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ABSTRACT:   T
here are at least four dynamics to consider over the next 20 years that structures the global Food Production and Consumption System: 

· The changing environmental context of agriculture 
· Changing economic developments
· Changing household consumption patterns.

· New technological developments 
The environmental dynamic can be analysed by looking at the "impact" of Global Environmental Change on agricultural and food systems. However, the other three dynamics are also important and, at least in the medium-term, will have a stronger "impact" on food supply and/or demand than the environmental dynamic. This paper explores the interaction of the last three dynamics by examining the claims for sustainability of supposedly competing 'paradigms' for the transformations of  FCPSs, using the production and consumption of rice as an example. We include in the FCPS not just the agricultural production of rice but the system's  subsequent processing, retailing, eating and waste disposal phases. The four paradigms we characterise as:

· 'industrialised' FCPSs - based on chemical fertilisers/pesticides; advanced (but non-GM) breeding techniques; high-energy processing; high-transport dependency; modern retailing methods (with lots of packaging and innovation in what foods are offered); high-tech kitchens; limited recycling

· 'traditional sustainable' FCPSs - the antithesis of 'industrialised' systems, relying on few synthetic inputs, labour intensive agriculture and localised distribution systems; most common in developing countries.

· 'organic' FCPSs  -  an alternative to 'industrialised' systems in the richest countries, based on an agriculture that avoids the use of synthetic chemicals, aiming for closed systems of organic and nutrient flows; processing concentrates on reducing environmental impacts; often linked to new methods of retailing that seeks to avoid supermarket systems.

· 'new industrialised' FCPSs - based on crop management using genomics and other resource-productivity-enhancing technologies (e.g. water recycling), as well as the 'merging' of food with healthcare delivery (as symbolised by the development of 'nutraceuticals')..

The paper argues that :

1) each paradigm works in a variety of politico-economic structures; this makes predictions of environmental impacts on the paradigms complicated;

2) focusing only on production (i.e. agriculture) ignores major environmental problems that  are due to other phases of a crop's lifecycle.


1.
Introduction 

The link between the production of food and environmental problems is clear.  It works at both the global and local levels. As the GECaFS project puts it:

" Human activity is changing the world’s climate and leading to other globally-important environmental changes such as changes in supplies of freshwater, in the cycling of nitrogen and carbon, and in biodiversity. The impact of these biophysical changes (collectively termed “Global Environmental Change”, GEC) will bring additional complications to the already difficult task of providing sufficient food of the right quantity and quality to many sections of society."

This difficult task is, of course, made more difficult by the certain rises in population, highest in the poorer countries, over the next 30 years. Whilst these rises are likely to increase the numbers of those with a direct connection to agriculture, that is the rural poor, the biggest increase will be in urban populations.
 Provision of food to them raises different issues, concerning the environmental impact of food distribution and the consequences of the changing nature of the demand for food that urban consumption has traditionally engendered as incomes rise.  Changes that lead to the sustainable production and availability of food pose questions about the kinds and scale of transformations that are necessary to feed the increased , and increasingly urbanised, populations of the next 30 years.

The notion of 'sustainability', as opposed to the reduction in the environmental impact of individual products or agricultural or industrial processes, demands thinking in 'systemic' terms. Transforming human activities with respect to food implies a focus on the whole system of agricultural, industrial, retailing and household 'sectors' and their interrelationships, with their strongly connecting regional, national and international dimensions. In addition, systemic thinking is concerned with more than the production of food, in agriculture and food processing factories; it also includes distribution and the preparation of final meals whether this be in individual households or in more communal arrangements whether commercial or non-commercial. 

We thus define Food Consumption and Production Systems (FCPSs) to include (see Figure 1) the whole 'chain' of human-organized activities concerned with the production, processing, transport, selling, cooking and eating of food and the disposal of the wastes of such activities. This includes:

· the inputs to farming (including water, chemicals, seeds and machinery), 
· the agricultural sector (including fishing and gathering),

· the food processing industries (and the associated packaging industry)

· food distribution (including wholesaling and retailing and the transport associated with these), 
· equipment for food storage and preparation,

· food 'service' (i.e. restaurants/canteens/take-aways), 

· the  household activities of shopping, cooking and clearing-up, and finally, 
· the disposal and recycling of food and packaging wastes. 

We are quite aware of the problem of partitioning of the complex of human-human and human-ecology interactions into such 'systems'.  Food production is often combined with non-food agriculture, and strategies and technologies applying to one may apply to others. Moreover, agricultural production in general cannot be seen as autonomous from changes within manufacturing or extractive industries. Consumption of 'food is, of course, an essential human requirement, but it too is intimately connected with equally important requirements - such as the maintenance of health and fitness, which could just as easily be described in 'systemic' terms (involving, for example, the pharmaceutical sector). In addition, some of the means whereby food is acquired by households -  from supermarkets visited by car, for example - is not the exclusive province of  the FCPS. Transformations in the use of automobiles for food shopping imply transformations in the means whereby other household requirements, for communication or leisure, are fulfilled. However, thinking 'systemically' allows a focus on an important, if neglected, aspect of sustainability, namely the intimately connected relationships of production with consumption.

This paper is work-in-progress. As their affiliations indicate (CROMTEC and CRIC), the authors are especially interested in the role of technological innovation in its institutional contexts, in this case with respect to changes taking place in the agricultural and food 'industries', widely conceived. In this paper, we explore the dynamics of the FCPS and the various alternatives to the current system that are argued as being more 'sustainable' environmentally and/or socially or desirable to end food insecurities. We are not seeking to dismiss these alternatives; rather we wish to identify new directions for thinking about obtaining FCPS sustainability in a world of 8-9 billion people (as projected for 2030), within the context of likely trajectories of innovative technological and social developments that we might expect within the mainly capitalist global economic system. In particular we explore the notion that there are two factors that are significant disturbers to any notion that there can be 'one' permanent type of sustainability. Firstly, we are keen to emphasise the differing socio-economic structures of the different FCPSs in different regions of the world, something that even trajectories of 'globalisation' will find it difficult to change. Secondly, there are the inherent economic and social disturbances caused by the innovative, variety-generating, nature of contemporary capitalist competition. New science, new organisational knowledge, new processes, products and technologies will induce new and continuously changing combinations of production and consumption. Sustainability, regional differences in institutional structures, variety and innovative combinations: these are the concepts with which try to juggle.


Section 2 sets out the FCPS system strategies that we identify in the debates on the best ways of achieving FCPS sustainability. Section 3 explores some of the strategies with respect to the production and consumption of rice. Section 4 provisionally sketches some conclusions and future research directions.

2.
System strategies
We distinguish below four different system 'strategies' (see the Appendix Table). These are not intended necessarily to be mutually exclusive. Indeed, in any real economy, a combination of some or all of these strategies may well be in operation. We make the assumption that there is no single ‘logic’ driving the development of FCPSs, and that different societies exhibit a complex and contingent mix of different FCPSs at different levels of definition and development. In this respect, in spite of the uniformity rhetoric of globalisation (by its proponents and opponents), we would suggest that there is a great deal of systemic variety. The human-human and human-ecosystems interactions continue to generate comparative advantage and disadvantage between different combinations of strategies, often re-configuring and shifting patterns of inequality. Consequent patterns of trade and inequalities of exchange continue to differentiate rather than homogenise the world food economy.
In this respect, globalisation is far from having abolished diversity arising from biological properties of foods and their interactions with geographical, climatic and other environmental conditions. Studies of the way that new crops and foods have developed and diverged in all directions around the globe (sugar, tea, coffee, chocolate, potato, tomato, etc.) have emphasised how differently they become inserted into the socio-economy (Mintz, 1985; Diamond, 1997; Dicum and Luttinger, 1999; Zuckermann, 1999; Coe and Coe, 1996: Harvey, forthcoming). Cultures of production and consumption, patterns of land-owning, the organisation of the household economy and its relation to the market economy, remain critical underpinnings of this variety. The example of rice, which we use to demonstrate the different FCPSs, serves to illustrate that system strategies are not ‘global’ alternatives, but different logics whose expression varies according to many complex interactions. 
The literature on moving towards more sustainable FCPSs has a strong bias to policies for dealing either with the environmental problems of agriculture or, increasingly, how agriculture might be affected by global environmental changes. Strategies for new systems are usually described in opposition to the dominant institutional forms of food production, distribution and consumption to be found in the OECD countries and said to be the form that is diffusing most rapidly into developing countries.  It is variously labelled as the 'industrialised' or 'modern' form of food production.  The 'industrialised/modern' FCPS is based on 'Fordist' principles of seeking high labour productivity and economies of scale in all elements of the system, especially in agriculture and food processing. Fordist principles have been increasingly extended to distribution, with the domination of supermarkets in retailing and mass catering in eating-out. Household consumption based on a wide variety of mass commodities with a historically high consumption of animal products. Agriculture and food processing is the subject of continuous innovation, based on scientific understandings. There is a constant search for innovation in products and agricultural/factory processes. 

This form of FCPS is much caricatured by critics, not just for the quality of the food it provides (with rising concerns about food safety and hygiene) but also for its insensitivity to environmental and animal welfare concerns. Yet, it has been responsible for huge increases in yields, leading to a reduction of food poverty in OECD and, through the Green Revolution, in much of Asia and South America. Historically it has proved a pre-condition for the rapid urbanisations of the last 60 years. Critics have probably over-stated the rate of spread of Fordist FCPSs and the degree of global uniformity that it has brought. In fact, there is still a large amount of global diversity, even in superficially similar agricultural, processing and distribution systems.

The Appendix Table gives a more detailed account of the industrialised/modern FCPS, describing its features for each element of the generalised FCPS listed above.  The Table also presents three other 'strategies' for achieving more sustainable and food secure food production and consumption. 

The first we have called the 'traditional sustainable' strategy.  It is an extension of  'traditional' methods of production in poorer countries, avoiding the  'industrialised/modern' trajectory. The emphasis is on small-scale agricultural production that is culturally- and eco- sensitive. Local skills and knowledge are seen as a resource for innovation that maintains community cohesion. Though its advocates stress the need for social learning in developing such systems to move away from the downside of traditional agricultural systems, there is plenty of evidence of such systems causing soil erosion, water pollution and diversity loss. This strategy is thus focused on sustainable rural development with limited attention is paid to urban issues. The strategy is about increasing food security amongst the rural poor, whilst maintaining environmental stability and allowing for local learning. Such systems however do not necessarily produce surpluses for sale to cities and, while vital for the rural poor, are in global terms a 'niche'. Other methods of increasing food production would surely be needed to feed the cities, though successful rural developments could limit the movement to the cities and, indeed, encourage migration back to rural areas.

The second strategy we have labelled 'organic'. This strategy is difficult to characterise due to the controversy over what constitutes organic food and organic systems of agriculture and how such systems fit into world systems of production and of trade. Advocates of  'organic' systems focus on food production that engages with natural systems and cycles in agriculture and processing. They approve of the proposed dismantling of 'industrialised' systems that are prevalent in rich countries and their replacement with methods of agriculture, food processing and distribution that emphasise social sustainability. Much cultural significance is given to 'natural' products and production methods as a means of ensuring health - of humans, of farm animals and of the eco-system in general. There is a variety of disputing definitions of what 'organic' means: some focus solely on the avoidance of 'chemical' inputs into agriculture; others see it as part of a 'socially and ecologically responsible' approach to the production and distribution of food, with a strong bias to bioregionalism and against world food trading
. It can thus resemble the 'traditional/sustainable' strategy, especially when it is directed to the poorer regions of the world. However, it is intended to be most relevant to those parts of the rich world that have had their FCPSs 'Fordised'.  When linked with environmentalist critiques of Fordist food distribution systems, organic strategies have major implications for the structure of existing industrialised FCPSs.

The third strategy we have called 'new industrial': 'new' because it is advocated as a restructuring of the 'industrialised/modern' strategy to take account of a number of developments of the last 20 years. First of all, it takes seriously criticisms of the environmentally-destructive nature of post-1945 methods of high-productivity agriculture.. This leads to the introduction of new methods of crop management and diversification of agriculture into new materials. The strategy could readily incorporate the technical and certification features of the 'organic' strategy, though not the other, more social and bioregionalist aspects of the organic movement. Secondly, it adopts new technologies in both crop management and, especially controversial, in genome modification. There are a number of benefits to be gained from better understanding of the full genetic makeup of crop plants and food animals, as part of extending the benefits of the Green Revolution beyond the basic crops of maize, soya and rice.
 Thirdly, it takes on board the notion of foods as a way of delivering health care, through the development of functional foods and 'nutraceuticals'. The strategy is still based on high outputs in agriculture and processing within  internationally-organised production and trade. It continues the strong 20th century emphasis of the industrial/modern system on high output and low labour agriculture and innovation in agriculture and food processing based upon science. This continues the focus on producing large quantities of food for rapidly expanding urban populations.

It seeks to respond to the undoubted environmental degradation that 20th century agriculture has caused by the application of new technologies. 

3.
 Food Consumption and Production Systems: The Case of Rice 

There are regional differences in the status of rice as part of standard diets.  Rice is a staple food about half of the global population, especially amongst those living in developing countries in Asia, Africa and Latin America. In high-income countries of Europe and North America, rice is considered a healthy food and its consumption is increasing (for example, in the USA, per capita consumption increased from 6.8 kg/year to 9 kg/year between 1990 and 1998). This increase in consumption has been accompanied by a burgeoning of different rice products in supermarkets.

Global rice production, harvested area and yield all grew between 1987 and 1997

 (see Table 1). Over the period, Asia continued to dominate rice production, accounting for over 91% of the global total.

Table 1: Rice production, harvested area, yield, population and rice availability (FAO, 2000)

1987
1997
Change

Production (106 t)*
473.5
570.8
+97.3

Harvested Area (106ha)*
143.9
150.8
+6.9

Yield (t/ha)*
3.28
3.78
+0.5

Population (109)
5.02
5.84
+0.82

Availability (kg/head)
94.3
97.7
+3.4

*3-year moving average values were used (1986-88 

for 1987 and 1996-98 for 1997)

Of particular importance to any consideration of climate change is the distribution of rice production across different ecologies.  In 1997, about 54% of world rice harvested area  came from irrigated ecologies, 30% from rainfed lowland ecologies, 11% from upland ecologies and 5% from other ecologies such as deepwater and tidal wetland or mangrove. 

The most significant development in rice technology this century has been the innovation of high yielding varieties (HYVs), constituting an element of the ‘green revolution’ (with accompanying increased use of irrigation and fertilisers).  Based on techniques for improving wheat yields in Mexico, the International Rice Research Institute (IRRI) in the Philippines created new rice varieties with significantly improved yields.  By the 1990s, 75% of Asian rice land had converted to these modern varieties. Whilst there has been little doubt that the new strains have led to greater yields, and in turn to increased global production (production doubled between the mid 1960s and 1990), the success of the ‘green revolution’ has been challenged by critics for several reasons. As Evans (1998) explains:

"During the 1970s many social scientists also criticised the Green Revolution......: according to them it favoured the large farmer; it reduced employment opportunities, particularly for women and landless labourers; it led to both national and individual dependence on agrichemical companies and creditors; it affected the heatlh of both farmhands and rural environments adversely; it disadvantaged the grain legumes and weakened crop rotations; it made yields more variable and genetic resources more vulnerable, and so on....The criticisms were salutary but overly pessimistic in most cases. There had to be costs - social, environmental and agricultural - if the world food supply was to be increased rapidly. However, rural employment opportunities increased, small farmers eventually benefited as much as their larger neighbours, the 'revolution' spread far beyond the favourable irrigated areas, and food supplies did not become more vulnerable. The ultra-poor and hungry remain so, unfortunately, but we should not expect agricultural progress to stand proxy for social reform." (p.135/6)

One criticism, however, still stands: that the dependence on a relatively small number of varieties and the consequence disappearance of many traditional wild varieties poses threat to genetic diversity and has detrimental impacts on soil fertility.

Figures indicate a rapidly globalising Rice FCPS with respect to trade, especially since 1990, reflecting the technological and organisational modernisation of distribution systems. World trade in milled rice grew dramatically between 1990 and 1998 - exports increased from 12 million t in 1990 to 27 million t in 1998. Over half of exports were from 4 countries: exports from China and India grew approximately tenfold over the same period (China: from 0.4million t to 3.8m t; India from 0.5 m to 4.8m), from Thailand by 50% (4m to 6.4m) and from Vietnam by over 100% (1.6m to 3.8m). There have been different patterns of relationships between locally-grown rice and imported rice in different countries, dependent on changing population levels and the openness of the economy to free trade (e.g. rising population in Indonesia has been satisfied by rising imports, whilst rising population in China has been satisfied by rising local production or by substitution due to rising incomes, accompanied by fast rising exports).

As for possible future directions in the development of Rice FCPSs, there are a number of examples of the 'traditional sustainable' strategy in practice. For example, there is the 'Autoconsumo Production’ in Cuba: following the disintegration of COMECON, this model of rice consumption has subsequently been used as a positive example for advocating a traditional sustainable trajectory (by The Institute for Food and Development Policy (IFDP) in this case (Moore Lappé, 1998).  The central idea involves a shift towards allocating portions of farmland for subsistence farming, representing a move away from the dominant one of maintaining virtually complete crop specialisation on farms within the state and CPA sectors; the state farm sector alone controlled roughly 78 percent of cultivated land in 1989. (refs.: Pretty, 1995, p.265).  It should be stressed that there is no evidence to suggest that Cuban authorities have organised this shift for the same reasons as those advocated by the IFDP.  The system was introduced  to cope with the lack of imported food or agricultural inputs resulting from the dismantling of COMECON and increasingly stringent US trade embargoes. 
Another example is the ‘Sustainable rice production by indigenous women’ project. This project, reported by the United Nations Development Programme, involves using traditional local varieties and traditional cultivation methods based on local knowledge and specific local socio-political set-ups in the communities. Thus, in the Philippines:  

‘Irrigated rice farming in the Cordillera follows a calendar that originally was used for a single rice crop.  The start of this agricultural calendar is determined by the climate in the particular place.  This calendar is an oral one and depends on the elders’ reading of biophysical, meteorological and hydrological factors.  It also contains the different rituals that must be done at certain stages in the life of the rice plant.  The series of activities in the agricultural cycle that is generally followed in the Mountain Province is as follows:  Seedbed preparation, irrigation-canal cleaning, seeding/sowing, rice-field preparation, transplanting, weeding, watering, bird/pest control, harvesting’ (United Nations Development Programme)
The emphasis of this project is on labour-intensive rice cultivation, based on traditional methods and local socio-political structures, and increasingly on reversion to traditional local rice varieties and a stop to the use of expensive agrochemicals.
The organic rice FCPS, as with other organic regimes, is based on certification and differentiation from the ‘old’ and ‘new’ industrial rice products.  Its production centres on not using agrochemicals and adherence to a set of rules set out by the relevant agency – the Soil Association in the UK and, in California, the California Certified Organic Farmers (the particular rules in this latter case are set out in the California Organic Foods Act of 1990).  
In sharp contrast with the traditional / sustainable rice FCPS, organic rice is consumed largely in high-income countries.  It is frequently sold as a ‘healthy option’ and as the alternative to GM rice, and there are an increasing variety of organic rice products available.  The figure below (to be attached) illustrates the range of rice and rice-based products offered by Californian firm, Sunwest Organics.  In addition to the exotic varieties available, the emphasis given to certification should be noted.
 The drive to distinguish between different rice technologies is further illustrated by the announcement of the California Rice Commission (CRC) that GM rice products will be separated from other rice products at every step from cultivation to marketing (i.e. labelling).  According to the CRC, this is a defensive measure to make sure that there is a continuing market for Californian rice (Schnitt, 2000).



The ‘new industrial’ rice FCPS can be illustrated by two connected biotechnology-based projects, both involving Syngenta, the transnational corporation with headquarters in Switzerland.
 The first example involves the completion of the rice genome sequence in January, 2001.  
The project, a collaboration between Syngenta and Myriad Genetics, was completed in 18 months and involved high throughput DNA sequencing and bioinformatics capability.  The rice genome map contains a variety of genetic information about rice, including the DNA sequence of every gene, the regulatory DNA sequences that surround the genes, the linear order of the genes along every chromosome and correspondence between the genome map and the plant breeder’s map of inherited traits.  The rice genome map will be used for several types of further development (Syngenta, 2001).  First, it can be used by plant breeders to precisely select the best progeny from breeding crosses. It can also be used by biotechnologists to identify and transfer individual genes from one rice variety to another, so that discrete improvements can be made without mixing all the genes from two rice varieties.  Second, the map can be used to understand how crops resist stress, or how they confer health benefits to food.
The second project involves genetic modification of rice to enhance its beta-carotene content.  It is thought that this would be a potential source of vitamin A when eaten, deficiency of which is considered a major problem in many developing countries, particularly including the major rice growing countries.  
There is an important distinction to be made regarding opposition to biotechnology-based rice innovations and the opposition they receive from those advocating alternative rice FCPSs.  Whilst the second example is based on genetic engineering, use of knowledge derived from the rice genome map might not be.  This knowledge, then, might readily be used by supporters of the other two FCPSs, were they willing to acknowledge the distinction.
4.
Discussion

Any critique of strategies for achieving sustainability in FCPSs in the face of global environmental change and the rise in populations expected for 2030 has to confront the obvious problems of industrialised agriculture and its associated consumption patterns. This applies both in the rich countries and in the developing ones; in the latter, sustainability must mean slowing down, if not reversing, the adoption of the environmentally degrading impacts of such systems in those countries whose living standards are approaching those of the developed world. But it must also recognise the needs for food security of the rural poor and, crucially, the food security of the urban people.

Whilst some writers are strong advocates of the strategies they propose (the debate between advocates of organic methods and those put forward by 'new industrial' supporters is especially lively), in our view such strong advocacies are unhelpful. In global society, uneven development is the norm. It seems reasonable to suggest that within one country there will be different strategies; some foods produced by one, others by another strategy; there will also be great differences between countries, even for the same foods. In addition, whatever the differences between agricultural systems there will be substantial variety in methods of distribution and food preferences.

Any globally successful FCPS would be a mixture of the various strategies since they are applicable at different levels and to different global and national regions. For example, some of the features of the 'organic strategy' (especially its different views regarding the use of chemical inputs) are compatible with 'new industrial' systems, as the rapid rise in sales of supermarket organics demonstrates. It is quite possible to envisage the co-existence of local supply chains for some foods (e.g. in the UK, local 'farmhouse' animal products) and global supply chains of foods not locally-available (e.g. in the UK, rice).

The co-existence of alternative FCPSs can have both positive and negative effects.  On the one hand, maintaining diversity in technological trajectories allows for unforeseen combinations of technologies in the future.   It is also possible that alternative FCPSs are appropriate for different regions at different times. On the negative side, there is the possibility of 'degenerative competition' between alternative strategies.  Most notable is the anti-GM stance amongst those advocating organic strategies.  In the case of rice, this has contributed to a slowdown in development of knowledge surrounding the possibilities of improving rice production through biotechnological means.  Consequently, the development of ‘golden rice’, enriched with beta-carotene, has been stifled, with uncertainty about regulatory approval and the chances of creating markets for this new variety.

A current manifestation of competition between varieties is the increasing attention paid to the labelling of foodstuffs according to their origin.  It is well known that the organic movement is a strong advocate of labelling strategies to differentiate products.  It is also increasingly common for those developing biotechnology-based seeds to recognise the need for labelling.  The Californian Rice Commission, for example, representing that state’s rice industry, has stated that high-tech rice varieties ‘will be separated every step of the way from conventional crops’, and this extends from growing to marketing and labelling.

But the fact that different strategies might, in principle, be part of a global sustainable FCPS raises a question about the viability of competing systems – can these different strategies ultimately 'co-exist'?  No, say the anti-globalisation and anti-GMO movements. Yes, say those  can see them as  international differences:  'organic' as an rich country strategy; modernising for  developing countries. 

To conclude provisionally, we can make some general points.

1) It is important to consider sustainability at the systemic level. For food, this means considering changing economic developments, including increases in the scale and international range of global food trading and, thus, the wider availability of "new" foods and tastes. Globalisation also increases the likelihood of increased dependency in some countries on exported crops (which may be threatened by GEC) and changes price structures, affecting the more vulnerable poor farmers. Changing household consumption patterns are also important, as demands for different kinds of foods and methods of obtaining them (e.g. from supermarkets and chain restaurants) change. The patterns are changing in different ways region by region: thus in rapidly industrialising countries, urbanisation and rising living standards leads to demands for more meat and for more processed and restaurant food; whilst in Western Europe and North America concerns over food safety and quality push up sales of  'organic' foods. 

2) The co-existence of different FCPS strategies means that achieving any notion of sustainability must take account of the essential feature of modern socio-economic systems based on competitive capitalisms, namely their variety-generating potential and the consequent continuous posing of alternative trajectories.  Some would argue that the dynamic nature of the industrialised sector is its long-term strength: this dynamism needs to be preserved to ensure that the challenges of sustainability are matched by the same variety of innovative responses.

3) Given the importance of 'variety' both to ecosystems and to the innovative development of human economic and social endeavours, advocating single strategies for all countries/regions is counter-productive for the sustainability of natural and human systems. Nevertheless the 'tensions' between different strategies is worth further consideration and research, especially if we can envisage new 'combinations' that better meet the demands of sustainability and changing demand for food.
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Figure 1: Environmental Impacts of 

Food Consumption and Production Systems

Elements of the Food Consumption and Production System
'Industrialised/Modern'
'Traditional Sustainable'
'Organic'
'New industrial'

General Characteristics 
Based on 'Fordist' principles of seeking high labour productivity and economies of scale in all elements of the system, especially in agriculture and food processing; Fordism increasingly extended to distribution and catering; consumption based on wide variety of mass commodities (especially high in meat products); agriculture and processing science-based with constant search for innovation in products and agricultural/factory processes; subjected of increasing criticism as being insensitive to environmental and animal welfare concerns.
Based on development from 'traditional' methods of production in poorer countries, avoiding the  'industrialised/ modern' trajectory; emphasis is on small-scale agricultural production that is culturally- and eco- sensitive; local skills and knowledge are seen as a resource for innovation that is socially- and eco-sensitive; basic notion is 'sustainable agriculture' as an alternative model for rural development. 
Focused on food production that engages with natural systems and cycles in agriculture and processing; proposes dismantling of 'industrialised' systems that are prevalent in rich countries and their replacement with methods of agriculture (and food processing and distribution) that emphasise social sustainability; cultural significance is given to 'natural' products and production methods as a means of ensuring health - of humans, of farm animals and of the eco-system in general; strategy is bioregionalist regarding production-consumption relations. 
'New' because it is seen as a restructuring of the 'industrialised/modern' strategy to take account of 

a) criticisms of the environmentally-destructive nature of post-1945 methods of high-productivity agriculture; this leads to new methods of crop management (and diversification of agriculture into new materials)

b) the availability of new technologies in both crop management and in genome modification

c) food seen as a way of delivering health care

Strategy is still based on high outputs in agriculture and processing within internationally-organised production and trade.

The inputs to farming (including water, chemicals, seeds and machinery)
High energy use (especially in machinery) but high energy efficiency in crop production; high use of water requires substantial irrigation developments; high use of synthetic chemicals as fertilisers and pesticides, though chemical use has become more targeted; post 1950s use of  'hybrid' seeds in the 'Green Revolution'; in some countries, expanding use of Genetic Modification (GM) methods; overall, resulting reduction in genetic diversity feared.
Strategy is the 'integration of natural and regenerative processes'; this means few (but some) chemical inputs and the use of nutrient recycling, natural nitrogen fixation, soil regeneration and the use of natural pests to control other pests. GM seeds could be used but they would be based on local seed improvements, to keep the ownership of genomes localised.
Use of closed nutrient cycles (with much waste recycling); avoidance of synthetic fertilisers and pesticides; no GM seeds in any circumstances. 
New technologies in machinery and in crop management (often using IT); use of genome knowledge to manage genetic diversity and to develop new seeds and crop varieties (this is seen as a huge jump from mere 'Monsanto-type' genetic modification, which subordinated genome knowledge to agrichemicals); genome knowledge reliant upon big capital and ability to mobilise large resources for innovative developments (this might include the entry of countries of the 'South' into world knowledge trading e.g. Brazil, China and India). 

The agricultural sector 
Typically: large farms, historically very low labour inputs, integrated forms of farm and crop management;  high productivity of uniform products geared for mass markets (classic 'Fordism'); high-yield mono-cropping reduces pressure on marginal land and reduces land needed for agriculture; high meat production
Small farms, based on traditional rural community patterns; high labour inputs, making use of the knowledge and skills of local farmers; not necessarily vegetarian, but production of meat limited.
Focus is on minimisation of agricultural pollution (especially damage to soils and water courses) and maintenance of genetic diversity; likely to be more labour intensive than 'industrialised/modern' and in smaller farms; animal husbandry methods emphasise 'physiological and ethnological needs of animals'; production for local use is emphasised (bioregionalism); however, some organic food grown in large farms for international export can be countenanced.
Farms still large and with high productivity (and low labour inputs) but with new developments in soil and pest management that allow more eco-sensitive approaches to biodiversity; greater attention paid to hygiene and quality, especially in relation to animal products; development of new non-soil methods of food production (e.g. fungal protein); agriculture also expanding within non-food products (for pharmaceuticals and biomass).



The food processing industries (and the associated packaging industry)
Factory processing of raw materials has high labour productivity through automation; high scientific content in foods produced; production geared towards mass markets with increasing use of wide variety of packaging
Strategy initially focused on production improvement for local consumption, with limited processing; there is the possible development of local processing for wider sale.
Focus is on the need to maintain high food quality, with the minimal use of additives etc.; strong need for certification throughout the food chain; organic production criteria would encompass waste management, packaging systems and energy-saving systems in processing and transport"; (N.B. For international trade in organic foodstuffs, there would need to be regulations and rules on certification agreed at international level)
Continued innovation in food types and processing methods (with an emphasis on processing energy reduction); increase in the availability of 'functional foods' and 'nutraceuticals'; innovation takes place in packaging (e.g. new materials to substitute for plastics); a decline in meat consumption in OECD countries is assumed; there is a large increase in consumption of processed foods and meat products in developing countries; 

Food distribution (including wholesaling and retailing and the transport associated with these)
Distribution based on production-led supply chains strongly dependent on the use of Information Technology; supply chains lengthening based on oil-consuming air, sea and road transport.
Distribution tends to be local, with local job creation and skills development; wider distribution can be direct to consumers (avoiding Fordist systems of retailing).
Emphasis is on overall environmental considerations; in the shorter term there would be growth of specialised (niche) markets for organic products; in the longer term there will be much more local food distribution and thus reduction in world food trade (which is restricted to items that can only grow in certain regions); there would be a shift to seasonal and regional foods;
Increasing domination of supermarkets leads to consumption-led supply chains with an emphasis on variety; some expansion in numbers of specialist food shops in OECD countries; strong supermarket expansion in developing countries; distribution methods continue to be based on mass transport, but there are some changes in structure of distribution systems in response to changes in energy costs and to ensure food safety (through food traceability)

Equipment for food storage and preparation
High capital intensity, with dependence on packaging and refrigeration.
Improvements in storage by better management to reduce losses to pests.
Nothing specific identifies - main criteria would be for equipment that preserves nutritional quality and reduces environmental impact (organic is thus linked to wider environmental issues); might suggest opposition to certain kinds of processed organic food that might be linked to newer food preparation methods (e.g. microwaving of prepared meals)
Some changes expected in OECD countries, (e.g. energy-saving devices, 'intelligent' equipment, some directly linked to shopping); in developing countries, huge increases in consumption of all kinds of storage and cooking equipment (in retailing and household sectors) takes place as urban incomes rise.

Food 'service' (i.e. restaurants/canteens/take-aways)
Increase in food service, as more meals are eaten out or take-away; trend is towards Fordist delivery (pejoratively focused on the production and selling methods of chains like McDonalds).
No specific view on this;  might expect limited development of large-scale food services
Growth of organic restaurants encouraged.
Continued rise in out-of-home consumption of food in all countries.

Household activities of shopping, cooking and clearing-up 
High capital and energy intensity in food preparation and clearing up (fridges, freezers, cookers, mixers, microwaves, dishwashers etc.); rising preference for prepared foods; shopping increasingly based on supermarkets with attendant use of cars.
Strategy is focused on rural households; their practices might be improved by better cooking equipment (fuel-saving) and food storage
Bioregionalist focus implies opposition to large supermarkets and thus favours more retail diversity (Internet helps growth of direct sales from producers – 'from farm gate to dinner plate' – reducing power of supermarkets).
In OECD, there are continued changes in food types being offered, with trends to internationalisation, but without overall levels of consumption; there will be changes in methods of food shopping (internet ordering and home delivery); 

In developing countries, there is a rising level of overall consumption, especially of processed foods.

Disposal and recycling of food and packaging wastes.
Recycling for packaging in favour again but still limited; household food waste recycling limited to composting for gardens.
Food wastes recycled into agriculture.
Focus is on reduced packaging of foods, with waste food disposal back to agriculture/gardening 
Installation of good systems of packaging recycling.

Comments
This strategy is much caricatured by critics, yet responsible for huge increases in yields, leading to a reduction of food poverty in OECD and, through the Green Revolution, in much of Asia and South America; historically it has proved a pre-condition for rapid urbanisation of the last 60 years. 

Critics have probably over-stated the rate of spread of Fordism and the degree of global uniformity that it has brought: there is still a large amount of global diversity, even in superficially similar agricultural, processing and distribution systems.
This strategy is focused on sustainable rural development; limited attention is paid to urban issues; the strategy is about increasing food security amongst the rural poor, whilst maintaining environmental stability and allowing for local 'social learning'; such systems however do not necessarily produce surpluses for sale to cities and, while vital for the rural poor, are in global terms a 'niche'. 

Other methods of increasing food production are needed to feed the cities, though successful rural developments could limit the movement to the cities and, indeed, encourage migration back to rural areas.
There are a variety of disputing definitions of what 'organic' means: some focus solely on the avoidance of 'chemical' inputs into agriculture; others see it as part of a 'socially and ecologically responsible' approach to the production and distribution of food, with a strong bias to bioregionalism and against world food trading. It can thus resemble the 'traditional/sustainable' strategy, especially when it is directed to the poorer regions of the world. 

However, it is intended to be most relevant to those parts of the rich world that have had their FCPSs 'Fordised'.  When linked with environmentalist critiques of Fordist food distribution systems, organic strategies have major implications for the structure of existing industrialised FCPSs.
The 'new industrial' strategy continues the strong 20th century emphasis of the industrial/modern system on high production/low labour agriculture and science-based innovation in agriculture and food processing. This continues the focus on producing large quantities of food for rapidly expanding urban populations. 

It seeks to respond to the undoubted environmental degradation that 20th century agriculture has caused by the application of new technologies. 

It has the potential of incorporating some of the technical  features of the 'organic' strategy (though not its social aspects).
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� CROMTEC - Centre for Research in Organisations, Management and Technical Change


� CRIC- Centre for Research in Innovation and Competition


� GECaFS is the  IGBP/IHDP/WRCP Global Environmental Change and Food Systems Project; the quote is from the Project brochure, 2001


� By 2030, the proportion of people in developing countries will be 56% (it is 40% now). Many of these will be in 'megacities' with populations over 10 million; New York was the only such city in 1950, by 2015 there will be 23, led by Tokyo and Mumbai. See UN Population Division projections on http://www.undp.org/popin/wdtrends/execsum.htm


� Also, much of agriculture is not concerned with the production of food, but rather with materials - wood, cotton, energy crops - that are inputs to other production and consumption systems.


� At the moment, organic food is internationally-traded and sold through supermarkets, whose sales of such food is rising rapidly in the richer countries. This is unacceptable to those many supporters of organic agriculture - notably those in the 'organic movement' - whose broader agenda is bioregionalist.


� Genome knowledge potentially allows a much greater opportunity to develop new varieties of crop but without the worst excesses of the type of genetic modification that has been associated with companies like Monsanto. The current techniques of genetic modification are only a small part of the exploitation of genome knowledge and, some might think, a cul-de-sac.


� The figures in this section are taken from IRRI (2000), FAO (2000)


� Thus, before the Green Revolution, according to Jules Pretty (Regenerating Agriculture, Earthscan, 1995, p.77) there were 3500 varieties of rice in the Philippines; now only 3-5 are grown in irrigated areas.





