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Introduction

vThe term of sustainable transportation as has 
been defined as a mission that serves a 
community through a fast, safe, efficient, 
accessible and convenient transportation 
system to increase the quality of life

vThe goal of smart cities is to increase 
operational efficiency, share information with 
the public, and improve both the quality of 
government services and citizen welfare
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Smart-growth strategies

vSmart-growth strategies are considered as 
solutions to enhance the sustainability of a 
transportation system by enhancing the 
operational efficiency and effectiveness

vThe strategies help us in providing more 
comprehensive and integrated solutions
regarding transportation systems

4



Objectives

Developing a conceptual framework 
for assessing transportation 
performance and smart-growth of 
cities

Framework is comprised of the 
evaluation of individual items and 
the assessment of comprehensive
results

Providing an integrated sustainable 
and smart-growth city ranking 
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Smart city
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A city is smart when “investment in human and social 
capital, transport, and modern communication 
infrastructure fuel sustainable economic growth and 
a high quality of life…” (Caragliu et al., 2011)

Smart cities need sustainable urban development 
policies where all residents, including the poor, can 
live well.



Smart city constitutes

vSmart cities are constituted from number of 
interrelated components
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vNo standard or 
constraint 
guideline to 
comprehensively 
evaluate the 
constitutes of a 
transportation 
systems

Source: www.iec.ch

http://www.iec.ch/


Smart city elements

v Transportation in smart cities can be categorized into 
four major elements:
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• The leading 
cause of 
death among 
15-29

Traffic crashes

• Delay time
• Stress and 

aggression

Traffic congestion

• Air pollution
• Noise 

pollution

Environmental impact

Increases risk of:
• Heart attack
• Type 2 

diabetes

Lack of physical activity



Transportation and Public Helath
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§ People undergoing physical activities 
are more likely to encounter with air 
pollution

§ Active travelers are involved with 
more severe crashes

§ Physical activities can reduce the risk of 
cardiovascular disease, diabetes, colon and 
breast cancers

§ Increasing the share of active transportation 
reduces vehicle emissions due to the 
modal shift



Transportation and health studies
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Applied a health assessment model to implement 
the health outcomes of an increase in walking 
and cycling in Nashville, Tennessee.

Whitfield et al., 
2017

Utilized health evaluation model to quantify the 
health benefits of a change to exposure in 
ambient air pollution.

Rabl & De 
Nazelle, 2012

Conducted a health impact assessment in Spain, 
focused on the recent bike-sharing program, 
Bicing, in Barcelona.

Rojas-Rueda et 
al., 2011

Applied a model to quantify the health outcomes 
of preferred regional transportation plan 
scenarios in the five California MPO regions.

Maizlish et al., 
2017



Research Gap
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Previous studies focused 
on limited indicators to 

evaluate the smart-ness 
and sustainability of 

transportation systems

some of the reviewed frameworks 
need access to various types of 

data that is not always achievable 
for all study areas

A framework that takes 
desired components of smart 
and sustainable city into the 

consideration is required
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Overview

vThe proposed assessment framework integrates 
four criteria including network performance, 
traffic safety, environmental impact, and 
physical activity

vThis information is gathered from publicly 
available data supported by the transportation 
agencies
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Network Performance

vVehicle interactions can be quantified through 
congestion hours and the travel time to 
represent operational efficiency of the network

vThe congestion report (Schrank et al., 2015) serves 
congested hours, travel time index and total 
annual delay time for 101 cities in the US from 
roadway sensors
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Traffic Safety

vKABCO weighting factor to evaluate crash 
severity 

vK: fatality, A: Suspected serious injury, B: 
Suspected minor injury, C: Possible injury, and 
O: No apparent injury

vA Two-year crash data for each site was 
extracted from FARS Query website 
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𝐶𝑟𝑎𝑠ℎ 𝑆𝑒𝑣𝑒𝑟𝑖𝑡𝑦 𝑆𝑐𝑜𝑟𝑒 𝐶𝑆𝑆: =
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Air quality

vThe Air Quality Index (AQI), developed by 
Environmental Protection Agency (EPA), is an 
indicator of health status

vAQI provides results detailing the changes 
concentration of air pollutants, like NO2, O3, SO2, 
PM2.5, and PM10, in consecutive years 
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Physical Activity

v Number of Bicycle and walking trips per person per year:
� Number of bicycle and walking trips extracted from NHTS
� Population from Census Bureau 

v The average duration of US bicycling and walking trips for 
all purposes (Kuzmyak & Dill, 2012) were assumed 14.9 min. 
and 19.4 min
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q Using Ainsworth et al. (2000), active transportation time is converted 
to MET values. (2.5 METs/h for walking and 4 METs/h for bicycling)

q Metabolic Equivalent of Task (MET) = The typical energy 
expenditure of an individual at rest. METs are ratios between the 
metabolic rates of an activity in relation with the resting metabolic 
rate.
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MCDA
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To integrate 
four criteria of 
smart-growth

of a city

Multi-criteria 
decision 
analysis 
(MCDA) 
method 

Technique for 
Order of 

Preference by 
Similarity to 

Ideal Solution 
(TOPSIS) 
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TOPSIS
• TOPSIS scales values that account for both the best and 

the worst alternatives simultaneously
• Advantages: Simplifying the calculating process and 

easily execution by transportation agencies and decision 
makers

• An objective method, entropy, is employed to evaluate 
weighting factors

• The output of the TOPSIS analysis, closeness 
coefficient, is a decimal number, between 0 and 1, and 
will be used for the ranking purpose



TOPSIS – Sensitivity analysis
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Sensitivity Analysis

Changes in a single-
criterion weight factor

Changes in value of 
individual alternative in 

each criterion

Objective method 
for weighting factor

The uncertainty of the 
alternative values
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Proposed 
framework
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Phase 1. Sustainable and smart-growth city ranking  
v The conceptual assessment framework is applied to draw 

a comparison between forty-six cities in the US.
� Data availability, and 
� Population > 1 million

v Performance measure:
� Travel Time Index (no unit)
� Crash Severity Score (/1000 person)
� AQI (median of the daily AQI for an entire year )
� Physical activity (METs)
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Study Area



Example of a five-city comparison

vCumulative percentage is used to construct the 
radar diagram
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vPerformance 
measures for travel 
time, traffic safety, 
and air quality were 
inversely applied 



MCDA through TOPSIS 

vEntropy analysis was applied to calculate the 
criteria weighting factors:

WTTI=0.261 WCSS=0.226
WAQI=0.253 WMET=0.259
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Rank Alternativ
e code

City CCi

1 A03 Baltimore 0.855
2 A45 Virginia Beach 0.827
3 A24 Minneapolis 0.808
4 A46 Washington 0.801
5 A27 New York 0.800

41 A20 Louisville 0.477
42 A43 St. Louis 0.458
43 A21 Memphis 0.449
44 A13 Detroit 0.427
45 A35 Riverside 0.343
46 A30 Phoenix 0.244
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Spatial distribution of city scores
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q Closeness coefficient score calculated by TOPSIS 
for different cities



Sensitivity analysis for performance measures

v The most sensitivity occurs between rankings 32 and 33

v The current ranking of the alternative could be switched to 
32 by a small change in either the performance value in 
MET or AQI
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Sensitivity analysis for weighting factors

v As a part of the analysis,
� Either a decrease of 0.14 in TTI weight or an increase of 

0.02 in CSS weight factor will equalize the ranking of A04 
and A32

� The most critical criteria weight for rank equivalence 
between coupled alternatives happens between ranking 36 
and 37. (ΔWTTI =5% or ΔWCSS =-1%)
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Alt. i Alt. α k Wk δi,α,k W*
k %W

A04 A32 TTI 0.26 0.14 0.12 -53%
CSS 0.23 0.02 0.21 -9%
AQI 0.25 -0.04 0.30 17%
MET 0.26 0.02 0.24 -8%

A38 CSS 0.23 -0.07 0.30 31%
MET 0.26 -0.17 0.43 67%

q Goal: the minimum quantity 
that a criterion weight needs 
to reverse the ranking 
between two alternatives
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Pros and Cons
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• The proposed 
framework can be 
applied for multiple 
cities 

• An effective decision 
supporting tool in 
analyzing traffic 
management strategies

• Can be adopted as a 
comparator tool 
sustainability and 
smart-growth of cities

• Hypothetical 
assumption of 
homogeneous 
population in an 
each study area

• Using existing data 
rather than testing 
alternative plans 



Questions
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