ATLANTIS . . .
PRESS Advances in Engineering Research, volume 123

2nd International Conference on Materials Science, Machinery and Energy Engineering (MSMEE 2017)

The Research of the Smart Growth Based on AHP
Chuxuan Zhang

School of Environmental Science and Engineering, North China Electric Power University,
Baoding 071003, China

527469028@qqg.com

Abstract: With the consistent growth population and urbanization, the concept of sustainable
development will play an more and more indispensable role in city construction. In this paper, we
set up fuzzy comprehensive evaluation model based on AHP.We begin to choose some indicators to
build a metric to measure the success of smart growth, including GDP, employment rate, the
proportion of urban clean energy and etc. Secondly, we set up an evaluation criterion system and
select the corresponding national excellent global index in 80% as the standard of success.
Finally,We can use fuzzy comprehensive evaluation model to assess current development plans .
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1. Introduction

“Smart growth is about helping every town and city become a more economically prosperous,
socially equitable, and environmentally sustainable place to live.” " The ten principles for smart
growth are 1!

1 Mix land uses

2 Take advantage of compact building design

3 Create a range of housing opportunities and choices

4 Create walkable neighborhoods

5 Foster distinctive, attractive communities with a strong sense of place

6 Preserve open space, farmland, natural beauty, and critical environmental areas
7 Strengthen and direct development towards existing communities

8 Provide a variety of transportation choices

9 Make development decisions predictable, fair, and cost effective

10 Encourage community and stakeholder collaboration in development decisions

With the enormous change of global urbanization course, we need to build a sustainable city with
smart growth. Aimed to ensure the realization of smart growth, including economic prosperity, social
equality and environmental sustainability, sustainable urbanization is becoming more and more
important. However, there was no research on the model that can establish the theory of smart growth.
Therefore, our task is to build a model to measure the success of smart growth of a city.

2. Fuzzy comprehensive evaluation model based on AHP

We attempt to define a metric to measure the success of smart growth of a city. This problem is solved
by establishing the AHP fuzzy evaluation model.

2.1 Establish the indexes to measure smart growth

We will simplify the problem into three levels: the target layer A, criterion layer B,scheme layer C.
Target layer A is the overall purpose of achieving successful city smart growth. The criterion layer B
is the three E’ s principle of sustainability.The scheme layer C is the indicators we selected
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considering the three E’s of sustainability and the 10 principles of smart growth.The scheme layer C
is the 20 indicators.

™ C,:urban per capita GDP

C,:gross Regional Product

- - Cy:producer price index (PPI)

T economic prosperlty ] Cyconsumer price index(CPI)

Cs:total retail sales of social consumer goods
Cs:local public budget revenue

C;:gini coefficient

Cg:urban employment rate
the metric Cq:the number of doctors per ten thousand people
to measure |_. social equity _ gm:-ttll]le numE-er Oi teachers per ten thousand people
11 the number of teachers per ten thousand people
smart growth
Cy:the nimber of college students per ten thousand people

Cy3:The number of urban medical insurance
C;4the number of urban pension insurance

Cysurban population quantity

Csurban vegetation coverage

— gustainable environment Cy7percentage of days with excellent AQI index
C,gproportion of clean energy

C g Urban per capita forest area

C,gharmless treatment rate of municipal solid waste

Figure 1: the indexes to measure smart growth

2.2 Establish judgment matrix.

Firstly,we analyze the influence of the criterion layer B on the target layer A. The criterion layer B the
success in this paper is divided into three categories, respectively representing the economic
prosperity, social equality and sustainable development. Then,we analyze the influence of the scheme
layer C on the criterion layer B. Later,we use Aij to show the relative importance. We conducted a
survey among 1000 people to choose the relative importance of the index they think.

Table 1 The Definition of Relative Importance

Relative Importance aij Definition
1 Xi is equivalent to Xj, assignment: 1
Xi is more important than Xj, assignment: 3
Xi is much more important than Xj, assignment: 5
Xi is far more important than Xj, assignment: 7
Xi is the most important

OlId|n]w

2. 4, 6. 8 the level of importance is between Xi and X

the relationship between Xi and Xj corresponding to the

172, 13« ....... 1/9 above levels

1) Comparing to economic prosperity, social equity and sustainable development, We obtain
approximate results:
A1,=1/3; A13=1/4; Ay3=1/2; Ay1=3; A31=4; Asr=2;

Thus, the positive and negative reciprocal matrix:

1 1/3 1/4
E=[3 1 1,2
3 2 1

Consistency test: CR=CI/RI=0.0158<0.1

So its weight vectoris: W = (0.1220,0.3196,0.5584)7
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2) We construct the positive and negative matrices of each criterion of the criterion layer B .
The positive and negative matrix E1 about C1. C2. C3. C4. C5. C6:

1

El=
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bt bl e U

511211

Consistency test: CR=CI/RI=0.0083<0.1
So its weight vector is:

W1 = (0.0452,0.1821,0.2565,0.0946,0.2108,0.2108)7

The calculation formula of economic prosperity index:

&

0a=) CIW,

i=1

The positive and negative matrix E2 about C7. C8. C9. C10. Cl11. C12. C13. Cl4:

I;LLLLLLL
$ 5 7 38 &8 4 4
1 L 11111
I
5 5 1 1 1111
7 5 21113 3
E2 =

|86321133
8 6 311133

1 1 1

431§??11
4 31 11111

Consistency test: CR=CI/RI=0.0217<0.1
So its weight vector is:

W2 = (0.0224,0.0363,0.0996,0.1936,0.2517,0.2282,0.0841,0.0841)”

The calculation formula of social equity index:

14
@y =) CiW,
i=7

The positive and negative reciprocal matrix E3 about C15. C16. C17. C18. C19. C20:
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E3=

W N = = =
p— [\®] p— p— p— [\ O]
N = = ==

N N N = =

2

Consistency test: CR=CI/RI=0.0541<0.1
So its weight vector is:

[\

W= = N N = N = Lo =
e S I N N e e i ] o

W3 =(0.1177,0.1238,0.1064,0.1539,0.3138,0.1845)"

The calculation formula of sustainable environment index: ¢, = Z Ci...
3) Calculate the weight vector of the program layer to the target layer A

W= (0.0055, 0.0222, 0.0313, 0.0115, 0.0257, 0.0257, 0.0072, 0.0116, 0.0318,
0.0619, 0.0805, 0.0729, 0.0269, 0.0269, 0.0657, 0.0691, 0.0594, 0.0859, 0.1753,

0.1030) T

0.2
0.18 0.1753
0.16
0.14
0.12

0.103
0.1
0.0859
0.0805
0.08 0.0729
0.0691
0.0657
0.0619 0.0594
0.06
0.04 0.0313 0.0318
0.0257 0.0257 0.0269 0.0269
0.0222
0.02 0.0115 0.0116
0.0055 0.0072

0
ClEC2HNC3INCAWCSmCOmC7TmC8BMCOMCIOMCIIMCI2mCI3 M C14 C15 Cl16 C17 C18 C19 C20

Figure 2: the weight vector of the program layer to the target layer W

4) Establish indicators to measure the success rate of urban intelligent growth.
We'll define smart growth M.

M=0o,W1+0,W2+0,W3

5) Meanwhile, we found that the AQI index (C17) was negatively correlated with the
intelligence growth index. So we adjust the results.
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0, — Z Ciw,, —2 Z Ciw,,

i=15 i=17

3 .Set up an evaluation criterion system

The evaluation criterion system is based on some developed cities in the world ,where the
environment, economy, social security other aspects are at the top level. The corresponding values
are translated into the same unit by weight conversion out of their corresponding index value. We
take the 80% of the index as the lower limit of success.when the value is between 60%~80% ,we
consider to be medium level. When the value is less than 60%, the city's smart growth index is
unsuccessful.

Table 2: Fuzzy Comprehensive Evaluation Model

Envirenmental
Evaluation |Economic Index |Social Equity Index| Sustainability |Smart Growth Index
Index
Successful 1200 Z90 2100 1390
Hedium 900-1200 90-65 79-100 1040-1390
Insuccessful %900 =65 %75 %1040

4. Conclusions

From the result above ,we can get fuzzy comprehensive evaluation model based on AHP.From the
above results, we can get a fuzzy comprehensive evaluation model based on AHP. If we take a
country as an example, we evaluate the degree of smart growth. Firstly, we collect the values of the
20 indicators in this country. Then,we multiply the value and weight by the economic factor index,
the social equity index, and the sustainable development index. Finally, compared with the evaluation
criteria, we can evaluate the degree of smart growth associated with three E’s principles.
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