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Abstract

Based on the entropy weight method and the gray relational analysis method,
we first calculate the weight of each index and the correlation coefficient be-
tween the indicators, get the urban intelligent growth index, and then calcu-
late the annual growth rate of the composite index. We find the following re-
sults. First, Suzhou to improve its environment, the success rate of 109.67%.
Saint Louis to improve its economy, the growth rate of 57.4%. Second, the
sensitivity of the data analysis, each of the indicators is increased by 10%, 20%,
30%, other indicators remain unchanged. Recalculate the city’s intelligent
growth index, we find that the greater the volatility, the greater the potential.
The total population of the city, built green area, the total length of the bus
operating a greater potential, built-up area, the smallest regional GDP poten-
tial. Finally, we propose an improved model combining remote sensing with
GIS to analyze urban expansion and farmland loss from time and space quali-
tatively and quantitatively.
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1. Introduction

The discussion around the cities and their development has never stopped.
Moving from the “industrial city” to the “city of services” and, finally, to con-
temporary urban conurbations, the city has indeed experimented issues of a dif-
ferent nature related to its growth. In these years of “urban re-concentration”
social problems have emerged, related to the provision of essential services such
as housing and education at an affordable cost, a social environment without
crime, safe and inclusive [1] [2] [3]. In response to these challenges, after the

models of urban sustainability represented by the “green city” and the “creative
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city”, taking shape new paradigm for the modern city, the “smart growth city”
[4].

Many communities are implementing smart growth initiatives in an effort to
consider long range, sustainable planning goals [5]. Smart growth covers a range
of development and conservation strategies that help protect our health and
natural environment and make our communities more attractive, economically
stronger, and more socially diverse [6]. Smart growth focuses on building cities
that embrace the sustainability—economically prosperous, socially equitable,
and environmentally sustainable. This task is more important than ever because
the world is rapidly urbanizing. It is projected that by 2050, 66 percent of the
world’s population will be urban—this will result in a projected 2.5 billion
people being added to the urban population [7].

Smart growth of a city has 10 principles [8], which must be tailored to a
community’s unique needs to be effective. In general, any measure of success
must incorporate the demographics, growth needs, and geographical conditions
of a city [9]. Zhang et al [10] considered that the exploitation of residual coal
can effectively delay China’s coal depletion, inhibit the construction of new
mines, redress the imbalance between supply and demand of coal in eastern
China, improve the mining area environment and guarantee social stability. Tan
et al. [11] considered different development categories including economic, so-
cial and environmental factors with different indicators. Lin et al. [12] aimed to
integrate performance and importance levels using quantitative and qualitative
information with a modified balanced scorecard model. Zhao et al [13] pro-
posed the concepts and associated contents of land senses ecology and mis-
matching data. Therefore, this paper investigates how to use smart growth
theory to measure the smart growth degree of two cities—Suzhou and Sao Luis.
Particularly, we want to answer the following questions.

1) How to define a metric to measure the success of smart growth of a city,
which considers the three E’s of sustainability and/or the 10 principles of smart
growth?

2) Research the current growth plan of the selected cities. Measure and discuss
how the current growth plan of each city meets the smart growth principles.
How successful are the current plans according to our metric?

3) Suppose the population of each city will increase by an additional 50% by
2050, explain in what way(s) our plan supports this level of growth?

The rest of this paper is organized as follows. In Section 2, we describe some
assumptions and notations of the model. In Section 3, we discuss the evaluation
system of smart growth city. In Section 4, we put forward the current develop-
ment plan evaluation. In Section 5, we give the city plans for future growth.
Some extensions are given in Section 6. Finally, some conclusions are made in

Section 7.

2. Assumptions and Notations

In order to establish the model, we make the following assumptions, which have
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been used extensively in Chen ef al. [14], Cheng ef al [15], Thomas [16], Liu et
al [17], Zhang et al. [18], and Yang et al. [19].

1) The selected city is representative. The development of the city is relatively
stable and smooth, which can be used to represent the majority of the develop-
ment of the city.

2) We assume that the selected city have no natural disasters, the city govern-
ment has stable which is not easily suffer the natural disasters and without help.
We choose the city has not exist regime instability and conflict, which can be
used to do research for the sustainable development of city, and it only depends
on the development of its government without external force.

3) The reliable and persuasive data. We search the strong credibility informa-
tion released data from the government’s official website.

In order to model the above mentioned problem, the following notations are
employed (Table 1).

3. Evaluation System of Smart Growth City

Smart growth aims to help each town and city into a more prosperity, social jus-
tice, environmental and economic sustainable development of the city. Accord-
ing to the three principles of city sustainable development that are economic
prosperity, social equity and environmental sustainable development to deter-

mine the index of city smart growth composite index.

Table 1. The list of notations.

Symbol Definition
A GDP
A, The total amount of import and export
A, The total export
B, The city s population
B, The basic old age insurance number
B, Every one thousand people with health agency data
B, Professional and technical personnel
Bs Urban built up area
Bg The bus operating line the total length
B, Taxi operation vehicle
C Built up area green area
G, Intensity of sulfur dioxide emissions per unit of GDP
(08 Industrial waste water processing

The 1th object the jth index

w Weights
& Correlation coefficient
%%
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3.1. The Establishment of City Smart Growth Evaluation

The science evaluation system is the basis of economic prosperity, social justice
and the sustainable development of environment. The establishment of inte-
grated city smart growth evaluation must follow the following principles: eco-
nomic prosperity, social justice and environmental sustainable development.
According to these principles, we will take the success of the city smart growth
degree as the primary. Intelligent economy, intelligent community, intelligent
environment as a secondary indicator. GDP, the total amount of import and ex-
port, total export, the city’s total population, the number of primary endowment
insurance, every one thousand people have health organization personnel, pro-

fessional and technical personnel and city built-up.

3.2. The Reason of Select Indicators

A city economic levels, is mainly reflected in the GDP, the total import and ex-
port, export volume.

A city intelligent level of socialization, mainly reflected in the city’s total pop-
ulation, the number of primary endowment insurance. The basic old-age insur-
ance number, professional and technical personnel, city built-up area, bus line.

A city economic environment optimization degree mainly reflected in the
built up area of green area. The intensity of sulfur dioxide emissions per unit of

GDP, industrial waste water processing.

4. The Current Development Plan Evaluation

First, through the entropy weight method to determine the weight of each index,
according to grey correlation analysis method to calculate the intelligent eco-
nomic index, smart and intelligent environmental index, and social index for
smart economic index, intelligent community, and intelligent environment in-
dex accumulation is obtained.

A soft computational program, SPSS was designed and run in the personal
computer with Intel ® Core (TM) 2 Duo CPU T7700, 2.40 GHz 2.39 GHz and
RAM 1.99 GB.

4.1. The Establishment of Comprehensive City Smart
Growth Index

Empowerment of entropy method [5] is a method of weight in the evaluation,
through the calculate the weight of entropy which is based on the differences of
the various evaluation index, determine the weight of each evaluation index. We
use the entropy weight method and gray correlation analysis method combined

with the method to determine the comprehensive index.

4.1.1. The Entropy Weight Method to Establish Weights
In the methodology of information, entropy is a measure of uncertainty thing.
Among, the information quantity is greater, the uncertainty value and entropy is

smaller. According to its characteristics, can calculate the entropy tell the ran-
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dom and disorder of a certain event, entropy value can also be used to determine
a index of discrete degree, if the index in the degree of discrete is greater, the in-
fluence of the index of comprehensive evaluation is greater.

Degree of variation information entropy index for reaction, so as to make a
comprehensive evaluation. This paper use the software to standardize city from
2010 to 2015 data processing, then use of entropy method to calculate three-level
indicator GDP, the total import and export, export volume, the city’s total pop-
ulation, the number of primary endowment insurance. The total length of the
taxi operating vehicles, built up area green area, the strength of sulfur dioxide
emissions per unit of GDP, the rate of industrial waste water weight, specific
steps are as follows.

Xij

m
2%
i=1

2) Calculation index Xj weight P under index j.

1) According to the formula p; =

3) According to the formula €; = -k p; In p; of index /entropy (e;),
i1

1
Inm "
4) According to the formula d; =1-¢,,to calculate index j factor the difference

of the d;.
d
5) According to formula w; = n—’ ,to calculate the weight of each index j.

=l

It is concluded that the index weight in Suzhou as

Al:0.0264, A2: 0.0021, A3: 0.0039, B1: 0.0003, B2: 0.024, B3: 0.8539, B4: 0.047,
B5:0.0019, B6: 0.0235, B7: 0.0118, C1: 0.0032, C2: 0, C3: 0.002.

It is concluded that each index weight in Saint Louis as

Al: 0.0069, A2: 0.0254, A3: 0.8795, Bl: 0.0107, B2: 0.0002, B4:0.0003,
B5:0.0042, B6: 0.0474, C1: 0.013, C2: 0.0112, C3: 0.0011.

4.1.2. Grey Correlation Analysis
Grey correlation analysis method is one way to measure the correlation degree
between the factors. Grey correlation theory is a certain method, the grey rela-
tional analysis of various factors in the concept, to seek the numerical relation-
ship between the various factors in the system [1]. Therefore, the grey correla-
tion analysis to the development of a system change situation provides a quan-
titative measure, very suitable. This paper using the grey correlation analysis
method, calculates the economic index of the urban intelligent respectively, in-
telligent social index, intelligent environment index of the relationship between
the coefficient matrix, combined with the weight of each evaluation index to
calculate comprehensive index of city smart growth.

Seen from the Table 2 and Table 3, the smart growth of Suzhou composite
index generally on the rise, and Saint Louis smart growth index have been sub-

stantially rise after falling.
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Table 2. Suzhousmart growth index from 2010 to 2015 growth.

Year Intelligent Intelligent social Intelligent Composite index
economic index index environment index of growth
2010 0.1077 0.0484 0.0492 0.2053
2011 0.1613 0.0569 0.0658 0.2846
2012 0.2188 0.0800 0.1292 0.4284
2013 0.2299 0.0873 0.0906 0.4078
2014 0.3170 0.1412 0.0577 0.5159
2015 0.3232 0.1451 0.0431 0.5114

Table 3. Saint Louis smart growth index from 2010 to 2015 growth.

Year Intelligent Intelligent social Intelligent Composite index
economic index index environment index of growth
2010 0.4263 0.0704 0.0704 0.5671
2011 0.1758 0.0802 0.0802 0.3362
2012 0.1584 0.0929 0.0929 0.3442
2013 0.1426 0.1122 0.1122 0.3676
2014 0.1531 0.1447 0.1447 0.4425
2015 0.1421 0.2113 0.2113 0.5647

4.2. The Composite Index

City are calculated respectively from 2011 to 2015, the intelligence of year-on-
year growth in 2015 composite index of growth, judging by city smart growth
each year growth rate of the composite index of growth. When the growth rate is
greater than 0, the Suzhou current plan is a success, on the other hand is failure.
Seen from the diagram (Figure 1), Suzhou composite index of growth is
changing, as in 2013 and 2015, the growth rate is negative, is not in conformity
with the current growth plan. 2011, 2012, 2014, growth is positive, in line with
the current growth plans. And Saint Louis composite index growth rate rising,
but in 2011, the growth rate is negative, is not in conformity with the current
growth plan, 2012 to 2015 annual growth rate is positive, in line with the current

growth plans.

5. City plans for Future Growth

According to the city’s geographic location, economic opportunities and the
comprehensive analysis of the expected rate of growth to make growth plans by
2050.

5.1. Growth Plan in Suzhou

5.1.1. Location
Suzhou construction land scale has reached 2432 square kilometers, accounting
for 28.1% of the city area, accounting for 49.8% of the land area accounting for

80.7% of the construction land area.

K2
0:{5: Scientific Research Publishing

1049



Z.Q. Ku, T. Liao
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Figure 1. Composite index of growth.

Rapid consumption of land resources has broken through the planning and
control the size of the index of land. Population scale and facilities are difficult to
support. It is worth noting that area traffic location advantage is being weakened
in Suzhou, reach the internal plates scattered independent development, rapid
transport links support is insufficient, the urban centricity is not strong. Urban
traffic organization still keep ancient city as the core, close to the limit capacity,
and contradict with ancient city protection. Aiming at this problem, we should
control of urban area , the maximum use compact, build “bus + go slow” mode
of transport, in and out of the old city dominated by rail transit, limit car, leng-
then the bus operation of the road long and increase rental operation of the ve-
hicle.

5.1.2. Economic Opportunities

In recent years, manufacturing industry is the core of the Suzhou industry and is
the most important brand resources. However, Suzhou’s manufacturing
processing is given priority to, low added value, land input is high, and output
efficiency is not high. So, we deal with Suzhou industry to choose and give up.
We build transverse promotions, vertical axis agglomeration; science and tech-
nology production, and the east side to the west cultural innovation; advanced
manufacturing technology of the north of the industry layout structure, improve
the GDP, the total import and export and the total exports.

5.1.3. Expected Rate of Growth
By counting trends of intelligent community, intelligent economy, intelligent
environment from 2010 to 2015, we get the index trend Figure 2.

We can see from Figure 2, the intelligent environment index has been falling

since 2012, so we should increase the green area and industrial waste water
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Figure 2. Suzhou index trend diagram.

processing, reduce sulfur dioxide emissions per unit of GDP to strengthen the

construction of environment.

5.1.4. Growth Plan in the Future

Due to the intelligent economy, the contradiction between the intelligent com-
munity and intelligent environment relations. On the other hand, the environ-
ment will be growing rapidly. According to the practical problems, Suzhou in
the next few decades, should give priority to the environmental protection and at
the same time the government should formulate corresponding political meas-
ures to promote public participation and promote the urban development in
Suzhou.

Here, we propose a bold vision: in 2050, the GDP growth of 21%, the total
import and export growth of 13%, the total export growth of 8%, 10% growth in
total population in the city, the basic old-age insurance coverage increased 12%
per one thousand people, and the bus line the total length increased by 7%
growth, taxi operation vehicle.

5.1.5. Growth Plan Success Degree Evaluation
We will calculate all the indexes in 2050 based on the original data in 2015 in
accordance with the expectations hypothesis respectively, the total GDP import
and export, the export volume, the city’s total population, the number of prima-
ry endowment insurance, each have health organization, professional and tech-
nical personnel one thousand people, operating area is, bus lines, the total length
of the taxi operating vehicles, built up area green area), the strength of sulfur
dioxide emissions per unit of GDP, the rate of industrial waste water prediction,
then according to the comprehensive index of the predicted values to assess
growth plan, the comprehensive index and composite index in 2015, in order to
assess the degree of success of the plan.

It can be seen from Table 4, after the growth and decline of the plan of each
index, the smart growth of Suzhou composite index increased significantly and
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Table 4. In 2015 and 2050 composite index in Suzhou.

v Intelligent Intelligent social Intelligent Composite index
ear

economic index index environment index of growth
2015 0.1905 0.1139 0.1288 0.4332
2050 0.3194 0.2026 0.3863 0.9083

in 2015 grew by 109.67%, and on the basis of the judgment of our plan was a

great success.

5.2. Saint Louis Growth Plans

5.2.1. Location

Saint Louis is the only independent city, Missouri, is the state’s second largest
city. It is located in the Missouri river and the confluence of the Mississippi Riv-
er, is a transport hub in the American mid-west. Saint Louis has peaked in 1950,
the population of 85,6796 people, since the population decrease. It is known that
there are more than 200 Saint Louis city logo and the product was identified as
historic buildings. When the local repair the buildings, not only to maintain its
original true and integrity, still added some modern service function. So we have
to increase the number of primary endowment insurance, every one thousand
people have health organization, professional and technical personnel, lengthen

the bus operation of the road long and increased rental operation of the vehicle.

5.2.2. Economic Opportunities

Saint Louis had the important industrial city in the United States and central
land and sea transport hub, the Saint Louis’s most important industry is the ser-
vice industry. So we have to increase total GDP, import and export and export

volume, in order to improve the intelligent economic comprehensive index.

5.2.3. Expected Rate of Growth

By counting trends of intelligent community, intelligent economy, intelligent

environment from 2010 to 2015, we get the index trend as shown in Figure 3.
From the diagram, we can see intelligent economic index and intelligent social

index fell to a great extent.

5.2.4. Growth Plan in the Future

Improve the total GDP, import and export and export volume, reduce the num-
ber of population, increasing the size of the basic endowment insurance, every
one thousand people with health authorities of beds, professional and technical
personnel and operating area is, bus lines, taxi operating vehicles, the total
length of proper green area, processing, industrial waste water, reduce sulfur

dioxide emissions per unit of GDP.

5.2.5. Growth Plan Success Degree Evaluation
With Suzhou growth plan success degree evaluation system, through calculating
the forecast of each index, composite index to assess growth plan, the compre-

hensive index and composite index in 2015, according to projections to assess
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Figure 3. Saint Louis index trend diagram.

growth plan of composite index, calculate its growth rate, growth rate and the
ratio of average growth rate of its success.

Can be seen from Table 5, after planning each index of the growth and de-
cline .The smart growth of Suzhou composite index increased significantly, and
in 2015 grew by 57.4%, on the basis of the success is 57.4%, so our plan is rela-

tively successful.

6. Extensions

Remote sensing is very useful tool that detect and analyze the urban expansion.
Using remote sensing data, we can get the latest highway traffic, residential areas,
farmland and other data, thus the correct analysis of urban sprawl and farmland
loss of spatial relations, this is can’t be matched by conventional methods.

Use of geographic space information system (GIS) spatial analysis function,
we can quantitative analysis of urban sprawl and the spatial distribution of
farmland erosion and impact factor. It is necessary for us to dynamic detect and
analyze the diffusion process. As many other geographical phenomena, that the
expansion of the city and the process of farmland was invaded can have diffu-
sion theory to explain. Entropy can be used as describe the quantitative indica-
tors of the spatial distribution and change. On the traffic can be easily calculated
due to urban expansion caused by the change of entropy, which provides an ob-
jective evaluation index.

We can see that urban development and land location and distance factor has
great relevance from the remote sensing image clearly. We can take advantage of
the exponential function to describe the relationship between the decline of the

number of land development and distance
y=ae™ (1)

where x is the distance from the city or highway, yis the density of land deve-
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Table 5. In 2015 and 2050 composite index in Saint Louis.

v Intelligent Intelligent social Intelligent Composite index
ear

economic index index environment index of growth
2015 0.2365 0.1492 0.1324 0.5181
2050 0.2397 0.1948 0.3812 0.8155

lopment. Clark has used the function to reflect the population density as a func-
tion of the city center distance.

Using GIS buffer analysis function, we can easily establish land development
density and away from the highway network and the relationship between the
town center distance. First of all, the figure about the present situation of high-
way and urban dot figure produce different buffer area. Any further using of la-
mination analysis function of GIS, We remote sensing classification results with
lapped up the buffer area, can statistics on the frequency of land development of
each buffer area, which can use the regression method to establish land devel-
opment along with the gradient relationship of these factors.

Shannon formula reflects the amount of information in information theory.

Shannon’s entropy can be expressed as
anzpi Iog(l/pi) (2)

Entropy can be used to describe the geographical phenomenon of dispersion

and concentration [8]. First observations X can be converted to percentages
pi:
Pi=%/2% 3)
In order to make the calculated value between 0 and 1, we can use the follow-
ing relative entropy to calculate dispersion.

Entropy can be used to describe the geographical phenomenon of dispersion

and concentration

H, =2 pilog(1/p;)/logn @)
Relative to the concentration degree of dispersion can be expressed as:
c,=1-H, )

Dispersion value shows that the expansion of the city is chaotic, the lack of a
reasonable standard layout.

As many other geographical phenomena, the development of the city appears
as a diffusion process. Due to the needs of economic development and popula-
tion growth, urban sprawl, cause the city periphery and highway near the farm-
land has been siphoning off and become the new urban land. This diffusion
process can be explained by the diffusion theory, while long phase of satellite
remote sensing image provides the feasibility of this analysis. Diffusion theory is
widely applied to explain information, new technology and the spread of the
disease or transmission process. Urban sprawl reflects a series of natural and so-
cial factors. In time by remote sensing images can clearly see, land development
in the pearl river delta is usually along the edge of the city and highway quickly
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spread outward. We can calculate long phase of remote sensing image on the

change of the entropy value of urban land to monitor process of
AH =H (t+1)-H(t)
= pi(t+1)log (1 p; (t+1))/logn -3 p; (t)log(1/ p, (t))/logn

The increase of entropy shown urban land spread outward. The faster increase

(6)

in value, the greater said diffusion. The decrease of entropy shown urban land

tends to be more “compact”.

7. Conclusions

In this paper, the weight of each index and the correlation coefficient between
the indicators was calculated based on the entropy weight method and the gray
relational analysis method. The urban intelligent growth index and the annual
growth rate of the composite index were also calculated. Based on the research,
an improved model combining remote sensing with GIS to analyze urban ex-
pansion and farmland loss from time and space qualitatively and quantitatively
was proposed.

There are several limitations of the study. First, due to the lack of knowledge
and practice of knowledge is not comprehensive, affecting the city smart growth
index set is not yet mature. Second we use of entropy method to calculate the
weight and the entropy weight method still exist certain defects in the process of

calculating weight.
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