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Abstract— This paper provides prioritized indicators for sustainable transportation planning. It defines sustainability, 
sustainable development and sustainable transportation concepts. and how sustainable indicators can be applied in 
transportation evaluation and planning. This problem is a multicriteria decision making problem and requires a multicriteria 
decision making technique to solve it. In this paper Multicriteria Futuristic Fuzzy Decision Hierarchy (MFFDH) technique is 
applied to solve it. It is a structural technique for organizing and analyzing complex decisions based on mathematical and 
psychology. It combines fuzzy logic and Analytical Hierarchy Process (AHP) for effective futuristic decision making. 
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I. INTRODUCTION 
 
Sustainability reflects the fundamental human desire 
to protect and improve our earth. It emphasizes the 
integrated nature of human activities and therefore 
the need for co-ordinated decisions among different 
sectors, groups and jurisdictions.The concept of 
sustainability has a powerful grip on people. 
Attainment of a sustainable transportation system is 
desirable; however, many challenges lie along the 
path in achieving such a system. The nation’s 
transportation system has enhanced quality of life 
through increased access to health care, education, 
employment, recreation, and a wide range of 
consumer goods. The negative impacts of the 
transportation system include congestion; fatalities 
and injuries; noise, air, and water pollution; 
greenhouse gas emissions; diminishing energy 
resources; and biological and ecosystem damage. 
Transportation planners and providers must 
continuously struggle with the trade-offs between the 
economic and societal benefits of transportation and 
the associated unsustainable environmental, safety, 
health, ecosystem, and equity impacts. A sustainable 
transportation system is one that meets the 
transportation and other needs of the present without 
compromising the ability of future generations to 
meet their needs. The sustainable transportation 
system offers strong transportation benefits in terms 
of: Improved transport system diversity-This means 
creating more walk-able and transit-oriented 
communities. 
Smart growth land use development-This includes 
providing more affordable housing in accessible, 
multi-modal locations. 
Energy conservation and emission reductions-This 
includes improving the quality of energy efficient 
modes including walking, cycling, ridesharing, public 
transit and telework, and increase land use 
accessibility. 
Efficient transport pricing-This includes more cost-
based pricing of roads, parking, insurance, fuel and 

vehicles. Researchers have discussed the method 
needed for sustainable transportation planning.  
Gilbert &Tanguay (2000) defined indicators to 
monitor significant trends. Jeon&Amekudzi(2005) 
addressed sustainability in transportation planning 
and focused on the effectiveness of transportation 
systems as well as the resulting environmental 
impacts (mainly air quality impacts).  
Litman(2007)developed indicators for comprehensive 
and sustainable transport planning. Jeon, 
Amekudzi&Guensler (2010) applied Multiple Criteria 
Decision Making method for evaluating selected 
transportation and land use plans in the Atlanta US 
region using multiple sustainability parameters. 
Boyko et al. (2012) developed a toolkit for UK to 
facilitate the use of scenarios in any urban context 
and at any scale relevant to that context. Jeon et al. 
(2013) considered sustainability in regional 
transportation planning. Santos and Riberio (2013) 
used sustainability indicators during the decision-
making process for the case of Rio de Janeiro. 
Authors used set of 20 indicators which was selected 
and used as an example to evaluate their applicability 
to monitoring the lines of action regarding 
transportation in the Rio de Janeiro State Climate 
Plan. Smith, Axon &Darton (2013) investigated the  
suitability of the Process Analysis Method (PAM) for 
measuring the sustainability of a transport system. In 
this paper, the transportation indicators are prioritized 
using the Multi-criteria Futuristic Fuzzy Decision 
Hierarchy Methodology (Singh, 2014) for sustainable 
transportation planning(STP).   
 
II. SUSTAINABLE TRANSPORTATION 
INDICATORS 
 
Indicators are variables selected and defined to 
measure the progress toward an objective. Indicators 
can reflect various levels of analysis. Like the 
decision-making process (the quality of planning), 
responses (travel patterns), physical impacts 
(emission and accident rates), effects on people and 
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the environment (injuries and deaths, and ecological 
damages), and their economic impacts (costs to 
society due to crashes and environmental 
degradation). The indicators were classified into the 
following three major categories. 
Economic Indicators-Sustainable transportation 
economic indicators reflects both the benefits and 
costs of motor vehicle use, and the possibility that 
more motorized mobility reflects a reduction in 
overall accessibility and transport diversity, rather 
than a net gain in social welfare. 
Social Indicators-Social impacts include equity, 
human health, community livability (local 
environmental quality as experienced by residents 
and visitors) and community cohesion (the quality of 
interactions among community members), impacts on 

historic and cultural resources (such as historic sites 
and traditional community activities), and aesthetics. 
Environmental Indicators-Environmental impacts 
include various types of air pollution (including gases 
that contribute to climate change), noise, water 
pollution, depletion of non-renewable resources, 
landscape degradation (including pavement or 
damage to ecologically productive lands, habitat 
fragmentation, hydrologic disruptions due to 
pavement), heat island effects (increased ambient 
temperature resulting from pavement), and wildlife 
deaths from collisions. 
Table 1 lists the indicators needed for implementing 
STP. These indicators will be prioritized using 
MFFDH.  
 

Table 1: The Indicators needed for STP 

 
Source: Lautso and Toivanene, 2000 

 
The Multi-criteria Futuristic Fuzzy Decision 
Hierarchy (MFFDH) Methodology is used to solve 
multi-criteria decision making problems. This 
requires the decision make qualitative assessments   
regarding the performance of the decision alternatives 
with respect to each independent criterion and the 
relative importance of each independent criterion 
with respect to the overall objective of the problem. It 
combines fuzzy logic and Analytic Hierarchy Process 
for effective futuristic decisionmaking. It involves the 
systematic solicitation and collation of experts and 
general users on aparticular goal through a set of 
carefully designed sequential questionnaires 
interspersed withsummarized information and 
feedback of opinions derived from earlier responses. 
Considering thefuzziness in the decision data and 
futuristic approach strengthens the 
comprehensiveness andreasonableness of the decision 
making process. The steps are- 
Step-1Selectionof Expert Group and Interdisciplinary 
Respondent (IR) Group from different geographical 
regions and related fields. 
Step-2 Dividing the IR Group into 4 or 5 teams based 
on their locations and computing Respondent 
Importance Weights (퐼 ),	here k is the number of 
teams. 

Step-3 Rating and ranking of generated parameters by 
the Interdisciplinary Respondent Group to take the 
views of general user of the system. 
Step-4 Calculation of respondent Fuzzy Performance 
Scores (퐽 ) (L are levels and i are criteria). 
Step-5 Comparative judgement of the parameters by 
Expert Group to get the Expert Opinions and to 
generate Expert Fuzzy Pair wise Comparison Matrix. 
Step-6 Calculation of Expert Fuzzy Decision Weights 
(퐺 ). 
Step-7 Computation of Fuzzy Judgement Weights 
(퐹 ). 
Step-8 Determination of Crisp value of Fuzzy 
Judgement Weights. 
Step-9 Calculation of Normalized Futuristic 
Judgement Weights (푁 ). 
Step-10 Computation of Global Futuristic Judgement 
Weights for all levels using the principle of Hierarchy 
Composition, from computed Normalized Futuristic 
Judgement Weights and generating Scenario and 
Action Plan for the Goal. 
III. MFFDH METHODOLOGY FOR 
SUSTAINABLE TRANSPORTATION 
PLANNING- 
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In this section the methodology is applied to prioritize 
the STP indicators. The goal of the research study 
was to compute Global Futuristic Judgement Weights 
for Prioritizing the indicators for sustainable 
transportation planning.The members of a IR group 
were divided in to four teams based on their 
geographic locations. 
The team were ranked to determine their knowledge 
levels. This ranking formed the Respondents 
Importance Matrix (A) The Respondent Importance 
Weights (퐼 ) , (k=1, …,4) were then computed for 
each team of the group. 
The value of CI = 0.074 and CR = 0.082 being less 
than 0.1 implied that the results are consistent. 
The IR weights푅 0.5660 
푅 0.2080                         
푅 0.1040 
푅 0.1230 

A modified Delphi questionnaire was developed  
forInterdisciplinary Respondent Group members. The 
Group rates and ranked the parameters by using the 
linguistic variables (Table 2) to achieve the goal. 
 

Table 2: Linguistic variables and triangular fuzzy 
numbers for rating 

 
 

From these triangular fuzzy numbers, Aggregate 
Fuzzy Ranking 푎 , 	  was computed using the 
equation:  
푎 , 	= ∏ 푡̃ ,

/
, for every i  

 
Next the Respondent Fuzzy Performance Score 퐽  
was calculated by using- 
 

퐽 = ∑ 	 , ∑ , ∑  

 
Where     푆   = ∏ 퐼 ⊗ 푎 , 	

/
 

 
Here 푆  are Respondent Fuzzy Importance Score. 
Thus 푆  are: 
 
푆   = (푆 	, 푆 , 푆 ) 
 
Environmental Indicators   (1.01, 1.25, 1.42) 
Social Indicators                 (1.46, 1.66, 1.73) 
Economic Indicators          (0.952, 1.19, 1.37) 
These were used to compute the   
 

퐽  = .
.

, .
.

, .
.

 
 
퐽   = (0.223, 0.304, 0.414) 
 
 
 
Giving 
Environmental Indicators   (0.223, 0.304, 0.414) 
Social Indicators                 (0.323, 0.404, 0.505) 
Economic Indicators           (0.210, 0.290, 0.400) 
Fuzzy pair wise comparison questionnaire was 
prepared for Expert Group to rate and rank the 
parameters using fuzzy evaluation scale Table (3). 
These matrices were used to generate Expert fuzzy 
pair wise comparison matrix,  
 
푋 = [푥 ] 
 

Table 3 

 
 
 
Expert Fuzzy Decision Weights (퐺 ) were calculated 
by using 
 

퐺  = ∑ 	 , ∑ , ∑  

 
 
푣   = ∏ 푥

/
, for  i, m = 1, 2,…,p 

 
Which gives 퐺  as 
Environmental indicators (0.33, 0.36, 0.38) 
Social indicators           (0.424, 0.454, 0.477)      
Economic indicators      (0.179, 0.186, 0.195) 
 
Compute The Fuzzy Judgement Weights (퐹 ). 
Fuzzy Judgement Weights 퐹 were calculated by 
taking the average of  퐽  and 퐺  as:  (퐹 퐹 퐹 ) 
Environment indicators (0.2765, 0.332, 0.397) 
Social indicators           (0.373, 0.429, 0.491)      
Economic indicators      (0.194, 0.238, 0.297) 
Determination of Crisp value of Fuzzy Judgement 
Weights. 
Crisp value of Fuzzy Judgement Weights 퐹   was 
calculated using equation  
 
퐶 , = [ 푔 (퐹 ), 푔 (퐹 )] 
Where  
푔 (퐹 ) = [(퐹 -퐹  )훼 +	퐹 ] represents the left value 
of 훼-cut for 퐹 , and  
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푔 (퐹 ) = [퐹 -(퐹  -	퐹 )훼] represents the right value 
of 훼-cut for 퐹  . 
 
Environmental indicators   [0.3042, 0.0325] 
Social indicators              [0.3965, 0.46] 
Economic indicators        [0.216, 0.267]    
The Decision Weights were calculated by using given 
equation  
푓 , (퐹 ) = [훽푔 (퐹 ) + (1- 훽)푔 (퐹 )], 
 
 
 0	≤ 훽	 ≤ 1 , 0	≤ 훼	 ≤ 1 
Decision weights 
 Environment indicators   0.3343 
                   Social indicators              0.4282 

                   Economic indicators        0.2415              
 
Which were then normalized using given equation to 
compute Normalized Futuristic Judgment Weights푁  
 

푁   =   , ( )
∑ , ( )

 

Finally Global Futuristic Judgment (GFJ) Weights 
푊  were calculated for all levels using the principle 
of Hierarchic Composition. 
 

4. RESULTS AND DISCUSSION 
The computed GFS weights for all the indicators are 
shown in Table 4.     
 

 
Table 4 

 
 
In this study it was determined that social indicators 
are to be considered first for STP followed by 
environmental indicators and economic indicators. 
Health is the most important indicator and in this 
category traffic death is important. After this 
environmental indicators are to be considered for 
STP.Air pollution is the most important indicator and 
in this category emission ofgreen house gases is 
important,economic indicator cost was ranked high. 
In this category external cost saving is important. 
From the calculated weights,It can be concluded that 
good transport and land use policies can reduce the 
risk of road death and injuries. Safety conscious 
planning and effective design of road network can 
minimize the risk of road death and injuries. 
 
Adherence with key road safety rules can be 
significantly increased using a combination of 
legislation, actuation of the laws, information and 
education. The availability of good quality Hospitals 
and exigency care can save lives and greatly reduce 
the road injuries. 
 

CONCLUSIONS 
 
In this paper an attempt has made to prioritize the 
indicators essential for STP. Immediate 
implementation of the determined prioritized 
indicators will help in making the transportation 
system efficient and sustainable. 
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