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Abstract. Asthe energy issueisgetting more and more serious with the economy development of the
world, the research on the issue of transport and logistics sustainability is becoming more and more
popular for researchers all around. For one respect, the restriction of energy consumption in transport
sector for logistics is crucially important to a certain extent. There are many ways for analyzing the
factors of the superfluous energy consumption in transport to give reasonable interpretation for the
incentives of it. In recent years, factor analysis relating method such as decomposition analysis and
data envelopment analysis are used in literatures in order to scratch the principal factor that leads to
the consumption. However, it remains a problem that why the very factors are selected for the
analysis instead of others, and there is no convincing evidence given by the analyzers. In this paper,
we decide to use the method of indicator analysis rather than generally used factor analysis to make
the analysis afterwards more reasonable and give application of the method. Indicator analysis
considers the possible factor to be candidate indicator and evaluate them in advance based on the
criteria of indicator selection. The criteria are developed for the application in the transport domain
and classified into three categories which named representation, operation and policy application.
The scoring criteria for evaluation are also given in detail in order to get impartial result.

Introduction

Sustainable development is considered to be a permanent topic around the world in recent years. The
basic sprit of sustainability isto meet human being’s needs as well as preserving the resources and
environment of the world, so that the needs of human can be met not only at the time being, but aso in
the future for next generations. Sustainable is the systematically combination of environment,
economic and social. Based on this spirit, we have to take more consideration on sustainability as well
as economic development. Transport activity effects the environment, economic and social very
much, therefore it isvery important to trace the activity of transport for the research of activity. Inthis
paper, we focus on the domain of the energy consumption in transport factor. The transport sector
accounts for about 20% in the total all over the world, and the absolute amount is increasing
continuously, which is rather a crucial part.

There are many ways to analyze the factors lead to the change of the consumption of the energy
consumption for further policy suggestion. The method mostly used is to analyze the factors which
lead to the change of the total amount of consumption. Thanks to the method of factor analysis, we
can find out the importance of each factor and can give corresponding suggestions on improvement.
For instance, we can calculate the proportion of each factor introduces by the method of
decomposition analysis [1]. However, the problem is that the selection on the choosing of factors
does not have certain criteria at al. 1t will lead to totally different result of analyzing based on
different selections of factors. Corresponding references are listed for the issue in detail. For, further
detail information, please refer to references 2-6.

In this paper, we introduce the concept of indicator for the analysis of the energy consumption in
transport sector rather than common factor analysis and scribe detail criteria for the application of it.

Indicator analysis

Indicator is defined as a substance used to show visually the condition of solution with respect to the
presence of a particular material by the Webster’ s dictionary. In the field of abstraction, it would give
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out invisible implications with the function asa maker or sentinel, indicating the presence or absence,
a measurement tool, indicating variations along important dimensions of phenomenon, a decision
support tool allowing taking certain action, or the combination of the above [7].

Asindicators have the function to indicate the phenomenon of transport production, on the issue of
energy consumption, we should analyze it in order to grasp the nature of the change of energy
consumption for policy suggestions. The remaining of the issue relies on the way for the selection
from factors into indicators. According to the reference the criteria of indicator selecting can be
defined as follows as most researchers agreed. We also believe that the three categories with ten
criteria are the most reasonable ones.

The ten criterion of three categories are listed below([7]:

1. Validity. A valid indicator must actually measure the issue or factor it is supposed to measure

A valid indicator must be based on a conceptual model that justifies how the indicator and the
issue are causally connected.

2. Reliability. A reliable indicator must consistently give the same value if its measurement is
repeated in the same way on the same population and at approximately the same timel n other
words, the achievement of information for the phenomenon should be repeatable.

3. Sensitivity. A sensitive indicator must be able to reveal important changes in the factor of
interest. Indicators should generally react clearly and promptly to significant changes in the
phenomenon being investigated.

4. Measurability. A measurable indicator should be straightforward and relatively inexpensive to
measure. It is important that an indicator is measurable and calculable using simple tools and
simple data that are easily achievable and at araw level.

5. Data availability. Indicators with data availability are based on input data that are readily
available or can be made available at reasonable cost and time. The data should be accurate,
comparable over time, complete with historical information, and cover a sufficient geographic
area.

6. Ethical concerns. An indicator must comply with fundamental human rights and require only
data consistent with the morals, beliefs, and values of the population. Thisisto ensure that no
human right is violated during the acquisition of the information required to operate the
indicator.

7. Transparency. A transparent indicator is one that intended users can understand and reproduce.
This means that an indicator must describe in an understandable way how the indicator is
constructed.

8. Interpretability. An interpretable indicator allows for an intuitive and unambiguous reading. It
should be easy to understand whether an indicator is apositive variable or a negative variable.

9. Target relevance. A target-relevant indicator must measure performance with regard to
articulated goals, objectives, targets, or thresholds. This criterion means that the selection of
the indicator should meet the needs of the objectives and goals for the phenomenon analysis.

10. Actionability. An actionable indicator measures factors that can be changed or influenced
directly by management or policy action. Actionability signifies the role of indicators as tools
that support management and decision making.

However, the literature assumes that all the ten criteria are of the same importance as they share
the same value, at the same time, the evaluation of each criteria are almost decided subjectively, and
the variance of the scores cannot be controlled, too. In fact, these ten criteria may be not of the same
importance; therefore, the result of the scoring would not be so precise for us to select. In order to
solve this problem for the practical analysis of the issue, we analyze the criteria one by one for the
very issue on the consumption of energy in transport sector.

First, we lay out the candidate indicators that may be the one affects the energy consumption of
transport crucially according to Peter W.G Newman, Jeffery R. Kenworthy, 1989[8]. Note that some
factorsare applied on the macro analysis all over awide region while somefactors areonly applied on
cities. It is important to tell them apart on the choice of factorsinto candidate indicator for practical
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analysis case. Moreover, cluster analysis maybe necessary for confirming the same shape of analysis
objects.

Passenger trips per person

Energy use per passenger km
Length of road per capita
Employment density

Average speed of transport system
Gasoline price

Vehicle fuel efficiency

Population

Gross domestic product

Passenger trip per vehicle km of service
Lifestyle and tradition/culture
Vehicle ownership

Model split

Road parking

Income of citizens

Vehicles per km of road

Urban density

This issue has little connection of ethical concerns, so we ignore this criterion for scoring. Data
availability is crucial important because it is necessary to get every data for the analysis based on
quantitative calculation. The other criteria can be decided subjectively as long as the decision is
stable. We mark it from level 1 to 4 to correspond the fitness of each candidate from poor, fair, good
and excellent.

From the example factors introduced above, we notice that the factors are not al in the same field
asevery analysis concerns, therefore, we would like to analyze the fitness of factorsinto indicators by
criteria according to the problem we are facing rather than putting all the probable factors into
consideration.

Based on these calculations, we can deduce the evaluation of each candidate easily and lead to
further results.

Applications and conclusion

In the literature 9-10, DEA method was used for the analysis on the environmental efficiency.
Population density, road length per capita, private car ownership per capitaand public transport serve
length per capita are selected as input variables for analysis without further explanation for the
reason. And the result will be totally different if other variables are selected. Although the choice in
the paper sound reasonable in certain degree and the result is very useful and robust, had the method
of indicator analysis been introduced in, the analysis result would be more convincing.

This is an example for the application of the indicator analysis when it is used in DEA method.
Here we want to solve the problem for the analysis of environmental efficiency among cities to see
which one does better on transport sustainability than others by DEA method. The output variable is
decided for the transport energy consumption, what we want to do with the help of the indicator
analysisisto pick up the input variables for the calculation. The result is shown as Table.1. Based on
this result, the former 4 candidates are elected for the input variable for further analysis. And what’s
more, the calculation for the environmental efficiency among cities will become more reasonable.
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Table 1. The application of indicator selection on DEA

Category Criteria intensity of | number | length | intensity | average
population | of cars | of road | of road speed of
vehicles
Representation Validity 2 4 3 3 2
Reliability 4 4 4 4 4
Sensitivity 4 4 4 4 3
Operation Measurability 4 4 4 4 2
Application Transparency 4 3 4 4 2
Interpretability 3 3 2 4 2
Target 2 4 3 3 3
relevance
Action ability 3 4 4 4 3
Evaluation 26 30 28 30 21
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