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Introduction   
Global warming is a serious problem which requires an urgent solution.  In economics context, economists believe that carbon pricing, specifically carbon tax and its mirror image, cap and trade, are the best options and they suggest all countries should use it to address global warming (Goulder & Schein, 2013). However, advantages and disadvantages of carbon pricing have often resulted in some countries accepting the idea and some rejecting it. Therefore, this literature explains how the carbon tax, and cap-and trade work; the probability of their success, specifically in reducing greenhouse gas emissions, and how to attract countries that resist the idea of carbon pricing into implementing it. And finally, this article explains why a carbon offset scheme, under cap and trade, best fits developing countries and which Papua New Guinea can use to improve the lives of its citizens while, at the same time, reducing the concentration of greenhouse gases in the atmosphere. 
 Carbon pricing using taxation 
 Evidence has led scientists to believe that human activities, specifically the burning of fossil fuels, has contributed significantly to the global climate crisis. In response to the escalating scientific evidence that climate change (i.e. global warming) is not natural, decision-makers are dedicating substantial amounts of time and energy to developing policies that will contribute towards preventing or reducing the emission of greenhouse gases in the atmosphere. (Goulder & Schein, 2013).   It is believed that excessive greenhouse gases in the atmosphere trap additional heat that heats up the earth which eventually leads to global warming. Therefore, preventing or reducing emissions of greenhouse gases into the atmosphere will reduce or better still, prevent global warming and thereby save the planet (Pittel & Rübbelke, 2008). So, in this context, decision-makers all around the world are trying to find a better solution to this problem. 
In economics, the way forward in addressing the issue of global warming is by placing a price on carbon emissions through the use of mechanisms such as, carbon tax, cap-and-trade, emission reduction credits, clean energy standards, and fossil fuel subsidy reductions (Aldy & Stavins, 2012).  Of all these pricing instruments, most economists prefer the use of carbon tax and its mirror image, cap and trade, as better tools for addressing global warming. The main purpose of using these tools is to change the behaviour of the firms that depend heavily on fossil fuels, the combustion of which has contributed significantly to global warming (Ramseur & Parker, 2009). It is believed that carbon tax will make the cost of using fossil fuels so expensive that their users will switch to using a cheaper and much cleaner energy source which is environmentally friendly (Ramseur & Parker, 2009). For example, Parry (2019) indicates that a $35 charge per ton of carbon-dioxide emission in 2030 would increase the price of coal by 100%, electricity by 25%, and gasoline by 10%. This suggests that consumers of these products will switch to cheaper alternatives forcing the suppliers to switch to green energy to avoid excessive taxes and to continue being competitive in the market.     
Also, carbon taxes are used as a Pigouvian tax, a way of reflecting the negative externalities of a product. It is believed that most firms that emit huge quantities of greenhouse gases into the atmosphere do not include the social cost (externalities) in their prices which means the market price does not reflect the actual cost (Ramseur & Parker, 2009). Therefore, one of the key aspects of a carbon tax is the “polluter pays” principle (Carbon Pricing Leadership Coalition, n.d). By adding on the price of carbon (as tax), societies can hold accountable those responsible, for negative externalities caused by carbon emissions, i.e., global warming and its related effects (United Nations, May 2016). It also acts as an incentive for firms to reduce greenhouse gas emissions.  Therefore, most economists (for example Goulder & Schein, 2013; Bordoff & Kaufman, 2018) believe that a carbon tax is an effective instrument that can be used to curb global warming, apart from raising revenue.  
Several countries have been practicing the use of carbon taxes as an environmental protection measure and have found them to be an effective method of addressing the issue of global warming. For example, Denmark, Finland, Sweden and Norway have imposed carbon taxes since the 1990s (Zhao, 2011). However other countries fear that carbon taxes might affect their economies and have not made any commitments to adopt them. For example, Cooper (2004) indicates that the USA and Australia withdrew from becoming signatories to the 1997 Kyoto Protocol. Furthermore, the Kyoto Protocol and the 2015 Paris Agreement on Climate Change cannot be extended easily to cover developing countries, such as China and India, which are among the world’s leading emitters of greenhouse gases (Cooper, 2004; Mohajan, 2014). Countries that have not signed the Kyoto Protocol have made no commitments to reduce their carbon dioxide emissions or to remove other greenhouse gasses in the atmosphere.   
Even though not all countries became signatories to the Kyoto Protocol, the nature of global warning and the treat it poses to the global community leaves no option but for all to act. For example, Bordoff and Kaufman (2018) indicate that US economists have been pressuring their government to introduce a carbon tax which is cost effective compared to other climate policies. In 2018 both the Democrats and the Republican planned to introduce carbon tax in 2020 but at different rates i.e. the Democrats at the rate of $50/ton while the Republicans suggest the rate of $24/ton (Bardoff & Kaufman, 2018). China showed some interest in reducing its greenhouse gas emissions, through a taxation policy, however no fiscal measures have yet been adopted to prevent their increasing greenhouse gas emissions (Niizawa, Hayashi & Liu, 2020). China argues that the 2015 Paris Agreement stated that developed countries should bear greater responsibility in reducing emissions (India Today, 2019), and therefore did not seriously consider applying a carbon tax. But China did manage to consider other options, like developing clean technology, as instruments to address global warming, to ease the pressure from international organisations and other countries to get it to reduce its greenhouse gas emissions.  
The main reason why countries like China have not wanted to adhere to climate taxes is they wanted to avoid the negative impacts tax will have on the competitiveness of their energy intensive industries in the international market (World Bank Report, 2008). Countries like the USA are also mindful about the consequences that a carbon tax might have on their domestic economy. For example, in the 2016 US presidential election, Donald Trump pledged to resurrect the coal industry after realising that increased coal prices had led to the shutting down of several mines, resulting in huge unemployment increases in coal producing states (Metcalf, 2019).  Opponents criticise carbon tax systems, claiming they distort market prices.  Kane (2009) explains this as some firms possibly having an advantage because they operate in jurisdictions where there are low abatement cost opportunities. This can pose a problem because carbon taxes operate on a pre-tax basis and can become expensive, especially for firms located in jurisdictions that charge higher taxes (Kane, 2009). In a global context, other countries or international organisations cannot intervene with the prices because the Treaty of Westphalia prevents countries from interfering with the internal affairs of other countries (Jaffe & Kerr, 2015). To prevent countries from free riding, a solution needs to be found, for example, the formation of climate clubs (Jaffe & Kerr, 2015), or the introduction of border taxes as proposed by the European Union (India Today, 2019). 
However, some economists still believe that even if climate clubs and border taxes are introduced, climate taxes will not reduce greenhouse gasses down to expected levels and they prefer the use of ‘cap and trade’ instead. To distinguish between the two, a carbon tax is fast and easy to implement, but does not set limits as to the emission levels that a firm may produce, whereas cap and trade does.  Accordingly, cap and trade is often regarded as the preferable option to the use, over a carbon tax. 
Cap and trade system  
Cap and trade is a system whereby a government limits the emissions of greenhouse gases by setting a cap on the total carbon emissions an industry can realise (Aldy & Stavins, 2012).   The cap level is reduced each year until the set pollution target is reached. In this context, it can be divided into two components. Firstly, according to Nordhaus (2013) a cap is placed on all greenhouse gas emissions and regulated under a programme which all firms must emit gasses, under their given permit (allowance). For example, if they are allowed to emit 10,000 tons of carbon-dioxide, then they will be given 10,000 allowances.  Each year, they must report their emissions and surrender an allowance for each ton of gas emitted (Nordhaus, 2013). The second component is the trading of those allowances. A market mechanism sets the price in pure cap and trade, but in hybrid cap and trade, a price celling and a price floor are introduced, through government intervention, with all other trading characteristics remaining the same.    
In this trading system, firms that reduce their emissions can sell their leftover allowances to other firms that want to produce emissions beyond their given capped levels (Aldy & Stavins, 2012). This provides those firms with three choices, either to remain neutral to their capped levels, or to increase their emissions, or to decrease their emissions. In each of these decisions, there are also consequences. For example, in the US Acid Rain Program Nordhaus (2013) explains that the market price for sulphur dioxide emissions was $300 per ton. This means that $300 was the price that firms with surplus allowances were willing to sell their allowances for and was the price that buyers (firms that needed additional allowances) were willing to pay for those allowances. If a firm decided not to participate in the market than it must remain neutral meaning it will neither increase nor decrease its emission. But because of the allowance market value, firms have the choice of either reducing their emission by a ton and sell the left-over allowances at the market price (i.e. $300/allowance) to earn revenue which can be quite profitable or producing emission above their capped levels which means they would have to buy additional allowances at the price of $300 per ton which can be expensive. Because it is expensive to buy additional allowances, firms are encouraged to reduce their emissions so they can use the saved allowances in the following year or trade them for revenue (Nordhaus, 2013). In the long run, firms won’t want to buy additional allowances because that only makes production costs more expensive and with the setting of capped levels, the US sulphur dioxide emissions reduction programme has been a big success under the Acid Rain Cap and Trade Program (Nordhaus, 2013). However, even though it has worked well under the US Acid Rain Program, some scholars ( for example Aldy & Stavins, 2012)  still argue that the action of buying emission allowances might encourage some firms in different localities to increase their emissions because it represents a payment for the right to produce greenhouse gasses. But generally, the advantage of a set cap is that reduced greenhouse gas emissions are regulated, unlike, with a carbon tax, where the quantities of reduced emissions are less certain (Goulder & Schein, 2013). Developing countries like Papua New Guinea cannot participate effectively in a domestic cap and trade programme or a carbon tax because of their weak economy and their extremely low emission rates. But they can participate globally using the Emission-Reduction Credit Scheme, being a cap and trade programme commonly referred to as a carbon offset scheme.   
Carbon offset schemes   
A carbon offset scheme differs from general cap and trade in that its main aims are: firstly, to reduce the cost of compliance while maintaining environmental integrity and, secondly, to include the participation of very-low income countries ( for example, Papua New Guinea) in the shared efforts of reducing greenhouse gas emissions (Wara & Victor, 2008). With a normal cap and trade, taxation cannot adequately support poor economies that have extremely low emissions, and this could possibly give rise to a free-riding mentality. In addition, individual households cannot participate directly in taxation and cap and trade unless they are included indirectly through a goods and services tax (GST) system, passing down from producers through a supply chain (Conte & Kotchen, 2010). So, carbon offset schemes have advantages since they include voluntary contributions and they are open to anyone, including groups and individuals who can participate either in projects such as tree planting or in voluntary purchasing of allowances (Conte & Kotchen, 2010).
Apart from their aims of being inclusive and cost reducing, carbon offset schemes operate just like cap and trade whereby firms do not have to reduce their emissions in order to reduce the amount of greenhouse gases in the atmosphere.  Instead they can pay someone else to reduce their emissions so that when combining their emission rates (against the sunk rate), the atmospheric concentration will either remain neutral or be better, under a capped level (Conte & Kotchen, 2010). Because developing countries are not heavily industrialised, and they hardly produce large quantities of greenhouse gasses, the carbon offset model tends to fit their context best.  For Papua New Guinea, being a developing, rainforest nation, a carbon offset scheme seems to be its best fit in its fight against poverty, environmental degradation, and climate change. 
Carbon offset schemes in Papua New Guinea 
Under article 17 of the Kyoto Protocol, rich countries are allowed to trade carbon with Papua New Guinea (United Nations, n.d).  For Papua New Guinea, this is a good opportunity to convert its untapped forests into carbon capture projects and get itself involved in international carbon offset schemes, (by selling its permit/allowances) which is more environmentally friendly and economically beneficial and, at the same time, they can reduce the concentration of the most prevalent greenhouse gas in the atmosphere, carbon dioxide.  
However, there are critics who doubt carbon offset schemes (carbon trade) and the possibility of such a scheme succeeding in Papua New Guinea. For example, most of Papua New Guinea’s trade (selling of its permit/allowances) is expected to be with Australia, supported and facilitated by Australian firms such as Carbon Planet (Filer, 2015). So, the fear is, any carbon tax introduced by Australia, will affect Papua New Guinea’s trade with Australia because a carbon offset scheme will resemble a repetition of taxation, all for the same purpose, which is to address global warming (Filer, 2015). In addition, there are critics who express uncertainty about Papua New Guinea’s land use and forest fires (Conte & Kotchen, 2010).  Furthermore, the main intention of landowners protecting their forests is the exchange of money through the selling of permits. But in Papua New Guinea, the high rates of corruption and misuse of funds may result in landowners receiving very little in return (Filer, 2015). This can cause frustration and the dishonouring of agreements and may generate distrust among trading partners, resulting in the collapse of certain carbon capture projects. 
 Even though some of these claims are true, there are still ways that Papua New Guinea can drive a carbon offset scheme forward. For example, Papua New Guinea can learn from the experience of the April Salumei carbon offset project which has survived significant criticism and continues to enjoy the rewards of carbon trade (Filer, 2015).  Even though the rewards might not be as high as expected, it is better to achieve economic development without sacrificing the natural environment, such as through unsustainable logging of tropical rainforests and unsustainable agricultural practices. 
A carbon offset scheme is better for Papua New Guinea’s sustainable development because the country’s main land use activities, that drive the economy forward, are mining, agriculture, and logging activities (Babon, 2011). The society expects these activities to improve the livelihoods of the indigenous people, however this has not eventuated, resulting in landowners still living their lives in poverty (Oakland Institute, 2019). Far worse, the high social-economic costs and the damage caused to the environment by these activities cannot match the poor infrastructure and inadequate services provided to the landowners (Hooper, 2011; Stanley, 2018, Oakland Institute, 2019).  There is no or if any, little doubt that the introduction of a carbon offset scheme will help solve the problems of forest destruction and land degradation, and will improve peoples’ livelihoods while, at the same time, helping to reduce global warming. 
According to analysis conducted by PNGOCCD (2010), the carbon offset scheme in Papua New Guinea can still prove its critics wrong by producing positive results. With the support of the UN-REDD Programme, the European Union and the World Bank, the office of the Climate Change Development Authority was established in the country purposely to improve the carbon offset scheme and address the issue of global warming. Between 2011 and 2017 there have been many improvements, such as the setting up of pilot projects, increasing landowners’ participation and other activities that will develop trust and boost the confidence of Papua New Guinea’s international donors or carbon-trade partners in engaging themselves with Papua New Guinea’s carbon offset scheme (Climate Change Development Authority 2017). Australia (e.g. Qantas) and European markets (e.g. Scandinavian countries) have expressed their interests in trading carbon with Papua New Guinea but only minimally. It is believed that several other countries are interested to trade carbon with Papua New Guinea, but not until there is evidence that the money spent will be worth the benefits from such trading (Wara & Victor, 2008).  In the meantime, there is still much more work to be done to improve the trust and confidence of Papua New Guinea’s existing trading partners, and to attract additional trading partners, not only to develop its economy but to strengthen the international campaign against global warming.   

Conclusion  

Global warming can be addressed in several ways, using various price mechanisms. Taxation and cap and trade are two of the best price mechanism instruments that can be used to address the problem (Aldy & Stavins, 2012). Even though they have their own advantages and disadvantages, many countries have decided to use at least one, or even both to reduce their emissions of greenhouse gases. But because both instruments cannot be extended directly to include developing countries, carbon offset schemes under a cap and trade programme have been used instead (Wara & Victor, 2008).  Papua New Guinea, as a developing country, finds a carbon offset scheme will best fit its context. Despite criticisms about its carbon offset schemes, Papua New Guinea continues to develop a carbon offset scheme so that it can benefit its people as well as participate directly in the global effort to curb global warming. 
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