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I. INTRODUCTION

1. At its 15th Session, the Intergovernmental Group on Meat called on the Secretariat to provide, as
soon as available, the results of a multi-donor

1
 study on "Livestock Production Systems and the

environment - Global Perspectives and Prospects", coordinated by the FAO Animal and Health Division.
The study, which is in its final stage, assesses the major positive and negative interactions between
livestock production systems and their natural resource base and develops an analytical framework for
appraising the impact of livestock programs and policies on the environment. This paper summarizes
some of the major findings of the study and highlights their major policy implications. It is the second
study on livestock-environment interactions which is presented to the Group

1
. 

2. Historically, the development of animal production has responded to agro-ecological opportunities
and demand for livestock products and has evolved into environmental sustainable systems. Over the last
decades, however, many of these systems have been pushed beyond their equilibrium. While production
has largely levelled off in the developed countries, the developing world has recently been experiencing an
accelerated rate of growth of demand for livestock products, driving a marked expansion of the sector.
Many of these countries are now confronted with livestock-generated environmental problems and some
of them, typically among the higher income economies, have started to implement policies to mitigate
their effects. More knowledge, however, is needed on the actual impact of livestock systems on the
environment for these policies to be effective.

II. LIVESTOCK PRODUCTION SYSTEMS AND ENVIRONMENTAL INTERACTIONS

3. The study has classified the world livestock sectors into 11 production systems based on their
level of integration with crops and on their relation to land and agro-ecological zone. These have been
more generally grouped into extensive grazing systems, intensive landless systems and mixed farming
(crop-livestock) systems, a classification which is followed hereafter to review the major environment
impacts attributed to livestock production (Fig. 1). 

4. There is a whole range of livestock-environment interactions, both direct and indirect, some of
which are positive (resource-enhancing), while others are negative (resource-depleting), some are
reversible, but others are not. Direct environmental impacts encompasses the effects on land from
grazing, trampling, manure or waste deposition; on water through depletion or pollution; on the
atmosphere, through the emission of methane; and on plant and animal bio-diversity, through 
competition for natural resources or destruction. Indirect environmental effects relate mainly to the
livestock-derived demand for feed and to the associated environmental impact arising from making
feedstuffs available to the sector. They also include many positive contributions made by animals to
society, for instance through their use for traction or through the provision of organic manure for
fertilization and, thus, the avoidance of environmental costs associated with production and use of
alternative sources of energy and fertilizer. While some interactions are specific to a given production
system, others, such as the greenhouse gas emission, the loss of wild life and the erosion of animal
genetic resources, extend across the diverse production systems and are referred to as global impacts.
Table 1 summarizes the strength of environment impacts of the main livestock production systems.

                                                  
1    The first study "The livestock sector and the environment: basic issues and implications for trade" CCP: ME 94/5,  was presented at the 15th
session in 1994.
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1. Extensive Grazing Systems

5. Extensive grazing systems (more commonly called rangelands or savannas) are broadly defined as
those production systems which rely on grazing to satisfy at least 90 percent of feed requirements and in
which annual average stocking rates are less than 10 livestock units per hectare of agricultural land.
Although estimated to extend over 2 million square kilometres, they account for only 10 percent of the
world's production of beef and half that of mutton and goat meat. They are particularly significant in
Africa, Central and South America and the OECD countries. Because of their wide land coverage and
climatic differences, grazing systems can be further sub-divided into (i) arid and semi-arid grazing
systems, (ii) sub-humid and humid grazing systems (including tropical forests and savannas) and (iii)
temperate grazing systems.

1.1 Arid and semi-arid grazing systems

6. Animal production under arid and semi-arid grazing systems  (ASAGS) is constrained by limited
and highly variable rainfall. They include two major production systems, large ranches, such as those
operating in South Africa or Australia and pastoralist systems. The latter are characterized by a high
mobility of the herds from large pasture areas, during the wet season, to river valleys or mountains
meadows during the dry season, and by extreme flexibility in their size, with herd expanding when rains
are abundant and shrinking during extended drought periods. These two characteristics, i.e. mobility and
flexibility, allow for an adjustment of grazing pressure to grass availability, thus providing the basis for
soil resource conservation.

LIVESTOCK PRODUCTION SYSTEMSLIVESTOCK PRODUCTION SYSTEMS

Solely Livestock Production Systems (L) Mixed Farming Systems (M)

Landless LPS (LL) Grassland-Based LPS (LG) Rainfed LPS (MR) Irrigated LPS (MI)

monogastric, meat
& eggs (LLM)

Ruminant, meat
(beef) (LLR)

temperate zones &
tropical highlands
(LGT)

Humid/sub-humid
tropics & sub-
tropics (LGH)

Arid/semi-arid
tropics & sub-
tropics (LGA)

temperate zones &
tropical highlands
(MRT)

Humid/sub-humid
tropics & sub-
tropics (MRH)

Arid/semi-arid
tropics & sub-
tropics (MRA)

temperate zones &
tropical highlands
(MIT)

Humid/sub-humid
tropics & sub-
tropics (MIH)

Arid/semi-arid
tropics & sub-
tropics (MIA)

Figure 1: Classification of world livestock production systems
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TABLE 1
STRENGTH OF LIVESTOCK-ENVIRONMENT INTERACTIONS BY

PRODUCTION SYSTEM

Production Systems

Landless Grazing Mixed (rainfed) Mixed (irrigated)

Interaction Mono-
gastric

Rumi-
nants

Tempe-
rate

Humid Arid Tempe-
rate

Humid Arid Tempe-
rate

Humid Arid

Range
Utilization

- *** *** *** *** *** *** *** * ** **

Forest
Utilization

 *  ***  *  ***  **  *  ***  **  *  
*

 *

Waste Manure  ***  ***  *  *  *  *  **  * *  *  **

Waste from
Processing

 ***  ***  *  *  *  *  **  **  ** **  **

Methane  ***  ***  **  ***  *** **  **  ***  ***  ***  **

Livestock
Genetics

 **  *  ***  **  *  ***  ***  **  *  *  **

Wildlife
Biodiversity

 -  *  *  ***  ***  *  **  **  * *  *

Concentrate
Feed

 ***  ***  **  *  *  ***  **  *  * *  **

Input to
Cropping

 ***  ***  **  ** **  ***  ***  ***  ***  ***  ***

*** = Strong interaction
**  = Moderately strong interaction
*   = Weak interaction

7. Dispersal and facilitation of germination of fodder tree species (after ingestion of pods and
rejection in manure) and interaction with crops, through manuring contracts with farmers, are but
two examples of the positive interactions of livestock under these systems, while soil compactation,
erosion, or even desertification2 are the most serious environmental problems attributed to them.
Wildlife diversity is also affected by certain management practices, such as fencing or predator
control.

8. There is an increasing body of evidence showing that the negative effects of the traditional arid
and semi-arid livestock production systems have been exaggerated. At the same time, it also appears
that the fundamental equilibrium of pastoral systems in relation with the environment is currently
being endangered by population pressure which is inducing a progressive conversion of grazing land
into arable land and changes in land management from communal to open land access. For instance,
restrictions to livestock mobility, as a result of fencing or extension of crop cultivation into traditional
grazing areas, are accentuating soil erosion problems, sometimes to the point of making them
irreversible. Similarly, drought emergency programmes, by preventing a downward  adjustment of
livestock population to poor grazing and water resources during drought periods, impeding
flexibility, also contribute to soil degradation, especially when rains return and feeds are no longer
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imported into the system. In addition, the impact from livestock on soils around water points appears
to be serious. Contamination of drinking water with manure can also result in these locations.

9. However, on balance, the findings of the FAO study showed that ASAGS were dynamic and
highly resilient systems, which had the capacity to regenerate rapidly once rainfall returns. Failure to
acknowledge the resilience of rangelands often resulted in wasted efforts to stabilize production
through ranch systems. These were found to be less productive per surface unit and less sustainable
than transhumance systems which better adjust to variations in rainfall.

1.2 Sub-humid and humid grazing systems

10. Population pressure has been the main force driving the exploitation of savannas and tropical
forests for agricultural development in subhumid and humid areas. This process was supported by the
construction of roads and by the introduction of measures to control prevalent human and animal
diseases, such as tsetse flies. This development was based on integrated crop-livestock systems in the
tropical savannas of South America and sub-Saharan Africa, while "slash and burn" agriculture for
crop production characterized the exploitation of rain forests.

11. The major environmental impacts attributed to SHHGS are the soil erosion and fertility losses
arising from the conversion of tropical forests into arable and pasture land, the subsequent weed
infestation over grassland, the loss of plant and animal biodiversity and a significant contribution to
global warming through the emission of carbon dioxide (CO2), mainly stemming from deforestation.
While these impacts have been confirmed to be serious and often irreversible, they cannot be
associated with livestock systems only: investment in ranching only played an important role in the
loss of tropical forests in South America, especially Brazil, while the extension of crop land has been
recognized as the primary cause for deforestation in Asia and sub-Saharan Africa.

TABLE 2
ANNUAL DEFORESTATION (1980-1990) AND MAIN CAUSES

Deforested area
Main causes underlying deforestation

Crops Livestock Forest exploi-
tation

Million ha
 per year

% of total deforestation

Africa 0.5 70 Negligible 20

Asia 2.2 50-60 Negligible 20

Latin America 1.9 25 44
(Brazil 70)

10

1.3 Temperate Grazing Systems

12. Grazing systems in temperate regions normally rely on highly productive rangelands,
characterized as being very stable.  Although there is evidence that overgrazing results in increased
erosion and reduced water infiltration, experimental work in the United States indicates no difference
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in erosion between light, moderately grazed and ungrazed areas.  The main concern arises from
heavy grazing pressure on stream riparian areas in terms of water quality (nitrates, phosphates), trout
yields and plant bio-diversity.

2. Intensive Landless Production Systems

13. Intensive Landless production systems (ILLPS) are defined as those production units which
grow less than 10 percent of the dry matter fed to animals and where stocking rates exceed 10
livestock units per hectare. They include two main subsets, monogastric pig and poultry, for meat
and egg production, and ruminants, for milk and beef. ILLPS generate more than half of global
monogastric meat production (poultry and pork), but less than 10 percent of ruminant meat (mainly
bovine and sheep and goat meat). They are characterized by large scale, capital intensive production
units, almost exclusively based on hybrid, high-performing, breeds. ILLPS are "open" systems, which
depend on external sources of concentrate feed, energy and other inputs.  They are particularly
prevalent in the OECD countries, but are increasing in significance in the developing countries, where
they tend to be located in peri-urban areas.

14. On the positive side, ILLPS indirectly reduces deforestation pressure, they are efficient feed
convertors and they generate less waste per kilo of livestock product when compared to other
systems. They also utilize by-products, such as brans and oilcakes, with little or no alternative use.
Most important, they contribute to the enhancement of reliability of livestock product supplies.

15.   Most adverse environmental impacts associated to ILLPS stem from the utilization of fossil
energy (e.g. for heating or mechanical ventilation of stables) and feed concentrates. As the latter are
imported from outside, they generate excess manure production which cannot be utilized within the
system. The adverse impacts mostly occur in the form of emissions from manure during storage or
after application to soils. Most harmful emissions are in various forms of nitrogen and phosphorus,
methane, organic matter and heavy metals that are released either to soils, water or atmosphere.
Pollution caused by manure results in high nitrate levels in drinking water, eutrophication of surface
waters and marine ecosystems. Assessment of such impacts is complex as they depend on the animal
species, their feeding pattern as well as on waste management, especially the manure storage systems.
Other negative effects from ILLPS are related to the application of medicines or hormones to animals
and to the accumulation of feed chemical residues in meat, which may endanger human health.
ILLPS also have strong indirect negative environmental impacts on soil, water and energy use
through their heavy utilization of concentrates, which stimulates the expansion of cultivated land,
feed processing and transportation, with associated adverse effects on land, water and air. These
indirect impacts are becoming of increasing relevance as livestock meat production is intensifying
worldwide.

3. Mixed Crop-Livestock systems

16. Mixed farming systems include those agricultural units in which more than 10 percent of the
total dry matter fed originates from crop by-products, or more than 10 percent of the total value of
production comes from non-livestock farming activities. They cover a wide range of ecosystems,
covering 2.5 billion hectares. They contribute the largest share of total meat production, with 54
percent, including all buffalo meat and 70 percent of sheep and goat meat, as well as 92 percent of
the world's milk supply. They play a crucial role in poverty alleviation and in safeguarding food
security.

17. The positive livestock-environment linkages under these systems stem from the high level of
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integration between crops and livestock which provide incentives for internalizing many  livestock
environmental impacts: manure is used as organic fertilizer, resulting in a better balance of soil
nutrients, animal traction allows for savings on fossil energy, crop residues are used as feeds and the
incorporation of nitrogen-fixing leguminous fodder crops in the rotation is encouraged. In addition,
the diversified nature of mixed systems helps conserve a wider variety of plant and animal bio-
diversity and serves as a buffer against environmental degradation.

18. Similar to the extensive grazing systems, population pressure is altering the balance of mixed
farming systems by affecting the critically important ratio of grazing land to arable land. For example,
in western Africa, 10 to 40 hectares of dry season grazing and 3 to 10 hectares of wet season grazing
have been estimated necessary to provide adequate nutrients to one hectare of millet crop land.
Decreasing grazing areas thus result in losses of soil fertility and reduced crop yields, especially in
those regions where the manure shortfall cannot be made up through external fertilizer additions.
Conversely, in other mixed farming systems, imports of inorganic fertilizers into the system may lead
to nutrient surpluses and contamination problems similar to those observed in the ILLPS.

4. Global impacts

19. Certain impacts, as already noted, are global in nature. One of these is methane emission,
which is one of the major cause of global warming and of the greenhouse effect. Livestock emissions
of methane, from enteric fermentation and manure, are the second major source of the global
methane emission after paddy fields. They supply 86.6 million tons or 15.7 percent of the global
annual production, from all sources, of 550 million tons. Emissions from manure alone are estimated
at 14.1 million tons, of which 40 percent from cattle, 45 percent from pig and 15 percent from
poultry, buffaloes and small ruminants.

20. The burning of savanna vegetation for grazing purposes and the destruction of rain forests
make important contributions to the level of atmospheric carbon dioxide (CO2). It has been
assessed that the destruction of forests resulted in the release of one to two billion tons of CO2 per
year, compared with 21 billion tons global emission from energy use3. However, as already noted, in
most regions livestock production has not been the primary cause of deforestation. ILLPS and mixed
farming systems are also responsible for the production of significant amounts of CO2 through their
use of fossil energy and, indirectly, through  their demand for concentrates which are mechanically
produced.

21. Livestock production is also responsible for the loss of wildlife. Although the effects on the
flora and fauna of extensive usage of insecticides in sub-humid and humid areas to control insects
which are harmful to livestock have been found to be serious locally, no quantitative data exist on
their overall impact. However, competition from livestock with game under grazing systems, often
blamed for the loss of wildlife, is being reassessed, as it has been shown that there is often
complementarity between the grazing behaviour of wildlife and livestock and that mixed grazing of
game and livestock efficiently uses forage resources. Livestock raising combined with wildlife
management in Eastern Africa inhabitated by the Maasai, for instance, resulted in a better species
wealth. By contrast, the impact of deforestation on plant and animal biodiversity appears to be
dramatic: since the early 1950s, an estimated 200 million hectares of tropical forests have been lost,
with the resulting disappearance of unique plant and animal species.

22. Particularly serious is the effect of livestock specialization on domestic animal biodiversity.
The genetic losses are closely related with producers' efficiency maximizing behaviour, which favours
the introduction of high producing exotic breeds and, consequently the "erosion" of traditional ones.
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Recognition of this danger has underpinned the establishment of FAO's global programme on animal
genetic resources. The first initiative of this undertaking was the production of a "World Watch List
For Domestic Animal Diversity". This included a total of 2,719 breeds. Of those with adequate data
for assessment, 27 percent were classified as endangered4. However, this assessment probably
underestimated the degree of risk losses, especially because undocumented breeds are likely to be the
most vulnerable. A recent inventory of breed diversity in Europe also evaluated that some 30 percent
of the breeds considered were at risk.

III. ECONOMIC ASSESSMENT OF ENVIRONMENTAL IMPACT

23. The study under review contains little economic estimation of environmental impacts,
reflecting the complexity of the subject5. Even when physical interactions between livestock and the
environment are quantified, the "value" or "cost" of the impacts depends on the social willingness to
pay for environmental benefits. For example, manure may be considered as an environmental benefit
in one country and a liability in another. The willingness to pay for remedial action may also differ
between countries. The few attempts of economic valuation, outlined in the following discussion, by
necessity, have been based on certain arbitrary assumptions. Examples of economic costs of some
livestock negative impacts are provided for illustrative purposes only. A more complete assessment
would have to take also into consideration the positive external benefits from livestock.

24. According to a study commissioned by UNEP, since 1945 some 680 million hectares out of
3.4 billion hectares of rangelands have been affected by significant soil degradation. Further studies
estimate that 3.2 million hectares are degraded every year, which would require an investment of
US$ 10 per hectare, per year to be salvaged. In Africa and Asia, the annual economic cost of the loss
of dry rangelands productivity was estimated in 1993 at US$ 7 billion and US$ 8 billion
respectively. However, such costs cannot be attributed to livestock alone, agriculture and the over-
exploitation of forest resources often being the major factors underlying soil degradation. In addition,
as already discussed, these estimates are probably overstated as they run in sharp contrast to the
observed 80 percent increase in livestock productivity per hectare and 40 percent increase in
productivity per head in the Sahel since 1960, and this despite a 90 percent increase in animal
population. The sustained increase in productivity points to a rather stable resource base, which is a
reflection of the strong resilience of arid rangelands.

25. If the impact of crop encroachment is taken into account, the use of rangelands for livestock
raising often appears to be more economically efficient and more environment-friendly than cereal
production. Often, the positive economic appraisal underlying the decision to convert high potential
grazing areas, such as floodplains (Interior Delta of the Niger, Senegal Valley in West Africa), into
cropland is based on a comparison of pasture yields during the dry season with cereal yields, naturally
resulting in benefits from crop cultivation almost always outweighing those associated with pastoral
lands. Certain studies6  have even concluded that traditional pastoral regimes in arid lands were
superior to the mixed agricultural systems.

26. Some examples of economic valuation of environmental effects from manure under ILLPS
have been collected, although these depend on highly variable conditions. For instance, removal costs
of polluting compounds (nitrogen and phosphorus) in eastern European countries were estimated at
US $ 27-50  per kilo of nutrient reduction, from point source pollution (e.g. manure directly
discharged into surface water). Estimates of costs for liquid manure treatment, based on reported
operational costs of purification plants in the EC, vary between US$ 6.75 and US$ 19 per cubic
meter. However, such treatment is not even sufficient to reach the EC required effluent quality
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standards. Thus, the reported costs above are likely to underestimate the true impact of manure on
water quality. A cost-benefit assessment of technologies to reduce ammonia volatilization from
manure in stables, storage and upon application to soil, also showed that farmers would have few
incentives to adopt such technologies.

27. The above examples confirm that, in many cases, the adoption of more environmentally sound
technologies in intensive landless production systems would not be attractive to producers unless, for
instance, savings on mineral fertilizers were greater than the cost of implementing technologies to
reduce the loss of nitrogen from manure. Thus, should society demand for more environmental
friendly production processes, changes in policies resulting in higher prices of such inputs as feed,
fertilizers or energy, or interventions through laws and regulations are likely to be necessary in order
to induce an internalization of environmental costs. 

IV. THE ROLE OF GOVERNMENT POLICIES

1. Negative Environmental Influences from Government Policies

28. Government policies have been often responsible for aggravating negative livestock-generated
impacts. In some countries, overvalued exchange rates have contributed to facilitate meat imports,
thereby reducing domestic animal offtake and increasing grazing pressure in the arid and sub-
humid grazing sub-systems, especially in West Africa. Drought emergency schemes impeding herd
size flexibility had similar effects. The imposition of high import duties to protect domestic cereals
production stimulated the extension of cropping into marginal areas, disrupting the crop-livestock
balance.  Often the integration of crop and livestock was prevented through subsidies on fertilizer and
concentrate feed. Within arid grazing systems, the privatization of rangelands disturbed the intricately
balanced system of communal land use and resource management, characterized by collective "self
discipline". Privatization degenerated into a "free-for-all" open access system, inviting
mismanagement of the resource base and endangering the very sustainability of the pastoralists'
livelihood. This state-of-affairs is well-exemplified by India as well as by many sub-Saharan African
countries.

29. In the Near East, subsidies for tractors and fuel, as well as artificially high cereal prices,
encouraged the encroachment of cropland into "high potential" grazing areas, crucial for livestock
during the dry season, putting excessive pressure on wet season grazing lands.  Furthermore, the
fixing of livestock producer prices above the world market price promoted the maintenance of large
stock numbers.  Degradation pressure was enhanced through subsidies on feedgrains as part of
drought emergency assistance to protect national livestock assets.

30. In the sub-humid and humid grazing sub-system, particularly in Central and South
America, subsidized credit coupled with road construction fuelled a "land grab", resulting in the
encroachment of forests by pasture land, ignoring indigenous users and their tenure rights.  In several
Latin American countries, ownership titles were conditional on land clearance activities, such as
ranching. 

31. In the intensive landless systems, high market demand for meat, often combined with feed
and fuel subsidies have contributed to the development of very high intensity poultry and pig
complexes.  Growing market demand, domestic market protection through import duties, along with
livestock producer subsidies are also exerting considerable pressure on the mixed crop-livestock
systems, to the extent of disrupting their intrinsic balance. For many mixed systems of the developing
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world, poor land tenure security has been a disincentive against long-term soil fertility improvement
measures.

. Examples of Policy Responses to Environmental Problems

32. Most solutions to the environmental problems caused by extensive grazing systems, in arid
and semi-arid areas would have to be based on the recognition that, in most circumstances, pastoral
systems are environmentally more sound than, and even economically superior to, ranches or
intensive livestock systems. However, population and social pressure are often impeding a return to
the traditional management systems. However, it has been recognized that pastoralists do not
normally lead their animals to overgraze, if mobility and flexibility are not impeded. As a result, there
has been a shift in emphasis in arid zone development programmes away from the transfer of Western
technology in favour of the strengthening of traditional pastoral resource management practices. In
the humid and sub-humid areas, a number of factors are currently at work to slow down
deforestation through, for instance, the phasing out of subsidized credit for ranching in most of Latin
America and a reduction in the overall volume of credit to the livestock sector.

33. Some possible options to alleviate environmental problems associated with extensive systems,
which could be promoted by governments are: rotational grazing in small fenced areas; improvement
of manure collection practices, especially around water points; pasture fertilization; pasture
management techniques to control undesired plants, for instance through heavy grazing from goats;
integration of pasture lands with crops; supplementation of feed roughage with ammonia to reduce
enteric methane emissions, while also enhancing the nutritional feed value. Only some of these
options may be compatible with the special ecological and social conditions prevailing in each
location. Irrespective of which is adopted, proposals will have to  work with a "participatory"
approach, fully incorporating the views of the livestock community and drawing on their time-tested
indigenous knowledge.

34. Excess manure production is the main environmental burden arising from intensive livestock
production. There have been two basic approaches to tackle this problem. The first concerns the
introduction of technical solutions for manure management, through regulations on storage or
application to soil and restrictions for sensitive areas. Policies in that direction have been implemented
by some EC countries. Other regulations concern the discharge on surface water, which has been
prohibited in certain countries, and directives on manure application to soils, for instance through
nutrient dosage, compulsory registration of manure production etc. The second approach has aimed
at changing the geographical location of production. This has been fostered by measures such as, the
prescription of recommended distances from residential areas for the location of the farm or of
manure spreading areas, the setting of ceiling on animal numbers, or, more drastically, a ban on
livestock production.

35. Implementation of these directives can be supported by the imposition of fines or through
subsidies that provide incentives for the introduction of environmentally sound techniques, for
instance the construction of storage facilities with low emissions. In many developing countries,
however, these options may be difficult to implement. In those cases, promotion of technologies
generating both economic and environmental benefits could be the most effective, for instance
through the construction of small scale digesters which convert liquid manure into biogas and high
quality fertilizers.

36. Impacts categorized as "global overlays", primarily methane and carbon dioxide emissions,
as well as losses of wild life and biodiversity, are matters for international agreements. At the national
level, solutions should focus on management, improvement in feed utilization and removal of
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subsidies on the price of fossil energy.
V. CONCLUSIONS

37. Livestock production systems vary considerably in regard to their impact on the environment.
Mixed farming appear to be the most beneficial for the environment, as integration between crops
and livestock provide the basis for internalizing many environmental impacts, whereas specialized
intensive production is causing a range of environment problems, mostly associated with waste.
Pastoral systems are, in general, environmentally balanced, but their equilibrium is endangered by
population pressure.

38. Population and income growth are boosting demand for livestock products in the developing
countries. This is putting pressure on the livestock sector to intensify, especially where horizontal
expansion is no longer possible. At the same time, a trend to de-intensify has been initiated in some
developed countries in response to environmental, human health or animal welfare concerns. As a
result, intensity levels are converging worldwide. 

39. The principle for internalization of environmental costs and benefits of livestock production,
either through control measures or incentives, would appear to be the preferrable option to
encourage the efficient and sustainable use of resources. The current tendency is towards providing
incentives, as control measures require an efficient institutional framework to ensure implementation.
Internalization would also encourage the development of more environment-friendly production
technologies. However, unilateral internalization of costs, may place producers in one country at a
disadvantage vis a vis foreign competitors, possibly creating pressure for increased protection against
imports. Moreover, global environmental problems, including the effects of methane on global
warming or the loss of biodiversity, are difficult to assess and even more to internalize.

40. For many developing countries, internalization of environmental costs may not be feasible,
especially as an increase in disposable incomes would first manifest itself in increased demand for
meat and only subsequently in increased concern for the environment. Development and promotion
of new technologies with positive effects on both, producer returns and the environment, would
contribute the most to the internalization of environmental impacts in the developing countries, as
evidenced by their wide adoption of the new technologies based on supplementation of roughage
with ammonia and conversion of liquid manure into fertilizers and biogas. However, even these
options may be weakened by certain government measures, for instance subsidies on feed, fuel or
chemical fertilizers. This underscores the need for more empirical analysis to trace the environmental
impacts of government macroeconomic and sectorial policies.

1.    Apart from FAO, contributors to this study are: Denmark, the European Community, France, Germany, the Netherlands, the United Kingdom,
the United States and the World Bank.
2.   Soil compactation increases the bulk density, lower moisture infiltration rates, microbial biomass levels and fertility. Losses of fertility arise when
the rate of nutrient inputs, mainly nitrogen and phosphorus, is less than the rate of their extraction. Soil erosion results from reduced vegetation
cover, being also influenced by other factors, such as rainfall, soil type and slope.

3.   Data refers to 1992. Source: OECD Environmental Data, Compendium 1995, Paris, 1995
4.   A breed is classified as endangered if there are 1000 or less breeding females or 20 breeding males or less.
5.   A review of economic assessment methods of production related impacts can be found in
"Economic Assessment of Production-Related Environmental Impacts", FAO Commodities and Trade Division, Rome 1995
6.    Galaty and Johnson, 1990. The world of Pastoralism: herding systems in comparative perspective. New York, NY, USA, the Guilford Press.


