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Introduction
         “In maximizing its own welfare, each generation can leave the world in worse environmental condition for all future generations” Sarkar, D., Datta, R., Mukherjee, A., & Hannigan, R. (2015). 
        Global markets often fail to take accountability for their effects on the environment. This is despite profound concerns from the media and public. There seems to be a lack of consensus and consistent action on both national and global levels with economics taking precedence over human well-being and the sustainability of the planet.
         This assignment will be focusing on greenhouse gases, using a cost - benefit analysis to demonstrate the effects of national and international intervention. 
     
Cost-benefit analysis. 
        Cost-benefit analysis (CBA) is a process used by organisations to analyse decisions. The process examines the benefits of an action or project and then subtracts the costs associated with taking that action. Cost-benefit analysis has shaped environmental policy. It enables a clearer picture of how society would benefit from a range of different policy options. Benefits are defined as increases in human wellbeing whilst costs are detrimental to human wellbeing. For a project to qualify on CBA grounds, social benefits must be higher than the social costs (Atkinson, G., Braathen, N., Groom, B., & Mourato, S. (2018). When there is a monetary constraint, the projects with the highest positive net benefits should be chosen within the CBA criteria (Lind, R. (1995). 
         Environmental cost-benefit analysis compares the benefit of the abatement of environmental damage with the cost associated in carrying out the project (Burgess, D., & Zerbe, R. (2011). When comparing benefits and costs occurring at different times scales, discounting is used to create a present value out of future benefits. A discount rate is applied, which is the rate at which society is willing to trade off the present for potential future benefits (EPA (2017). 
It can be written as an equation; 
           Present Value =  Future Value /(1+interest) n 
n =number of periods between the present and the time when the benefit or cost is expected to occur. 
      For example, a tree planting project, with the aim of improving air quality and the creation of timber, is worth £10,000,000 in 10 years, with a 3% discount rate, the present value can be calculated as;
	PV
	=
	$10,000,000 / (1+.03) 10

	 
	=
	$10,000,000 / 1.34

	 
	=
	$7,440,940                           (Bellas, A., & Zerbe, R. (2003). 



           The same equation with a discount rate of 10% would make the present value of the project as $3,855,433, almost half the value. This demonstrates the importance of applying the right discount rate to a give an accurate estimate of costs or benefits. Discount rates are typically between 1-30%. The US Federal government mandates a discount rate of 7% for most analyses but this can be changed, depending on the policy (Federal Government US. (2019). Most intergenerational policies use lower discount rates ( 2-5%) whilst businesses tend to use higher discount rates (10-20%) in order to justify investing in the current analysis. 



Costs of industry. 
        In the private sector the estimated cost of a project is determined from the direct costs. In the public sector foregone opportunities costs need to be considered which are the comparable costs of selecting one investment over another (Hussen, A. (2019). Another option is estimating the minimum amount a person incurring the cost would be willing to accept as compensation (Lind, R. (1995). For example, it would make economic sense to boost a factory’s productivity but if the extra CO2 produced adversely affected local farming and food sources, then the cost of human wellbeing needs to be factored into the decision making. 
      It is not possible to be totally accurate calculating the true cost of negative externalities on the environment but analysing the private and external costs can provide a framework for assessing the amount of damage caused and for estimating costs. For example, in the case of an oil spill, private costs would include loss of earnings, cost of the clean-up/repairs and any fines for breaching legislation. External costs would include the loss of life of animals affected, containment costs and damage to public goods (Cohen, M. (2010). 

Evaluating benefits. 
        In the private sector, benefit is identified as profit or revenue but benefit in public markets is more difficult to define. Benefits are measured by the sum of an individual’s willingness to pay (WTP) (Hussen, A. (2019). WTP varies by the type of risk. Individuals exhibit a higher WTP to reduce risks that are familiar and immediate such as purchasing car insurance for the possibility of a crash. Individuals have a lower WTP for natural hazards (earthquakes, floods) because they are less common and more abstract (Fischer, G. (1991). This means that valuing the benefits of environmental projects is challenging because they are almost always long term investments.  
The cost of emissions. 
          Indoor and outdoor air pollution results in over 7 million deaths worldwide each year (United Nations Environment. (2020). Figure 1.0 shows global carbon emissions from fossil fuels and Figure 1.1 shows individual sectors greenhouse gas emissions (US EPA. (2016). Electricity and heat production is the main producer of greenhouse gases globally and that is why it is key to adopt new renewable energy technologies worldwide, such as solar PV systems, wind farms and electric vehicles. 
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       Figure 1.0 Fossil fuels emissions.                                                                                            Figure 1.1 Emissions by sector. 

       Greenhouse gases including carbon dioxide, methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons and sulphur hexafluoride endanger public health, the environment and the welfare of future generations (USA EPA. 2014). The United States Environmental Protection Agency (EPA) found emissions from new motor vehicles significantly contributed to the greenhouse gases. The EPA regulations provide solutions such as emissions trading, estimation of the benefits of reducing emissions and modelling the economic impact of scenarios e.g. ocean acidification (US EPA. (2014).
          Climate economists invest time and resources in estimating the social costs of greenhouse gases. There are multiple challenges such as climate sensitivity, emissions paths and a lack of robust legislation. The use of social discount rates on costs and benefits that occur far in the future (intergenerational) is problematic (Atkinson, G. et al. (2018). Discounting future benefits and costs using a positive rate gives less importance to the wellbeing of future generations compared to current wellbeing. Some economists question whether CBA is adequate to form the basis of decisions regarding global warming because of the seriousness of the implications for the planet (Lind, R. (1995).

Fifty years of the USA Clean Air Act.  
          The United States Clean Air Act is fifty years old, passed in 1970. It was  amended in 1990 to make regulations stricter. The United States Environmental Protection Agency (EPA) estimated that these amendments are responsible for preventing over 230,000 early deaths (United Nations Environment (2020). Between 1990 and 2018 carbon monoxide fell 74% and ground level ozone declined by 21%. Environmental benefits from these reductions include healthier soil, more abundant freshwater bodies and vegetation as well as slowing down global warming. Figure 2.0 below shows the predicted emissions set by EPA in 2011 and the emissions without the Clean Air Act Amendments.  
[image: ]
Figure 2.0;  Source: Holladay, J. (2015). 
       The act cost $65 billion to implement which has been more than compensated for by reduced medical bills and increased worker productivity (US EPA (2020). Figure 2.1 shows the EPA estimation of the social benefit of the act to be worth $2 trillion by 2020. Figure 2.2 shows the steps that the EPA came to creating their cost-benefit structure for the Clean Air Act Amendments (CAAA). The left side shows the positive factors used in estimating the economic valuation of the amendments.  
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                 Figure 2.1; Cost and benefits of clean air act. US EPA (2020).                  Figure 2.2; Analytic Sequence Flow Chart. Source: Holladay, J. (2015). 
           The Clean Air Act meant that in the United States emissions fell by 24.2% from 2009 to 2016. Unfortunately by 2018 fine particle matter (PM2.5) had increased in multiple regions by an average of 5.5%. Clay & Muller believed it was because of  increased economic activity, wildfires and a reduction in Clean Air Act enforcement. This rise was associated with 9,700 premature deaths in 2018 which represents damages of $89 billion (Clay, K., & Muller, N. (2019). This change in emissions also coincided with Donald Trump’s presidency (2017 onwards). An increase in industry and a dramatic decrease of 40% in penalties and violations for breaching Clean Air Act regulations started to reverse the progress of the Act (Schulte, C., & Samayajula, N. (2019).  Trump’s government has repealed multiple environmental regulations, including the Stream Protection Act which is now having a detrimental effect on safe drinking water (Human Rights Watch. (2018). Trump refused to sign the Paris Climate Change Agreement despite criticism from many in his own administration. Former Vice President Al Gore is quoted as saying; “No one person or party can stop our momentum to solve the climate crisis. But those who try will be remembered for their complacency, complicity, and mendacity in attempting to sacrifice the planet for their greed.” Holden, E. (2019). 
             The second prospective EPA estimations shown in Figure 2.0 for a low emissions future is unachievable with the present status of American industry and governmental policies. Most world leaders realise that there must be a trade-off between economic activity and environmental protection.

 Greenhouse gas regulations internationally. 
       The problems associated with greenhouse gases are of international concern and therefore require  a global solution. According to the Netherlands Environmental Agency ,worldwide emissions were up 40% from 1990s to 2009 (PBL Netherlands Environmental Assessment Agency (2009).  
       The European Union has successfully implemented policies that aim to reduce greenhouse gases such as C02. The Kyoto Protocol set targets for industrialised nations to cut carbon emissions by an average of five percent per year (Henson, R. (2011). It started in the 1990s but the legislation did not become international law until 2005. Many countries were on track to meet their targets but some countries were not remotely close ,the main polluters being USA and China (UCS USA (2020). 
       
Figure 3.0 below shows C02 emissions per country for 2019 (UCS USA (2020). 
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                                                                                Figure 3.0; C02 Emissions by Country 

                   As seen above, China is the world’s biggest polluter creating more emissions than Europe and the USA combined. This is due to its reliance on heavy industry, high population and rapid growth of business. A study published by Massachusetts Institute of Technology estimates that if China met its emissions reduction goals, air quality would improve and the death rate caused by air pollution would significantly reduce. For a 4% annual reduction in C02, MIT estimated the benefits could be worth $339 billion by 2030 which is four times what it would cost China to meet its climate goals (Chu, J. (2019). “The country could actually come out net positive, just based on the health co-benefits associated with air quality improvements, relative to the cost of a climate policy,”  stated Noelle Eckley Selin, an associate professor in MIT. “This is a motivating factor for countries to engage in global climate policy.” 
              China continues to have a pollution problem but there are signs of compliance to the Paris Agreement, including a subsidised  electric cars programme in 2018, which has enabled 1.1 million people to convert to more carbon friendly transport (Lux, H. (2019). 
                 Countries such as  India, Costa Rica and Morocco have shown positive progress towards their greenhouse goals. India is on way to its pledge to source 40% of its electricity from renewable energy sources by 2030 (Lux, H. (2019). Costa Rica already sources 98% of its electricity from renewables (Fendt, L. (2017). Unfortunately there are countries such as  Russia, Saudi Arabia and Ukraine which are failing to meet targets at all. If Saudi Arabia keeps on polluting at its present level it will increase emissions by up to 80% from 2015 to 2030 (Climate Action Tracker. (2020). These inconsistencies demonstrate the flaws of international agreements such as the Kyoto Agreement (1997) or the Paris Climate Agreement (2015) because some countries continue to place economic prosperity over future world health. It is difficult to place sanctions on powerful countries that do not comply with global agreements.
               
Emissions within the UK.  
        The United Kingdom has been acknowledged for its efforts towards the Paris Agreement. It may  not have reached its goal but it has seen reductions of 44% of emissions between 1990 and 2018 (Lux, H. (2019). Figure 4.0 below shows the  United Kingdom’s reduction in greenhouse gases since 1990 ; (GOV.UK. (2020).  
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                   Figure 4.0; United Kingdom greenhouse emission statistics. (GOV.UK. (2020). 

       Legislation has been devised by the UK government to help combat the carbon crisis. Any legislation must have an impact assessment (IA) before it becomes law and a cost to benefit analysis. The estimated cost to the economy (calculated through loss of GDP) has been estimated as between £324 - £404 billion. The benefit can be calculated by giving a value to each additional ton of greenhouse emissions . This could give benefits of between £457 to £1,020 billion. This figure does not include any health benefits associated with a cleaner atmosphere (Callan, S. & Thomas, J. (2013). This could give a positive net value of up to £696 billion which is a substantial sum as well as protecting the livelihood of future generations. 

Conclusion 
        While there remains a debate about what it means for development to be sustainable, there is now a coherent body of academic work that has sought to understand what a sustainable development path might look like, how this path can be achieved and how progress towards it might be measured. (Pearce, D., Atkinson, G., & Mourato, S. (2006). 
        There are significant differences in the level of commitment of countries to reduce their carbon emissions. Some countries are moving forward with environmental policy as others regress in search of gross domestic product. Coherent policies are needed that stretch to all countries with a collective responsibility for the welfare of all people and the planet. Global carbon emissions increased in 2017 by 1.7% and by 2.7% in 2018. It is predicted that the increase for 2019 will be the highest on record (Lux, H. (2019). 
[bookmark: _GoBack]      There can be no more delays or excuses because climate change is now a proven fact and the impact is already visible with extreme weather and the loss of natural habitats across the world. New studies and research are key to providing accurate representations of the costs and benefits of reducing greenhouse gases. These can inform environmental policy and start to create innovative solutions to the problems of the future. 
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Figure 1: Analytic Sequence Flow Chart (Source: Based on EPA Second Prospective Study Figure 1-2)
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