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Abstract

	Covid-19 has impacted greatly on Public Transportation, though academics cannot agree whether this impact was a positive, or a negative impact. This paper considers how sustainability in PT has been affected in respect of the 3 bottom line in the wake of Covid-19, and how PT responded to the pandemic. It also considers a proposal by (Hakovirta and Denuwara, 2020) to include “Health” as a 4th Bottom line in Sustainability, which this paper agrees with after the effects of Covid-19. The paper also considers Micro-mobility as an option and replacement of conventional PT in perspective of 3BL, and also 4BL, highlighting the possibilities that lie in developing the systems already in place, and improving on them. 
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1. [bookmark: _Toc55845842]Introduction

Covid-19, full title SARS-CoV-2, or “Severe Acute Respiratory Syndrome Coronavirus 2” (WHO, 2020a), had a significant impact globally. Originating in Wuhan, Hubei Province, China, the virus has spread around the world (Kamel Boulos and Geraghty, 2020) spreading through droplets released while speaking and coughing (Shen et al., 2020). The Spread of the virus can be followed seen on the picture by (Su and Secon, 2020).
In this paper, one of the focus will be how Covid-19 has affected the sustainable logistics, primarily Public Transportation (PT), in perspective of the 3 Bottom Lines. The 3BL as per understood in this paper will reflect on the ideas of Mangan et al. (2008) and Hakovirta and Denuwara, (2020):

Triple Bottom Line (3BL) – A perspective on sustainability that includes economic advancement and profitability; environmental and planetary views on PT; and the social and human factor that closes the idea of the 3BL. 

Also on the suggestion of Hakovirta and Denuwara (2020) the paper will consider the 4th bottom line, health, in the following format:
[image: Map tracks novel coronavirus spread in countries around the world -  Business Insider]
Fourth Bottom Line (4BL) – Health in the wake of Covid-19 will need to be considered, as during a health crisis no logistic format was sustainable, as they all posed risks to the health of participants, supported by further research (Gutiérrez et al., 2020; Hu et al., 2020; Lai et al., 2020; Ohkusa and Sugawara, 2007; Yasuda et al., 2008; Zhang, 2020). 

Due to noticeable drop in ridership levels, cited by Tirachini and Cats (2020) in their research on the impacts of Covid-19. They showed a 50% capacity reduction on Chinese buses to maintain distancing, while they also highlight a significant drop in levels in both Taiwan and Singapore. Furthermore, their research highlights for this paper’s purpose, that there was a higher drop in ridership amongst high income people, a drop of 70%, while low to mid income people only had a ridership drop of 30% to 40%. 
The definition of sustainability used in this paper will be that of Cambridge Dictionary (2020), which is:

“The quality of causing little or no damage to the environment and therefore able to continue for a long time.” - (Cambridge Dictionary, 2020)

These are the ideas and definitions to keep in mind for the rest of this paper, for it is within these contexts that the impact of Covid-19 on Sustainable Public Transport be evaluated and analysed. 

2. [bookmark: _Toc55845843]Covid-19
2.1. [bookmark: _Toc55845844]Health Impacts

Covid-19 has proven itself to be a deathly disease with the official UK government Covid-19 case tracker identifying 167,515 total cases, and has confirmed 58,925 Covid-19 related deaths (GOV.UK, 2020). Its most common symptoms as per listed on the WHO (2020b)website are: 
· Fever
· Dry cough
· Tiredness

There have been other health impacts raised on the site as well, such as difficulty breathing, chest pains and loss of speech or movement. WHO further highlights that the symptoms of the disease can take up to 14 days to show, making many people compare this disease to the 1918 Spanish Flue (Lai et al., 2020; Teixeira and Lopes, 2020; Zhang, 2020).



2.2. [bookmark: _Toc55845845]Health Risk of Public Transport

Research into the attack rate of travellers on trains done by Hu et al. (2020) show that in a train that has 5 columns of seats, and 3 rows – one on which sits the infected, and from there one row back and ahead – had an attack rate range of 0 to 10.3%, with the avg. number being 0.32%. He found that this number increases rapidly when the uninfected people sit adjacent to infected people, and further increases with time. This is an issue, as Lai et al. (2020) found in his analysis of cities and how they spread Covid-19 highlights how large cities have long distances, increasing time spent on PT. In the UK, the avg. time spend traveling in 2018 has been around 29 minutes (Kronberg and Weekes, 2019), which is plenty of time to contract a disease.
As such it is not surprising that governments have discouraged the use of PT during the pandemic, (Budd and Ison, 2020; Tan and Ma, 2020), where many countries have implemented lockdowns (BBC News, 2020; The Guardian, 2020). 

2.2.1. [bookmark: _Toc55845846]Public Transport as Enabler of Spread

As have been mentioned before, there is a common agreement amongst the academics that PT is a major spreader of diseases (Gutiérrez et al., 2020; Hu et al., 2020; Lai et al., 2020; Ohkusa and Sugawara, 2007; Yasuda et al., 2008), though  there is one group voices that reasons otherwise. 
In a study about the spread of diseases in New York via the tube, Cooley et al. (2011) argues that the tube only accounts for 4% of infections, and as such restrictions on PT alone would be ineffective. And while in that later statement he is supported by other research by Yasuda et al. (2008), who found that no one action alone can prevent the spread, and said that schools were just as bad as a spreader as PT, Tan and Ma (2020) point out that discounting that 4% spread was a mistake. 

2.2.2. [bookmark: _Toc55845847]4th Bottom Line

The 4BL is something that was suggested by Hakovirta and Denuwara (2020) and this paper wishes to examine further, as it could have the greatest impact on sustainability caused by Covid-19. The research by Hakovirta and Denuwara (2020) examines and evaluates the idea of sustainability in wake of the Covid-19, recommend amongst others that businesses should re-evaluate the robustness of local supply chains compared to the price of Global chains, as well as suggesting that a 4BL would be more ideal, that includes health, as well as the currently perceived 3BL. 
Their research highlights how Covid-19 have toppled PT, and even threatened one of the core pillars of 3BL, society and people, with the inequalities revealed between social classes. This was also noted by other writers (Gutiérrez et al., 2020; Tirachini and Cats, 2020), and can be an idea to be further researched.  
3. [bookmark: _Toc55845848]Public Transport Response
3.1. [bookmark: _Toc55845849]Environment

The environmental perspective of buses was always positive, seen as a way forward in greener urban transportation (Altun and Furth, 2009; Cools et al., 2009; Gutiérrez et al., 2020; Majumder et al., 2019; Strale, 2019; Sui et al., 2020). A research into emissions released by busses versus cars on an 100 passenger mile stretch by Sui et al. (2020) showed that cars with 1 people in them released 89lb of CO2 for each passenger mile, while busses capable of carrying 70 people when filled had only 14lb of CO2 for each passenger mile. 
Two authors further contributed to this research. One was Altun and Furth (2009) who proposed and showed a case study of transit signal priority, which would allow buses to travel with less stops. This allows them both to be more punctual, and also to make them less likely to get caught in traffic, which majorly increases emissions. The other research was by Majumder et al. (2019) who was looking into an all-electric bus only partially connected to the national power grid, which would reduce CO2 emissions even further. 
Although, with the reduced ridership numbers during Covid-19, in some cases up to 70% (Lawrence and Granath, 2020), it is questioned if buses can remain greener than cars. There is a systematic decrease in usage of buses, in some cases down by 5.64% (Huang et al., 2020), Sui et al. (2020) shows that if bus ridership fell by 40% then the car would become more emission efficient. 

3.2. [bookmark: _Toc55845850]Social

To quote Lawrence and Granath (2020):

“It’s been said that if you want to get a feel for the diversity of humanity, take a ride on busy public transport.”

PT has a job to transport commuters to their destinations and back, and so it plays a major part in the social system, able to influence where social needs are easily accessible and connected (Giles-Corti et al., 2016). While at the moment suffering from a perception that it spreads the Covid-19 disease, PT was responsible for 5.8 billion passenger journeys in 2018/2019, as per reported by Kronberg and Weekes (2019). 
Compared to that number, Topham (2020) reported that only 4% of pre-Covid-19 levels of train was being used, even as British transport minister David Brown urged the government to try and encourage people back to the buses and trains. 
In terms of decrease, Tirachini and Cats (2020) highlight the best how different this drop in ridership is. There was a 70% ridership drop for upper class passengers, as they were more likely to be able to work from home, all the while lower and middle class passengers couldn’t do that, only reducing their ridership to 30% to 40%. This shows a deep societal inequality, also highlighted by Hakovirta and Denuwara (2020). This inequality and disruption of one of the 3BL by Covid-19 nearly toppled the idea of sustainability, and have made them question if a 4th base line is needed.

3.3. [bookmark: _Toc55845851]Economic

A study by Ahmed et al. (2020) predicts that Covid-19 could cost the world $10 trillion, which is not an inconsiderable sum. While this is only a prediction, it questions how economically viable and sustainable our current PT systems are. 
Many bus companies have reported that due to reduced riders they are facing financial issues, such as the cases shown by Lawrence and Granath (2020). They highlight how Transport for London (TfL) have reportedly claimed that they are predicting a £500 million loss for the year, all the while BART, the San Francisco transport provider is currently facing losses of $37 million a month. And while there are news outlets in the UK claiming that financial aid is being provided to the transport sector (Mehmet, 2020), statistics presented by Whitehead (2020) claimed to have been provided by the National Audit Office, finical support has been steadily decreasing, a trend reinforced by the survey results presented by Zhang (2020), who claims that only 27.8% of survey responders observed monetary compensation to Public Services.
But even if such compensation was given as talked about by Mehmet (2020) and Tirachini and Cats (2020), where the former claims that a total of £700 million is spend to support the PT sector, and the later that multiple governments are actively aiding PT sectors, such as Chile compensating 80% of lost demand in its capital and the Dutch government dedicating €1.5 billion to Dutch railways and 3 urban operators in 2 of its major cities, Tirachini and Cats (2020) also highlight that many of the measures are temporary and aren’t sustainable in the long term. They point out that many PT provider face bankruptcy. 

4. [bookmark: _Toc55845852]Micro Mobility

Recently legislative changes allowed the introduction of e-scooters to UK streets (Ford Media Centre, 2020), which have become an instant hit, reaching 10,000 ridership in only a month in Milton Keynes (Ford Media Centre, 2020). Though requiring at the least a provisional driving licence to operate (Hull, 2020), these scooters can be a good alternative to cars and even buses. 
Milton Keynes has been the testing ground of many new technologies, such as the delivery robots (BBC News, 2018) and now the e-scooters being trialled in Milton Keynes. Milton Keynes is also similar in built to Stevenage as per shown in (Foreman and Kendler, 2018) with dedicated cycle paths separate from the road. Because of this, it is an ideal place to test how micro-mobility would integrate into the broader PT network, though how this will effect bus and train companies, and if it becomes and alternative or just a “last-mile” journey option is remains to be seen and studied. 

5. [bookmark: _Toc55845853]Conclusion

The effects of Covid-19 on the Sustainable Transportation considering the 3BL is too broad to be easily summarised and analysed in a single paper. While more research into the subject should be made, with a dedicated paper considering Global Transportation, the Cruise industry, and Supply chains, these have to be left for a later date. This paper only had the capacity to truly analyse urban transportation, and what Covid-19 done to effect it in terms of Sustainability. Because of that, one of the conclusions is that a greater investment and attention should be given to other aspects.
A second conclusion is that the urban transportation sector has been gravely hit, and many of its sustainability foundations in the 3BL concept have been shaken, as fragility has been revealed. The systems in place before Covid-19 were just not ready to deal with this sort of shock, and so no urban transportation company had an effective method to combat its blast effects. A primary concern has to be given to two aspects especially: health and hygiene of PT, and Social equalities. These two aspects have to be improved if PT is to have a future. 
This paper also concludes that further research and support must also be placed into the idea of the 4BL and micro-mobility research. 
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