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ABSTRACT

To measure and analyze the transportation situation within the counties of Shaanxi province over a certain period of time,
and to promote the province's future transportation planning and development, this paper proposes a reasonable layout
plan and compares model rationality. The study uses entropy weight method to measure the transportation advantages of
107 counties in Shaanxi province from three dimensions: road network density, trunk line influence and location
advantage in 2013 and 2021 and applies spatial autocorrelation analysis method to analyze the spatial layout and
development trend of county-level transportation and conducts OLS regression on transportation impact factors and other
influencing factors. The paper also compares the regression fitting degree of the GWR model and the OLS model. The
results show that spatially, the transportation advantages of Shaanxi province generally show a decreasing trend from the
Weihe Plain to the surrounding areas, and mainly exhibit high-high clustering phenomenon. Temporally, transportation
advantages show an overall upward trend, and the phenomenon of spatial imbalance gradually decreases. People's travel
demands have changed to some extent, and the demand for rapid transportation has increased overall. The GWR model
regression fitting degree of transportation advantages is 0.74, which is higher than the OLS regression model's fitting
degree of 0.64. Based on the evolution of transportation advantages, it is predicted that this trend will continue for a
period in the future. To improve the transportation advantages of Shaanxi province, increasing the layout of rapid
transportation can effectively enhance the transportation advantages of Shaanxi province.
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1. INTRODUCTION

In the process of continuous national development, transportation planning and layout have always been placed in an
important position. Quantitative analysis of transportation advantage and spatial analysis can effectively evaluate the
status and development of transportation infrastructure construction in a region, thereby reflecting the transportation
advantages and future transportation layout of the region. Meanwhile, analyzing the spatial and temporal evolution
pattern of transportation advantage can effectively evaluate the quality of regional infrastructure, the distribution of
transportation facilities, and the specific characteristics of spatial transportation advantage, reflecting the spatial
development trend of the region.

In 1959, Hansen first proposed the concept of transportation accessibility, using this concept to evaluate the quality of
regional transportation conditions ['1. Subsequently, many scholars conducted in-depth research on the European road
network using comprehensive indicators and proposed measures to promote the level of accessibility in peripheral areas
(23] Transportation advantage will greatly affect the economic development level of a region, especially in tourism,
industry, and other aspects [*7, therefore, research on transportation advantage has always been a concern of researchers.
The research objects have also expanded from transportation advantage within urban rail transportation to aviation
networks, and the proposed recommendations for operation and management also vary with different research regions or
systems, resulting in different management and layout schemes ®1%. Transportation advantage in a region is also
considered to have a certain degree of correlation with social equity, so the reasonable layout of transportation will
deeply affect the social environment of the region [!112], At the same time, with the rapid development of Geographic
Information Systems (GIS) in recent years, researchers have new research methods and more intuitive ways of
displaying the analysis of transportation advantage in different regions [!*-161 Overall, fully utilizing regional
transportation advantages and avoiding transportation disadvantages can play an important role in the formulation of
regional economic development strategies, industry selection, and spatial structure optimization ['7-1%),
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2. RESEARCH DATA AND METHODS

2.1 Research Data Sources

This paper takes 107 county-level units as the research object and conducts statistical analysis on the spatial scope of
county-level units in 2013 and 2021. The research data includes road network and administrative area data, population
data, etc. in this area. All road network data are from the official website of OpenStreetMap; the administrative division
vector map files of Shaanxi Province are from the Shaanxi Provincial Geographic Information Public Service Platform,
the population data and economic data of each district and county come from the official website of the statistics bureau
of the prefecture-level city; the land use type data of Shaanxi Province comes from the resource and environment science
data of the Chinese Academy of Sciences The central website; the elevation data of Shaanxi Province come from the
geospatial data cloud website.

2.2 Calculation of traffic dominance

Based on the three basic theories accepted by many scholars—point-axis theory, traffic location theory, distance
attenuation theory, and the research of Chinese scholar Jin Fengjun, the situation of a local traffic facility ("degree" and
"quantity"), traffic volume Geographical location ("potential") to measure the transportation convenience or planning
layout of a region [2°21, Therefore, it is proposed to use the comprehensive evaluation of the three indicators of traffic
facility network density, traffic arterial influence degree and location advantage degree to reflect the traffic convenience
of a certain area. Standardize the traffic network density, traffic arterial influence degree, and location advantage degree
according to a certain method, and then carry out comprehensive integration to obtain the traffic advantage degree index
of each district and county, which can be expressed as:

F, = (0, xTD, + @, xT4, + &, xTL)

(1)
Where F' is the traffic advantage degree of the county unit, and the larger the value, the better the traffic advantage of
the region; 7D indicates the various road network densities of the county unit, 74 indicates the arterial influence
degree of the county unit, and 7L indicates the location advantage degree of the county unit; @, @, @, represent

the weight of network density, traffic arterial influence degree, and location advantage degree.
1)1road network density

The density of the traffic road network is the most direct response to the traffic development of a region. This index is
widely used in various traffic evaluations. It reflects the supporting capacity of regional development to a certain extent,
and it is also the embodiment of traffic supply capacity. The greater the road network density, the better the traffic
development in the area. Its expression is:

TDizzLi/Si (2)

Where L is the length of various roads in the county unit; S is the administrative area of the county unit.

2)Location advantage

The degree of location advantage refers to the degree of accessibility between each county unit in the study area and the
key node (city center) in the city, so this indicator represents the superiority of the geographical location of each county
unit. The average shortest travel time between the administrative centers of districts and counties and the centers of
prefecture-level cities is used to express. The shorter the time, the higher the degree of location advantage.

Its expression is: t,=D,V,, TL = i t, / N 3)
j

Where D, is the road network length of the research area unit 7 road type ¢, v, is the average driving speed of the

road type ¢ oty is the average time cost of the research area unit I road type ¢, and N is the number of road types.

3)Influence degree of traffic arterial line
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The degree of influence of traffic arteries is the embodiment of the region's ability to connect with the outside world, and
to a certain extent, it can reflect the ability of transportation infrastructure to support and guarantee regional development.
The greater the degree of influence of a traffic artery, the stronger its ability to support regional development. Judging
from the existing research, the current research will include consideration of ordinary railways, expressways, national
highways, high-speed railways, airports, and water ports. Since Shaanxi is in the interior of Northwest China, the water
transportation volume is very small, so the impact of water transportation is not considered here, and the classification
assignment method is used to evaluate the influence degree of the traffic arteries of each county unit according to
relevant research. Calculated as follows:

E[m = i Qiqm x Niqm ’ TAI = iBm X E‘im (4)
g=1 m=1

Where (), indicates the weight assignment of the m traffic facility type ¢, IV, is the number of the subtype m of

igm igm

traffic arterial facilitiesq in unit 7 ; B is the weight of the type m traffic arterial facilities; £, is the score of the m

m

traffic arterial facility in the research area unit I .
2.3 Influencing factors of traffic dominance
Dtraffic elements

There are many traffic elements that affect traffic dominance. In the process of correlation regression analysis, that is, to
study the contribution of traffic elements to traffic dominance, it should be ensured that there is no linear relationship
between variables, so as to ensure that there is no linear relationship between the variables in the regression analysis.
Residual variables do not appear during the analysis. Select the following indicators based on relevant studies of the data:
Distance from train station, Distance from the airport, County Road density, other road densities, railway density.

2)other elements

In addition to being directly affected by transportation facilities, the degree of regional transportation advantage is also
indirectly or directly affected by multiple factors such as regional GDP, urbanization level (proportion of built-up area),
industrial structure, population density, and elevation. In order to analyze which factors, contribute the most to the traffic
dominance and improve the regional traffic dominance on this basis, relevant regression analysis is carried out. The
premise of regression analysis must ensure that there is a causal relationship between the two in theory. The five
indicators are obtained according to the availability and theoretical relationship.

3. SPATIO-TEMPORAL CHARACTERISTICS ANALYSIS

According to the three-dimensional index of traffic advantage degree: traffic road network density, traffic arterial
influence degree, traffic location advantage degree and entropy weight method Calculate the traffic dominance level of
the counties in Shaanxi Province. After standardization, the entropy weight method calculates the relevant weight
according to the information entropy. The steps are as follows:

(1) Calculate the information entropy e (uncertainty) of each indicator

__ 15 5
e, = lnn%“pyln(pij) (5)
(2) Calculate the weight:
d, =1-¢,(j=1,2,3....m), wjzdj/z;dj, (j=1,200s ) (6)
=

Where is the utility value of information, and is the weight of each indicator. The information entropy and weight of
each index calculated according to the entropy value method are shown in Table 1. Among them, due to the greatest
difference in road network density in each county, the higher the information contained in this indicator, the higher the
weight of this indicator, accounting for 53.1%, exceeding the sum of the other two indicators.

Proc. of SPIE Vol. 13018 130180B-3



Table 1 The weight of each index of transportation advantage degree

Index Information entropy Information utility weight

road network density 0.75 0.25 53.1%
Location advantage 0.98 0.042 26.7%
traffic arterial influence degree 0.969 0.031 20.2%

Figure 1 Overall traffic advantages in 2013 and 2021

According to the weights and standardized figures in Table 1, the transportation advantage degrees of 107 districts and
counties in Shaanxi Province in 2013 and 2021 were finally calculated|(Figurel), and the traffic advantage degrees were
divided into five grades according to the quantile method. It can be seen from the figure that the areas with high traffic
advantages are mainly distributed in the Weihe Plain and the Hanjiang River Basin, and the prominent places form a "+"
character. During the eight years, affected by the construction of main roads, airports in northern Shaanxi, and high-
speed railways, the overall traffic advantage of Shaanxi Province has been rapidly improved. In 2013, the overall average
traffic advantage index of 107 districts and counties in Shaanxi Province was 4.0, and in 2021, the average traffic
advantage index was 5.0, with an average growth rate of 25%. The areas with higher growth rates are the northern
Shaanxi area and the southern Shaanxi area.

4. SPATIO-TEMPORAL CHARACTERISTICS ANALYSIS OF TRAFFIC DOMINANCE
AND THE INFLUENCE ANALYSIS OF VARIOUS FACTORS

4.1 Characteristic Analysis of Spatial Distribution
1)Spatial Balance Difference of Traffic Dominance

To evaluate the balance and fairness of a certain index in a region, the index of variation coefficient is widely used in
research at home and abroad. However, the traffic dominance index in Shaanxi Province has obvious spatial imbalance
and difference. To measure this unevenness, the index of variation coefficient is introduced. Its expression is:

CV=0"/>MA[> M, @)
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To explore the spatial balance of traffic dominance in each county in Shaanxi Province, the above formulas were used to
calculate the coefficient of variation of the three first-level indicators and the total traffic dominance in two years, and
then calculate the change rate. The results are shown in Figure 2. Among them, TA, TL, TD, and F represent Influence
degree of traffic arterial line, Location advantage, road network density, and traffic dominance respectively. The larger
the coefficient of variation, the more obvious or unbalanced the spatial difference of the index is, otherwise, the smaller
the difference is, the more balanced the spatial distribution is. Among the three first-level indicators of traffic dominance,
the coefficient of variation of traffic road network density in each county in Shaanxi Province was the highest in both
periods, 1.00 and 1.57 in 2013 and 2021, respectively. The balance of road network distribution is the lowest in terms of
county traffic dominance. According to the calculation, the coefficient of variation of the overall traffic dominance
degree in Shaanxi Province is from 0.319 in 2013 to 0.257 in 2021, with a growth rate of -19.4%, indicating that during
this period, the spatial difference in traffic dominance in Shaanxi Province gradually decreased. At the same time, the
variation coefficients of arterial influence degree, location advantage degree, and road network density in Shaanxi
Province have declined to varying degrees, and the growth rates of the variation coefficients are -36%, -46.5%, and -
36.3%, respectively. This is due to the impact of Shaanxi Province's strengthening of transportation infrastructure in
other places.
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Figure 2 The coefficient of variation of each index and its growth rate
2)Distribution pattern of cold and hot spots of traffic dominance

It can be seen from the above that the variation coefficients of traffic dominance in Shaanxi Province in the two periods
are greater than 0.25, that is, the traffic dominance has obvious spatial imbalance. To explore and understand the
situation of spatial imbalance, spatial anomaly and cluster analysis, Hot and cold analysis. Firstly, Moran I was used to
conduct global autocorrelation analysis on the overall traffic dominance in 2013 and 2021 respectively. The Moran 1
indices were all positive. Usually, the standardized statistic Z value is used for significance test, and the calculation
formula is:

Z(Moran'ly=(Moran'l — E(Moran'I)) / Var(Moran'I) ®)

where E(Moran'l) and Var(Moran'I) are the theoretical mathematical expectation and variance of Moran 1. Calculate

the Getis-Ord Gi* index of traffic dominance in Shaanxi Province in 2013 and 2021 respectively, divide it into 7 levels
according to the confidence level, and finally get the distribution of cold and hot spots of traffic dominance in Shaanxi
Province in the two periods shown in Figure 3. Overall, the hot spots in Shaanxi Province are concentrated in the west of
the Weihe Plain, that is, the An-Xianyang area. Most of the cold spot areas are distributed in the east-west boundary of
northern Shaanxi, and the other parts are indistinct gathering areas. From the perspective of topography and landforms,
most of northern Shaanxi is a loess plateau, and the east-west border does not pass through the main traffic road, which
leads to cold spots.

From the perspective of time development, the overall layout of cold and hot spots has not changed significantly, the
overall hot spot area has not increased, and the cold spot area has partially decreased, which explains the decrease in the
coefficient of variation to a certain extent.
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4.2 4.2 Analysis of the Influence of Various Factors on the Evolution of Traffic Dominance
1)The Influence of Traffic Elements on the Evolution of Traffic Dominance

The development of traffic dominance depends on various traffic infrastructures. To explore the strength of the
interaction between traffic dominance and various traffic elements in a region or the development relationship between
traffic dominance and various traffic elements, the Shaanxi Province OLS regression analysis of relevant traffic elements
is carried out on the traffic dominance degree from 2013 to 2021. The relevant indicators were standardized, and
collinear variables were eliminated. The OLS regression fitting results from 2013 to 2021 are shown in Table 2.

N egend_HotSpots Not Significant N egend_HotSpotsl Not Significant
“-,. i_Bin [ | Hot Spot - 90% Confidenc o r i_Bin [ Hot Spot - 90% Confidencq
' Cold Spot - 99% Confidence [ Hot Spot - 95% Confi , Cold Spot - 99% Confidence [J Hot Spot - 95% Confi

Cold Spot - 95% Confidence N Hot Spot - 99% Confidencd
Cold Spot - 90% Confidence legend

A 2013 B 2021

Figure 3 Analysis of cold and hot spots

Overall, the fitting effects of 2013 and 2021 are 0.57 and 0.62 respectively, and the fitting effects of the two periods are
not much different. According to the regression results in 2013, the regression coefficient of county road density is 0.86,
which is the variable with the highest regression coefficient among the variables studied in this period, The contribution
of other transportation elements in this period from high to low is railway density, expressway national highway density,
distance from railway station, and distance from airport. In the regression results for 2021, the density of counties and
roads is still the variable with the highest regression coefficient of all research variables in China, and its regression
coefficient is 1.20.

2)Effects of Other Factors on the Evolution of Traffic Dominance

After the spatial global autocorrelation and local autocorrelation analysis of Shaanxi province's traffic dominance, it is
found that the traffic dominance of Shaanxi province's counties has obvious spatial aggregation and spatial heterogeneity,
so simply using the general OLS regression model analysis often leads to making the fitting effect lower. However, the
GWR model will have different fitting effects on the same variable due to different regions, which is caused by the
different geographical and social environments in each region. This often makes the GWR model more advantageous on
spatial data. The results of the regression analysis in 2013 show that the gross product value of districts and counties is
the variable that has the greatest impact on the degree of traffic advantage among all the factors considered, followed by
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the proportion of built-up areas in districts and counties and the average elevation of districts and counties on the degree
of traffic advantage. Larger, while the population density and per capita GDP of districts and counties have little impact
on the degree of traffic advantage. It can be seen from this that the local economy and transportation development were
closely related during this period. In the 2021 traffic dominance regression results, the proportion of built-up areas in
districts and counties has the greatest impact on traffic dominance, with a regression coefficient of 0.37; followed by the
district’s and county’s GDP, with a regression coefficient of 0.32; The average elevation, regression coefficient is 0.19;
the least impact is the population density of districts and counties and per capita GDP of districts and counties.

From the perspective of time development, the largest influencing factors in the two periods are two different factors, but
in their respective regressions, both are the top two influencing factors; at the same time, in terms of the smallest
influencing factors, The influencing factors are the same in both periods. Overall, the regression coefficients of related
variables in the two periods are similar, and there is no significant change. The biggest change factor is that the average
elevation index of districts and counties has changed from 0.30 in 2013 to 0.19 in 2021; it shows that the traffic
advantages of Shaanxi Province the degree is gradually less affected by the elevation.

Table 2 Regression analysis results of traffic elements

Year Regression coefficients Adjust R
Index 2013 2021 2013 2021
distance from train station 0.251 0.15
Distance from the airport 0.10 0.24
County road density 0.86 1.20
other road densities 0.29 0.37 0.57 0.62
railway density 0.35 NULL

Due to the influence of spatial heterogeneity of traffic dominance, OLS regression will not be able to optimize the
regression results due to the characteristics of geographical elements; therefore, based on OLS regression analysis, GWR
regression analysis is performed on other factors affecting traffic dominance in 2021. The regression results are shown
the corrected coefficient of determination of the OLS in 2021 is 0.64, and the corrected coefficient of determination of
the GWR in the same period is 0.74, and the degree of fitting has been improved to a certain extent. At the same time,
the AICc index of OLS regression analysis was 746, while the AICc index of GWR in the same period was 728. The
AlCc index reflects the goodness of fit of the model and the complexity of the model. The lower the AICc index, the
better the fit of the model. In the same regression analysis, the model with the smaller AICc index is generally preferred.
These two indicators both indicate that the GWR model is more suitable for the regression analysis of traffic dominance
in Shaanxi Province.

5. CONCLUSION

This article evaluates the transportation advantage of Shaanxi Province from the perspectives of time and space. By
comparing and analyzing the geographical characteristics and the degree of influence of the factors affecting the
transportation advantage in two periods, it reveals the spatiotemporal development trend of the transportation advantage
and the degree of influence of each factor. The main conclusions are as follows:

(1) The transportation advantage of Shaanxi Province shows a gradual decline from the Weihe Plain center to the
surrounding areas, with the south being higher than the north. The overall transportation advantage of the county-level
units is on the rise, and the spatial unevenness is gradually decreasing, but there is still significant spatial heterogeneity
and imbalance in 2013 and 2021.

(2) The main factors affecting the transportation advantage include fast transportation modes and Gross Domestic
Product (GDP).

(3) Accelerating the layout of fast transportation in the future can effectively enhance the transportation advantage of
Shaanxi Province. The gradual improvement of the road network and the enhancement of fast transportation modes will
continue to promote the improvement of the transportation advantage.
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Although this study comprehensively considers various aspects of transportation modes, there are still problems with
factors affecting the transportation advantage that have not been included in the evaluation model. In the future,
simulation software will be used to construct a more accurate road network model to calculate time parameters more
accurately and provide more instructive recommendations for actual transportation planning.

REFERENCES

[1] Hansen W G. How Accessibility Shapes Land Use[J]. Journal of the American Institute of Planners, 1959, 25(2):
73-76.

[2] Gutiérrez J, Gonzéalez R, Gomez G. The European high-speed train network: Predicted effects on accessibility
patterns[J]. Journal of Transport Geography, 1996, 4(4): 227-238.

[3] Gorniak J. The spatial autocorrelation analysis for transport accessibility in selected regions of the European
Union[J]. Comparative Economic Research. Central and Eastern Europe, 2016, 19(5): 25-42.

[4] Bocarejo S. J P, Oviedo H. D R. Transport accessibility and social inequities: a tool for identification of
mobility needs and evaluation of transport investments[J]. Journal of Transport Geography, 2012, 24: 142-154.

[5] Zhou Peng, Bai Yongping, Ma Wei. Research on the Measurement of County Traffic Dominance and Economic
Potential and the Evolution of Spatial Pattern[J]. Regional Research and Development, 2015, 34(5): 42-46.

[6] Wang Ruigiang. Research on the Evolution of the Coordination Degree of Transportation Advantage and
County Economic Development in Qinghai Province[D]. Qinghai Normal University, 2018.

[7] Wang Degen. The Impact of Wuhan-Guangzhou High-speed Railway on the Accessibility of Metropolitan
Areas Along the Line and the Optimization of Tourism Space[J]. Urban Development Research, 2014, 21(9):
110-117.

[8] Bowen J. Airline hubs in Southeast Asia: national economic development and nodal accessibility[J]. Journal of
Transport Geography, 2000, 8(1): 25-41.

[9] Recker W W, Chen C, McNally M G. Measuring the impact of efficient household travel decisions on potential
travel time savings and accessibility gains[J]. Transportation Research Part A: Policy and Practice, 2001, 35(4):
339-369.

[10]Matisziw T C, Grubesic T H. Evaluating locational accessibility to the US air transportation system[J].
Transportation Research Part A: Policy and Practice, 2010, 44(9): 710-722.

[I1]Lucas K, Mattioli G, Verlinghieri E, et.al. Transport poverty and its adverse social consequences[J].
Proceedings of the Institution of Civil Engineers - Transport, 2016, 169(6): 353-365.

[12]Chen Qiyao, Liao Heping, Liu Yuanli, et al. Research on the Coupling Relationship between County Traffic
Accessibility and Multidimensional Poverty in Chongqing [J]. Journal of Southwest University (Natural
Science Edition), 2020, 42(4): 12-24.

[13]Zhu X, Liu S. Analysis of the impact of the MRT system on accessibility in Singapore using an integrated GIS
tool[J]. Journal of Transport Geography, 2004, 12(2): §9-101.

[14] Tang Yongchao, Wang Chengxin, Wang Ruili, et al. Research on the Spatial Correlation between Regional
Traffic and Economic Development in the Yellow River Basin[J]. Economic Geography,: 1-14[2023-01-16].
[15]Huang Xiaoyan, Cao Xiaoshu, Li Tao.Relationship between Regional Transportation Advantage and Economic

Development in Hainan Province[J]. Geographical Research, 2011, 30(6): 985-999.

[16]Wang Chengjin, Zhang An. Evaluation and Demonstration of Construction Land Suitability Based on
Transportation Advantage Degree Taking Yushu Earthquake-stricken Area as an Example[J]. Resources
Science, 2012, 34(9): 1688-1697.

[17]Meng Deyou, Shen Jinghong, Lu Yuqi.Comprehensive evaluation of county traffic advantages and spatial
pattern evolution in Henan Province[J]. Geographical Science, 2014, 34(3): 280-287.

[18]Huang Chengfeng, Li Yuanlong, Chen Yiming. Research on the Temporal and Spatial Evolution Pattern and
Influence Mechanism of Traffic Dominance in the Chengdu-Chongqing Economic Circle [J]. Journal of Xi'an
University of Technology, 2021, 37(4): 478-487.

[19] Sun Hongri, Liu Yanjun, Zhou Guolei. Evolution Pattern and Influence Mechanism of Traffic Dominance in
Northeast China [J]. Acta Geographica Sinica, 2021, 76(2): 444-458.

[20]Liu Yu, Gong Li, Tong Qingxi. The Influence of Distance in Spatial Interaction and Quantitative Analysis[J].
Journal of Peking University (Natural Science Edition), 2014, 50(3): 526-534.

Proc. of SPIE Vol. 13018 130180B-8



[21]Zhang Wenzhong. The Theory and Empirical Research on the Location of Service Industry in Big Cities[J].
Geographical Research, 1999(3): 273-281.

[22]Lu Daedao. Analysis on the Formation Mechanism of "Point-Axis" Spatial Structure System[J]. Geographical
Science, 2002(1): 1-6.

[23]Jin Fengjun, Wang Chengjin, Li Xiuwei. Discrimination method and application analysis of regional
transportation advantages in China[J]. Acta Geographica Sinica, 2008(8): 787-798.

Proc. of SPIE Vol. 13018 130180B-9



