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Abstract. Smart growth is about helping cities become economically prosperous, socially equitable, 
and environmentally sustainable place to live. The purpose of this paper is establishing a model to 
measure and compare the smart growth degree. Principle component analysis is a suitable method 
since the factors affecting the smart growth degree are complicated. These factors involve ten 
principles of smart growth and three E’s of sustainability. Through selecting the principle 
components, I can simplify the method of evaluation at most. Then I choose Cleveland in US and 
Jiayuguan in China as research objects. According the model, I got the scores on each indicators 
about each cities, also got the final smart growth of each cities. 

Introduction 
Development is an eternal purpose pursued by the governments. From the length of our daily 

commute to the price of a new home to the safety of our neighborhoods--issues I care about are all 
influenced by development decisions.  

Smart growth is about helping cities become economically prosperous, socially equitable, and 
environmentally sustainable place to live. Meanwhile, the core of smart growth is the ten principles 
involving land uses, community development, transportation choices and decision makings, 
including almost every aspect of daily life. The edges of the sustainable development are obvious. In 
other words, it is a powerful tool for a city to accelerate the speed of urbanization and accomplish the 
expected blueprints. Moreover, the priority of the ten principles and three E’s vary taking account of 
the current situation of a city. Thus the following development plans need to be adjusted to match the 
criterion more perfectly. It is complex and imprecise if the decision makers merely refer to the textual 
principles without using a quantitative tool to measure.  

The principal component analysis model 
Symbol Definitions. 

Table 1 Symbols of model 
symbols definitions 

jS  the smart growth principle’s standardized score 

jn  number of indicators within the principle( scale 0-10) 

iD  the indicator’s scores ( scale 0-2) 

totalS  smart growth index of a city’s development plan 
SGPi the indicator of smart growth principle 

Outline of the Approach. 
With all aspects taken into account, I select 16 indicators to indicate the 10 principles of smart 

growth and the three E’s of sustainability, revealed in Table 2. To measure the success of smart 
growth of a city quantitatively, I establish smart growth index as the core of our model. The building 
of the index includes five steps.  
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The first step is to assign scores, which range from 0 (unsuccessful) to 1 (relatively successful) and 
2 (very successful). The policy needs to be judged referring to all the indicators and will get a score. If 
the indicator is not revealed in the policy, then the policy will get a score of 0 with regard to this 
indicator. Moreover, a score of 1 will be assigned to a policy if the indicator does appear and is 
described using suggestive words like: may, should, prefer, encourage and suggest. Similarly, a 
policy will get a score of 2 when the indicator exists and is stated with mandatory words like shall, 
mandated, must and will. The second step is to add up the scores of a policy with regard to all the 
indicators belonging to one principle. The third step is calculating the fractional scores of each 
principle through dividing the score achieved in the former step by the maximum scores of each 
principle. Maximum scores imply that all of the indicators are mandatory. For example, the maximum 
score of a principle including 4 indicators is 8. In the fourth step, the fractional scores are 
standardized by multiplying the fractional score by 10, so that scores for each principle can be scaled 
on a range between 0 and 10. 
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Finally, the smart-growth index of a city is achieved by adding up the standardized score of all of 
the smart-growth principles. 

jtotal SSSSS ++++= 321                              (2) 
Since number of the principles is 13, the smart growth index ranges from 0 to 130.  

Table 2 Evaluation protocol for Smart Growth in the Local Development Plans 

  

Number of variable Indicators Three E’s and 10 principles of smart growth 
1 GDP Economically prosperous 

2 GDP growth rate 

3 Per capita income Socially equitable 

4 Gini coefficient 

5 Per capita area Environmentally sustainable 

6 Open space ratio 

7 SGP1 Mix land uses 
8 SGP2 Take advantage of compact building design 

9 SGP3 Create a range of housing opportunities and choices 

10 SGP4 Create walkable neighborhoods 
11 SGP5 Foster distinctive, attractive communities with a strong 

sense of place 

12 SGP6 Preserve open space, farmland, nature beauty, and 
critical environmental areas 

13 SGP7 Strengthen and direct development towards existing 
communities 

14 SGP8 Provide a variety of transportation choices 

15 SGP9 Make development decisions predictable, fair, and cost 
effective 

16 SGP10 Encourage community and stakeholder collaboration in 
development decisions 
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Evaluation of the model. 
To increase the reliability of the model, the evaluation should be conducted. The plans are 

evaluated by several coders working together independently of each other at the same time. An 
inter-coder reliability score referred to as a percentage agreement is computed. It is obtained by 
dividing the total number of disagreements received in coding by the total number of both 
disagreement and agreement and multiplying 100. A score higher than 80% is universally regarded as 
acceptable. After evaluation, the score of this model is 85%, which suggests that the model is feasible. 

Evaluation in current plans of the two cities 
Data preprocessing. 
I select two cities: Cleveland and Jiayuguan, which are located in America and Asia and have 

population of about 388072 and 300000 respectively. I searched the data and polices of the two 
selected cities with respect to each indicator. According to the model I have just established, I got the 
scores on each indicators about each cities, which are revealed in the Table 3 and Table 4. 

Table 3 Scores on each indicators of Cleveland 

Table 4 Scores on each indicators of Jiayuguan 

Smart growth index of two cities. 
Table 5 Smart growth index of two cities 

City totalS  
Cleveland 85 
Jiayuguan 62.5 

Conclusions 
As revealed in the Table 5, the final smart growth index of Cleveland is 85, accounting for 65.38% 

of the scale. It suggests that the current growth plan of Cleveland meets the 3 E’s and 10 principles of 
smart growth relatively well in general. In other words, the current plans of Cleveland are reasonable 
to some degree. However, some principles, namely the mix land uses, create walkable neighborhoods, 
foster distinctive, attractive communities with a strong sense of place and the preserve open space, 
farmland, nature beauty, and critical environmental areas are not mentioned, which makes the growth 
plan defective. 

As revealed in the Table 3.3, the final smart growth index of Jiayuguan is 62.5, accounting for 
48.08% of the scale. It suggests that the current growth plan of Jiayuguan does not meet the 3 E’s and 
10 principles of smart growth relatively well in general. In other words, the current plans of Jiayuguan 
are not successful to some degree. Some principles, namely the mix land uses, take advantage of 
compact building design, strengthen and direct development towards existing communities, provide a 
variety of transportation choices, encourage community and stakeholder collaboration in 
development decisions are not mentioned in the plan. 
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