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Introduction
Agriculture within the EU is currently under threat by climate change, caused by greenhouse gas emission. Farmers and policymakers are tackling mitigation and adaption with efforts to reduce emissions from the sector and meet the growing demands for food. Balancing these sometime-competing interest presents a significant policy change ("Agriculture | European Union", 2020).
Agriculture is essential for humankind as it provides the food we eat, employees millions of people worldwide, and manages a large share of the landscape. However, it comes at a cost, such as releasing greenhouses gases which contributing to climate change. Agriculture is dependant on natural resources and the climate to provide adequate environments to grow crops. Climate change causes unpredictable weather causing significant disruptions for agriculture in the future ("Agriculture | European Union", 2020).
This essay will address past problems in the agriculture market and what was put into place to solve or restrict further implications for society, environment and economy (Callan & Thomas, 2013).
Failure in the Agriculture Market
During the 20th century, UK farmers were highly successful in increasing food production. Production per hectare yields of wheat, barley, potatoes and sugar beet had tripled while milk yields per cow had doubled compared with 1950. However, these impressive accomplishments brought costly issues to our health, environment and society (Pretty, Brett, Gee, Hine, Mason, Morison & van der Bijl, 2000).
An externality is an economic term referring to a cost or benefit to third parties caused by most economic activates, as they affect the environment through the use of natural recourses as an input, or by using the ‘clean’ environment as an absorber of pollution. However, third parties have no control over the creation and the cost or benefit (Sloman, 2019). The effects caused upon society are paid by neither the producers nor customers. When such externalities are not included in prices, they corrupt the market by encouraging costly activities upon society even though the private benefits may be substantial (Baumol and Oates, 1988; Klenow & Rodriguez-Clare, 2005). 
At every stage in Agriculture, greenhouse gas is released, from production to the moment the food is served.  Farming releases significant amounts of methane and nitrous oxide, two potent greenhouses gases. Methane is produced by livestock during digestion due to enteric fermentation and is released via belches. It can also escape from manure and organic waste in landfills. Nitrous oxide emission is an indirect product or organic and mineral nitrogen fertiliser ("Archive: Agri-environmental indicator - greenhouse gas emissions - Statistics Explained", 2020).
The annual total cost of UK agriculture in 1996 was £2343 m, equivalent to £208/ha of arable and permanent pasture. High prices arise from contamination of drinking water with pesticides (120m/year) nitrate (16m), cryptosporidium (£23 m) and phosphate and soil (£55m), from damage to wildlife, habitats, hedgerows and drystone walls (125m) from the emission of gases (£1113 m), from soil erosion and organic carbon losses (£106 m), from food poisoning (£169 m), and bovine spongiform encephalopathy (BSE) (£607 m) (Pretty et al., 2000). This shows that agricultural in the UK released high amounts of greenhouse gasses causing extreme costs for water companies, in order for them to clean the pollutants caused by farmers out of the water. 

Figure 1 demonstrates a calculation of the agricultural market performance.
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(Figure 1) Marginal Cost Graph 

Marginal Private Cost (MPC) is the change in producer’s total cost brought about by the production of an additional unit of goods or service. It is also known as the marginal cost of production. For example, if production cost rise from £1,000 to £1,500 as one more unit of a good produces the MPC is £500 ("Economics 504", 2020; Callan & Thomas, 2013).
[bookmark: _Hlk35867216]Marginal Social Cost (MSC) is the change in society’s total cost brought about by the production of an additional unit of a goods or service. It includes both marginal private cost and MEC. For example, suppose it costs £50 to fertilise an acre of farmland. Suppose that when the additional unit is produced pollution is emitted, which causes £100 worth of costs for water companies for cleaning nitrates, pesticide and other treatment from the water. The marginal social cost of production is the producer’s cost plus the external cost, or £150 ("Economics 504", 2020; Callan & Thomas, 2013).
Marginal external cost (MEC) is the change in the price to parties other than the producer or buyer of goods or service due to the production of an additional unit of the good or service. For example, suppose it costs £50 to fertilise an acre of farmland. Suppose the production results in pollution, which causes £100 worth of damage to water companies. The marginal external cost is £100 ("Economics 504", 2020; Callan & Thomas, 2013).
Marginal social benefit (MSB) is the change in benefits associated with the consumption of an additional unit of good or service. It is measured by the number of people who are willing to pay for the additional unit of goods or service. For example, suppose you are consuming two pints of milk per day. Suppose you would be willing to pay £0.25 to drink another pint of milk per day. £0.25 represents the marginal social cost-benefit of the third, or additional pint of milk ("Economics 504", 2020; Callan & Thomas, 2013).
The Introduction of the Common Agricultural Policy (CAP)
	Reducing agriculture greenhouse-gas emission is a priority to the EU. However, climate change is one of the many pressures on agriculture.  The EU's food production and consumption need to be seen in a broader context, linking agriculture, energy, and food security as we face a growing global demand for food ("Archive: Agri-environmental indicator - greenhouse gas emissions - Statistics Explained", 2020).
In 2012 agriculture produced 10% of the EU's total greenhouse gas emission. Due to a significant decline in livestock numbers, more efficient application of fertilisers and improved manure management resulted in a reduction in the EU’s emission from agriculture by 24% between 1990 and 2012. This could be down to the reform to the Common Agricultural Policy in 2000, which introduced the second pillar, which gives payments out to farmers depending on their actions to work in a sustainable and environmentally manner ("Agriculture and Climate Change in the EU: An Overview | Climate Policy Info Hub", 2020).
The CAP was introduced as a common policy in 1962, to provide affordable food for EU citizens and a decent standard of living for farmers. For most of its existence, the CAP provided income support to farmers by supporting the prices paid for their produce. The CAP is a two-pillar system. One for direct income support (Pillar 1) and the second for rural developments (Pillar 2). However, direct income support is a much bigger programme than agricultural development ("The common agricultural policy at a glance", 2020).
To qualify for payment, farmers must meet specific standards on environment, animal welfare standard and traceability (known as ‘cross-compliance’). Member states can also apply market support measures in certain conditions; for instance, the UK has used this to support dairy farmers when prices have been unusually low ("The common agricultural policy at a glance", 2020).
Aims of the cross-compliance are to encourage farmers to comply with high EU standards for public, plant, and animal health and welfare. Cross-compliance plays a role in making European farming more sustainable (Juntti, 2012).
To receive EU income support, farmers must respect and comply with a set of basic rules. They include; statutory management requirements, these apply to all farmers whether or not they receive support under the CAP; goods agricultural and environmental conditions; these apply only to farmers receiving assistance under the CAP (Juntti, 2012).
Under the Council Directive of 12 December 1991, concerning the protection of waters against pollution caused by nitrates from agriculture sources, ANNEX 11, Code(s) of Good Agricultural practice, outlines rules and regulations of fertilisation. One of many restrictions on fertilisation states that there should be no “application of fertilizer to steeply sloping ground” (European Commission, 1991). This has been put in place so that when it rains, the fertiliser doesn’t run into any rivers a stream nearby.  Violation of the EU law on environmental, public and animal health, animal welfare or land management will have their EU support reduced and may face other penalties, such as reduced direct payments and rural development payments ("Cross Compliance Penalties", 2020). Therefore, it is in the best interest of a farmer to follow these laws to secure a decent standard of living for themselves and their families.

Market Performance in Agriculture After EU Regulations
An external study published by the European Commission demonstrated the agricultural sector efforts to adapt its practices over time. While being able to preserve the European family farm model and its diversity and to prevent potentially damaging land abandonment in rural areas ("Study on the CAP and climate change: the case for a stronger common agricultural policy for climate action", 2019).
Since 1990, non-CO2 emissions from agriculture decreased consistently by more than 20%.  The study’s conclusions provide an overview and assessment of the impact of several CAP measures on climate change and greenhouse emissions:
Among measures that have a positive effect on emissions, the study found that greener measures under income support have mainly contributed to a reduction of greenhouse gas (GHG) emissions thanks to the maintenance of permanent grassland and areas beneficial for biodiversity (ecological focus areas). By using a simulation model, the study concluded that these measures decreased agricultural emissions by 2% on an annual basis ("Study on the CAP and climate change: the case for a stronger common agricultural policy for climate action", 2019).
Rural development programmes have also shown to contribute to a reduction of emissions for quantifiable measures. The study concluded that they had reduced emissions by 1.5% on an annual basis. Organic farming, supported by the CAP, has also helped mitigate agricultural emissions according to the study ("Study on the CAP and climate change: the case for a stronger CAP for climate action", 2019).
Market Performance in Agricultural since the introduction of the CAP
Figure 1 can also be used to demonstrate a calculation of the agricultural market performance after the implementation of the CAP.  
Since the mass increase in population, there has been an increase in production, causing an increase in MPC such as labour, machinery, etc. For example, production cost has risen from £1,500 to £3000 as more units of goods increase annually. Therefore, the marginal cost has been increased to £1,500 ("Economics 504", 2020; Callan & Thomas, 2013).
Due to restrictions MSC has reduced, as there are now restrictions and laws for fertilisation. For example, the costs to fertilise an acre of land remains at £50. However, due to restrictions on fertilisation, there has been a decrease in the amount of pollutants released in the water, therefore only costing £10 worth of damage for water companies. Therefore, the marginal cost of production has decreased to £60 ("Economics 504", 2020; Callan & Thomas, 2013).
MEC has also decreased. For example, it would still cost a farmer £50 to fertilise an acre of farmland. However, due to the CAP restrictions of fertilising near rivers, lakes and streams this has resulted in fewer nitrates, pesticide and other treatments into the water. Therefore, causing less damage to the water supplier, reducing their cost to £10. Thus, the marginal cost has decreased to £10 ("Economics 504", 2020; Callan & Thomas, 2013).
MSB has decreased due to an increase in supply and demand, as there is an increase in demand for milk due to the rise in population. For example, assume you are consuming three pints of milk per day and you would be willing to pay £0.10 to drink another pint of milk per day. £0.10 represents the marginal social cost-benefit of the third, or additional pint of milk ("Economics 504", 2020; Callan & Thomas, 2013).
Effects of Supply and Demand on Agriculture. 
Figure 2 shows a Supply and Demand graph, which is applied in economics to show the relationship between the quantity of a commodity that producers wish to sell at different prices and the amount that consumers want to buy. It is the primary model of price determination used in economic theory (Buchanan,1968). The cost of a commodity is determined by the interaction of supply and demand in a market. The resulting price is referred to as the equilibrium price and represents an agreement between producers and consumers of the good. In equilibrium, the quantity of a good supplied by producers equals the quantity demanded by consumers ("supply and demand | Definition, Example, & Graph", 2020).
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(Figure 2) Supply and Demand 
In the case where a farmer sets a low price, the need for his product or service will increase. Opposed to that, if a farmer sets a price which is too high, the demand will decrease. Supply and demand for these goods will rise and fall until they reach market equilibrium (Cachon & Terwiesch, 2008). For example, if beef prices are too high, most customers will choose another type of meat at a more affordable price. As a response to declining sales, farmers will have to lower their costs until the demand for beef increases again. When the demand for beef is balanced with the supply, the market is at its equilibrium (Hajdu, 2020).
With an increase in demand for food to feed the growing population, agriculture is struggling to produce enough supply to meet the demand, and new procedures are being put into place to increase productivity. However, these measures need to comply with environmental laws. Leading to a scrapping of the CAP and bringing in new legislation enforcing stricter rules on Agriculture, in order to reduce their greenhouse emissions while also increasing production. The new law that will take place is currently unknown but will have a detrimental effect on the agricultural economy in the UK.  The future of the farming industry is uncertain as global warming is already having its impact on farming, as weather is unpredictable and influences their harvesting and production system (Roederer-Rynning & Matthews, 2019). 
Urban Farms are starting to emerge to increase food production and meet the demand of a growing population in a way that is positive for communities and the environment, today and in the future. New technologies have made it possible to harvest all year-round. The growing and distribution of food is changing ("GrowUp Urban Farms", 2020). A farmer may consider urban farming. Before making the decision, he would weigh the Marginal Social Cost against the Marginal Social Benefit to see which had the most significant impact on the community. A Marginal Social Cost against Marginal Social Benefit Graph, shown in figure 3, would visually represent the benefit and cost of an urban farm in the community.  The results shown in the graph would help the farmer decide whether to go ahead with urban farming or not. 
[image: ]
(Figure 3) Marginal Social Cost against Marginal Social Benefit 

Conclusion
In conclusion, agriculture has faced many problems and will face many more in the future, one being climate change. Agriculture is continuously under pressure to increase production while complying with environmental laws. Advancements in new technology will help increase productivity; however, with doing so, agriculture must consider its effect on society, environment and the economy. Agriculture must conduct its operation in a way that will reduce the amount of greenhouse gas it emits. Restrictions and laws need to be put in place and regularly reviewed to ensure sustainable agricultural activities as its means of operation are continuously changing.
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