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From public health, to the environment, to the economy, the Coronavirus (COVID-19) pandemic has affected every aspect of daily life (Tsui, 2020). Starting in December 2019 (Arellana et al., 2020), COVID-19 has spread worldwide causing the largest ‘mass shutdown’ in human history (Leach et al., 2020). This ‘mass shutdown’, or ‘lockdown’ as it has been termed in many countries around the world, has resulted in both direct and indirect impacts on the environment. As well as lockdowns, governments around the world have imposed a host of other strategies in an attempt to slow the spread of the virus. Each of the strategies imposed has aimed to shutdown social and economic activities, and include partial or complete lockdowns, daytime curfews, bans on public assemblies, closure of non-essential businesses and the closure of educational institutions (Karnon, 2020; Gentilini et al., 2020; International Energy Agency (IEA), 2020a).
Li and colleagues (2020) state that during a global pandemic, governments and policymakers should prioritise measures to contain the spread of the virus rather than favouring economic activities. Indeed, this was the preferred strategy of most governments around the world who promoted and enforced behavioural changes in their countries citizens by means of reducing social contact and restricting travel habits (Arellana et al., 2020).
In the months following the declaration of the Public Health Emergency, several cities around the world were in lockdown; countries had declared emergencies and mobilised extra funding in an aim to tackle the threat (Arellana et al., 2020). Amongst efforts was the decision to suspend travel, either by placing areas under ‘local lockdowns’ such as in the UK, whereby people could only travel within their home county, or wider travel bans which saw countries ban people entering if they were travelling from countries with, for example, extremely high infection rates, mutant strains or raising rates.
Although countries around the world were facing the spread of the same virus, each suffered it in different ways, and over varying time scales. Italy, for example, has struggled in the past with respect to their healthcare system which has faced cuts of more than €37 billion (Armocida et al., 2020). This, coupled with the immense pressure caused by the pandemic, meant that the Italian Civil Protection undertook a fast-track public procurement to secure 3,800 ventilators, an additional 30 million protective masks and 67,000 severe acute respiratory syndrome coronavirus tests (Armocida et al., 2020). This procurement was essential to protect the population from catching the virus, and also to treat those who had already caught it. However, a demand for resources of this magnitude inevitably has impacts on the environment, particularly when a number of countries around the world were also demanding resources, the environmental impacts increase drastically. 
The various strategies of governments, and the various states of emergency in countries around the world, has seen the closure of non-essential businesses (International Energy Agency, 2020). This closure meant that businesses had to adapt in order to continue operations. This shift in day-to-day life saw workers adapting to working from home (Delgado et al., 2021) which in turn brought direct and indirect impacts on the environment. Such impacts have been both positive and negative; for example, reduced travel leading to reduced emissions (Wang et al., 2020) was highlighted as a positive of the major lockdowns.
Following recommendations from the World Health Organisation (WHO), some governments adopted drastic measures to halt the spread of COVID-19 and these were based on the Chinese experience and previous health crises (Tay et al., 2010). These drastic measures had a range of impacts on the environment which will be explored in this assignment; in particular, how forced behavioural changes have resulted in reduced emissions and pollution, reduction in electricity consumption but increased medical waste and indeed waste in general.
[bookmark: _Toc66730256]Positive Impacts of COVID-19 on the Environment
Environmental sustainability is threatened by many factors: global warming, urban air pollution, water shortages and loss of biodiversity (Steg and Vlek, 2009). Many of these problems can be attributed to human behaviour, therefore suggesting that changing certain behaviours can manage such environmental problems and the effect they have on sustainability (Steg and Vlek, 2009). During the global pandemic, vast majorities of populations have been subjected to forced behaviour changes, as many saw their day-to-day lives change in line with government mandated lockdown orders. Largely, this saw people move to home working through the week, and also reduced their ability to undertake their ‘normal’ weekend activities. An inevitable side effect of this was on the economy and the environment. The economy has struggled with many sectors being closed completely, for example travel and hospitality. Whereas the environment has experienced a range of impacts from the ‘stay at home’ orders.
The Earth is a dynamically changing planet that is predominantly shaped by socio-ecological interactions, and variations are common in a nonlinear system (Cheval et al., 2020). Passing certain thresholds may push the stability of such a system into a new regime which could lead to significant consequences at varying spatial and temporal scales (Cheval et al., 2020). Lockdowns, quarantines and border closures in the wake of the pandemic have led to reductions in air pollution through decreased travel and production (El Zowalaty et al., 2020).
Understandably, the introduction of such measures has had wide ranging effects on both the human population and the natural environment. One particular environmental impact has arisen from the new ways of working, which has primarily moved to home working for many around the world. Researchers and policymakers have utilised non-traditional ‘real-time’ data by using OpenTable dining reservations, Apple Maps routing requests and Google Mobility reports to gain an understanding of lockdowns in real time (Leach et al., 2020).
To decide how electricity markets were affected by COVID-19, Leach et al. (2020) suggest that it is first necessary to identify the appropriate counterfactual: how would markets have evolved in the absence of the pandemic? This has been done using hourly electricity supply and demand from 2016 to the present for levels in various regions of Canada. Results of the comparison showed that electricity demand fell by approximately 5-10% relative to expected levels after the instruction of lockdowns in each province (Leach et al., 2020). Delgado and colleagues (2021) predict that power markets in North American could experience disruptions for at least 18 months and also report reductions of 5-15% in electricity loads.
When considering air pollutants, the major ones are sulphur dioxide, carbon monoxide, nitrogen oxides, particulate matter, ozone and volatile organic compounds (Zhang et al., 2016). Pathways of these pollutants into the atmosphere are mainly from human activities, hence it makes sense that lockdown situations decreased concentrations of these pollutants in the atmosphere (Ghahremanloo et al., 2020). One method used to investigate the levels to which this reduction was experienced was using satellite remote sensing to explore the impact of COVID-19 on the concentrations of said pollutants, and Ghahremanloo et al. (2020) found that nitrogen dioxide decreased the most between 2019 and 2020, recording a reduction of 83% in Wuhan. 
The traditional method for developing an emissions inventory typically involves a two-to-three-year time lag due to the delayed availability of data (Friedlingstein et al., 2019; Le Quéré et al., 2020). This provides an obstacle in situations where near-real time emissions estimates are needed (Han et al., 2020). Given the lack of real time CO2 emissions data, Le Quéré and colleagues (2020) devised an alternative approach to estimate emissions based on a confinement index (CI) developed to capture the extent to which different policies affect emissions, and available daily data of activity for a range of economic sectors. The observed change in CO2 emissions associated with the lockdowns are informative in a number of ways: firstly, the changes in emissions are due to forced reductions in energy demand as a result of lockdowns; secondly, during previous economic crises the decrease in emissions was short lived and post-crisis there was a rebound in emissions that restored their levels to the pre-crisis trajectory (Le Quéré et al., 2020). This indicates that similar could happen post-COVID-19 when lockdowns are no longer necessary. 
An alternative method for analysing CO2 emissions is to use GDP change rate as GDP data is more readily available as near-real time data (Han et al., 2020). Since CO2 emissions mainly come from the secondary industry, the growth rate of the secondary industry plays an important role in shaping the total changes in CO2 emissions (Han et al., 2020). It therefore agrees that emissions would decrease if secondary industry, which use large quantities of fossil fuels, are halted in a bid to reduce the spread of COVID-19 (Le Quéré et al., 2020; Wang et al., 2020). Using GDP data, Han and colleagues (2020) were able to calculate that the overall decrease in CO2 emissions in China at around 257.7 Mt, which is equitable to around 11%, with Hubei province contributing the most with a 15.6% decrease. 
Energy supply is a sector that is considered critical infrastructure and demand for energy, in particular electricity, is closely related to people’s activity (Santiago et al., 2014). Specifically, electricity consumption is closely linked to work activities, and this influence of economic activity on electricity demand has been evident in almost all countries around the world that imposed restriction measures (Santiago, 2021). Due to restriction policies, big electricity consumers such as factories and commercial buildings have been forced to close or move to minimum operation levels (Zhong et al., 2020) which inevitably has an impact on electricity usage.
A large proportion of countries around the world were following full or partial lockdowns during the tail end of the first quarter of 2020, which resulted in a global electricity reduction of 2.5% (Gulati et al., 2020). Some studies have highlighted that in some of the most affected countries, Italy for example, electricity demand has been reduced by almost 25% (Walton, 2020; Cicala, 2020). Santiago and colleagues (2020) report a similar scenario in Spain, where work has shown that since the beginning of the period of confinement from March to April, there has been a reduction in electricity consumption of 13.49% compared to consumption patterns in the same period from 2015-2019. The greatest reduction has been observed during the working week, with a drop of 14.53%, although weekends have also experienced a reduction of 10.62% (Santiago et al., 2020).
Despite reductions in electricity consumption generally, there have been priority loads due to hospitals and the increased need for ventilators in the direct care of patients with COVID-19 (Lewis and Hebner, 2020). In addition to this, as more and more people were ordered to work from home, residential loads took a greater share of energy consumption compared to normal (Zhong et al., 2020). Notwithstanding this, the effect of reduced demand in the industrial and service sectors has had an overall demand decrease throughout the day during the lockdown periods (Santiago et al., 2020).
This decrease in energy consumption saw a reduction in emissions from power generation were immediately observed (Zhong et al., 2020). This reduction in energy generation has affected coal-fired generations the most (Zhong et al., 2020) which has obvious benefits for the environment.
When the time comes that physical distancing measures and lockdowns are relaxed, there should be an indication of a slow return to business-as-usual scenario, although it is still too early to make speculations on whether the pandemic has caused permanent behavioural patterns in relation to electricity consumption (Delgado et al., 2021). In addition, the economic crisis associated with COVID-19 is markedly different from previous economic crises in that it is more deeply anchored in constrained individual behaviours (Le Quéré et al., 2020). It is unclear how long and deep this crisis will be, and how the recovery will look; thus, it is also unclear how CO2 emissions will be affected in the long term. However, keeping track of how CO2 emissions evolve can help to inform government responses to the pandemic to avoid locking future emissions trajectories in carbon-intensive pathways behaviours (Le Quéré et al., 2020).
The positive environmental effects are likely to be a temporary change but will hopefully serve as an example that changes in our way of life can have prompt positive effects for the environment (El Zowalaty et al., 2020). 
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Of course, a reduction in emissions is a positive outcome of the virus, as many countries around the world are affected by poor air quality. This can impact both the citizens of the country, and also add to the accumulative effect of emissions from around the globe. This accumulation has wide ranging impacts, one in particular is the physical health of people who live in areas with poor air quality.
One particular locality that has been severely affected by COVID-19 is California. Of all the states in the USA, California reported it has the fifth most infected patients making it one of the most affected states (Bashir et al., 2020). Of course, there are a number of factors to consider when looking at how COVID-19 spreads: being in close proximity to someone that is infected, touching an infected surface and populations with underlying health issues are just a few of the main transmission pathways. However, Bashir and colleagues (2020) put forward that high infection rates in the state of California are related to low air quality, greenhouse gas emissions and environmental pollutants which makes Californians more susceptible to infectious diseases such as COVID-19. This suggests that as well as COVID-19 having implications on the environment, that actually the environmental state of localities around the world has also had an effect on COVID-19. Moreover, locations around the world that have poor air quality may well have suffered higher cases of COVID-19, and even a higher death rate, which could be as a result of communities living their lives surrounded by air pollutants that are taking their toll on their respiratory systems. Thus, leading to a higher susceptibility of catching COVID-19 and experiencing more severe symptoms as a result. 
Over the last three decades, California has experienced ‘exponential growth’ in investments which have, on the surface, improved the living standards of its people (Bashir et al., 2020). The state is often portrayed in the media as having a healthy and affluent way of life and attracts people to move there as a result. However, the developments that have led to this ‘high standard of living’ have come at the cost of Californians’ health due to the deteriorating air quality in the state (Bashir et al., 2020). In fact, 10 of the top 25 most polluted cities in America belong to California, despite several environmental initiatives from state officials (Bashir et al., 2020). According to WHO press release, there are seven million deaths around the world related to air pollution and poor air quality (WHO, 2018) and Centres for Disease Control estimates that around 360,000 people die in the USA alone due to air pollution (Bashir et al., 2020). 
In a recent seminar discussion with fellow colleagues, it was put forward the high rate in California could be due to the aging population. The same could be said for Italy, a country which has been at the forefront of European news as it was one of the first countries in Europe to experience such high rates. Again, this could be linked with an aging population. However, there are also factors to consider such as poor investment in medical supplies and possibly even the fact that in some of the most affected regions, the National Healthcare Service is close to collapse (Armocida et al., 2020).
Of course, California is only an example of where this has been reported, and as the pandemic is still affecting large parts of the world, research into the link between poor air quality and a higher prevalence of COVID-19 has not fully been studied. Notwithstanding this, California can be used as an exemplar to inform countries around the world that also have poor air quality. There are also arguments that air quality is not the most prevalent environmental outcome from the pandemic, and that actually increase in waste is a more pressing topic.
There have been obvious negative impacts of the pandemic on psychological stress, fear, severe global economic losses, overwhelmed health care systems and general disruption to the normal way of life (El Zowalaty et al., 2020); however, the ongoing pandemic is also having some negative impacts on the environment. Such a far-reaching outbreak pandemic is inevitably going to have a range of impacts, and one of the most notable negatives is the waste emerging, particularly from medical institutions (Eroğlu, 2020). Reports from Wuhan, the so-called ‘epicentre’ of the pandemic (Arellana et al., 2020), state an average of 240 tons of medical waste was produced daily in hospitals, a value six times larger than normal (Zuo, 2020). Included in this medical waste are plastic based medical masks which have been used worldwide, capable of causing harm to the environment (Eroğlu, 2020).
All waste generated by biomedical research institutions, health facilities and medical laboratories is categorised as healthcare waste (Rupani et al., 2020). The pandemic has an increasing environmental impact linked to higher plastic consumption and disposal, and the increasing critical health problems have magnified this problem with the unexpected rise of plastic item demands (Klemeš et al. 2020). Even before the pandemic, plastic from healthcare waste was an issue as processing healthcare waste which can often be contaminated with pathogens was regarded as a critical environmental related matter because of the increasing challenges of potential contamination in the Earth and ocean system (Rajmohan et al. 2019). As a result, universal disposal processes are incapable of adequately regulating plastic disposals, and the forthcoming wave in the volume of plastic disposals due to the pandemic will create great issues for the environment (Schlegel 2020; Yu et al. 2020). 

The founder of ‘Seas Without Plastic’ Tracey Read stated that masks are made of polypropylene, a type of plastic that is ‘very difficult to get lost in nature’ (cited in Eroğlu, 2020). Beaches are one of the most important natural capital assets found in coastal areas (Zambrano-Monserrate et al., 2018). Despite this, irresponsible use by people, both local and tourists, has caused many beaches around the world to experience pollution problems (Partelow et al., 2015). Issues surrounding waste on beaches during the pandemic was discussed in a recent seminar with fellow colleagues. One charity discussed was Surfers Against Sewage, who have been leading on a number of initiatives in an aim to improve beach conditions. One way in which they promoted this was through the use of the hashtag, #MiniBeachClean (Surfers Against Sewage, 2020a). This was used on social media to encourage household bubbles to take part in cleaning up beaches where possible. The charity also claim that plastic litter has become a bigger problem during the pandemic due to roll backs in government policies such as a temporary relaxation of the 5p carrier bag charge for delivery orders, and delays to the implementation of single use bans (Surfers Against Sewage, 2020b). Similarly, some industries have also seized the opportunity to revoke disposable bag bans (Zambrano-Monserrate et al., 2020).
Another cause of an increase in waste which was discussed in the seminar was that of single use cups from takeaway vendors. Large coffee chains started refusing to allow customers to use their own reusable receptacles for their beverages amid fear of transmission of COVID-19 (Surfers Against Sewage, 2020b; The Sunday Times, 2020), despite a lack of scientific evidence to suggest that using refillable containers increases the risk of spreading or contracting the virus (Surfers Against Sewage, 2020b).  However, Schlegel and Gibson (2020) claim that the narrative that reusable cups and bottles can increase transmission has been peddled by plastic companies in an attempt to interfere with legislation to ban the use of single use plastics. 
Contrary to this, Zambrano-Monserrate et al., (2020) report that the lack of tourists visiting beaches due to travel bans and social distancing measures has caused notable positive changes in the appearance of many beaches around the world; for example: Acapulco (Mexico), Barcelona (Spain), and Salinas (Ecuador) now look cleaner and have ‘crystal clear waters’. 
Recycling is a common and effective way of preventing pollution, saving energy and conserving natural resources (Varotto and Spagnolli, 2017; Ma et al., 2019). Linked to increased amounts of waste, is the fact that some cities around the world suspended recycling programmes because local authorities have been concerned about the risk of COVID-19 spreading in recycling centres (Zambrano-Monserrate et al., 2020). One notable country where this has happened is in USA (Zambrano-Monserrate et al., 2020).
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Although the pandemic has resulted in many negatives, the level of air pollution falling has indicated what is possible to achieve if we shift towards clean energy. The pandemic has illustrated that if all constraints were removed, policymakers could proceed with ‘green grids’ and transport system policies to achieve low rates of pollution throughout the world (Rupani et al., 2020).
It is important to mention, that although the reduction in emissions of some greenhouse gases have decreased over the course of the pandemic, this reduction could have little impact on the total concentrations of greenhouse gases that have accumulated in the atmosphere (Zambrano-Monserrate et al., 2020). For a significant decline, or for the decline to remain steady, there needs to be long-term change in the economies that support countries, and this can be achieved by the ratification of environmental commitments (Zambrano-Monserrate et al., 2020). 
COVID-19 has had both positive and negative impacts on the environment; however, it is expected that the latter will be greater (Zambrano-Monserrate et al., 2020). To know the extent of the damage caused by COVID-19, it is important to continue researching and collecting data. For example, it will be important for local authorities to monitor the impact of plastic waste in their areas and consider positive ways forward. At present, governments are understandably focusing on how to deal with the pandemic. That has meant that efforts to tackle waste have come from small scale events, such as the beach cleans promoted by Surfers Against Sewage (2020a). 
Most changes to emissions observed in 2020 are likely to be temporary and do not reflect structural changes in the economic, transport or energy systems of countries (Le Quéré et al., 2020). Understanding and predicting the impacts of the pandemic and the drastic changes caused is a challenge for all sciences, including economics, social and medical sciences (Cheval et al., 2020). For any decrease in greenhouse gas emissions that have been experienced, it is important to note that a short period of reduction will not sustainably clean up the environment (Zambrano-Monserrate et al., 2020). It is important that governments and policy makers remember this when looking at ways forward.
The social trauma of confinement could alter the future trajectory of emissions in an unpredictable way (McCollum et al., 2020), but these changes alone would not drive the deep and sustained reductions needed to reach net-zero emissions (Le Quéré et al., 2020). Linked to this, as discussed with colleagues as part of a recent seminar, it is also important to consider this ‘social trauma of confinement’ when considering how policy changes might look moving forward. 
On the one hand, it was argued that this is the perfect time to make changes that would positively impact the reduction of emissions. It was suggested that, for the majority, people and populations have been receptive to the forced changes and have complied with new laws, thus suggesting that the same people and populations would be receptive to policy changes linked to the economy and sectors that are responsible for the greatest emissions. However, it was also argued that people are, in fact, too close to breaking point to enforce any further drastic changes that would have an impact on people’s lives. Striking the right balance moving forward is going to be critical in maintaining a reduction in emissions while also being sympathetic to populations and their receptiveness to further changes. 
[bookmark: _Toc66730259]Conclusion
Unfortunately, it is possible that some nations will opt for less sustainability when coming out of the pandemic and will instead focus on rapid economic growth rather than the environment (Cheval et al., 2020). At this stage, as the pandemic is still ongoing, there is no definitive way of knowing what will happen in the long term, or what the best way to handle issues discussed is. Rupani et al. (2020) states that there is a lack of information about the influence of COVID-19 on the environment. Illustrating the gap in current literature regarding the impact of COVID-19 on the environment as well as on human and living organisms. There needs to be a continuation in research so that any decisions made, or policies developed, can be done so based on sound evidence. 
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1 out of every 11 people in the state has tested positive (LA

Times, 2020).

« The state has averaged 8,000 new cases and 374.7 new deaths
per day (LA Times, 2020).

* Southern counties seem to be more affected (LA Times, 2020) -
why is this?

* California named one of the most affected states in the US
(Bashir et al., 2020).

* One of the primary reasons for such a high infection rate is low
air quality, greenhouse gas emissions and environmental
pollutants (Bashir et al., 2020).

* Research has shown that long term exposure to pollutants such -

as fine particulate matter (PM2.5), nitrogen dioxide (NO.) and e

sulphur dioxide (SO;) can reduce lung function and cause  Figwre I: Map of COVID cases percount

respiratory illness (Cole et al., 2020).

Implementation of lockdown restrictions in the US, and subsequently California, has resulted in
activities such as industrial projects, construction projects and transportations becoming stagnant
(Greenstone and Nigam, 2020). These restrictions will have negative implications for the economy,
however, are likely to have some positive implications on the environment. One notable positive
impact is that on air pollution in California. As the state observes social distancing and quarantine
orders, the natural environment has been given ‘healing time’ (Bashir et al., 2020). In particular,
air quality has been impacted and there have been reports that smog has given way to blue skies
(Bashir et al., 2020).

However, some warn that the initial impacts of lockdowns on the environment might not have been
as impactful as first hoped. Satellite monitoring and roadway data show that nitrogen oxides linked
to automobiles were down worldwide after lockdowns began, sometimes by as much as 50% in
certain locations (Plautz, 2020). Although this is a large reduction in emissions, this reduction could
have little impact on the total concentrations of pollutants that have accumulated in the
atmosphere for decades (Zambrano-Monserrate et al., 2020).
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« As the state observes social distancing and
quarantine orders, the natural environment
has been given ‘healing time’ (Bashir et af,
2020).

- One of the primary reasons for such a high
infection rate is low air quality, greenhouse
gas emissions and environmental pollutants
(Bashir et al,, 2020).
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Air pollution — but why does California have such
poor air quality?
Emissions have been discussed a lot during the
pandemic — both positively and negatively.
- What lessons can be learnt from the pandemic in

relation to air pollution?
- How has California illustrated that point?
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