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Abstract. The purpose of this work is to address a new multi-attribute decision making evaluation model
for uncertain traffic pollution control program, by considering the preference of each decision maker to
different programs. An interval mapping function was introduced to specify the risk attitudes of the
decision maker, which can dissect the original problem to decision problems of traditional values. The
proposed model can quantitatively analyze how the risk attitudes of the decision makers affect efficiency
ranking for different plans. Case studies performed on the four plans showed that the optimistic ranking
of the four plans is the same as that of the neutral situation, but there is a significant difference with the
results of pessimistic situation.

1. Introduction

Due to the rapid development of urban economic activity and increase in the population, an increased
need for road traffic has been observed in urban areas and the number of automobiles has increased
drastically during the past decade. As a result, air pollution has become a major environmental problem in
these areas. Issues related to traffic pollution emissions, traffic planning, design, management and methods
to control transport emissions have been widely studied. In consequence, many measures to control traffic
pollution, such as signal controls, speed controls, one-way traffic systems, bus priority lanes, driver training
and parking charge systems, etc., have been taken to reduce traffic emissions resulting from actual road
conditions (Huan and Kebin, 2012). However, traffic air pollution has remained an issue of concern. It
is essential to assess the effectiveness of different measures on the traffic pollution emissions, traffic flow
management and road construction to facilitate the development of a traffic emissions control plan (Wang
etal., 2013).

To date, an ever-increasing interests of using new measures to analyse and control traffic pollution have
been raising. Existing studies to the problems can be divided into two general groups, namely, impact
assessment and control technology of traffic pollution.

The impact assessment technology for the traffic pollution mainly reveals how traffic behavior and
environment influences them. Ehsani et al (2016) proposed a new model to reveal the relation between
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vehicle fuel consumption and carbon dioxide emission in road transport. Zhang et al. (2016) observed
real-world fuel consumption of hybrid diesel buses particularly sensitive to operating conditions. He et al.
(2016) estimates the energy consumption and CO, emissions from China’s urban passenger transportation
sector up to year 2030. Qu et al. (2015) measured emission rates and driving conditions from carburetors
and MPI vehicles. Zamboni et al. (2015) discussed fuel consumption and pollutant emission estimation
through different methodologies based on necessity of characterizing very local driving conditions.

By review of literatures about control technology for traffic pollution, they focused primarily on the
emission-control based strategies of planning, design, and management. Lv et al. (2012) studied traffic
pollution emissions and proposed a traffic flow distribution model. The capacity of the urban environment
to cope with traffic also was investigated (Hou et al., 2008; Li et al., 2008). Lv et al. (2006) proposed a
multi-target planning model for ramping up the urban express road network and control its associated
pollution emissions. This model focused on the development of a pollution control plan based on specific
road traffic conditions and quantitative analysis of their effects on the traffic emissions. Dijkema et al. (2008)
investigated the correlation between highway speeds and traffic emissions. Cui et al. (2009) investigated
the impact of one-way road reconfigurations on traffic emissions. Li et al. (2010) investigated simulations
of energy consumption in transport circulation. Wu et al. (2010) evaluated a reserved bus lane scheme.
Zhao et al. (2017) made a significant effort to improve traffic conditions and air quality by implementing
traffic restriction measures.

In the literature, some critical issues deserve further investigations: 1) There are many pollution control
schemes, which have their own advantages and disadvantages, for different traffic behaviors and envi-
ronments, leading to choose an optimal scheme is very important (Huan and Kebin, 2012). However,
comparative evaluations of the traffic emission control plan have not been included in previous studies.
2) Although several studies have proposed conventional methods (e.g. general reference level analysis,
principal component analysis and expert investigations), few of them are ineffective in evaluating the im-
pacts on pollution emission processes of the attitude preferences of policy makers and other uncertainties,
which are essential for real applications ( Zamboni et al., 2015). Hence, our main objective of this research
is to develop a multi-attribute decision making model for evaluating the uncertainties of plans for traffic
pollution control. The main contribution is to reveal how the risk attitudes of the decision makers affect
efficiency ranking for each traffic pollution control plan. The paper will focus on the following critical
research tasks:

1) Build a comprehensive evaluation index system for traffic pollution control planning. The concept of
interval variables was introduced to to characterize the uncertainty of the comprehensive evaluation values
and their index values for traffic pollution control plan. Based on the risk attitudes of the decision makers,
a new approach is proposed to unify the uncertain evaluation value of traffic pollution control plan.

2) By involving the attitude preferences of policy makers on uncertainties, the model, serves as an
effective tool for selecting a best traffic pollution control plan, can dissect the features of ineffective evaluation
methods to obtain decisions based on traditional values this function.

2. A comprehensive evaluation index system for traffic pollution control planning

The use of appropriate evaluation criteria determines the effectiveness of comparative assessments of
traffic pollution control plans. Based on previous studies (Zamboni et al., 2015; Hou et al., 2008; Li et
al., 2008), an integrated evaluation set of bus pollution emission control plans, based on factors such as
the implementation process, the effect of traffic flow conditions and the amount of carbon emissions was
developed, as shown in Table 1. More specifically, the integrated set of indices consists of three subsets.
The subset of the implementation process includes the indices of input costs, construction cycles and
construction difficulty levels. The subset of traffic flow conditions includes the indices of vehicle speed,
traffic volume, travel delays, travel difficulty levels and the frequency rate of traffic accidents. The subset
of traffic carbon emissions includes the indices of the amount of nitrogen and oxygen compounds, organic
compounds and oxides emissions.
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Table 1: Evaluation index system for traffic pollution control plans

. Index type
Index Sub-index Cost Benefit

Input costs (W1) N
Plan implementation Construction cycles (W>) v
Construction difficulty levels (W3) v

Speed (Wy) v

Traffic volume (W5) v

Effect of traffic flow conditions Travel delays (Ws)

Travel difficulty levels (W)
Frequency rate of traffic accidents (Ws)
Nitrogen and oxygen compounds (W)

Carbon emissions Organic compounds (W)
Oxides (W11)

<] =) <<

3. A multi-attribute decision making model for traffic pollution control

3.1. Basic concept

The concept of interval variables was introduced to describe the uncertainty of the comprehensive
evaluation values and their index values for traffic pollution control planning. For a total m > 2 of
traffic pollution control plan samples S = {51,S,,...,54}, there are n > 2 independent index sets Q =
{Q1,Q2,...,Qu}. The index weighting vector is defined as w = (wy,wo, ... ,W,)", in which w; = [EJL,@?[],
and (@]L. >0, E}J > 0). Also, A = [ajj]un represents the decision-making matrix of the targeted problem,
where 4;; = [ﬁiLj, ﬁiLj’] represents a solution of index Q; in plan sample S;. This section aims to determine
and rank M (< m) ‘satisfied” plans from S samples based on interval data information from traffic pollution
measurements obtained from differing types of previous studies.

Definition 1. For some interval data d = [a*,a'], define ®.(d) = n(a) + ee(@) as the mapping function of the risk
attitudes of the decision maker, in which ¢, (|| < 0.5), represents the pessimistic, neutral and optimistic attitudes.
The corresponding value range of € is —0.5 < € < 0,e = 00r 0 < € < 0.5. n(d) is the middle value of d, where

n(d) = “L;“u, and e(@) is the width of &, where e(@) = a — at.

Targeting and considering the evaluation uncertainties during the decision-making process for traffic
pollution control planning, as well as accommodating the risk attitudes of the decision maker, respectively,
Definition 1 provides the interval mapping function for the risk attitudes of the decision maker. The function
is able successfully to resolve the problem of ineffective evaluation methods of traffic pollution emissions to
obtain a decision based on traditional values. The following section illustrates the major calculation steps
for solving the multi-attribute decision making problem based on TOPSIS theory.

3.2. Major calculation steps

Based on the uncertainties in the evaluation systems of different traffic pollution emission control
plans, this section describes in greater detail the major calculation steps used to break down the problem
of ineffective evaluation methods of traffic pollution emissions to obtain a decision problem based on
traditional values. This is achievable by using the interval data to represent the uncertainties in the
decision-making process, also taking into consideration the different preferences of the decision maker.

Step 1: The risk attitude ¢ of the decision maker and its mapping function ¢, (1) = n(a) + e (a) are
used and the decision-making matrix of the traffic pollution emissions control plan is converted using
A = [ajj]yxn and the weighted vector w = (ﬁl,wz,...,ﬁ,)T to A¢ = [afj]mxn and w’j = Wi, ws,...w)T
respectively, based on the value of .



M. Wei et al. / Filomat 32:5 (2018), 1777-1782 1780

Step 2: The decision-making matrix A = [a} ]uxx of the traffic pollution emissions control plan based
on ¢ is normalized to B¢ = [bf]ﬁ]mxn, and is standardized to formulate the weighted normalization matrix

a
& — & 1 ] & — Y E — hE 7€
X¢ = [x,/]mxnr in which bl.]. = e and X = bl.].wi]..
Step 3: The positive ideal points x** and negative ideal points x°~ are determined. Based on the weighted
normalization decision-making matrix X* = [x{ ]uxx of the traffic pollution emissions control plan:

X = (0, ) = {(maxxfj”e ]),(minxfjlj c ]’) i = 1,2,...,m} and
1 1

X = (xi_,xg‘,...,xf_) = {(maxxfjlje ]),(minxfjlj € ]’) li= l,2,...,m},
1 1

where ] is the set of benefit index, and |’ is the set of revenue index.
Step 4: Determine the distances d;* and d;~ of x* and x°~ respectively, according to the values of x**
and x*~:

2
e+ _ 3 +\"
4 = zn.zl(xe—xs),1_1,2,...,m,

2 .
di = T (xfj_xfj_) i=1,2,...,m.

Step 5: Calculate the corresponding relative proximity c{ = @l;’*dim from the values of d:" and d;~ for
each alternative traffic pollution emission control plan, i.e., using the evaluation value for each control plan.

According to the above steps, under the same value of ¢, the m > 2 samples of alternative traffic pollution
emission control plans S = {51, 5, ..., 54} can be arranged in a descending order by comparing the value
of ¢f, and the plan option with the highest value of ¢{ has the higher priority. Under different values of ¢,
the best plan option can be determined based on actual decision-making needs.

4. Case study

Table 2: Plan decision-making matrix

Plan wu wL 51 52 53 54
Index i i aiL]l. aiLj aiL]l, aiLj afj’. aiL], al.LJJ. al.L].
Wi 0.3 0.1 150 110 170 160 90 70 180 160
W, 0.2 0.15 5 35 3.8 3.5 4 3.5 6.5 5
W3 0.4 0.15 0.8 0.6 0.4 0.4 0.85 0.8 0.2 0.2
Wy 0.4 0.25 55 30 45 35 50 35 50 40
Ws 04 0.3 750 600 650 650 700 650 700 700
W 0.3 0.3 8 5 7 6 7 6 7 6
Wy, 0.3 0.3 0.7 0.4 0.6 0.5 0.5 0.5 0.6 0.6
Wy 0.1 0.1 0.15 0.05 0.05 0.03 0.04 0.02 0.05 0.03
Wy 0.2 0.2 1700 1300 1600 1400 1600 1500 1500 1400
Who 0.1 0.1 800 600 750 600 600 550 600 400
Wi 0.2 0.2 450 350 500 400 450 350 350 300

To illustrate the applicability of the proposed models in the traffic emissions efficiency assessment, this
study has selected four possible plans of a road for a case study, involving speed limitation, one-way traffic,
traffic channeling and signaling. The raw data of the decision-making matrix is shown in Table 2. Through
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Table 3: Positive and negative ideal distances of each plan

1781

Plan S, S, S3 Sy
¢ i i S i S i = i
-0.5 0.0853 0.0696 0.0793 0.0635 0.0645 0.0938 0.0907 0.0852
0 0.0544 0.1375 0.1222 0.0826 0.0982 0.1482 0.1578 0.0842
0.5 0.0560 0.2247 0.1737 0.1121 0.1362 0.2109 0.2229 0.1136

key steps in the evaluating plans, the positive and negative ideal distances of each plan could be obtained
in Table 3 under the different risk attitudes of the decision maker.

Based on Table 2, the relative proximity also was determined to rank the traffic emissions efficiency.
The results are shown in Table 3 respectively. Taking ¢ = —0.5 as an instance, the ranking order was
S3 = S4 — 51 — Sy, so that S3 has a higher priority than S; and S, while S, has the lowest priority.
Obviously, ranking of four plans is affected by risk attitude ¢ of the decisionmaker fluctuating from -0.5
to 0.5, resulting from the evaluation value ®;.(4) = n;(d) + €;e(d) of each plan S; containing determination

al—gk
i

information n; (a) = Z';:l( 5

) and uncertainty information ¢;(a) = Z]’Ll (aiLj’ - aiLj) of all indicators at the same
time, from which we can see:

(1) When n;(@) > n(a) and e; (a) > e (a) (ni(@) < n(a@) and e; (a) < ex (@), Pic(@) > Pre (@) (Pic(@) < Pie(@))
for any risk attitude ¢ is always satisfied. For example, the plan S; is always better than the plan Sy.

(2) If a threshold contact degree of evaluation values of two plans S; and Sy exists, changes of system
1@-m@ [-0.5,0.5]. For example, bus

efficiency ranking with threshold contact degree are satisfying ¢ = 75="

ranking of the plan S3 and Sy changes as ¢ = —0.1.

Table 4: Rankings for different risk attitude factors

€ ] 5 cs c Rankings Results
-0.5 0.4494 0.4444 0.5927 0.4845 S3—>S5,—>5—85,
0 0.7164 0.4033 0.6016 0.3479 S1—> 8 >S5, —> S,
0.5 0.8006 0.3922 0.6076 0.3377 S1 >S5 — 5, — 85,

5. Conclusion

As traffic emissions are a key environmental problem in urban areas, it is of great significance to select
an best control plan, based on effective evaluations and assessments of different traffic management and
control measures. In order to deal with the uncertainty of different type of attribute indicators in traffic
pollution control, this paper proposes a multi-attribute decision making model consdering risk attitude of
the decision maker.The contribution of our research is to reveal the relationship between the uncertainty of
these evaluation indicators, risk attitude of the decision maker, and the threshold changes of traffic control
plan efficiency ranking, and through an example to verify the validity of the model. The result shows:

(1) The evaluation value of traffic control plan is an uncertain value, and its ranking is related to risk
attitude of the decision maker, which reflects the influence of the uncertainty of contact degree on traffic

control plan efficiency ranking.
u_gL
(2) Both of the certain information n;(a) = Z;.’:l(aij 20”

of all attribute indicators play an more important role in traffic control plan assessment process.If efficiency
w@-@ = 1_0 5 0.5] would

ex(@)—ei(a)

) and uncertainty information e;(a) = Z;?:l(af,]l, - al.L].)

ranking of two traffic control plans changes, their threshold contact degrees ¢ =
be found.
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Nonetheless, this paper focused on the evaluation of traffic emissions control plans from one decision
maker and the results may be biased. In consequence, therefore, future studies should include more
comprehensive assessments by evaluating the opinions and experiences from different decision makers.
Moreover, the decision method can be explored relating risk attitudes to the multi-attribute group for
resolving pollution emission issues in urban traffic planning.
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