urban sprawl had caused numerous villages to die out and a general decrease of rural settlement
area, especially in regions surrounding large cities [9,24].

4.2. Implications and Future Development

At present, a series of land consolidation policies have been implemented to improve land-use
efficiency in rural regions [4,21,22]. This study on the dynamics of rural settlements, especially the
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expansion of rural settlements, may provide potential spatial information to develop reasonable policies
to improve rural land efficiency in Henan. Although this work conducted relatively comprehensive
analysis on the rural settlement dynamics, more studies are still needed in the future. For example,
this study suggested that the area of rural settlement in Henan continuously increased during the end
of the 1980s to 2010 at the province scale (Figure 4). However, the increasing trend of rural settlements
was negative, while the lost trend was remarkably positive. Because of this, it is unclear how many
differences exist between the dynamics of rural settlements in Henan and those in developed and other
undeveloped regions. To better understand these questions, we will implement this study in larger
regions or the entire country of China in future using the NLUD-C product or developing automatic
algorithms to map the dynamics of rural settlements since the late 1980s based on multiple data sources
(e.g., Landsat 8, Sentinel-2) [33,48]. LULCC in rural regions occurred globally under the influence of
rapid socio-economic development and political changes [35,42]. Many issues have been caused along
with LULCC including the abandonment of pastures and croplands [35,40], changes of rural tourism
resources and landscapes [36-38], and the associated environment impacts of rural LULCC [39,41].
The methodology used in this study can be employed to examine rural LULCC in other territorial
contexts for sustainable rural land management.

In addition, this study attempted to examine the impacts of the dynamics of rural settlements
on local land-use changes. From the late 1980s to 2010, the expansion of rural settlements occupied
~532 km? cultivated lands. The loss of cultivated lands caused by rapid rural settlement expansion is
directly related to regional food security. This study could potentially facilitate the development and
implementation of effective planning policies to manage cultivated lands in rural China sustainably [25].
Meanwhile, the rural residential lands were converted to urban lands with a positive trend under
rapid urbanization (Figure 6h). As land changes are significant for the Earth system, they are relevant
to environmental changes and sustainability [1,49]. Land-use changes in rural and exurban areas affect
a variety of ecological structures, processes and services, including vegetation structure, local water
and carbon cycles, public health, biodiversity and regional climate [5,50-52]. However, few studies
have been established to quantify the impacts of rural settlement changes on local ecosystems and
the environment. The description of changes in rural settlements and rural land uses in this work
provide a database for subsequent studies on the environmental impacts. We will examine the potential
consequences on the environment, including changes of carbon, water, and land-surface temperature
in the future by using multiple remote-sensing products like the Moderate Resolution Imageing
Spectroradiometer (MODIS) [53,54].

5. Conclusions

Rapid urbanization and economic growth accelerate land use in both urban and rural areas of
China. Limited attention has been paid to this issue as it occurs in rural regions, especially those within
undeveloped areas. This study mainly examined the spatio-temporal dynamics of rural settlements
and the associated impact on local land uses in Henan, China, from the late 1980s to 2010 by using
multi-period land-use status and dynamic products. We analyzed two land-use conversions in detail,
including the impacts of rural settlement expansion on cultivated lands and the urbanization of rural
settlements. We conducted this work during the three periods of the end of the 1980s-2000, 2000-2010,
and the end of the 1980s-2010, at the two spatial scales of province and prefecture cities. The results
indicate that the net area of rural settlements in Henan was increasing from the end of the 1980s to
2010. However, the increasing trend in the area of rural settlements is negative while the decreasing
trend is positive in this period. From a provincial view, the impact on cultivated lands had a slightly
negative trend, while an opposite trend was shown in the urbanization of rural settlements. Substantial
variations took place between prefecture cities regarding the area dynamics, impacts on cultivated
lands, and urbanization of rural settlements. An advantage of this study is to systematically examine
the dynamics of rural settlements and the impact on local land-use types over a period about 20 years
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in an undeveloped area of Henan province, China. Further studies are needed to examine the potential
drivers and consequences of rural settlement changes on the environment.
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