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ABSTRACT

Freight Transportation (FT) sector is one of the largest contributors to the ever-rising threats of
environmental degradation, resource depletion, global climate change, accidents, congestions,
over-flowing waste disposal sites, health problems etc. faced by our society nowadays.
Accordingly, there is an urgent need to adopt sustainable practices in freight operations to
overcome the associated negative externalities. Organizations are under substantial pressure to
develop sustainable freight transportation systems (SFTSs) owing to the increasing societal
pressure, market awareness and government regulations. Development of SFTSs faces a major
challenge due to the various inherent sustainability risks. Sustainability risks can be defined as
probable threats that adversely impact the integration of triple-bottom-line framework and act as
impediments in the path of sustainable systems. The domain of sustainability risks is relatively
new and has recently attracted both academic and practitioner attention. Recent review papers in
the area of sustainability and risk management have also acknowledged the need to investigate risk
aspects in the context of sustainability. The studies focusing on sustainability risks are very limited
and research papers investigating sustainability risks in the FT context are virtually non-existent.
This research is quite crucial in addressing these gaps in the literature. A number of analytical
models have been developed to index, quantify, profile and manage sustainability risks in freight
transportation systems (FTSs) using different methodologies such as evidential reasoning
algorithm (ERA), expected utility theory (EUT), neighborhood rough set theory (NRST), D-
Number theory, interval two tuple linguistic representation model (ITL), intuitionistic fuzzy sets
etc. This research is very significant in the current scenario as it can improve the performance of

sustainable systems, which is the key requirement in many sectors.



The research proposes a sustainability risk management framework to facilitate the development
of SFTSs. The entire research focusses on investigating sustainability risks in the context of FT
and is basically divided into four steps namely risk identification, risk indexing, risk analysis and
risk treatment. Each step contributes towards the accomplishment of underlying research
objective(s) and assist in achieving the desired outcomes. In the first step, a total of 36
sustainability risks present in FT are identified and categorized under seven dimensions namely,
fleet management (FM) risks, financial (FI) risks, informational (IN) risks, ecological & social
(E&S) risks, market (MR) risks, operational (OP) risks and organizational & governmental (O&G)
risks. Then, in the second step, a sustainability risk index (SRI) is developed to measure the risk
exposure of FTSs using an integrated approach combining interval two tuple linguistic

representation model (ITL) and digraph matrix approach (DMA).

In the risk analysis step, three models are developed to evaluate, prioritize and profile the
sustainability risks associated with FT in detail. In the first model, each identified sustainability
risk is quantified to obtain the risk priority score (RPS) and accordingly categorized into very low,
low, medium, high and very high priority groups for three ubiquitous risk preferences namely,
risk-averse, risk-neutral and risk-taking. This model is based on fuzzy evidential reasoning
algorithm (FERA) and expected utility theory. It is found in the results that lack of awareness &
logistics skills is the highest priority risk all three cases. The second model analyzes sustainability
risks considering both the membership and non-membership degrees to compute the D+ and D-
risk scores respectively with the help of D-number theory and intuitionistic fuzzy numbers (IFNs).
Sustainability risks with D+ score > D- score are classified as the high priority risks and the risks

with D- score > D+ score are classified as the low priority risks. Based on the outcomes of the two



above mentioned models, 17 high priority sustainability risks are determined that require primary
attention and treatment. These 17 high priority sustainability risks are further evaluated and
profiled from four perspectives i.e. economic, social, environmental and overall sustainability
perspective considering both long-term and short-term time frames respectively in the next model
using D-number theory and IFNs. Finally, in the last step i.e. risk treatment, 22 risk treatment
strategies are identified and a decision support system (DSS) is developed based on D-number
theory, neighborhood rough set theory (NRST) and grey relational projection analysis (GRPA).
The redundant attributes are determined by computing the significance of each sustainability risk
and core attribute set is obtained. The DSS assists in the determination of the preferable set of
strategies and the most suitable strategy for different scenarios considering cost, time and

effectiveness as the decision attributes.

This study addresses the research gaps in the literature regarding the understanding and
management of sustainability risks especially in the context of FTSs. The research offers several
insights that can assist the organizations in the adoption of sustainable practices in FT. It is one of
the few initial researches that investigates and quantitatively models sustainability risks in the
context of FTSs. This research facilitates in the development of SFTSs by alerting the freight
managers about the high priority sustainability risks that require primary attention and assisting in
the pro-active strategy formulation to minimize disruptions in SFTSs. The findings indicate that
unlike conventional perception, organizations need to emphasize more on the social dimension

primarily on improving the behavioral and skill aspects while developing SFTSs.
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