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Message from the President 

The Sri Lanka Society of Transport and Logistics (SLSTL) was 

established in the year 2014. Its main objective was to contribute to the 

national economic development by knowledge sharing with the 

industry, through its member’s contributions from research and to 

share their research and developments with the entire world eventually. 

With its admission to the Eastern Asia Society for Transport Studies 

(EASTS) as the 19th Domestic Society on 15th September 2015, the 

SLSTL has been highly recognized in the industry with its excellent 

capacity to research, advisory services to the government and 

knowledge-sharing in the transportation and logistics sector In Sri Lanka. This was even more 

evident with the contributions that the society extended to the government of Sri Lanka for much-

needed short-term plans expected by the Ministry of Transport of Sri Lanka when the SLSTL was 

invited to assist with mitigating the transportation and logistics sector issues experienced during the 

recent economic crisis in Sri Lanka.  

We have also initiated interactions with the industry partners for research collaborations in the 

transportation sector, and recently commenced our Journal, (JSALT) with its high-quality research 

papers published 2 times a year to facilitate academic and technical knowledge sharing among the 

members and the other researchers from Sri Lanka and the South Asian region  

Research for Transport & Logistics Industry (R4TLI) is the annual International Research 

Conference held for the 7th consecutive year since year 2016, with its main objective being, to 

promote research and development in the transport & logistics sector in Sri Lanka and the region 

that would help to identify the current issues and to bring innovative solutions for continues 

development of the transport sector for a better future for the general public for uplifting their 

lifestyle with the modern world in a sustainable manner. I would like to record my appreciation for 

the continuous assistance by our industry partners and sponsors for encouraging the researchers by 

their contributions to the transport sector through R4TLI.   

I warmly welcome our Chief Guest, Guest Speaker, Key Note Speakers, Judges, Presenters, 

Authors, Volunteers, and all participants, to witness the full-day’s international research conference 

and enjoy the event under the theme of "Realigning the Transport and Logistics Sectors for Sri 

Lanka's Economic Revival".  I am also thankful to the past presidents, conference chair, co-chairs, 

conference organizing committee, Exco Members and the all SLSTL members for their untiring 

effort to make the event a success. 

 

Tissa U Liyanage 

B.Sc. Hons. Eng. (Moratuwa) PhD, MEng, CEng, IntPE, FIESL, MCILT, MACE,  

Chairman/ CEO – Master Hellie’s Engineering Consultants (Pvt.) Ltd 

President - SLSTL 
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Message from the Conference Chair 

On behalf of the Organizing Committee, it is my great pleasure and 

honor to welcome all of you to the Research for Transport and Logistics 

Industry (R4TLI) 2022, the 7th International Conference. The 7th R4TLI 

conference is an online platform where more than 100 participants have 

already been registered representing Sri Lanka, India, Japan, and 

Thailand. We are delighted to see that R4TLI annual conferences keep 

expanding and becoming more substantial year by year.  

I am excited about the recorded number of authors, and the wide range 

of ideas that scholars and practitioners will bring into our fold. This 

richness of ideas bodes well for the Sri Lanka Society for Transport & Logistics (SLSTL) and the 

Transport and Logistics Industry of the country.  

The theme for this year’s conference is ‘Realigning the Transport and Logistics Sectors for Sri 

Lanka’s Economic Revival'. Under the given theme, there are three keynote addresses that will be 

delivered by R4TLI members. First, is on ‘Energizing the Economy through Industry 4.0 or 5.0: 

the New Industrial Revolution’; the second is on ‘Smart Cities to Enrich the Quality of Life through 

Sustainable Transportation’; and the third is on’ Opportunities to Accelerate Transport & Logistics 

in the Century of Asia: A Post-COVID19 Restart’. I strongly believe that these sessions would 

provide deep insights on the means to cope with the current economic crisis through sustainable 

Transport and Logistics initiatives. 

I would take this as an opportunity to thank all participants, presenters, session chairs, judges, 

keynote speakers, the chief guest, and the guest of honour for enriching the conference with your 

presence. As is a tradition with the conferences, I hope you will enjoy the content, renew old 

fellowships, make new fellowships, get new ideas, and above all, have a great deliberation. Further, 

I thank all those who worked to organize the conference at this scale. 

 

Dr Amila Jayasinghe  

B.Sc. Hons T&CP. (Moratuwa), MPlan. Infrastructure (India) EngD. (Japan), MITP (Sri Lanka) 

Vice President (Conferences) - SLSTL 

Conference Chair - R4TLI  2022 
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Message from the Founding President of SLSTL 

It’s a pleasure to note the continuity that the 7th International 

Conference on R4TLI has achieved in spite of the many disruptions 

of the last few years. Transport & Logistics sector reforms are long 

overdue in Sri Lanka, and the current circumstances in which the 

country finds itself is an opportune time to set right the many long-

standing policy shortfalls and improve sector management. The theme 

of the conference 'Realigning the Transport and Logistics Sectors for 

Sri Lanka's Economic Revival' is setting the right direction for a fresh 

professional outlook on the transport & logistics sector in Sri Lanka. I 

hope that the government will not neglect to flesh out the insights 

coming out of the proceedings of the conference in the days to come, in finding innovative and 

sustainable solutions that will provide the backbone for the revival of Sri Lanka's economy. I also 

take the opportunity to thank the many researchers and especially the young researchers, who are 

sharing their findings and pray that the experience would be a blessing to you and all other 

participants. May you have a wonderful conference. 

 
Amal S. Kumarage  

B.Sc. Hons Eng. (Moratuwa), Ph.D. (Calgary), FCILT, MIE(SL), CEng 

Founding President - SLSTL 
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EXPLORING THE IMPACT OF COVID-19 ON MOBILITY IN 

COLOMBO METROPOLITAN REGION, SRI LANKA  
 

 

Nesha Nayomi Ranaweera, Amila Jayasinghe  

Urban Simulation Lab, Department of Town & Country 

Planning, University of Moratuwa, Sri Lanka 

nesharanaweera29@gmail.com, amilabj@uom.lk  

 

ABSTRACT - To combat the COVID-19 pandemic, the Sri Lankan government has initiated a variety of 

travel restrictions, particularly in the Colombo Metropolitan Region (CMR). With over 50% of cases and 

significantly different CMR mobility patterns, the CMR has evolved as the focal point of the COVID-19 

outbreak in Sri Lanka. However, only a few research have been carried out to assess the impact of the 

COVID-19 pandemic on mobility in Sri Lanka. Therefore, the objective of this paper is to investigate the 

influence of COVID-19 on CMR mobility at different times throughout the COVID-19 epidemic. The 

mobility change in Sri Lanka was examined using the Google COVID-19 Community Mobility Change data. 

934 questionnaire survey samples were used to analyze the change in CMR mobility. The results indicate 

that whereas residential mobility in Sri Lanka increased by up to 50% following the epidemic, mobility in 

the workplace, transportation, parks, pharmacies, and retail decreased. According to the survey's findings, 

daily travel frequency has dropped by more than 50%, and people prefer their private vehicles over public 

transportation. Therefore, the study gives essential and practical information to transportation engineers, 

planners, and decision-makers to take effective actions to regulate the pandemic situations and mobility. 

 

Keywords: Mobility; COVID-19 Peak Time; COVID-19 Off Peak Time; Colombo Metropolitan Region 

  

1. INTRODUCTION  

   

In recent years, the COVID19 pandemic has become a severe global concern [1]. People's health has been 

jeopardized as a result of the epidemic's rapid spread, and also mobility has been altered all over the world 

[2]. To combat the outbreak, the government had to take drastic steps, such as restricting transportation 

across the country which had a significant influence on changes in mobility [1] [2]. Researchers have 

examined how mobility and socioeconomic status related throughout the epidemic [3] [4]. Changes in 

domestic and international mobility [5], mobility components [2], human mobility [6], and their tendencies 

in different parts of the world [1] have all been studied in the international context. High-density regions are 

more susceptible to the COVID-19 pandemic, and the rate of transmission within highly urbanized areas is 

much higher [6]. When pandemic cases grow, people limit their movement patterns to avoid the pandemic, 

according to the basic idea of protection motivation theory [7]. 

 

Sri Lanka is also one of the nations affected by the COVID-19 pandemic, and the Sri Lankan government 

has implemented different travel and mobility restrictions to limit the daily COVID-19 cases and fatalities, 

including nationwide lockdowns, regional and local lockdowns, and curfews. With more than half of all 

cases, the CMR has become the hub of the COVID-19 epidemic in Sri Lanka, and mobility patterns in the 

CMR have radically changed due to travel restrictions. However, investigating mobility patterns during the 

COVID-19 epidemic requires conducting research in the Sri Lankan context. Because such research and its 

conclusions can aid in the development of effective measures and policies to control the severity of the 

pandemic and to sustainably tackle future pandemic scenarios [2]. Consequently, the objective of this study 

is to examine the impact of COVID-19 on CMR mobility at various periods throughout the COVID-19 

pandemic. The investigation took place in this study within the CMR, Sri Lanka, from March 2020 to August 

2021. 

 

2. MATERIALS AND METHODS  

  

mailto:nesharanaweera29@gmail.com
mailto:amilabj@uom.lk
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This research examined the following time periods. 

1. Before the COVID-19 situation 

2. 1st Lock Down Time (March-May 2020) 

3. COVID-19 Off-Peak Time (June - September) 

4. COVID-19 Peak Time with Brandix and Peliyagoda clusters (October - December 2020) 

5. COVID-19 Off-Peak Time (January - April 2021) 

6. 2nd Lock Down Time (May - June 2021) 

7. July – 15th August 2021 

The research process is divided into two stages. In the initial stage, Google COVID-19 Community Mobility 

Change data used to analyze the mobility change in Sri Lanka. The data may be retrieved by going to 

https://www.google.com/covid19/mobility/. The percentage of mobility change in the workplace, transit, 

parks, supermarkets, pharmacy, retail, and residential was examined in the study. 

 

To gather primary data for CMR, a questionnaire survey was conducted in the second phase. The sampling 

technique used is stratified random sampling, and the population of Colombo Metropolitan in 2012 was 5.85 

million. Based on practical factors, including the COVID-19 problems and the investigation's time limits, 

the study chose a sample size of 750–1000 (99% confidence level and 5% margin of error), and this study 

covered 934 samples in CMR. 

 

3. RESULTS AND DISCUSSION  

  

The google mobility change indicates that whereas residential mobility in Sri Lanka increased by up to 50% 

following the epidemic, mobility in the workplace, transportation, parks, pharmacies, and retail decreased. 

For example, COVID-19's effect has resulted in a downward mobility shift trend in the workplace, which 

has persisted in every period. Work mobility was reduced by up to 79 % on March 25th, 2020, during the 

first lockdown in the first wave of COVID-19. The shift in residential mobility, on the other hand, is the 

opposite of the shift in work mobility, and it has remained positive. 

 

When the epidemic hit, there were 68% daily travelers, which decreased to 8% during the first shutdown 

and marginally increased during off-peak periods to 25%–29% (Figure 1). At the same time, the choice of 

bus and rail modes of transportation has decreased by less than 2% during peak times while the choice of 

private car modes has increased (Figure 2). 

 

4. CONCLUSION  

  

The findings demonstrate a negative mobility change percentage in the workplace, transit, parks, 

supermarkets, pharmacies, and retail, except in residential. Furthermore, the results indicate that mobility 

decreases during peak periods and increases during off-peak periods with travel frequency and transport 

mode choice. Therefore, future research may employ a variety of data sources and methodologies to 

investigate the relationships between mobility types and COVID-19 in Sri Lanka's various contexts. 

  

 

 

 

 

 

 

 

 

 

 

Figure 1. Changes in Overall Travel Frequency in CMR 

https://www.google.com/covid19/mobility/
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Figure 2. Changes in Travel Mode Choice in CMR 
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ABSTRACT - This study is an attempt to comprehend what transport variables (E.g. distance to main city, 

distance to Major “A”, “B” Roads etc.) has higher or lower impact on a property’s worth and to what extent 

has it been impacting on a property’s value. In order to experiment it, a valuation model using Geographical 

Information System and Multi linear Regression has been created for an urban local area, using the 

foundation of literature and real ground stakeholders’ judgments. The model generates the outcome of the 

spatial variation of property value, demonstrating the behavioral patterns and trends graphically, considering 

both the adjacency effect (transport variables) and neighborhood effect. (physical and social environments). 

This research highlights the prominence in transport variables’ impact on property value over the 

neighborhood variables. This model could serve as a starting guidance tool for valuers, brokers, property 

agents, planners, researchers and other parties involved in the real estate & infrastructure sector to estimate 

property value that is highly based on transport variables. 

  

Keywords: Transport variables; Valuation model; Property assessed value 

  

1. INTRODUCTION  

 

In Surveys done in developing countries and developed countries regarding the current property valuation 

methods in use, it’s highlighted that many are still in use of traditional methods and still advanced techniques 

are not in high practice in either developing countries or developed in spite of their application in theoretical 

models (Abidoye et al., 2019). These traditional property valuation methods which considers the calculations 

of Comparative method, Residual method, Contractor’s method etc. (Pagourtzi et al., 2003) ignore a major 

element; the “spatial” character of a property. According to literature, these traditional techniques are 

primarily biased on physical and economic factors of an individual property, but not so much on this “spatial” 

factor. The spatial factor can be considered in two major sets of variables. (1) Transport variables 

(Accessibility) and (2) Neighborhood variables (physical & social environment) of a property. With the 

background knowledge of these methods, the research highlights the need of modern valuation approaches 

as, Valuation models as it’s not highly in practice in Sri Lankan context. 

 

As a result, the purpose of this study is to investigate the gap in practice in advanced valuation approaches 

that can grasp the impact of these transport & neighborhood variables on a property's value. So, the main 

objective is to identify what variables can impact on property value and to what extent in terms of 

transport access & neighborhood of a property. 

 

2. MATERIALS AND METHODS  

  

Methodology of the study follows a three staged analysis. (1) Analysis Stage I: A set of transport & 

neighborhood variables are shortlisted by cross referencing variables found through literature & real estate 

stakeholders’ judgment collect through semi structure interviews. (2) Analysis Stage II: Creation of a 

Geographic Information System (GIS) Model for valuation using the previously identified transport & 

neighborhood variables. A Multi Criteria Analysis using the weighted overlay tool is used since it enables 

to rank the different variables in terms of their influential percentage on property value. (3) Analysis Stage 

III: The final analysis using SPSS, is generating the outcome of the Pearson’s correlation between each 

variable and property values in local case study area. At this stage it prominently displays how each transport 
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factor’s impact is higher than the rest of the variables. Also a multi linear regression model (SPSS) is created 

using the highest significant transport variables so that, an individual plot’s property value can be estimated 

once the plot’s distance to each transport & infrastructure facility is substituted to the equation.    

  

The model is run for an urban local case study area; Nugegoda. An area within 2km buffer from the main 

city center is selected as it’s an area that has been showing high fluctuation in property values due to the 

changes in transport & infrastructure developments in the recent past years. 17 variables’ data (Distance to 

Main City, Distance to Major roads, Road Breadth, Distance to Educational, Health Institute etc.) are 

collected through primary sources as Municipal & Urban Councils and secondary data as JICA (Japan 

International Cooperation Agency) CoMTrans (Urban Transport System Development Project for Colombo 

Metropolitan Region and Suburbs) & digitized layers from satellite images of Google Earth, Open Street 

Map etc. 

 

3. RESULTS AND DISCUSSION  

Figure 1. GIS Model Outcome: Spatial Variation Index (SVI) 

 

The Spatial Variation Index depicted in Figure 1 indicates the property value changes in Nugegoda in terms 

of transport & neighborhood variables. The outcome mimics the real ground and it eases to understand 

patterns and trends on where the upcoming potential areas for high values are situated.  

 

Table 1 exhibits the transport & variables’ and physical infrastructure variables’ correlation to the property 

values in Nugegoda in order. A Geo Information System-created Spatial Valuation model serves as a 

foundation for more advanced valuation models such as AVMs. (Automated Valuation Models).  

 

 Table 1. Key Findings of the impact of each transport & physical neighborhood variables  

Variable Coefficient 

Distance to Main City -0.739** 

Distance to “A” Road -0.713** 

Distance to Educational Institutes -0.711** 

Breadth of Main Access road  0.691** 
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Distance to Railway Stations -0.636** 

Distance to Bus Halts   -0.632 

Distance to Sub City -0.627** 

Distance to 1st Order grocery shopping  -0.621** 

Distance to “B” Road -0.564** 

Distance to 2nd  Order grocery shopping  -0.544** 

Distance to Health Institutes  -0.533** 

Distance to Recreational Spaces     0.160 

Note: ** Variables with higher significance level (significant at 0.01 level) 

 

4. CONCLUSION 

 

In conclusion, this study reflects what transport variables can impact on property value to what extent, and 

deliver a configuration in graphics, on potential trends in future. (It comprises the main transport variables 

even though it is limited by nontangible & qualitative variables that aren’t captured by a model). The results 

of the analysis also contribute a set of common variables and their impact levels to a default urban and local 

area (specifically ideal to any Colombo suburban,) that could be used to generate a unique valuation model 

individually. With appropriate customizable choices for different urban, local case study areas, such models 

can be improved.  

These models serve as a basis for a business pitch to advising firms, demonstrating as an initial guide in 

creating property market valuations for buyers and sellers depending on “location”. Furthermore, software 

and applications (Apps) can be developed in such a way that any party involved in the process can generate 

their own property prices utilizing such timely automated valuation models. 
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ABSTRACT - Research focuses on analyzing the factors behind the change of urban form and its 

relationships. The main four urban form elements are recognized as Road network, land use mix, density 

and vitality based on natural movement and Transport land use feedback theory. A Road network is a 

combination of accessibility and capacity of the road, which can be referred as topological and mobility 

characteristics.  Planners have identified theories and relationships, but never captured the combined 

influence of topological and mobility parameters of the road networks. It is required to analyze and quantify 

the Combined Influence of Accessibility and Capacity of Roads on Land Use Mix, Urban Density, and 

Vitality to identify the behavior of the urban form. This research was conducted in Colombo, Kurunagala, 

and Mawanlla. Results reveal the combined influence of accessibility and Capacity of roads to change land 

use, density and vitality.   MATLAB 3D graphs, SPSS regression correlation analysis have been used to 

model real ground data. Cities have been tested for Accessibility and Capacity of road parameters. The study 

has recognized that the influence of accessibility varies from 50% - to 60% and the influence of the Capacity 

of Roads varies from 30% – to 45%. The study can be used for local and urban planning and will be a guide 

for preparing future plans and regulations. 

Keywords: Accessibility, Capacity of Roads, Urban Density, Land use Mix and Vitality. 

 

1. INTRODUCTION  

“Urban form is changing temporally, but it is more important to find some logic to explain the factors behind 

this change and relationships to manage better city order” (Bandara & Munasinghe, 2007). “Urban form is 

the spatial characteristics that is created by built-up areas, including the shape, size, density, and 

configuration of settlements (Batty, 2007; Pinto & Antues, 2007; Ye, Yeh, Zhuanga, Nes, & Liu, 2016; Ye 

& Nes, 2014). Road network is an essential component that interacts with urban form elements (Chaudhuri 

and Clarke, 2015) and an integral part of any human settlement, facilitating the movement of people, goods, 

and information. Urban street network has two components as topological properties and geometric / 

mobility properties (Hillier 2001/2).   

There are studies which investigate the relationship between Topological Accessibility on land use, density 

and vitality. Another set of studies investigate on Capacities of roads / geometric properties on land use 

density and vitality. However, none or very limited studies have attempted to investigate the combined 

influence of topological accessibility and capacity of roads. In addition, these studies have been identified 

as isolated relationships in topological accessibility and land use, topological accessibility and density, 

topological accessibility and vitality, but accessibility influence on land use, density, and vitality combined 

impact has not been studied (Bafna 2003; Batty 2004; Webster 2010; Hillier et al. 2010). Although the 

influence of capacity of road infrastructure studied individually on land use, density and vitality separately, 

but not studied combined impact (Hillier & Iida 2005, Hillier (2010) and Porta et al. (2011). Some of the 

studies have identified the relationship between accessibility and vehicular movement, as well as 

accessibility and pedestrian movement. Another set of studies had identified the relationship between the 

capacity of roads and vehicular movements and pedestrian movements individually (Smith et al. 2015). 
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Though there were previous studies on individual influence of accessibility and capacity of roads on 

vehicular and pedestrian movement, the combined influence of accessibility and capacity of roads has not 

been investigated. According to the above-identified research gaps and limitations, this proposed study will 

investigate and conceptualize the combined influence of accessibility and capacities of road infrastructure 

on land use mix, urban density, and vitality.  

Objective 

To explore the combined influence of accessibility and capacity of road infrastructure (Roads and 

sidewalks / walking paths) on land use mix, urban density and vitality 

2. METHOD 

A series of urban planning literature 

explains the measuring approaches for 

accessibility, capacity of road 

infrastructure, land use mix, urban 

density and vitality. The area in 

Colombo was divided into 389 sample 

segments, Kurunagala was divided into 

235 sample segments and the 

Mawanalla was divided into 102 sample 

segments by completing a database for 

each city.            

    

3. RESULTS AND ANALYSIS  

 

 

 

 

Table 1- Measuring Approaches 

Parameter Measure Source 

Accessibility 

(Freeman, 1978) 

Closeness Centrality 

(Global and Local 

integration) 

Prepared by author 

Capacity of road 

(Alejandra, 2004) 

Road Widths and 

Walking path widths 

UDA Data Base and Prepared 

by Author  

Land use mix  

(NES, Pont, & 

Mashhoodi, 2012) 

Mix use index / entropy 

index 

UDA Data bases Kurunegala 
transport plan, Mawanalla 

bus terminal project 

Urban Density 

(Bahadure & 

Kotharkar, 2015) 

Space matrix (FAR, 

Building Height, Plot 

Coverage) 

UDA Data base,  Kurunegala 

transport plan data, 
Mawanalla bus terminal 

project 

Vitality (Yue & 

Zhu, 2019) 

Traffic Volume and 

Pedestrian Volume 

JICA, Kurunegala transport 

plan data, Mawanalla bus 

terminal project 

Figure 1.  Arguments and Conceptual Framework  
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Accessibility and Capacity of Road parameters work as a guide of the land use mix, urban density, and 

vitality of the urban form. Change in a single unit of Road Network will increase accessibility and capacity 

of the roads, and will also influence the change in land use and density vitality at different degrees. Influence 

of accessibility is in the range of 50% to 60% in all cities and influence of Capacity of roads is in the range 

of 30% to 45%. 

 

Accessibility and Capacity of road parameters influence the city scale (vehicles) and local scale (pedestrian 

scale). To assess city scale influence, Global integration and Road Widths were used, and to assess local 

scale, local integration and walking path widths were used. There is high influence by vehicles within the 

range of 55% to 80% but the pedestrians influence varies from 25% to 40% on LU, Density and Vitality. 

 

.  

 

 

4. CONCLUSION AND RECOMMENDATION 

 

As the Contributions to the knowledge and practice, this study has identified the combined influence of 

accessibility and capacity of roads on land use mix, urban density, and vitality and the combined influence 

of accessibility and capacity of roads on Pedestrian and vehicular movement. The study suggests that this 

combined influence approach might be useful when preparing zoning factors, zoning guidelines, land 

subdivision guidelines and building & planning regulations. This will also be decision making on local 

planning and urban land use planning, resilience city planning, and transport planning. 
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Global Integration 41% 33% 34% 39% 41% 38% 38% 31% 35% 

Local Integration 16% 17% 21% 16% 14% 18% 20% 21% 24% 

Accessibility  57% 50% 56% 55% 55% 57% 58% 52% 59% 

Road Widths 32% 25% 27% 34% 35% 29% 30% 27% 27% 

Walking P/Widths 11% 15% 17% 11% 9% 11% 10% 10% 10% 

Capacity of roads 43% 40% 43% 45% 44% 40% 40% 38% 37% 

Combined influence 100% 90% 99% 100% 99% 97% 98% 90% 96% 
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Global 

Integration 41% 33% 34% 39% 41% 38% 38% 31% 35% 

Road Widths 32% 24% 27% 34% 35% 29% 30% 27% 27% 

Vehicles 73% 58% 61% 73% 76% 67% 68% 59% 62% 

Local Integration 16% 17% 21% 16% 14% 18% 20% 21% 24% 

Walking P/Width 12% 15% 17% 11% 9% 11% 10% 10% 10% 

Pedestrians 28% 32% 38% 27% 23% 30% 31% 31% 34% 

Figure 2. Summary of 

influence by accessibility and 

capacity of roads 

Figure 3. Summary on combined 

influence on pedestrian and 

vehicles 
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ABSTRACT - The public transport sector in Sri Lanka lacks up to date guidelines and an effective 

communication mechanism to enhance passenger health safeguards, reduce vulnerability to disease and 

ensure overall safety and security in travel. This study investigates perception of bus passengers on (a) safety, 

(b) health and hygiene facilitates made available when choosing to travel by bus. A total of 96 passenger 

responses were collected between 10th to 12th April 2021 at bus terminals in Kandy, Sri Lanka, including 

personal profiles as well as safety perceptions, including potential exposure to COVID-19. Quantitative 

methods analyzed the sample responses. With respect to health and hygiene, it was observed that 68% of the 

respondents felt unsafe from diseases when travelling on a bus, but only 29% reported feeling unsafe inside 

a terminal. The analysis further reveals that the Sri Lankan public transport has failed to meet passenger 

expectations of measures taken against the COVID-19 pandemic. Furthermore, more than 80% of the 

respondents agreed to pay a 10% premium fare for bus services having improved security, health, and 

hygiene features. It was also found that 90% of the bus passengers in the Kandy district have accessibility 

to a mobile phone for use of IT-based interventions and improved communications. These results would be 

useful in understanding the potential of implementing a technology solution when perceiving it as an 

immediate requirement. 

  

Keywords: Promote Health & Hygiene; Public Transport; Intelligent Transport System; User Safety 

 

1. INTRODUCTION   

The demand for bus transport is derived from a composite of many influential factors, including fares, car 

ownership, income levels, and quality of service. Accordingly, the attraction to buses is influenced by 

customer satisfaction and their preferences, including reliability, convenience, health and hygiene, safety, 

comfort, accessibility, and affordability. In Sri Lanka, government and private sector provide competitive 

bus transport services. However, in spite of a competitive market, bus transport which through carrying 52% 

share of the total trips without non-Mortorised Transport been considered is reportedly the least appealing 

mode among all other mobility alternatives being plagued with sexual harassment, and intense overcrowding 

and even physical distress [1]. When COVID-19 hit, the public's distrust in health and hygiene standards in 

bus transport resulted in an estimated average 50% loss of passengers. With COVID-19 being still a 

continuing threat, attempts should be made to make bus transport safer so that this does not impact the overall 

management of transport infrastructure leading to traffic congestion if a large number of passengers leave 

buses. Balcombe et al. [2] examine the influence of development in technology to increase the quality of bus 

systems. According to Salonen [3], the most convenient way to understand the influence of system 

implementation and its service performance is to assess user satisfaction.  

 

It is important to set the context in defining the role of travel safety, health and hygiene perceptions in bus 

transport, thereby increasing the public's trust and usage in the long run and making the system resilient to 

future safety and health challenges. Hence, this study intends to achieve following two Research Objectives 

(ROs): (RO1) Explore user satisfaction on perceived safety, health and hygiene in buses in the Sri Lankan 

transport network, (RO2) To test the effectiveness of deploying a centralized end-to-end technology solution 

as a means of positive reinforcement. Overall, this study tries to understand the influence of system 

implementation that will be added to the existing Bus Management System (BMS) operational in Kandy 

from 2018.    
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2. METHODOLOGY 

A survey was conducted among bus passengers in Kandy, a UNESCO heritage city and economic hub of 

central Sri Lanka, to obtain their perception of the existing service quality. The surveys were carried out by 

interviewing randomly selected passengers waiting at the bus terminals. The survey gathered general 

questions pertaining to gender, occupation, mobile phone availability etc. Three hypothesis were developed 

in line with the latest end-to-end technology solutions that will be added to the existing BMS operational in 

Kandy from 2018 to improve the required service quality and safety. The first and second hypotheses are 

denoted as: (H1) The willingness to accept a price increment to ensure passenger safety is positively related 

to the unpleasant experiences when travelling in a bus; (H2) The willingness to accept a price increment to 

ensure passenger safety is positively determined by the vulnerability to non-disease matters when staying at 

a terminal. Additionally, technological solutions for measuring any aspect of health and hygiene offered to 

bus passengers are assumed to play an intermediate role between service quality and perceived health and 

hygiene. It has been noted that satisfactory service quality may predispose travellers not to raise negative 

perceptions on health and hygiene, low service quality triggers passengers’ negative perceptions. Hence, the 

third hypothesis can be denoted as: (H3) The willingness to accept a price increment to ensure passenger 

health and hygiene is positively determined by the perception of vulnerability to diseases when travelling in 

a bus.  

 

3. RESULTS AND DISCUSSION  

3.1 Perception of the problem 

 

Most respondents felt unsafe from diseases (68%) than non-disease service quality features in bus transport  

(55%). Out of the respondents who were not feeling safe from diseases when travelling in buses, most (79%) 

agreed that they feel unsafe from non-disease service features. These include harassment, pickpocketing, 

terrorist threats and abusive environments. However, this might be not the case in vice versa. Thus, it was 

observed that there is still a widespread agreement regarding the high risk of exposure to non-disease matters 

when travelling on a bus. On the contrary, most respondents felt unsafe from non-disease matters (58%) than 

diseases (29%) when using a bus terminal. Overall, the prime concern for passengers when travelling on a 

bus is identified as feeling unsafe from diseases (health and hygiene concerns), whereas non-disease matters 

(safety  concerns) became prominent when in a bus terminal. 

 

3.2 Reactions for support interventions 

 

Subjective perceptions on improved safety measures were statistically observed to understand the acceptance 

of the first and second hypotheses. It was observed that most of the respondents are willing to pay 10% extra 

ticket price for an improved safety system (mean= 3.83) irrespective of the perceived unpleasant experience 

when travelling on a bus. A similar perception was observed regarding the willingness to pay 10% extra 

ticket price for an improved safety system (mean= 3.84) irrespective of the vulnerability to non-disease 

matters when staying at a terminal. Thus, it can be assumed that both perceived unpleasant experience and 

vulnerability to non-disease matters does not significantly differ from the widespread acceptance of an 

improved safety system. However, a one-way ANOVA test is conducted for both situations to conclude that 

this independence holds for the entire population. Similarly, one-way ANOVA test concluded that the 

vulnerability to diseases does not significantly differ from the widespread acceptance of improved the health 

and hygiene system. The significance level (or p-value) for the test is higher than 0.05 in all instances 

(0.387>0.05, 0.561>0.05, 0.520>0.05); therefore, we can accept the null hypothesis concluding that there is 

no significant difference between the groups who were exposed to unpleasant experiences and those who 

had not been. This notion applies also for either being vulnerable to non-disease matters or not.  

 

As hypothesized, service quality dimensions are positively related to the perceived safety, with both 

unpleasant experiences and perception of vulnerability to non-disease matters contributing significantly. As 

hypothesized thirdly, service quality dimensions appear to be positively related to perceived health and 
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hygiene, with the vulnerability to diseases a significant contributor. A one-sample t-test was performed to 

determine the widespread acceptance among the whole passenger sample. 

 

Table 1. One-sample t-test results 

 

t DF 
Sig.  

(2-tailed) 

Mean 

difference 

90% Confidence Interval 

of the Difference 

Lower Upper 

Test statistics for “willingness to pay 10% extra ticket 

price for an improved safety system” 
-1.551 95 .124 -.16667 -.3452 .0118 

Test statistics for “willingness to pay 10% extra ticket 

price for an improved health and hygiene system” 
.645 95 .520 .06250 -.0984 .2234 

 

The test value is deployed as 4, which represents the minimum Likert Scale value of responses that agreed 

on prevalence of such measures. According to Table 1, with a 95% confidence level, it can be concluded 

that passengers are willing to pay an additional 10% for both improved safety measures and improved health 

and hygiene measures in the bus systems (0.124>0.05, 0.520>0.05). 

  

4. CONCLUSION  
 

The research focused on passengers' subjective perceptions (a) safety, (b) health and hygiene provided when 

using bus transport. The survey was designed to check the user perception on the proposed technology 

solution which will implement a mechanism to communicate health guidelines to bus crews and passengers 

and enforce their adherence. This solution will be added to the existing BMS operational in Kandy from 

2018. Considering the overall results, it was observed that the users are willing to accept this end-to-end 

technology solution that integrates passengers' mobile devices, an array of internet of things (IoT) 

modules/sensors on buses and bus stops, a centralized helpline and a network of trained local volunteers 

which improves the perception of mitigating health and hygiene among bus passengers. Following the three 

hypotheses, results can guide policymakers and practitioners into aspects of safety, health and hygienic 

standards related to how individuals perceive their willingness to ensure service quality. In the development 

of future bus systems, there is a demand to embrace a long-term perspective, including continuous quality 

improvement requirements. Future studies should include cities from other parts of the country. They may 

also preferably include other contexts than urban areas to better understand different determinants of 

perceived safety and health and hygiene measures depending on various scenarios and prerequisites for 

travel.  

  

REFERENCES   

 

1. H. Ranawana and D. Hewage, “Factors Affecting Service Quality in Public Bus Transportation in Sri 

Lanka,” 2015. 

2. Balcombe, R., Mackett, R., Paulley, N., Preston, J., Shires, J., Titheridge, H., Wardman, M., White,         

P., 2004. The demand for public transport: a practical guide. Crowthorne, UK. 

3. A. O. Salonen, “Passenger’s subjective traffic safety, in-vehicle security and emergency management in 

the driverless shuttle bus in Finland,” Transp. Policy, vol. 61, pp. 106–110, Jan. 2018, doi: 

10.1016/j.tranpol.2017.10.011. 

 

 

 

 



R4TLI Conference Proceedings 2022  
ISSN: 2513-2504 

 

29  

DEVELOPMENT OF A MICROSCOPIC TRAFFIC SIMULATION MODEL 

FOR GALLE ROAD, COLOMBO 
 

 

 

Thenuwan Jayasinghe, Thillaiampalam Sivakumar, Amal S. Kumarage 

Department of Transport & Logistics Management, Faculty of Engineering, University of 

Moratuwa, Sri Lanka. 

thenuwantb@gmail.com, tsivakumar@uom.lk, amalk@uom.lk 

 

ABSTRACT - This research attempts to build a microscopic traffic simulation model for a 17km road 

section in the Galle Road corridor in Colombo, Sri Lanka. The simulation was developed by utilizing existing 

traffic counts collected at multiple intersections. The developed model is validated with actual hourly traffic 

speeds on the corridor. This simulation platform can be used to evaluate different traffic management 

interventions. 

 

Keywords: SUMO; Traffic Flow Modelling; Real-world traffic scenario 

  

1. INTRODUCTION  

   

Simulation-based methods help analyze the traffic problems in urban areas as they allow the possibility of 

making a more detailed analysis of the issue and suggesting solutions for quicker and accurate decision-

making. Such simulations will help evaluate the overall impact of a selected traffic management intervention. 

It is a tedious exercise to build up a realistic microscopic traffic simulation scenario from scratch as data 

collection, data conversion, and application into a simulation model require a significant amount of time and 

effort. However, once those initial steps are completed, further research can be done on top of that model 

with little preparation [1]. The applications of such simulation models are multifold. To name a few 

examples, they have been used for emissions modelling and estimation [2] [3] [4], applications in fuel-saving 

[5], mobility simulation during big events [1], congestion root cause identification [6]. To develop these 

microscopic simulation models, an accurate traffic demand representation method is essential. These data 

can be available in many forms, such as sensor data [1] [3] [4] [6], Origin-Destination matrices [7] [8] [9], 

traffic counts that are already available [5], and demographic data-based activity generation [10]. 

 

In the Sri Lankan context, the attempts made to develop large scale (city level, corridors that include multiple 

junctions) microscopic traffic simulations based on actual demand data are limited. This research attempts 

to develop a microscopic traffic simulation base model using SUMO [11] for the Galle Road corridor in Sri 

Lanka with the intention of testing out different traffic intervention strategies.  

 

2. MATERIALS AND METHODS  

 

Figure 1 illustrates the overview model development process using SUMO. A section of the Galle Road 

corridor from Cross Junction (Moratuwa) to Kollupitiya Junction (17 km in length) was considered as the 

case network. The network consists of 9 major signalized intersections. The simulation duration was set to 

14,400 seconds (6.00 a.m. to 10.00 a.m.). The demand is represented based on the hourly traffic counts 

extracted from the ComTrans report [12]. The demand data were fed into the simulation in the form of a 

‘Turn Count’ file as shown in Figure 1. The vehicle types used for the simulation are cars, motorcycles, 

vans, three-wheelers, goods vehicles, multi-axle vehicles, and busses. The entire simulation building process 

is automated using built-in Python scripts with SUMO and some custom Python scripts. The period from 

6.00 a.m. to 7.00 a.m. is considered as the simulation warmup period. 
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Figure 2. Workflow of creating SUMO simulation 

The model is calibrated to match the simulated hourly average speeds with the actual hourly speeds measured 

in the same corridor [13]. A summary of some of the useful parameters used in the model building process 

is given in Table 1.  

 

Table 2. Summary of the model parameters 

Sub Model / Parameter Value Description 

Car-Following Model Krauss Default car-following model of SUMO 

Sigma 0.38 (calibrated value) Governs the driver imperfection 

Lane Change Model SL2015 with ‘lateral-

resolution’ value of 1.6 meters  

Allows multiple vehicles to move 

parallelly on a lane 

Simulation step length 1 second Default value of SUMO 

 

3. RESULTS AND DISCUSSION  

 

GEH statistics were used for the comparison of the observed and modelled hourly flows. GEH < 5 was 

achieved for all the flows (100%) for the entire simulation period, meaning that the flows are consistent with 

each other. Figure 2(a) shows the traffic flows at one of the intersections of the model. The hourly average 

speed of the model is shown in Figure 2(b) and it can be seen that the simulated speeds agree with the 

observed speeds. 

 

4. CONCLUSION  

  

A microscopic traffic simulation model was developed and validated for the Galle Road corridor from Cross 

Junction (Moratuwa) to Kollupitiya junction. In future research, it is planned to evaluate different traffic 

management measures (e.g., bus priority) using this base simulation.  
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Figure 2. (a) A section of simulated traffic flows with SUMO, (b) Comparison of hourly speeds (Observed 

vs. Simulated) 
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ABSTRACT- Reforming bus operations in Kandy City is a part of the ongoing Strategic City Development 

Project. This study carries out under the GPS data analysis of the Kandy Bus Reforms Project (KBRP). The 

GPS data consists of device id number, device time, GPS coordinates, and bus speed at that moment. 

Capturing bus trips of selected bus routes, obtaining arrival times, dwell times, and departure times from 

waypoints, performing a summary of monthly bus trips, and providing reliable bus travel times to the 

passengers in different periods are the main objectives of this study. The data cleaning, reading, and analysis 

are executed using Python programming language with several data manipulating libraries. The initial study 

has done for Kandy – Amunugama route with the GPS data collected for 2 months.  

  

Keywords: GPS Data; Bus Travel Time; Travel Time Prediction; Intelligent Transportation System 

  

1. INTRODUCTION 

 

Enhancing the standards of public transportation can increase the modal shift from private vehicles to public 

transportation. The proposed methodology tries to contribute to that by creating the required base to predict 

reliable bus arrival times to each waypoint of the route. The usage of GPS data to determine bus travel times 

can overcome the limitations of traditional methods of travel time estimations with many more advantages 

[1]. Since the GPS data does not give information regarding the bus stations, it is required to capture arrival 

times and departure times at bus stations [2]. The proposed methodology does that according to the proposed 

section time calculation function. The travel time estimation can also be done by combining the multiple 

regression model with the Kalman filter [3]. Furthermore, the fast-growing Machine Learning techniques 

can be used to detect bus routes, detect bus stations, and estimate travel times by developing Artificial 

Intelligence based algorithms [4]. Outputs of these kinds of traffic data analysis can be combined with data 

visualization techniques to obtain possible trip patterns and trends further [5]. It is worthy to mention that 

although the required basic analysis to utilize GPS data in obtaining bus travel statistics have been done in 

Sri Lankan context, in depth studies have not been conducted yet [1].  

 

2. MATERIALS AND METHODS  

 

2.1. Dataset & Required other Input Data Files 

  

The GPS dataset of the Kandy – Amunugama bus route with around 2.5 million records is used as raw data 

to identify the bus travel times under this research. The dataset includes GPS data of January and February 

in 2022. The initial data cleaning process consists of 2 steps: (1) remove all the data that does not belong to 

the selected time frame, (2) remove data rows where either latitude or longitude equals to zero. In addition 

to the raw data set, several input data files are required to capture the bus trips using the GPS data. This 

mainly includes the route unique identifier data regarding the bus unique identification that comes with GPS 

data to assign the buses with the required routes. Furthermore, since this study attempts to identify the travel 

time between the sections, data are required regarding the positions of section breaking points (waypoints).  

 

2.2. Trip Capturing Programming Functions 

  
The trip capturing process from the raw GPS data is a combination of 4 designed programming functions.  
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Trip capturing function – This first function identifies trip start and trip end times of all possible trips. The 

positional data of these should be within a 150m buffer zone from the bus terminals. In addition, the bus 

speed should be equal to zero in all these data points. Reliable trips function – This function filters reliable 

bus trips based on two criteria. The travel time of a particular bus trip should be less than the allocated 

maximum travel time for a bus trip and the trip GPS count should be within the pre-defined range of 

minimum and maximum GPS counts. These values can be defined based on the distance of the selected bus 

route and the frequency of GPS data. Actual trips function – The obtained reliable bus trips will be attached 

to new data frames based on the trip direction. In these data frames, a single row includes trip data such as 

GPS device id, trip start and end time, GPS coordinates of the data point, trip travel time, and the GPS data 

count of that bus trip. Section time calculation function – This function identifies the arrival times and 

departure times at each waypoint of the route using a 50-meter buffer zone. By using these arrival and 

departure time pairs, the dwell time at each waypoint can be calculated. 

 

2.3. Bus Travel Time Analysis 

 

The selected Kandy – Amunugama bus route has 4 waypoints which divide the route into 5 route legs. The 

section-wise travel times of each bus trip can be calculated using the trip start times, arrival and departure 

times of waypoints, and the trip end times. The average route travel times and average section-wise travel 

times can be calculated using all the captured bus trips. Furthermore, the analysis has extended to obtain 

total and section-wise travel times for each 1 hour from 6 am to 6 pm. Besides, variance, std. deviation, 80th, 

85th, 90th, and 95th percentile values have been calculated to identify predicted time points which can be 

offered to the bus passengers. Moreover, the travel time analysis has been done for all the buses in Kandy – 

Amunugama route separately to identify the variations in travel times of each bus. The programming script 

writing has been done using Numpy, Pandas, and Streamlit python libraries. The data validation has been 

done with time-keeper’s app and with Electronic Ticketing Machine (ETM) data. 

 

3. RESULTS AND DISCUSSION   
 

The Table 1 shows the results of travel time analysis including averages for total travel time and section-

wise travel times for Kandy-Amunugama direction. Similarly, the results can be generated for Amunugama 

- Kandy direction as well. When considering all the bus trips together, the average travel time from Kandy 

to Amunugama direction is 35.3 minutes. However, it has been reduced to 32 minutes during the 5 pm-6 pm 

period. Moreover, the 1 pm-2 pm period has the highest average travel time according to the analysis results. 

The first 2 route legs have the highest variations in average travel times for direction 1 and only the 1st route 

leg’s average travel time varies considerably for direction 2. The “Day of the week” analysis has been 

performed to identify the travel time variations in weekdays and weekends. According to the results, the 

average travel times are slightly lesser in weekends. 

 

Table 1. Section-wise travel time analysis for Kandy-Amunugama direction 

Period Entire Route Section 1 Section 2 Section 3 Section 4 Section 5 

Entire Day 35.3 8.5 8.8 3.5 6.4 7.8 

6am-7am 37.0 9.1 9.8 3.4 6.5 7.8 

7am-8am 35.5 8.4 9.4 3.3 6.2 7.9 

8am-9am 35.0 8.6 9.1 3.5 6.1 7.4 

9am-10am 36.0 9.0 9.4 3.3 6.4 7.8 

10am-11am 37.0 9.0 9.9 3.5 6.4 7.8 

11am-12pm 36.3 8.6 9.5 3.4 6.5 7.8 

12pm-1pm 36.0 9.0 9.4 3.3 6.4 7.8 

1pm-2pm 37.2 9.3 9.3 3.5 6.6 7.7 

2pm-3pm 34.9 8.5 8.2 3.5 6.4 8.0 
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4.  CONCLUSION  
 

The developed python script can be used with any other route to obtain section-wise travel time data. A 

mobile application has been developed for bus passengers under the KBRP. The results of this study can be 

provided to bus passengers through that application with the predicted bus arrival and departure times at 

route start point, route end point and at waypoints. Moreover, these results can be used to monitor the travel 

patterns of buses which will help for planning and decision-making processes to enhance passenger 

experience. The corridor analysis and bus bunching are in focus as future research areas. 
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ABSTRACT – This study is focused on developing a methodology for microscopic simulation of parking 

violation behaviours in Bus Priority Lanes (BPLs) to understand the impact of frequency and duration of 

such violations on their performance. Parking violations were simulated in SUMO by a process that 

automates vehicle insertion and the act of performing the violations, incorporating the randomness of 

violation position and time as observed in real-world parking violations. The advantages of the developed 

methodology were its efficiency by automation of scenario and output generation and its ability to be easily 

adapted to other networks.  

 

Keywords: Microscopic Simulation, Bus Priority Lanes, Parking Violations, SUMO, TraCI 

  

1. INTRODUCTION  

   

The Bus Priority Lane (BPL) is a relief measure where the buses are given priority in a dedicated lane. BPLs 

typically don't involve grade separation of lanes, which was the case in Sri Lanka. Therefore, it is very easy 

for unauthorised vehicles to enter the BPL. This causes BPLs to be as effective as their enforcement in their 

contribution toward congestion relief [1]. A parking violation can be identified as a vehicle fully entering 

the BPL and performing an unauthorised stopping for a duration, disrupting the bus flow. BPLs in Sri Lanka 

are curbside, with-flow lanes, which are at the most risk from parking violations due to the abundance of 

curbside activity such as pick-up and drop-off of passengers, loading, and unloading of goods, etc. Therefore, 

measuring the impact on the performance of curbside BPLs is crucial [2]. However, there is a research gap 

in the investigation of this impact. 

 

Traffic Simulation provides a cost-effective and flexible alternative for replicating real-world traffic 

movements in a virtual environment. Simulation of Urban Mobility (SUMO) is an open-source microscopic 

simulation application that allows all the benefits of microscopic simulation of traffic while providing 

additional functions that allow for greater control of the simulation. SUMO has been used to simulate road 

incidents to analyse their impact by stopping a vehicle in a lane for an extended period [3]. The methodology 
developed in this study extends the previous work to simulate parking violations. 

 

In investigating the impact of parking violations, literature shows that both frequency and duration of the 

parking violations are the two major determinants of the degree of impact [5,6]. Therefore, both frequency 

and duration of parking violations were investigated in this study. This study aims to develop a methodology 

for microsimulation of parking violations in a BPL that can emulate real-world violation behaviours using 

the functions available in SUMO TraCI.  

 

2. METHODOLOGY 

 

A traffic scenario developed in SUMO primarily has three files: the route file (.rou.xml), the network file 

(.net.xml), and the additional data file (.add.xml). All three files are called in the configuration file 

(.sumocfg), which runs the simulation. SUMO Traffic Control Interface (TraCI) contains methods that 

allow retrieval of values of simulated objects and manipulate their behaviour "online" [6]. TraCI can perform 
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various manipulations, including but not limited to vehicle insertion, changing vehicle routes, and value 

retrievals such as lane-based values, edge-based values, and individual vehicle-based values such as travel 

time, speed, etc. The methodology developed uses TraCI to insert violating vehicles ('violators') and make 

them perform a violation of a given duration by making the 'violator' vehicle stop in the BPL.  

 

 
Figure 3. Workflow of simulation of Parking Violations 

Figure 1 shows the workflow of the simulation of parking violations developed in this study. The generation 

of a 'violater' and assigning it a path of travel by assigning a random stop location (y) inside the simulated 

edge and duration is performed using TraCI. Here the base scenario is the traffic scenario into which TraCI 

inputs' violators'. The general path of travel assigned to a 'violator' is shown in Figure 2 below. 

 
Figure 2. Violator vehicle's path of travel 

This methodology mitigates manual modification of frequency and duration of violation by automating the 

iterations in the violation generation process. Thus, it automates the scenario generation and output 

generation, which eases the process of measuring the impact of frequency and duration of parking violations 

on the performance of a BPL. This is especially useful given the high computational times of simulation 

scenarios. 

3. RESULTS & DISCUSSION 
 

The methodology was tested in an artificial network (1.05km straight, 3-lane edge with a 50m warm-up 

distance) with predefined vehicle flows for 15 mins. The scenarios were developed for 4 different bus flows 

(20, 60, 120, and 180 buses per hour) and 5 stopping durations per flow (10s, 15s, 30s, 45s, and 60s). The 

computational time of a scenario differed depending on the frequency and duration of violations and the bus 

flow. The outputs showed that the average travel time of buses increases exponentially as the no. of 

violations increases, confirming that they negatively impact the average travel time of buses.  
 

The developed methodology imitates the randomness of violation location and time observed in the real-

world parking violations in the simulation. This methodology can generate parking violations for any traffic 

scenario to explore their impact on the BPL performance. The code can be customised with only a few 
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simple adjustments. They are the length of the edge and the simulation duration. However, a disadvantage 

is the long and uninterrupted computational time for successfully completing simulation run and output 

generation. 
 

4. CONCLUSION AND RECOMMENDATIONS 

 

The study focuses on developing a methodology for microscopic simulation of parking violations to measure 

the impact of parking violations on the performance of a BPL. The methodology uses TraCI to insert 

'violators' and manipulate their path of travel to make them perform parking violations at an assigned 

location for a given duration. 

 

A limitation of the methodology developed is that it uses only one vehicle type as 'violators.' Therefore, 

developing the methodology further to include generating several types of vehicles as 'violators' is a future 

research avenue. Initial simulation results showed that the increasing insertion of 'violators' impacts the 

travel time of buses in BPL, which will be analysed as a part of future research works. 
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ABSTRACT - Transit Oriented Development (TOD) has been a promising planning concept which 

strengthen the land use and transport integration for a sustainable development. As per the concept benefits 

of TOD are manifold but it may differ for each stakeholder in planning. However, several studies related 

TOD concept further reveal that there is lacking part in spatially evaluation process of TOD concept. 

Addition to that there is no generally accepted process for or set of study and identify the pattern of TOD 

ness. This issue directly impacts on planners, decision makers and practitioners while getting the perception 

of existing physical and functional conditions of areas which they are planning to develop, upgrade or 

maintain. In the way of decision-making process in planning to encourage transit-oriented development(s) 

in a place, it is essential terminology to have a well direct analytical process to study the current status of 

TOD ness with related factors at a location and in an area. By based on several frameworks there are several 

studies have done in global context. But there is nothing can identify any related study for investigating TOD 

ness in Sri Lankan city background. 

 

Keywords: transit-oriented development; TOD-ness; compactness level; potential TOD index; 

urban maturation 

 

1. INTRODUCTION 

 

Transit Oriented Development (TOD) has been emphasized as a planning approach which objects to 

integrate land use and transport planning, Schlossberg & Brown (2008). However, there are many 

explanations of TOD proposed by Calthorpe (2005), Brown, Schlossberg (2008) , Boarnet and Crane (2004), 

Parker et al. (2006) , Cerverno (2007), Poticha, Dittmar (2007) and many others ,the common objective of 

planning TOD convince to encourage people to walk, cycle and use public transit modes, as structure wise 

moderate densities to high densities and prioritized walkable environment. TOD ness is multi-dimensional 

phenomenon that it is important to be study the TOD ness and identify its factor behavior at transit locations. 

Since TOD’s prior objective may change based on different stakeholders’ perception. Due to unavailability 

of study regards to identify TOD ness in small and medium towns in Sri Lanka, through this study expect to 

reach that need by investigating TOD ness of selected small and medium towns in Sri Lanka. Basically, the 

study concern on factors such as builtup-density, land use diversity and accessibility. 

 

2. MATERIALS AND METHODS 
 

According to the study, method of study explains overall process of study and further data collection & 

execution for selected study areas based on 5km buffer radius & along 5km main road, to study TOD ness, 

to understand the factor behavior in each context and then to derive potential TOD index. Initially data were 

processed under five main indicators such as built-up density, Accessibility (closeness centrality-local 

integration) (closeness centrality-global integration) land use diversity (Entropy Index). When compare with 

other factors prevailing in the research domain here selected factors has selected based on overall spatial 

configuration level in selected case study areas. 

 

3. RESULTS AND DISCUSSION 
 

Initial explain based on results derived from four main indicators and then after the combined each variable 

mailto:therusha.piyumantha@gmail.com,%20mahanama@uom.lk
mailto:amilabj@uom.lk


R4TLI Conference Proceedings 2022  
ISSN: 2513-2504 

 

39  

in each study area and then study TOD ness in each case study areas respectively. Then identify the pattern 

of each variable within the 100m-by-100m buffer distance. Parallel to that another study explains of the how 

Difference the TOD characters along the main road which begins from major TOD node (bus Terminal). 

How factors behavior can be changed parallel to that. In the end, discuss in detailed relationship among those 

variables in each case study area. 

 

3.1. Study TOD-ness of each case study area by factor 
 

3.1.1. Built-Up Density 

Kandy, Badulla, Galle, Kurunegala and Anuradhapura has high to low built-up density respectively. From 

600m distance to away instead of Anuradhapura rest of the case areas built up density showing decreasing 

trend. According to finding of study, study show high value trend from TOD node (bus terminal) to 500m 

distance area. Density value has to be show continuous low value until the 5000m distance. Along main road 

within100m distance highly densified with the built-up cover. 

 

3.1.2. Closeness Centrality-local Integration 

Accessibility was measured by the closeness centrality. Closeness centrality (LI), two out of five study areas 

have the high walkable connectivity within the bus terminal to 300m distance. Findings show, within the 

1000m buffer distance Kandy has 65.72% percentage of closeness centrality by reporting high walkable 

connectivity level. Close proximity surround TOD node in Kandy indicates the highest walkable 

connectivity level. Then Galle, Anuradhapura, Badulla and Kurunegala were shown high to low local 

integration value within their close proximity to the TOD node respectively. Further Kandy main road 

resulted continuous highest walkable connectivity. Next to Kandy then Galle, Kurunegala, Badulla and 

Anuradhapura has resulted walkable connectivity from high to low level respectively. 

 

3.1.3. Closeness Centrality-Global Integration 

High vehicular connectivity level can be identified within 1000m radius from transit node. As an overall 

comparison Anuradhapura has high volume of global integration & Galle, Badulla, Kurunegala and Kandy 

has resulted respective integration. Findings of the CC (GI) level based on the selected main road which is 

started from TOD node (bus terminal) as an overall output, every case study has high connectivity level (GI) 

near to the TOD node (bus terminal). 

 

3.1.4. Land Use Diversity 

Each area was resulted positive trend of high land use diversity surround the TOD node. As an overall 

percentage 90% of the land use mixedness has been accumulated within the first 1000m radius in all five 

case study areas. As per the findings, Kandy has resulted highest trend value for land use diversity within 

100m close proximity from TOD node. 

 

3.2. Define TOD ness with Urban Compactness level (Clark model) 
 

When investigate pattern of TOD ness, which can be defined with the use of Clark model. Urban 

compactness is a function of density, land use diversity and travel proximity (Gordon & Richardson,1997). 

Actually, when study the pattern of TOD ness, study the compactness level is more effective to determine 

the influence of each indicator to the study area. While investigate the TOD ness of the case study areas, 

investigating the urban compactness level has been paid more positive approach for the study. Actually, 

urban compactness assessment has two different approaches. That is physical compactness and functional 

compactness. Functional measures which can be used as quantifying tool for studying the pattern of 

functional character of the study area. Although, Study of the compactness level it may interpret better 

conversion of TOD ness & factor behavior of each study area. 

 

3.3. Potential TOD Index 
 

In potential index as a dimensionless figure that replicates the degree of orientation of development towards 
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transit is relative in nature and its interpretation requires an interactive process, however, there is no 

established scaling system to classify resulting index values directly, so below index maps has resulted that 

potential surface of TOD ness by giving respective weighted assignment for each rasterized criteria’s and 

finally reflect potential TOD index value with visual spatial pattern of TOD-ness across the five case study 

areas based on transit terminal & surround factors. 

 

Here potential TOD index value has been generated with applying respective weighted assignment based on 

the rasterized criteria’s validity. Weight assignment has been done within 0-100% range.LU diversity, 

accessibility (CC LI & CC GI), built-up density has been weighted respectively & finally potential TOD 

index generated as overall Weighted sum. According to the overall factor behavior reveal LU diversity factor 

would have more important in whether deciding TOD ness in TOD planning. 

 
 
 

   

 

 

Figure 1-Potential TOD Index Maps 

 

4. CONCLUSION 
 

The diverse results of this study reveal that quantitative approach to study TOD ness in five selected case 

study areas, with four selected factors. (Built up Density, Closeness centrality (LI), Closeness centrality 

(GI)and Land use diversity. Here study has done based on main transit terminal in each case area. From 

that TOD node, study area has divided under 100m buffer distances within 5km area. Even though, four 

initial indicators quantitatively studied factor behavior within respective buffer distances. Also taking main 

road of the study area, another study has done with respective indicators. Then considering respective 

results, given weight assignment to each variable and composite for generating final potential TOD index. 

The study successfully describes in term concerning mathematical relationship between factors. Further 

fractal analysis indicates the relationship between urban maturation process and TOD ness. Since overall 

study about TOD ness with the interaction of transit terminal and identification the factor behavior of TOD 

ness is important for TOD planning and can be considered as an approach for planning decision makings 

process. 
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ABSTRACT - The mapping of urban landscapes is a challenging task due to their dense and diverse 

characteristics. The changing urban environment with developing infrastructure demands constant 

updates and accurate extraction techniques. Recent advancement in geospatial technology has led to the 

capture of high-resolution data and its analysis at a finer scale. However, a sustainable development 

framework necessitates the understanding of spatial patterns incorporating vertical and horizontal 

components of the built-up volume. This study aims to understand the changing landscape at the pixel 

level by analysing features along with their volumetric expansion. The findings highlight that Bangalore 

city’s urban growth has shown increment over the period with volumetric expansion in all parts of the 

city based on events of changing demand and growth. The evaluation metrics indicate that the model 

can be generalised for any geographical location as well as to different sensor type images. 

  

Keywords: Land use; Urban built-up volume; deep learning; convolutional neural network; feature 

extraction 

 

1. INTRODUCTION 

 

Cities have always been an integral part of a country. About 85% of the global GDP is generated from 

cities [1]. The United Nations report projects that by 2050, 68% of the world population is expected to 

live in cities. This unprecedented and irreversible growth develops tremendous pressure on the existing 

system without compromising the socio-economic and cultural linkages [2-4]. Furthermore, the process 

leads to unplanned urbanization that has given rise to paved surfaces including buildings, roads, 

infrastructures etc. The urban areas of cities like Bangalore, Delhi, and Kolkata have recently 

experienced horizontal as well as vertical growth in built-up areas due to changes in land use dynamics 

[4,5]. Therefore, this quantum of population inflow necessitates the understanding of urban dynamics 

in the context of spatial patterns simultaneously the dense and heterogeneous nature of the urban 

environment; makes mapping of urban environment a complex task [6,7] Remote sensing and geo-

informatics with the fusion of machine learning play a key role in visualizing the horizontal and vertical 

growth patterns of urban landscapes in predicting land-use changes [8,9]. In the past decades, various 

traditional machine learning methods were developed to study urban dynamics at a different scale. 

However, developing automatic methods for diverse built-up environment scenarios within a city is still 

challenging.  

 

2. MATERIALS AND METHODS  

 

The study has been performed in Bangalore city with a 10km buffer. The city has drawn a lot of interest 

over the past in terms of real estate development and is expected to continue the trend which would 

provide higher statistical information about the city, therefore chosen as the study area. Table 1. Details 
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the various spatial data used to carry out analysis and modelling. Figure 1 depicts the detailed procedure. 

The first stage involves data pre-processing and land use classification using supervised learning-based 

Gaussian maximum likelihood classification. Open-source platforms such as GRASS and QGIS was 

used in the analysis. The second stage involves training a CNN-based deep learning model with training 

masks using the transfer learning technique. The third stage involves the calculation of urban built-up 

volume using the digital surface model. Using ground truth or validation datasets, the final procedure 

involves the calculation of evaluation metrics.  This analysis was performed using python. 

 

Table 1. Specifications of spatial data used in the study. 

Purpose Satellite Sensor Resolution (meters) Year 

Land use analysis IRS Cartosat 1 2.7  2012 

Feature extraction Triplesat 0.8  2018 

Built-up volume Digital Surface Model (DSM) and DTM 

(Digital Terrain Model) 

5 2018 

 

 
Figure 1. Flowchart showing the overall method adopted for the study. 

 

3. RESULTS AND DISCUSSIONS 

 

3.1 Land use dynamics 

The city’s land-use dynamics have witnessed an increase in built-up from 7.97% (in 1973) to 58.33% 

(in 2012) as shown in figure 2. Moreover, the dense vegetation cover has declined from 68.27% to less 

than 25% in 2012. Analysis was performed based on ward wise aggregation that shows the city has 

about 1.478 million trees, in other words, one tree for every seven persons makes the situation 

inadequate in Bangalore to even remove respiratory carbon. Based on various studies one person should 

have 8 trees to have adequate oxygen [10]. The adopted method was found to be useful in identifying 

tree cover.  
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Figure 2. Temporal land-use dynamics of Bangalore from 1973-to 2012 

3.2 Feature extraction 

 

A CNN-based deep learning model has been developed to extract building and road features from high-

resolution satellite imagery. The contracting path and the expanding path, also called encoder and 

decoder respectively utilizes a series of convolution and pooling technique to generate high level 

features with reduced spatial resolution. The purpose of using Unet model is that it can easily cope with 

features of different sizes and dimensions. The model is trained using a transfer learning technique for 

579 training and 167 validation images of dimension 256*256. The model was implemented with the 

Kera’s framework. For fast convergence, we have used Adam optimizer with weighted binary cross 

entropy as loss function. The close examination of results indicates that few roads were misinterpreted 

into buildings due to the same spatial properties as buildings. Several buildings with irregular shapes 

were also poorly captured that further complicates the model to understand and discriminate. The model 

was evaluated using parameters such as accuracy, precision, recall and IOU. The overall accuracy of 

0.95 is achieved using the UNET model.  

 

Table 2. Confusion matrix and accuracy parameters to evaluate the model’s performance 

Actual Values Accuracy= TP+TN/(TP+FP+FN+TN) 

Precision = TP/(TP+FP) 

Recall = TP/(TP+FN) 

IoU = TP/(TP+FN+FP) 

Predicted 

values 

 Positive Negative 

Positive True Positive False Positive 

Negative False Negative True Negative 

 

3.3 Urban built-up volume calculations 

 

The prediction results of the adopted model give an overall accuracy of 89%. The findings show that 

the eastern part of Bangalore exhibits a higher built-up volume than the central part, indicating the 

presence of high-rise buildings. However, the outskirts of the city fall under the “very low” built-up 

category, the reason being sparse buildings and sprawl.  
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Figure 3. Built-up and road features of Bangalore city. 

 

4. CONCLUSION 

 

The study ensures that the proposed model successfully demonstrates the urban landscape expansion 

within the city in context to spatial patterns. The proposed CNN model could produce better building 

and road feature predictions than state-of-the-art models with better evaluation metrics. Finally, the 

urban built-up volume is an excellent parameter to understand the horizontal urban growth 

phenomenon. Future work may involve temporal urban growth and integrating other parameters of land-

use dynamics. 
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ABSTRACT - Parking facilities can serve an important role in a city center. Parking demand and supply 

attribute balance is contributing to the proper traffic management in a city. Bandarawela is a one of 

major cities in Badulla district with higher topographic variability as the specific attributes to this city. 

This study has identified several issues that are inheriting to the mountainous topography.  Determining 

the balance of parking demand and supply, most using vehicular modes, type of parking, analyzing the 

attributes of parking that can be used for future developments in hilly terrain. Series of analysis using 

statistical analysis techniques is included as the methodology for data analysis. It is expected that the 

outcomes and recommendations will be useful to predict parking demand and supply behavior of the 

users in a hilly terrain. 

 

Keywords: Parking Supply Adequacy, Adverse Geography, Hilly Terrain, Vehicle Ownership, Parking 

type 

  

1. INTRODUCTION   

 

Bandarawela is a city located at 1,200m above the mean sea level in high altitude and surrounded by 

large number of mountains according to the geographical perspective. Bandarawela has the most 

favorable climate in the country and therefore both national and international tourists’ attraction is at a 

high level. Bandarawela is a suburb of Badulla District, about 28 km away from Badulla City along the 

Beragala-Hali Ela National highway (A16). The city is confined to an area of about 27Sqkm and 

Bandarawela has a population of about 65,000 in 2012[1]. However, Bandarawela Municipal Council 

area has a population of about 24,000. Parked vehicles that obstruct the road traffic, irregular parking 

arrangements are the major and common transportation related issues in Bandarawela City. Main reason 

for this situation can be understand as the present road network and the node connectivity within high 

dense commercial developments concentrated to the inner core area of the city. The buildings are built 

often in a land with high gradients where, the access roads, parking spaces, vehicle maneuvering space 

within the development lands are limited and stringent spacing allocations are common with the 

topography of the area. As a result, the common standards stipulated in the UDA regulations are often 

not been able to maintain by the developers of the households and the commercial entities in this hilly 

terrain.  

Some common findings from many studies show that changing or introducing parking regulations (e.g., 

adjustment of parking prices and hours) serves as a straightforward approach to reduce parking 

problems[2]. The Urban Development authority had published the regulations [3] that includes all 

parking regulations and traffic circulation controls for both residential and commercial land 

developments.  

 

1.1 Objectives of the study 
 

Following are the main objectives of this research paper. 

• To understand the issues on parking demand and supply attribute balance with hilly terrain inherent 

to Bandarawela Area and evaluate its adverse impacts to transport system. 

• To find the relationship of economic strength behavior and the transportation supply attributes of the 

users’ solutions.  
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2 METHODOLOGY 

 

The basic approach and methodology of this analysis is to analyze the present parking supply attributes 

and the demand conditions with respect to the available infrastructure facilities to both residential land 

use and the commercial land use. This analysis is based on empirical data collected from a 

comprehensive survey carried out in Bandarawela City area in March 2022. Simple random sampling 

method is used to select the sample and 1.5% of household units were selected as the sample for the 

household survey. Commercial amenities were selected as they are centralized to the city center and to 

represent all the types of commercial activities including banks, shopping malls, retails stores, 

restaurants, supermarkets etc. Therefore, randomly selected 60 residential units and 50 commercial 

amenities within the Bandarawela Municipal Council was selected as the sample to conduct the study.  

Both quantitative and qualitative analysis has been done to produce the main outcomes of the research. 

 

3. RESULTS AND DISCUSSION  

 

The data collected were first analyzed to identify adequacy of parking supply at the households and the 

commercial amenities in Bandarawela City Center. Then the standards of parking slots have been 

analyzed by focusing the aspects such as aisle width, width of access road, gradient of access road, stall 

length and width etc.  

 

2.1 Parking Supply and Demand Balance  

 

According to the analysis, majority of commercial activities have not provided required parking spaces 

for their facility users as per the regulation requirements. Moreover, there are some shops (apparel) with 

large floor area which are having higher parking requirement, not considered to provide any parking 

facilities as of now clearly depicts that the gap between the parking demand and the provided supply 

where majority of the developments have provided no parking for customers even though their 

estimated demand is more than 30 number of parking spaces. Only 16% of the commercial entities have 

provided their own car parks satisfied the total demand and above while 75% of the commercial entities 

have failed to provide at least 20% of the parking demand out of the selected sample for the study. In 

general, the commercial entities of the City area have failed to provide the minimum requirements as 

per the UDA regulations as per this analysis[4]. 

Figure 4. Parking Demand vs. parking supply 

 

 

0

5

10

15

20

25

0 <10% <20% <30% 40% 50% 60% 70% 80% 90% 100% 110% 150% 200%

N
o

 o
f 

E
n

ti
ti

es

Parking Supply to the Demand (%)



    

48 
 

R4TLI Conference Proceedings 2022 
 

 
ISSN: 2513-2504 

 
 

2.2 Vehicle Ownership per Household 

 

As shown in Error! Reference source not found., the 

results depict that majority (74%) of households have at 

least a vehicle. 61% of households which are having 

motorcycles, have another vehicle The weather 

conditions on the upcountry geography with 

intermediate rains trough out the year might have 

resulted in having another vehicle in in addition to 

motorcycle where people can use them in all weather 

conditions. Most of the time parking facilities are 

arranged by them for all their vehicles within their own 

premises.  

 

      Table 3. Vehicle Ownership per Household 

As shown in Error! Reference source not 

found., 62% of households are owning a vehicle 

and 27% of households are owning two vehicles. 

Higher operating and maintaining cost for 

vehicles due to terrain characteristics might have 

resulted in using motorcycles often. 

However, one of the major issues in households is access roads though ramps and gradients of ramps 

are higher than standards. With the limitation of space in land plots and the topography of the area most 

of the users have failed to supply standard ramps to access the development.  According to outcomes, 

23 households are having ramps as access road and gradient distribution of these ramps are shown in 

Table 4 below. The majority of the selected households are having the ramps steeper than 20%.  
 

Table 4. Distribution of Ramp Gradients 

Ramp Gradient Number of HH % Motorcycles Three wheelers Cars 

0-5% 2 9% 1  2 

5%-10% 4 17% 2  3 
10%-20% 5 22% 1 4 2 

Above 20% 12 52% 8 5 4 
 

2.3 Vehicle ownership and Travel pattern analysis 
 

The details of trips performed during a single day were enquired from the respondents of the survey to 

capture the trip modes and the parking related attributes. As in Table 5Table 5, the majority of the 

respondents have chosen motorbikes for their travel needs while approximate equal number of 

respondents have used private cars and public transport which stands the second highest.  

 

Table 5. Transport Modes 

Transport Mode Private Car Motorcycle 
Three-

Wheeler 

School 

services/ 

Other 

Public 

Transport 

On 

Foot 

Number of Trips 20 40 5 8 19 11 

% 19% 39% 5% 8% 18% 11% 

 

Vehicle Ownership 
Number of 

households 

One vehicle per household 37 

Two vehicle per household 16 

Three vehicle per household 7 
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Households 



    

49 
 

R4TLI Conference Proceedings 2022 
 

 
ISSN: 2513-2504 

 

 
 

Figure 6. Vehicle mode use by vehicle users and parking facility 

At the destination of the trip, type of the properties of parking facility used by the respondents is 

illustrated in  

Figure 6. Majority of parking facility except cars is taken by on-street parking. It is to be specially 

noted that more than 80% of the school vans are using on street parking which is promoting large 

number of under aged school children walking considerable distance along the road to board their 

respective school vans.  

 

2.4 Relationship between Vehicle Ownership and Electricity Consumption 

 

The relationship between household electricity consumption and income levels are corelated and has 

been researched in the past. Therefore, electricity consumption can be treated as a surrogate variable 

for the income in which case is very difficult to collect accurately through household interview surveys.   

Relationship between vehicle ownership and electricity consumption is illustrated in Figure 7Error! 

Reference source not found.. The outcomes depict that majority of households which are having 

motorcycles are consumed 90-150 units of electricity and households which are having three-wheelers 

are consumed 90-120 units of electricity. When it comes to car owners, most of them have high 

consumption compared to other users with majority in 120-150 units category. It implies that the 

comfortable level of vehicle of the household is correspondingly proportional to the electricity 

consumption which is an indication of the household income level.    

Figure 7. Vehicle Ownership and Electricity Consumption 
 

4. CONCLUSION  

 

Bandarawela is a city with significant variability in topography. Therefore, the study reveals that most 

of the parking spaces at households are sloppy in geography and access roads are also ramps which are 

having higher gradients. Moreover, due to less width of access road (less than 3m), sloppy topography 

of parking spaces, maneuvering process of vehicles in households become difficult. Research outcomes 
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show that there is not balance between parking demand and supply of commercial amenities where 76% 

of commercial amenities not providing required parking facilities when it considered the difficult hilly 

terrain of land use inherent to Bandarawela area. This had led to significant level of on-street parking 

within the city. As results, traffic congestion is caused, and pedestrian movements are restricted. On the 

other hand, due to un-provided parking space, people have to park their vehicles somewhere faraway 

and reach the commercial amenities. It has led to increase in pedestrian movements, pedestrian 

crossings and decrease in safety. Moreover, Multi-axle vehicle are arrived the commercial amenities 

and if those vehicles are parked in the on-street parking places, turning is difficult & width of lane is 

decreased. One reason for this scenario is turning radius is not enough for multi-axle vehicles. Public 

parking area for affordable pricing, adequate parking supply for new developments are 

recommendations for avoid these issues. Many other commercial and economic activities such as 

tourism, street foods can be improved by solving this issue in Bandarawela. 
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ABSTRACT- This research investigates the spatial characters of New Urban Areas (NUAs) in Hanoi, 

Vietnam, by employing space syntax and urban morphological approaches. Hanoi grows from a 

monocentric city to an ‘amoeba’-like urban form in its periphery, where modern formally planned 

neighbourhoods exist next to, or even mix with urbanised villages and agricultural lands. At the city 

scale, this paper examines the spatial configuration of street networks in Hanoi, and the integration of 

these NUAs into the system. It compares the configuration of the NUAs with their surrounding 

neighbourhoods that have been spontaneously developed. At the neighbourhood level, the analysis 

explains the attractiveness and performance of streets, movements of pedestrians, motorbikes and cars, 

maps and compares the morphological features of various NUAs in Hanoi. Findings reveal that these 

NUAs are poorly integrated into the spatial network of the city. They underscore the private vehicular 

favoured urban environments of these NUAs, uncomfortable pedestrian movements, resulting in less-

vibrant street life. This research informs practices, including urban planning, design, development and 

management, on the significance of top-down and bottom-up forces in shaping urban centres and the 

importance of street network in promoting healthy and sustainable lifestyles. 

  

Keywords: space syntax; urban morphology; walkability; New Urban Areas; Hanoi.  

  

1. INTRODUCTION 

   

Like many other East Asian cities, Hanoi – the capital of Vietnam – has witnessed an unprecedented 

growth in its population caused by an influx of immigrants. The inward flows of foreign direct 

investment to the region, welcomed by the Government’s open-door policy, have been a global force 

leading to the changes in the city's spatial structure and its dwellers’ ways of living [1]. The availability 

of land and the ease of land pooling and compensation have been important factors leading to the 

emergence of new residential areas and commercial centres on the periphery. Greenfields and under-

utilised industrial areas are the most attractive targets for real estate investors’ land acquisitors. These 

areas are transformed into New Urban Areas (NUAs), described as self-contained, compact settlements 

following imported models of modern Western cities. The NUAs usually contain a mix of (prominently) 

residential, commercial, leisure land use, and may also have childcare, a primary school, clinics and a 

hospital. During the 1990s, the NUAs of Hanoi were considered a ground-breaking innovation, 

introducing modern ways of living that were far different from the over-crowded living environment of 

residents of the long-established neighbourhoods such as the Old Quarter, the French Quarter, urbanised 

villages and the Soviet-style collective living quarters [2]. After approx. 30 years of being seeded into 

the city structure, the NUAs are no longer seen as exotic neighbourhoods but as spatial units constituting 

the morphological mix of the city’s ‘desakota’ [3], an Asian type urban sprawling area where urban 

residential and agricultural land uses are intermingled.  

 

This paper employs space syntax and urban morphology to compare the configuration and morphology 

of these NUAs to their surrounding spontaneously grown neighbourhoods. It reveals how this imported, 
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exotic urban form has caused significant changes in the dwellers’ lifestyle, social cohesion, health, and 

their impacts on the city’s pathway to a more sustainable future. 

While cities are building better networks of public transport and promoting local shopping strips to 

encourage walking and reduce the number of people’s everyday trips made by private vehicles, there 

exists a ‘last meters’ problem that is connecting people from their homes to local destinations [4]. While 

the multi-scalar configuration of streets can contribute significantly to the attractiveness of these 

everyday walking routes to foot traffic, the local morphological characters can shape spatial conditions 

of these ‘last meters’ linkage and make them appealing (or not) to pedestrians [5,6].  

 

Through the ‘movement economy’ theory, Hiller [7] (1996) underlines the importance of street network 

in shaping city’s functions. This is aligned with Alexander’s ‘City is not a tree’ argument [8] where he 

underlines the capacity of city’s structure in organising functions, which is a key factor that makes a 

city safe and economically lively. 

 

In Hanoi, the movement economy is demonstrated. The spontaneity and informality of Hanoian’s 

everyday livelihood are justified by people’s long tradition of self-help practices to sustain their family 

financially, while formal jobs are scarce and out of reach. Locations of movement-benefiting activities, 

such as retails and services, are strongly influenced by pedestrians and motorbike movements, rather 

than cars and the service catchments around car park as observed in developed world contexts. The 

introduction of NUAs and car-dominated lifestyles are novel to most Hanoian and also to the city’s 

existing structure, where the growing process is spontaneous. 

  

2. MATERIALS AND METHODS  

  

This paper examines the configuration of 6 completed NUAs in Hanoi established more than five years: 

Trung Hoa Nhan Chinh, Linh Dam, The Manor, Royal City, Times City and Green Bay. Due to the 

dominance of motorbikes as a popular type of private vehicle in Hanoi, as well as the advantages that 

they offer to Hanoian’s everyday activities, such as their small profile, ease of parking, high mobility, 

this paper uses combined space syntax integration and choice analyses [9]. It reveals the attractiveness 

of streets in Hanoi to both pedestrians within their 800-metre-walking radius and motorbikes in the 

entire city. It allows the comparison of the configurations of chosen NUAs with each other and to their 

surrounding neighbourhoods. 

 

Morphological mappings of these samples demonstrate the similarities and differences between the 

built forms of the selected NUAs and their neighbouring spontaneously urbanised areas. The analysis 

focuses on major morphological variables, including street widths, street block sizes, building density 

and building heights. 

  

3. RESULTS AND DISCUSSION  

  

Global choice analysis shows that all identified NUAs are located near major roads highly attractive to 

through-movement, which are city’s ring roads and major radial roads (Figure 1a). Under such 

conditions, NUA residents can easily reach other areas using their private vehicles, predominantly 

motorbikes, and increasingly cars. Within the NUAs, the integration of streets is much lower compared 

to long-established urban centres, which are the Old Quarter and French Quarter (Figure 1b). Compared 

with their surrounding neighbourhoods, which are mostly spontaneously urbanised villages, street 

networks of NUAs are less attractive to movements due to the lower street density (Figure 1c). The 

NUAs have clear and hierarchical structures, characterised by long and straight street segments forming 

a grid and plugging into the broader system via the ring and radial roads. The urbanised villages, in 

contrast, have a grass-roots-like network involving a few long and straight segments branching out to a 

larger number of short segments. Thus, the streets of NUAs appear in space syntax maps to be less 

attractive to both to- and through- movements. 
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Figure 1: Configuration of street network in Hanoi. [a] Choice Rn; [b] Integration R800m; [c] 

Combined integration R800 and choice Rn. Annotations: 1 = Old Quarter; 2 = French Quarter; 3 = 

Trung Hoa Nhan Chinh; 4 = Linh Dam; 5 = The Manor; 6 = Royal City; 7 = Times City; 8 = Green 

Bay 

 

Figure 2 shows the coarse grains in most chosen NUAs, except for Linh Dam and Green Bay, where a 

handful arrays of luxurious detached villas add fine grain buildings to the landscape. The wide streets 

and varying, spacious setbacks in front of each building are not ideal for forming shopping strips. 

Although the ground floor spaces of most high-rise buildings (between 10 and 40 storeys) are designated 

for commercial activities, they are more suitable for formal, high-yield businesses requiring large 

premises, such as supermarkets and offices, rather than small-scale businesses. Only a few business 

proprietors can afford and compete for a limited number of kiosks, where they can operate their family-

owned stores, selling breakfast or drinks, or providing services such as hairdressing or photocopying. 

Many residents of NUAs find providers of their needs in surrounding neighbourhoods and are loyal 

customers of small-scale street-front shops, informal marketplaces, affordable restaurants and cafés. In 

these neighbourhoods, urban management is less strict, allowing the formation of outdoor trading 

venues, and there are abundant small street-front kiosks suitable for low-yield businesses offering a 

wide range of affordable goods and services. 
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Figure 2: Urban morphology of sampled NUAs 

 

While the networks of public space in all these sampled NUAs are not very walkable, they offer 

economic opportunities: high density of inhabitants generating high consumer demands, and spacious 

communal open spaces that are (informally) borrowable by businesses. In Trung Hoa Nhan Chinh and 

Linh Dam NUAs, it is not uncommon to find business activities spill over onto sidewalks and occupy 

open spaces. The wide sidewalks and large playgrounds are borrowed by street front cafés and 

sometimes street vendors. Locations of these pop-up, informal activities are not always aligned with the 

high connectivity of streets, but they are often found in more quiet, segregated locations, where these 

activities don’t interrupt movement flows and targeted customers are usually local residents and 

workers. In the other NUAs, such informality hardly exists due to strict public space management 

policies and enforcement made by the developers, who define these NUAs as high standards. 

 

Over time, the spatial boundaries between NUAs and their surrounding neighbourhoods, which are 

recognisable through the distinctive patterns of their building footprints, become blurred. This results 

from the ‘penetration’ of NUA-type high-rise buildings into urbanised villages through infilled 

developments on vacated factories and left-over greenfields. The interfaces between NUAs and their 

surroundings are the most vibrant areas where small-scale, affordable shops and services are flourished. 

Small street-front houses offer affordable premises for many family-owned or home-based businesses, 

serving the overflowing customers from the NUAs, who seek more affordable goods and services 

provided in independent stores. 

  

4. CONCLUSION  

  

Most focuses given to sustainable cities, especially on their built environment, are on building materials 

and energy consumed by building functions. Inadequate attentions are given to the way in which urban 

voids, that are streets, squares, and all other types of public open spaces, should be arranged to make 

them naturally attractive to pedestrians, spontaneously supportive to small-scale local businesses, and 
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friendly to non-car-dependent lifestyles. Cities in the East are becoming more ubiquitous, catching up 

with modern world, but at the same time they generate outdated problems which many other Western 

cities are attempting to solve, e.g., car dependency and pedestrian unfriendly. 

 

This paper highlights the morphological characters of an emerging typology of urban form in Hanoi, 

underlines the shortcomings of this NUA model against the criteria of sustainable development goals. 

It calls for better ideas to develop more suitable forms of settlement for residents in the East, who have 

long traditions of fine-tuning and self-organising their city, living small and healthily.   
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ABSTRACT - Robotic Process Automation (RPA) is becoming an integral part of today’s businesses 

that compete in more dynamic business environments as it helps to automate rule-based, repetitive tasks. 

However, it is necessary to identify benefits realisation key success factors (BRKSFs) applicable for 

RPA initiatives, given that most of the initiatives are failures. This research aims to identify BRKSFs 

and hierarchical relationship between BRKSFs relevant to RPA initiatives. Research findings are 

conveyed as a model which shows the hierarchical relationship. According to the findings, having a 

clear, well-defined, and immutable process is the most significant BRKSF as its driving power over the 

other factors is high. Overall, the findings of this study will help researchers and industry practitioners 

to identify a priority order between RPA BRKSFs. 

  

Keywords: Process Improvement Initiatives; Robotic Process Automation; Benefits Realisation Key 

Success Factors; Supply Chains 

  

1. INTRODUCTION  

   

Business Process Improvement (BPI) involves improving existing business processes to optimize 

processes.  The literature study conducted by Piyatilake et al.[1] shows that BPI initiatives vastly 

improve end-to-end supply chain processes. Nearly 20% of company processes provide 80% of 

improvement potential. The remaining 80% of processes do not have the potential to go for full 

improvements based on automation, such as Enterprise Resource Planning (ERP) systems 

implementations. Therefore, the incorporation of low-cost improvement methods is vital to remove 

inefficiencies in the remaining 80% of processes. Robotic Process Automation (RPA) is a low-cost, 

digital transformation-based BPI method that uses software robots to automate rule-based and repetitive 

manual tasks [2], [3], [4]. RPA is becoming an integral part of today's businesses that compete in more 

dynamic business environments as it helps to replace white collar jobs easily [3]. 

 

In the first phase of this research, a Structured Literature Review (SLR) was conducted to identify the 

existing studies that discuss the benefits, benefits realisation key success factors and challenges of 

supply chain process improvement initiatives [1]. Findings of this SLR showed a prevailing research 

gap for comprehensive research that discusses the benefits realisation key success factors of supply 

chain RPA initiatives. Furthermore, as Nitin [5] stated, a study conducted by EY Global shows that 

nearly 30% to 50% of RPA initiatives fail, which implies the necessity of identifying and facilitating 

benefits realisation key success factors (BRKSFs) when taking RPA initiatives. 

 

Hence, this study intends to provide implications on BRKSFs of supply chain RPA initiatives under the 

following three Research Objectives (ROs): (RO1) Identify the benefits realisation key success factors 

(BRKSFs) which contribute for RPA initiative success under the supply chain context, (RO2) Identify 
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the hierarchical relationship among the RPA BRKSFs, (RO3) Identify BRKSFs that are relatively most 

significant for RPA initiative success.  

 

2. METHODOLOGY 

 

RO1:  At the end of the first phase of this study which is SLR, 22 BRKSFs were identified as the 

common critical success factors that are applicable for supply chain process improvements [1], [6]. 

Secondly, a survey was conducted to identify the most impactable 15 factors (Factors in Figure 1) for 

supply chain RPA initiatives. The survey sample comprised with RPA team leaders and team members 

who are involved with RPA initiatives. Most of the experts involved in the survey have at least three 

years of experience in both supply chain and RPA disciplines. 

 

RO2 and RO3: Interpretive Structural Modelling (ISM) and Cross-Impact Matrix Multiplication 

Applied to Classification (MICMAC) analysis were conducted to find the relationships between the 

above-identified 15 factors. Pairwise comparison responses were collected from 5 experts comprised 

with RPA team leaders and RPA team members involved with supply chain RPA initiatives. The 

analysis output was validated using the opinions of another 17 experts. Most of the experts involved in 

this step have at least three years of experience in supply chain and RPA disciplines. 

 

3. RESULTS AND DISCUSSION 

 

3.1. Relationships between factors and most significant factors 

 

According to the analysis output, aligning the objective of the RPA initiative with the organisation's 

strategic objectives, choosing the right process for automation, and change management are weak 

drivers but strongly depend on other factors. Thus, these factors are at the top level of the ISM hierarchy. 

Prioritizing the benefits that can be gained through the RPA initiative, conducting a feasibility study, 

having a cross-functional team as the initiative team, top management involvement and support, and 

having an initiative team leader have strong driving powers as well as strong dependence powers. Thus, 

these factors are at the middle level of the hierarchy. Furthermore, having clear and well-defined 

processes is at the bottom level of the ISM hierarchy, indicating a strong driving power and weak 

dependence power. However, MICMAC analysis which divides factors into four categories based on 

their driving and dependence powers, shows that there are no autonomous factors. It implies that there 

are no factors with both weak driving and weak dependence powers. Furthermore, the ISM model in 

Figure 1 shows the flow of relationships between 15 benefits realisation key success factors. 

 

4. CONCLUSION  
  

In conclusion, this research provides insights for researchers and industry practitioners about the factors 

that must be facilitated to realize target benefits from RPA initiatives. At the end of the analysis, having 

clear, well-defined and immutable processes was found as the most independent factor. Therefore, it is 

located at the bottom level of the ISM model. Therefore, it can be interpreted as the most important 

factor among 15 factors due to its driving capability of other factors. Software robots in the RPA 

technique follow rule-based and repetitive tasks. Thus, it is required to make the background clear by 

making processes clear, well-defined and immutable [6]. However, it is important to note that, the 

researchers of this study decided to shortlist and limit the number of BRKSFs for the ISM-MICMAC 

analysis considering the convenience of respondents and time constraints. Furthermore, exploring the 

benefits of realizing key success factors through case studies can be identified as a future research 

direction. 
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Figure 1. Hierarchical Relationship Model (ISM-MICMAC Analysis Output) 
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ABSTRACT – A properly designed vaccine supply chain that uses suitable supply chain strategies can 

facilitate an effective mass vaccination that minimises COVID-19 infections and deaths. This study 

assesses the impact of two supply chain strategies which are Lean supply chain strategy and Agile 

supply chain strategy on effective mass vaccination using a two-stage approach. In the initial stage, we 

developed an optimal vaccine distribution network under both Lean and Agile supply chain strategies 

separately, for a selected scenario in Colombo, Sri Lanka. In the second stage, we have developed a 

Susceptible-Exposed-Infected-Recovered (SEIR) model for COVID-19 which reflects the impact on 

infections and deaths when using the two different supply chain strategies. Results of this study reflect 

that a higher percentage of lead time saving can be achieved when using the Agile supply chain strategy. 

Moreover, when using Agile strategy, a considerable reduction of infections and deaths can be expected 

for the considered scenario despite a cost accumulation of approximately 32%.  

 

Keywords: supply chain strategy; lean vs. agile; COVID-19; vaccine distribution; SEIR model 

  

1. INTRODUCTION  

 

As an effective response for COVID-19 pandemic, most countries in the world stepped into mass 

vaccination programs. The success of mass vaccination is achieved when a considerable population in 

the country is immunised as fast as possible to exit from the pandemic [1]. Across the vaccine supply 

chain, maintaining speed and the flexibility of vaccine distribution is highly challenging. As a solution, 

the design phase of the vaccine supply chain should be focused on developing an effective distribution 

process that supports faster vaccine rollouts [2]. Further, it is important to identify optimal strategies 

for critical vaccine distribution specially in an adverse economic situation where the existing resources 

should be carefully utilised. There are different supply chain strategies that can be used to design the 

vaccine supply chain [3]. In this study we have considered the impact of ‘Lean supply chain strategy’ 

and ‘Agile supply chain strategy’ when designing a vaccine distribution network that supports faster 

vaccine rollout which will eventually minimise COVID-19 infections and deaths. The Lean supply 

chain strategy is focused on reducing costs and wastages while meeting the customer needs. On the 

other hand, the Agile supply chain strategy is a strategy that focuses on flexibility and faster responses 

to customer demand [4].  

 

Several studies have considered mathematical modeling to design the optimal vaccine distribution 

network. The study of Lim et al.[5] has developed a mixed integer mathematical model to redesign a 

vaccine distribution network. In the study of Chen et al.[6], the authors have introduced a mathematical 

programming model as a planning tool for vaccine distribution. Moreover, the study of Sah et al. [7] 

has assessed the impact of accelerated vaccine rollouts on improving immunisation of populations. 

Amidst a pandemic, uncertainties and complexities in vaccine supply chains are inevitable. According 

to Lee [3], seeking the suitable supply chain strategy works as an ‘uncertainty framework’ that manages 

different levels of uncertainties. In the study of Goldsby [8], the trade-offs of lean and agile supply 
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chain strategies are discussed considering a simple supply network. However, the existing studies have 

not paid attention on impact of different supply chain strategies on vaccine distribution. In our study, 

we have focused on connecting the optimal vaccine distribution under two affluent supply chain 

strategies namely Lean and agile, with the response of vaccination which is minimising infections and 

deaths. 

 

2. MATERIALS AND METHODS  

 

We have considered a simple vaccine supply chain scenario in Colombo District, Sri Lanka which 

includes one national level vaccine storage, 10 divisional level storages and 20 vaccination points that 

administer vaccines to people. Colombo district has a population of more than 1.6 million and a high 

population density of 3300 persons per square km, thus the region is highly exposed to the risk of 

COVID-19. Assuming it takes 9 months to vaccinate 80% of the population who are above 18 years of 

age, we determined the demand at each vaccine point based on the mentioned population in relevant 

Medical Officer of Health (MOH) areas. We conducted the study in two stages, where the first stage 

was focused on developing an optimal distribution network [9]. We developed optimal distribution 

networks for both lean supply chain strategy and agile supply chain strategy separately. Then, in the 

second stage we developed a Susceptible-Exposed-Infected-Recovered (SEIR) simulation model for 

COVID-19 considering the results of the first stage as an input. 

 

In the first stage of our study, the vaccine distribution network was designed optimising the total 

logistics costs which includes transport costs from storage facilities to vaccine points and storage costs 

at divisional storages. Under agile supply chain strategy, we designed the vaccine distribution network, 

in a way that minimises the average lead time of vaccines. We used IBM CPLEX Optimisation Studio 

and Anylogistix Software to design the optimal distribution network. The objective functions, 

parameters and constraints are as follows.  

Index sets  

MS Main storage, m ∈ MS | m = {1} 

DS Divisional storages, s ∈ DS | s = {1,2,3,…..,10} 

VC Mass vaccination center, v ∈ VC | v = {1,2,3,…..,20} 

F Replenishment frequency, f ∈ F | {daily (f=0), weekly(f=1)} 

H Vehicles, h ∈ H 

Parameters  

CT
msh Transport cost per kilometer when using vehicle h, from main storage m to divisional 

storage s 

CT
svh Transport cost per kilometer when using vehicle h, from divisional storage s to mass 

vaccination center v 

CS
m Storage cost at main storage m  

CS
s Storage cost at divisional storage s 

PT
h Transport capacity per trip of vehicle h in vaccine doses  

PS
s Maximum Storage capacity at divisional storage s measured in number of doses 

PS
b Capacity in number of doses for a box containing vaccines  

LS
s Minimum safety stock to be maintained at divisional storage s measured in number of doses 

Rf Number of replenishments in the total period at divisional storage s, f ∈ F {if f=0, R0=180 

| if f=1, R1=36} 

Dms Distance from main storage m to divisional storage s  

Dsv Distance from divisional storage s to mass vaccination center v 

S Initial supply of vaccine doses at main storage m 

Kv Demand at mass vaccination center v measured in number of doses 

t Total number of days for vaccine distribution 
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t* Total number of days that storage costs are considered for 

Tmsh Time to transport vaccines from main storage m to divisional storage s in vehicle h 

Tsvh Time to transport vaccines from divisional storage s to vaccination center v in vehicle h 

HTms Handling time at main storage, when loading vaccines to vehicle h  

HTsv Handling time at divisional storage and vaccination center per box b 

 

Decision variables  

Qmsf Quantity of vaccine doses flow from main storage m to divisional storage s 

Qsv Quantity of vaccine doses flow from divisional storage s to mass vaccination center v 

 

Model for cost minimization  

Minimize logistics cost (Z) = ∑ (𝑆 − ∑ 𝑄𝑚𝑠𝑓
𝑅𝑓

1
) 𝐶𝑚

𝑆
0

𝑚
 + 𝑡∗ ∑ (𝑄𝑚𝑠𝐹 − ∑ 𝑄𝑚𝑠𝑓

𝑡/𝑅𝑓

1
) 𝐶𝑠

𝑆
0

𝑠
 + 

𝑅𝑓 ∑ ∑ 𝐷𝑚𝑠𝑄𝑚𝑠𝑓
.

𝑠

𝐶𝑚𝑠ℎ
𝑇

𝑃ℎ
𝑇

.

𝑚
    +   𝑅𝑓 ∑ ∑ 𝐷𝑠𝑣𝑄𝑠𝑣𝑓

.

𝑣

𝐶𝑠𝑣ℎ
𝑇

𝑃ℎ
𝑇

.

𝑠
    

 

Model for lead time minimization 

Minimize total lead time (T) = ∑ ∑
𝑄𝑚𝑠𝑓

𝑃ℎ
𝑇

.

𝑠
(𝑇𝑚𝑠ℎ + 𝐻𝑇𝑚𝑠)

.

𝑚

 + ∑ ∑ 𝑄𝑠𝑣 (
𝑇𝑠𝑣ℎ

𝑃ℎ
𝑇 +

𝐻𝑇𝑠𝑣

𝑃𝑏
𝑆 )

.

𝑣

.

𝑠

 

 

The constraints of the model can be identified as follows.  

∑ ∑ 𝑄𝑚𝑠𝑓    <=  𝑆𝑚

.

𝑠

.

𝑚

 For all m 
The flow from the MS to DSs should be less 

than or equal to the initial supply  

∑ ∑ 𝑄𝑚𝑠𝑓    >= 

.

𝑠

.

𝑚

∑ ∑ 𝑄𝑠𝑣    + 𝐿𝑠
𝑆

.

𝑣

.

𝑠

 
For all s 

The flows from MS to DS should be higher 

than or equal to the sum of flows from DS to 

VCs and minimum safety stock at each DS  

∑ ∑ 𝑄𝑚𝑠𝑓    <=    𝑃𝑠
𝑆

.

𝑠

.

𝑚

 For all s 
The flows from MS to DS should be less than 

the maximum capacity of DS s.  

∑ ∑ 𝑄𝑠𝑣 =   𝐾𝑣    

.

𝑣

.

𝑠

 For all v 
The flows from DS to VC should be able to 

satisfy the demand at each VC.  

 

In the second stage we modeled the exposed, infected, recovered, and deceased populations using 

Anylogic simulation software. The parameters for the SEIR model were obtained using sources such as 

Our world in data, John Hopkins University Coronavirus Resource center, Department of census and 

statistics and Ministry of Health-Sri Lanka, [1]. 

 

3. RESULTS AND DISCUSSION  

  

3.1. Optimal vaccine distribution network  

 

According to the results shown in Table 1, when using Lean supply chain strategy, the storage costs are 

maintained at a minimum level which required daily replenishment of vaccine stocks at divisional 

storages. Thus, a cost saving can be achieved by using Lean supply chain strategy compared to Agile 

supply chain strategy. When using Agile supply chain strategy, the divisional level storages are allowed 

to keep maximum possible vaccine stocks in order to provide the vaccines to vaccine points quickly 

with a minimal lead time resulting in a lead-time saving. The results in Table 1, shows that the 
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percentage saving of lead time achieved when using Agile strategy is higher than the percentage saving 

of costs when using Lean strategy. 

Table 1. Costs, Lead time and savings when using Agile and Lean strategies  

 Lean Agile   
Saving 

% 

Total transport and storage 

costs for the period (USD) 
2,970,165 3,927,148 

Cost saving when 

using Lean strategy 

USD 

956,983 
32% 

Average lead time (hrs) 24.70 16.15 
Lead time saving when 

using Agile strategy 
8.55 hrs 53% 

 

3.2. SEIR model reflecting vaccine response  

 
As shown in Figure 1, SEIR model for COVID-19 simulates the susceptible, exposed, infected, 

recovered, and vaccinated populations for the considered period of time using System Dynamics 

simulation technique.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Results of the SEIR model 

Type of 

Population 

When using 

Lean strategy 

When using 

Agile strategy 

Reduced amount when 

using Agile strategy 

Increased amount when 

using Agile strategy 

Infected  63084 62585 498 - 

Deaths 4553 4217 336 - 

Recovered  275809 278113 - 2303 

Vaccinated  11681 15995 - 4314 

The Table 2 shows that when using the Agile supply chain strategy, the infected population has reduced 

by 498 and the deaths have reduced by 336 when compared to the Lean strategy which is a very 

encouraging impact. Also, when using Agile supply chain strategy, the recovered population and 

vaccinated population has grown by 2303 and 4314 respectively. 

 

4. CONCLUSION 

From this study it is evident that having a properly planned vaccine supply chain using a suitable supply 

chain strategy can have a favourable impact on mass vaccinations. The results of our study reflect that 

Figure 1. SEIR model for Covid-19 

 



    

64 
 

R4TLI Conference Proceedings 2022 
 

 
ISSN: 2513-2504 

 
Agile supply chain strategy is more suitable for vaccine distribution in Colombo, as it reduces the lead 

time of vaccines supporting faster rollouts which minimises infections and deaths. The study can be 

further extended to analyse the situation in the face of supply chain disruptions at storages that result in 

reducing the storage capacity.  
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ABSTRACT - Supplier selection is highly industry specific with the industry specific regulations and 

requirements, making gauging the quality of the process difficult. This arises the requirement for 

industry practitioners and quality institutes to benchmark the Supplier Selection Process (SSP) to 

identify where the process adapted currently stands and what are the good practices within the industry. 

To cater to that need, this study has three objectives: to identify current supplier selection practices 

adopted by Sri Lankan practitioners, to derive a base benchmarking framework to assess the SSP of a 

firm and to identify best practices adapted by industry practitioners using the framework. This is 

achieved through a two-phase methodology: framework derivation and framework validation. From the 

validation phase it was discovered that employing such benchmarking framework creates opportunities 

for firms to improve existing SSP. 

 

Keywords: Supplier Selection; Supply Chain Management; Quality Standards; Process Benchmarking 

 

1. INTRODUCTION  

 

Supplier selection is often viewed as a Multi Criteria Decision Analysis (MCDA) or just a decision-

making problem [1]. Similarly, in the past literature supplier selection has been explored in a MCDA 

approach with the intentions of identifying the best Operations Research (OR) method to be used in 

supplier selection. Looking at literature throughout the years, Table 1 shows how such methods have 

been used in past literature. 

 

Table 1. Evolution of MCDA Models in Supplier Selection Literature 

Year Researcher Proposed Model 

2015 James Freeman, Tao Chen AHP + Entropy + TOPSIS 

2016 A Fallahpour, EU Olugu, SN Musa Fuzzy DEA 

2017 Segura  and  Maroto PROMETHEE + MAUT 

2018 Ghadikolaei and Parkouhi Fuzzy ANP 

2019 S Hosseini, AA Khaled Hybrid ensemble + AHP 

 

Recent literature has been towards identifying the best criteria [2], how green supplier selection affects 

supply chain management [3] and technological approaches towards supplier selection such as big data 

analytics [4]. But past and recent literature lacked any approaches to assess the supplier selection as a 

process. As an example, with the recent growth of need for green supply chain practices [5], the extent 

to which the practitioners adhere to sustainable practices cannot be gauged if the SSP itself is not 

evaluated. Through literature review it was discovered that such perspective has not been adapted 

regarding supplier selection among scholars, especially while taking quality standards to consideration. 

ISO 9001 has been used in supplier selection [5], but as a guide for shortlisting suppliers, not to assess 

the SSP. Since benchmarking is a form of comparison, it requires to set a standard guideline to compare 

mailto:nikiladarmadasa@gmail.com
mailto:mavinds@uom.lk
mailto:amilat@uom.lk
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the two aspects that are being assessed. This study has employed ISO9001:2015 as a basic guideline to 

derive the base benchmarking framework to benchmark SSP and to identify best practices through that. 

 

2. MATERIALS AND METHODS  

 

2.1. Study Procedure 

 

This study employed a two-phase 

methodology (see figure 1). In the 1st phase, 

the initial requirements for the framework 

development are compiled. The 2nd phase 

was started: the finalized framework was 

applied on industry organizations to assess 

them based on the framework and to 

identify good practices. Further to assess 

consistency of the responses in the AHP 

study, the consistency ratio was assessed 

and for all the expert opinion responses, the 

ratio was below the maximum threshold 0.01. 

Framework validation was also done in the 2nd phase based on the application and from an experiment 

where the as-is and to-be states were assessed by experts and a paired Wilcoxon signed rank test to 

assess whether there was any significant difference between the responses provided by them. And the 

validation provided that the framework derives results that are significantly improved from the current 

state. 

 

2.2. The Framework for SSP Evaluation 

 

For this study, the framework was derived based on ISO9001:2015, a theoretical and a practical 

framework that is based on Plan-Do-Check-Act (PDCA). The framework was derived from the original 

framework by [6] and it was altered for the suitability of the study purpose (see figure 2). For the 

assessment purposes a hierarchy of criteria were defined and these were weighted as mentioned in 

section 2.1 using an expert opinion survey. The criteria were assessed using KPIs that assess the criteria 

and these KPIs were derived from past literature and 

the as is analysis in the first phase of the two-phase 

methodology. 

 

3. RESULTS AND DISCUSSION  

 

3.1. Process Analysis and Comparison 
 

The benchmarking framework was initially applied to two industry organizations in the FMCG sector 

of Sri Lanka. The framework’s output is a score that is based on the weights assigned for the assessment 

criteria and a set of KPIs. Figure 3 shows their respective scores for the main criteria based on the As-

Figure 8. Two-phase methodology 

Figure 9. The Benchmarking Framework and hierarchy of criteria 
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is state and based on these scores, the best practices can be identified. The framework will allocate 

scores to the aspects that are assessed in the process. This will happen in the first step of the framework. 

𝑆𝑐𝑜𝑟𝑒 𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑒𝑑 𝑝𝑒𝑟 𝑚𝑎𝑖𝑛 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎 =  ∑ 𝑤𝑒𝑖𝑔ℎ𝑡 ∗ 𝐴𝑐𝑡𝑢𝑎𝑙 𝐾𝑃𝐼 

Equation 1. Scoring equation 

 

3.2. Identification of 

Measures 
The organization that has scored well 

in Quality Management Systems and 

Processes aspect was identified to be 

using more criteria to shortlist 

suppliers when compared to 

Organization 2. Further they have been 

utilizing multiple cross functional 

meetings to have a much more 

streamlined management of supplier 

relationships. When considering the 

planning aspects, Organization 2 

employs their Decision Support 

System (DSS) for supplier screening and selection which has enabled them to assess multiple suppliers 

enabling them to have a wider pool of potential suppliers to select from. Organization 1 does not possess 

such DSS which has limited their ability to access a wider pool of suppliers. 

 

3.3. Implementation 

 

When considering implementation of the best practices identified above in the identification of 

measures stage, their suitability, feasibility, and acceptability should be considered prior to 

implementing them within organization 1. Which will have to be done in more of a strategic level within 

the organization after thoroughly assessing these best practices that were identified after using the 

benchmarking framework derived in this study. 

 

4. CONCLUSION 
 

The sole purpose of this recommending framework is to benchmark Supplier Selection Processes in a 

quantifiable way and finally identify where they stand among the peers. In conclusion remarks, from 

the framework application on industry organizations it was found that the framework suggested in this 

study is applicable and provides important insights. Further, a key contribution from this study is the 

provision of a standardized quantifying framework of the supplier selection process evaluation. The 

study scope is limited to the FMCG industry in this study and expanding that scope in future studies it 

is recommended to further either to extend the existing scope by more generalizing across industries or 

to make it more industry specific (since this study recommends a base level benchmarking framework). 
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ABSTRACT - Sri Lanka, The island is renowned for its rich diversity of natural resources, cultures, 

traditions and especially the great hospitality of the people. Eco-tourism, one of the promising sub sector 

of the tourism industry which claims for significant returns to the domestic economy essentially need 

governance mechanism to cater the demands of diverse global customers while preserving the nature 

and cultural heritage.  This article focused to find out the transparency in tailor made eco tourism value 

chain, find out the problems and issues encounter by the travelers and propose block chain as smart 

innovative tool to upgrade transparency authenticity and traceability of eco tourism value chain. 

Primary data, both qualitative and quantitative, collected through online data collection tools and in-

depth interviews via telephone. First, registered eco tourism destinations were considered for the study 

and the sample composed of 35 wild life, 17 adventure, and 21 agro tourism locations. Mode of 

reservation, mode of payment, mode of prior experience, facility available, ratings and customer views 

were researched. Service providers facilitate a variety of nature, eco and adventure based activities 

across the island with experience guides and facilitators.  About 12-20 tailor made packages offered by 

the service providers and accommodation, food, transport and other logistics vary widely. Individual 

service providing agencies operate separately, poor fragile networks among value chain members, 

information asymmetry, logistic issues in remote destinations, and gap between standard and customize 

site arrangements were recorded as common problems. Service providers are expecting convenient, 

economical and trust worthy network which will bridge the existing operational barriers of the sector. 

Smooth chain connection and decentralize chain management of block chain will help to improve the 

chain transparency and authenticity while enhancing tourism experience, rewarding sustainable 

behavior, ensuring benefits for local communities, and minimizing privacy concerns. 

 

Keywords: Block chain, eco tourist site, Sri Lanka, tailor made, value chain    

  

1. INTRODUCTION  

 

Custom made eco-tourism, design facilities for the customers from geographically distinct destination 

becoming a popular sub sector in tourism industry. In general, local agency in destination expert who 

know their destination inside and out to craft a trip exactly traveler dreamed out without any heals. 

Tourism is one of the main industries in Sri Lanka and is n important source of income and employment. 

Tourists arrivals were recorded as 1, 913,702 and foreign exchange earnings were 646, 362.3 million 

in 2019 [1]. India, United Kingdom, China, Germany and France were the top 5 tourist source markets 

to Sri Lanka. 

 

An eco tourism experience can be environmentally sustainable and it is very progressive trend in 

tourism industry. Responsible travel to natural areas that conserves the environment and improves the 

well- being of local people is known eco tourism [2, 3]. Sri Lanka has some of the best eco destinations 

and probably the greatest diversity anywhere in the world. Each destination brings variety of 

experiences to a traveler with its own unique features for a convenient rate.  Tailor made eco-tourism; 

one of the important niche gives you the opportunity of enjoying multifaceted attractions. 

Sustainability of the sector depends on accountability of the visitors, services providers and 

mailto:k.b.seenapatabendige@gmail.com
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community participation. On the other hand sustainable management of eco-tourism always 

linked with upgrading the sector through innovations and manages through smart technologies 

[4]. Logistics of ecotourism services is one of the promising areas which essentially need the research 

attention [5] that is an information-intensive activity and is ideally suitable for introducing innovative 

digital technologies [6, 7]. Upstream, service providers and downstream visitors/consumers of the 

ecotourism value chain connected through fragile networks.  Therefore, identification of value chain 

actors or service providers; travel companies, tour operators, local transport providers, service providers 

((hotels, food and beverage, communication, ettc.) essential to assess the situation.  Further, this helps 

to explore the gaps pertaining to knowledge, attitudes, values, infrastructure, policy, legal status and 

culture. Bridge the gaps and smooth functioning   within the ecotourism value chain through 

digitalization is promising tool. The block chain technology is a well-structured database with specific 

rules for building chains of transactions and access to information that exclude data theft, fraud, 

violation of property rights, etc [7,8]. This article focused to find out the transparency in tailor made 

eco tourism value chain, find out the problems and issues encounter by the travels and propose block 

chain as smart innovative tool to upgrade the eco tourism value chain.     

 

2. MATERIALS AND METHODS  

 

Eco tourism has become a significant sub sector in tourism industry of Sri Lanka. Managing eco tourist 

logistics is vital strategic innovation to facilitate and promote nature base tourist sites located in diver’s 

agro ecological zones of Sri Lanka. Study heavily based on qualitative data and online data collection 

tools were mainly used. First, registered eco tourism destination were identify on visit the relevant web 

site to develop the data base on nature of eco tourist destination. Sample composed of 35 wild life, 17 

adventure and 21 agro tourism destinations. Mode of reservation, mode of payment, mode of prior 

experience, facility available, ratings and customer views were researched. Figure 1 explain the 

structure of the value chain of tailor made eco tourism sub sector where A, B, and C denotes position 

of the value chain, actors and logistics flow respectively. The value chain approach to tourism covers 

all stakeholders involved in delivering a tourism experience in the accommodation service (dining, 

recreation, leisure, shopping, etc.). The analysis covers all goods and services in the respective value 

chains created by the international and in country manufacture, storage, distribution, consumption and 

disposal of these goods and services [2]. Transparency and authenticity of the value chain 

measured along two dimensions: supply chain scope (the depth of interaction in the supply 

chain) and milestones on the path to complete transparency. 

 

 

 

 

 

 
 

  

 

 

 

 

 

 

 

 

Figure 1. Structure of the value chain of tailor made eco tourism sub sector 

 

A  Input supplies Eco tourist site (service 

provider) 

Customer (tourist) 

B 1. Food and drink producer 

 2. Equipment and furniture 

manufacture 

 3. Bed, linen and other 

clothing 

4. Customer care products 

5. Water and energy 

supplier 

6. Waste disposal and 

recycling 

1.Accommodation 

provider 

2. Transport service 

3. Excursion service 

C 

Impulsive searches 

Active seekers 

Passive seekers 

Inbound logistics 

Outbound logistics 

Profit margin 
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3. RESULTS AND DISCUSSION  

 

Tailor made ecotourism which has huge growth potential with significant returns. It gives the 

opportunity of experience nature, culture, traditions and people. Design and develop tailor made 

ecotourism site for a unknown traveler is challenging and possibilities are there for mismatches. Four 

main customers segments identified (Figure 1), places demand for variety of sites, facilities, 

entrainment, food and beverages, logistics and comfort levels. Design and build tailor made eco tourist 

site for a foreign traveler who has never been to the destination before or unfamiliar to traditions, 

customs, food, nature, etc is a tedious task. In general, most of the service providers maintain artificial 

intelligence throughout the process and countable number of service providers allocate destination 

expert for individual booking and the person is responsible for arranging memorable holiday. Service 

providers, network of hotels, restaurants, and logistics providers are creating various destinations 

around the island, mode of transport and type of accommodation varied upon request. Registered eco 

tourism destinations were considered for the study and the sample composed of 35 wild life, 17 

adventure, and 21 agro tourism locations. Mode of reservation, mode of payment, mode of prior 

experience, facility available, ratings and customer views were researched. Service providers facilitate 

a variety of nature, eco and adventure based activities across the island with experience guides and 

facilitators. 

 

3.1. Transparency and authenticity of the tailor made eco-tourism value chain in Sri 

Lanka 
 

Tailor made eco-tourist value chain is novel and innovative subsector of the tourism industry of Sri 

Lanka. Upstream of the value chain, input suppliers were starting point of the value chain and wide 

range of supplies enter into the value chain as direct and indirect supplies. Downstream of the value 

chain, the service provider was the key actor who created the site upon the demands of customers from 

available supplies. Internal operations, information flow and feedback loop connects the value chain 

actors and facilitate the design and development of the demanded facility. Transparency and 

authenticity of the direct and indirect input supplies and internal operations were measured against code 

of conduct, standards and certification, traceability, and full disclosure of information. Internal 

operations and direct supplies were transparent to service provider but information asymmetry 

negatively affect on system transparency to downstream. Indirect supplies were less transparent to all 

actors including hoteliers. Poor transparent mechanism and authenticity of supplies significantly 

affected on value chain performance, mainly customer satisfaction and business sustainability. 

Especially, the quality of raw materials; food beverage, logistics, transport, entertainment, etc. and 

services hinder the expected satisfaction of travelers.   

 

Manage value chain through decentralized smart contracts would minimize the problems and issues 

while providing expected services to the customers. Smart contracts, visible to all in network, all in 

network can edit, safe and efficient [5,6]. Block chain business model canvas was developed with the 

participation of industry experts (figure 2). Block chain approach for tailor made eco-tourist value chain 

propose few design steps. First step would be identifying the impending risks from regulation, past 

disruptions, and supplier-related issues through plotting internal and external stakeholder interests 

called a materiality assessment. Secondly, visualize the target supply chain for a deeper understanding 

of goods flows, map suppliers and processes, and expose existing information gaps. Third, collect 

information on practices and performance that provides insights about potential risks, opportunities for 

improvement, and information gaps. Fourth step is engagement where actionable information along 

with key performance indicators is essential to address specific issues such as quality of food, energy 

supplies, weather related unexpected situations, environmental impacts, or unclear sources of origin. 

The engagement includes supplier contact and collaboration, monitoring, and support. Final step is 

disclosure. This involves deciding how they will meet relevant regulatory requirements and stakeholder 

demands, and how they will verify the information disclosed.  
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Figure 2. Detailed business model canvas for the tailor made ecotourism 

 

4. CONCLUSION 

 

Tailor made eco tourist sites, is one of the emerging niche segment of the Sri Lankan tourism sector 

highlighting positive future prospects. Country’s naturally endowed resources, rich traditions, and 

capability of building sustainable tailor made tourist sector essentially need to understand the problems 

and issues through value chain analysis and develop sustainable value chain through transparent system. 

The unique tourism experience, purely based on customer needs and wants.  Therefore, system 

transparency and authenticity is essential to maintain sustainable business. Both direct supplies and 

internal operations were transparent only to service provider but there no proper mechanism to share 

the information with end-user. Indirect supplies were non transparent and most of the issues related to 

tailor made eco tourist sites were derived due to lack of transparency of supplies. Present study proposes 

smart contract mechanism for both direct and indirect suppliers and internal operators through 

decentralized information sharing mechanism. Block chain business model canvas demonstrate system 

landscape and information blocks.  
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ABSTRACT - This study seeks to identify challenging factors to the adoption of the circular economy 

in the food supply chain. A total of 17 challenging factors have been identified via a systematic literature 

review. The challenging factors were grouped into 6 categories: economic, social, institutional, 

technological and informational, supply chain, and organizational. To prioritize the challenging factors 

based on literature importance, a literature frequency analysis method was utilized. The possibility of 

misestimations in challenges ranking that result from frequency analysis is eliminated by employing an 

article-level research citation metric of Field-Weighted Citation Impact. The findings reveal that the 

three most critical challenges to adopting circular economy in the food supply chain are cost efficiency 

consideration, less enforcement of legislation and regulations, and lack of long-term shared vision 

among stakeholders. The findings will help managers, decision-makers, practitioners, and governments 

to formulate policies and strategies to effectively implement circular practices in the food industry. 

  

Keywords: challenges; circular economy; food supply chain; systematic literature review; frequency 

analysis 

  

1. INTRODUCTION  
   

The contemporary trilemma of the food supply chain (FSC), which are global food security, 

environmental degradation due to over-exploitation of resources, and issues with food loss and waste, 

has attracted the world’s attention. The food requirement will increase by 70% as the world’s population 

is expected to reach 9.8 billion by 2050. Fulfillment of this necessity is predicted as impossible, and it 

will put greater pressure on natural resources. The food industry already contributes to one-third of 

global Greenhouse Gas (GHG) production and an 80% loss of biodiversity all over the world [1]. 

Additionally, one-third of food produced for human consumption is lost or wasted along the supply 

chain while there are 821 million undernourished people [2]. Therefore, the critical requirement of FSC 

reformulation has captured recent academic interest. The transition toward a Circular Economy (CE) is 

suggested as a potential, long-term solution to overcome this trilemma [1]. 

 

The CE is about restorative and regenerative design thinking that keeps resources in a closed loop. In 

contrast to the ‘take-make-waste’ concept in the linear economy, CE executes reduction, maintenance, 

repair, reuse, refurbish, remanufacture, and recycling that ensures zero or little waste generation. 

However, this CE transition in FSC takes a longer time than expected as it encounters numerous barriers. 

There are several studies focused on barriers to implementing CE in either various food industries or 

different processes in FSC [3]–[6]. Still, Farooque [3] states that there is a literature gap in a 

comprehensive list of challenges to adopting CE in FSC. In order to fill the knowledge gap, this study 

intends to identify challenging factors for the transition toward CE in FSC through a Systematic 

Literature Review (SLR). Further, this work aspires to rank the challenges based on their literature 

importance as it is not utilized in the similar field of research [3], [5]. Hence, this work will act as a 

handbook for CE implementation in FSC as this prioritizes the critical barriers that need initial attention. 
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2. MATERIALS AND METHODS  
  

2.1. Systematic review and initial data analysis 

  
This study employs the SLR approach to identify an exhaustive list of challenging factors for adopting 

CE in FSC. SLR differs from traditional reviews since it uses a transparent, and scientific process that 

reduces selection bias through a comprehensive literature search. This was carried out in three phases, 

following the content analysis-based literature review guidelines proposed by Seuring & Gold [7] as in 

Figure 1. Further, categorization of challenges is conducted based on previous literature framework 

suggested by Tura et al. [8] as it persuades industry practitioners to understand and reformulate practices 

in FSC that encourage CE adoption methodically. 

 
 

 
 

Figure 11. Methodology of systematic literature review 

 

2.2. Challenges Prioritization 
 

Factor ranking and prioritization based on the literature frequency is a widely used methodology. 

However, the sole consideration of the frequency of literature occurrence can lead to misestimations of 

factor ranking [9]. To eliminate this possible misestimation, Purkayastha et al. [10] recommended 

incorporating an article research citation metric of Field-Weighted Citation Impact (FWCI) combined 

with the literature frequency. The rate of FWCI collates the actual citations obtained by the paper with 

the anticipated number of citations for a paper published of the same type [10]. Hence, this study derived 

the weights of challenges by employing a formula that considered the barrier appearance in the articles 

of review sample and their FWCI.  

 

3. RESULTS AND DISCUSSION  
  
The identified 17 challenging factors, the six challenge categories, the derived weights of challenges, 

and their final frequency rankings are as follows (Table 1): 

 

Table 6. Results of systematic literature review and challenges prioritization 

Category Challenging Factors Weights Ranking 

Economic 
C1 Cost efficiency considerations 2.96 1 

C2 Issues in investments - scalability and replicability 0.82 12 

Social 
C3 No trade and social pressure 0.64 15 

C4 Lack of societal acceptance and demand 1.69 6 

Institutional 
C5 Less enforcement of legislation and regulations 2.29 2 

C6 Insufficient subsidies and uncertainty of incentives 1.37 8 

Technological 

& 

Informational 

C7 Lack of information on processes; less transparency 1.91 4 

C8 A lack of awareness and expertise 1.67 7 

C9 Technological difficulties and R&D deficiency 1.74 5 

Material Collection Challenges Identification 

• Keywords selection 
challenge*, barrier*, obstacle*, 

circular*, green supply chain, closed-

loop, sustainable supply chain, food 

chain, food supply chain, food industry, 

food system 

 

• Search string construction 196 papers 40 papers 

17 Challenges 

6 Categories 

• Bibliometric analysis 

• Full-text screening 

• Challenges 

identification and 

categorization 

Material Scrutiny 

• Inclusion/exclusion 

criteria for literature 

filtering 

• Keywords co-

occurrence analysis 

(VOSviewer) 

• Abstract screening 



    

76 
 

R4TLI Conference Proceedings 2022 
 

 
ISSN: 2513-2504 

 
C10 Problems in innovations 0.43 17 

Supply chain 

C11 Geographical challenges 0.99 11 

C12 No long-term shared vision among stakeholders 1.94 3 

C13 Competition from existing linear businesses 1.17 10 

C14 Lack of support from the logistics network 0.78 13 

Organizationa

l 

C15 Lack of infrastructure and methodologies 1.29 9 

C16 Top management reluctancy 0.69 14 

C17 Employee connectedness and company culture 0.44 16 

 

The results ranked cost efficiency considerations as the most critical barrier indicating the requirement 

of prior attention to the economic sustainability of circular practices in FSC and the necessity of CE 

funding. Likewise, the ranking of the challenges stipulates their relative importance and the demand for 

methodical addressing of the critical challenges in order to implement a circular food chain efficiently.  

 

4. CONCLUSION  
  

This study identifies 17 challenging factors for adopting CE in FSC as an initial contribution to CE 

implantation. An extensive list of challenging factors is derived through an SLR as per the first research 

objective. The prioritization of challenging factors is performed based on frequency analysis combined 

with a research citation metric of FWCI. The results identified cost efficiency considerations as the 

most critical challenge while listing less enforcement of legislation and regulations and the lack of long-

term shared vision among stakeholders as second and third prominent challenges, respectively. The 

prioritization of challenges guides the FSC practitioners to formulate strategies to eliminate the barriers 

and accentuates the fields that require the utmost attention to implement CE. This highlights diverse 

opportunities that can be gained from CE transition and the benefits in the long run. Further, the 

identified challenging factors can be universally applied to any FSC as it was derived using an SLR. 

Moreover, this work can be extended to prioritize the identified challenges based on empirical 

importance using responses from industry experts and compare the rankings of importance and 

pragmatic importance of challenging factors. 
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ABSTRACT - Not only Covid 19 pandemic but other new pandemics will also emerge in the future. 

Therefore, understanding the reasons for the disruption of consumer demand during a pandemic is 

critical for a speedy recovery of the market. Thus, the study fills the gap in the literature on demand 

disruptions during a pandemic to fast-moving consumer goods (FMCG) under the category of ‘personal 

care’ and ‘home care’ in the Sri Lankan context. The paired t-test output emphasizes that there is a 

significant impact on the consumption of ‘personal care’ and ‘home care’ products during the pandemic 

period compared to the same days in the pre-pandemic. Therefore, influencing factors to a demand 

disruption of FMCG during a pandemic in a global context are searched through a literature survey, 

validated to the Sri Lankan context ‘personal care’ and ‘home care’ category with the reviews from 12 

managerial level experts in 4 leading FMCG companies and finally quantified variables using Pearson 

correlation and Kendall’s tau-b tests.  

 

Keywords: Personal care; Home care; Influencing factors; Covid 19; FMCG 

 

1. INTRODUCTION 
 

A disturbance that interrupts the continuation of an activity to process as the plan is defined as a 

‘disruption’. Covid 19 pandemic has created an impact similar to the disruptions that occurred during 

the early war and depression periods [1] causing changes in consumer attitudes, behaviors, and 

purchasing patterns [2]. As a result, the global Fast Moving Consumer Goods (FMCG) sector is 

experiencing a strong instability with the pandemic [3], given that the demand uncertainty results in the 

highest negative impact on the supply chain performance [4]. Just for the period from 2011 to 2018, the 

World Health Organization tracked 1483 epidemic events from 172 countries [5] indicating that the 

world is moving towards an increasing trend of infectious diseases. Understanding consumer demand 

is critical to successfully facing future disruptions and prompt transition into the new normal since 

pandemics will continue and intensify in the future [6]. 

 

Different sectors in multiple countries have experienced varied demands. For example, aggregate 

consumption reduced by 23% from April to June 2020 in Mexico [7] while consumers in rich countries 

panic buying more than those in poor countries [8]. Therefore, organizations need to take measures to 

quickly meet consumer demand while understanding the reasons for change simultaneously. Demand 

disruptions and consumer behavior for FMCG, change depending on various aspects like region, 

country, sector, and cultural backgrounds [6][7][9]. Therefore, it is crucial to understand whether a 

particular category is significantly affected by the pandemic in the first place, to identify measures 

needed to rectify the impact if the effect is significant. This study focuses on filling the gap by 

identifying influencing factors for demand disruptions of the ‘personal care’ (PC) and ‘home care’ (HC) 

category in FMCG during a pandemic in Sri Lanka. Research Objectives (ROs) are developed to address 

the identified challenges for the producers in adapting to sudden changes in consumer behaviors and 

demand fluctuations during a pandemic because there is a lack of understanding of influencing factors 

(reasons) concerning the Sri Lankan context. RO1 is to identify whether there is a significant impact on 

the consumption of the ‘PC’ and ‘HC’ category due to the pandemic. RO2 and RO3 are respectively to 

identify the influencing factors for demand disruptions of FMCG during a pandemic in the global 

context and to identify the impact of each identified factor on the Sri Lankan context ‘PC’ and ‘HC’ 

category. 
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2. METHODOLOGY 

 

To achieve the RO1, weekly sales data for the ‘PC’ and ‘HC’ category (in terms of revenue) of a leading 

supermarket chain from a leading FMCG company in Sri Lanka from January 2019 to July 2021 was 

collected. Two-tailed paired t-test was conducted to test the hypothesis of ‘there is a significant 

difference between the demand of ‘PC’ and ‘HC’ category during the pandemic era (Feb. 2020-Jul. 

2021) to the same days in pre-pandemic (2019). Next, the gathered data in the pandemic period was 

divided into categories under ‘pandemic’ (disease propagation period) and ‘recovering stages’ 

separately under 1st, 2nd, and 3rd pandemic waves to identify the impact on consumption from the 

pandemic. Then, the two-tailed paired t-test was conducted separately to pandemic and recovery stages 

under each wave compared to pre-pandemic. 
 

RO2 and RO3 were based on understanding the reasons for a demand disruption of FMCG. A literature 

survey was conducted to gather influencing factors unbiasedly to achieve RO2. A pool of 45 full-text 

papers in English from databases Google Scholar, Wiley Online Library, and Scopus was selected. To 

achieve RO3, the factors are validated using a questionnaire based on a Likert scale from 1-5 to rate 

each factor under the Sri Lankan context ‘PC’ and ‘HC’ category. A sample of 12 managerial-level 

experts in the ‘PC’ and ‘HC’ industry from 4 leading FMCG companies in Sri Lanka was selected using 

the convenience sampling technique to rate factors based on their experience. The mean was used as 

the central tendency measure considering the results of normality tests and one-sample t-tests further 

validated the factors for the population as well. Finally, the factors were quantified using the Pearson 

correlation coefficient and Kendall’s tau-b calculated with gathered data on variables that represent 

factors from published sources. 
 

3. RESULTS AND DISCUSSION 
 

The IBM SPSS output with a 95% confidence level concluded that there is a significant difference 

between the demand for the ‘PC’ and ‘HC’ category during the total pandemic era to the same days in 

the pre-pandemic (p-value - 0.001). However, a significant impact can be observed only in the pandemic 

stage with p-values of 0.045, 0.001, and 0.008 respectively for the 1st, 2nd, and 3rd wave pandemic period 

compared with the same days in pre-pandemic. No significant impact is observed in the recovery stage 

under each wave compared to the same days in the pre-pandemic with p-values of 0.107, 0.171, and 

0.451, respectively.  

 

Influencing factor Influencing subfactor and mean (µ) of Likert rating based on expert reviews 

The severity of the 

disease 

Covid 19 infected cases (µ = 3.1) 

Covid 19 deaths (µ = 3.0)                                                                              

Covid 19 recovered cases (µ = 2.8)                                                                              

A feeling of unsafe / anxiety/self-isolation among consumers (µ = 3.9)                                                                              

Social media messages during the pandemic (µ = 4.3)                                                                              

Disruption to 

economy 

Unemployment (µ = 3.8)                                                                              

Loss of income / wages / disposable income (µ = 4.0)                                                                              

Inflation (µ = 4.4)                                                                              

Prices / Purchasing power of consumers (µ = 4.3)                                                                              

Scarcity of items (µ = 4.1)                                                                              

Increased levels of savings of money by consumers (µ = 3.3)                                                                              

Government-

imposed regulations 

Lockdowns / travel restrictions (µ = 4.1)                                                                              

Work from home/school closure (µ = 4.1)                                                                              

Restrictions on transportation / internal movement restrictions (µ = 4.0)                                                                              

Consumer 

behavioral changes 

Digital adoption (e-commerce) / online shopping (µ = 3.9)                                                                              

A feeling of scarcity of goods (µ = 4.1)                                                                              

Conscious consumption (Limit waste and shop more cost consciously) (µ = 4.1)                                                                            

Reduction in frequency of shopping (µ = 3.8)                                                                              

Stockpiling of goods by consumers/panic buying (µ = 4.1)                                                                              

Table 7. The Output of RO2 And RO3 
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The mean rating that ranges from high influence to very high influence on disruption of demand in the 

Sri Lankan context ‘PC’ and ‘HC’ category according to the experience of experts are highlighted in 

Yellow in table 1. Pearson correlation and Kendall’s tau-b coefficient results indicate that NCPI 

(Inflation MoM% food), NCPI (Inflation MoM% all items), CCPI (Inflation MoM% food), CCPI 

(Inflation MoM% all items), wage rate indices (public sector real MoM%), wage rate indices (workers 

in wage boards trades real MoM% - Dec. 1978=100), inflation rate MoM% and average monthly 

stringency index MoM% are as indicators with significant impact to demand disruption of ‘PC’ and 

‘HC’ category in a pandemic in Sri Lanka. 
 

4. CONCLUSION 

 

Although there is a significant impact on the demand for the ‘PC’ and ‘HC’ category in Sri Lanka 

during the pandemic period compared to the same days in the pre-pandemic, a significant impact is 

only in the disease propagation period but not in the recovery period in each 1st, 2nd, and 3rd pandemic 

wave. Variables that indicate a change in prices of all items, wages, inflation, and government-imposed 

regulations show a significant impact on demand disruption of the Sri Lankan context ‘PC’ and ‘HC’ 

category. Thus, FMCG companies can plan production in advance when there is an influence from the 

above factors. Accordingly developing a quantitative model to manage demand disruption of FMCG 

during a pandemic in Sri Lanka can be suggested as a future research area considering the increasing 

trend of pandemics.  

 

REFERENCES 
 

1. A. Güngördü Belbağ, “Impacts of Covid-19 pandemic on consumer behavior in Turkey: A 

qualitative study,” J. Consum. Aff., Nov. 2021, doi: 10.1111/joca.12423. 

2. Accenture, “COVID-19 will permanently change consumer behavior: Fast-changing consumer 

behaviors influence the future of the CPG industry,” 2020. 

3. V. K. Singh, S. Pawar, L. Shekam, and V. Dutt, “Impact Of Covid 19 On Fmcg Sector,” J. Crit. 

Rev., vol. 7, no. 15, 2020, Accessed: May 22, 2021. [Online]. Available: 

http://www.jcreview.com/fulltext/197-1601033809.pdf. 

4. Y. Acar, S. Kadipasaoglu, and P. Schipperijn, “A decision support framework for global supply 

chain modelling: An assessment of the impact of demand, supply and lead-time uncertainties on 

performance,” Int. J. Prod. Res., vol. 48, no. 11, pp. 3245–3268, Jan. 2010, doi: 

10.1080/00207540902791769. 

5. GPMB, “A world at risk: Annual report on global preparedness for health emergencies Global 

Preparedness Monitoring Board,” 2019. Accessed: Jun. 19, 2021. [Online]. Available: 

http://apps.who.int/iris. 

6. P. Rai, S. N. Singh, S. Shubham, S. Bharati, and K. Shukla, “Consumers Buying Behaviour and 

Challenges Faced by Consumers During COVID-19 Pandemic Regarding FMCG Products ( During 

Indian Lockdown),” Turkish J. Comput. Math. Educ., vol. 12, no. 10, pp. 3403–3412, Apr. 2021, 

doi: 10.17762/turcomat.v12i10.5015. 

7. R. M. Campos-Vazquez and G. Esquivel, “Consumption and geographic mobility in pandemic 

times. Evidence from Mexico,” Rev. Econ. Househ., vol. 19, no. 2, pp. 353–371, Jun. 2021, doi: 

10.1007/s11150-020-09539-2. 

8. M. Keane and T. Neal, “Consumer panic in the COVID-19 pandemic,” J. Econom., vol. 220, no. 1, 

pp. 86–      105, Jan. 2021, doi: 10.1016/j.jeconom.2020.07.045. 

9. N. Ivkovic, “Beyond the pandemic – a new era of consumer behavior,” in 65th International 

Scientific Conference on Economic and Social Development, 2021, pp. 6–17, Accessed: May 31, 

2021. [Online]. Available: https://www.researchgate.net/publication/350850302. 

Changes in consumer spending (spend only on essential items) (µ = 4.2)                                                                              

Purchase goods in small shops and less likely to buy at large stalls (µ = 3.8)                                                                              

Demographic factors Household composition, gender, age, educational level, preferences (µ = 3.5)                                                                            

Quality of goods (µ = 3.6)                                                                              

http://www.jcreview.com/fulltext/197-1601033809.pdf
http://apps.who.int/iris


    

80 
 

R4TLI Conference Proceedings 2022 
 

 
ISSN: 2513-2504 

 
TRANSPARENCY AND AUTHENTICITY OF HIGH VALUE SEA 

FOOD: CASE STUDY IN LOBSTER SUPPLY CHAIN OF SOUTH 

COAST OF SRI-LANKA 
 

 

 

A.M.S.M.R.S.G. Bandara, D.A.M. De Silva 

Department of Agribusiness Management, Faculty of Agricultural Sciences, Sabaragamuwa 

University of Sri Lanka 

ruwinibandara@agri.sab.ac.lk, desilva.achini@yahoo.co.uk 

 

ABSTRACT - The objectives of this study are to find out the status of the transparency and the 

authenticity of the lobster value chain and to find out the impact of logistics supplies on value chain 

transparency and to propose a smart value chain to bridge the gaps in transparency and 

authenticity. The study was conducted in the first quarter of 2022 on the southern coast of Sri Lanka 

covering the lobster fisheries in Matara and Galle districts. The snowball sampling technique was 

instrumental in gathering the sample. Primary data for the study was collected through focus group 

discussions, and non-participatory observation. Data had been collected from 26 supply chain actors 

(20 fishermen, 05 collectors, and 01 agent of exporter). Results revealed that the exporter studied in the 

supply chain was a price setter while the fishermen at the initial node of the supply chain were the price 

takers. The fishermen lacked information connectivity (i.e., market price for local market and export) 

among the lobster catching sites of the island making fishermen poor bargainers. The supply chain lacks 

a two-way information flow from one node to the other. Fragile supply chain and information 

asymmetry badly affect ethical income distribution along the chain. Poor postharvest handling and 

safety and quality management reduce the returns to upstream actors. Lack of transparency on fishing 

grounds, fishermen, and logistic suppliers limits the entry point of high-end markets on one hand. On 

the other hand, this has positively affected stock depletion. Lack of supply chain transparency and 

authenticity encourages Illegal Unreported Unregulated (IUU) lobster fishing.  

 

Keywords: Authenticity; lobsters; supply chain; transparency 

 

1. INTRODUCTION  

   

Lobster is one of the highly demanded sea foods worldwide. Globally 170 000 tons of lobsters are 

harvested annually for human consumption [1].  Supply chain is the sequence of activities involved in 

distributing the product to the final consumer. Supply chain authenticity and transparency leads to the 

creation of a sustainable supply chain while ensuring ethical returns, empowerment of the supply chain 

actors and the civil society [2]. Majority of fisheries supply chains are organized across multiple 

continents and across national borders. Hence, it is difficult to trace the exact source of the sea food 

products. According to [3] there is an identified knowledge gap on transparency, product flow and cash 

flow of the sea food products. Moreover, lobsters being a high value sea food, global consumers demand 

for ethically sourced, traceable product free from IUU [3]. But owing to this huge knowledge gap global 

fisheries market is facing a huge challenge of establishing trust of the final sea food product [4].  

 

2. MATERIALS AND METHODS  

 

The study was conducted in the first quarter of 2022 in the southern coast of Sri-Lanka covering the 

lobster fisheries in Matara and Galle districts. Snow ball sampling technique was instrumental in 

gathering the respondents. Primary data for the study was collected through focus group discussions, 

and through non-participatory observation.  Data had been collected from 26 supply chain actors (20 

fishermen, 05 collectors and 01 agent of exporter). Secondary data used for the study had been collected 
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from annual reports of Ministry of Fisheries, Export Development Board, and from the websites of Sri 

Lankan seafood product exporters. 

 

3. RESULTS AND DISCUSSION  

 

3.1. Existing value chain’s authenticity and transparency 

 

The studied supply chain had no traceability to track the product back to the fishermen level. But the 

exporters can track their product up to the collecting agent level. The collecting agents do not keep 

records of the fishermen and only cash payment is done at the landing site/collecting center on the 

weight of the lobster. A receipt is issued only if requested by the fishermen. Once the live catch is 

received at the agents of exporters, the lobsters are packed in to Styrofoam boxes with the label of the 

collecting center. Thus, once the catch is received at the export processing company, it can only track 

to the collecting center level. Moreover, there is no identified authenticity since the exporter dominates 

the channel. It is the exporter who updates all the catch data to the system. Hence, frauds are 

unavoidable. With the existing level of transparency and authenticity, Sri-Lankan lobster harvest is 

unable to enter high end markets. The consumers are unable to trace the product back to the starting 

point; the fishing ground and unable to verify the ethical sourcing conditions or the sustainability levels 

of the produce. Thus, the capacity to enter high end markets is limited. Figure 01 depicts the existing 

value chain’s authenticity and the transparency status.    

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2.Logistics issues and gaps 

 

The fishermen are unaware of the market prices at other lobster catching sites of the island, the prices 

of the other collecting agents and have no idea about the export market prices. There is no two way 

information flow from one supply chain node to the other. The exporters lower the prices just after the 

prohibited season to collect the increased lobster catch at a lower price. Seasonality of the product 

together with the high bargaining power of exporters has lowered the buying price and thus fishermen 

welfare is a huge concern. Moreover, the lobster harvest is reducing annually due to the exploitation of 

the resources and stocks. Lack of transparency have paved the way for illegal fishing with nets, lobster 

fishing at night, and harvesting under sized lobsters/seed bearing lobsters, and fishing during the 

prohibited season (Illegal, unreported, unregulated fishing). Owing to the IUU lobster fishing, the 

quality of the lobster harvest is also affected while causing a negative impact on the market prices of 

the lobster. Damages to lobsters during the harvesting stage, storage and transport are very common 

due to the lack of awareness building and information dissemination services. Lobster harvesting with 

an iron hook (damages the lobster), using nets for fishing, and the use of gunny bags for transporting 

Figure 1. Existing value chain authenticity and the transparency. 
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lobsters to the collection point (damages the eyes and the appendages) are malpractices observed at the 

fishermen level.  

 

3.3.Proposed smart value chain model  

 

The researchers suggest the possibility of developing a traceable, smart value chain model for the 

studied lobster supply chain so that product could be tracked up until the exporter/export level processor 

level (figure 2).  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. CONCLUSION 
 

Studied lobster supply chain was fragile and fragmented with concerns in authenticity, transparency 

and in Illegal Unregulated Unreported fishing. Supply chain actors were weekly interconnected. 

Information asymmetry has negatively affected on supply chain transparency, resource utilization, and 

to the fishermen welfare and restricted chances to enter high end markets for premium returns. Smart 

workable solution such as traceability is vital to ensure a quality resource base, to deliver better returns 

to fishermen, and to cater to high end markets and credible supplies.  
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Figure 2. Basic concept for the smart value chain 
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ABSTRACT - Food logistics is playing a vital role because of the importance of on-time delivery with 

minimum or no food waste since the majority of food products have a very short shelf-life. Lobster 

fishery is one of the most economically important marine coastal fishing activities, since it is a good 

source of foreign exchange. This study carried to studying of the current logistics practices in lobster 

fisheries, to identify the loopholes in the current logistics system and to recommend strategies to 

improve the system. Interviewer administrated questionnaires, in-depth interviews were facilitated to 

collect required data from 30 fishermen, 05 collectors and 03 exporters. The results revealed that, the 

supply chain of lobsters is consists with fishermen, collector, distributor and exporter or local hotels 

and the inbound freight management is in very poor level with zero traceability from upstream to 

downstream. while outbound logistics are more concerning on keeping product quality since, the end 

product is exporting as live animals. Introducing proper cages to handle the animals, training on 

importance of proper inbound logistics management and further, precise planning, execution, and 

efficient monitoring to effectively manage the movement of lobster from sea to plate with minimum 

wastage. 

 

Keywords: Lobster Fisheries; Logistics; Sri Lanka; Supply Chain 

  

1. INTRODUCTION  
   

Logistics management deals with receiving, handling, movement, storage and delivery of material, 

services and finished product in a supply chain management system. Logistics is required both at the 

beginning and at the end of it. Food chain logistics is a significant component within logistics system 

as a whole. The food sector plays a significant role in economy being one of the main contributors to 

the GDP of many countries [1]. Lobster fishery is one of the most economically important marine 

coastal fishing activities. The lobster market is export oriented and household consumption is negligible 

[2]. Major importing countries are Japan, Hong Kong, UK, Singapore, and Korea. In 2019, the lobster 

exporting quantity recorded as 229Mt. and value recorded as Rs. (Million)1003 [3]. Lower quality 

lobsters (Under sized, newly mounted once, Damaged or died lobsters) are sold to the local market at 

cheaper prices [4]. The product of the lobster is available as Whole Lobster, Lobster Tail, Lobster Meat 

and Lobster Claw. However, whole lobster represented the most popular product with minimum weight 

of 300g with zero damaged and followed by tail, lobster meat and claw. If there are any damages 

occurred during catching and handling of lobsters could be cause to rapid quality deterioration Hence, 

the production areas are mainly in southern, eastern coastal areas and exporters are located in western 

province, the distribution system or the logistics system is playing a crucial role for determining the 

price.  

 

2. MATERIALS AND METHODS  

  

The study location was southern coastal area, where that area has identified as the most important lobster 

fishing area in Sri Lanka. Research approach was deductive and the study was based on primary data. 

The principal data collection tools were interviewer administrated questionnaire, in-depth interviews 

with key informants and on-site observations to find out the existing logistics system and practices and 

mailto:ruwinibasnayake@agri.sab.ac.lk
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issues in those systems. The sample size was 30 fishermen, 05 collectors and 03 exporters who are 

currently engaged in lobster fishing industry.  

  

3. RESULTS AND DISCUSSION  

 

The results revealed that, the supply chain of the lobster fisheries consists with fishermen, collector, 

distributor, local hotels and exporters. Other than that, institutions such as Department of Fisheries and 

Aquatic Resources, National Aquatic Resources Research and Development Agency (NARA), Village 

level Fisheries organizations are involving on governing the industry. Further, the market for lobster 

fisheries is mainly based on exported oriented and local tourist hotels, while high quality lobsters are 

going for the export markets, low quality died animals are mainly going for the tourist local hotels. 

Figure 1 depicts a generic supply chain at the different level within the context of a complete supply-

chain network. Each member is positioned in a network layer and belongs to at least one supply chain. 

Of the sample of fishermen 100% are males and 82% are having up to O/L education only. 70% are 

skin diving and 30% are using nets to catch the lobsters.  

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Schematic Diagram of Lobster Supply Chain 

(Lazzarini et.al.,2001) 

 

The existing inbound logistics system mainly govern by the fishermen and the collectors. 100% 

fishermen of the sample are using polythene bag or a gunny sack to catch the lobsters and transport to 

the collecting centers. They are packing 10-15 lobsters per bag and to transport live lobsters to the 

collecting centers they are using their own vehicles such as three-wheel, cycle or motor-bike or public 

bus services which is mainly causing degrade the quality. Once the lobsters reached to the collecting 

centers, died lobsters are storing in refrigerators while live lobsters are putting in to salt level maintained 

(3400-3500ppm) tanks (10*10ft) until dispatch to the exporting companies. In the collecting centers, 

they are grading the lobsters according to the weight and damage and poor quality (Grade -II) lobsters 

are buying for half of the price of original price.  

 

The outbound logistics system mainly governs by the exporters. They are using van with A/C to 

transport live animals from the coastal areas to factories. In there, they are using regiform boxes. They 

are adding dried beach sand to the animal and cover with news paper stripes, and further they are adding 

deepfreeze four water bottles in the corners of the regiform boxes by wrapping with a newspaper. This 

system is helping keep animal live for 14hours time. From the exporter level, again the animals are 

grading according to the weight and quality, they are also use same procedure for packing the animals 

when they are exporting except adding beach sand, they sink in de freeze water for 10-15min to asleep 

for a certain time period, with that again they can keep live nearly 17hours in the air-flights until reach 

to the exporting destinations. The majority of the exporters of my sample are exporting Hong-Kong, 

China, Singapore and Maldives. In the local hotels after they received died animals they are storing in 

refrigerators and live animals are keeping in the water tanks.  
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Figure 2. Existing Lobster Logistics System 

(Survey Data:2022/March) 

 

The main loopholes in the logistics system are, not having proper handling method when catching 

lobsters, improper storing in transportation and improper inbound logistics practices. 

 

As the strategies to improve the existing system are educate the fishermen on effective logistics 

management is a critical success factor for them as well to gain higher profits, band the existing 

traditional methods of lobster handling and storing and introduce internationally approved methods 

such as; insulated shipping carton for transport lobsters. Which are having protective foam container 

that keeps lobsters protected from temperature changing, providing natural cushioning, necessary for 

shipping all forms of lobsters., promote to use cold packs or gel packs instead of water bottles which 

minimize the damage to lobsters. And also maintaining integrated logistics management system with 

proper traceability to trace where the low-quality products are coming and get the action to avoid it is 

again important to implement for better logistics management in lobster fisheries.  
 

4. CONCLUSION  
 

The study has identified that, even though the lobster fisheries are having higher export market demand, 

usage of primitive methods of lobster handling, storing while transporting from sea to plate resist the 

pathway of earning higher profits. Further, integrated logistics management system with internationally 

approved method and proper traceability is essential to mitigate the current issue of the lobster industry. 
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ABSTRCT - Banana, a common fruit delicacy among most of the Sri Lankan and the fruit represent 

all cultural events across diverse ethnicities.  Large variety of desert and cooking types banana add 

diversity to local meals in terms of nutrition and taste. Banana is one of the min sub sector of rural 

agricultural economy. Key concerns of the study were to map banana value chain in order to identify 

the key players, functions, architecture along the chain and recognize the existing transparency and 

credibility within Banana chain. Three banana producing area in Polonnaruwa district and four key 

banana types (Ambul, Sugar, Kolikuttu, and Cavendish) were considered for the study. Structured 

questionnaire, in-depth interviews, and participatory observations were used to collect data from the 

actors along the chain. Data were analyzed using both qualitative and quantitative techniques. Results 

revealed that conventional and peculiar actors such as input suppliers, producers, farm-gate transporters, 

wholesalers, processors, retailers, and consumers. Banana value chains are twofold; short regional 

chains and complex and lengthier export oriented chains. Fragile and scattered regional value chains 

contain poor transparency system and lack of authenticity significantly affect on customer care. In 

contrast, few large scale producers were used labels or QR codes and chain wide transparency fulfill 

the export market requirements. Those revealed producer details, origin, claim on safety and quality 

standards and certification.  The study recommends intervention in the area of linking actors in the value 

chain to improve transparency and authenticity. 

 

Keywords: Authenticity, Banana, Value Chain,Transparency 

 

1. INTRODUCTION  
   

Bananas (Musa acuminate) is considered as the most economically important fruit crop in terms of 

volume of production and export earnings as it contributes significantly not only to the national income 

but also to employment (Tacio, 2013). As well as it is the fourth most widely consumed crop by humans; 

after rice, wheat and corn in terms of consumption quantity. As a tropical country, Sri Lanka has the 

optimum climatic conditions for banana cultivation throughout the year, hence can provide a continuous 

supply to fulfill the consumer demand of the fruit. Several varieties of Banana (Musa acuminate) are 

widely cultivated all over the island in large, medium, and small scale plantations and in home gardens. 
It is also an attractive perennial fruit crop to farmers as it provides economic benefits throughout the 

year. Currently, approximately 60,000 hectares (20,000 ha in the wet zone and 20,000 ha and 40,000 

ha in the dry intermediate zones) are under banana cultivation in Sri Lanka. Annual banana production 

is about 780,000 metric tons and the average yield is 13 hectares. Exports account for about 5 percent 

of total production (Hathurusinghe et al. 2012).  

 

Among the most cultivated varieties of banana in the Polonnaruwa are Ambul, Sugar, Kolikuttu, and 

Cavendish. There has a very promising banana industry with most of the lands devoted to banana 

production. Banana crop is of great importance to small scale farmers in the province, in which, most 

of them are cultivated Ambul, Sugar, and Kolikuttu bananas. After introducing the Cavendish banana 

cultivation the commercial level large scale farmers are focus on Cavendish banana.  
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As Bananas are very popular and widely consumed fruit nowadays, consumer concerns about the origin 

and quality of fruit are extremely high. As a result there is a tendency to spend more on food products 

that are certified in origin. Existing systems lack transparency and consumer confidence due to the lack 

of a transparency and fast, reliable way to obtain information about the origin of the product. So, lack 

of traceability throughout the banana supply chain. Hence, there is a need to analyze or examine more 

closely the existing interrelationship among players and stakeholders. This is a more targeted and 

focused research of identifying appropriate stakeholders and linkages in the banana value chain and 

investigating the existing transparency system and authenticity 
 

2. MATERIALS AND METHODS  
  

2.1. Site Selection 
 

The study was conducted by using 75 respondents from three Divisional Secretariats (Madirigiriya, 

Hingurakgoda, Thamankaduwa) in Polonnaruwa District involving key informants of the banana value 

chain: input suppliers, farmers, collectors, whole sellers, intermediaries, transporters, retailers and 

consumers. The sample was selected by using Random Sampling Technique.  

 

2.2. Data gathering procedure 
 

Data was gathered through a survey using a structured questionnaire, focus group interviews, in-depth 

interviews, and Participatory observations. The collection of data started from the downstream players 

(relevant market) up to the upstream players (farmers). Other than the mixed mode approached, the 

Value Chain Mapping Analysis was used to find out the relationship, linkages, structure and functions 

of the Banana Value Chain. 
 

3. RESULTS AND DISCUSSION  

  

3.1 Banana value chain actors and their map 

 

3.1.1 Banana Value Chain 

The major banana value chain actors identified in the study area were input suppliers, producers, 

collectors, wholesalers, retailers, and consumers. The main phases characterizing a banana value chain 

are described as follows;  

- Production: The production phase represents all agricultural activities implemented within the 

farm. The farmer uses raw and organic material (fertilizers, seeds, animal breeds and feeds) to 

grow crops and livestock. In this stage, care and management activities contributed the highest 

percentage to the total cost. Care and management activities include among others de-

suckering, de-leafing and de-blossoming. These activities contributed higher labor costs since 

these are most frequently done in one year. 

- Processing: Banana as a fresh fruit the large scale farmers were packed their product and sell, 

where each package might be uniquely identified containing information such as the farmer 

location, contact details, nutritional values, packing location and etc.  

- Distribution: Once packaged and labeled, the product is released for the distribution phase. 

Depending on the product, delivery time might be set within a certain range and there might be 

a product storage condition.  

- Retailers: At the end of the distribution, bananas are delivered to retailers who perform the sale 

of the product (Retailers). The end-user of the chain will be the customer, who will purchase 

the banana (Customer). 

- Consumption: The consumer is the end user of the chain, he/she buys bananas and demands 

traceable information on quality standards, country origin, production methods, etc. 
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Figure 1. Linkages among Value Chain Parties 

  

3.2 Traceability and Authenticity among Banana Value Chain 

  

Food authenticity is about reliable exchange of food in the supply chain. Each actor should deliver 

complete details about the origin of the goods. This study identified types of existing traceability system 

and mechanisms that the value chain parties were followed. Most of the small and medium scale farmers 

were followed traditional methods like put the initial on bunches, cutting shapes of banana bunches. 

Large scale farmers were labeling or coring boxes while processing. 

Figure 2. Exciting Transparency System 
 

4. CONCLUSION  
  

Bananas can be considered as a major fruit and important cash crop in many regions of the country. 

Multiple role of the crop make it as one of the essential item in any home garden catering to diverse 

needs of the people  while ensuring economic returns. Regional value chains are short, few nodes and 

fragile. Traditional authenticity mechanism plays vital role in regional value chains. Export orineted 

banana value chains are complex, lengthier and govern by the exporters.  The banana chain is highly 

multi-actor based and distributed, with numerous different actors involved, such as farmers, input 

suppliers, wholesalers and retailers, distributors, and finally consumers. All value chain parties were 

interconnected to improve the transparency, authenticity and food safety. This study showed present 

transparency system like labels, codes, traditional methods followed by the value chain parties. 

However, existing transparency system is poor and lacking in credibility and authenticity.   
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ABSTRACT - Rural transportation and logistics play a vital role in determining the quality of any 

agricultural commodities and not are exceptional to pepper. Assess, the availability and affordability of 

appropriate transport facilities and logistics are essential elements to reaching the geographically 

distinct export market. This paper aimed to identify the present status of rural logistics and transport 

and issues that hinder the market access of the black pepper supply chain and develop participatory 

mitigating strategies to overcome the challenges. A mixed-method approach was adopted to collect 

qualitative and quantitative data in major pepper growing districts in Sri Lanka. Results revealed that 

insufficient drying, threshing, and storage facilities lead to quantity, quality, and economic losses to the 

small-scale pepper farmers. Moreover, the less-developed road systems, high transportation costs 

especially due to the rapidly increasing fuel cost, improper packing materials, and poor storage facilities 

also poor compliance on safety and safety levels limit the earnings. In addition, lack of knowledge on 

safety and quality standards, and lack of literacy in marketing attributed to the farmers to still following 

the traditional methods in the production process (improper traditional primary processing). Results 

suggest implementing cluster processing centers for threshing, drying, and storing dried pepper and 

highlighted the need for the establishment of community-managed sun-drying yards. Further, 

developing rural road systems, and disseminating the knowledge on safety and quality standards of the 

pepper to the farmers were also identified as important strategies to overcome the existing challenges 

related to logistics and transportation.  
 

Keywords: Pepper; Logistics; Rural; safety and Quality; Transportation 
 

1. INTRODUCTION  

   

The logistics and transportation issues are understood as critical factors determining the quality and 

safety characteristics, especially in food commodities. Though there is an enormous potential for the 

Sri Lankan pepper industry to be fully exploited in the high-end international markets, the low level of 

quality and safety compliance of the industry resulting from these kinds of concerns hinders the industry 

to be fully exploited in the high-end international markets. Meanwhile, the paper value chain 

encompasses mainly the producers, intermediaries, and exporters, and the pepper value chain is 

considered one of the fragmented value chains which consists of numerous value chain actors (IPS, 

2017). Therefore, the quality deterioration can be seen along the value chain of the pepper, and it is 

well-noted fact that the transportation and logistics facilities have a drastic effect on determining the 

quality of pepper because of the underdeveloped characteristics of the logistics and transportation 

systems. Especially logistics and transportation are complex to manage in the agriculture sector rather 

than in the other industry due to the perishable nature of the agricultural commodities (Remondino and 

Zanin, 2022). It is, therefore, important to study the current logistics and transportation facilities of the 

pepper industry in Sri Lanka. The main objective of the study is to identify the issues related to the 

transportation and logistics of pepper along the pepper supply chain and to identify the mitigating 

strategies to overcome the challenges of transportation and logistics.  
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2. MATERIALS AND METHODS  

 

Data collection was done in the main pepper growing areas; Matale, Kandy, Kegalle, Rathnapura, and 

Badulla in Sri Lanka, and mainly focused on the rural areas such as Aranayaka, Hingula, Kehelpannala, 

Wattegama, Galaha, Yatawara,  Balangoda, Godakawela, Pallebedda, Balutota,  Ratttota, and Ukuwela,  

From these areas, a total sample of 100 was selected randomly representing the main supply chain 

actors; farmers (70%), and intermediaries (30%).  Secondary data were collected by annual reports of 

the Institute of Policy Studies in Sri Lanka, the Department of Export Agriculture, and the Department 

of Agriculture. Descriptive analysis was applied for the analysis of data. 

  

3. RESULTS AND DISCUSSION  

 

3.1. Farmers  

 

Generally, the pepper is considered a small holders’ crop, especially in rural areas which can be grown 

in backyards and home gardens with minimum input supply. It is also supported by the results of our 

study where 42% of the farmers in the study sample belong to the < 2 acres category. Manual harvesting 

should be used to harvest black pepper and the results of our study found pepper growers in rural areas, 

especially the small-scale farmers, still use traditional methods for harvesting such as hand-harvesting. 

The pre- matured harvesting which is identified as one of the prominent issues which can be considered 

as a tragedy of the pepper industry creates huge economic losses to the farmers as well as to the industry. 

The main reasons for the pre-matured harvest are identified as theft issues, climatic changes, lack of 

infrastructure facilities, and lack of storage facilities. 

 

Farmers also perform post-harvest tasks such as drying and cleaning in addition to pepper cultivation 

and harvesting. Farmers still use traditional methods for threshing such as sun drying. Black pepper 

farmers used to store their harvest after it had dried in their homes. Improper drying and storage 

practices pose an aflatoxin contamination problem which has become a severe problem with respect to 

the quality and safety of pepper in Sri Lanka. In addition, inappropriate storage facilities lead to severe 

problems concerning the quality deterioration of pepper. Farmers claimed that drying was impossible 

during wet seasons, affecting the quality of the pepper; as a result, they tend to sell fresh green pepper 

at a lesser price. Further, though the traditional way of storing is abandoned, households turned to 

strategies like selling their products as green berries or leasing the entire crop at a mature stage.  

 

The results indicate that the packaging and packing material supplies were limited, and usually, farmers 

and collectors use recycled polythene bags (poultry feed bags, fertilizer bags, etc.) which will cause 

contamination issues and cause a reduction in the aroma of pepper. Further using appropriate packaging 

caused quality deterioration due to mechanical damage during transportation. Moreover, the road 

system in rural areas has not been well developed in Sri Lanka and the effect of vibrant also case quality 

deterioration considerably.  

 

According to the Food and Agriculture Organization of the United States (FAO), the transformation 

from the field to the farm is should be fastest as soon as possible to reduce the losses due to the high 

temperatures, such as excessive water loss and increased metabolic activity. Unfortunately, the 

majorities (75%) of farmers who are selling green berries in the studied sample take approximately 3-4 

days for plucking their harvest and keep the harvested pepper until transport to the processing centers. 

There are mainly two modes of transportation for the commodities and those are motor bicycles and 

three-wheelers. Approximately 95 % of the farmers use this method and if the quantity exceeded more 

than 120 kg of dried pepper they used to hire a “Dimo Batta” track or tractor to transport the commodity. 

Further, all the farmers stated that the rapidly increasing fuel price and the transportation cost are also 

a huge concern to them. 
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3.1.1. Intermediaries  

 

Under specific name tags, the intermediaries are introduced as mobile collectors, village collectors, 

traders, commission agents, and brokers who operate different scales in the supply chain. Mainly traders 

and brokers are handling high volumes of the harvest and earn more profit by contacting exporters. 

Adverse climatic conditions make trade operations irregular and reduce the net profit. As an alternate 

source, traders used to purchase green pepper as bulk allocation and transport it to paddy drying yards 

in Eastern province and North Central provinces. Therefore, due to the lack of drying facilities, the 

trader obtains additional costs for transportation of green pepper to the drying field and dried pepper to 

market outlets. Further, rapidly increasing fuel prices and transportation costs is also become huge 

burden to the intermediaries. 

 

3.1.2 Application of transportation and logistics along the value chain of pepper  

 

Transportation and logistics are essential and strategic processes where it is essential at each step in the 

value chain and the positive and negative factors are indicated in the flowing flow chart. 

Figure 1. Positive & negative factors in transportation and logistics at each pepper value chain nodes                                                                                                                 

▪ Suitable planting materials  

▪ Availability of planting material at a reasonable price 

▪ local and improved varieties (eg: Panniure,MB12, GK49) 

• Farmer societies  

• Huge opportunity is existing for producing machinery locally  

• Availability of sufficient space for storing, drying and threshing  

 

• Healthy relationships with exporters 

• Years of experience in trading 

 

 

 

\ 

 

• Lack of packaging and packing material  

• Lack of transportation facilities and  

High transportation cost  

due to the price hike of fuel 

• Poor road system 

 

• Insufficient drying, threshing, and  

storage facilities 

• Not capable to invest or maintain their  

own threshing and drying facilities/equipment 

• High cost of access to new technology                                            

 

• The difficulty of picking the pepper in the tall vines                                                 

• Lack of transportation facilities                                                    

• High transportation cost                                                

• Information/knowledge gap in the value chain             

• Pre-matured harvesting                                               

• Poor food safety and quality consciousness 

due to low margins for the certified products       

 

       Positive factors at each value chain nodes 

       Negative factors at each value chain nodes 
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4. CONCLUSION  

 

The less-developed road systems, high transportation costs especially due to the rapidly increasing fuel 

cost, improper packing materials, poor storage facilities, poor compliance with safety and safety, and 

lack of knowledge on safety and quality standards, are mainly attributed to the quality deterioration of 

pepper In Sri Lanka. Results mainly suggest implementing community-based participatory as well as 

community-managed and community financed primary processing centers. Further, developing rural 

road systems, implementing solar power can be used by inventing modified dryers, and disseminating 

the knowledge on safety and quality standards of the pepper to the farmers were identified as important 

strategies to overcome the existing challenges related to logistics and transportation. 
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ABSTRACT - The cultivation of vegetables becomes a prominent income among the farmers in Sri 

Lanka. Main objective of this research was to find an optimal solution for the transportation problem 

with an efficient and low cost. We are trying to bring together farmers, vendors and transportation 

providers all in a single platform through a mobile app. This involves the sale and purchase of vegetables 

and fruits, and the creation of a specialized system for transport management. By improving transport 

efficiency, low cost, fast, reliable, time consuming and choosing the optimal path. Information of 

farmers, vendors and transporters were gathered through semi-structured interview phone calls and 

observations, whereas information that is needed for our product were gathered through a study of 

relevant literature augmented by key informant interviews and we shared posts on Facebook and got 

the feedback of farmers, vendors and transporters. The expected outcome of this project was that the 

mobile application deals with farmers, vendors, and transport providers. So it should be easy for all 

three parties to perform their task. Here we tried to solve the main problem faced by farmers, vendors 

and transporters especially in vegetables and fruits through this application, building the connection 

between each other. This enables vendors to purchase products faster and at a lower cost. This reduce 

the need to travel to wholesale centers for buying and selling, without a middle seller man 

  

Keywords: Vegetable; Mobile application; Farmers; Vendors; Transporters; Optimal Path 

  

1. INTRODUCTION  

 

As a developing country Sri Lanka has less experience of management and communication techniques 

or mechanisms. From producers to consumers, this industry faces several problems. Due to that, small-

scale producers must sell their products to distributors, for lower costs. It directly affects the earnings 

of small-scale producers. And also most of the time, their harvest is wasted with no way to sell them. 

In Sri Lanka we don’t have a mechanism to distribute food in any disaster even if it is natural or human 

created. This problem is very highly affected due to the COVID – 19 pandemic situations. As a result, 

farmers become helpless without a way to sell their harvest. But in developed countries which are using 

proper management systems gain many benefits. Small and big scale producers in developed countries 

are utilizing fruit and vegetable company management software to get the full benefits of their labor. 

They also don't need to go to the market to observe consumer behavior because of vegetable ordering 

and delivery applications. They can use in-app integrated analytics to target potential consumers. 

Vendors created buying stations in high-growth areas in industrialized countries like the United States 

to provide fresh vegetables. They can even run a company aggregator and handle everything on a single 

panel with veggie ordering and delivery applications. So the scope of this project was to create an app 

to buy and sell vegetables and fruits in bulk directly from the farmers to vendors who are seeking fresh, 

quality and organic vegetables and fruit bulks. And also to give fresh food everywhere in Sri Lanka and 

give reasonable prices or profit for farmers, not only that our system is to get services of middlemen 

mailto:dlchamara@sjp.ac.lk
mailto:amilabj@uom.lk
mailto:raigama@gmail.com
mailto:ict1700116@sjp.ac.lk
mailto:ict1700115@sjp.ac.lk
mailto:ict1700137@sjp.ac.lk
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also. Nuskiya, F., (2019), studied the challenges in vegetable production and marketing in the 

up-country region (Nuwara-Eliya, Badulla, Kandy & Matale) and proposed suggestions to 

mitigate such challenges within the study area to reinforce the socio-economy of the people.  

For this study, Primary data were employed with a questionnaire survey to determine the 

socioeconomic data required for the study. Brar., G.S., and Saini, G., (2011), have reviewed 

the literature on Milk Run Logistics and presented an overview of its implementation practices 

adopted by the manufacturing organizations. The paper also discussed milk-run logistics in the 

procurement system with a special emphasis on the automobile industry. The milk run system 

is all about logistics support for the supply chain. Milk run system results in a reduction in the 

cost of transportation, traveling path, and fuel consumption. According to the study, the overall 

supply chain cost can be minimized by using a milk-run system in transportation instead of 

direct shipment. Priyankara, E.A.C., (2016), has reviewed the present status and discussed the 

possibilities of improving the vegetable direct marketing system in Sri Lanka as an alternative 

to the present vegetable marketing system. Secondary information was collected through a 

literature survey while primary data was gathered from a field survey. The sample included 72 

direct vegetable marketers to draw the present experience and 214 vegetable farmers who are 

not so far engaged in such a system to obtain their views and their willingness for direct 

marketing. Findings of this study reveal that vegetable direct marketing farmers have allocated 

smaller land extents for a single crop presently (mixed crop). Also, farmers who expressed their 

willingness to practice vegetable direct marketing are engaging in the same practice in 

cultivation. Therefore, farmers who can allocate small land extents for a single crop can 

cultivate at least 5- 6 crops that are more suitable for direct marketing. Vegetables are produced 

on a year-round basis and a large number of farmers are involved in the process of production. However, 

many people criticize the vegetable marketing system due to fluctuating prices. In this background, 

Sandika, A.L., (2011) identified the long-term behavior of Market Margin (MM) of middlemen 

on vegetable marketing channels in Sri Lanka. This study was mainly done using secondary 

data. Fruits and vegetables are damaged due to inappropriate methods of picking, packing, 

storage, and transportation. They perish during this process. Insufficient information flow is 

another major handicap. Chandana, D.P.M., and Ramachandran, P., (2007), studied the whole 

supply chain of the Fruit & Vegetable industry and identified the weak links of the supply chain 

and the Improvements in order to maximize profit for the growers and minimize the cost to the 

consumer. Also, he has identified the extent of fruit and vegetables damaged by the methods 

of wrong handling, storage, and packaging. And also identified the gaps and necessary 

improvements for the fruit & vegetable supply chain using the Supply Chain Operation 

Reference Model (SCOR). When analyzing the price breakdown for supply chain threads for 

fruits and vegetables in this research, the maximum portion was found to be the profit 

component, second came costs due to damage/ perishing, and thirdly basic production cost. 

Around one-fifth portion is only the amount for the cost of these fruit and vegetable items and 

the balance part of what the consumer pays consists of the profit, cost due to damage, 

transportation cost, packaging cost, loading unloading cost, and overheads. 

However, this issue has not yet been resolved in Sri Lanka. So, we decided to find a practical 

solution to this problem using these studies. We often see the problems faced by vegetable and fruit 

farmers and vendors on Television, on Social media, and in the newspapers. For now, as a solution, 

there are Facebook pages to sell the harvest to the buyers. But they are not practically useful. Therefore, 

as a solution to that problem, we decided to create this platform. So with this app, we are providing 

maximum opportunities to the vegetables and fruits growers, vendors, and transport service providers 

in Sri Lanka. The farmers have the ability to post their vegetables and fruit bulks in this app, a week 

before harvest. They do this to stop their harvest from being wasted. Also, the facility for selling the 

currently harvested products is also provided here. Also, there are some legal regulations for the 
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transportation of goods through this application and the use of containers (baskets) for transportation is 

mandatory. It is hoped to reduce the damage caused to the products during transportation. The research 

problem was how to combine farmers and the vendors. Vendors can find transporters through this 

mobile app, if they are not near to the location where harvest they bought is available. So that we 

created/planned an optimal path for transportation methods with efficiency, low cost and reliability. 

That means if the harvest is transported from Dambulla to Bandarawela, the harvest in Bandarawela 

will be loaded on the same turn. In that way it minimizes the time, and cost for the transportation. 

 

2. MATERIALS AND METHODS  

 

The biggest problem of farmers and buyers is the lack of a proper transport system. Therefore, there are 

problems in distributing and receiving the harvest. So our research component was to find an optimal 

path selection in transportation. Accordingly, we hoped to plan the transport through the system 

according to a good methodology.   

  

2.1. REQUIREMENT GATHERING 

 

First we have decided to do our surveys with farmers, vendors and transporters in physical manner. But 

due to the COVID – 19 pandemic situations in the country we had to do our survey through phone calls. 

And also used paper articles and social media to find the issues that the farmers and other parties are 

facing nowadays. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

And also using the posts we shared on Facebook we got about 30 feedbacks from farmers, vendors and 

transporters. 

 

2.2 CONCEPTUAL DESIGN OF THE APPLICATION 

 

The Figure shows the rough basic operation of the 

application. It allows the user to access the system in three 

modes: Farmer, Vendor, and transporter. After the 

authentication process, they are given the opportunity to 

access the system. Both the farmer and the vendor have the 

opportunity to advertise their sale or purchase of the desired 

products. Here the vendor has the option of posting an 

advertisement stating his requirement or purchasing 

through the advertisements posted by the farmer. The farmer 

has the opportunity to post advertisements as a pre-harvest seller or as a post-harvest seller. 

Figure 2.  

Figure 1.  
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2.3 DEVELOPMENT OF THE SYSTEM 

 

The system development process is as follows.  

1. Registration  

2. Sign Up/Sign In  

3. Search Items and a variety  

3.1. Select the Grade  

3.2. Finalize the Price  

4. Transportation  

5. Confirm Order  

6. Delivery  

7. Payment  

8. Feedback 

 

Frontend Development 

● We are using “Flutter” with “Visual Studio code” as 

the framework to build the cross platform of our mobile 

application. “Dart” is the language. 
 

Backend Development 

● We are using ASP.net core, SQLite with Visual 

Studio for backend development 
 

 API  

● We are using “Swagger UI” to integrate the frontend 

with backend. 

 
2.4 OPTIMAL PATH  

   

Figure 4 shows, that the buyer can arrange transportation under 

three conditions as he wishes. 

Starting a new path 

Choosing a return path 

Search for a carrier that has space 

After selecting one of these options, our application will display a 

list of carriers currently in the database. Starting a new route in this 

list basically uses the manufacturer's district and selects the nearest 

carrier. 

The manufacturer's district and date are used in the other two cases. 

The buyer can complete the order after selecting a carrier and 

completing all the details related to his order. 
 

2.5 TRADITIONAL METHOD VS DESIGNED SYSTEM 

 

 

 

 

Figure 3. 

Figure 6 Figure 8 

Figure 7 

Figure 4 

Figure 5 
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Here we try to solve the main problem faced by traders, wholesalers, and transporters especially in 

vegetables and fruits through this application, building the 

connection between each other. This enables wholesale buyers 

to purchase products faster and at a lower cost. This will 

reduce the need to travel to wholesale centers for buying and 

selling, without a middle seller man. Also, due to the absence 

of middle seller man and additional costs, the buyers are able 

to buy a minimum fair price, cutting the high price paid with 

buying traditional stocks. 
 

In the traditional method, the price of the 

products is very high during the movement 

of the products from the producer to the 

consumer. The reasons for that are because 

of the additional expenses for the people 

who go to buy and sell the products. Also, 

cash payments to wholesale centers, 

payments for food, omissions in their daily 

work, increased loading and unloading times may indicate unnecessary destruction of food items. 

 

As shown here, the most basic element of optimal path 

works and there is a special page that is visible only to the 

transporter, where he has to complete the task he receives. 

There may be several places for loading and unloading 

goods. And the process is informative for both the seller 

and the buyer. 

And all these data and processes are stored in the database 

and used for later analysis and annual supply and sales chart. 

 

3. RESULTS AND DISCUSSION  
 

70% of Sri Lanka's 21 million people reside in non-urban regions, and agriculture provides a living for 

about 40 percent of them. Due to the services and functions required in transferring a crop product from 

where it was produced to where it would eventually be consumed, the agricultural marketing process in 

the country is a complicated operation. After the recent establishment of regional wholesale markets 

centers known as Dedicated Economic Centers in a few strategic locations on the island, such as 

Tambuttegama, Vaunia, Veyangoda, Welisara, Meegoda, Narahenpita, and Embilipitiya, a change in 

the post-harvest channel of fruits and vegetables was observed. In addition, the Dambulla Dedicated 

Economic Center and Colombo's Manning Market serve as wholesale marketplaces. Currently, a large 

part of fruits and vegetables are transported from producing areas to central wholesale markets via 

regional wholesale markets hubs. The goods are then delivered straight to retail outlets. Several 

effective marketing routes have lately been developed directly between farmers/producers and the 

supermarket network, bypassing the collector or the entire vendor. Furthermore, several supermarket 

chains have developed their collection facilities in key vegetable-producing regions, with enhanced 

handling, packing, and shipping, as well as the integration of cold-chain elements when needed. Based 

on the above-mentioned pros and cons, this system is designed by us to have good communication with 

the manufacturer and the buyer and to enable proper shipment of the product without any waste. 25 

This will ensure that product wastage, expiration, shipping errors, reliability, and time-saving during 

transportation can be done well. Also, problems with contacting buyers and manufacturers are currently 

emerging primarily in Sri Lanka. As a result, they have to go to economic centers and buy or sell their 

products at extra cost. It costs extra as well as time. As a successful step towards this problem, we have 

reserved space mainly for the manufacturers and buyers of the system. They are given the opportunity 

Figure 4 Figure 5 

Figure 8 

Figure 9 

Figure 6 
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to sell and buy their products in different sizes. The system is designed to show buyers the quality of 

the food and to get a rough idea of the prices at the Dambulla Economic Center, Colombo Manning 

Market Price Index. The system also pays special attention to regulating transportation from the 

manufacturer to the buyer. The system also provides low-cost transportation in a short period of time 

and provides a background that is not disadvantageous to the transport provider. This system is 

primarily focused on providing more efficient transport services. Looking at the traditional problems 

mentioned above and the solutions provided by our system, it can be concluded that successful answers 

to those problems will be found  

 

4. CONCLUSION  

 

There is a good relationship between the farmer and the vendor and the product can be shipped in the 

right way without wastage. Product wastage, expiration, shipping errors, reliability, and time saving 

during transport are well done. A prime space is reserved for farmers and vendors. They have the 

opportunity to buy and sell their products in different amounts. Vendors are likely to call everyone who 

looks appropriate if there are only a few. The system provides price indicators of the Colombo Manning 

Market at the Dambulla Economic Center as an overview of prices. Provides transportation facilities at 

low cost and in a manner that does not disadvantage the transportation provider. The focus was on 

providing more efficient transport service. 
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ABSTRACT - Vegetable supply chains are vital for food, nutrition, and economic wellbeing of the 

rural communities of the central highlands of Sri Lanka. Rural transport and road networks are playing 

a significant role in connecting farmers to distinct markets. The performance of highly perishable 

agricultural produce depends on the nature and structure of the rural transport system. The study aimed 

to explore the role of rural transport and logistics on the vegetable supply chain, find out the supply 

chain disruptions derived from rural transport and logistics systems, and propose mitigation measures 

to manage the supply chain disruptions. Participatory approaches were used to explore the status of the 

rural transport and logistics systems while focus group discussions with vegetable supply chain actors 

of Boralanda, Bogahakumbura, Wangiyakumbura, Kepettipola, Welimada, and Nuwara Eliya provided 

the primary data requirements. Road networks connecting urban centers and cities are well established 

but road networks of rural mountain areas are underdeveloped and non-motorized transport modes are 

common.  Postharvest losses are very high and farmers receive marginal returns.  Rural road 

infrastructure will facilitate outside traders to collect the fresh produce from mountain areas and 

operations are not economically feasible.  Quality of road network and available mode of transport 

influences vehicle operating costs, transit times, and other factors affecting the turn-around of services 

and therefore their profitability.    

 

Keywords – logistics; rural; supply chain; transport; vegetable 

 

1. INTRODUCTION 
 

In Sri Lanka, rural areas are facing constant social and economic changes. A diverse range of rural 

transport modes and services can be found in the Asia and Pacific region. In rural agricultural areas of 

the country, non-motorized transport modes, such as walking, cycling, and riding animals, are still the 

predominant mode for first/last mile connectivity, while human and animal traction and agricultural 

machinery such as tractors are commonly used to carry agricultural produce. Without proper transport 

and logistics services, it will be quite difficult the movement of agricultural goods from rural areas to 

urban areas, especially into the markets and economic centers. Also, the movement of agricultural 

inputs into the rural areas will be quite inconvenient. Since the agricultural value chains in rural areas 

of the country are fragmented, it is important to have proper connectivity between micro and macro-

level networks to develop and improve agricultural value chains (Nuskiya 2019). In upcountry 

vegetable cultivation, Nuwara Eliya is highly popular for vegetable cultivation such as carrots, potatoes, 

leeks, cabbage, and so on. The demand for the upcountry vegetable also rapidly increasing in the local 

market. Considering the Nuwara Eliya district, Under the topography and geographical features, 

Nuwara Eliya is a valley nestling among hills and mountains with a picturesque landscape. The 

temperate climate is highly supportive of upcountry vegetable cultivation.  Since most of the farmer 

residences and cultivation fields are situated around those hilly areas, farmers have to face so many 

difficulties in transportation. The objectives of the study were to find out the nature and structure of the 

rural transport network and logistic supplies for the vegetable supply chain of rural mountain areas and 

to identify the problems, and issues, especially the postharvest losses, economic returns to supply chain 

actors, and propose a smart rural transport system to mitigate the problems.  
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2. MATERIALS AND METHOD 

 

Participatory approaches were instrumental in identifying rural transport networks of the mountain 

areas. Key vegetables producing rural mountainous locations of Boralanda, Bogahakumbura, 

Wangiyakumbura, Keppeptipola, Welimada, and Nuwara Eliya were purposively selected for the study, 

and altogether 80 supply chain actors including farmers, collectors, and wholesalers were selected as 

the sample of the study. Farmlands were 1400m above mean sea level and belong to the upcountry wet 

zone. Climate and soil are ideally fit for high-value vegetable cultivation and farmers used generations-

old rich traditions and experiences to grow vegetables (Nuskiya 2019). Vegetable farming is the main 

income generator for the regions while securing rural wellbeing. Transit walks, participatory mapping, 

and focus groups discussion with farmers and supply chain actors were key data collection tools. 

Participant observations of village markets and dedicated economic centers were useful to bridge the 

data gaps. Storytelling exercises were applied to collect data from individual farmers and wholesalers. 

In this method, the researcher initiates an informal discussion with the relevant party regarding the 

selected topic and allows them to express their experiences, knowledge, and ideas regarding the topic 

without any intervention. Throughout the discussion, the researcher should record all information 

expressed by the relevant party. Descriptive analysis along with qualitative techniques was applied for 

the analysis of data. 

 

3. RESULTS AND DISCUSSION 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 01: Supply chain disruptions 

 

Since the available poor logistics farmers used to transport their goods by non-motorized transport 

methods such as walking, cycling, and riding animals. Some farmers use tractors or motor bicycles for 

transportation. Those are the most common transportation methods that are used to transport the input 

materials and also the harvest. Almost all the road systems in the rural areas are not well developed and 

farmers have to climb some mountains by carrying their goods to cultivation lands. 

 

There are only a few key points that farmers are used to selling their products to the sellers. So, farmers 

have to bring their goods to one of those specific places to sell. Most of the farmers are far away from 
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those collecting points and they lack proper transport facilities such as carriages, road systems, and also 

vehicles to transport. This causes post-harvest losses, quality deteriorations, production surplus, and 

finally results in low marginal returns. Since farmers are unable to transport their products to main 

economic centers, they sell their products to collectors for lower prices. Collectors sell those products 

for higher prices and gain a high-profit margin. This creates a huge income gap between the two 

immediate nodes of the value chain. Most of the time there is no regular significant collector to sell 

their product and farmers used to sell any other collector who came forward to buy the products without 

considering the value of the products because of the incredibility of a buyer for their goods. So, farmers 

can not cover at least the cost of production. 

 

Farmer hubs can be suggested as a more effective method to overcome the issue of the lack of regular 

buyers to buy products. Farmers who are closed to some particular area can be collected in one specific 

place and collectively transport their products to the economic center. The cost of transportation can be 

delegated among them collectively and they can transport their products safely by adapting to post-

harvest management techniques and without quality deterioration. So, farmers can earn more profits by 

direct selling their products. Since the railway system is more convenient in the Nuwara Eliya district 

farmers can use the train to transport their goods to Colombo. This method was practiced from ancient 

times and now there is a low trend to use trains for transportation of agricultural goods. Once farmers 

used to transport their goods by train, they have to expend very low cost for train and they only need 

transportation facilities to transport from field to railway station. So, this method is more convenient 

for farmers to transport safely their goods to Colombo with low-cost margins. As a long-term solution 

for the current issue, the government should need to pay more attention to infrastructure development 

such as logistics, transportation, and building quality storage facilities to store agricultural goods of the 

farmer to reduce post-harvest losses and quality deterioration during transportation and storage. This 

will increase the overall profit of the farming and farmer involvement in cultivation. 

 

4. CONCLUSION 

 

Since the upcountry of Sri Lanka is a mountain region that is highly practicing vegetable cultivation, 

the vegetable supply chain is severely affected by low infrastructure facilities such as poor road systems 

and a lack of transport facilities. Non-motorized primary transportation modes which are most common 

in this rural region cause huge productivity loss in the field of agriculture. The government decisions 

on vegetable supply chains and storage facilities are also lacking new ideas for the improvement of the 

available logistic facilities. So, this leads to quality deteriorations, post-harvest losses, and finally low-

profit margins. The ideal way to overcome this situation is to establish collecting centers such as farmer 

hubs near the farming areas which function collectively by farmers. Through farmer hubs, farmers can 

be accumulated in a few single places and arrange their own transportation collectively. Farmer hubs 

may increase productivity by reducing gaps in the marginal returns of the value chain actors. The 

Railway system also can be suggested as a more convenient way to transport goods to Colombo for low 

transportation costs. The application of ICT-based marketing methods is also a more effective way to 

higher productivity. 
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ABSTRACT - The objectives of this research project are to (1) support communities and natural 

resources in the province that have the potential to become tourist attractions; (2) design a route for 

community-based tourism and natural resources to accommodate the factors in travelers' diverse 

decisions and logistics systems; and (3) develop methods or tools for accessing tourist attraction 

information and presenting community-based tourism routes and natural resources to accommodate the 

diverse behavioral patterns. This research combines a survey to collect preliminary tourist attraction 

data with an experimental study to investigate the travel route using a computer program system. Wang 

Nam Khiao in Nakhon Ratchasima Province is the case study. According to the results of 107 travelers, 

46.7 percent preferred to go for two days and one night. More than half of those questioned chose nature 

tourism, sightseeing, and camping. Twenty attractive tourist places are classified into 5 categories 

including camping areas, cultural tourism, natural tourism, farms, and cafés. The GAMs program is used 

to determine the tourism routes based on the traveling salesman and conditions from the survey results. 

The results show 4 tourism routes that pass 4 attraction tourism areas and 1 camping area and are then 

presented in the brochure. 

 

Keywords: travel routes; tourists’ behavior; traveling salesman; QGIS 

  
1. INTRODUCTION   

   
Many governments rely on the travel and tourism growing industry to generate cash, create 

employment, expand the private sector, and construct infrastructure.  Wang Nam Khiao, in Nakhon 

Ratchasima Province, is one of the most interesting places for traveling in Thailand.  It is known as 

"Eastern Switzerland" and is the world's 7th greatest source of ozone. When looking for tourist attractions 

in Nakhon Ratchasima, however, Wang Nam Khiao's information is difficult to come by.  As a result, 

travelers have limited data from both online and offline platforms to plan their tourism itineraries based 

on their travel habits and the state of tourist sites.  The researchers then intend to encourage tourism in 

the Wang Nam Khiao region, particularly tourism following the COVID 19 pandemic, and to provide 

travelers with additional information about tourist attractions in the Wang Nam Khiao sub-district. The 

objectives of this research are to 1)  identify the basic needs of tourists in local tourism, 2)  design travel 

routes using the Traveling Salesman Problem algorithm [1] in GAMS application [2], and 3) design and 

develop a media prototype for information communication and designing tourism routes. 
 

2. MATERIALS, METHODS AND RESULTS 

  
The processes of this research are presented in Figure 1. 

mailto:narucha@g.sut.ac.th
mailto:atthaphon@g.sut.ac.th


    

104 
 

R4TLI Conference Proceedings 2022 
 

 
ISSN: 2513-2504 

 

 
Figure 1. Overview of processes in this research 

  
2.1. Step 1: Study the factors affecting the decision of tourists in local tourism  
The purpose of the survey is to gather information and investigate preliminary findings. The information 

is then utilized to create travel routes. Results from the survey show that males and females travel in the 

same manner. They opted for a one-night stay and natural tourism. Sightseeing, camping, and cultural 

tourism are also appealing to them. They are not very interested in local tourism. Local tourism, on the 

other hand, is encouraged to help the local community generate cash and create jobs. As a result, 

researchers decided to create a tourist route by merging various tourist attractions in order to promote a 

new tourist lifestyle. 
 

2.2. Step 2: Design the travel routes based on the tourist’s behavior and logistic principles 

 

Travel routes are designed as presented in Figure 2 

 

 
Figure 2. Processes for designing travel routes 

 

Sixty tourist places in Wang Nam Khiao are gathered from the U2T-University to Tambon project. After 

that, some places are discarded because of their sizes, facilities, and types. As a result, 20 tourist places 

are left to plan travel itineraries around. These tourist attractions are divided into five categories, which 

are 4 camping areas, 3 cultural tourism, 3 natural tourism, 4 farms, and 6 cafés. These tourist attractions' 

locations are compiled to create travel itineraries. Regarding the results from the survey in Step 1, three 

conditions of traveling routes are identified for calculation. First, tourists will stay camping for one 

night. Second, they aim to visit all five categories of tourist attractions. Third, their journey starts from 

the camping area and ends in the same area. That means this route design is suitable for travelers who 

plan to camp for 2 nights with one day off. In relation to these conditions, four tourist pathways for 

camping locations are provided. The GAMs program is used to determine the distance between each 

location based on the traveling salesman dilemma. Ultimately, the itinerary of the trip is designed to 

start and end at the camping area with the shortest distance traveled through the remaining four tourist 

attractions as presented in Figure 3. 
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Figure 3. Four travel routes regarding the calculation of the traveling salesman algorithm 

 

2.3. Step 3: Design and develop the media prototype 

 

A brochure is an initial media prototype, which is a simple resource for providing tourism information. 
Digital media will be expanded further if the information in the brochure is successful. Four travel routes 

from step 2 are applied in the brochure using the QGIS tool, which may depict the main roads, secondary 

roads, and geography of the locations. Information in the media contains the names of tourist 

destinations, travel sequences, the main road and the secondary road, and other interesting places along 

the route, in kilometers, and travel time. Tourists might choose to follow this advice or visit other 

locations suggested by the media. An example of one side brochure is presented in Figure 4. 
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Figure 4. An example of the brochure for travelers 

 

3. DISCUSSION AND CONCLUSION 

 

This research proposes the concept idea for designing the travel routes using the case study at Wang 

Nam Khiao Sub-distinct Nakhon Ratchasima Province. The travel routes are designed based on logistics 

principles and tourists’ behavior. Tourists nowadays pay attention to nature tourism, especially after the 

COVID-19 epidemic. Therefore, designing the travel routes by integrating culture tourism and nature 

tourism is one strategy to support community tourism and increase opportunities to promote a better 

local economy. The priority strategy for designing travel routes is the time window. The GAMs program 

then calculates the shortest path based on the traveling salesman problem to save tourists money and 

time. However, the route types should be more diverse in terms of entrance place, length time, and 

conveyance. Moreover, route types in this research are not varied and flexible for tourists who have 

different styles of travel. The concept of a traveling plan should be developed. Additionally, these 

locations and routes should be fully explored for their integrity and existence on-site after COVID 19. 
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ABSTRACT - For day-to-day work many free and open-source mobile mapping and navigation apps 

are available for common users. Suitability analysis of these applications in various domains is the need 

of the hour. The OSMAND mobile mapping and navigation app, was tested during training programmes 

on eight rural roads in seven States of the country in India in different terrain conditions. During training 

programmes, under field visits, the participants collected tracks in OSMAND mobile mapping app, of 

the selected roads, while sitting in a vehicle or walking on the road. Later data of all mobiles for the 

particular road visited were downloaded and analysed for the proximity to each other, in QGIS software. 

Data were found within a range of about 2.5 meters to 25 meters in either side from centre line of road 

tracks, as per travel on foot or in the bus, irrespective of bus width, travel speed, sitting position of 

participants, terrain conditions, weather condition, time of measurement, internal settings of application 

and makes and models of mobiles, barring few outliers. It was observed that the data were more in 

proximity and having less variation in plain terrains. The variation was more in hilly terrains with dense 

tree covers. The open mobile mapping applications can be a boon for developing countries for day to 

day uses in road sector for mapping and navigation.  

  

Keywords: OSMAND; Open Source GIS; QGIS; GNSS; mobile mapping 

  

1. INTRODUCTION   

   

“Mobile communications technology has become the world’s most common way of transmitting voice, 

data, and services, and no technology has ever spread faster” [1]. In a study the results showed that 

mobile data compared reasonably well to manual data for most of the desired variables [2]. In mobile 

data collection the integration and actual application of data in overall workflow of organisation with 

supporting other than locational requirements are also the factors for evaluating any mobile application. 

A systematic approach and research are required for standardising the application of mobile based 

technologies in low income countries [3].  

 

National Institute of Rural Development and Panchayati Raj, Hyderabad, India is an apex autonomous 

institute of Government of India which caters for Training, Research and Consultancy in Rural 

Development and Panchayati Raj. In training programmmes, author initiated testing the free OSMAND 

mobile mapping app [4] on rural roads constructed under government supported schemes like Pradhan 

Mantri Gram Sadak Yojana (PMGSY).  

 

In general, the roads are monitored by customised state specific mandatory applications including a 

dedicated portal and mobile application for submitting the field data. In addition to these applications 

there is a need always to have solutions for monitoring of road data in public domain or in Government 

also to have quick monitoring of roads or any length feature or other assets also. As the overall accuracy 

and application potential is not known to the users of these freely application open source applications, 

they remain hesitated to use these applications, in day to day and other purposes.  

 

In this article OSMAND mobile application has been tested on various rural roads in the seven states 

of India under different terrain conditions ranging from plain to hilly and open to dense tree cover. The 

OSMAND has been used in the study by author for ease of use and easy data handling. Many other 
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applications are also available in Free and Open Source domain for use, to be tested by users for ease 

of operation and suitability in their domain [5]. Hence the broad purpose of this study is to give a 

confidence to the users about line data variation along the roads in various terrain conditions,  and to 

provide application potential of the mobile apps for day to day professional use in rural development 

works in general and rural roads in particular.  

 

2. MATERIALS AND METHODS  

  

The OSMAND mobile mapping application was used in the study during training programmes 

conducted on geospatial technology applications in rural roads. The tool was tested for variation 

between the tracks from each other while used on the same road with many participants with different 

kind of mobile makes and settings. The application had been used for track data collection by the 

training participants while sitting in the bus or by foot in onwards and return journey on the road. Mode 

of travel was kept on bus or by foot for convenience and easy availability. The data exported to the 

desktop were analyzed using Google Earth Pro and Free and Open Source QGIS Software [6]. 

 

Training were conducted at State Institute of Rural Development (SIRDs) which functions under 

administrative control of respective State Governments, and National Institute of Rural Development 

and Panchayati Raj (NIRDPR) provides off-campus training to these locations in collaborative manner. 

The training were sponsored by Ministry of Rural Development (MoRD), Government of India.  

 

The roads were studied during the financial year 2018-2020. In all the training programme, one day 

field visits were held comprised of half day for road data collection and understanding the location data 

collection in mobiles in practical manner. All the programmes were of five days duration and full time 

residential in nature. In each programme, one road was covered and mentioned as cases in the table-1.  

 

How to track the line data in OSMAND is explained in YouTube video of author [7]. In this study the 

main focus was to check suitability of OSMAND mobile app for monitoring of line features, starting 

with roads in the study. The same may be applicable to any other linear and point features also.  

 

3. RESULTS AND DISCUSSION  

 

The details of all eight cases are provided in Table 1. The field details of case-1 is depicted in Figure-

1, describing the type of overview and data pattern in individual cases. 

 
Table 1. Details of Travel, Terrain and Range of Variation at Selected Points under Each Case 

Case 

no. 

and 

State 

Mode of 

Travel 

Terrain 

condition 

Approxim

ate Travel 

length 

(Kms) 

Number of 

sites 

considered 

at map for 

width 

variation 

Width variation of tracks at 

selected points (Meters) 

1 2 3 4 5 

1 Bus Plain 3 4 7.02 8.50 7.36 11.34 - 

2 Bus Plain with 

houses 

along the 

roads 

6 4 15.68 8.75 22.08 17.41 - 

3 Bus Hilly with 

tree cover 

10 4 28.82 47.91 12.67 30.82 - 

4 Walk Undulated 

with 

scattered 

forest 

1 4 7.69 8.05 6.80 10.10 - 
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5 Bus Plain with 

habitations 

along the 

road  

5 5 10.47 10.67 12.50 11.72 1

6

.

5

2 

6 Bus Hilly with 

steep 

slopes  

6 4 16.82 14.66 10.26 22.25 - 

7 Walk Plain with 

habitations 

along the 

road 

1 4 5.54 5.79 8.38 5.99 - 

8 Walk Plain 0.1 2 5.64 4.86 - - - 

 

 

 
Figure 1.  Road Overview and Track Data Pattern for Case-1 

3.1. Limitations 

 

The study was conducted irrespective of settings of OSMAND application, mobile settings, make and 

models of mobiles, and there were shift in sitting position of participants during onward and return 

travel. Avoiding these effects in a more systematic experiments may give better results. The study was 

undertaken in different time settings and different areas and weather conditions which is having 

influence on satellite positions and Dilution of Precision (DOP) and can cause the further variation in 

accuracy of data among different roads. However for the same road these factors can be considered 

constant among mobiles. Due to budgetary limitations and limited number of sponsorship of training, 
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the testing could be done on the training locations only. However most of the terrain and geographic 

conditions are covered.  

 

4. CONCLUSION  

  

Location variation on length of roads were within a range of about 2.5 meters to 25 meters in either side 

from average center line of width variation of tracks (table-1), irrespective of mode of travel. It was 

observed that the data were more in proximity and having less variation in plain terrains with fewer 

trees and buildings along the roads. The variation was more in hilly terrains with dense tree covers. In 

future with better signals availability in the public domain and availability of more GNSS  signals on 

mobiles can enhance the usability of mobile mapping apps. The use of these tools may be encouraged 

with proper capacity building of users.  
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ABSTRACT - Taxis are one of the most widely used modes of transport among urban communities. 

The use of GPS devices in modern taxi vehicles has enabled the estimation of travel patterns through 

emitted and collected massive scale trip records. The only necessity that requires for this is a suitable 

trip purpose inference model as the GPS data are unable to provide the exact purpose of a trip but the 

neighborhood of travelers’ destination. Thus, this study attempted to develop a trip purposes inference 

framework that can be used reliably in uncovering travel patterns. The proposed framework consists of 

three layers: (1) Trip purpose imputation for regular trips using spatial clustering, (2) Identifying the 

trips attracted to residential trips, and (3) Purpose inference using Bayesian probability. The model was 

tested using taxi trips data from a service provider operating in Colombo District, Sri Lanka, and 

compared that with the activity proportions data taken from a household travel survey. The results 

indicates that the proposed model is capable of providing plausible travel patterns through identified 

spatial dynamics and temporal patterns.  

 

Keywords: Travel patterns, GPS data, POI data, taxi trips, spatial clustering, Bayesian probability  

 

1. INTRODUCTION   

 

Every single trip made by a passenger has a particular purpose or an activity to be fulfilled. In this 

context, taxis play a pivotal role as para transport mode among the available alternative transportation 

modes among urban communities for decades. For this reason, identifying the activity-based travel 

patterns of taxi users assist the city planners and transport planners in tasks such as traffic management, 

city planning, and investment decision makings. Modern taxi services are often embedded with either 

in-built or mobile GPS and the emitted data are stored by the service providers to uncover the knowledge 

behind their business. Although the temporal and spatial trip information can be extracted without much 

effort, identifying the trip purposes requires a well-developed accurate methodology and it has created 

the trip purpose inference problem.  

 

Nguyen et.al, (2019) reviewed a vast scope in deriving trip information from GPS data and categorized 

the methods that had been used to trip purpose inference into three methods: rule-based, probabilistic, 

and machine learning-based. The rule-based models mainly incorporate a single parameter to directly 

assign a purpose for a trip. [1]. Eliminating the deterministic behavior in rule-based models, the 

probabilistic models attempt to give a probability for each possible purpose using several parameters 

such as attractiveness, the temporal impact of a trip, etc. [2]. The advantages of machine learning-based 

models come with the ability to utilize additional parameters such as origin context, and trip time for 

the inference [3]. The utilization of these methods for applications depends on factors such as 

transferability, data scale, number of purposes, and more importantly the land use context. However, 

the trip purpose inference problem has not been thoroughly addressed in developing countries despite 

the fact that the applicability of a trip purpose inference model extremely depends on the land use 

context.  [4]. Hence, this study attempted to ameliorate an accurate model (base model) based on taxi 

data collected in Colombo District, Sri Lanka.  
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2. MATERIALS AND METHODS  

  

2.1. Data description.  

  

2.1.1. GPS data  

Taxi trips originated from the Colombo District and attracted to “Dehiwala”, “Sri Jayawardhanapura 

Kotte” and “Thimbirigasyaya” Divisional Secretariat (DS) divisions for a period of a week (2019/11/11 

– 2019/11/17) was used for the assessment of the proposed framework. Dataset cleaning was performed 

based on assessing the trip time and linear distance reliability for the selected study area. The dataset 

provided GPS records of 107,617 taxi trips with features relating to the origin, and destination 

timestamped coordinates.  

 

2.1.2. Point of Interest data  

The main supplementary data source for trip purpose inference is the Point of Interest (POI) data as it 

provides insights into the nature of land use around the context of the destination at which the passenger 

may perform an activity. 42,418 POIs were collected for the selected study area by applying the Nearby 

search request of the Google Places API. The purpose for each POI was mapped manually referring to 

the provided category type for a POI by the API.  

 

2.2 Three-layer trip purpose inference framework.  

 

2.2.1.  Layer1: Regularity based purpose imputation 

Imputation of the trip purpose of commuters who regularly travel between identical locations is 

considered in the first layer. Density-Based Spatial Clustering of Applications with Noise (DBSCAN) 

is used to identify the spatial clusters of Pick-Up Points (PUP) and Drop Off Points (DOP) of passenger 

taxi trips and the defined time bins are utilized to add the temporal frames to select regular trips intended 

for a purpose. Two scenarios (1) round trips, (2) one-way trips are identified from this, and the purposes 

are imputed considering the selected time bins for selected purposes.  

 

2.2.2. Layer 2: Residential trip imputation 

The second layer attempts to identify the trips attracted to residential places as the POI data does not 

contain such data by referring to three assumptions. The first assumption is that residential places do 

not attract a higher number of trips per day which is captured from the outlier of GPS records from the 

DBSCAN algorithm. The second is that residential places do not locate close to the main road network 

of the study area, and this is referenced by using k-means clustering for the measured distance of DOPs 

to main roads from Open Street Routing Machine (OSRM) and removing the clusters with shorter 

distances intuitively. The third assumption is that if an attractive POI locates around the DOP that 

observation is also removed referring to the number of reviews as there is a higher probability that a 

passenger may visit that place. 

 

2.2.3. Layer 3: Destination based trip purpose inference 

Following the improvements made from the first two-layer, the final layer applied the selected base for 

the trip purpose inference for the rest of the taxi trips. Dhananjaya & Sivakumar (2021) , showed that 

the Bayes-theorem-based model proposed by Li Gong et al., (2016)  provides more reliable results for 

the land use contexts in developing countries [5], [6]. Hence, that model is attached to the final layer of 

the proposed three-layer trip purpose inference framework in this study.  
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3. RESULTS AND DISCUSSION  

The above Figure 1 depicts the achieved daily distribution of trip counts from the proposed model. It 

can be identified that shopping and personal are the most widely involved activities by taxi trips from 

the users in the selected study region and activities such as recreational and transit had received a lower 

attraction. The study will be continued to identify the travel patterns in terms of temporal distributions 

and spatial dynamics. It is expected to obtain insights relating to what times provide the peak and what 

are the places that attract a higher number of trips for different activity types 
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Figure 1.  Daily Distribution of Trip Purpose Inference Results 
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ABSTRACT – Assessing the existing service quality of public bus transportation is a key requirement 

to identify potential improvements in buses. Level of service has been identified as an effective indicator 

to measure the service quality of buses. Even-though the definition of LOS says it should be measured 

based on user perception, existing LOS scale values have been derived through expert judgement. This 

research attempts to derive LOS threshold values for selected six service attributes (loading level, speed, 

service hours, waiting time, reliability, and frequency of service) which affect the level of service of 

public buses based on user perception using law of successive scaling technique. The derived LOS 

benchmarks are ranging from LOS A to LOS E which denotes the “best” to “worst” levels. The results 

of the study can be used to identify the existing service level of buses and thus to identify potential 

improvements for public buses in terms of identified service attributes.  

 

Keywords: public transportation; level of service; users’ perception; service attributes 

  

1. INTRODUCTION 
    
Transportation sustains in a dominant place today whereas the demand for transportation has been 

increasing rapidly due to the growth in population and their needs. Even-though the public bus 

transportation in Sri Lanka is playing a key role in current transportation industry, the demand for public 

buses is decreasing drastically currently having 55% modal share for buses and predicted a modal share 

of 20% by 2031 under do nothing [1]. In order to grab the demand for public transportation, it should 

be well maintained and improved. Continuous monitoring of any activity will upgrade its existing 

performance to higher levels. The level of service of public transportation can be taken as an indicator 

to measure the service quality of the public transportation [2].  

 

This study develops a methodology to measure the level of service of bus transportation in terms of 

service attributes as a case study based in Sri Lanka. In past years, researchers have developed different 

approaches to measure users’ perceptions of service quality of public transportation. Shreya Das and 

Debapratim Pandit [3] has developed LOS scale values for bus transit service attributes as a case study 

in Kolkata. They have used “Law of Successive Interval Scaling” to determine LOS scale values based 

on the users’ perception. Rengarasu et al. [4] has developed a level of service index for privately owned 

bus transportation in Sri Lanka where it measures the quality of service of buses. Further, Bachok et al. 

[5] has measured the service quality of public buses using existing LOS threshold values and has 

identified required improvements for current service.  

This study explores a methodology to define LOS threshold values for identified quantitative factors 

affecting the LOS of bus transportation based on users’ perception and thus identifying improvement 

methods for existing bus transportation.  

 

2. MATERIALS AND METHODS   

 

A passenger survey was conducted along Colombo – Galle corridor and 219 responses were collected 

through random sampling technique. Passengers who use Colombo – Galle buses are the main 

respondents for the survey. The questionnaire survey was based on identifying the significant factors 

that affect the level of service of public buses. Measurements used for factor evaluations were five-
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point Likert scale (1 – Most significant, 5 – Not significant & 1 – Very good, 5 – Very poor) which 

describes the significance level and the passenger satisfaction level of the particular factor.  

 

2.1. Identifying attributes and the significance 

 

Attributes that affect the level of service of public buses have been identified through a thorough 

literature review. Total of 15 attributes have been identified and Table 1 shows the identified attributes 

which were used in the questionnaire form.   

 
 Table 1.  Identified Attributes that Affect the LOS of Buses 

 

The significance of the identified attributes has been analyzed through Exploratory Factor Analysis 

(EFA). EFA reduces the existing factors to a new set of factors based on the underlying latent principal 

[6]. 

 

2.2. Developing LOS thresholds 

 

Law of successive interval scaling technique is used to derive threshold values for each significant 

factor where it converts ordered categorical data into an interval scale [7]. Passenger satisfaction ratings 

on perceived service levels for each factor were used to derive LOS thresholds for the given factors. By 

assuming a causal relationship between user perception of LOS rating and the actual physical measure, 

LOS scale boundaries were determined. Respondents were rated their satisfaction level on a five-point 

scale and thus, it leads to five different LOS categories from LOS A to LOS E.  

   

3. RESULTS AND DISCUSSION 

 

3.1. Descriptive Statistics 

 
Total of 219 responses were collected through the passenger survey conducted during the peak hours at 

Pettah bus terminal. Table 2 shows the socioeconomic characteristics of the survey respondents. 

 
Table 2. Descriptive Statistics 

 

 

 

 

 

1. Bus fare 2. Waiting time 3. Loading level 

4. Cleanliness 5. Safety 6. Reliability 

7. Comfort 8. Frequency of service 9. Conductor attitude 

10. Vehicle condition/Quality 11. Service hours 12. Physical design of bus 

stops 

13. Travel time 14. No of bus stops 15. Facilities at the bus stops 

Factor % share 

of users 

Captive riders 48.40% 

Choice riders 51.60% 

Male 53.88% 

Female 46.12% 

Income (per 

month) 

% share 

of users 

< Rs. 60,000 68.95% 

Rs. 60,000 – 

Rs. 120,000 

25.57% 

>Rs. 120,000 5.48% 

Age % share 

of users 

16 – 25 years 43.84% 

26 – 35 years 23.29% 

36 – 55 years 32.88% 
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3.2  Significance of the factors 

 

Through Exploratory Factor Analysis (EFA), two main factors having eigen values of 6.418 and 2.162 

were extracted. The extracted two factors cover 13 attributes out of 15, identifying those 13 attributes 

as the most significant factors which affect the level of service of public buses. Kaiser-Meyer-Olkin 

(KMO) test was performed to determine the suitability of data for factor analysis. KMO value was 

derived as 0.886 which indicates the sample size was adequate to conduct the factor analysis. Total 

variance explained by extracted factors is 61% which is at an acceptable level. Bus fare and conductor 

attitude were dropped out through the analysis indicating that those factors are not significantly 

affecting to the level of service of public buses.  

 

3.3. Developed LOS Thresholds 
 

LOS thresholds have been developed for six quantitative service attributes using law of successive 

interval scaling technique. The developed threshold values have been shown in table 3. 

 
Table 3. Derived LOS Threshold Values 

 

 

4. CONCLUSION  

 

The LOS selection framework can be applied to any bus system and the derived LOS scale values can 

be used to identify improvements in the current bus service and thus, can take steps to develop the 

public bus transportation in the country. However, the scope of this study is limited to only quantitative 

service attributes. The application of this methodology can be further applied to derive LOS scale values 

for qualitative service attributes.  
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LOS 

Category 

LOS Thresholds 

(Pax/Seat) 

A <= 0.30 

B 0.31 – 0.50 

C 0.51 – 0.80 

D 0.80 – 1.70 

E >1.70 

LOS 

Category 

LOS Thresholds (kmph) 

A > 55 

B 40 - 55 

C 30 - 40 

D 16 - 30 

E <= 16 

LOS 

Category 

LOS Thresholds 

(Hours) 

A > 20 

B 12 - 20 

C 7 - 12 

D 4 - 7 

E <= 4 

LOS 

Category 

LOS Thresholds 

(Minutes) 

A 0 

B 0 - 12 

C 12 - 18 

D 18 - 38 

E > 38 

LOS 

Category 

LOS Thresholds (%) 

A 100 

B 75 - 99.9 

C 62 - 74.9 

D 31 - 61.9 

E < 31 

LOS 

Category 

LOS Thresholds 

(Minutes/Bus) 

A <= 13 

B 13 - 18 

C 18 - 22 

D 22 - 32 

E > 32 

LOS Thresholds for Loading Level LOS Thresholds for Speed LOS Thresholds for Service Hours 

LOS Thresholds for Waiting Time LOS Thresholds for Reliability LOS Thresholds for Frequency of Service 
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ABSTRACT -The growth of Roll on Roll off (Ro-Ro) shipping operations have become significant in 

global maritime operations with the continued growth of the global automobile distribution. To 

optimize Ro-Ro terminal operations, it is required to identify the major processes that takes place within 

a Ro-Ro terminal. This study identifies the major operational flows within the Ro-Ro terminal using 

Systems Dynamics (SD) modelling. Five causal loops are identified and discussed in the study which 

are tested under the actual operations of a well-reputed Ro-Ro terminal. First loop refers to basic 

assignment between berths and storage yards, while loops 2 and 3 describe variables in discharging and 

loading vehicles consecutively. Loop 4 describes the procedure of allocating drivers to loading and 

discharging processes while loop 5 focuses on its impact towards loading and discharging times of 

vehicles. This study demonstrates the major actors that impact the rate of transferring an incoming set 

of vehicles to a yard location in the Ro-Ro terminal. Location and layout of the yard and berthing areas, 

operational restrictions within the Ro-Ro terminal, terminal specific operational procedures and impact 

of the human factors have been identified. 

 

Keywords: Ro-Ro operation, System Dynamics, Operations management, Maritime terminal 

operations 

 

1. INTRODUCTION  

 

Sea freight volumes through deep-sea vessels is approximately 70% by value and 80% by volume [1]. 

Global vehicle manufacturing is expected to reach 111.2 million units by 2022[2]. Since global vehicle 

distribution grew by 4% annually for the last decade, Ro-Ro terminal operations have also grown. 

However, academic studies in the area is scarce compared to container operations [3], [4]. In Ro-Ro 

transportation, additional handling equipment is not required. Automobile units are moved by drivers. 

However, being high-valued cargo, terminal operators minimize the relocations of automobiles within 

the terminal. According to Iannone et al. [4] accepted levels of damages to vehicles in transshipment 

yards lies between 0.5%- 1%. This results in higher transport costs in moving automobiles [2]. In 

addition, transportation and waiting of vehicles results in emission costs which result towards 

environmental degradation [5]. This study focuses on addressing the question of the major actors of 

Ro-Ro operation and determining major processes that impact overall terminal efficiency. 

 

2. MATERIALS AND METHODS  

 

System Dynamics modelling(SD) is capable of capturing multiple interdependent ,dynamic variables 

in a system [5],[6],[7]. Hence SD is considered as a suitable technique to achieve the objectives of the 

study. Modelling of any system using the  SD approach can be presented under 5 major steps according 

to Bayer [7]: 1. Articulating the problem to be addressed, 2. Formulating a dynamic hypothesis 

concerning the causes of the problem, 3. Formulating a simulation model to test the dynamic hypothesis, 

4. Testing the model until it is suitable for the purpose, and 5. Designing and evaluating policies for 
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improvement. Required quantitative and qualitative data points were identified through rom the 

available literature and expert interviews from Ro-Ro terminal operation [4],[5],[10],[11].Data 

collection was done in a major Ro-Ro terminal in the Asian region for a period of one week. Altogether 

06 Ro-Ro vessels called the terminal during this week There are 3 main berths and 13 storage blocks 

assigned for Ro-Ro operation. 
 

3. RESULTS AND DISCUSSION 

 

The causal loop diagram represents the conceptual flow of vehcile units within a Ro-Ro terminal (Figure 

1). The relationship among 49 varibales are depicted. Five main casual loops are identified.    

 

  

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

First loop explains the basic loading and unloading process that takes place in a Ro-Ro terminal. When 

the Ro-Ro vessel arrives at the berthing area, the unloading and unloading processes begin. The vehicles 

in considered region of the vessel are assigned to the yard considered. Second loop is based on the 

discharging process from the considered region in the deck, to the yard. Availability of empty slots, 

location of the storage slots and speed allowed for discharging are affecting the discharging process. 

Third loop includes variables regarding the loading process. Following a similar procedure to the 

discharging operation, loading is also performed directly from the yard to quay as a common practice. 

The next loop demonstrates the role of the deployed drivers. The available drivers for an 8-hour shift 

are taken as constant, since human capital is limited. These drivers are assigned to loading or 

discharging classified as groups. In this causal loop, the driver groups from loading function are directed 

to discharging once the loading process is completed. This ensures the optimal use of drivers which 

also optimizes the discharging time. The final loop encompasses method of driver allocation. For 

loading process, a driver of a particular group moves a vehicle from the yard to the vessel and positions 

the vehicle. Then he reaches an assigned spot in the quay area until the entire group of drivers have 

completed the process. Once the entire group has assembled, they are transported back to the yard using 

a shuttle. This is similar for the discharging operation. Where the shuttle waits in yard area for drivers.  

The above relationships have been defined within the endogenous focus of the study. The existing 

processes within terminal operations are described. Therefore, this study does not focus on creating 

alternate causal loops to existing ones. Stock and flow diagram was created based on the above causal 

loops. The model was formalized by describing the relationship among the variables using equations. 

The equations of each relationship is not provided due to limitations of the paper. The model was used 

to simulate the handling efficiency of the selected terminal. The results of the simulation according to 

different scenarios are given below. 
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Figure 12. Causal loop diagram operation at a Ro-Ro terminal 
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1. Identifying the impact of changing driver availability for each shift 

The drivers allocated are working as groups. When the overall number of drivers available for each 

shift increase the number of groups of drivers increase. Here the number of drivers for each group is 

kept constant at 10 per group.  

 

Table 1. Impact of driver availability 

Drivers per shift-50 Drivers per shift-60 20% increase  

Loading rate 

(Vehicles/hour) 

Discharging 

rate 

(Vehicles/hour) 

Loading rate 

(Vehicles/hour) 

Discharging 

rate 

(Vehicles/hour) 

% Change 

in loading 

rate 

% Change 

in 

discharging 

rate 

45.38 1758.49 50.89 2098 12.1% 19.3% 

 

2. Identifying the impact of increased travel distance per each vehicle unit 

The model considers the impact that travelling distance has towards handling. When the travelling 

distance increase, it is expected to increase the handling time for each vessel because the vehicles are 

transferred to yards directly in the discharging process. This is practiced in loading operation as well. 

 

Table 2. Impact of vehicle travelling distance 

Average distance travelled in the 

terminal 0.5Km 

Average distance travelled in the 

terminal- 1 Km 

 

Loading rate 

(Vehicles/hour) 

Discharging 

rate 

(Vehicles/hour) 

Loading rate 

(Vehicles/hour) 

Discharging 

rate 

(Vehicles/hour) 

% Change 

in loading 

rate 

% Change 

in 

discharging 

rate 

46.7 1347.42 36.3 950.6 -22.2% -29.4% 

 

Based on the above causal loops handling efficiency of the terminal depends on 1. handling volume;2. 

Crew availability; 3. Terminal layout; 4. Vehicle routes used; 5. Average speed maintained; 6. Terminal 

practices. In this study giving priority for discharging the terminal practices and retaining vehicles 

temporarily in the wharf for loading are evaluated under terminal practices. 

 

4. CONCLUSION  

 
This study focused on identifying the major processes that are affecting efficient operations in a Ro-Ro 

terminal. System Dynamics was used to represent the operation. A causal loop diagram was developed, 

and the major feedback loops relating to terminal efficiency were identified. The identified feedback 

loops of the operation were validated through a data collection to create stock and flow diagrams of the 

operation. Further improvements can be made by considering the landside operation which includes 

assigning the export vehicle assignments.  
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ABSTRACT – The faster speed, low maintenance cost, and absence of dependency on roads in 

unmanned aerial vehicles (UAV) have propagated their application as a successful alternative to road 

delivery. Hence, it is suggested as a solution to overcome the distribution inefficiencies in the vaccine 

cold chain of Sri Lanka. Because of the last-mile delivery problems and routine distribution of vaccines, 

UAV delivery is recommended for the network arc between the Regional Medical Supplies Division 

(RMSD) and its respective Medical Officer of Health (MOH) units. An existing delivery plan was 

compared against UAV delivery solutions using 5 key performance indices (KPI) to determine the 

potential advantages of using UAVs in the above-mentioned distribution arc. From the comparison, it 

was revealed that when UAVs are included, the time consumption and carbon dioxide emission are 

reduced significantly resulting in a more efficient and environmentally friendly delivery network. 

However, due to the limited number of flights in the current context, economic benefits can be realized 

only if the cost of the Unmanned Aerial System (UAS) is funded. Instead, if the UAS cost is borne by 

the government, the high capital cost exceeds the operational savings, leading to a higher cost per vial 

compared to the status quo. Nonetheless, once the initial setup cost is overcome UAVs can reduce the 

operational cost vastly, ensuring the longevity of the vaccine program. Moreover, even though the 

homogenous (i.e., Only UAV) solution yields better savings than the heterogeneous (i.e., Truck and 

UAV) solution, considering the higher capital resources required to implement the homogeneous 

solution, later is recommended for the initial execution.  

 

Keywords: Drone, UAV, Vaccine delivery, Vehicle routing problem, Healthcare supply chain 

  

1. INTRODUCTION  

 

The Expanded Program on Immunization (EPI) is the mandatory vaccination program introduced by 

the World Health Organization, for pregnant mothers and children under the age of 1 year to be 

prevented from infectious diseases[1]. Since its implementation in Sri Lanka in 1978, the program has 

been the main component of the National Immunization Program. Currently, Sri Lanka has covered 

more than 90% of the effective population in all vaccines under the program[2]. However, the vaccine 

supply chain is suffering from last-mile distribution issues, imposing a heavy financial burden on the 

government along with severe wastage and time consumption[1]. The main sources of such 

inefficiencies are the reliance on the road network and the persisting issues in the cold chain[1]. 

Therefore, analyzing technological advancements to overcome such inadequacies is timely.  

UAV is one of the foremost findings in industry 4.0, which has been effective in being a way out of the 

physical and economical impediments in conventional delivery networks[3]. Additionally, previous 

studies and pilot projects have assured UAV’s potential in successfully delivering healthcare products, 

whilst ensuring a significant positive impact on financial, environmental, and social aspects[4]. 

Therefore, UAVs could be a likely candidate to overcome the existing vaccine distribution 
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inefficiencies in Sri Lanka. Hence, our study determines the potential benefits of its implementation in 

vaccine last-mile delivery. 
 

2. METHODOLOGY 
 

A comparative analysis was conducted to realize the benefits of using UAVs for vaccine last-mile 

delivery[4]. Under the comparative analysis, 5 KPIs were calculated and compared between the current 

delivery plan and the UAV delivery solutions[4]. The UAV inclusive delivery solutions include 2 

distribution plans with a heterogeneous fleet (i.e., Truck with UAV) and a homogenous fleet (i.e., UAV 

only). The 5 KPIs calculated were (1) Cost per vial; when the UAS cost is funded (Includes energy cost 

and employee salaries), (2) Cost per vial; when the UAS cost is not funded (Includes energy cost, 

employee salaries, and UAS infrastructure cost), (3) Time consumption per delivery round, (4) Annual 

energy consumption and (5) Annual carbon dioxide emission. 

 

The Vehicle Routing Problem (VRP) technique was utilized from a plethora of route optimization 

techniques to determine the UAV delivery solutions[5],[6]. To solve the VRP, the Open Source Vehicle 

Routing Problem Spreadsheet Solver by Dr. Erdoǧan[7] was used. The solver is a metaheuristic 

algorithm with the objective function of minimizing cost, coded through visual basic[7].  

 

3. DATA COLLECTION 
 

Given the inefficiencies of last-mile delivery and routine distribution, UAV delivery solutions were 

proposed for the distribution arc between the RMSDs and MOH units. Out of the 26 RMSDs, Gampaha 

RMSD was selected for the data collection and analysis because of the existence of a systematic and 

comparable delivery plan. Gampaha RMSD distributes vaccines to 15 MOH units every month using 

four truck rounds. However, the existing delivery plan (i.e., Only trucks) does not utilize optimized 

routes. Therefore, when compared with the UAV solutions derived from the solver, a false benefit is 

shown. Hence, for accurate evaluation and comparison, the current delivery plan was also optimized 

using the same spreadsheet solver, before being associated with the UAV solutions[3]. 

 

4. RESULTS  
 

4.1. VRP spreadsheet solver results 

 

Figure 1, Figure 2, and Figure 3 display the optimized current delivery plan, heterogeneous fleet 

delivery solution, and homogeneous fleet delivery solution respectively.  

 

 

 

 

 

 

 

 

 

 
Figure 1. Optimized current 

delivery plan  

 

Truck 1 Truck 2 Truck 3 Truck 1 UAV 1 

Figure 2. Heterogeneous fleet 

delivery solution  

UAV 1 UAV 2 

Figure 3. Homogeneous fleet 

delivery solution  
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The UAV utilized in the solutions is a small, electric vertical takeoff and landing (VTOL) drone, and 

the truck is a medium-sized lorry powered by fuel. It was also assumed that the UAV and truck maintain 

an average speed throughout the trips at 100km/h and 35km/h respectively. Further, the UAV has 

payload, range, and driving time limitations per trip at 5kg, 75km, and 1 hour respectively. 
 

4.2 Comparative Analysis of the KPI 

 

Figure 4 depicts the KPI comparisons between the optimized current plan and UAV inclusive solutions.  

 

 
Figure 4. KPI Comparisons between the Optimized Current Plan and UAV Solutions 

 

5. CONCLUSION  
 

Implementing a UAV delivery solution is more efficient and environmentally friendly due to the 

reduction in time consumed and carbon dioxide emission. On the hindside, due to the limited number 

of flights per year, the operational cost of vaccine distribution can be reduced only if the initial UAS 

cost is funded. If it is not, the infrastructure cost overrides the operational cost savings resulting in a 

higher cost per vial than the status quo. It could be overcome by increasing the number of flights across 

different healthcare use cases, expanding the savings enough to cover the initial setup cost. 

Nevertheless, when the initial infrastructure cost is covered either by funds or an increased number of 

flights, UAVs are a promising solution to overcome the inadequacies in the local vaccine supply chain. 

Furthermore, it was identified that the homogeneous solution produces better savings than the 

heterogeneous solution. However, considering the high preliminary resources required, it is suggested 

to initially apply the heterogeneous plan and gradually shift to a homogeneous plan in the future years. 

This enables frictionless adoption of UAVs into the healthcare system as well. 
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ABSTRACT - Installation of Global Positioning System (GPS) technology on freight vehicles is a 

significant strategy that paves the way for sustainability in freight transportation. Hence, evaluating the 

outcomes of the above-mentioned strategy using appropriate indicators is paramount important. Even 

though fuel cost and carbon emission have been used as indicators to evaluate sustainability in freight 

transportation, they fail to produce meaningful comparative evaluation along with vehicle categories. 

The purpose of this study is to propose ‘fuel cost per vehicle’ and ‘carbon emission per vehicle’ as the 

indicators for evaluating sustainable freight transportation using Vehicle Miles Travelled (VMT). 

Secondary data on the total carbon emission of all the vehicles irrespective of GPS installed or not, 

VMT for both GPS installed, and GPS non-installed vehicles were collected. Methods have been 

proposed to define the proposed indicators using the collected data. The proposed indicators reveal that 

the per vehicle carbon emission and per vehicle fuel cost are lower for GPS installed vehicles over GPS 

non installed vehicles (6,987.64Kg versus 17,791.35Kg, LKR269,432.59 versus LKR686,008.02). The 

findings align with existing scholarly work and industrial application on GPS installation of freight 

vehicles. This research contributes to performance evaluation of sustainable freight transportation. 

 

Keywords: Sustainability; GPS Installation; Freight Transportation 

 

1. INTRODUCTION 

 

Installation of GPS technology on freight vehicles helps tracking vehicles. Tracking vehicles leads to 

reduction of inefficiency and mismanagement in maintenance and operation of freight vehicles. At the 

end, GPS installation to freight vehicles leads to sustainability in freight transportation. In general, 

sustainability is expressed in terms of economic, environmental, and social developments. Evaluating 

the outcomes of the installation of GPS technology on freight vehicles for their enabling sustainability 

is paramount important. Indicators for economic, environmental, and social outcomes of GPS 

installation on freight vehicles have been developed in the literature.  Indicators such as fuel cost, 

insurance premiums, average annual fuel consumption, operational and maintenance cost have been 

used to evaluate the economic sustainability. Green House Gas emission per capita and CO2 emission 

savings are some of the indicators used to evaluate the environmental sustainability [1]. Existing 

indicators use VMT for both economic and environmental outcomes.  But existing indicators fail to 

help evaluate the freight transport sustainability performance among the GPS installed and GPS non 

installed vehicles. Failure of indicators in evaluating the economic and environmental freight transport 

sustainability in GPS installed and non-installed vehicles results in improper performance 

measurements. According to the Central Limit Theorem (CLT) the probability distribution of the 

averaged measurements will be closer to a normal distribution than that of individual measurements, 

the average based or per vehicle-based indicators were used for a scenario based comparative analysis 

which generally mitigate the issue of improper sustainability performance measurements. The objective 

of this study is to propose average based or per vehicle based economic and environmental indicators 

that help evaluating freight transport sustainability performance.  
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2. MATERIALS AND METHODS  

 

2.1. Method of Measuring 

 

Fuel cost per vehicle and Carbon emission per vehicle are the proposed two indicators under the 

economic and environmental aspects respectively by using the VMT. VMT is the total distance travelled 

by all the vehicles of a particular fleet and an effective performance measurement use in Transportation 

management [2]. According to the United States Environmental Protection Agency (US EPA, 2011) 

Climate Leaders Guidance for Mobile Combustion Sources [3], the amount of fuel consumed by the 

fleet was derived along with amount of carbon emission by each type of fleet and the carbon emission 

factor for the unit of fuel combusted. The below mentioned equations were used to define carbon 

emission per vehicle and fuel cost per vehicle values for the scenario of GPS installed (i) and GPS non 

installed (j) respectively. It is assumed that GPS installed, and GPS non installed vehicles are at the 

same conditions which are falling in the same vehicle category, vehicle make and model.  

 

𝑇𝐶𝑖 = 𝑇𝐶𝑎 ∗ 𝑉𝑀𝑇𝑖/𝑉𝑀𝑇𝑎         (1) 

𝑇𝐶𝑉𝑖 = 𝑇𝐶𝑖/𝐹𝑖           (2) 

𝐹𝐶𝑜𝑛𝑖 = 𝑇𝐶𝑖/𝐸𝑓          (3) 

𝐹𝐶𝑉𝑖 = 𝐹𝐶𝑜𝑛𝑖 ∗ 𝐹𝑃/𝐹𝑖          (4) 

 

Where, 

𝑇𝐶𝑖 = 𝑇𝑜𝑡𝑎𝑙 𝑐𝑎𝑟𝑏𝑜𝑛 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑏𝑦 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝑠 𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑 𝑤𝑖𝑡ℎ 𝐺𝑃𝑆 (𝑖𝑛 𝑘𝑔) 
𝑇𝐶𝑎 = 𝑇𝑜𝑡𝑎𝑙 𝑐𝑎𝑟𝑏𝑜𝑛 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑏𝑦 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝑠 (𝐺𝑃𝑆 𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑 𝑎𝑛𝑑 𝑛𝑜𝑛 𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑) (𝑖𝑛 𝑘𝑔) 

𝑉𝑀𝑇𝑖 = 𝑇𝑜𝑡𝑎𝑙 𝑉𝑒ℎ𝑖𝑐𝑙𝑒 𝑀𝑖𝑙𝑒𝑠 𝑇𝑟𝑎𝑣𝑒𝑙𝑙𝑒𝑑 𝑏𝑦 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝑠 𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑 𝑤𝑖𝑡ℎ 𝐺𝑃𝑆 (𝑖𝑛 𝑀𝑖𝑙𝑒𝑠) 

𝑉𝑀𝑇𝑎

= 𝑉𝑒ℎ𝑖𝑐𝑙𝑒 𝑀𝑖𝑙𝑒𝑠 𝑇𝑟𝑎𝑣𝑒𝑙𝑙𝑒𝑑 𝑏𝑦 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝑠 (𝐺𝑃𝑆 𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑 𝑎𝑛𝑑 𝑛𝑜𝑛 𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑) (𝑖𝑛 𝑀𝑖𝑙𝑒𝑠) 

𝑇𝐶𝑉𝑖 =  𝑇𝑜𝑡𝑎𝑙 𝑐𝑎𝑟𝑏𝑜𝑛 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑝𝑒𝑟 𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝑠 𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑 𝑤𝑖𝑡ℎ 𝐺𝑃𝑆 (𝑖𝑛 𝑘𝑔) 

𝐹𝑖 = 𝐹𝑙𝑒𝑒𝑡 𝑠𝑖𝑧𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑 𝑤𝑖𝑡ℎ 𝐺𝑃𝑆 

𝐹𝐶𝑜𝑛𝑖 = 𝑇𝑜𝑡𝑎𝑙 𝐹𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑏𝑦 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝑠 𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑 𝑤𝑖𝑡ℎ 𝐺𝑃𝑆 (𝑖𝑛 𝐿𝑖𝑡𝑒𝑟𝑠) 

𝐸𝑓 = 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑢𝑛𝑖𝑡 𝑜𝑓 𝑓𝑢𝑒𝑙 𝑐𝑜𝑚𝑏𝑢𝑠𝑡𝑒𝑑  

(𝐴𝑐𝑐𝑜𝑟𝑑𝑖𝑛𝑔 𝑡𝑜 𝑡ℎ𝑒 𝑈𝑆 𝐸𝑃𝐴 𝐶𝑙𝑖𝑚𝑎𝑡𝑒 𝐿𝑒𝑎𝑑𝑒𝑟𝑠 𝑔𝑢𝑖𝑑𝑎𝑛𝑐𝑒, 2011) (𝑘𝑔/𝐿𝑖𝑡𝑒𝑟𝑠) 

𝐹𝐶𝑉𝑖 = 𝐹𝑢𝑒𝑙 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝑠 𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑 𝑤𝑖𝑡ℎ 𝐺𝑃𝑆 ( 𝑖𝑛 𝐿𝐾𝑅) 

𝐹𝑃 = 𝐹𝑢𝑒𝑙 𝑝𝑟𝑖𝑐𝑒 𝑝𝑒𝑟 𝐿𝑖𝑡𝑒𝑟 (𝐴𝑐𝑐𝑜𝑟𝑑𝑖𝑛𝑔 𝑡𝑜 𝑡ℎ𝑒 𝐶𝑒𝑦𝑙𝑜𝑛 𝑃𝑒𝑡𝑟𝑜𝑙𝑒𝑢𝑚 𝐶𝑜𝑟𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 𝑎𝑠 𝑜𝑓 2020) 

 

2.2. Data collection 

 

This method is demonstrated to a leading ABC freight forwarding firm in Sri Lanka. This method is 

applied to 1467 freight vehicles installed with GPS and a set of 45 freight vehicles which are not 

installed with GPS. The secondary data on the total carbon emission of all the vehicles irrespective of 

GPS installed or not, vehicle miles travelled by both category of vehicles were collected. Value for 

emission factor for particular fuel type was derived from US EPA [3]. Fuel cost per liter value was 

derived from Ceylon Petroleum Corporation website as of 2020. 

  

3. RESULTS AND DISCUSSION  

The results were derived based on the assumptions that the vehicle capacities and engine characteristics 

of all the GPS installed and GPS non-installed vehicles are same. According to the derived results as 

shown in the figure 1; 6,987.64 kg and 17,791.35 kg of total carbon emission per vehicle were derived 

from equation (1) and (2), for the vehicles with GPS and without GPS respectively. Also, 

LKR269,432.59 and LKR686,008.02 of fuel cost per vehicle values were derived from equation (3) and 

(4), for the vehicles with GPS and without GPS respectively. All these values indicate that GPS 

installation to freight vehicles yields lower carbon emission and lower fuel cost. This leads to 

environmental and economic sustainability ultimately. This is due to the installation of GPS fleet 
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management application which helps in identifying the shortest path, providing optimal solutions to 

reduce fuel and capital expenditures with optimal allocation of vehicles.[4] Using these indicators, 

transport operators would be able to identify performance of the GPS installed freight vehicles within 

the fleet and take appropriate actions to reform the performance of the vehicles. With these appropriate 

actions, transport operators would be able to avoid future cost associated with the operational and 

maintenance of vehicles by prioritizing GPS installations.  

 

Table 8. Collected Data 

Variable Value 

𝑻𝑪𝒂 11,051,000.00 kg 

𝑽𝑴𝑻𝒊 14,468,767.89 Miles 

𝑽𝑴𝑻𝒋 1,129,361.68 Miles 

𝑽𝑴𝑻𝒂 15,598,129.60 Miles 

𝑭𝒊 1467 

𝑭𝒋 45 

𝑬𝒇 2.69 kg/Liters 

𝑭𝑷 104.00 LKR/Liter 

Reference: Authors, 2022 

 

Table 9. Calculated Values 

Variable Value 

𝑻𝑪𝒊 10,250,867.15 kg 

𝑻𝑪𝒋 800,610.87 kg 

𝑻𝑪𝑽𝒊 6,987.64 kg 

𝑻𝑪𝑽𝒋 17,791.35 kg 

𝑭𝑪𝒐𝒏𝒊 3,800,561.70 Liters 

𝑭𝑪𝒐𝒏𝒋 296,830.60 Liters 

𝑭𝑪𝑽𝒊 269,432.59 LKR/Vehicle 

𝑭𝑪𝑽𝒋 686,008.02 LKR/Vehicle 

Reference: Authors, 2022 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Scenario-based analysis of GPS installation to freight vehicles 
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4. CONCLUSION   

 

According to the derived results, GPS installation on freight vehicles leads indirectly to achieve 

economic and environmental sustainability in freight transportation.  The proposed two indicators can 

be used in future works to evaluate the feasibility of implementing sustainable strategies in freight 

transportation with respect to economic and environmental dimensions. Future works can also explore 

the societal impact of GPS installation to freight vehicles and expand this study into different business 

scales, industries and for different types of fleet and engine capacities. This research contributes to the 

domain of evaluation of sustainable freight transportation. 
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ABSTRACT – This research applied an extension of the Vehicle Routing Problem (VRP) to optimize 

the distribution processes of a supermarket chain. This model is a combination of CVRP (Capacitated 

VRP), MDVRP (Multi-depot VRP), and HFVRP (Heterogenous fleet VRP). The applied model aims 

to minimize the distribution cost of the selected supermarket chain. All the constraints of the VRP model 

were defined based on the operational practices of the application.  The research aimed to compare the 

performances of three metaheuristic methods, Simulated Annealing (SA), Tabu Search (TS), and 

Guided Local Search (GLS) in optimizing the real-world application. Results highlighted that GLS 

outperformed in terms of the quality of the solutions and the computation time in optimizing the selected 

distribution network. This research is significant because it tests both the VRP model and the 

three metaheuristic methods using a real-world industry application. 

 

Keywords: vehicle routing; real-world application; metaheuristic methods; supermarket chain  

  

1. INTRODUCTION   

 

Vehicle Routing Problem (VRP) is a well-studied application in the field of Operations Research [1]. 

The VRP was first introduced by Dantzig and Ramser (1959) as a "truck dispatching problem" [2]. The 

model attempted to find optimal routes from the central depot to gas stations for a homogeneous fleet 

of trucks [2]. VRP was later generalized as a linear optimization problem [3]. VRP is represented 

mathematically as a directed graph G (V, A), where V = {0, 1, 2, n} set of nodes and A = {(i, j):i,j ∈ 

N}  indicates a set of arcs connecting nodes [3]. The depot is represented by node i=0, and other nodes 

indicate the customer locations. The fundamental version of VRP attempts to find the most economical 

route plan [3]. Various extensions of VRP have been published, such as capacitated VRP (CVRP), 

heterogenous fleet VRP (HFVRP), VRP with time windows (VRPTW), multi-depot VRP (MDVRP), 

multi-compartment VRP (MCVRP), VRP with pickup & deliveries (VRPPD), multi-echelon VRP 

(ME-VRP), and close-open mixed VRP (COMVRP), etc. [1]. 

 

Existing literature employed different solution approaches to solve the various types of route 

optimization problems [1]. Metaheuristic methods and exact methods are two types of solution 

approaches applied in the existing literature [1]. In the exact methods, search algorithms have been 

developed to examine the entire solution space to find the global optimal. Therefore, exact methods are 

not appropriate for the real-world applications of VRP, except the size of the problem is considerably 

small since exact methods take unrealistic computation time to solve complex problems. Generally, 

metaheuristic approaches do not examine the entire solution space. Therefore, metaheuristic approaches 

are unlike the exact methods and do not always promise global optimal solutions. However, those 

approaches can reach near-optimal solutions within a reasonable computation time. With the 

advancement in computation power, researchers found effective metaheuristic methods to tackle many 

VRP extensions [1]. Reference [1] highlights the research gap in comparing different metaheuristic 

approaches in solving real-world applications of VRP. Moreover, majority of VRP research is aimed at 

pure investigation and not at applications [1]. In consideration of above research gaps this research 

attempted to compare the performances of three well-known metaheuristic methods in solving an 

industry application of VRP. 

mailto:madushanfernando69@gmail.com
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2. METHODOLOGY 

 

Figure 1 highlights the flowchart of task sequencing the three main steps in the proposed research design 

identified, developing the routing model, applying metaheuristic methods, and conducting the 

numerical experiments. 

 

2.1. Routing Model 

 

The VRP model applied in this research was inspired by reference [4]. However, the reference [4] used 

synthetic data to test the model, whereas the current study attempts to use real-world data. This VRP 

model is the combination of the following VRP extensions. Further, the routing model aims to find a 

route plan that minimizes the distribution cost. 

• CVRP - Capacitated VRP applies to problems that are having vehicles with limited carrying 

capacity to pick up or deliver products [5]. 

• MDVRP - Multi-depot VRP is important when geographically dispersed multiple distribution 

centers serve customers [5]. 

• HFVRP – A fleet consists of vehicles with different capacities in real-world applications. 

Heterogenous fleet VRP tackles such applications [5]. 

 

2.2. Metaheuristic Methods 

 

Simulated Annealing (SA), Tabu Search (TS), and Guided Local Search (GLS) were the selected 

metaheuristic methods to compare in this study. GLS is a memory-based method that uses an augmented 

cost function and a penalty [6]. To accept better solutions, SA employs a probabilistic approach and 

operates until it reaches near-optimality [6]. TS is a memory-based technique that examines neighboring 

solutions until the near-optimal is reached [6]. 

 

2.3. Numerical Experiments 

 

The numerical experiments were performed on a computer with a Core i5, 5200U processor running at 

2.40 GHz - 2.42 GHz, and 8 GB RAM running Windows 10 Home 64 bit. OR-Tools version 7.2 and 

Python version 3.9.6 in Visual studio code version 1.60 were used to create the algorithms. Data was 

collected from one of the largest supermarket chains operating in Sri Lanka to investigate the 

performances of the three metaheuristic methods in solving the selected VRP model. We collected data 

types including location data, demand data, fleet data, and operation data. OSRM (Open-Source 

Routing Machine) API was used to assess the distance matrix of the current research. Further, this 

research used distribution cost and the computation time as the KPIs to compare selected metaheuristic 

methods. The search process of metaheuristic methods continues until it violates the stopping criteria 

defined in the algorithm. This research employed a “number of accepted neighbors” as stopping criteria. 

Different metaheuristics use identical strategies to accept neighbors in an iterative process during the 

neighborhood search process. 

Figure 1. Research design 
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3. RESULTS AND DISCUSSION  

 

Iteration results obtained for the three metaheuristic methods are highlighted in Figure 2 and Figure 3. 

Figure 2 highlights the daily distribution cost of the selected supermarket chain resulting from the three 

metaheuristic methods. Results depict that GLS optimized the selected distribution network more than 

the other two metaheuristic methods. Figure 3 summarized the computation time of three metaheuristic 

methods. According to that, GLS reaches near-optimality in less computation time compared to the 

other two methods.  Therefore, GLS outperformed in solving the selected real-world application of 

VRP. 
 

4. CONCLUSION  

 

This study attempts to fill a research gap by comparing different metaheuristic methods for solving real-

world VRP applications. This research found that GLS outperformed in terms of the quality of the 

solutions and the computation time in solving the selected industry application. Moreover, numerical 

experiments revealed that using the VRP model and the GLS results in a 16 % cost savings in the daily 

distribution process of the selected application. This research can be extended by using several other 

industry applications to test the VRP model and the metaheuristic methods. 
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