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Dynamic Simulation of Land Use in the Southern Loess Plateau

Bin GUO"

College of Geomatics, Xi’an University of Science and Technology, Xi’an 710054, China

Abstract To study the dynamic changes of land use and predict the future land use scenarios based on the current land use, this paper uses
Cellular Automata — Markov (CA — Markov) model to simulate the landscape pattern in 2030. The results show that in the study area during

the period 1980 —2005, grassland and construction land increased, and woodland increased slightly; waters and unused land decreased, and

arable land underwent dramatic changes. The simulation precision of CA — Markov model is 87.28% , indicating that the use of it for simulation

is reliable. The land use of the study area will be changed greatly in the future. This method provides a reference for the regions to carry out

land prediction, and the research results can provide a basis for the study of optimization of land.
Key words Landscape pattern, CA — Markov, RS, GIS, Southern region of the Loess Plateau

The full understanding and complete simulation of the interaction
between the driving forces of LUCC is the premise of accurately

predicting the land cover change in the future'' ™'

The major
models for the land use change and simulation in the current aca-
demic world include system dynamics model, Clue-s model, CA

121 There are

model, multi-agent model and Markov mode
some problems in the above models in terms of applicability and
simulation precision. The efficiency of CLUE-s is low, needing to
be assisted by other softwares. Markov model can only predict the
dynamic changes of landscape pattern number, and fails to predict

21 Cellular Automata model

the spatial distribution of landscape
can predict the spatial distribution of landscape pattern, but it can
not predict the changes of number ™', A number of practical stud-

ies show that the current dynamic simulation of land use is gradu-

Table 1 Data sources

ally shifted from the simulation using the single method to the sim-
ulation using a variety of methods'”’. CA — Markov coupling model
not only has the spatial and temporal dynamic simulation function
of Cellular Automata model, but also has the long — term forecast
advantages of Markov model, with strong scientificity and practi-
) In this paper, GIS and CA — Markov model were used
to predict the land use scenarios in 2030, and explore the charac-

cality

teristics of land use change, in order to provide a decision — mak-

ing basis for the scientific and rational use of land resources.

1 Data sources and methods
1.1 Data sources In this paper, the southern Loess Plateau is
selected as the study area, and the main sources of data are shown

in Table 1.

Data types Acquisition time Resolution Data sources

Remote sensing image 1980, 1992, 2005 30 m, I5m http:// glefapp. glef. umd. edu:8080/ esdi/index. jsp

DLG 1988 1:1 000 000 http ://www. data. ac. en/zrzy/shi3. him

DEM(ASTER GDEM, SRTM) 2009 30 m, 90 m, 1:250000 http ://srtm. datamirror. csdb. en/

Soil type map 1980 1:500 000 http ://www. geodata. cn

Landform type map 1996 1:4 000 000 1:4000000 geomorphological map compiled by Li Bingyuan
NDVI August 21, 2007 1 km http ://westde. westgis. ac. cn

Land use map 1980, 1990, 2000, 2005 1:2 500 000, 1:100 000 http ://www. geodata. cn

Land use zoning map 1996 1:1 000 000 http : //www. geodata. cn

Fieldwork data 2008 -2011 - Land type

1.2 Research methods
1.2.1

stems from the quantitative description of system state and state

Land use transition matrix. Land use transition matrix

transition in the system analysis.
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A is the transition matrix of the original land use change; A;
is the area of land use type j in period k£ + 1 transformed from land
use type I in period k; row represents land use type i in period k;
column represents land use type j in period & + 1; B; is transfer

rate; C; is contribution rate!®!.

8

B, =4, x100/ 34, (1)
8

€, =A, X100/ A, (2)

1.2.2 Simulation precision test. Based on the land use data in
1980 and 1992, CA - Marcov model is used to predict the land use

in 2005, and the difference between forecast results in 2005 and



Bin GUO. Dynamic Simulation of Land Use in the Southern Loess Plateau

53

image interpretation results is calculated. If the prediction is cor-
rect, the difference is 0. ARCGISIO is used to gather statistics on
the regions with the difference of 0, and the precision is calculated.
1.2.3 Predictive simulation of landscape pattern. The technical

route is shown in Fig. 1.

2 Results and analysis

2.1 Landscape pattern transition matrix From Table 2, we
find that the land use change was remarkable from 1985 to 2005,
and the arable land underwent the most obvious change. Only 2.
176 9 km’ of arable land was transformed into unused land; 262.

494 3 km® of arable land was transformed into waters; 303.093 5

Quantitative analysis of landscape pattern
and its influencing factors

km’ of arable land was transformed into woodland; 852.927 9 km’
of arable land was transformed into grassland; 1 123. 804 0 km” of
arable land was transformed into construction land; 1 443.22 km’
of arable land was transformed into other types. And 97 460.29
km® of arable land was not transformed.

2.2 Prediction precision test Based on the land use data in
1980 and 1992, the land use map in 2005 is obtained by the pre-
diction in CA — Markov, and the prediction results and remote
sensing interpretation results are used for map operation. In ARC-
GIS10, the proportion of number of grid with the property value of
0 to total number of grid after map operation is obtained, and the

simulation precision is calculated at 87.28% .
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Fig.1 The technical route of landscape pattern prediction and simulation

Table 2 Land use transition matrix in the period 1985 —2005

Arable ) ) Construction Unused 1980 total
Woodland Grassland Waters
land land land (share // % )
Arable land A transfer-out rate( % ) 97460. 29 303.09 852.93 262.49 1123.80 2.18 100004. 79
B transfer-in rate(% ) C 97. 46 0.30 0.85 0.26 1.12 0
98. 88 0.59 1.28 10.78 23.44 1.59 44.69
Woodland A transfer-out rate( % ) 50.72 50407. 66 501.31 19.71 30.92 0.99 51011.31
B transfer-in rate( % ) C 0.10 98.82 0.98 0.04 0.06 0
0.05 98.71 0.75 0.81 0.64 0.72 22.80
Grassland A transfer-out rate( % ) 737.29 317.93 65373.05 82.63 79.76 1.19 66591. 84
B transfer-in rate( % ) C 1.11 0.48 98.17 0.12 0.12 0
0.75 0.62 97.92 3.39 1.66 0.87 29.76
Waters A transfer-out rate( % ) 307.93 1.33 31.42 2069. 92 8.11 0 2418.71
B transfer-in rate( % ) C 12.73 0.06 1.30 85.58 0.34 0
0.31 0 0.05 84.98 0.17 0 1.08
Construction land A transfer-out rate( % ) 2.90 0.01 0.83 0.56 3551.68 0 3555.99
B transfer-in rate( % ) C 0.08 0.00 0.02 0.02 99. 88 0
0.00 0.00 0.00 0.02 74.08 0 1.59
Unused land A transfer-out rate( % ) 2.44 36.77 3.19 0.34 0 132.89 175.62
B transfer-in rate( % ) C 1.39 20.93 1.82 0.19 0 75.67
0 0.07 0 0.01 0 96. 83 0.08
2005 total (share//% ) 98561.57 51066. 79 66762.73 2435. 65 4794.28 137.24 223758.26
44.05 22.82 29.84 1.09 2.14 0.06 100
This precision basically meets the requirements of landscape credible.

pattern prediction and simulation, indicating that using CA —

Markov model for landscape pattern prediction and simulation is

2.3 CA - Markov model result analysis Using CA — Mark-

ov, the land use map in 2030 is simulated according to the techni-
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cal route in Fig. 1, as shown in Fig. 2. The area of various types of
landscape and the proportion in 2030, and the landscape pattern
change and simulation results in the period 2005 —2030 are shown
in Table 3. From Fig.2 and Table 3, it is found that in the future
period of time, the land use will still experience great changes in

Table 3 The prediction results in 2030 ( proportion// % ; area//km’)

the study area, and the construction land will continue to in-
crease, still spatially distributed in the plains; the distribution
pattern changes from piece form to surface form and belt form; ar-
able land, waters, grassland and unused land will be reduced,

and arable land is reduced obviously.

) § . Area propor- o
Land use type Area in 2005 tion in 2005 Area in 2030

Area proportion change

in the period 2005 —2030

Area change in the

period 2005 —2030

Area propor-

tion in 2030

Construction land 4.794.28 1.59 6091. 15
Unused land 137.24 0.08 128.85
Woodland 51 066. 56 22.80 51 341.58
Waters 2 435.65 1.08 2218.99
Arable land 98 561.51 44.69 97 898.06
Grassland 66 762.55 29.76 66 079.63
Total 223 758.26 100 223 758.26

2.722 201 1 296.87 1.132 201

0.057 584 -8.39 -0.022 416
22.945 11 275.02 0.145 11

0.991692 —-216.66 -0.088 308
43.7517 —-663.45 -0.938 3
29.5317 -682.92 -0.228 3
100 0 0
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Fig.2 The landscape pattern prediction and simulation map of
the southern Loess Plateau in 2030

3 Discussions

Land use change study is always the focus of recent research of
farming — pastoral ecotone of China. This article carries out land
use change and simulation studies, which is of important theoreti-
cal and practical value to scientific and rational use of land re-
sources in the study area. GIS and remote sensing provide techni-
cal support for carrying out regional-scale land use change studies,
but the research results of land use change are affected by the data
quality and interpretation precision of remote sensing images and
other factors. Due to the impact of the spatial resolution of remote
sensing images in this article, only the first-level land use type is
currently determined when conducting remote sensing image inter-
pretation, and the second-level land use type is not yet divided,
so it is necessary to further reduce the scale in the future studies.
In addition, the natural factors and human factors are the main
driving factors for land use change, and in the short time scale,
human factors play a major role. Due to the time factor, this arti-
cle only carries out the research of land use change, and it is nec-
essary to carry out research on the land use change drivers in the
future. The prediction of land use change is a complex system
problem, and there is a need to set the transition rules in the pre-

diction and simulation of land use change, using Cellular Automa-

ta model. The transition rules are set based on the land suitability
evaluation results in this article, and the setting of transition rules
needs to be further studied.

4 Conclusions

(i) From 1980 to 2005, the land changes showed that the land use
structure was basically stable in the study area, and the sequen-
cing of area proportion of land use type was not changed; arable
land, grassland and woodland are the main land types in the study
area.

(i1) From 1980 to 2005, the spatial variation of land types
showed that the areas with increased construction land were mainly
concentrated in Guanzhong Basin, and Fen River Valley; there
were significant regional differences in the conversion of land use
types, due to the impact of different natural factors and human
factors.

(iii) Cellular Automata and Markov coupling model are used
for the prediction and simulation of landscape pattern, and the
precision is 87.28% , indicating that using CA — Markov model for
the prediction and simulation of landscape pattern is feasible.

(iv) In the future period of time, the land use will still expe-
rience great changes in the study area, and the construction land
will continue to increase, still spatially distributed in the plains;
the distribution pattern changes from piece form to surface form
and belt form; arable land, waters, grassland and unused land
will be reduced, and arable land is reduced obviously.
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The agricultural land is requisitioned in the process of urban
expansion, so part of the land added value income should be used
for increasing arable land, in order to maintain national consump-
tion of food crops under existing agricultural technical conditions.
However, it is uncertain about whether the new arable land devel-
oped through land reclamation has the productivity of previously
requisitioned arable land.

In a nutshell, the amount of arable land in terms of quantity
is not equal to efficiency of arable land in terms of quality. In the
distribution of land added value, sacrificing the interests of some
people in exchange for the interests of other people is the policy
bias, and the injustice to the landowners. So the land added value
income should establish a special account, and it is necessary to
establish authorized investment projects and distribution projects to
achieve the distributive justice under land ownership by the whole
people.
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