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Abstract

The multi-dimensional nature of ‘sustainability’ including survival, resilience and efficiency is described as are the environmental, economic and social factors that underpin sustainability. Some of the current global trends and forces of change that impinge on goat production in the 21st century are also considered. The characteristics of some of the main goat systems and the people who keep them are described and the impact of some global trends – climate change, rising prices of food and fuel, environmental degradation, genetic erosion, dietary and lifestyle changes, social inequality and global insecurity – on the sustainability of goat production are considered. A `sustainability scorecard’ is developed as a tool to assess the ability of goat production systems to survive current trends and future shocks. Some case studies are presented from Africa, Afghanistan and the UK, including the pastoral systems of East Africa, emerging smallholder dairy systems in Africa, cashmere goat production in Afghanistan and a highly intensive niche dairy enterprise in the UK. The sustainability scorecard is applied to assess each system. Finally, conclusions are drawn about how to make goat systems more sustainable and resilient to the challenges they currently face and how goat keepers need to constantly adapt to changing circumstances in order to survive.

Introduction

Humankind is facing unprecedented turmoil and change as it seeks to survive and thrive and at the start of the 21st century. The current spike in the prices of both food and oil is causing real hardship amongst the poor and a re-evaluation of the sustainability of high-consumption lifestyles amongst the rich. The people of the world are now inextricably linked through markets, culture, communication, security  and climate in a way unheard before in the history of mankind. These global forces create challenges for us all including keepers of goats and those involved in supporting the goat sector.
This paper attempts to present an overview of some of the key issues affecting the sustainability of goat production in the 21st century and beyond. Inevitably it is superficial and partial in its view and has been informed by the authors’ own experience of working largely in the developing world, where most goats are kept and where sustainability can be a life and death issue.
What is sustainability?

Sustainable development is a pattern of resource use that aims to meet human needs while preserving the natural environment so that these needs can be met not only in the present, but in the indefinite future. The term was used by the Brundtland Commission which coined what has become the most often-quoted definition of sustainable development as development that "meets the needs of the present without compromising the ability of future generations to meet their own needs"(Bruntland Commission, 1987)
The field of sustainable development can be conceptually broken into three constituent parts: environmental sustainability, economic sustainability and sociopolitical sustainability.

 
Each of these categories should be broken down into several sub-categories. Environmental sustainability covers a huge range of concerns including – energy use, biodiversity and genetic conservation, soil and water management, air quality, human and animal health etc.
Likewise economic sustainability concerns long-term resource allocation, fair trade policies, access to markets, demand for products, credit, financing etc. Social sustainability is possibly the most important of all and should encompass dimensions of culture, tradition, politics, skills, social institutions and civil society.
In any discussion of sustainability it is important to clarify what is being sustained, for how long, for whose benefit and at what costs over what area and measured by what criteria (Pretty, 1995)

In truth because sustainbaility is so multi-dimensional it is hard to be precise about exactly what it is. To some it implies persistence and the capacity of something to continue for a long time. To others it implies resilience and the ability to bounce back after an external shock (Pretty, 1995). While others add the dimension of efficiency preventing wasteful resource use (Meadows, personal communication). Like beauty, the definition is in the eye of the beholder.

The concept of ‘sustainable agriculture’ is also fraught with difficulty in its definition and means different things to different people. For some it is a proxy for a kind of strictly defined and regulated organic agriculture,  for others it has quasi-religious connotations, while others take a more pragmatic approach to ways of keeping farming and the population of the world fed.  After all, who would advocate for non-sustainable agriculture ?
Regardless of the definition, any kind of sustainable agriculture has to integrate three main goals: some kind of environmental stewardship on and off the farm; farm profitability; and, prosperous farming communities. No farm is an island and the interconnectedness of the modern world means that farmers can not operate in isolation and need to understand the external forces influencing their daily lives. Many business leaders view the ability to respond to a constantly changing external envionment and the ability to manage change as the keys to long-term business sustainability (Collins & Porras, 2002). This has to be the case for goat keepers too. 
Bearing in mind these sustainability characteristics, sustainable goat production could be defined as the ability to produce goats and goat products to meet the needs of mankind now and in the future.
SOME GLOBAL TRENDS AND FORCES OF CHANGE
There are a number of significant global trends that are likely to have an impact on goat production systems in the future. This impact may be negative or positive. These trends include global warming, the rising costs of non-renewable energy, rising cost of grain, dietary changes, human population growth, human aspirations livestock population growth, and environmental degradation.
How do these global trends affect the sustainability of goat production in the 21st century and beyond? What makes goats and the people who keep them resilient and what makes them susceptible to the challenges and opportunities they face?

Livestock and the environment

Livestock, including goats, interact with the environment in a number of positive and negative ways (Bourn, 2005). In recent times the negative impact of livestock on the environment has been emphasised. The report Livestock’s Long Shadow published by FAO in 2006, brought together a large weight of evidence showing the damaging environmental effect of livestock and livestock-related anthropogenic activities (Steinfeld, Gerber, Wassenaar, Castel, Rosales and de Haan, 2006). The report rightly highlighted the environmental damage of poorly-managed high-input/high-output systems. The report is being used by environmentalists across the world to mount a campaign against all livestock that is gaining dangerous currency amongst policymakers. A close reading of the report shows that the livestock systems with by far the greatest environmental impact are intensive systems in the developed world, the expansion of beef production in south America and the growth of intensive pig and chicken systems in Asia. 

The vast majority of goats are kept in extensive/semi-extensive low input systems with, in most cases, a comparatively light environmental touch. However the blanket condemnation of all livestock and all livestock systems as environmentally damaging is doing untold damage to the prospects for poorer livestock keepers and goat keepers. 

Oddly the Livestock, Environment and Development (LEAD) team at FAO who produced the Livestock Long Shadow report have a helpful multi-lingual online decision-support tool and resource centre (www.virtualcentre.org) offering a more nuanced and balanced view of the complexities of the environmental impact of different species of livestock in different systems. The authors of this paper have drawn heavily from their work.
The livestock sector is the biggest single anthropogenic user of land using 26% of the earth’s surface not covered by ice (Steinfeld et al, 2006). It is estimated that about one third of arable crops grown are fed to livestock, primarily monogastrics. The change in diet of the people in the rapidly growing economies of China and India is driving significant expansion of intensive pig and poultry units demanding more arable-cop based feeds. This is a significant driver in the increase in food grain production through productivity increases and expansion of cropping areas into grazing and forest lands.

About 60 percent of the world's pasture land (about 2.2 million km2), just less than half the world's usable surface is covered by grazing systems. Distributed between arid, semi arid and sub humid, humid, temperate and tropical highland zones, this supports about 360 million cattle (half of which are in the humid savannas), and over 600 million sheep and goats, mostly in the arid rangelands (Steinfeld et al, 2006).
Grazing systems supply about 9 percent of the world's production of beef and about 30 percent of the world's production of sheep and goat meat. For an estimated 100 million people in arid areas, and probably a similar number in other zones, grazing livestock is the only possible source of livelihood. Livestock can improve soil and vegetation cover and plant and animal biodiversity, for example by removing biomass, which otherwise might provide the fuel for bush fires, by controlling shrub growth and by dispersing seeds through their hoofs and manure,  which can improve plant species composition. In addition, trampling can stimulate grass tillering, improve seed germination and break-up hard soil crusts (Steinfeld et al, 2006). 

However, many people associate grazing animals with overgrazing, soil degradation and deforestation. To them livestock keeping in arid regions of the tropics provokes images of clouds of dust, bleached cow skeletons and an advancing desert. The two most quoted sources are the Global Assessment of Soil Degradation (Oldeman et al., 1990), which estimates that 680 million hectares of rangeland have become degraded since 1945, and Dregne et al., (1991) who argue that 73 percent of the world's 4.5 billion hectares of rangeland is moderately or severely degraded. In humid areas, livestock are associated with ranch encroachment and deforestation of tropical rainforests and competition with wildlife. 
However the concept of degradation implies a point of view and a value judgment. For example prolonged heavy grazing by cattle and sheep undoubtedly contributes to the disappearance of palatable species to them and the subsequent dominance by other, less palatable, herbaceous plants or bushes, which in turn are more palatable to goats and other browsing species. Excessive livestock grazing by heavy cattle also causes soil compaction and erosion, decreased soil fertility and water infiltration, and a loss in organic matter content and water storage capacity. On the other hand, total absence of grazing also reduces biodiversity because a thick canopy of shrubs and trees develops which intercepts light and moisture and results in over-protected plant communities which are susceptible to natural disasters. 

The environmental challenge is thus to identify the policies, institutions and technologies which will enhance the positive and mitigate the negative effects of grazing in order to achieve the products – economic, social and environmental - required by man. 
As LEAD note “Livestock are often blamed for degradation of the environment that is caused by other users. For example a general pattern in the exploitation of new land is that "waste land" or forests are first burned and grazed. Successive grazing and burning will change the tree - bush vegetation into a tree - grass vegetation. This opens ways for the harvesting of (fire) wood (charcoal burning) followed by cleaning the land for crop cultivation. After a number of years of cultivation, land is left fallow or abandoned because soil fertility has dropped and land has become vulnerable to erosion and degradation. When livestock are grazing this fallow it can easily be blamed for all the degradation while in fact intensive wood harvesting, the cleaning of land and repeated crop cultivation in earlier phases have contributed more to the degradation. 

Grazing of fallow vegetation can stimulate the rehabilitation of the vegetation cover and composition (cycling of nutrients and spreading of seeds). In general the density of palatable species on fallow land is low. Therefore they are often grazed by sheep and browsed by goats. Their selective grazing behaviour can result in a delay or even inhibit further regeneration of the vegetation. This can be a desired result when the objective of farmers is to cultivate the fields again after a couple of years of fallow. If the objective is to rehabilitate degraded land through natural regeneration or reforestation, the grazing by cattle and sheep and the browsing by goats of these areas become issues for local level management and control” (Steinfeld et al, 2006).
Estimates of Steinfeld et al, (2006) indicate that the developed world uses half of all the water used by livestock in the world, while, for example, Africa only uses 14% of the world’s water. As water gets scarcer it will have to be used more efficiently. However at present using it to support livestock in extensive systems is entirely rational. Using current prices of goat products in Kenya, for example, shows it takes 500 litres of water to produce $2 income from growing grain while it takes 4 litres of water to produce $2 income from goat milk.
Climate change and emissions 

Land use changes from clearing and burning of forests and ploughing up grassland for cultivation and grazing of livestock account for 15% of the anthropogenic releases of carbon dioxide, the rest coming from burning if fossil fuels and industrial processes (Bourn, 2005). However, the vast majority of this activity is carried out to expand beef production not goat production. Livestock also contribute through respiration.
Methane has 20-25 times the global warming potential of carbon-dioxide and livestock account for about 37% of all anthropogenic methane emissions ((Steinfeld et al, 2006). Cattle emit 25-118kg methane per head per annum while sheep and goats only emit 5-18kg per head per annum (IPCC, 1995). Herrero, Thornton, Kruska & Reid (2008) estimate that Africa produces 10-13% of all global methane emissions from livestock with cattle producing 84% of this and sheep and goats only 16%.  Based on these estimates, goats in Africa produce 0.6% of all methane emissions in the world! Livestock manure also emits methane when is decomposes under anaerobic conditions which is seldom the case in goat systems.
Impact of climate change on goat diseases
There is increasing awareness that global warming, associated changes in precipitation, and the frequency and the severity of dramatic weather events such as droughts, hurricanes and floods are having direct and indirect effects on human and animal health.  The relationship of climate change to disease has received more attention with regard to human health (Khasnis and Nettleman 2005), but there is growing awareness and documentation that animal health is also affected (Sherman 2002; Baylis and Githeko 2006). Specific information on the relationship of climate change to goat disease is rare, but  concrete examples are beginning to emerge.  

In both human and animal health, it is in the area of vector-borne diseases, that the link between climate change and disease has become most apparent.  In a number of cases, arthropod vectors such as ticks, midges and mosquitoes that can transmit various viral and protozoal diseases to animals and humans are expanding their ranges into new geographic areas.  Furthermore, in temperate regions, warmer winters are allowing these vectors to survive year round thus increasing the likelihood that cycles of infection will be continuous rather than be interrupted by winter freeze.  The incursion of bluetongue virus (BTV) infection into Europe in the last 10 years has been quite convincingly linked to global warming. Increases in nighttime temperature and winter temperature along with increases in precipitation in summer and autumn have led to an increased geographical and seasonal incidence of BTV transmission by increasing the range, abundance and seasonal activity of vectors, by increasing the proportion of the vector species that are competent and by increasing the development rates of the virus within vectors thereby extending transmission ability to other Culicoides species (Purse et al. 2005).  The bluetongue incursion into Europe has directly affected goats, In the epizootic in Northern Europe which began in 2006, clinical cases in goats due to BTV-8 were seen in the Netherlands (Dercksen et al. 2007).  

Other climatic events besides global warming can adversely affect livestock health, including goat health. For example, it is now well documented that Rift Valley Fever (RVF) epizootics in the Horn of Africa are associated with the El Nino-Southern Oscillation (ENSO) phenomenon. These warm ENSO events are known to increase precipitation in portions of East Africa.  Epizootics often follow periods of heavy rainfall when the rain facilitates the hatching of previously laid, dormant, infected mosquito eggs resulting in sudden increases in infected Aedes mosquito populations. These initiate infection which is then amplified markedly by Culex and other species of mosquitoes whose population increases lag somewhat behind those of the Aedes mosquitoes.  Two additional factors that contribute to epizootics are heavy winds that blow infected insects into previously uninfected areas and transport of infected livestock into such areas. 

Rift Valley Fever in goats has been reviewed (Smith and Sherman 2009). An RVF epizootic which affected the contiguous areas of the Northeastern province of Kenya, the south of Somalia and southern Ethiopia in 1997-1998 is estimated to have affected over a half million goats and sheep and sickened 89,000 people leading to possibly 450 human deaths in Kenya alone. A similar, severe RVF outbreak occurred in Kenya and Tanzania in late 2006 through early 2007 and spread later in the year into Sudan.  The good news is that retrospective studies on data available from 1950 through 1998 demonstrated that an analytical model which included measurements of southern oscillation indices, equatorial sea surface temperatures in the Pacific and Indian Oceans and satellite derived vegetation indices in East Africa would have accurately predicted 100% of the RVF epizootics that occurred during that 48 year period (Linthicum et al. 1999).  Such predictive epidemiological tools can be extremely useful for instituting effective disease control programs such as vaccination and/or movement of animals away from areas of high risk. This is important because the frequency and severity of ENSO events are thought to be increasing. 

So bluetongue in Europe and RVF in goats in East Africa are two documented examples of increased vector borne disease risk in goats associated with climate change.  Parasitism is another category of goat disease that is likely to increase in association with climate change, though currently it is less well documented. Haemonchosis, a serious disease of goats, is likely to increase in places where warmer winters and moister summers allow overwintering and survival of infective larvae, while liver fluke disease is likely to increase in places where flooding and resultant standing water create habitat for intermediate snail hosts.  Paradoxically, decreased precipitation may also lead to increased snail habitat if lack of water results in development of irrigations systems, as irrigation canals are an important habitat for snails and a source of drinking water for livestock in dry areas.  The subject of climate change and its impact on diseases of goats requires further attention from the scientific community.

Social and economic change

Population and population growth are major determinants of the demand for food and livestock products. World population is 6.5 billion, growing at a rate of 76 million per annum reaching 9.1 billion by 2050 (UN, 2005). 2008 saw the crossover point when there are more urban than rural dwellers in the world.  This growing urbanisation combined with growing incomes can also lead to dietary changes from under-nutrition to more varied and convenient diets often leading, quite rapidly, to over-nutrition and obesity.  A major part of this dietary transition is the consumption of more wheat-based diets even in traditional rice eating societies and greater consumption of dairy and meat products. This rising demand represents a big opportunity for livestock keepers stimulating the so-called `Livestock Revolution’  (Delgado, Rosegrant, Steinfeld, Ehui & Courbois, 1999). 

In aggregate terms the world’s population is also getting wealthier, 1991-2000 per capita GDP grew at more than 1.4% per annum. Growth is fastest in parts of the developing world, notably Asia with a growth rate of nearly 7% per annum. However, large numbers of people in Africa and Asia  still live a precarious life on less than $1 per day. These global inequalities and injustices, combined with increasing competition for resources, are likely to lead to greater local and global conflicts.

The interconnectedness of the world through mass media and the internet is shaping social changes faster than at any time before. A new generation aspires to the standard of living of the most developed countries and no longer want to live in remote rural communities eking out a living. While extensive, low-input goat systems may be ecologically sustainable their returns to labour are low and are not producing the levels of income to sustain the next generation. In Europe, for example, Dyrmundsson (2006) and Rancourt, Fois, Lavin, Tcakerian & Vallerand (2005) expressed concern for the future of increasingly marginalised low-income goat systems in northern and southern Europe, respectively. It seemed that some kind of subsidy would be necessary to preserve these traditional systems and that many goat farmers would move to more part-time farming. There have to be concerns about where the next generation of goat herders, willing to put up with low incomes and a tough life will come from in many societies.

There are early signs of an alternative, more positive trend in some developed countries where there is a growing awareness of global issues and a belief that western high-consumption lifestyles are unsustainable. There is a yearning for a more ‘natural’, ‘ethical’ and ‘sustainable’ lifestyle. A broad range of concerns about over-consumption, environmental damage, animal welfare, etc., are leading to an increasing number of educated young people becoming ethical consumers and in many cases vegetarian. Extensive goat systems fit this world view and goat farmers could exploit this new lifestyle and environmental market even more and tailor their products to this market.

CHARACTERISTICS OF GOATS SYSTEMS AND GOAT KEEPERS 
The management systems under which goats are kept can be described and classified in many ways depending on the purpose of classification. In the context of sustainability it is perhaps most relevant to use the degree of intensification of production and level of use of external inputs to classify systems. 

In basic terms goat systems can simply be described as:-

Extensive/low-input – goats are grazing freely with, or without, supervision on natural vegetation, typically in areas with relatively low rainfall with no external inputs. The main advantage of these systems is that they convert otherwise unusable fibrous plant material into products useful to man and thereby enable him to live in relatively inhospitable parts of the world.
Semi-intensive/relatively low-input – goats are partly grazing natural or planted vegetation but may also receive some supplementary feeds at certain times of the year.

Intensive/high-input – goats are housed for all or part of the time and fed supplementary feed of some kind to achieve high levels of milk or meat production for commercial markets.
In addition there is a whole category of non-traditional short-term `niche’ systems that fulfil a relatively short-term need or interest of man or exploits a particular opportunity. Systems in this category would include: 
· using goats for invasive weed control, 
· keeping goats for milk for AIDS patients; 
· introduction of Boer goats into ranches in Uganda; 
· Angora goat farms developed in non-traditional areas, e.g. Australia; 
· urban scavenging goats and 
· the use of genetically-engineered goats to produce pharmaceutical milk 
      proteins for the  biotechnology industry.

The vast majority of goats in the world are kept in extensive or semi-intensive systems in many cases using management techniques that have not changed much for many generations. Intensive, mainly dairy, systems are only widely known in Europe and increasingly in North America. They are also dotted about the developed world wherever there is niche market for goats milk and cheese, and may be found in densely populated situations such as on the island of Java in Indonesia.

Observation shows that goat keepers share many of the characteristics of their goats! The vast majority of goats are kept in ‘traditional’ systems by more ‘traditional’ people. In drier areas where goats thrive, their human masters need to be as tough and independent-minded as their goats. Many of the newer niche systems have been pioneered by intelligent, independent-minded individuals, or small groups of highly-motivated people. Some characteristics of goats and goat keepers include:-
· Independent

· Inquisitive & adventurous

· Intelligent & easily bored

· Hard to confine

· Tough & resilient

· Unconventional 
· Traditional

Many of these characteristics will support the sustainability, continuity and resilience of goat systems. However the isolation of some goat farmers from the modern world and lack of economic power means there is a real danger that their interests will not be heard by politicians and policymakers and that goat systems will lose out as a result.

A GOAT SUSTAINABILITY SCORECARD

The sustainability of any goat system will depend on a huge range of factors. It is important for those supporting the goat sector to continually be aware of the range of factors that impinge on the sustainability of the system and counter negative trends wherever possible.

A first attempt has been made to develop a generic scorecard to be used to assess the sustainability of goat systems. The key sustainability characteristics include:
Environmental characteristics

Source of bulk forage: the source of the base diet is a fundamental element of any goat system. Is it natural vegetation or planted forage, is it homegrown or bought-in, how sustainable are the production methods, what are the trends in the natural vegetation?

Proportion of supplementary dietary energy from external inputs: purchasing grain to feed to goats is expensive and competes with man. This may not in the long-run be sustainable as the demand for grain rises with the growing population. Basing supplementary feeds on oil cakes and other by-products of food processing are a more sustainable option.

Proportion of supplementary dietary protein from external inputs: protein fed to goats in a concentrate may not necessarily compete with man as it may take the form of oil cakes and other crop-by products.

Source of water: goats are one of the most efficient users of water of all domestic livestock, however in many systems water is very scarce and needs to be used efficiently. The sustainability of the source of water needs to be considered.

Trends in disease incidence causing epidemic morbidity: climate change, animal management practices, feed resources, access to veterinary services, and global movements of people, animals and animal products can all have an impact on diseases affecting goats. Many goat diseases, such as contagious caprine pleuropneumonia (CCPP) have been woefully neglected and can place goats at risk.
Proportion of breeding stock home-grown: if a goat system is dependent on a risky supply of new genetics, its sustainability has to be questionable.
Impact on biodiversity: there is a potential danger of losing genetic diversity in goat populations through breed improvement. Goats can also have negative as well as positive impact on biodiversity of vegetation and associated species.
Use of non-renewable energy: as non-renewable energy sources decline in availability and increase in cost systems that rely on these sources will have to adapt or decline.
Economic characteristics

Nature of market for live animals: the nature of the market for goats for breeding and meat will determine the profitability and viability of goat systems. Exploiting new markets can be a key response to sustainability threats.
Nature of market for products: trends in the markets for goat products will affect profitability and economic sustainability. Developing new products and new markets is key.
Profitability trends: in commercial systems of production the profitability of the enterprise will be the overriding determinant of sustainability. Exploring the potential for new (goat/non-goat) income streams, and looking at ways of reducing costs are all ways maintaining or boosting profitability.
Social Characteristics

Time goats have been kept in location: in situations where goats have been kept for a long time and there are many cultural associations with them, it is likely that goat keeping will continue in one form or another.
Trends in availability of labour and skills: in any goat system it is vital that there is supply of labour and management with the right skills. In many traditional systems particularly in the more developed parts of the world goats systems may be in jeopardy because the younger generation does not want to continue goat farming.
Existence of cultural activities involving goats/social significance: goat will continue to be kept in places where they are an integral part of the cultural life of those communities.

Institutional characteristics

State of skilled support services (research & training): the ability of goat keepers and the enterprises they manage to adapt to change will depend on the support they receive from technical and policy research as well as practical and advanced training. It is vital that the very few specialist goat research and teaching institutions remain relevant to the current and future needs of goat farmers and not to the academic interests of their staff.
Existence/state of membership organisations involving goat keepers: goat farmers in general are dispersed and in most cases poorly organised. There is strength in numbers and goat producer organisations can offer mutual support in terms of input supply and marketing but also politically in getting the voice of goat farmers heard by policymakers. Goats and goat farmers need constant public relations (PR) to ensure their interests are supported.
Four short case studies are described below from a wide range of situations familiar to the authors in order to look at some current issues affecting goat production.
	Table 1 Sustainability Scorecard



	Sustainability characteristic
	St Helen’s Farm

UK
	Emerging dairy goat system

East Africa
	East Africa pastoral systems
	Rangeland Cashmere Goats in Afghanistan

	ENVIRONMENTAL
	
	
	
	

	Source of bulk forage 


	Home grown forage maize fertilised by own goat manure
	Home grown forage, crop by-products, use of tree legumes
	Rangelands
	Rangelands

	Proportion of supplementary dietary energy from external inputs
	100%
	0%
	0%
	10-20%. Some feed purchased in winter

	Proportion of supplementary dietary protein from external inputs
	100%
	0%
	0%
	10-20%.  Some feed purchased in winter

	Source of water
	Mains
	Carried from off farm sources
	Natural sources
	Natural sources, irrigation canals

	Trends in disease incidence causing epidemic morbidity
	Stable and well- managed closed herd
Potential to be exposed to new vector-born disease due to climate change
	If well-managed stable

Risks of newly emerging vector-borne disease, e.g. Rift Valley fever
Housing reduces exposure to disease agents
	Risks of newly emerging vector-borne disease, e.g. Rift Valley fever
	High risks due to comingling of flocks at pasture, presence of numerous, highly contagious diseases and limited access to veterinary inputs

	Proportion of breeding stock home-grown
	Closed herd 100%
	100%
	100%
	100%

	Source of improver genetics
	External AI
	External through buck stations but source of replacement bucks in jeopardy due to import health regulations
	None
	None

	Use of non-renewable energy
	A lot
	Little to none
	Little to none
	Little to none

	Overall environmental assessment
	Fundamentally good if costs can be contained may have to reduce some inputs
	Potentially excellent as most inputs homegrown
	Potentially good if population growth and overgrazing contained
	Good if overgrazing and rangeland degradation can be avoided

	ECONOMIC
	
	
	
	

	Nature of market for live animals
	Almost nil

Wastage of males
	Growing fast with premium prices for breeding and fattened stock
	Very strong, premium price potential for export market development
	Some demand due to reduced livestock numbers from drought

	Nature of market for products
	Growing
	Growing fast with premium prices new niche market for AIDS patients
	Strong
	Growing demand for products but market channels disrupted

	Profitability trends
	Good.

Although costs are rising the overall markets is growing and increased costs can be passed on to consumer
	Very good
	Good
	Unclear at present

	SOCIAL
	
	
	
	

	Time goats have been kept in location
	Short-term
	Long-time
	Long time
	A very long time: Nomadic and transhumant systems prevail

	Availability of labour

Family, employed, skilled, unskilled
	Highly skilled family management

Skilled labour available
	Skilled labour limited

Unskilled labour abundant
	Abundant unskilled labour
	Flocks managed mainly by families. Traditional knowledge strong

	Existence of cultural activities involving goats/social significance
	Limited to agricultural shows
	Goats used in many cultural events – dowry, justices, shows
	Many, deeply embedded in most societies

e.g. dowry, gifts, loans 
	Dowry, weaving, handcrafts. Goats are important for risk diversification

	INSTITUTIONAL
	
	
	
	

	State of skilled support services – research, training
	Poor, in decline
	Poor, in decline
	Poor, in decline
	Poor, being redeveloped

	Existence/state of membership organisations involving goat keepers
	Weak/non-existent
	Weak, some very young local organisations
	Weak
	Kuchi (nomad) associations exist

	Overall sustainability assessment
	Short-term good
Need to adapt to long-term challenges
	Long-term prospects good if supported in next 10-20 years
	Short-term prospects good

Long-term prospects guarded
	Long term prospects guarded


Some case studies 

Intensive dairy goats systems in Europe : St Helen’s Farm, UK

Angus and Kathleen Wielkopolski have built-up a highly successful integrated dairy goat farm and milk processing business in the UK. They manage their own farm in Yorkshire milking 2,500-3,000 goats as well as buying in milk from farms they have helped to set up. They process milk into pasteurised fresh milk, yoghurt, butter cream as well as hard and soft cheeses. St Helen’s is a well-known brand found in almost every supermarket in the country. The goats are housed and fed a well-balanced diet based on home-grown forage maize and bought-in concentrate. All the forage maize is grown on the farm and entirely fertilised by manure from the farm’s goats; meeting nitrogen disposal regulations and supplying  nutrients to the forage. The herd is run as a closed herd with improved genetics introduced through AI. The size of the herd enables progeny-testing and genetic improvement through selection. For Angus, sustainability centres on the profitability of the overall business. If consumers are willing to pay for the cost of producing the products, then the business will continue. Angus has concerns over the sustainability of some of the new ‘super-sized’ dairy goat farms of 7,000+ goats in the Netherlands, where all inputs are purchased and all waste has to be removed from the very small, but intensively stocked, dairy units.

Pastoral systems in East Africa

Pastoralists keep differing proportions of cattle, camels, sheep, goats and donkeys depending on the fitness of the species to the ecological conditions of the area and the traditions of the ethnic group.  The pressure created by a growing population keeping more livestock and resulting in overgrazing, encroachment on grazing land by cultivators, and increasingly frequent droughts is changing many rangeland environments in East Africa. In northern Kenya and southern Ethiopia pastoralists complain that invasion by  woody species in reducing their ability keep cattle and they are increasingly turning to camels and goats as a means of survival. With increasing frequency of droughts and boom and bust pattern in the cattle populations, sheep, goats and camels are playing a significant role in stabilizing households and providing them with a means of recovery after droughts (Desta, 2001; Peacock, 1996). This trend can be seen across Africa.

Pastoral life is characterized by continual fluctuations in the pastoral household’s relative ability to derive a livelihood from its herds of whatever species in a sustained manner. Pastoralists are constantly adapting to changing circumstances through mobility, mix of species, trading, etc. There is a trend that as pastoralists become increasingly impoverished and the rangeland degraded they will keep a higher proportion of goats in their mix of livestock. This trend will only continue. Goats are the species best able to cope with degraded environments and are frequently and ignorantly blamed for causing it. Unfortunately this trend will only continue as well! 

Emerging smallholder dual-purpose goat systems in highlands of Africa

Table 2 shows that the big area of growth in goat populations in sub-Saharan Africa is in smallholder mixed farming systems in the highlands of East Africa. In these areas, population pressure and land fragmentation are leading to increasingly small farms unable to support cattle. Farmers are increasingly turning to small ruminants and particularly goats. There is a rapidly growing interest in more intensive dairy/meat goat systems based on local goats up-graded with European dairy breeds. Peacock (2008) described the pioneering work done by FARM-Africa in developing a practical and sustainable model of dairy goat production suitable for smallholder systems of Africa. The main constraint to the expansion of this new system is the limitations in the supply of European improver breeds. The importations of foundation breeding stock has been banned from most of Europe by most African governments because of misplaced disease concerns. Once this problem has been resolved this new system will thrive as it is it so relevant to the needs of the poor in Africa and is almost wholly based on homegrown feeds and labour.
Table 2. Estimated goat herd growth rates and goat meat and milk offtake per animal by production system in sub-Saharan Africa
	System
	Growth rate
(%)
	Goat meat offtake
(kg/animal)
	Goat milk offtake (kg/animal)

	
	
	
	Percentage of females milked

	
	
	
	1
	5
	10

	Arid pastoral
	2.5
	2.3
	0.2
	1.0
	2.0

	Semi-arid mixed
	4.4
	3.0
	0.2
	1.0
	1.8

	Subhumid mixed
	2.3
	2.9
	0.2
	0.9
	1.8

	Humid mixed
	7.3
	2.4
	0.1
	0.6
	1.1

	Highland mixed
	12.5
	3.1
	0.1
	0.5
	1.0


Cashmere goat production, Afghanistan

The case of cashmere goat production in Afghanistan illustrates the connectedness and interdependency of environmental sustainability, economic sustainability and sociopolitical sustainability.

Afghanistan is a landlocked, mountainous country of Central Asia with an arid to semi arid climate and a largely agrarian economy.  Only 12% of the land is arable and the average annual rainfall is 250 mm.  About half of the land mass however is seasonal pasture and the grazing of livestock, particularly sheep and goats, is a major component of rural livelihoods. Small ruminants are integrated into sedentary farming systems but a major portion of the small ruminants in the country are kept by pastoralists known as Kuchi who travel established seasonal migration patterns with their flocks. 

Under the best of circumstances, life is difficult in Afghanistan for the rural poor, but it has been made more so by almost 30 years of war and destruction.  The misery of this prolonged conflict was further compounded by an extended drought from 1998 to 2003 which caused enormous reductions in livestock numbers, up to an estimated 80% loss of small ruminants in some surveys (Fitzherbert 2006).

In the mid 1970s, prior to the Russian invasion in 1979, the agricultural sector (including livestock and forestry) accounted for about half of Afghanistan’s GNP. About a quarter of the latter was made up of livestock and related value-added products. Livestock exports accounted for about 25 percent (US$65.5 million each year) of all exports. These comprised carpets and rugs (39 percent), Karakul pelts (30 percent), hides and skins (17 percent) and wool and hair (14 percent) (ICARDA 2002).  An organized cashmere trade existed at that time with primarily Iranian traders collecting cashmere in Afghanistan for sale to Europe for processing, spinning and weaving. This trade was disrupted by war, and during the same period, the overall dynamic in the global cashmere trade changed with China emerging as the dominant force in the production and processing of cashmere fiber and the manufacture of finished goods.

Since the ouster of the Taliban in 2004, the donor and development communities have recognized the need to restore the agricultural economy in Afghanistan, Some have specifically focused on the reconstruction of value chains in the livestock sector, including cashmere production, in order to restore traditional economic activity to the farmers and herders in the country who keep goats.  Goats in Afghanistan are multipurpose animals providing meat and milk and serving as a living asset to provide income through sale when needed.  Herders often think of cashmere as a by-product or secondary asset.  t is estimated that 90% of the 8 million plus goats in the country produce cashmere, but currently, only about 30% of the goats are harvested for this valuable fiber, mostly in the northwest around Herat where some cashmere trading has persisted, albeit in a reduced form, even through the war years (de Weijer 2007).  The cashmere export for 2006 was 930 MT and it is believed that this amount could easily be doubled in the short term through targeted interventions. It could be expanded even further over the longer term, particularly as global demand for cashmere continues to rise.

One bilateral donor has been supporting the short term redevelopment and expansion of the cashmere value chain since the beginning of 2007.  Focusing primarily in the north and northwest, the program contains a number of elements: a radio campaign to restore and increase awareness of the value of cashmere for cash poor farmers and herders who keep goats; an extension effort conducted by district-based, community animal health workers to train goat owners on combing instead of shearing cashmere goats in order to add value to the fiber at the farm level; establishment of a new Afghan cashmere marketing firm by a local Afghan entrepreneur with assistance from a small and medium enterprise development agency; agreements between this firm and the community animal health workers for the latter to become cashmere buyers for the firm at the farm level; and, a contract between the new firm and a European buyer for the combed cashmere.  This buyer is also exploring the possibility of  establishing a scouring and dehairing plant in Afghanistan in the coming year.  Through these short term efforts, a value chain for combed cashmere collection and marketing has been initiated.

The long term sustainability of the cashmere industry in Afghanistan remains unknown.  Environmental, economic and socio-political factors will influence future success.  The rangelands of Afghanistan represent a fragile environment the integrity of which are subject to periods of extended drought, periods of overgrazing,  and increasingly, encroachment by cultivation. Global warming with associated reductions in rainfall will exacerbate the problem. Currently, due to the prolonged drought of 1998-2003 and the drastic, associated reduction in animal numbers, overgrazing is not seen as an immediate problem, with a reasonable balance of animal numbers and grazing lands prevailing in general.  However, the stimulus of a renewed cashmere industry could alter this balance, as has occurred in Inner Mongolia in China where herders, in response to market demand for cashmere, have dramatically increased goat numbers to the point that desertification has emerged as a major environmental issue for the region and undermined the viability of the enterprise for herders who find themselves with more animals and inadequate grazing to support them (Osnos 2006).  The nation of Mongolia is experiencing similar environmental problems due to expansion of the national cashmere goat herd beyond carrying capacity of rangelands (Lecraw et al. 2005).  In both Mongolia and China, government subsidies have been provided to either herders, processors or both and these subsidies have helped to drive the expansion of goat herds seemingly beyond the capacity of the land to support them, illustrating how policy decisions can affect environmental sustainability.
Economic factors also play a role.  The cashmere industry has become bifurcated, with a high and low end markets having emerged in recent years.  There is more price stability in the high end market, but greater growth and more price volatility in the low end market (Lecraw et al. 2005).  The current Afghan product however may not have all the necessary characteristics at present to appeal to the high end luxury market. Fibre evaluations along with selection and breeding programs need to be undertaken and there is support from a major international donor to achieve this goal. A recent expert consultation supported by the donor indicated that there are sufficient numbers of high quality goats within the country to allow a breeding program based on carefully selected, indigenous, foundation stock to result in an overall improvement in cashmere quality. Improved quality and access to the high end market might serve to modulate the tendency towards overall increase in goat numbers, but policy safeguards would be needed to ensure that goat numbers did not exceed carrying capacity of fragile rangelands.  The need for supplemental feed to maintain goats seriously undermines the profitability of cashmere goat herding.   Another factor for consideration is that goats are multipurpose animals in Afghanistan and cashmere fibre may be of less significance to herders and households than meat and milk. It remains to be seen to what extent selection for cashmere and active participation in the cashmere trade will be actively embraced by goat owners in the country.  
Of course, socio-political factors will affect sustainability as well.  The political situation in Afghanistan has not yet fully stabilized since the ouster of the Taliban, and security and the rule of law are not yet guaranteed. This continues to have a chilling effect in international markets for Afghan goods and for foreign investment in infrastructure development within the country.  Furthermore there are social issues for herders who have increasing difficulty in maintaining or asserting grazing rights for traditional grazing lands as development and cultivation encroach on rangelands and ethnic tensions inhibit or alter traditional patterns of movement.

In summary, goats are clearly recognized as an important element in the agricultural economy of Afghanistan and the potential exists for re-establishing a robust cashmere industry in the long term.  However, the success of the cashmere industry in Afghanistan depends on maintaining a deep understanding of the environmental, economic and socio-political factors which can undermine its sustainability.

CONCLUSIONS AND A SUSTAINABILITY AGENDA
The multi-dimensional nature of the sustainability of goat production has been explored in very broad terms. Each factor identified will vary in importance from place to place. In most places goat keepers faces various threats to the continuity of their goat enterprises and their ability to respond and adapt to change. However new opportunities are emerging in nearly every system which goat farmers must find ways of exploiting. The growth in so called ‘lifestyle’ markets, ethical, fair trade products, eco/agro-tourism, demand for goat milk due to allergies, AIDS etc, rising demand for goat meat in the Middle East, growth in demand for cashmere products etc, new environmental and bio-diversity markets, all represent growth markets.
All those who support goat farmers need to wake up to the challenges and opportunities and help to shape more sustainable systems of goat production. 

A focus is needed on:-

· Quantifying the positive and negative environmental impact of different goat production systems and developing systems to mitigate negative effects and exploit good ones;

· Tracing the movement of emerging goat diseases and developing measures to control them;

· Developing and exploiting emerging markets for goats and goat products;

· Developing new products to meet the needs of the next generation

· Conservation of genetic diversity while developing sustainable breed improvement strategies;

· Greater PR for goats explaining and quantifying their benefits and presenting realistic policy options that support sustainable production.
Goat systems are some of the oldest and least-intensified systems of livestock production and goats and the people who keep them are hardy and ingenious; however there is no room for complacency. No genuine goat enthusiast would want to see the goat as the last domestic livestock species standing in a terminally-degraded and dying world.
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