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ABSTRACT: The study discussed the feasibility of CLUE-S model in Panjin in two different scena-
rios. Results showed that driving forces of land use in the model could smulated the land use in Pan-
jin well, including slope, aspect, distance from river, density of population and so on. In the smula-
tion in Panjin for 2018, two scenarios were designed. By comparison of the two scenarios, the land
use pattern of environmental protection mode was better than development following existing trends
mode. The simulations could be the important references for future land use plan.
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INTRODUCTION

Land use and land cover (LUCC) change is an important indicator of human activities through its in-
fluens on biodivesity, water, and radiation budgets, trace gas emissions, carbon cycling, and live-
lihoods (Liu et a., 2009, Verburg et a., 2002, Larmbin et a., 2000). The Study of causes,
processes, and cosequences of LUCC is recognized as a current research frontier in ecosystem man-
agement(Wu and Hobbs, 2002). As well, land use planning and management substaintially is to pre-
dict land use changes based on different scenarios and to choose the best one for applying. Although
many researchers studying on land use have different disciplinary background, they all realize that
understanding and modeling land use driving factors of different spatial and temporal scales determin
the location of land use simulation (Thompson et al.,2002). In addition, land use analysis can help to
assess the impact on nature resources. The needs of spatially explict land use models has led to the
develop of awide range of land use change models. Clue-S model is one of these models which con-
sidering combination of economic and social driving factors(Turner, 1994). And the model could si-
mulate future land use changes for land use planning. This study was designed to examine LUCC in
Panjin city based on Clue-S model. Such a case study may be helpful for decison makers to make
useful policy-making of land use planning.

MATERIALSAND METHODS

Study Area
Panjin (40°39'- 41°27°'N, 121°25- 122°31'E) is located at the central of Liaohe River Delta of
Liaodong Bay with the area about 4084 k.
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Figure 1. Location map of the study area(Panjin).

Panjin area is atemperate continental climate, with hot rainy season. The annual average temperature
and frost-free period are 8.4°C and 170d. And the rainfall is 623.2mm. In this area, the aluvia plain
and tidal flat are the main landtypes. The main avantage community is reed wetland with the area
about 800kn?. In the intertidal belt, suaeda heteroptera spreads widely. Seashore Sdline soil is the
main soil mediain the region.

Data Preparation

Satellite image in 1988(Landsat MSS, resolution: 79m), 1998 and 2008 (Landsat TM, resolution:
30m)were used to derive land use as seven types. paddy field, dry farm, reed mash, ponds, river, for-
est land and built-up areas. All classification results of the three images were resample to the resoltu-
tion of 80m. Driving forces of the land use in Panjin were selected including natural factors and so-
cial-economic factors as follows:

Tablel. The sdlected dring factors
Types of Factors Factors
Slope
Aspect
Distance from Coastal
Distance from River
Distance from Settlement
Distance from Road
Social-Economic Density of Population
Factors Density of Rural Population

Natural Factors

Research M ethods

M odel description

Future land use/cover was predicted with the CLUE-S model, which is aland use change prediction
model that has been used and validated in a wide range of applications(Veldkamp et a., 2001; Ver-
burg and Veldkamp, 2004). The model is divided into a spatial module and a non-spatial module.
The non-spatial module calculates the demands for land-uses based on analyses of driving factors.
Meanwhile, the spatial module trandates these demands into land-use changes. Fore more details, the
study of Verburg et al.(2002) had expounded minutely.

M odél validation

ROC validation. ROC (relative operating characteristic ) test statistic is to determine if the land use
could be explained by 7 driving variables well in our study. The driving factors and land use types for
each raster cell were transformed into an ASCII format. The ASCII data were further transformed by

© 2015. The authors - Published by Atlantis Press 1172



International Forum on Energy, Environment Science and Materials (IFEESM 2015)

CLUE-S into a column format. Then, the data were analyzed by binary logistic regression to deter-
mine the relationship between each land use type and the factors.

Simulation validation. Prediction results of Clue-S model were determined by Applicability of the
models in Panjin. To assess the accuracy and feasibility of the model, the study would use the 1988
and 1998 land use pattern derived from the satellites as the input variables to simulate 2008 land use.
The simulation results of 2008 would be compared with the one interpreted from TM image by Kap-
paindex (Pontius 2000). Kappa statistics could be used to assess the similarity of two images. If the
value computed by Kappa greater than 0.75, the two image are similar and change dightly. There-
fore, the Clue-s model accuracy would be assess by the method in Panjin.

Scenarios Design

If the Clue-S model was available in Panjin, two scenarios of socia-economic factors would be taked
account for prediction Panjin future land cover in 2018. The scenarios of simulation includes history
trend (HT, development following existing trends mode) and environmental protection mode (EP).
In HT, land use change trend would determine by land use conversion from 1998 to 2008. The land
use demand determined by the calculation of the history data(Table 2). In EP, the land use demand
would determine by local policies of land use which taked ecological protection and intensive land
use into account(Table 2). After the design, the land use will be simulated and predicted.

Table 2 Land use demands of 2018 in two scenarios
HT Mode EP Mode

Paddy field 198801 149051
Dry farmland 31678 21682
River 5724 6910
Built-up area 50551 50038
Forest land 2768 17015
Pond 4496 5972
Reed mrash 86102 130888

RESULTS

Simulation accuracy

The logistic regression results were evaluated using the ROC. If the ROC was greater than 0.7 ,a
good explanatory by the seven driving factors for land use were suggested. The ROCs (Table 2)
were greater than 0.7 for all land-use types, suggesting successful correlations and strong powers to
explain the land-use patterns by the driving factors. And the driving factor could be used in subse-
guent experiments.

Table3. ROCs of different land use types by driving factors explained.

Land use types ROC
Paddy field 0.709
Dry farm 0.810
Reed mash 0.821
Ponds 0.747
River 0.729
Forestland 0.731
Built-up areas 0.812

To analysize the results by the smulation of the model, Kappa index was used to compare the simu-
lation of 2008 by the model and the land use from TM imagery. The calculation of Kappa is 0.83,
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which means the smulation and actural land use was similar. Therefore, the Clue-S model was feasi-
ble for predicting the near future land use. The smulation and actural land use were showed as Fig-

ure 2.

2a

o 5w

2b
Figure 2. 2008 Land use maps in Panjin by TM imagery intepreted and Clue-S model simulated. Figure 2a was from
TM; Figure 2b was Clue-S model.

Simulation results
The land-use maps in 2018 (Fig.3) were simulated from the actual data for 2008 assuming two sce-

nario modes.
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Figure 3. Simulated land-use maps of Panjin in 2018 assuming two development modes: assuming devel opment fol-
lowing existing trends (3a); assuming devel opment environmental protection mode (3b).

In HT (development following existing trends) mode, areas of river, ponds and reed mash were de-
clining persistently. Among these land use types, built-up areas were expect to increase and fragment
in reed mash, dry farm and other land-use types. In addition paddy field would occupy a lot of reed
mash in the south of Panjin. The two changes would lead to the reduce of natural ecosysytem and the
fragmentation of al land use in Panjin. Also, areas of human activites such as built-up areas and pad-
dy fields would expaned sustaintly by occupying natural ecosystems and others. The habitat of wa-
terflows depending on reed marsh and ponds would threatened as these changes.

In EP (environmental protection mode), the land use of reed mash would increase and expan in both
the south and the north of Panjin next to original reed marsh, because the change fo paddy filed be-
coming reed marsh. The built-up in EP were expected to be more concentrated on the basis of origi-
nal built-up areas in 2008. By these changes, habitat of wild waterflows would be increased and
completed. The ecosystems pattern of Panjin were better in EP than HT. The EP simulation results
could be used to guide future use plan and natural ecosystem recovering.

CONCLUSIONS

In the present study, the feasibility of CLUE-S model in Panjin was tested as well as used to s-
mulate land use change in Panjin from 2008 to 2018. In the simulation process, driving forces of land
use were regarded, including slope, aspect, distance from river, density of population and so on.

The result showed that, the Clue-S model was feasibility to predict the future land use by natural and
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social-economic driving forces. To simulate the land use in 2008, two scenarios were designed. In
different scenarios, the future prediction was different. By comparison of the two scenarios, the land
use pattern of environmental protection mode was better than development following existing trends
mode. The simulations could be the important references for future land use plan.
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