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Abstract: Mobility is a human need. Plenty of assessment techniques and methodologies are 

available in literature, however, the indicators selection lack conceptual justification, and 

most miss considering the social aspect of transportation. Transportation is now necessary to 

meet almost every human need: to eat, to work, to study, to avail healthcare, etc. Through a 

topic-based approach, the present study proposes a set of indicators for transport desirability 

assessment, around the three themes of performance, sustainability and fairness. A systematic 

literature review is conducted to evaluate existing approaches, and the completeness of the 

proposed set is considered. The set of indicators, namely: efficiency, environmental impact, 

resilience, accessibility, and social equity are proposed. The set of indicators are presented in 

this paper to invite critical discussion and debate, with the goal of arriving at the proper 

indicators for transport desirability. 
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1. INTRODUCTION 
 

Mobility is a human need. The statement is debatable, but as years went by, evidence says that 

people are forced to travel longer distances as a consequence of growth and global 

interconnectivity. According to United Nations-Habitat (2012), approximately 7.5 billion trips 

were made in cities worldwide in 2005. This is expected to increase three to four times as 

many by 2050. Due to increasing urbanization and urban sprawl, transportation has become a 

significant prerequisite to meet other basic needs – you need to travel to work, to study, to get 

healthcare, to buy food, to play, or basically, to live. Yet, transportation does not easily 

provide for itself. Planning and interventions are necessary to maintain the service we enjoy. 

This is because some issues have grown around it as well – negative externalities such as air 

pollution and congestion; and social exclusion of the urban poor, withholding them of the full 

benefits of urbanization. Threats to the existence of mobility, as we know it, such as climate 

disasters, increasing dependence on the private car and depletion of oil reserves, and 

increasing cost for transportation are also present. With this at hand, a desirable transportation 

system is therefore needed to continuously meet this human need.  

The present study proposes a set of indicators for assessment of transportation 

desirability in the city. Having seen a lack of conceptual justification on indicators selection in 

previous studies, three concepts to guide the assessment are proposed in this study. From 
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these three concepts discussed in section 2, a topic-based assessment is recommended. Instead 

of simply monitoring travel statistics, such as speed, frequency and cost, the recommendation 

of this study is to design indicators based on topics, which represent the actual problems 

arising from transportation. These topics are discussed in section 2, and more in section 3.3.  

Furthermore, the study acknowledges diversity among users, and the fact that not all 

users are perfectly rational when making transportation choices. With that, from a system 

management perspective, a desirable transportation system is conceptualized. Where 

applicable, the demographic details of the population is considered but otherwise, the 

assessment is done with the average user in mind, whose behavior is taken to be rational. The 

indicators are aimed to guide transportation infrastructure and intervention assessment for 

cities. In designing indicators for each category, where applicable, a user perspective is 

considered (i.e. efficiency and accessibility). As for environmental impacts, resilience and 

social equity, a societal perspective is seen as necessary. 

The paper is organized as follows: the conceptual framework is introduced in section 2; 

the approach for indicators design is discussed in section 3; the indicators themselves are 

presented in section 4; and a summary is provided in the conclusion. 

 

2. CONCEPTUAL FRAMEWORK 

 

The study proposes a framework for assessing transportation desirability around three 

overarching themes: performance, sustainability and fairness. With these themes, system 

design shall be guided to ensure high level service quality and value, and shall be able to meet 

the transportation needs of present population and of future generations, regardless of social 

status and individual capabilities.  

Performance assures that the service is provided with good quality and value for time 

and money. Sustainability, in a broader sense, is defined as being able to provide for the 

current needs of society without adversely affecting the capability of future generations to 

meet theirs. In transportation, existing sustainable approaches revolve around a sustainable 

mode share, energy use and minimal environmental impact. This theme requires that the 

means of providing the service is sustainable. Finally, fairness considers social equity in the 

service. Everyone should at least be able to do what they need, based on what they are capable 

of, through the system. Figure 1 visualizes this framework, while the details of the individual 

categories, qualities and indicators are discussed further in the study.  

 

 
Figure 1. Theme-based conceptual framework for assessment. 
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The framework is composed of five topics: Efficiency, Environmental Impact, 

Accessibility, Resilience and Social Equity. Each category is characterized by specific 

qualities (e.g. travel time, cost, energy intensity), and is assessed using specifically designed 

indicators. The performance of the system is reflected on efficiency, accessibility and 

resilience. Efficiency and accessibility both consider the generalized cost of transportation, 

and how much transportation value someone can get out of it. On the other hand, resilience 

considers how well this performance can be sustained, in the midst of disturbances. The 

sustainability theme is characterized by environmental impacts and resilience. In a general 

sense, the assessment of environmental impacts involves measuring travel distances, mode 

shares and energy consumption as well, which are important in sustainability discourses. Then, 

as already mentioned above, resilience talks about the sustainability of the level of 

performance of the service being provided. Finally, fairness is embodied in accessibility 

assessment, and in social equity. Accessibility has a spatial and social aspect to it, considering 

the number of opportunities and services available in various locations, as a function of a 

fixed generalized cost. The fact that generalized cost factors in both monetary cost and value 

of time, gives it its social aspect – considering the individual capabilities of users. Given this 

potential gap in accessibility levels within society, social equity assesses the size of this gap, 

and helps identify projects and interventions which can potentially reduce this inequity in the 

system. Overall, the study aims to cover as much ground as possible for the three overarching 

themes of Performance, Sustainability and Fairness, using the five categories: efficiency, 

environmental impact, resilience, accessibility and social equity. 
 

3. INDICATORS SELECTION AND DESIGN 
 

There is a wide application of multi-criteria methods in transportation studies literature. 

Mardani et al. (2016) provides a systematic literature review on the application of 

multi-criteria decision making methods on the subject. In addition to this body of literature, 

there are also many indicator-based literature on project selection and sustainability 

assessment.  

 As an observation, indicator selection is highly subjective, and depends on the goal, 

scope, scale and perspective determined for the assessment. To even create a list of all 

possible indicators is impossible, given the breadth of transportation systems. However, 

knowing the goal, scope, scale and perspective of this study, we can limit the indicators to 

only those necessary. 

 The review by Mardani et al. (2016) shows that multi-criteria decision making 

(MCDM) methods are most applied on service quality assessment studies. Indicators used in 

service quality assessment are usually micro-level and mode-specific. These include qualities 

such as punctuality, frequency of services, security, and comfort (Freitas, 2013). They can also 

be very specific, to include distance between stops, bus crowding, personnel attitude, and 

availability of information (Lupo, 2013). Service quality assessment takes on a user 

satisfaction perspective. 

 On the other hand, project selection assessment literature seem to take a protective, and 

risk reducing perspective for the project developer or investor. Common indicators for these 

studies include project cost and schedule (Gamez and Touran, 2010; Brauers et al., 2008; Pan, 

2008); and resource requirements, past experiences of the organization, management 

preferences, risk/return ratio (Mohanty, 1992; Cheng and Li, 2005). Indicators from this body 

of literature focus on protecting and reducing the risk for the developer and investors of the 

project. An issue with this, is that it neglects the purpose to which the system originally exists, 

which is to provide transportation to the people. 

 Lastly, another widely studied indicator-based assessment is about sustainability. For 
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sustainability assessment, the indicators are usually framed within the three concepts of 

environmental, social and economic impacts, except in Nicolas et al. (2003), which also 

considers mobility factors (e.g. number of trips, travel time, average speed). Other indicators 

involved in sustainability assessment include cost to user, cost to public, car ownership, travel 

distance, energy use, air pollution, land consumption and emissions. However, a weakness of 

sustainability-based assessment is the lack of performance-based indicators such as travel 

speed. 

The reviewed literature notably lack resilience and equity in the indicator sets. This is with the 

exception of Thomopoulos and Grant-Muller (2013), who assessed equity in terms of the 

distribution of all other indicators of transportation sustainability. 

 

3.1 The Service Management Perspective 

 

Litman (2008) emphasizes on the importance of balance in multiple indicator selection. 

Assessment which heavily consider environmental impacts can encourage planning decisions 

that will make the system inefficient, while focusing on too much efficiency can encourage 

systems which are unsustainable. The present study proposes a balanced approach, through 

the perspective of a service manager, whose focus is around the system‟s performance, 

sustainability and fairness. The assessment and selection of indicators will focus around these 

three concepts.  

 Existing perspectives are neglecting the reason for transportation in the first place – that 

it is a service and it is a human need. Aside from being sustainable and economically viable, it 

should be able to help people address all their other basic needs.  

 It is important to take note that all perspectives are important, and it would not be fair to 

say that one perspective is more correct than the others. Though at present, there is clearly a 

research gap on the service management perspective, which needs to be addressed. 

 

3.2 Lack of Conceptual Justification 

 

Justification for indicators selection in literature vary from consultation with experts (Shiau 

and Liu, 2013; Miranda and Rodrigues da Silva, 2012), data availability, state and local 

government aims, to popularity/frequency of use in literature (Haghshenas and Vaziri, 2012). 

Though pragmatic, the current approaches do not give confidence that the set of identified 

indicators are complete, nor do they draw a clear picture of the targeted desirable system. This 

is found to be true in Santos and Ribeiro (2013), when they evaluated the supposedly 

„transportation sustainability plan‟ of the local government of Rio de Janeiro, only to find out 

that the policy was all about climate change, of which the concept of sustainability is known 

to be broader than.  Smith et al. (2013) proposed a goal-based selection methodology for 

indicators to attempt to solve this. Yet, the latter still lacks the same, strong conceptual 

justification for the selection of transportation indicators, especially with its limited definition 

of big concepts such as mobility. A review of literature shows that the focus is more on the 

mathematical solution to the problem, and on defining weight distribution among indicators – 

less on the conceptual justification of the selected indicator set. Using the concepts of 

performance, sustainability and fairness, and the perspective of a service manager, the study 

aims to provide good conceptual justification for the selection of its indicators. 

 

3.3 Topic-based Assessment 

 

In a review of 17 studies using sustainable transportation indicators by Haghshenas and Vaziri 
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(2012), each study on average, is using an overwhelming 19 total indicators for assessment. 

All in all, a total of 85 different indicators have been used already, just in the category of 

sustainability alone. Practicality-wise, this large number of indicators is troublesome, and 

would make it difficult to identify the specific problems of the transportation system being 

studied. 

Another problem in previously proposed approaches is the direct use of qualities and/or 

statistics (e.g. number of car owning households, distance traveled, cost of travel) as 

indicators themselves. Using the individual qualities themselves as indicators makes it 

difficult to make sense of the data. Doing this is more like simply reporting statistics, than 

making a real assessment of the transportation system. It makes it difficult to understand what 

certain topic/issue is being addressed by a proposed intervention, because individual qualities 

can affect more than one topic at the same time. For example, travel cost affects both 

efficiency and accessibility of transport. Also, certain combination of qualities can contradict 

each other, such as distance travelled and energy use – increasing distance traveled might be 

desirable, but it would also increase energy use, which would be undesirable. Lastly, 

interactions can also be found between certain indicators, like energy use and emissions. 

Energy use and emissions are largely correlated, and it would make more sense if they can 

together form just one indicator.  

The study suggests to organize the qualities and indicators using topic-based assessment. 

This would involve clustering together various qualities in order to design a custom indicator 

that would embody the conceptual definition of a specific topic, or category. As introduced 

above, the topics enumerated for this study are efficiency, environmental impact, accessibility, 

resilience and social equity. The definition and indicator design for each topic are discussed in 

detail in the conceptual framework section. 

To add, the qualities cannot be problems on their own. They have to be contextualized 

to have meaning, and this is what organizing them into topics do. For example, knowing the 

speed of one public transit mode provides little meaning, but knowing that that speed level 

significantly reduces the accessibility and efficiency of transportation for a certain group of 

people, is better, easier to address, and easier to explain. Compared to simple statistics 

reporting, topic-based assessment is anchored on the main issues surrounding transportation 

service delivery, making it easier to interpret and understand. It is more efficient to deal with 

well-defined issues, than statistics. 

In summary, the proposed approach is an alternative that would make it easier to make 

sense of the data. A topic-based approach combining multiple qualities in a single, custom 

indicator per topic eases interpretation. Reporting findings based on topics also makes the 

issues easier to solve – it automatically shows how there are many different ways to solve the 

various transportation issues. In a more practical sense, instead of simply reporting travel 

costs, making it part of the indicator used to assess specific topics, such as efficiency and 

accessibility, helps explain and justify why it is a problem. For example, if poor „efficiency‟ is 

reported, it is automatically understood that the issue can be solved by either creating new 

links to reduce travel distance, increasing speed of public transit or reducing road congestion, 

or reducing transit fare. This is easier to interpret, compared to if the individual qualities are 

separately reported.  

Some studies have attempted a similar strategy by simple aggregation of multiple 

indices together into one category, say social or economic impact. However, there is a better 

way to describe transportation issues than additive aggregation of normalized statistics. 

Indicator design is key. Others have also attempted designing their own, custom indicators 

using statistics. However, the completeness and structure of their criteria lack conceptual 

justification and discussion. The study is distinguished from all previous works by 
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demonstrating how those aforementioned issues may be addressed from one perspective 

(discussed more in the following section), designing custom indicators for topic-based 

assessment and providing conceptual discussion on the criteria. 

An indicator is a variable based on some measurements, representing as accurately as 

possible a phenomenon of interest (Joumard and Gudmundsson, 2010). Also, indicators are 

variables selected and defined to measure progress towards an objective (Litman, 2008). With 

the proposed approach, indicator design becomes crucial since the indicators need to embody 

the essence of each category/topic. The goal is to make the assessment simple, yet ample. For 

each topic, an indicator is designed to assess transportation desirability based on its definition. 

The topics identified in this study, as guided by the concepts of performance, sustainability 

and fairness, are efficiency, environmental impact, accessibility, resilience and social equity. 

 

4. PROPOSED INDICATORS 

4.1.Efficiency 

In strict engineering terms, efficiency has to be a ratio of outputs to inputs. In practice, the 

definition of efficiency is diverse. The US Department of Energy, Alternative Fuels Data 

Center (2016) define it as achieving transportation goals (such as enabling workers to work 

and goods to be delivered) while reducing vehicle miles traveled (VMT). The American 

Council for an Energy Efficient Economy (2016) emphasize further on reducing VMT and 

improving energy efficiency. On the other hand the Metropolitan Transportation Commission 

of California (2015), and Shuster (2013) both focus on the net costs of the transportation 

service to society, linking efficient transportation and economic growth. 

From academic literature, the definition is more consistent, focusing on the ratio of 

transportation output metrics (e.g. car-km, passenger-km, emissions, and accidents) and 

service inputs (e.g. manpower requirement, fuel consumption, no. of vehicles, and operational 

cost). Pal and Mitra (2016), and Kang et al. (2017) consider both desirable (e.g. car-km, 

passenger-km) and undesirable outputs (e.g. accidents, emissions) – maximizing the desirable, 

while minimizing the undesirable ones. Lobo and Couto (2016) differentiate between 

efficiency and effectiveness, with the former measuring car-km, and the latter measuring the 

number of passengers serviced. Karlaftis (2004) and Sampaio et al. (2008) adopt similar 

parameters using data envelopment analysis. In this study, the indicator for efficiency takes 

the conceptual form: 

 

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝑡𝑟𝑖𝑝 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝑔𝑒𝑛𝑒𝑟𝑎𝑙𝑖𝑧𝑒𝑑 𝑐𝑜𝑠𝑡 (𝑡𝑟𝑖𝑝 𝑐𝑜𝑠𝑡,𝑡𝑟𝑖𝑝 𝑡𝑖𝑚𝑒,𝑐𝑜𝑚𝑓𝑜𝑟𝑡 𝑐𝑜𝑠𝑡)
   (1) 

 

For a user availing of transportation services, the concept of efficiency as the ratio of 

outputs to inputs can be defined based on the user‟s inputs (costs) and the transport service 

obtained in return (measured in actual travel distance). With this, the qualities to be 

considered are decided to be trip cost, trip time and trip distance, following the form of Eq. 1. 

For a user/customer/trip maker, this indicator would answer the question, “how far can this 

much take me?”, with “much” referring to a generalized cost of time, money and comfort. For 

example, congestion and high cost of fuel would make the system inefficient, because it 

requires more time and money for the person to travel the same distance.  

The efficiency for each zone, using Eq. 1, will be calculated for each unique trip using 

different mode options. The aggregation of efficiency for each zone, across various modes 

and various trips, will be done by weighted averaging. Zonal mode share and trip distribution 

data will be used as weights. The operational version of the efficiency indicator is in the form 

of Eq. 2 below: 
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𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦𝑘𝑑 =  ∑ 𝛼𝑖 ∑ 𝛽𝑖𝑗 (
𝑡𝑟𝑖𝑝 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖𝑗

𝑔𝑒𝑛𝑒𝑟𝑎𝑙𝑖𝑧𝑒𝑑 𝑐𝑜𝑠𝑡𝑖𝑗𝑑
)𝑗𝑖      (2) 

 

where i and j refer to mode i and destination j, respectively; α and β refer to percent 

share of mode and destination, respectively, of trips originating from zone k. The efficiency 

and generalized cost is assessed separately for each demographic d. As described above, the 

operational form of the efficiency indicator is a weighted average based on mode and 

destination share, and is performed for each origin zone. 

A simpler alternative could have been just speed or time lost (due to congestion). 

However, both would not be able to capture the complete “input” from the user, which also 

includes monetary cost and compromise for comfort. The generalized cost is the sum of travel 

time cost, travel monetary cost, and comfort cost, as shown in Eq. 3 below. 

 

𝐺𝑒𝑛𝑒𝑟𝑎𝑙𝑖𝑧𝑒𝑑 𝑐𝑜𝑠𝑡 = 𝑡𝑟𝑎𝑣𝑒𝑙 𝑡𝑖𝑚𝑒 𝑐𝑜𝑠𝑡 + 𝑡𝑟𝑎𝑣𝑒𝑙 𝑚𝑜𝑛𝑒𝑡𝑎𝑟𝑦 𝑐𝑜𝑠𝑡 + 𝑐𝑜𝑚𝑓𝑜𝑟𝑡 𝑐𝑜𝑠𝑡 (3) 
where, 

𝑡𝑟𝑎𝑣𝑒𝑙 𝑡𝑖𝑚𝑒 𝑐𝑜𝑠𝑡 = 𝑡𝑟𝑎𝑣𝑒𝑙 𝑡𝑖𝑚𝑒 × 𝑉𝑂𝑇     (4) 

𝑡𝑟𝑎𝑣𝑒𝑙 𝑚𝑜𝑛𝑒𝑡𝑎𝑟𝑦 𝑐𝑜𝑠𝑡 = 𝑡𝑟𝑎𝑣𝑒𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 × 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝑘𝑚   (5) 

𝑐𝑜𝑚𝑓𝑜𝑟𝑡 𝑐𝑜𝑠𝑡 = 𝐶𝑅 × 𝑉𝑂𝐶       (6) 
 

where VOT is value of time for each demographic; cost per km is defined per mode (i.e. 

fares for public modes, and operations cost for private mode); CR refers to comfort rating of 

specific mode; and VOC is value of comfort. VOT and VOC will be determined via 

willingness-to-pay-type surveys. CR can be determined by Delphi interview methods. 

To consider demographic diversity, the efficiency for each demographic is assessed. For 

aggregation of results, a population-weighted averaging is recommended, as shown on Eq. 7 

below. 

 

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦𝑘 =
∑ 𝑃𝑑𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦𝑘𝑑𝑑

𝑃𝑇
       (7) 

 

where Pd refers to population of demographic d; Efficiencykd refers to efficiency of 

demographic d when travelling from zone k; and PT refers to the total population of the city. 

 

4.2.Environmental Impact 

Sustainable development, as defined by WCED (1987), is „development that meets the needs 

of the present without compromising the ability of future generations to meet their own needs‟. 

In the assessment of transportation environmental impacts such as emissions and pollution, it 

is also necessary to measure trip distances, mode share, energy use and emission intensity. 

The indicator designed for sustainability in this study follows the form of the equation below, 

which coincidentally takes the form of the IPAT, or sometimes also referred to as the Kaya 

identity (Kaya, 1990).  

 

𝐸𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙 𝐼𝑚𝑝𝑎𝑐𝑡 = ∑ 𝑇𝑟𝑖𝑝 𝑘𝑚 × 𝑀𝑜𝑑𝑒 𝑠𝑎𝑟𝑒 × 𝐸𝑛𝑒𝑟𝑔𝑦 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 ×𝑘

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 × 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑐𝑜𝑠𝑡      (8) 
 

The impact shall be expressed in monetary units for aggregation of all emissions and 

pollutants considered, k. This form of the function is widely used in sustainability studies 

when breaking down the impact into its several driving factors. The environmental impacts 

assessed through this study would be limited to carbon and air pollution emissions. The scope 

of transportation environmental impacts are much wider and further limitations to this study 
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are discussed below. 

 

4.2.1. Carbon emissions versus air pollution 

It is important to distinguish between the effects of both to the environment. The effects of 

carbon are chronic and more global, while the effects of air pollution are immediate, and local. 

However, for both, an origin based approach will be used in the accounting of this study. For 

this study, the emissions and pollutants will be calculated per trip origin zone. Though simple, 

it would still provide useful information to devise potential interventions (e.g. promoting less 

private vehicle use, improving traffic flow to reduce vehicle running time, etc.). For future 

work, air pollution dispersion should be modeled to provide a spatial dimension of the 

damage, which would be more meaningful for impact assessment and planning.  

 

4.2.2. Effects of noise to health, psychology and cognition 

There is evidence that transportation noise has adverse effects to human health, psychology 

and cognition. In a recent review by Clark and Stansfeld (2007), negative effects are found on 

cardiovascular diseases, hypertension, annoyance-induced stress, learning and comprehension, 

and sleep disturbance. A study by Babisch (2006) suggests that the evidence has increased in 

relation to the correlation between transportation noise and cardiovascular risk. Miedema and 

Vos investigated the correlation of demographic and attitudinal factors to annoyance from 

transportation noise. It is found that fear of the noise source (vehicle) and inherent noise 

sensitivity of the person are the largest cause for the annoyance. Demographic factors are less 

significant, except for age. Carter (1996) investigates the effects of transportation noise to 

sleep. Intermittent traffic noise affects sleep more, than continuous noise. Though people can 

get habituated with it, it doesn't reduce the negative effects to health and mood the next day. 

Minor effects to heart rate are observed in laboratory studies, while effects on psychology, 

immune response and child development are recommended for future work. And lastly, 

Lercher et al. (2000) studied the potential relationship between transportation noise in 

Austrian residential areas, and high blood pressure. The results are complex and not easy to 

interpret. However, the correlation between the two remain to be studied. 

A report from the Transportation Research Board of USA (Galloway et al., 1969) suggested 

preferred means of measuring traffic noise. This is by physical level of sound (in decibels), 

since it was found to be statistically excellent in relation to predicting human response to 

vehicle noise. According to the study, vehicle noise is mainly due to two things: contact 

between vehicle tires and road, and engine exhaust noise. The physical measurement of 

highway noise was accompanied by interviews to related data to annoyance levels. Guidelines 

to assess traffic noise and recommendations for control are provided, together with a 

simulation model to predict noise levels. 

However, transportation noise modeling and assessment are still complex, and the impacts 

and consequent costs are still not yet well defined. Unfortunately, further investigation would 

be beyond the scope of this work.  Nonetheless, the effects of noise should be considered for 

future work. 

 

4.3.Accessibility 

Accessibility, in its most basic sense, refers to the ease of reaching opportunities and services 

through travel. The chosen indicator for accessibility is in the form of an additive function of 

cumulative opportunities/services. To account for the diversity of ways in which these 

opportunities/services may be reached, the accessibility per mode is summed together. Since a 

simple summation across mode alternatives would be difficult to interpret practically (i.e. it 

would be difficult to make sense of an accessibility value of, say 35), the sum is divided by 
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the number of mode alternatives to give a sense of accessibility per mode alternative. The 

ratio is chosen as the indicator for accessibility in this framework. 

 

𝐴𝑐𝑐𝑒𝑠𝑠𝑖𝑏𝑖𝑙𝑖𝑡𝑦𝑘𝑑 =  
∑ ∑ 𝑌𝑗𝑗𝑚

𝑚
       (9) 

 

where: 

𝑌𝑗 = {
1, 𝐺𝑒𝑛𝑒𝑟𝑎𝑙𝑖𝑧𝑒𝑑 𝑐𝑜𝑠𝑡 ≤ 𝑇𝑟𝑎𝑣𝑒𝑙 𝐵𝑢𝑑𝑔𝑒𝑡
0, 𝐺𝑒𝑛𝑒𝑟𝑎𝑙𝑖𝑧𝑒𝑑 𝑐𝑜𝑠𝑡 > 𝑇𝑟𝑎𝑣𝑒𝑙 𝐵𝑢𝑑𝑔𝑒𝑡

     (10) 

and, 

𝐺𝑒𝑛𝑒𝑟𝑎𝑙𝑖𝑧𝑒𝑑 𝑐𝑜𝑠𝑡 = 𝑡𝑟𝑎𝑣𝑒𝑙 𝑡𝑖𝑚𝑒 𝑐𝑜𝑠𝑡 + 𝑡𝑟𝑎𝑣𝑒𝑙 𝑚𝑜𝑛𝑒𝑡𝑎𝑟𝑦 𝑐𝑜𝑠𝑡 + 𝑐𝑜𝑚𝑓𝑜𝑟𝑡 𝑐𝑜𝑠𝑡  
 

The accessibility for each demographic, d, is calculated separately, since each 

demographic would have a unique travel budget, value of time and value for comfort. In the 

above expression, m and j refer to mode m and opportunity/service j, respectively. Yj is a 

binary variable which is assigned a value of 1 if the generalized cost for the opportunity j is 

less than or equal to the travel budget, and a value of 0 if it exceeds. Generalized cost is 

calculated in the same manner as in efficiency assessment. With regards to multi-modal 

accessibility, the generalized cost for each alternative mode is unique, and calculated 

separately.  

After calculating the individual accessibilities of each demographic for each zone, k, the 

results are aggregated by population-weighted averaging, as shown in Eq. 11. This approach 

enables the individual capabilities of each demographic to be considered in the assessment, 

while still producing a single value which can be used by decision-makers in prioritizing. If 

aggregation is not needed, the individual accessibilities of each demographic is easily 

available in the dataset. Also, equity considerations are assessed separately by a different 

indicator in this study. 

 

𝐴𝑐𝑐𝑒𝑠𝑠𝑖𝑏𝑖𝑙𝑖𝑡𝑦𝑘 =
∑ 𝑃𝑑𝐴𝑐𝑐𝑒𝑠𝑠𝑖𝑏𝑖𝑙𝑖𝑡𝑦𝑘𝑑𝑑

𝑃𝑇
      (11) 

 

4.4.Resilience 

Resilience measures the capability of a system to maintain a certain level of service after a 

disturbance. Some examples are cited below.  

Cox et al. (2011) measured transportation resiliency to effects of terror attacks, using 

actual data on the number of passengers using the service before and after the event. In this 

study, resilience takes the definition of “direct static economic resilience”. It is measured as a 

percentage of avoided damage, assuming there is a maximum potential disruption. 

Miller-Hooks et al. (2012) models resilience of freight transport to various types of 

disruptions, including terror attacks and flooding. Their model defines resilience as the 

expected fraction of demand that can be satisfied post-disaster. Their methodology was 

developed to allocate budget to preparedness and repair activities which may be carried out. 

The allocation is done by maximizing the expected flow of goods (resilience) within the 

network, post-disaster. On the other hand, Holling (1996) talks about a different type of 

resilience – ecological resilience. In the book chapter, he differentiates between engineering 

and ecological resilience, highlighting that the former is concerned on efficiency, while the 

latter is concerned on maintaining the existence of the service. An interesting contrast 

between the two is engineering resilience‟s tendency to make the system rigid, and less 

flexible, while ecological resilience prefers diversity, and flexibility. This is because 

engineering resilience commits to a „known‟ target, say efficiency, and aims to reduce risks 
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(known risks). On the other hand, ecological resilience thinks about long-term, bigger and 

sometimes unknown external disturbances, and in a way also reduces the risk for these to end 

the service provided. Larger issues which ecological resilience may consider for 

transportation include climate change, depletion of oil resources, and traffic congestion. 

Ecological resilience thinking may also be applied to address resilience to flood and other 

immediate disturbances. From the author‟s understanding of ecological resilience, this 

thinking would recommend diversity, redundancy, and multi-modality.  

The measure for resilience would depend on the type of disaster being prepared for (i.e. 

terror attacks, floods, earthquakes, rising fuel prices, etc.). In general, applying the thinking 

from ecological resilience as well, the disturbances may also be categorized as short term and 

long term ones. With short term referring to immediate disturbances, and long term referring 

to „chronic‟ disturbances. For short term, there is flooding, terror attacks and earthquake to 

consider, among many others. For long term, there is climate change, depletion of oil 

resources and sustainable mobility to consider. 

From a mobility perspective, the authors believe accessibility would play an important 

role in assessing disaster resilience of a transport network. Diversity and redundancies in the 

network should help in maintaining the level of accessibility provided by the transport 

network. In this case, the selected indicator for resilience is in the form of a ratio between 

accessibility after and before the incident. 

 

𝑅𝑒𝑠𝑖𝑙𝑖𝑒𝑛𝑐𝑒 =
𝑎𝑐𝑐𝑒𝑠𝑠𝑖𝑏𝑖𝑙𝑖𝑡𝑦 𝑎𝑓𝑡𝑒𝑟 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡

𝑎𝑐𝑐𝑒𝑠𝑠𝑖𝑏𝑖𝑙𝑖𝑡𝑦 𝑏𝑒𝑓𝑜𝑟𝑒 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡
      (12) 

 

4.5.Social Equity 

The measure for social equity in transportation would depend on the governing theory 

adopted (e.g. utilitarian, libertarian, egalitarian, etc). Building on the conceptual study by 

Pereira et al. (2016), this study implements social equity in transportation using distributive 

justice, with accessibility as an indicator of „capability‟. Social equity shall be measured 

based on difference in accessibility across the demographic of the city.  

 

𝑆𝑜𝑐𝑖𝑎𝑙 𝑒𝑞𝑢𝑖𝑡𝑦 = max(𝑎𝑐𝑐𝑒𝑠𝑠𝑖𝑏𝑖𝑙𝑖𝑡𝑦𝑑) − min (𝑎𝑐𝑐𝑒𝑠𝑠𝑖𝑏𝑖𝑙𝑖𝑡𝑦𝑑)          𝑓𝑜𝑟 𝑎𝑙𝑙 𝑑 (13) 
 

On the above indicator, d refers to a particular demographic. The indicator will first 

look for the maximum and minimum accessibility levels across the demographic, and then 

take the difference. Improvements in social equity should decrease this gap. Something which 

can also be done is to present spatial equity, still using accessibility, but comparing across 

zones instead of across the demographic. 

 

5. CONCLUSION 

 

The above discussion presented a proposed multi-criteria and indicator-based framework for 

desirability assessment of a transport system. The proposed methodology is using a 

topic-based approach, to provide ease of interpretation for decision makers and stakeholders. 

With the aim of providing conceptual justification on the selection of indicators, it was 

revolved around the three themes of performance, sustainability and fairness. The proposed 

set of indicators are presented to invite critical discussion and debate, with the goal of 

eventually arriving at the best approach to transport desirability assessment. 
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