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1	List of Findings 
1.1	The most significant risks to the avocado supply chain are; critical failures in production (such as workers strikes, or drought) and; the financial risks associated with the European exit from the EU. 
1.2	The supply of avocado from Mexico has significantly less risk than supply from other producing countries and would be considerably more resistant to production issues, given more upstream investment in the producer.
1.3	While it would be best practice to use models to promote use of performance linked and target driven KPI, there is problems with using data enhanced techniques due to difficulties in data collection.
1.4	Key focus for improving the robustness and rigidity of the Mexican supply chain should promotion of upstream investment from the UK into Mexican infrastructure, supply and production. However: 
1.5	It is unlikely companies would be willing to tolerate the high risks and low rewards involved in upstream investment.
2	Introduction
Global avocado consumption has escalated rapidly over the past few years. As a result in 2017 avocado had the third largest sales growth of any product in the UK (Kelly, 2018) UK avocado prices also doubled, and were predicted to increase further this year (Butler and Jones, 2017) but this has been combated to some extent in the UK by commercial initiatives; to sell lower quality fruit (Butler and Jones, 2017) and altering packaging and storage conditions. (tescoplc.com, 2018) Growth in the Avocado industry is expected to continue due to newly emerging Chinese demand, which while still low has increased by over 1000%, continued market growth in the USA and a growth in demand in EU countries which have not typically been associated with avocado demand. (www.freshplaza.com, 2018)
The vast majority, around 70%, of avocados produced worldwide originate in Mexico, while the majority of these are exported to the USA and China, Mexico are increasingly exporting avocados to Europe to satisfy the increasing European demand. (Butler and Jones, 2017) While Mexico is the third largest importer of avocados into Europe, after Peru, Chile and until recently South Africa, the rate at which Mexican avocados are imported into Europe is increasing exponentially. While Spain produce avocado they import around the same amount as they produce, and their production (75,000 tonnes in 2016) attributes to only a fraction of the European demand (400,000 tonnes in 2016).  (CBI, 2018) 
In Mexico avocado is seen a staple of the Mexican diet, but due to increased  international demand for Avocados the exportation value of avocados has increased to the extent that avocado is becoming unaffordable for Mexican citizens it has also been linked to both legal and illegal deforestation in Mexico. (Agren, 2017) While this rapid increase in demand has shifted the primary export of the Mexican economy from fuel, an analysis of Mexican exportation found that while exportation of fruit and vegetables was one of its only exports to hold a competitive value, year on year the comparative advantage of Mexican produce has decreased. This has negated the positive economic effects meaning the exponential increase in demand for Mexican ‘Hass’ avocado has not provided a mirroring boost to the economy. (Malaga and Williams, 2010)  As such the cost increase, which has not coincided with a wage increase has caused social problems in Mexico including Avocado growers strikes in 2016 (York, 2016) and in 2017 The Mexican government were considering importation of cheaper avocados to satisfy local demand. (Agren, 2017)
This essay will provide a critical evaluation of the Mexico to UK supply chain and use a variety of models and previous research to assess the extent to which the UK should rely upon Mexican imported avocado. The method used will be; an overview assessment of the failure modes of the supply chain; use of statistical evidence to demonstrate the resilience of the supply chain; and application of scorecard modelling to show ways in which whole supply chain can better be assessed before establishing KPI. Discussion will focus upon potential remedies and future action to optimise supply chain performance.



3	Critical evaluation of avocado supply chain using FMEA
This Failure Mode and Effects Analysis (FMEA) will consider factors affecting the supply chain of avocados from Mexico to the UK. While Mexico is not the largest supplier of avocados to the UK, Mexico is the largest producer of avocados by a significant degree and as such could be seen as the most robust producer of avocado. While other producers contribute to around 84% of the domestic use of avocado in the UK, significant failures in production of Mexican avocado will have affects upon global pricing and this could in turn force suppliers to export to other large consumers such as the USA, which consumes approximately four times as much avocado as Europe, and China, whose avocado demand is increasing rapidly. (Sutcliffe and Hess, 2017)
In order to assess which are the most significant failure modes in this supply chain, firstly this study will consider the greatest factors affecting the supply chain and then will use this to assess which vulnerabilities are present in the supply chain from Mexico to the UK. Libiao et al (2006) split these factors into four categories; raw material supply; production and processing; logistic warehouse and transportation; and sales and consumption. Since the item is a crop there are few equivalent ‘raw material’ issues since farming, seeding and harvesting could be grouped into production. Song et al (2016) consider operational, environmental, social and economic risk factors. While these groupings would be adequate, This study will merge the two in order to break down the operational factors considered by Libiao et al (2006) and consider the social and environmental factors considered by Song et al (2016) I have chosen not to consider economic factors separately, since the economy of avocados is intrinsically linked to all of the other factors. The five categories considered will be as follows: production and processing, storage and transportation, sales and consumption, environmental, and social. 
Production and processing risks of avocado are predominantly those risks which affect the marketable yield of the crop, such as disease, farming methods, use of pesticides and fungicides. Due to the popularity of avocado there has been a lot of recent research into these processes. Separate studies by Wang et al (2012), Zhang et al (2012) and Pereira et al (2012) all showed that harvesting avocado early and ripening later maintains the largest amount of ‘per gram’ nutrients. This will also have positive economic benefits by speeding up production. However determining when to harvest avocado is tricky Rivera et al (2016) proved that a variety of pre-harvest factors used to determine postharvest ripening, such as softness and colour change, all have an effect.  His study demonstrated that while all of these factors can affect the post harvest ripening, none can be used exclusively to accurately determine the post harvest ripening and all must be used in conjunction to make an accurate prediction. Another means of preventing damage to avocado pre-harvest was highlighted by Tinyanye et al (2017) who examined the effects of using different coloured netting to shade avocado and minimise sun damage, his study found that blue or white netting in particular can slow the ripening effect and prevent sun damage increasing the marketable yield. One of the major issues with the avocado supply chain is the development of anthracnose disease; the usual counter to this is the use of fungicides. Glowacs et al (2017) showed that some natural chemicals could be used as an alternative to fungicides to prevent the spread of the disease within Hass avocado. Furthermore Bill et al (2014) showed that the use of edible thyme oil coatings post-harvest can significantly reduce the spread of anthracnose disease. Overall there is a considerable amount of research into methods of ensuring maximum yield of the crop, however much of it is recent and as such may not yet be in practice.
Storage and transportation issues predominantly involve the use of the cold supply chain to maintain the quality of the avocado. Common practice is to store the Avocado in a partially ripened state and stabilise its condition during cold storage, this means that the avocado can be quickly ripened at the distribution stage to meet demand; however this process does have other problematic effects.  Villa-Rodriguez et al (2010) showed that the content of fatty acids increases in avocado as it ripens, so partially ripening the fruit early isn’t necessarily the best option for maintaining nutritional value. Arpaia et al (2015) studied the effects of cold storage on ripened, un-ripened and partially ripened avocados, and found that there are significant advantages in terms of disease prevention and marketable yield to storing avocados in an un-ripened condition. However storing un-ripened avocado for longer than 14 days will significantly increase the risk of pink staining. Furthermore there is no detriment to the flavour or the quality for storing partially ripened avocado for less than four days. (Arpaia et al, 2015) So while there are advantages to harvesting the fruit early, storing the fruit in an un-ripened state can for too long can reduce marketable yield. Mendieta et al (2016) showed that the effects of quality loss during cold storage can be minimised by pre-conditioning the avocado for three days in a cooler climate, prior to cold storage and by waxing the avocado to prevent ingress of disease. Use of both of these methods together resulted in a considerable reduction in quality loss during cold storage. So again while there is a lot of research into best practice in storage and transportation, much of it is new and is not likely adhered to.
In terms of sales and consumption, the growth in the avocado market in the UK does not seem to be waning. However there has also been a substantial increase in growth in the USA which remains the dominant consumer, and China and other areas of Europe have an exponentially increasing demand. (CBI, 2018) This predicted competition in the market may mean means that UK demand, could become less of a priority following the UK leaving the EU. In this event domestic prices are likely to increase. A study by Wang et al (2016) into the comparative nutritional and antioxidant values of avocado, found that smaller variety avocado were more nutritious and less fatty than the normal larger varieties, however the large black skinned Guatemalan ‘Hass’ Avocado remain by far the most popular variety and appetite for other green skinned varieties is waning. Europe in particular seems to have a growing demand for organic avocado, and this demand is not being met due to the issues involved with production. (CBI, 2018)
As far as the environmental factors are concerned the main considerations are environmental sustainability and environmental impact. In terms of sustainability the increased demand of organic avocado may not be most beneficial. Astier et al (2014) shows that while organic avocado production requires use of three times the amount of renewable energy than energy from other sources, and there is no significant reduction in overall emissions or energy consumption, this remains roughly the same regardless of method used. In Mexico, there has been some shift towards production of organic avocado, however Astier et al (2014) suggest without improving the rest of the supply chain, this will be no more sustainable long term, however Bonilla et al (2011) suggest there will be some environmental benefits such as the microbial nutrients in the soil creating a stronger future yield. In terms of environmental impact, weather can significantly affect crop yield. While hotter weather can have significant benefits to yield due to Montserrat et al (2012) research proved not only a decrease in predatory mites following hot weather, but also a correlation between avocado mites attacking crops and high pollen count. There are also large issues with drought, flooding and late harvest as a result of weather (Butler and Jones, 2017) affecting production. Sutcliffe and Hess (2017) also have highlighted water sustainability issues; the UKs avocado consumption alone takes approximately 25 million cubic meters to fulfil, which is around ten thousand Olympic swimming pools in volume. 
Social aspects that affect the production of avocado include political influences and societal influences as these often go hand in hand, but from the perspective of both ends of the supply chain. In Mexico the most blatant societal impact is that many Mexicans can no longer afford to eat avocado, despite it having been a part of the diet for many years. International demand for Avocados and the exportation value of avocados has increased to the extent that avocado is becoming unaffordable for Mexican citizens furthermore this has also been linked to both legal and illegal deforestation in Mexico. (Agren, 2017) While this rapid increase in demand has shifted the primary export of the Mexican economy from fuel, an analysis of Mexican exportation found that while exportation of fruit and vegetables was one of its only exports to hold a competitive value, year on year the comparative advantage of Mexican produce has decreased. This has negated the positive economic effects meaning the exponential increase in demand for Mexican ‘Hass’ avocado has not provided a mirroring boost to the economy. (Malaga and Williams, 2010)  As such the cost increase, which has not coincided with a wage increase has caused political problems in Mexico which resulted in avocado growers strikes in 2016 (York, 2016) In an effort to counter this in 2017 The Mexican government were even considering importation of cheaper avocados to satisfy local demand. (Agren, 2017) The UK customers focus more on the sustainability of the produce, since UK consumers are becoming increasingly aware of the environmental impact of food miles and sustainability, however the main physical affect of this is to increase demand for organic produce, which as mentioned above seems to increase the price of the product but not reduce the environmental impact (Astier, 2014) A political influence in the UK at the moment is the departure from the European Union. While the UK does import produce directly from suppliers, a lot of European food produce including avocado is redirected through other European countries. The majority of avocado in Europe transits through the Netherlands, which is almost seen as a shipping hub. (CBI, 2018) If UK ports are not able to satisfy the increased demand for avocado alongside an increased demand for other fruit and vegetables, then food sustainability may be dependent upon negotiations and a trade deal with the EU. 
All of the discussed issues are collated into a table attached at Annex A. This table groups all of the factors discussed, and highlights the individual risks and resulting failure mode of each. The assessed failure modes are; a reduction in yield of the crop; a reduction in quality of the product; a reduction in quantity which is available to import to the UK; long term sustainability risks, which risk the longevity of production capability in Mexico; availability risk, which could instantly reduce the availability of the product rapidly increasing price; competition risk where other producers may be able to capitalise upon growing demand; and viability risk where it may no longer be commercially viable to export avocado to the UK.
 (
SEV x OCC
DET
)Annex B shows these failure modes applied to a failure mode effect analysis (FMEA). In the FMEA the severity (SEV) of each of the failure modes is assessed from 1 to 10 in terms of how significant the effect will be upon the consumer, with 10 being a serious or critical direct impact and 1 being little to no impact upon the consumer. Then the likelihood of occurrence (OCC) for each of the potential causes of the failure is given a value from 1 -10 with 1 being little likelihood of occurrence and 10 being a strong or regular likelihood of occurrence.  The likelihood of detection (DET) is also given a value from 1 -10 with 1 being very unlikely that it is detected and 10 being very likely that it is detected. The inverted delta signifies any risks which are critical to life but none have been highlighted. The risk prioritisation number (RPN) has been calculated using the following formula. 
RPN = 
(Adapted from Braaksma et al, 2012)
The reduced yield, reduced sustainability, availability risk, competition risk, and financial risk failure modes all have a high SEV value, as the financial implications will affect the majority of the market. The effects of reduced quality are significantly lower, since pinking and a reduction in quality will not significantly impact the consumer. Reduced yield has a high OCC value, since avocados tend to have a biannual cycle of a poor and a strong harvest. (Wang et al, 2012) Reduced sustainability the lowest OCC value since this is a gradual process which will affect the supply chain over time, followed by competition risk and reduced quantity, as neither of these are regularly occurring. The DET value is highest for reduced yield, as all of individual factors can be picked up early in the season while availability risk is graded lowest DET since economy collapse and civil unrest are difficult to predict.
By a significant degree the availability risk has the highest RPN. If there is a complete lack of avocado entering the supply chain from Mexico, then the supply chain will not be able to meet the UK demand, prices will escalate and availability will reduce, (Butler and Jones, 2017)  however preventing this shortfall in supply will be difficult as civil unrest, and economic collapse are hard to predict. One way of countering this risk would be to build stronger ties with the producers. This could be done by establishing a fair trade agreement, to ensure the farmers get a fair wage. This would combat the reason that farmers have had a strike previously, (York, 2016) and could give the producers more resilience to economic collapse. While it would likely increase the price of the end product, the UK market is likely to favour a fair trade item due to the increasing market for Organic produce. (CBI, 2018) 
Financial risk is the failure mode which has the second highest RPN score, but specifically for the Mexican producers exporting to the UK, since the supply chain may no longer be economically viable following the UKs departure from the EU. While the effects of this are difficult to predict, ensuring the supply chain remains viable should also be possible through building close ties with the producers and harbouring relationships with suppliers that source outside the EU.
Reduced yield is the highest RPN score for failure mode. While this is primarily a factor that can only be controlled by the producers, building closer ties with the producers, and ensuring they are using the best methods for maximising yield and quality of produce should mitigate this to some extent. Best practices which aren’t currently adhered to are harvesting early (Wang et al, 2012) using multiple methods to assess optimum harvest time (Rivera et al, 2016) and use of Methyl Assonate and Methyl Salicylate in place of fungicides (Glowacs et al, 2017) 
All three of the failure modes with the most significant RPN scores could be mitigated, by building ties with producers and suppliers. Encouraging fair trade, promoting best practice and ensuring mutual financial benefit will ensure this supply chain remains robust and mitigate the greatest risks of failure. An in depth study into supply chain management by Arias-Bustos and Moors (2018) suggests that the key factors for postharvest losses in the food supply chain are corporate, cognitive and tangible inefficiencies and that the strongest way of preventing these inefficiencies are by fostering effective partnerships, innovative collaboration and reduction of structural inefficiencies.
4	Evaluation of avocado supply chain resilience
The diagram attached at Annex C shows the avocado supply chain from Mexico to the UK. Mexico’s annual production is around 1.8 million tonnes (CBI, 2018) through 21511 producers. (FAO, 2014) Traditionally a vast majority of Mexico’s avocado have been produced in Michoacán, however due to the boom in production over the past ten years; Michoacán now holds only half of Mexico’s suppliers. In terms of demand, the UK consumes only 67 thousand tonnes (CBI, 2018) which is only a fraction of what Mexico produces. 
Two key influences on the supply chain are; the rapidly increasing demand for Avocado in other countries, such as the USA, China and other countries in the EU; and the provision of Avocado from other producing countries such as Israel, Spain South Africa, Chile and Peru. The increasing demand from other countries could undermine the necessity for Mexico to export avocado to the UK, and the fact the UK is more reliant upon other producers than Mexico could undermine need for the UK to import Mexican avocado.  
Chart 1 below shows the predicted production of avocado in 2019 by region, this demonstrates the extent to which Mexico will continue to dominate the avocado market. Table 2 below shows the predicted 2019 supply from Mexico and other avocado producing countries which supply the UK, contrasted with the Demand from the UK, the rest of the EU, the USA and China, this demonstrates both the potential for each of the UKs suppliers to fulfil UK demand, and also the drain on supply of some of the other large importers of avocado.
Chart 1: Global Avocado Production
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(Freshplaza.com, 2018)
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Chart 2: UK Demand and UK Suppliers of Avocado 
 (
(Freshplaza.com, 2018)
)

Chart 1 shows that Mexican production is considerably more capable of satisfying UK demand than other exporting countries. While Chart 2 shows that other countries which supply the UK with Avocado, there is potential for issues with all of them. Both Peru and Chile have suffered regular flooding; South Africa is in the midst of a severe drought; the Israeli avocado industry is in its infancy (Sutcliffe and Hess, 2017) and the UKs exit from the European Union has the potential to cause issues with receiving produce from Spain. The combined total of the UKs suppliers less Mexico, have a predicted exportation is 870,000 tonnes of avocado which is more than capable of satisfying the UK demand of 67,000 tonnes. As such it is reasonable to suggest that the UK could tolerate not importing Mexican Avocado, however due to Mexico’s vast production capability, any issues with Mexican production will increase global pricing while problems with avocado in other supplying countries are not likely to affect the Mexican ability to produce avocado. As such while there is no necessity for the UK to continue to import avocado from Mexico, it is in the UKs best interests to maintain trade relations due to the sheer size of Mexican production capacity as this will provide the UK flexibility to withstand failures in supply from other countries, however due to the UK demand being negligible in comparison to Mexican production there is a risk that UK custom will not be seen as a priority, as such it is vital to ensure strong trade relations with Mexican suppliers prior to the UK departure from the EU.
5	Appraisal of avocado supply chain measurement and performance
Stanford (2002) highlighted the need for introducing government farming policy to improve the quality of avocado farming in Mexico. She suggested that this will improve government control of avocado farming, benefit the suppliers, who are forced to meet US, UN, and World Health Organisation standards for exports and benefit the farmers by improving the saleable yield. The same year the “Hass Avocado Board” was established in the USA to fund research into production of Avocado and monitor the US Imports. (hassavocadoboard.com, 2018) However it wasn’t until 2013 the Mexican Ministry for Agriculture published policy to do just that via: promoting biodiversity, investing in research, assuring crops and giving farmers a right to access farming technologies. The lack of government control over the farming industry still persists though: Gareth May reported that almost all of the avocado production in Michoacán are paying tribute to the ‘Caballeros Templarios’ drug cartel. (telegraph.co.uk, 2015)
In relation to other aspects of the Mexican economy, Fujii-Gambero and Cervantes-Martínez’ (2013) made an assessment of the manufacturing Industry in Mexico which highlighted the importance of adding value to imports and exports in order to generate national income. For produce this is different however their study highlights the importance of increasing perceived quality added. While Mexico is a prime producer of avocado, the value of the Mexican avocado is no different to the value of ‘Hass’ avocado produced in other countries. In terms of added value Fujii-Gambero and Cervantes-Martínez’ (2013) showed that the products in the manufacturing supply chain which had the most value added were those which moved direct and were not processed, with the exception of the maquiladora export industry. The maquiladora program, which began in the 1960s, is a US initiative, where imports into Mexico are allowed in the country duty free and VAT free as long as they are subsequently exported.  Blyde, (2014) studied the effects of this mutual relationship, and while it offers the most Mexican value added the extent of this benefit is on the decline, it is for this reason much of the Mexican economy is reliant upon exporting produce such as avocado and fuel.
The best way to assess the Avocado supply chain would be to consider each of the aspects of the supply chain individually from producer to customer and assess them. Bigliardi and Botani (2010) developed a method of assessing food supply chain and establishing KPIs has been widely used. This method uses ‘score cards’ to assess financial, learning, customer and business processes. An example of how the model could be applied is attached at annex D. Each of the individual subheadings could provoke target based KPI for the supply chain which focuses upon innovation, development and achievable objectives Shafaiee et al improved upon this method, by introducing the “Decision Making Trial Evaluation Process” (DEMATEL) to it. (Shafaiee et al, 2014) However this is reliant upon successful information gathering and information sharing. 
The diagram at annex D shows, Bigliardia and Botanis’ (2010) scorecard method using their four headings: financial, internal business procedures, customer and learning & growth. Each of these areas is subdivided into Objectives, Measures, targets and initiatives. Often KPI are chosen to maximise profit, however the problem with choosing a range of several KPI which focus on profitability is that while they will be focussed on the same goal, as such they may well be contradicting and counter each other in achieving the same goal.  Shahin and Mahbod, (2006) showed the importance of establishing targets when choosing KPI and suggested using SMART goals in order to do this. Bigliardia and Botanis’ (2010) Scorecard achieves this by specifying objectives, by measuring performance against targets, and focuses on initiatives in order to promote innovation. Furthermore having separated scorecards from each other enforces a balanced approach when establishing KPI as opposed to focusing on one of these four areas such as finance. One of the problems with utilising this model or KPI in general to performance measure the entire supply chain, is that gathering information may be difficult when different companies, and countries are involved.
Gathering customer information in the UK should be fairly easy, since the Majority of supermarkets have some form of customer loyalty card scheme, which monitors the spending habits of a proportion of the customer base, furthermore advances in supply chain management technology will see the use of; ‘Big Data’ to rapidly advancing the data gathering of the customer base; and ‘Internet of things’ technology will significantly improve forecasting and management the Supply Chain over the next few years. (Dweekat, Hwang and Park, 2017)   
Gathering supplier information in Mexico will be considerably more difficult however. While there are 17 key exporters of Avocado there are 279 packing houses and around 21511 farmers. (CBI, 2014) In order to successfully analyse supplier information it is vital to get timely data from Mexico and to do this it is necessary to build strong relations and partnerships with the suppliers, which are also seen as most critical in the FMEA analysis attached at Annex B. This also reinforces Arias-Bustos and Moors (2018) findings that innovative collaboration, reduction of structural inefficiencies and promoting effective partnerships is vital to reduction of post harvest losses and inefficiencies.
Another avenue to of research which has been widely observed is the profitability of green supply chain or environmentally friendly processes.  (Verma, Dixit and Singh, 2018) (Modrak, Helo and Matt, 2018) (Liu et al, 2018) These suggest use of strict environmentally friendly processes will subsequently increase profitability, however Astier et als’ (2014) research showing that Mexican efforts to adhere to EU policy on Organic production have not reduced emissions or energy usage, due to lack of investment into the Supply chain.
6	Discussion 
The FMEA to assess the avocado supply chain from Mexico to the UK (Annex B) shows that the most priority failure modes are those which risk complete failure of supply and this risk predominantly lies with the producer. Arias-Bustos and Moors (2018) While the UK currently can withstand the loss of this supply, due to the availability of other suppliers, the uncertainty of the UK exit from the European Union and the environmental risk associated with other suppliers Mexico remains the most reliable source of avocado. One of the problems with sourcing form Mexico is corruption, and while there has been an effort from the government to create policy which reduces this corruption much of it has been ineffective. (telegraph.co.uk, 2015)
In order to ensure Mexican avocado supply, the UK must establish greater ties with suppliers, and collaborate innovatively to ensure effective supply chain resilience. Arias-Bustos and Moors (2018) Improving information gathering at both ends of the supply chain will aid this, however gathering information from producers without downstream investment will be difficult. (Liu et al, 2018) Promoting the consumption of healthier small type genome avocado fruit, establishing fair trade practices and prioritising green supply chain practices over conformance to Organic produce standards would be the best means of ensuring increased yield, increased profit and reduced overheads, however this cannot be achieved without strong supply chain cohesion. One means would be to encourage an intermediary company to establish a maquiladora system where a UK supplier, purchased packing, warehousing and shipping business establishes a foothold in Mexico, employing Mexican citizens. This would benefit the Mexican economy by quality assuring to UK specifications at the source and could aid brand establishment. This method has the potential to build upon relationships between the UK retailers and Mexican suppliers, another would be vertical integration, in which the entire supply chain from farmer to retailer is brought out by the same company, however it is unlikely retailers would be willing to invest to this extent in Mexico when it is not a sole product and there are many other closer producers.


7	Conclusions
Firstly Critical evaluation of the avocado supply chain using FMEA showed that the most significant risks to the supply chain are critical failures in production and the financial risks associated with the European Exit from the EU. Secondly evaluation of avocado supply chain resilience showed that the supply of avocado from Mexico has significantly less risk than supply from other producing countries, and would be significantly more resistant to production issues, if more upstream investment was invested in the producer. Thirdly, an appraisal of avocado supply chain measurement and performance showed that while it is possible to use these models to promote use of performance linked and target driven KPI, there is problems with using data enhanced techniques due to the availability of production data in the UK. Lastly the key method of improving the robustness and rigidity of the Mexican supply chain would be to promote upstream investment from the UK into Mexican infrastructure, supply and production. While this may be best for securing the supply chain it is unlikely companies would be willing to tolerate the high risks and marginal profits involved. 
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Annex A, Assessment of failure modes
	Ser
	Factor
	Risk
	Failure Mode

	1
	Production and Processing 
	Anthracnose Disease
	Reduced Yield

	2
	
	Sun Damage
	Reduced Yield

	3
	
	Over Ripening 
	Reduced Yield

	4
	Storage and Transport
	Pink Staining 
	Reduced Quality

	5
	
	Quality Loss in freezing
	Reduced Quality

	6
	Sales and Consumption
	Global increasing demand for Hass
	Reduced Quantity 

	7
	
	falling demand for alternatives to Hass
	Reduced Quantity

	8
	Environmental 
	Energy consumption
	Long term Sustainability Risk

	9
	
	Pollution
	Long term Sustainability Risk

	10
	
	Poor weather conditions
	Reduced Yield

	11
	
	Water sustatinability
	Reduced Yield

	12
	Social
	Civil unrest
	Availability Risk

	13
	
	Economy reliance
	Availability Risk

	14
	
	Increasing Organic produce demand
	Competition Risk

	15
	
	UK leaving the EU
	Viability Risk





Annex B, FMEA
	Title:
	Mexico to UK avocado supply chain

	Process:
	Failure Mode and Effects Analysis

	Ref
	Potential
	SEV
	

	Potential Cause of Failure
	OCC
	Current Controls 
	DET
	RPN
	Reccomended Action

	
	Failure Mode
	Effect of Failure
	
	
	
	
	
	
	
	

	1
	Reduced Yield
	Reduction in availabilty, Global price increase
	8
	 
	Anthracnose Disease
	8
	Fungicides
	9
	7.11
	Use of Gases rather than Fungicides

	2
	
	
	
	
	Sun Damage
	
	Sheltering 
	
	
	Use of blue / white netting

	3
	
	
	
	
	Over Ripening 
	
	Part Ripeneing prior to cold storage
	
	
	Cold store un-ripened in transit to UK, then part ripen four Days of supply in order to meet fluctuating demand.

	10
	
	
	
	
	Poor weather conditions
	
	Use of varieties of Hass
	
	
	 

	11
	
	
	
	
	Water sustatinability
	
	Nil
	
	
	Investigate water sustainability options

	4
	Reduced Quality
	Reduction in Market Value
	3
	 
	Pink Staining 
	7
	Nil
	7
	3
	As per ref 3

	5
	
	
	
	
	Quality Loss in freezing
	
	Nil
	
	
	As per ref 3

	6
	Reduced Quantity (available in UK)
	Increase in UK Market Price
	7
	 
	Global increasing demand for Hass
	3
	Nil
	6
	3.5
	Publicise comparative health benefits of eating smaller variety Avocado to counter this trend

	7
	
	
	
	
	falling demand for alternatives to Hass
	
	Nil
	
	
	

	8
	Reduced sustainability
	Long term environmental effects 
	8
	 
	Energy consumption
	1
	Nil
	5
	1.6
	Invest in sustainable infastructure downstream

	9
	
	
	
	
	Pollution
	
	Nil
	
	
	

	12
	Availability Risk
	Global Price Increase
	8
	 
	Civil unrest
	7
	Political action
	2
	28
	 

	13
	
	
	
	
	Economy failure 
	
	USA initiatives
	
	
	Fair trade agreement 
Build ties with producers

	14
	Competiton Risk
	UK Market is taken to other producers
	8
	 
	Increasing Organic produce demand
	3
	Nil
	6
	4
	Invest in Sustainable infastructure, Publicise impacts of switch to Organic to slow the increasing demand

	15
	Financial Risk
	No longer financially vialble to export to UK
	8
	 
	UK leaving the EU
	5
	Nil
	4
	10
	Build ties with producers




 (
Catering
 and produce
) (
Other Importing countries
) (
M
exico
) (
United Kingdom
) (
Other Exporting countries
) (
Local retailers
) (
Local demand
) (
(Mexico statistics taken from FAO, 2014)
(UK Statistic taken from CBI, 2018)
)Annex C, Supply Chain Diagram
 (
Objectives 
Introduce new methods for enhancing yield
Measures 
Wastage percent.
Targets 
Increase Yield by 5% of production
Initiatives 
Cooperative research initiative
) (
Objectives 
Reduce wastage
Measures 
Maximum wastage target.
Targets 
Reduce wastage by 5%
Initiatives 
Implementation of SCM
) (
Objectives 
Ensure Financial stability for Farmers
Measures 
Percentage price to farmer.
Targets 
Reduce Corruption
Initiatives 
Government Monitoring of scheme
) (
Objectives 
Encourage consumption of small genotype 
Measures 
Customer satisfaction feedback
Targets 
Increase small genotype demand by 10%
Initiatives 
Media Campaign
) (
(Scorecard model as adapted from: Bigliarni and Botani, 2010)
)Annex D, Score Card Model

21511 Avacado producers in Mexico.


279 Packing houses


17 Exporters


Shipping


Imports


6 Main wholesalers


9 Super-markets (95%)


Consumers 67000 tonnes 
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Predicted Global Avocado Production in 2019
Mexico	Peru	Chile 	California	South Africa	Colombia	Israel	Australia	Spain	other	1860	410	215	170	125	80	80	76	40	66	Predicted 2019 Exports and Imports of Avocado 
(1000 tonnes)
Predicted Supply	Mexico	Peru	South Africa	Chile 	Israel	Spain	UK 	Europe	USA	China	1860	410	125	215	80	40	Predicted Demand	Mexico	Peru	South Africa	Chile 	Israel	Spain	UK 	Europe	USA	China	67	517	994	40	