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Changes and driving factors of land use types

in Kuye River basin in recent 40 years

JIANG Xiaohui"?,GAO Haoqi"?,LEI Yuxin'?

(1. Key Laboratory of Surface System and Environmental Carrying Capacity, Northwest University, Xi'an 710127, China;
2. Urban and Environmental Sciences College, Northwest University, Xi'an 710127, China)

Abstract: In order to analyze the internal characteristics and driving mechanism of land use change, the spatial and temporal
changes of land use have been comprehensively examined based on the overall pattern of land use, the direction of land use trans-
fer, the degree of transfer,and the single dynamic degree of land use in the Kuye River basin in the past 40 years. SPSS software
is used to systematically explain its driving mechanism. The results showed that; The proportions of different land types
throughout the basin are grassland™farmland™coal mine land>forest land™>sand land>residential land™>water area>unused
land, respectively; Farmland is largely gathered in the middle and southeast of the basin while coal mine land is mainly distribu-
ted along the river bank;In the research period,as the most dynamic type of land use,coal mine land had greatly increased its
area,and its main inflow sources are grassland and farmland, and The large-scale exploitation of coal in this basin has seriously
affected the vegetation cover and agricultural production activities in this basin; The rapid economic development,especially the
growth of the secondary and tertiary industries are the most important driving factor leading to obvious changes in the coal mine
land and residential land in the basin, However the changes in farmland, forest land, grassland, and water area are also closely
related to them, but the changes are relatively small; Besides, the population also plays a more obvious role in the process of land
use change.

Key words: Kuye River basin;characteristics of land use change; coal mine land; principle component analysis;| inear regression

model; human activity; driving mechanism

The dynamic changing process of land use and
its driving mechanisms have been considered as im-
portant in the study of global environmental
changel™!. The land system, as a link and bridge
between human and environment-"', is the most
direct and intense site for the interaction between
human activities and natural environment>*'. This
paper proposes to study the driving role of human
factors in the land use change by exploring the
evolution process and the changing direction of

land use, which will provide guidelines for water

Received: 2020-03-16 Revised : 2020-04-24

and soil conservation and economic construction in
the study area.

As an important tributary of middle reaches of
the Yellow River,the Kuye River (whose location
is shown in Fig. 1) is a typical river in the eroded
areas of the Loess Plateau. The basin is covered
with sparse vegetation and severely eroded by wa-
ter and wind, with soil erosion accounting for
about 95 % of the total basin area. Therefore, it is
important to identify land use changes and their

driving factors in the Kuye River basin for soil and
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water conservation and economic development in
the region. Currently, there are many studies ana-
lyzing the land use changes of the Kuye River ba-
sin. Chen'" concluded that the vegetation coverage
of the Kuye River basin showed a fluctuating up-
ward trend over the 22 years from 1989 to 2011
Dai'*'believed that from 1986 to 2005 there were
large increases in construction land and forest
land, while the areas of cultivated land, unused
land, and water area reduced, especially the area of
unused land; Wu et al. "’ pointed out that the
large-scale coal mining in the Kuye River basin led
to a significant loss of static reserves of under-
ground water. However, there is no research on
driving factors of land use changes in the Kuye
River basin. In view of this, based on remote sens-
ing and GIS, this paper analyzes the changing
process of land use patterns and its driving factors
in the Kuye River basin over the past 40 years
from 1980 to 2018 using remote sensing image
interpretation, land transfer matrix, single dynamic
degree of land use, principal component analysis,

and multiple linear regression model.
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Fig. 1 Geographical location map of the Kuye River basin

1 Data source

The population in the study area (X 10" peo-

ple), the farmland area (X10* hm?) ,GDP per capi-
ta (CNY),the added value of secondary and tertia-
ry industries (X10® CNY) ,and the output value of
agriculture (X 10* CNY) come from China's Eco-
nomic and Social Big Data Research Platform (ht-
tp://data. cnki. net/NewHome/index) ; the raster
data of land use types in the Inner Mongolia Au-
tonomous region, Shaanxi Province, and Shanxi
Province in 1980, 1990, 1995, 2000, 2005, 2010,
2015,and 2018 come from Resource and Environ-
ment Data Cloud Platform, Chinese Academy of
Sciences (http://www. resdc. cn), with the resolu-
tion of 1 kmX1 km.

2 Changing characteristics of land use

2.1 Structure analysis of land use

Considering the geographic characteristics of
the Kuye River basin, we used GIS to integrate the
original secondary land use types in the study area
according to the criteria of the land classification
system, obtaining the following eight primary
types, which are farmland, forest land, grassland,
water area, residential land, coal mine land, sand
land, and unused land. The specific classification
system is shown in Tab 1.

The land area of each type in the Kuye River ba-
sin from 1980 to 2018 is obtained with mosaic, extrac-
tion,and reclassification of the original raster data (as
shown in Tab. 2). Overall, the areas of farmland and
grassland of the Kuye River basin fluctuated slightly o-
ver the past 40 years, but these two land use types
were always the most dominant types. In addition, the
coal mine land was the most variable one,

In 1980, farmland accounted for 18.29% of
the total basin area; grassland accounted for
65.53%; forest land, water area, residential land,
coal mine land, sand land, and unused land made up
3.45%, 2.46%, 0.78%, 0.03%, 6.93%, and
2.51% , respectively. During this period, the Kuye
River basin was dominated by grassland and farm-
land,and the modification of land use types by hu-
man activities was not yet apparent,

Based on the changing trend of the area of
each land use type in time series shown in Tab. 2,it

can be seen that from 1980 to 2000 the area of
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farmland increased slightly by about 31 km?®., and
the proportion of farmland increased to 18. 65%.
However,after 2000, the area of farmland began to
decrease continuously,and the proportion of farm-
land decreased to 14.76% by 2018. The share of
the grassland area increased from 65.53% to
69. 40% from 1980 to 1995. But the grassland area
continuously reduced since 1995, and its proportion
decreased to 63.87% by 2018. It can be seen that
during the period from 1980 to 2018, the areas of
farmland and grassland showed a trend of first in-
creasing and then decreasing. It might be related to
the variation in land use pattern caused by changes
in economic development. As the most variable
land use type in the last 40 years, the coal mine
land did not have obvious change from 1980 to
2000, but it increased in the periods from 2001 to
2010 and from 2011 to 2018. Moreover, it had an
extreme fast growth rate of 1 001.89% from 2011
to 2018. This growth rate was the biggest among

those in the same period, which was 5.27 times

Tab. 1

higher than that of residential land. The other land
use types differed much in the variation intensity.
The forest land showed a trend of decreasing first
and then increasing,and it had the highest growth
rate from 2000 and 2005. This was mainly caused by
the policy of returning the grain plots to forestry which
has been implemented in China since the beginning of
2000. The water area changed little. It reduced slightly
from 2010 to 2018, but it presented a stable trend
in overall with the proportion decreasing from
2.46% to 2.03%. The residential land showed a
stable trend from 1980 to 2000. It began to grow
continuously from 2000 to 2018, and the growth
rate reached the maximum of 143.93% between
2015 and 2018. It was closely related to economic
growth and population increase. The proportions of
sand land and unused land changed from 6. 93% to
4.06% and from 2.51% to 0.58%, respectively,
which both had evident reducing trends. It can be
seen that the overall land use degree in the study

area increased significantly over the last 40 years.

Land use classification system

Secondary type Primary type

Secondary type Primary type

11 Paddy field

41 River and canal

Farmland
12 Dry land 42 Lake
Water area
21 Woodland 43 Reservoir, puddle,and pond
29 Shrubs 46 Bottomland
Forest land
23 Open forest land 51 Urban and town land
Residential land
24 Other forest lands 52 Rural residential land
53 Other construction lands Coal mine land
31 High-coverage grassland
61 Sand land Sand land
32 Moderate-coverage grassland Grassland

33 Low-coverage grassland

63 Saline-alkali land
Unused land
65 Bare land

Tab. 2 The area of land use types from 1980 to 2018 in Kuye River basin Unit: km?

Land use type 1980 1990 1995 2000 2005 2010 2015 2018
Farmland 1588 1588 1618 1619 1519 1506 1473 1281
Forest land 300 300 285 295 387 392 385 431
Grassland 5691 5693 6 026 5920 5 870 5 867 5580 5543
Water area 214 212 216 214 200 200 186 176
Residential land 68 70 68 72 88 90 107 261
Coal mine land 3 3 3 3 35 53 404 584
Sand land 602 599 417 500 507 496 475 352
Unused land 218 219 50 60 74 77 74 50

From the perspective of spatial pattern; The

farmland was mainly distributed in the low-lying
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at a high elevation; The coal mine land was mainly
distributed in the central and northern parts of the
study area and had sparse distribution in the south-
east,and it was overall distributed near two tribu-
taries of the Ulan Moron River and the Beini-
uchuan River; The sand land and unused land con-
centrated in the central and northwestern regions.
2.2 Analysis of changing direction of land
use

To explore the conversion among different
land use types,we generally use the transfer matrix
of land use type to study the internal converting
characteristics of land use types-'’. This approach
visually reflects conversion amount, structural
characteristics,and converting direction in the vari-

L]

ations of land use types''"’. The transfer matrix is

shown below
rSll SIZ Slj Sl/:
521 Szz SZj o S')n

S, S, -+ S, - S.

LSnl Sn7 o Sn] o0 Snn _

Tab. 3 Dynamic transfer matrix of land use during 1980-2018 in Kuye River basin

where S is the land area,n is the number of land
use types,S; indicates the area of the i-th land use
type in period T converting to the j-th land use
type in period T—+m years.

Based on the raster data in eight periods, Arc-
gis is used to integrate the reclassified land use dis-
tribution images from 1980 to 2018 with the field
of "Type",so the computation amount of program
can be reduced. The images in the five periods from
1980 to 1995, from 1996 to 2005, from 2006 to
2015, from 2016 to 2018, and from 1980 to 2018 are
superimposed to obtain the transfer matrix of land
use in the Kuye River basin (only the transfer ma-
trix of land use from 1980 to 2018 is provided due
to the limitation of space),as shown in Tab. 3.

The followings during the study period can be
seen from Tab. 3.

(1) The area of coal mine land increased sig-
nificantly, which was mainly converted from farm-
land, forest land, grassland, water area, and sand
land,and their conversion areas all exceeded 6%. It
has been calculated that the area of coal mine land

increased nearly 200 times during this period.

Unit; km?

Categories Farmland Forest land Grassland Water area Residential land Coal mine land  Sand land Unused land Sum
Farmland 484 53 825 29 54 112 16 1 1577
Forest land 22 81 141 7 13 23 11 2 300
Grassland 687 254 3 966 65 149 382 140 20 5663
Water area 29 8 82 55 9 14 7 7 211
Residential land 7 5 23 4 26 2 0 0 67
Coal mine land 1 0 2 0 0 0 0 0 3
Sand land 42 20 307 10 4 42 170 2 597
Unused land 2 9 172 6 3 5 6 14 217
Sum 1274 430 5518 176 258 580 350 49 8 635

(2) Farmland mainly converted to grassland
during this period with a conversion rate of
52.31%. In addition, 7. 10% of farmland converted
to coal mine land, 3.42% to residential land, and
3.36% to forest land. Meanwhile, 12.13% of
grassland and 13.74% of water area converted to
farmland. Overall, the area of farmland changing
into other types of land was about 1. 4 times that of
other types of land converting into farmland in the

past 40 years, and the total area of farmland re-

duced by 19. 21%.

(3) The change in unused land was also sig-
nificant. The total area reduced by 77.42%. Most
of the unused land converted to grassland, which
accounted for about 84. 73% of the total conversion
area of unused land.

(4) The water area reduced slightly. Specific-
ally,6.64% of it degraded to unused land and sand
land,and 24. 64% of it was developed as farmland,

residential land, and coal mine land. The areas of
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rivers and canals, lakes, and reservoirs accordingly
reduced.

(5) Besides, the areas of residential land and
forest land increased rapidly by 285.07% and
43. 33% , respectively. The area of sand land reduced by
41. 37%. The sand land mainly converted to grassland,
with the conversion area reaching to 307 km?.

Through comparison,it can be found that over
the last 40 years, the area of farmland in this area
declined considerably, and the area of forest land
increased significantly. Meanwhile, 51% of sand
land and 79% of unused land converted to grass-
land. It shows that the measures such as large-scale
afforestation and grass planting as well as returning
the grain plots to forestry promoted in this area
achieved good results. Plenty of sand land and
unused land were used for ecological construction,
which resulted in an increase in the vegetation cov-
erage and improvement of the overall ecological en-
vironment in this area. This phenomenon was basi-
cally consistent with the research result of Wang et
al. "?Jin 2017. But at the same time, the coal mining
was expanding. The annual exploitation quantity
increased from 900 000 tons in 1980 to 225 million
tons in 2017 with an increase of nearly 250 times.
Meanwhile, the mine area evidently expanded, the
growth rate of which even reached to 192 33%.
The effect of this situation on the environment
could not be ignored.

2.3 Dynamic degree analysis of land use
change

The dynamic degree models of land use are
generally used to analyze the rules of dynamic con-
version of land use types. The models include the
single dynamic degree KM* and the comprehensive
dynamic degree LCM'*, both of which can qualita-
tively and quantitatively describe the changing
speed of land use. They can effectively compare the
variation differences of different land use types-'*'.
This paper mainly uses the single dynamic degree
to measure the changing rate and amplitude of a
specific land use type in a fixed period"*’. The for-
mula is shown in Equation (1)
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where U,; and U}, are areas of land use type i at the
beginning and end of the study, respectively; T is
the studying period.

The single dynamic degree of a land use type
is obtained through the above formula,as shown in
Tab. 4. Compared with other land use types, grass-
land had a dynamic degree always at a low level,
whose rate of change was very low. Grassland was
in a reducing trend with a slow speed. The dynamic
degree of coal mine land began to surge from 1996
to 2015 and maintained at a high level, which
showed a very apparent expanding trend. Although
its growth began to slow down from 2016 to
2018, its dynamic degree still ranked second. The
farmland area has decreased since 1995, and its
dynamic degree reached to peak between 2016 and
2018. The residential land showed a trend of slowly
expanding in the period from 1980 to 1995.
However, its change rate began to increase since
1995, and increased sharply to the maximum frem
2016 to 2018. Its dynamic degree ranked first. The
process of the change in forest land was
complicated,and the dynamic degree fluctuated be-
tween positive and negative values. But the abso-
lute values of the positive values were significantly
bigger than those of the negative values, indicating
that the expanding trend of the area of forest land
was obviously faster than the reducing trend, so

the forest land showed a growing trend over the

entire period.
3 Selection of driving factors and analysis

Form the analysis results of the land use
transfer matrix and the single dynamic degree of
land use type,it can be seen that the areas of farm-
land and coal mine land changed apparently from
1980 to 2018, which was mainly caused by the com-
bination of natural and social-economic factors. In
order to explore the driving factors influencing
changes in land use types in the Kuye River basin,
we should deeply analyze the driving factors and
obtain their rules influencing the change process of
land use, so as to reasonably predict the changing

trends in future.
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Tab. 4  The single dynamic index of land use in distinct parts of Kuye River basin Unit: %
Land use type 1980—1995 1996—2005 2006—2015 2016—2018 1980—2018
Farmland 0.13 —0. 60 —0.31 —4.29 —0.51
Forest land —0.33 3.63 —0.05 3.90 1. 14
Grassland 0. 39 —0.25 —0.50 —0.19 —0.08
Water area 0. 06 —0.74 —0. 65 —2.30 —0. 44
Residential land 0. 10 2.94 2.13 48. 43 7.50
Coal mine land 0 106. 67 107. 94 14, 84 506. 14
Sand land —2.03 2.11 —0. 61 —8.53 —1.09
Unused land —5. 14 4.51 0 —10. 81 —2.04

3.1 Selection of driving factors

In a land use change system, the interactions
among driving factors and their effects on the out-
side are so complex that the study on driving forces
of land use change is generally required to be car-
ried out in a specific region. The driving forces of
land coverage change are generally divided into
natural driving forces and human driving forces.
The natural driving forces are relatively stable,

whose effects are not obvious at short scales and

can be accumulated"™. Thus, the human driving
forces are often dominant, and the research on driv-
ing forces mostly focuses on them!'*.

Based on the detailed analysis of land use pat-
tern and dynamic conversion in the Kuye River ba-
sin, this paper confirms 11 indexes (X,—X);) as
independent variables (as shown in Tab. 5) for
analysis according to requirements of principal

component analysis and data selection of the Kuye

River basin.

Tab.5 The codes of variables

Population variable Natural condition variable

Industrial development variable

Coal mining variable

Total urban population X; Total precipitation X3

Total rural population X; Temperature (annual average) X; Output value of agriculture Xg

GDP per capita X5

Water yield of coal mine in Shenmu County Xo

Coal mining amount Xo

Added value of secondary industry X; Goaf area of coal mine X1,

Added value of tertiary industry Xg

The most important variables were X;—Xg
which represented development states of indus-
tries. These indexes aimed to measure the macro-
scopic economic development in this basin through
GDP per capita. The GDP values of the first, sec-
ondary,and tertiary industries and their variations
could represent the changing direction and rate of
industrial structure in the Kuye River basin over
the nearly 40 years. The conversion between land
use types in this basin is partially explained based
on the data. The agriculture GDP could be related
to the change in the farmland area. The added value
of secondary industry was closely linked with the
area change of coal mine land. The added value of
tertiary industry could represent the change in
commercial and service activities, which also had effects
on the structure of land use types in this basin.

The coal mining variable was also an impor-

tant variable in this study. The water yield was an
important index measuring the capacity of the aq-
uifer in the coal mining area to produce water.
Higher water yield indicated that the mine had a
larger capacity to produce water. The goaf meant
the underground "cavity" created by mining activ-
ities. Generally, the water yield increased with the
enhancement of mining area and volume in the
early stage of mining. But the water yield of a
mine remained at a stable constant when a certain
mining depth was reached. Thus, X,—X,; were
critical indexes to measure the change in mining
intensity in the Kuye River basin over the nearly
40 years.
3.2 Standardization of data

As the original data vary much in dimension
and order of magnitude, the original data should be

standardized uniformly before analysis in order to
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avoid errors in the calculation results caused by in-
fluences of different dimensions. This paper adopts
the normalization method based on standard devia-

tion for the descriptive statistics of original data.
3.3 Principal component analysis

Due to the large number of selected driving
factors, the large amount of data and the correla-
tions among the factors,direct operation will make
the analysis limited, so the principal component
analysis method is chosen to solve this issue. Prin-
cipal component analysis simplifies the influencing
factors to a few independent components through
dimension reduction, so as to concentrate on domi-
nant factors in a complex problem and try to reflect

most of information with minimum indexes.

Tab. 6

3.3.1 Eigenvalues and contribution rates of
factors

In this paper, 11 influencing factors (‘Tab. 5) are
selected for principal component analysis and the num-
ber of principal components is determined according to
eigenvalues and contribution rates of cumulative vari-
ances. Tab. 6 lists the eigenvalues, cumulative contribu-
tion rates,and variance contribution rates of all driving
factors. It can be seen that the first and the second
principal components had a cumulative contribution
rate of 92.45% , namely that 92.45% of the origi-
nal data were covered. This indicated that the two
principal components could fully represent the
original driving factors to reflect the specific situa-

tions of land use in the Kuye River basin.

The eigenvalue and the principal components contribution rate

Initial eigenvector

Quadratic sum of extracted loading

Componen
Sum Variance/ % Cumulative/ % Sum Variance/ % Cumulative/ %
1 9.012 81. 927 81.927 9.012 81. 927 81.927
2 1. 207 10. 975 92.902 1. 207 10. 975 92. 902
3 0. 499 4,538 97. 440
4 0.217 1. 975 99. 415
5 0. 030 0.272 99. 687
6 0. 020 0.184 99. 871
7 0. 005 0. 049 99. 920
8 0. 005 0. 043 99. 963
9 0. 002 0. 023 99. 985
10 0. 001 0. 011 99. 996
11 0 0. 004 100. 000

3.3.2 Calculation of factor loading matrix

After the principal components are confirmed,
according to the following loading formula of prin-
cipal components

VVvie, Gaj=1.2.p)  (2)

the loadings of initial factors at each principal

ly=p(z2,)=

component are calculated (the loading coefficient of
factor represents the degree of correlation between
the original variable and the principal component,
and a larger value indicates stronger correlation
between the two) to form the initial loading
matrix. The initial loading matrix can only represent
partial information of variables as it is not unique.,
For a clearer and more comprehensive representa-

tion of variable information, the initial loading
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matrix is rotated with Caesar normalized maximum
variance method, which makes the matrix structure
simple, so the principal components can be fully
interpreted and analyzed. The distribution of load-
ing coefficients after the principal components are
rotated is shown in Fig. 2.

The absolute value of the loading coefficient
corresponding to each variable in the table reflects
the important degree of this variable in the corre-
sponding principal component. Fig. 2 shows that
the driving factors whose loading coefficients were
bigger than 0. 800 on the first principal component
include the added value of tertiary industry, the
added value of secondary industry, GDP per capita,

the water yield of coal mine in Shenmu County, the
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coal mining amount, the goaf area of coal mine,and
the output value of agriculture. This suggested that the
first principal component could be used to approxi-
mately indicate the economic and industrial develop-

ment in the study area. The factors with higher load-

bl jiiim I|Ir|| PR Al

ing coefficients on the second principal component
included the total urban population, the total rural
population, and the temperature. Thus, the second
principal component could be used to represent the

changes in population and environment.
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Fig. 2 The distribution of load coefficient

3.3.3 Calculation of component scores
After the principal components used in the
analysis are confirmed, it is necessary to calculate
the values of original indexes on the first and sec-
ond principal components, namely the scores of
components, with the methods such as regression
method and Bartlett method. This paper uses the

regression method to calculate the scores of compo-

nents (Tab. 7). Based on Tab. 7 and Equation (3),
the score coefficients F, and F of principal compo-
nents and the comprehensive score I of driving
forces in each year can be obtained (Tab. 8), where
F is the weighted result of score coefficients with
the percentage of the variance of each principal
component in the total variance in the quadratic

sum of extracted loadings as the weight.

Tab. 7 Component score coefficient matrix

Variable  First principal component — Second principal component Variable  First principal component — Second principal component
Zscore(X1) —0.093 0. 297 Zscore(X7) 0. 166 —0. 043
Zscore(Xs) 0. 142 —0. 350 Zscore(Xg) 0. 168 —0. 045
Zscore(X3) 0. 321 —0. 326 Zscore(Xy) 0. 149 —0.018
Zscore(Xy) —0. 284 0. 502 Zscore(X10) 0. 149 —0.019
Zscore(X5) 0. 155 —0. 027 Zscore(X11) 0.125 0.017
Zscore(Xs) 0. 104 0. 044

p L XAE XA, (3y 4.1 Linear regression analysis
A +A;

where A, . A; is variance of two principal compo-
nents.

It can be seen from Tab. 8 that although the
comprehensive scores of driving factors influencing
the land use change in the Kuye River basin fluctuated
slightly from 1980 to 2018, an obvious rising trend was
exhibited overall. This indicated the driving factors in-
fluencing the land use change in the Kuye River basin

were gradually strengthening,

4 Analysis of driving factors

With coal mine land as the example, the multi-
ple linear regression is used to calculate the func-
tion between the land use change and two extracted
principal components. The regression matrix is es-
tablished with score coefficients F;, and F, of the
principal components in each year (Tab. 8) as inde-
pendent variables, so a multiple linear regression
model can be further established, as shown in
Equation (4), where a,,a,, and a, represent the
correlation coefficients.

The standardized data is processed with the
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multiple linear regression method through SPSS
software. As the area of coal mine land and the
score coefficients in each year are standardized val-
ues,a, is 0. During calculation, Y is the set as the
dependent variable; F} and F, are set as independ-
ent variables; F-test and goodness-of-fit test are
adopted to evaluate the accuracy of analysis re-
sults. The regression analysis results are shown in
Tab. 9 and the parameter estimation and hypothe-

sis testing results of regression analysis in Tab. 10.

Tab. 8 Principal component score coefficient for each year

Year Fy F, F Year F F; F

1980 —0.50 —0.97 —0.56|| 2000 —1.22 0.93 —0.96
1981 —0.41 —1.02 —0.48|| 2001 —1.06 0.97 —0.82
1982 —0.36 —1.05 —0.44]|| 2002 —0.50 0.35 —0.40
1983 —0.08 —1.48 —0.24|| 2003 —0.36 0.40 —0.27
1984  —0.01 —1.57 —0.19]] 2004 —1.13 1.37 —0.83
1985 —0.03 —1.53 —0.20(|| 2005 —0.90 1.29 —0.64
1986 —0.46 —0.87 —0.51|| 2006 —0.81 1.53 —0.54
1987 0.18 —1.54 —0.02|| 2007 0.27 0.40 0.28
1988 0.03 —1.35 —0.13]| 2008 0.06 0.92 0. 16
1989 —0.49 —0.65 —0.51] 2009 0.06 0.98 0.17
1990  —0.67 —0.42 —0.64|| 2010 0.41 0.96 0. 48
1991 —0.23 —1.01 —0.32|] 2011 1.09 0.56 1.03
1992 —0.09 —1.20 —0.22]|| 2012 1.61 0.25 1. 45
1993 —0.47 —0.66 —0.49(] 2013 1.58 0.57 1. 46
1994  —0.32 —0.70 —0.37|| 2014 1.55 0.72 1. 45
1995 —0.08 —1.06 —0.20(| 2015 1.08 1.27 1. 10
1996  —0.44 —0.28 —0.42]| 2016 2.53—0.13 2.22
1997 —0.93  0.33 —0.78(| 2017 1.82 0.81 1.70
1998 —1.59  1.47 —1.23]|| 2018 2.24 0.46 2.03
1999 —1.39 0.95 —1.12

Tab. 9 Regression analysis results

Model R R? F

1 0. 953% 0. 909 85. 286

Tab. 10 Parameter estimation and test results of regression analysis

Model Standardized Beta Standard error
(Constsnt) 0 0. 069
Fy 0. 850 0. 070
F, 0. 321 0. 070

Tab. 10 shows: R* = 0. 909, variance analysis
P=0,indicating that Equation (5) has a good fit-

ting degree; Moreover, the P values indicating sig-
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nificance of F, and F, are both 0, suggesting that
the two extracted principal components have sig-
nificant effect on the change in dependent variable
Y (i e. , the number of land use types). Substitu-
tion of a; and «a, into the regression model, Equa-
tion (4), gives the following regression Equation
(5).

Y=0. 850X F,+0. 321 X F, (5)

The linear regression equations of other land
use types in the Kuye River basin are established
with the same method, and the analysis results are
shown in Tab. 11. It can be seen from the table that
the fitting degrees and significance levels of linear
regression equations are high for all land use types
except grassland, indicating that the results of re-

gression analysis are reliable.

Tab. 11 Regression analysis results

Land use type Regression equation Significance level

Farmland Y=—0.813F; —0.403F; R?=0.907,F=83. 272

Forest land —~ Y=0. 672F+0. 624F; R?>=0.917,F=95.576
Grassland Y=—0.659F1+0. 272F, R?=0.713,F=18. 587
Water area Y=—0.817F1—0.513F; R?=0.965,F=242. 939
Residential land Y=0. 825F; +0. 367F R?=0.903,F=79. 160
Coal mine land Y=0. 850F| +-0. 321F; R?=0.909,F=85. 286
Sand land Y=—0.526F,—0.676F; R?=0.857,F=49. 774

Unused land  Y=—0. 212F, —0. 852F; R*=0. 878,F=60. 562

4.2 Result analysis of regression equations

According to the regression equations and
models, the followings can be obtained.

(1) Coal mine land. The area of coal mine land
in the Kuye River basin has a highly significant
positive correlation with principal component F)
(R=0.850), which represents economic develop-
ment. As the most important industrial raw materi-
al for energy and steel industries, coal is a funda-
mental element for rapid economic development.
Therefore, as the economic development in the
Kuye River basin grew, the demand for coal re-
sources also increased year by year. Data show that
from 1980 to 2018, the coal mining amount in the
Kuye River basin surged from 0. 90 million tons to
230 million tons, the water yield of coal mine in
Shenmu County increased by nearly 230 times, and

the net increase in goaf area of coal mine reached



JIANG Xiaohui,et al Changes and driving factors of land use types in Kuye River basin in recent 40 years

577 km?. It can be seen that the rapid economic de-
velopment in the last 40 years led to a massive ex-
pansion of coal area.

(2) Farmland. The changes in farmland are
negatively correlated with F; and F,. The correla-
tion coefficient with F) is high (R=—0.813) and
the correlation coefficient with F, is low (R =
—0.403). According to the meanings represented
by the principal components, it can be known that
economic development, especially the development
of heavy industries represented by coal mining, is
the main reason for the decrease in the farmland
area in recent years. The coal mining not only de-
stroys the soil structure and increases the possibili-
ty of erosion and drought on farmland as a result of
disturbing the surfacet’”, but also directly encroa-
ches on farmland. Data suggests that 19.41% of
the net increase in the area of coal mine land in the
Kuye River basin from 1980 to 2018 was from
farmland. Moreover, F; which was related to popu-
lation changes also has a negative correlation with
the change in farmland, which was directly related
to big changes in population structure in the Kuye
River basin in the study period. From 1988 to
2018, the number of rural people in the Kuye River
basin decreased from 312 900 to 127 400, and the
proportion of urban population in the total popula-
tion of the basin rapidly rose from 21% to 78%.
The changes in the population structure in the study
area directly resulted in the decrease in rural labor
force. The increase in the urban population also promo-
ted the urbanization process. The city continuously ex-
panded to the countryside, and many lands were used
for urbanization and industrialization.

(3) Forest land. It can be seen from the re-
gression equation that the area of forest land is
positively correlated with F; and F,,and the corre-
lation coefficient with F) is slightly large (R =
0.672). Therefore, one of the major reasons influ-
encing the change in the area of forest land is the
increasing urbanization and the rapid economic de-
velopment, As the economic development grows,
people are more aware of eco-environmental pro-
tection. Meanwhile, the improvement of compre-

hensive national power also provides sufficient ma-

terial support for returning the grain plots to for-
estry. In addition, F; which represents changes in
natural environment was also one of important fac-
tors influencing changes in the area of forest land
in the Kuye River basin. The total annual precipita-
tion of this basin remained high in recent years and
the temperature had an apparent upward trend,
which both promoted the increase in the area of
forest land in the Kuye River basin.

(4) Residential land. Tab. 11 shows that: The
first and second principal components are positively
correlated with the area of residential land (R, =
0.825, R, = 0.367); However, the first principal
component | remains the dominant factor, which
indicates that economic development was the most
important driving factor resulting in the expansion
of residential area in the Kuye River basin. Mean-
while, the continuous growth of population in the
Kuye River basin over the last 40 years (Fig. 3)
also led to an increasing demand for the residential
land in this basin. As the existing residential land
could not satisfy the continuous growing population,
small parts of sand land, unused land, grassland, and
farmland converted to residential land in the past 40
years, so the area of residential land increased.

(5) Grassland. F,, which represents economic
development, remains as the factor with the highest
correlation with the grassland area,and the correla-
tion coefficient is negative (R=—0.659). The ac-
celeration of industrial development, especially the
further expansion of coal mining, was one of the
main factors contributing to the destruction of
grassland coverage. The Kuye River basin is rich
in mineral resources such as coal and quartz sand,
and most of them are located in mountainous are-
as. Coal mining severely influenced the quality of
vegetation coverage. Data suggests that 66. 20 %
of the net increase in the area of coal mine land in
the Kuye River basin from 1980 to 2018 came
from grassland, but the grassland in the Kuye
River basin over the past 40 years had a small net
decrease due to the strong support of China for the
policy of returning the grain plots to forestry and
grassland.

(6) Water area. It is negatively correlated with
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F, and F; and has a high correlation with F, (R=
—0.817) and a low correlation with F, (R =
—0.513). This indicates that economic develop-
ment contributed to the decrease in the water area
of Kuye River basin to some extent during the
study period. It was mainly associated with large-
scale and high-intensity coal mining activities in the

basin. The increasing scale of coal mining led to a
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sharp increase in consumption of industrial water,
which directly resulted in significant decrease in
the underground water level in the coal mining are-
as and caused cutoff of rivers and drying up of
spring water in the surrounding areas. This is basi-
cally consistent with Yang' s research results™®”’
concerning the changes in runoff of the Kuye River
basin in 2014.
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Fig. 3 The population in the Kuye River basin

(7) Sand land. It is negatively correlated with
principal components F| and F; with low correla-
tion degrees (R} = — 0.526, R, = — 0.676). It
shows that rapid economic development, continu-
ous increase in population, and changes in natural
environment all contributed to the reduction in the
area of sand land but with small influencing de-
grees. This is consistent with the actual situation in
the study area.

(8) Unused land. The area of unused land is
negatively correlated with F, and F, and has a low
correlation coefficient with F;, (R=—0.212) and a
high correlation coefficient with F; (R= — 0. 852).
This indicates that the major factor influencing the
area of unused land in the Kuye River basin was
F,, which represents the changes in population
and natural environment. Tab. 7 shows that near-
ly 79% of unused land converted to grassland
from 1980 to 2018. This was related to abundant
annual precipitation and suitable temperature in

the Kuye River basin, as well as to the afforesta-
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tion and grass planting policy implemented in Chi-
na. Moreover, the continuous growth of popula-
tion increased the land use pressure in the basin,
so unused land was continuously developed to al-
leviate this pressure. Meanwhile, the changes in
population structure could deepen the land use de-
gree by promoting the transformation of consump-

tion structure.
5 Conclusions

(1) The proportions of areas of land use types
in the Kuye River basin currently were in the order
of grassland > farmland > coal mine land > forest
land>> sand land >>residential land > water area >
unused land. Farmland as mainly distributed in
central and low-lying southeastern areas in the ba-
sin; coal mine land was mainly distributed along
the mainstream of the river; residential land and
unused land were mainly distributed in the north-
western part of the basin.

(2) The sequence of single dynamic degrees of
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land use types was coal mine land™>residential land
>>unused land™>forest land™>>sand land>>farmland
>>water area_>grassland. During the study period,
the area of coal mine land increased at the highest
rate; the area of unused land decreased at the
highest rate; the changes in grassland were
smooth compared with those in other land use
types. This indicates the overall vegetation struc-
ture of the basin improved. The policies of retur-
ning grain plots to forestry and afforestation
achieved significant results. The land degradation
was reduced. The areas of bare land and sand land
reduced greatly. This shows that the comprehen-
sive development and utilization of land improved
significantly.

(3) This paper adopted multiple linear regres-
sion to qualitatively and quantitatively analyze the
driving factors. The results show the followings: @
Economic development, especially the growing sec-
ondary and tertiary industries, was the major cause
of land use change in this basin,and the influencing
intensity was increasing year by year. In all the
land use types, coal mine land was influenced the
most by the changes in the secondary and tertiary
industries, which showed a rapid change in the
study period. Meanwhile, the added values of the
secondary and tertiary industries in the basin rose
in the past 40 years,with GDP per capita increasing
by nearly 70 times. The economy was developed
comprehensively and rapidly, which also led to the
conversion of other land use types. @ Rapid
growth of population and transformation of popu-
lation structure also extremely influenced the are-
as, converting direction, and converting speed of
farmland, residential land, and unused land in the
basin, which were also important factors driving
the changes in land use types in the Kuye River ba-

sin over the past 40 years.
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