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Abstract

In this study, 1-km gridded land use maps from 1980, 1990, 1995, 2000, 2005, 2010, and 2015 were used to analyze transi-
tions in the spatial distribution and land use/cover in the Haihe River Basin (HRB) of China. The patterns of changes in land
use/cover were characterized by an increase in rural-urban industrial lands and decreases in cropland, forestland, grassland,
water, and unused land. Meanwhile, the land use/cover in 93% of the area in the HRB remained unchanged from 1980 to
2015. The results of a multi-temporal analysis of transition pathways from and to different land use/cover classes clearly
revealed the transitional process of each class. Further analysis of the dynamic mechanisms underlying the five most com-
mon transitions showed that croplands in the areas with better locations (proximal to a city), traffic (near roads), topography
(low altitude and flat terrain), and hydrology (close to a river) and rapid economic and population growth were likely to be
changed into construction lands. Grasslands in areas at low altitude, over flat terrain, near a city, and with decreasing rainfall
were easily changed to croplands, and croplands and forestlands in areas with unfavorable topographic (high altitude and

uneven terrain) and hydrological (far from a river) conditions were likely to be converted into grasslands.

Keywords Land use - Land cover - Land use transition - Haihe river basin

Introduction

Land use is defined as the human manipulation of the land
to fulfill a need or desire. As a result of land use, land cover
refers to the physical conditions of the land surface (Turner
and Meyer1991). Land-use change involves either a shift
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from one use to another (e.g., from dry land to rice paddy)
or the expansion and intensification of an existing form,
such as from subsistence to commercial farming (Matson
et al. 1997). The influences of land use on the environment
and natural ecology, such as biosphere—atmosphere interac-
tions, biodiversity, surface radioactive forcing, biogeochemi-
cal cycles, and the sustainable utilization of environmental
resources (Liu et al. 2014a, b), are mainly achieved through
land cover; thus, land use and land cover are interrelated
(Quan et al. 2006).

In 2005, the Global land Project (GLP) was launched
to deepen the understanding of the coupled human land
environmental system in the context of earth system evolu-
tion. Then, the “Future Earth” plan (2014-2023), and the
Sustainable Development Goals (SDGs) (2015-2030) were
sponsored successively by International Council for Sci-
ence (ICSU), International Social Sciences Council (ISSC),
and Sustainable Development Goals (SDGs) (2015-2030),
respectively. The impacts and challenges of global envi-
ronmental change on regions, countries, and societies and
sustainable development were the themes of these two
plans. Understanding regional land use/cover transitions are
vitally important to regional environmental management and
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sustainable development. Thus, the study on land use/cover
transitions has been a popular theme of global environmental
studies that link human activities to natural ecological pro-
cesses (Mooney et al. 2013; Fan et al. 2008; Pijanowski and
Robinson 2011; Kadiogullari and Baskent 2008).

China has experienced tremendous change in all aspects
since the reform and opening of China in the 1980s, and
land use/cover transitions have gained increasing attention.
Additionally, the increases in both data and projects make
the study of land use/cover transitions convenient. Currently,
a 1:100,000-scale national land-use change vector data-
base and a 1-km gridded database of component classifiers
have been completed for seven periods: the 1980s, 1990,
1995, 2000, 2005, 2010, and 2015. Based on this database
and local RS images, along with other related data, land
use/cover transition studies have been performed in many
regions of China at different spatial scales and temporal
ranges. For example, at the national scale, Liu et al. (2003,
2009, 2014a, b, 2018a, b) studied spatiotemporal dynamic
changes in land use and the driving forces in China in the
early 21st Century, the 2000s, the 1990s, the late 1980s, and
from 2010-2015. On the regional scale, Cao et al. (2011)
analyzed the quantitative changes in land use in the Three
Gorges Reservoir area of China from 1975 to 2005, Wei
et al. (2017) obtained information on land-use changes in the
Shiyang River Basin from 1986 to 2015 using RS data, and
Fan et al. (2008) detected and predicted land use/cover tran-
sitions in the Core Corridor of the Pearl River Delta from
1998-2003 using Thematic Mapper (TM) and Enhanced
Thematic Mapper (ETM+) images. At the urban scale, the
dynamic processes of the spatiotemporal characteristics of
land-use change in several cities have been analyzed in many
studies (e.g., Kuming, Changsha, Xiamen, and Shanghai)
from the 1980s to recent years (Sun et al. 2016; Chen et al.
2015; Quan et al. 2006; Shi et al. 2012). Most of these stud-
ies have revealed that large changes have occurred in land
use patterns in China, and these changes are characterized
by a decrease in farmland and an increase in urban areas.

The Haihe River Basin (HRB), covers all of Beijing
and Tianjin, along with parts of Hebei, Shanxi, Shandong,
Henan, Liaoning, and Inner Mongolia. This is a very impor-
tant basin in China because it is the political center of China,
as it contains the capital, Beijing. Therefore, the HRB is the
pioneering and demonstration area of various reform meas-
ures nationwide, and the pattern of land use/cover changes
can represent those across China. Secondly, the HRB is one
of the dominant economic centers in China. Beijing is sec-
ond only to Shanghai as the largest economy in China, and
Tianjin, another municipality in the HRB, is the largest port
city in northern China. The province of Hebei, with 91% of
its area located in the HRB, is one of the important energy
and heavy industry bases in China. Since the reform and
opening of China in the 1980s, the HRB has experienced
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great change and rapid economic development; thus, land
use/cover has inevitably been changed in this area. Finally,
the HRB is one of the most populated areas in China, with
13.6% of the national population and only 3.3% of the land
area, according to statistics from 2015 (Citation). Thus, the
higher intensity of human activities may lead to more dras-
tic land use/cover changes than observed in other Chinese
basins.

In recent years, many researchers have focused on the
HRB to study changes in farmlands (Jiang et al. 2007;
Meng et al. 2013), soil nutrients (Shu et al. 2015; Liu et al.
2018a, b), climate (Liu et al. 2011; Shen et al. 2015; Yin
et al. 2015; Shi et al. 2014; Zhang et al. 2015), hydrological
conditions (Kan et al. 2016; Wang and Zhang 2015), and
grain productivity (Yang, 2017; Hong et al. 2014). Moreo-
ver, studies of local land use/cover transitions in the HRB
have been performed using RS images, topographic data,
statistical socioeconomic data, and historical survey data
(Han et al. 2015; Li et al. 2016). However, these existing
studies have been restricted to the local scale or to a limited
timeframe. In short, there has been no comprehensive land
use/cover transition study in this region of China to-date.
In 2018, the Ministry of science and technology of China
launched the national key research and development pro-
gram "The impact of global change on regional water and
land resources", aiming to explore the law of water and land
resources change under global climate change and social
and economic development. The HRB is one of the research
regions of the program, and land use/cover transition is the
most direct response to climate change and economic and
social development. Thus, in this study, land use/cover tran-
sitions from 1980 to 2015 in the HRB were studied using
RS data and GIS tools. The characteristics and patterns of
land use/cover changes and their driving factors were ana-
lyzed quantitatively, and thus provide a scientific basis for
decision-making with respect to regional resources and coor-
dinated environmental development.

Materials and methods
Study area and data

The HRB (~35t0 43° N,~ 112 to 120° E; Fig. 1) is located
on the northeastern North China Plain, with an area of
318,000 km?, and accounting for approximately 3.3% of
the total national land area. In 2015, the total population
and gross domestic product (GDP) of the HRB were 187
million people and 11,090 billion Yuan (~$1612 billion
USD), respectively accounting for 13.6% and 16.1% of
the total of the nation. In this study, the land use/cover
data of the HRB in 1980, 1990, 1995, 2000, 2005, 2010,
and 2015 was obtained from the Chinese Resource and
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Environment Database (http://www.resdc.cn/), in which
1-km gridded land use/cover maps were interpreted from
Land Satellite (Landsat) TM/ETM, Landsat 8 operation
land imager (OLI), and Gaofen-2 (GF-2) images. Accord-
ing to the land classification system for RS interpreta-
tion, land use/cover was divided into six classes and 25
subclasses (Liu et al. 2009), and the overall accuracy of
the subclasses was greater than 91.2% (Liu et al. 2014a,
b). The daily precipitation and temperature data for 250
meteorological stations with data coverage from 1980 to
2015 in and around the HRB were provided by the China
National Climate Center, and the data for provincial and
city boundaries, roads, and rivers were from the national
fundamental GIS from the national database (http://nfgis
.nsdi.gov.cn).

116°E

Data processing

In this study, for the convenience of analysis, all subclasses
of cropland, forestland, grassland, open water areas, and
unused land were combined into the Level I class, and all
subclasses of rural-urban industrial land remained in the
final chosen classes due to their high values and increasing
rates of differences. The final chosen land use/cover classes
are shown in Table 1.

Spatial analysis
Land use/cover transition matrices and maps were calculated

to quantify and spatialize the land use/cover changes from
one class to another between two time periods by using the
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Table 1 Codes and names of

Classes Subclasses Final selected classes
land use classes, subclasses, and
final selected classes 1 cropland 11 paddy field 1 cropland
12 dry land
2 forestland 21 forest 2 forestland
22 shrubbery

3 grassland

4 open water area

5 rural-urban industrial land

6 unused land

23 sparse woods
24 other woods

31 high cover grass 3 grassland
32 moderate cover grass

33 low cover grass

41 river and canals 4 water

42 lake

43 reservoir pit

44 permanent glacier snow
45 beach

46 lowlands

51 urban and town land
52 rural residential land
53 other built-up land

61 sand

62 Gobi

63 saline-alkali land
64 marshlands

65 bare land

66 bare rock land
67 other land

5 urban and town land
6 rural residential land
7 other built-up land

8 unused land

ArcGIS 10.2 Spatial Analyst tool. In this study, there were
seven time periods of land use/cover data; thus, seven dig-
its for each cell (1 km X 1 km) could be obtained via GIS
to present the multiple change pathways for all locations
within the study area over time. Additionally, if one cell
remained unchanged between two time periods, the cell was
categorized as persistent (Pijanowski and Robinson 2011;
Pontius et al. 2004); otherwise, the cell was categorized as
a transitional cell. The total persistence was then calculated
as the proportion of one land use/cover class or all land use/
cover classes that remained in their class during the change
interval, and the range of persistence was from O to 1. The
closer the total persistence was to 1, the more the land use/
cover remained unchanged between two time periods. For
the entire study area, persistence was calculated for both
the entire 35-year period and for the two neighboring time
periods to compare the proportions from the two steps of
different periods and those of the six-step transitions.

Dynamic mechanism analysis

Driving factors

Land use/cover transitions are influenced by the natural and
socioeconomic interactions within a certain region (Liu and
Long 2016; Long 2015; Chen and Zhang 2011). Thus, in

this study, these two driving factors were selected to analyze
their impact on land use/cover transitions.

@ Springer

Natural drivers In previous studies, topographic and hydro-
logical variables have usually been selected for driving
force analyses because they affect the spatial heterogeneity
of hydrothermal conditions and the degree of land surface
development. In this study, the topographic factors were
expressed by elevation (X;, Fig. Sla) and slope (X,, Fig.
S1b); the hydrological conditions were characterized by the
distance to the main river (X3, Fig. Slc). Additionally, cli-
matic factors are usually applied to analyze their influences
on land use/cover changes (Liu and Long 2016). Thus, the
changes in annual rainfall (X,, Fig. S1d-i) and mean annual
temperature (X, Fig. S1j—p) between two time periods were
selected to characterize the change in climatic conditions.
The spatial distributions of annual rainfall and mean annual
temperature for one year were obtained by the kriging inter-
polation method, based on the diurnal monitoring data col-
lected at 250 meteorological monitoring stations.

Socioeconomic drivers Spatial heterogeneities in socio-
economic conditions are the result of human activities in
a regional geographical environment, leading to spatial
differences in land use/cover changes. For example, loca-
tions with better economic conditions and higher levels
of urbanization have more significant impacts on land
use/cover transitions than other regions. In this study,
the following factors were selected to express the spati-
otemporal heterogeneity of socioeconomic conditions:
(1) GDP change (X, Fig. S2a—e) and population change
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(X5, Fig. S2f-k) for each city between two time periods
were selected to characterize the economic conditions;
(2) the distance to a municipal-level administrative center
(X5, Fig. S21) was chosen to characterize the location; (3)
the distance to the main road (X,, Fig. S2m) was used to
express the impact of traffic conditions.

Relationship between land use/cover transition and driving
factors

To analyze the impact of driving factors on the land use/
cover transitions in the HRB, each of the nine driving fac-
tors were divided into 10 categories based on quantiles.
Then, for each driving factor X, (k=1, ..., 9 in this study)
and each transition period, the study area, D, was divided
into many subareas D; (i=1, 2, ..., 10; 10 is the number
of categories for each driving factor). For each type of land
usg{cover transition, J, in one subarea, D;, reqqrded as
[C;(‘foriginal, C,’(‘ftarget], a probability of transition, P}/, for the
driving factor, X, in subarea D; was calculated using the
formula:

Count;{original—k,target

i _
Pk =

x 100%, (1)

Count?
k,original

where Count}’ . .
,original

cover class at the initial time of transition type j in the sub-
area D, during all transition periods and Countj{‘forigina]_k,target
is the total area of the original land use/cover class that was
transformed into the target land use/cover class at the end of
transition type j in the subarea D; during all transition peri-
ods. The Spearman correlation coefficients between i and P;f
(i=1,2, ..., 10 in this study) were calculated to express the
relationship between driving factor X, and land use/cover

transition type j.

is the total area of the original land use/

Results

Spatial distributions of land use/cover classes
in HRB

Figure 2 shows the spatial distribution of the land use/
cover classes in the study area in 1980, 1990, 1995, 2000,
2005, 2010, and 2015, and Table 2 shows the proportions
and areas of land in each land use/cover category by time
period. Croplands, accounting for an average of 50.19% of
the total area from 1980-2015, were distributed through-
out the HRB, with more coverage in the eastern part of
the study area. From 1980 to 2015, croplands exhibited
the largest decrease in area, 6507 km? (4.02%). Rural

residential lands were scattered throughout the cropland
areas, and accounted for an average of 5.27% of the total
area from 1980-2015, and increased by 11.33% over time.

In the HRB, there are 25 large and medium-sized cities,
such as Beijing, Tianjin, and Shijiazhuang, along with 223
counties. The urban and town areas are mainly distributed
in the plains region within the eastern part of the study
area and accounted for an average of 1.52% of the total
area from 1980 to 2015. The urban and town land areas
increased steadily from 1980 to 2015, with the largest
increase being 4164 km? (154.05% of the original area).
Other built-up land types, including mines, large industrial
areas, oil fields, saltpans, and quarry areas, were mainly
distributed on the eastern margin of the study area and
accounted for an average of 0.95% of the total area from
1980 to 2015. From 1980 to 2015, the area of other built-
up land types increased by 107.33%. The forest and grass
areas were distributed in the western and northern parts
of the study area, accounting for averages of 19.1% and
19.54% of the total area from 1980 to 2015, respectively.
Forestlands and grasslands decreased by 450 and 495
km? from 1980 to 2015, respectively, accounting for only
0.74% and 0.8% of their areas in 1980. Water areas were
mainly composed of rivers, reservoir pits, and lowlands,
with an average of only 2.3% of the total study area from
1980 to 2015, and decreasing by 1.07% of the original
amount from 1980 to 2015. Unused land was mainly com-
posed of sand (north of the study area), saline—alkali lands,
and marshlands (east of the study area), and accounted for
an average of 1.13% of the total area from 1980 to 2015,
which decreased by 16.51% from 1980 to 2015.

Land use/cover persistence

As shown in Table 3, the persistence of each land use/
cover class in the study area across all time intervals var-
ied from 0.71 (unused land) to 0.96 (forestland). In all
intervals from 1980 to 2015, rural-urban industrial lands,
water areas, and unused lands persisted less than the total
persistence (0.93) of all land use/cover classes, suggest-
ing that these categories were more dynamic than crop-,
forest-, and grasslands. Additionally, unused lands had
the lowest persistence of only 0.71 from 1980 to 2015;
its greatest decreasing proportion from 1980 to 2015
(—16.51%, Table 2) indicates a higher level of develop-
ment for unused land. In contrast, forestlands had the
greatest persistence of 0.96 from 1980 to 2015, and as the
total area decreased by only 0.74% from 1980 to 2015,
forest protection efforts in the HRB could be considered
effective. The total persistence of the region from was
0.93, indicating that 93% of the total area in the HRB
remained unchanged in land use/cover over time.

@ Springer
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Table 2 Proportions of land in

LUC 1 2 3 4 5 6 7 8

each land use/cover (LUC) class

by time period % total 1980 5112 1921 1959 231 085 503 065 1.24
% total 1990 50.92 19.10  19.66 2.25 0.98 5.13 0.74 1.22
% total 1995 50.23 19.05 19.55 2.32 1.42 5.40 0.87 1.16
% total 2000 50.41 19.07 19.54 2.33 143 5.19 0.89 1.13
% total 2005 49.94 19.06  19.49 2.29 1.83 5.25 1.04 1.09
% total 2010 49.64 19.12  19.49 2.29 1.98 5.27 1.19 1.03
% total 2015 49.06 19.07 19.43 2.28 2.17 5.60 1.35 1.04
% change (1980-2015) -402 -0.74 -080 -1.07 15405 1133 107.33 -16.51
% annual change —0.11 -0.02 -0.02 -0.03 4.40 0.32 3.07 —-0.47
Change (1980-2015) km®> —6507 —450 —495 —78 4164 1804 2210 —649

l—cropland; 2—forest; 3—grass; 4—water; 5—urban and town land; 6—rural residential land; 7—other

built-up land; 8—unused land

Table 3 Persistence values for

LUC classes by time interval Time period 1 2 3 4 5 6 7 8 Regi.onal
persistence
1980-1990 0.99 0.99 1.00 0.93 1.00 1.00 0.99 0.96 0.99
1990-1995 0.98 0.99 0.99 0.96 0.99 0.98 0.94 0.91 0.98
1995-2000 0.98 0.98 0.96 0.96 0.93 0.93 0.96 0.90 0.97
2000-2005 0.99 1.00 0.99 0.94 0.98 0.98 0.96 0.93 0.99
2005-2010 0.99 1.00 1.00 0.98 0.99 0.99 0.98 0.93 0.99
2010-2015 0.97 0.98 0.97 0.95 0.95 0.96 0.95 0.95 0.97
1980-2015* 0.93 0.96 0.94 0.81 0.92 0.88 0.88 0.71 0.93

1—crop land; 2—forest; 3—grass; 4—water; 5—urban and town land; 6—rural residential land; 7—other

built-up land; 8—unused land

“Denotes persistence from 19802015 refers to the ratio of the cells that remained in their class during all

change intervals

Land use/cover transitions

The land use/cover transitions in the HRB during differ-
ent periods using a transition matrix are shown in detail
in Table S1. The eight most common transition pathways
for each land use/cover class from 1980 to 2015 from the
original class and toward the new class are shown in Figs. 3
and 4, respectively. Each land use/cover class in 1980 tran-
sitioned to itself most frequently (i.e., persisted), and the
percentage of each class that transitioned to itself equaled
the persistence of each land use/cover class across all time
intervals. Meanwhile, each land use/cover class in 2015 also
originated from itself most frequently.

For croplands, most of the lost area in 1980 ultimately
transitioned into urban and town lands or rural residential
lands (Fig. 3a) in 1995, followed by in 2005; however, the
gained area mainly originated from grasslands, water areas,
and forestlands (Fig. 4a) in 1990 and 1995. Meanwhile, we
noticed that part of croplands transitioned into grasslands,
rural residential lands, forestlands, and water areas in 2000.
And then, in 2015, those lost areas were transitioned back
into croplands.

For forestlands, 95.85% of the original forest remained
forest in 2015. Most of the lost forest eventually transi-
tioned to grassland (Fig. 3b) in 1990, 1995, and 2000.
And, a small amount of forest in 2015 originated from
cropland or grassland in 1990, 1995, and 2010 (Fig. 4b).
Meanwhile, part of forestlands transitioned into grasslands
and croplands in 2020, transitioned back into forestlands
in 2015. A total of 93.94% of the grasslands in 1980
remained unchanged from 1980 to 2015, and 1.67% and
1.16% of the original grasslands transitioned to cropland
and forestland in 2000, respectively, before finally transi-
tioning back into grasslands in 2015 (Fig. 3¢). Addition-
ally, a small amount of grasslands in 2015 originated from
forestlands and croplands at different periods (Fig. 4c).
Similarly, part of grasslands transitioned into croplands
and forestlands in 2020, transitioned back into grasslands
in 2015. A total of 80.77% of the original water area in
1980 remained unchanged in 2015, and most of the lost
water area was transitioned to cropland in 1990, 1995,
2000, and 2005 (Fig. 3d). Meanwhile, most of the gained
water areas were came from cropland at different periods
(Fig. 4d).

@ Springer
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«Fig.3 The eight most common transitional pathways for each LUC
class from 1980 to 2015 from the origin. Percentages of all multi-
ple transitions combined are given on the right of each plot. 1—crop
land; 2—forest; 3— grass; 4—water; 5—urban and townland; 6—
rural residential land; 7—other built-up land; 8—unused land

For urban and townlands, most of the original area
remained or transitioned to urban and townlands via a mul-
tistep pathway (Fig. 3e). In contrast, only 31.15% of the
urban and townlands in 2015 came from the original area
in 1980, and most of the gained area came from croplands
and rural residential lands (Fig. 4e) in all periods except for
2000, indicating that the process of urbanization invaded a
large amount of cropland and merged with a small amount of
rural residential lands. Similarly, most of the original rural
residential area remained unchanged from 1980 to 2015
(Fig. 3f), and most of its increased rural residential area
came from croplands in all periods except for 2000 (Fig. 4f).
Figure 3f also shows that a small amount of rural residential
land transitioned to urban and town lands in 1995, 2005, and
2010. Figure 3g shows that most of the original other built-
up lands that were lost were converted into urban and town
lands, with single, double, or triple transition pathways,
while 87.73% of its area remained unchanged from 1980
to 2015. Table 2 shows that other built-up lands increased
by 107.33%, and most of these areas came from croplands,
grasslands, and unused lands (Fig. 4g). As shown in Fig. 3h,
more than 20% of the unused lands were developed into
other land use/cover classes, such as cropland, other built-up
land, and grassland. However, 70.7% of the original unused
lands were still unused from 1980 to 2015, and > 10% of the
unused land in 2015 was derived from grasslands, croplands,
or water areas (Fig. 4h).

Dynamic mechanism results

There were a total of eight land use/cover classes, and con-
sequently, there were 56 types of land use/cover transitions
(i.e., 8 X 8 — 8 = 56) in theory. However, the probabilities
of most types of land use/cover transitions were very low.
Thus, the five most common transitions within all time
intervals, including cropland to rural residential land (4403
km?), urban and town land (3864 km?), grassland to crop-
land (2815 km?), cropland to grassland (2516 km?), and
forestland to grassland (2376 kmz), were further studied.
The spatial distributions of these transitions in the six neigh-
boring time intervals from 1980 to 2015 are shown in Fig. 5.

Based on the methods introduced in “Relationship
between land use/cover transition and driving factors”, all
transition probabilities, P;{‘j, for each explanatory variable,
X, and the five most common land use/cover transitions
were calculated. Tables S2-S6 in the “Supplementary
Material” show the transition probabilities for each driving

factor in detail. Based on the data shown in Tables S2-S6,
the Spearman correlation coefficients between the transi-
tion probabilities and the driving factors are calculated,
and the results are shown in Table 4. For example, in the
Table 4, the first result (—0.87*%%) is the Spearman cor-
relation coefficient between land use/cover transition type
“1-6” and the explanatory variable X, (elevation). It was
calculated by using the data shown in column 2 (1, 2, 3, 4,
5,6,7,8,9,10) and 3 (0.47, 0.62, 0.74, 0.75, 0.26, 0.14,
0.15,0.11, 0.10, 0.03) of the Table S2 in the “Supplemen-
tary Material” file.

Croplands that were converted to construction lands,
including rural residential lands (class 1-6) and urban and
town lands (1-5), were widely distributed throughout the
HRB. The transition from cropland to construction land
was significantly and negatively correlated with elevation,
slope, distance to the main river, distance to the munici-
pal-level administrative center, and distance to the main
road at the 0.01 or 0.05 alpha levels, with the changes in
GDP and population positively and significantly correlated
at the 0.01 or 0.05 level. Among the seven driving factors,
distance to the municipal-level administrative center, dis-
tance to the main road, distance to the main river, eleva-
tion, and slope had the most significant negative impacts
on the transformation of cropland to construction land.
However, the changes in GDP and population had signifi-
cant and positive impacts on the conversion of cropland
to construction land.

Grasslands that were transformed into croplands (class
3—-1) were mainly distributed in the western part of the
HRB. This type of transition was significantly and nega-
tively correlated with slope and the change in annual rain-
fall at the 0.01 level, and with elevation and the distance to
the municipal-level administrative center at the 0.05 level.
Among these four driving factors, elevation and slope had
extremely significant negative impacts on the probability
that grasslands would be transformed into croplands.

The transition from cropland to grassland was signifi-
cantly and positively correlated with elevation, slope, dis-
tance to the main river, distance to the municipal-level
administrative center, and distance to the main road at the
0.01 or 0.05 levels. However, it was significantly nega-
tively correlated with the changes in GDP and population
at the 0.05 level. Meanwhile, the transition from forest-
land to grassland was significantly and positively corre-
lated with elevation and slope at the 0.01 level, and with
distance to the main river at the 0.05 level.
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Discussions

Main characteristic of land use/cover transitions
of HRB in different periods

From 1980 to 2015, the most prominent characteristic of
land use/cover transitions in HRB was the occupation of
cropland by construction land. The area of construction

lands, including rural residential lands, urban and town
lands, and other built-up lands, exhibited continuous
growth during the study period. Among them, the area of
urban and town lands increased by more than 150% from
1980 to 2015. Since the late 1970s, owing to reforma-
tion policies, the economy and population of the study
area increased rapidly (Fig. S2a—k). Thus, the increases
economic and population growth required more land
to accommodate the needs of industry, commerce, and
housing. Additionally, in the HRB, the higher population
density, better infrastructure, and relatively flat terrain,
provided a good basis for regional urban development.
Meanwhile, the growth of construction land presents
different characteristics in different periods. For exam-
ple, according to the results of Table 2, for urban and
town land, the average annual growth rates are 1.53%,
8.98%, 0.14%, 5.59%, 1.64% and 1.92% in the periods
of 1980-1990, 1990-1995, 1995-2000, 2000-2005,
2005-2010, and 2010-2015, respectively, indicating dif-
ferent characteristics of the times. The period of 1990
to 1995 is the period with the largest urban growth rate,
because of the rise of foreign investment, economic and
technological development, and real estate development
in this period. However, the area of construction land
increased slowly from 1995 to 2000, and might reflecting
the impact of the 1997 Asian financial crisis. Meanwhile,
in this period, under the influence of national macro-con-
trol policies, especially the implementation of western
developmental strategies, urbanization in eastern China,
including in the study area, slowed. Then, in the period of
2000-2005, the social and economy of China was devel-
oping fast and continuously. Double GDP and increasing
proportion of urban population lead to the average annual
growth rate of urban and town land rising from 0.14 to
5.59% in this period.

The expansion of construction land was mainly at the cost
of cropland. According to the results shown in Fig. 4e-g,

Table 4 Spearman correlation coefficients between the probabilities of transition for the five most common LUC transitions and the explanatory

variables in Haihe River Basin from 1980 to 2015

Transition type X, X, X3 X, X; Xe X; Xg X,

l1to6 —0.87%* —0.95%* —0.94%* -0.71% 0.41 0.72% 0.68%* —0.99%* —0.95%*
lto5 —0.86%* —0.96%* —0.89%* -04 -0.19 0.88%* 0.74* —-0.86* —0.63*
3to1 —-0.69* —0.99%* 0.18 —0.88%* 0.29 -0.26 -0.47 -0.7*% -0.48
1to3 0.92%* 0.71%* 0.99%* —-0.65% 0.19 ——0.69* —0.68% 1#* 0.95%*
2t03 0.83%%* 0.96+* 0.55% -0.61 0.4 -0.46 -0.34 0.59 0.01

l—crop land; 2—forest; 3—grass; 4—water; 5—urban and town land; 6—rural residential land; 7—other built-up land; 8—unused land

X, elevation, X, slope, X; distance to the main river, X, change in annual rainfall, X5 change in mean annual temperature, X, change in GDP, X;
change in population, X; distance to the municipal-level administrative center, X, distance to the main road

*Correlation is significant at the 0.05 level (two-tailed)

**Correlation is significant at the 0.01 level (two-tailed)
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58.3% of new urban and town lands, 59.7% of new rural
residential lands, and 49.8% of new other built-up lands in
2015 came from the occupation of croplands, leading to a
decrease of more than 6500 km? of cropland in the HRB.
In terms of temporal variation, the rates of cropland reduc-
tion were 0.39%, 1.36%, —0.29%, 0.94%, 0.43%, and 1.25%,
during the periods of 1980-1990, 1990-1995, 1995-2000,
2000-2005, 2005-2010, and 2010-2015, respectively. It is
noteworthy that the area of cropland increased slightly from
1995 to 2000. This was due to the promulgation and imple-
mentation of a series of land management policies and regu-
lations, such as the “Regulations on the Protection of Basic
Farmland” and the Land Management Law, which played an
important role in protecting cropland resources. Moreover,
the new grain croplands were mainly derived from grass-
lands. According to the daily temperature data from 250
meteorological stations, the mean annual temperature in the
HRB increased by 1.65 °C over this period. In the northern
region of the study area, due to climatic warming, it has
been possible for traditional pastures to be converted into
croplands, which has, to some extent, led to the reclamation
of pasture resources (Liu et al. 2003).

Analysis of the dynamic mechanisms

Natural geographic factors and socioeconomic development
have jointly affected land use/cover transitions in the HRB.
According to our dynamic mechanism analyses (Table 4),
croplands in better locations (close to a city), with better
traffic (near roads), and topographic (low altitude and flat
terrain) and hydrological (close to the river) conditions, as
well as rapid economic and population growth, were more
likely to be changed into construction land. Similarly, grass-
lands at low altitudes and on flat terrain are easily converted
into cropland because such grasslands are readily cultivated.
For example, as shown in Table S4, 1.98% and 2.21% of
the grasslands with slopes of 0-0.64 and 0.66—1.97, respec-
tively, were transformed into croplands during the study
period. However, only 0.19% of the grasslands with slopes
ranging from 15.32 to 23.95 were thus transformed. Mean-
while, the distance to the municipal-level administrative
center had a significant negative impact on the transforma-
tion of grasslands into croplands, indicating that the popula-
tion and food pressures near the city were among the major
reasons for grasslands to be transformed into croplands. In
particular, the change in annual rainfall significantly affected
the transformation of grasslands into croplands but had no
significant impact on the other four land use/cover transi-
tion types. Thus, with the decrease in rainfall, grasslands
were rapidly transformed into croplands, especially if the
grasslands had favorable topographic and hydrological con-
ditions, and were conveniently located.

@ Springer

The elevation, slope, and distance to the main river had
significant positive impacts on the cropland and forestland
areas that were transformed into grasslands, indicating that
croplands and forestlands with poor topographic (high alti-
tude and uneven terrain) and hydrological (far from a river)
conditions were more likely to be changed into grasslands.
Meanwhile, the distance to the municipal-level administra-
tive center and to the main road also had significant positive
impacts on the transformation of croplands into grasslands,
indicating that cropland areas far from cities and roads were
more likely to be transformed into construction land than
those areas close to cities and roads. However, the changes in
GDP and population also had significant negative effects on
the transformation of croplands into grasslands, indicating
that croplands in areas with slow economic and population
growth were more likely to be transformed into grasslands
than that in the areas with rapid economic and population
growth.

Conclusions

The transitional patterns of land use/cover in the HRB
changed significantly from 1980 to 2015 and were charac-
terized by an increase in rural-urban industrial lands and
decreases in the other land use/cover classes, including crop-
lands, forestlands, grasslands, water areas, and unused lands.
Among the decreasing classes, croplands exhibited the larg-
est decrease, 6507 km? from 1980 to 2015, accounting for
4.02% of its original area in 1980. The results of persistence
analyses indicated that 93% of the area in the HRB remained
unchanged in land use/cover during the study period. The
details of these transitions were clearly displayed by the
multi-temporal transition pathways from the original class
and toward the new class. For example, most of the original
cropland in 1980 that was lost was ultimately transformed
into rural—-urban industrial land in 2015; however, most
of the cropland that was gained in 2015 was derived from
grasslands, water areas, and forestlands.

The results of dynamic mechanism analyses indicated that
the topographic factors, including elevation, slope, and dis-
tance to the main river, had significant impacts on all five of
the most common types of land use/cover transitions, except
for the impact of distance to the main river on grasslands
transformed into croplands. Meanwhile, climatic factors
had no significant impact on the five most common types
of land use/cover transition, except for the impact of change
in annual rainfall on grasslands that were transformed into
croplands. Economic factors, including changes in GDP and
population, location factors (i.e., distance to the municipal-
level administrative center), and traffic factors (i.e., distance
to the main road) had significant effects on three types of
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land use/cover transitions, including those from cropland to
rural-urban industrial land and from grassland to cropland.

Funding This work was supported by the National Key R&D Program
of China (Grant No. 2017YFA0605002), the National Natural Science
Foundation of China (Grants Nos. 41877001 and 41671217), and the
Fundamental Research Funds for the Central Universities (Grant No.
2662017PY038).

References

Cao Y, Zhou W, Wang J, Yuan C (2011) Spatial-temporal pattern and
differences of land use change in the Three Gorges Reservoir Area
of China during 1975-2005. J Mt Sci 8:551-563

Chen B, Zhang F (2011) Trend and priority areas in land use research
of China. Geogr Res 30(1):1-9 ((in Chinese with English
abstract))

Chen YL, Xie BG, Li XQ, Deng CX, Zhu YG (2015) The prelimi-
nary research on relationship between the change of land use
and urbanization in Changsha from 2003 to 2013. Econ Geogr
35(1):149-154 ((in Chinese with English abstract))

Fan F, Wang Y, Wang Z (2008) Temporal and spatial change detecting
(1998-2003) and predicting of land use and land cover in Core
corridor of Pearl River Delta (China) by using TM and ETM+
images. Environ Monit Assess 137:127-147

Han H, Yang C, Song J (2015) The spatial-temporal characteristic of
land use change in beijing and its driving mechanism. Econ Geogr
35(5):148-154 ((in Chinese with English abstract))

Hong S, Hao J, Zhou N, Chen L, Lu Z (2014) Change of cultivated land
and its impact on grain production pattern in Huang-Huai-Hai
Plain. Trans Chin Soc Agric Eng 30(21):268-277 ((in Chinese
with English abstract))

Jiang Q, Deng X, Zhan J, Liu X, Tang H (2007) Climate change and its
impacts on the agricultural productivity potential on the Huang-
Huai-Hai Plain. Geogr Geo-inf Sci 23:82-85 ((in Chinese with
English abstract))

Kadiogullari AI, Baskent EZ (2008) Spatial and temporal dynamics of
land use pattern in Eastern Turkey: a case study in Giimiishane.
Environ Monit Assess 138:289-303

Kan ZH, Liu CS, Qiao FX, Gao W, Chen MS (2016) Monitoring the
changes of water storage over the Huang-Huai-Hai plain based
on the GRACE satellite. Remote Sens Model Ecosyst Sustain
XII1:99750G

Li C, Wu K, Zha L (2016) Research on land use change characteristics
and driving forces in Beijing, Tianjin and Hebei Region. China
Popul Resour Environ 26(5):252-255 ((in Chinese with English
abstract))

Liu Y, Long H (2016) Land use transitions and their dynamic mech-
anism: the case of the Huang-Huai_Hai Plain. J Geogr Sci
26(5):515-530

Liu JY, Zhang ZX, Zhuang DF, Wang YM, Zhou WC, Zhang SW,
Li RD, Jiang N, Wu SX (2003) A study on the spatial-temporal
dynamic changes of land-use and driving forces analyses of China
in the 1990s. Geogr Res 22(1):1-12 ((in Chinese with English
abstract))

Liu JY, Zhang ZX, Xu XL, Kuang WH, Zhou WC, Zhang SW, Li
RD, Yan CZ, Yu DS, Wu SX, Jiang N (2009) Spatial patterns
and driving forces of land use change in China in the early 21st
Century. Acta Geogr Sin 64(12):1412-1420 ((in Chinese with
English abstract))

Liu ZJ, Yang XG, Wang WF (2011) Changes of China agricultural
climate resources under the background of climate change.

IV. Spatiotemporal change characteristics of agricultural cli-
mate resources in sub-humid warm-temperate irrigated wheat-
maize agricultural area of Huang-Huai-Hai Plain. J Appl Ecol
22(4):905-912 ((in Chinese with English abstract))

Liu J, Kuang W, Zhang Z, Xu X, Qin Y, Ning J, Zhou W, Zhang S, Li
R, Yan C, Wu S, Shi X, Jiang N, Yu D, Pan X, Chi W (2014a)
Spatiotemporal characteristics, patterns, and causes of land-use
changes in China since the late 1980s. J Geogr Sci 24:195-210

LiuJY, Kuang WH, Zhang ZX, Xu XL, Qin YW, Ning J, Zhou WC,
Zhang SW, Li RD, Yan CZ, Wu SX, Shi XZ, Jiang N, Yu DS,
Pan XZ, Chi WF (2014b) Spatiotemporal characteristics, pat-
terns, and causes of land-use changes in China since the late
1980s. J Geogr Sci 24(2):195-210

Liu JY, Ning J, Kuang W, Xu X, Zhang S, Yan C, Li R, Wu S, Hu
Y, Du G, Chi W, Pan T, Ning J (2018) Spatio-temporal pat-
terns and characteristics of land-use change in China during
2010-2015. Acta Geogr Sin 73(5):789-802 ((in Chinese with
English abstract))

Liu Q, Yan CR, Ju H, Garre S (2018) Impact of climate change on
potential evapotranspiration under a historical and future climate
scenario in the Huang-Huai-Hai Plain, China. Theor Appl Clima-
tol 132(1-2):387-401

Long H (2015) Land use transition and land management. Geogr Res
34(9):1607-1618 ((in Chinese with English abstract))

Matson PA, Parton WJ, Power AG, Swift MJ (1997) Agricultural inten-
sification and ecosystem properties. Science 277(25):504-509

Meng P, Hao J, Zhou N, Hong S (2013) Difference analysis of effect of
rapid urbanization on cultivated land changes in Huang-Huai-Hai
plain. Trans Chin Soc Agric Eng 29(22):1-10 ((in Chinese with
English abstract))

Mooney HA, Duraiappah A, Larigauderie A (2013) Evolution of natu-
ral and social science interactions in global change research pro-
grams. PNAS 110(Suppl. 1):3665-3672

Pijanowski BC, Robinson KD (2011) Rates and patterns of land use
change in the Upper Great Lakes States, USA: a framework for
spatial temporal analysis. Landsc Urban Plan 102:102-116

Pontius RG, Shusas JR, McEachem M (2004) Detecting important
categorical land changes while accounting for persistence. Agric
Ecosyst Environ 101:251-268

Quan B, Chen JF, Qiu HL, Romkens MIM, Yang XQ, Jiang SF, Li BC
(2006) Spatial-temporal pattern and driving forces of land use
changes in Xiamen. Pedosphere 16:477-488

Shen S, Chu R, Lv H, Li M, Shao L (2015) Precipitation variation and
its suitability for winter wheat in Huang-Huai-Hai region under
climate change. Chin J Agrometeorol 36(4):454-464 ((in Chinese
with English abstract))

Shi LJ, Wang SY, Yao XJ, Niu JJ, Yu LZ (2012) Spatial and tempo-
ral variation characteristics of land use and its driving force in
Shanghai city from 1994 to 2006. Resour Environ Yangtze Basin
21(12):1468-1479 ((in Chinese with English abstract))

Shi WJ, Tao FL, Liu JY (2014) Regional temperature change over
the Huang-Huai-Hai Plain of China: the roles of irrigation versus
urbanization. Int J Climatol 34(4):1181-1195

Shu X, Zhu N, Zhang JB, Yang WL, Xin XL, Zhang XF (2015)
Changes in soil organic carbon and aggregate stability after con-
version to conservation tillage for seven years in the Huang-Huai-
Hai Plain of China. J Integr Agric 14(6):1202-1211

Sun Y, Guo T, Cui X (2016) Intensity analysis and stationarity of land
use change in Kuming Citiy. Prog Geogr 35(2):245-254 ((in Chi-
nese with English abstract))

Turner BL II, Meyer WB (1991) Land use and land cover in global
environmental change: considerations for study. Int Soc Sci J
130:669-679

Wang GQ, Zhang JY (2015) Variation of water resources in the Huang-
Huai-Hai areas and adaptive strategies to climate change. Quat
Int 380:180-186

@ Springer



50 Page14of 14

Environmental Earth Sciences (2021) 80:50

Wei W, Xie Y, Shi P, Zhou J, Li C (2017) Spatial temporal analysis of
land use change in the Shiyang River Basin in arid China during
1986-2015. Pol J Environ Stud 26(4):1789-1796

Yang Y (2017) The empirical study on impacts of climate changes
on grain productivity in the Huang-Huai-Hai plain. J Arid Land
Resour Environ 31(6):130-135

Yin YY, Liu H, Yi XS, Liu WD (2015) Spatiotemporal variation and
abrupt change analysis of temperature from 1960 to 2012 in the
Huang-Huai-Hai Plain, China. Adv Meteorol 6:1-11

@ Springer

Zhang DD, Yan DH, Wang YC, Lu F, Wu D (2015) Changes in extreme
precipitation in the Huang-Huai-Hai River basin of China during
1960-2010. Theor Appl Climatol 120:195-209

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Transitions in land use and cover and their dynamic mechanisms in the Haihe River Basin, China
	Abstract
	Introduction
	Materials and methods
	Study area and data
	Data processing
	Spatial analysis
	Dynamic mechanism analysis
	Driving factors
	Natural drivers 
	Socioeconomic drivers 

	Relationship between land usecover transition and driving factors


	Results
	Spatial distributions of land usecover classes in HRB
	Land usecover persistence
	Land usecover transitions
	Dynamic mechanism results

	Discussions
	Main characteristic of land usecover transitions of HRB in different periods
	Analysis of the dynamic mechanisms

	Conclusions
	References




