Carbon Footprinting and COVID-19
For decades scientists have been warning about the effect that rising carbon dioxide (C0₂) and other greenhouse gas (GHG) levels are having on our planet. Figure 1 shows the year on year increase in global carbon emissions over the course of this century, with the last decade seeing arctic ice retreating, permafrost melting and weather events becoming more extreme (Allen, 2018; UN Environment Program, 2020; Randers & Goluke, 2020). 
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Figure 1 Line chart from the BBC, sourced from Global Carbon Project, showing the continuous rise in CO2 emissions in relation to major global economic events. McGrath, Matt:  https://www.bbc.co.uk/news/science-environment-52485712. Accessed 16/12/2020.
The 2015 Paris Agreement set out targets to tackle and reduce global temperature rise to 2, if not 1.5°C above preindustrial levels (United Nations Framework Convention on Climate Change, 2015; Allen, 2018). The reduction targets agreed by the nations present, unfortunately have proved difficult to meet though (Watson, et al., 2019). With the emergence of a global pandemic became apparent and unprecedented global restrictions were enforced, the reduction in C0₂ needed to realise the Paris Agreement targets were seen all over the world, however these reductions were not to last (Liu, et al., 2020).
A carbon footprint is a part of the overall calculation for the ecological footprint devised by Drs Rees and Wackernagel and first published in 1996 (Wackernagel & Rees, 1996; Pandey, et al., 2011). Some definitions of carbon footprinting describes it as the amount of atmospheric carbon dioxide released from the activities of a particular individual, organization, or community (Oxford University Press, 2020). The Carbon Trust states it is the total greenhouse gas emissions created directly and indirectly by a person, organisation, event, or product (Carbon Trust, 2018). However, the footprinting network describe the carbon footprint, when allocated as part of the ecological footprint, it was originally a component of the amount of productive land area required to sequester those carbon dioxide emissions created, giving the biocapacity needed to offset CO₂ emissions (Global Footprint Network, 2019). There are various methods of calculating carbon footprints and whilst they mostly give similar results, their usage generally depends on the demographic being used (Dias & Arroja, 2012). PAS2050, GHG Protocol Product standard, ISO 14040/14044, Input-output model, ecological footprinting. Carbon Trust is a UK based organisation, originally set up alongside UK gov to support global businesses, governments, and organisations to calculate their carbon footprint; advise and support delivery of sustainable and low carbon economies, by offering expertise in a diverse  (Carbon Trust, 2020). Ecological footprinting first devised by Drs Rees and Wackernagel in the 1990s is used by Global Footprint Network to calculate our personal world overshoot day (Wackernagel & Rees, 1996; Global Footprint Network, 2019) There are also various companies and websites offering to calculate and then offset our personal carbon footprint for a cost, companies such as Terrapass use carbon offsetting. This is the practice of buying shares or products from companies or organisation, which use practices to reduce their to do their carbon footprint or investing in carbon reduction projects (Carbon Footprint, n.d.). 
Warnings show that without considerable change in carbon emissions the global temperature rise would be unsustainable (Hoegh-Guldberg, 2018). In 1995 representatives from the member states signed up to the United Nations Framework Convention on Climate Change attended the first Conference of the Parties (COP) in Berlin. COP members meet yearly to discuss, evaluate, and decide on implementation actions to be taken to reduce and mitigate GHG that contribute to climate change and the anthropogenic warming of the earth (United Nations Framework Convention on Climate Change, 2020). In 2015 COP met for the 21st time, this conference culminated in the Paris Agreement; the main of which, as stated in article two:
“Ito strengthen the global response to the threat of climate change by keeping global average temperature rise to well below 2°C, but with efforts to arrest it at below 1.5°C, whilst supporting sustainable development and efforts to eradicate poverty; by improving the ability to adapt to the impacts of climate change and promote climate change resilience” (United Nations Framework Convention on Climate Change, 2015). 

To achieve this objective, every five years; countries are required to commit to a GHG reduction target, known as a Nationally Determined Contribution (NDC) and follow through on these targets with domestic policies (United Nations Framework Convention on Climate Change, 2020). 
The various carbon footprinting models provide an easily accessible format scientists can utilise to support otherwise inaccessible evidence based research and scientific fact. As figure 2 shows, these graphics can represent the data in a way that can relate to the individual reading them.
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Figure 2 Graphic showing the amount of consumption of earths resources, from Footprint Network: https://www.footprintnetwork.org/our-work/ecological-footprint/ accessed 16/12/2020
 As policy making tools, they are invaluable in communicating resource use, distribution, and scarcity by organisations. Carbon Trust for example works with companies, industries, and governments to create, and improve environmental policies; as well as on an individual level by NGOs such as Global Footprint Network, to promote environmental awareness amongst the public (Vasconcellos Oliveira, 2020). 
When the unprecedented decisions by many governments was taken to restrict travel, work and socialising in efforts to curtail the spread of COVID-19, the direct effects on CO₂ and GHG emissions, as can be seen in figure 3, were notable, especially during the first lockdown, in comparison to recent years (Le Quere, et al., 2020; Lambert, 2020). 
[image: ]
Figure 3 Graph showing the monthly level of Carbon dioxide emissions over the last two decades compared to 2020. Source, Le Quere et al 2020
Studies of emissions data from during this time were done in real time, however, due to the usual data used to assess CO₂ and GHG emissions has a lag time of one to two years; alternative methods of collection and estimation were sort (Le Quere, et al., 2020; Liu, et al., 2020). By using data collection methods and comparison from previous years data, researchers were able to map the differences between this year’s emissions and previous years. Figure 4 shows the percentage of reductions in global carbon emissions, over the months of the first lockdown by sector, indicating that the biggest impact was with the restrictions on movement by surface transport such as cars (Le Quere, et al., 2020). 
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Figure 4 Percentage of carbon dioxide emissions by sector. Source, Le Quere et al.
These reductions have been tempered somewhat by the increase in emissions, mainly from surface transport as governments eased lockdown restrictions and global economies started back up again (Forster, et al., 2020; Lambert, 2020; Liu, et al., 2020).
[bookmark: _Hlk59111131]On December the third of this year (2020), the UKs Prime Minister Boris Johnson, released new emissions and carbon reduction targets of 68% below 1990 levels, and targets for net zero carbon by 2050. According to this press release, this is in direct response to hosting COP26 and the recommended measures for NDCs. (Department for Business, Energy and Strategy, 2020), China has also released news that it plans to reduce its carbon emissions to almost zero by 2060 (Ambrose, 2020). In 2019, the New Zealand government set out international emissions reduction commitments of five percent below 1990 levels from 2013 -2020 and eleven percent below 1990 levels from 2021-2030, and domestic targets of net zero emissions of all greenhouse gases other than biogenic methane by 2050, 24-47% reduction of biogenic methane below 2017 levels by 2050 (Ministry for the Environement (New Zealand), 2019). The New Zealand Ministry for the Environment have stated that these reductions come under not just the Paris Agreement, but also the Kyoto Protocol. With these commitments in mind the scientific world, organisations such as International Energy Agency and the International Monetary fund are urging governments to use the reduced emissions, because of the Covid lockdown measures and the subsequent overall reduction for this year as a base line from which to ensure a sustained decline (Gabbatiss, 2020). 
It has been noted that the driving force of redesigning business is policy (Vasconcellos Oliveira, 2020). The UK Government is due to submit a white paper setting out a ten point green recovery plan that would see two hundred and twenty thousand jobs in the green energy sector, over the next ten years, as part of plans to become net carbon neutral by 2050. The Prime Minister has stated that he wants to see the UK permanently change from fossil fuels to green energy (Department for Business, Energy & Industrial Strategy, 2020). But the UK is not the only country to look towards a green recovery plan, ministers from Association of Southeast Asian Nations at a meeting with International Energy Agency have also spoken about the need to boost that region’s economy on the back of renewable rather than fossil fuel energy (International Energy Agency, 2020). Whether this can be achieved or not is a matter of commitment and investment on the part of not only governments, but business, organisation is and the public. 
When ecological footprinting, and then carbon footprinting first surfaced, we already knew that emissions produced by industry and domestic appliances were having an impact on the environment. The United Nations Framework Convention on Climate Change report of 2015 brought into stark clarity that collectively emissions reductions were needed imminently. The last five years has seen government policy around the world change to reflect that. However, it has been warned that unless governments concentrate efforts on reducing reliance on fossil fuels and the over reliance of single use plastics, the 1.5°C limited rise in global temperatures will be difficult to achieve in the timeframe presented at COP21 in Paris in 2015 (The Times Editorial Board, 2020; Harvey, 2020). The Covid-19 pandemic has been both a boon and problem for carbon emissions this year. The global lockdowns have caused drastic reductions in carbon nitrogen and other GHG emissions, as figure 5 shows in satellite images of Wuhan before, during and at the easing of lockdown restrictions, this pandemic has shown that there are ways to reduce emissions. 
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Figure 5 Satalite images of nitrogen emissions reductions over Wuhan, China before, during and as lockdow restrictions were eased. Source Qiang and Min 2020
The next step is to put policy in place, The World Monetary fund has suggested strategies, but commitments and governmental polices such as UK and New Zealand, whilst going in the right direction, are not specific in the implementation of those policies. What is clear though is that without the political and industrial will to change, the targets set by the Paris Agreement may not be met (Watson, et al., 2019; World Meteorological Organization, 2020). 
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