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Introduction
Farming with animals supplies meat, milk, eggs, fiber, manure, income, traction, and culturally
important foods, but it also affects climate, land, water, air quality, and biodiversity. Environmental
impact varies greatly by species, feed source, geography, production system, animal health, and the
ecosystems converted or maintained for farming. Ruminants such as cattle, sheep, and goats are
especially important for methane because microbes in the rumen release methane during digestion,
primarily through belching. Poultry and pigs have different digestive systems and contribute far less
enteric methane, although their feed production, manure, energy use, and land requirements still
matter. The most useful environmental analysis therefore considers the full supply chain rather than
describing all animal farming as one uniform activity. Feed cultivation, fertilizer, pasture, housing,
veterinary care, transport, refrigeration, processing, and waste management can each create
emissions or other pressures. At the same time, livestock can use grasslands unsuitable for cropping
and can support food security in regions where alternatives are limited (Food and Agriculture
Organization of the United Nations, 2023; Scanes, 2018). Sustainability requires reducing the largest
harms while recognizing these different roles.

Greenhouse Gases and Enteric Methane
Livestock systems emit carbon dioxide, methane, and nitrous oxide through different pathways.
Carbon dioxide is associated with energy use, transport, feed production, fertilizer manufacturing, and
especially land-use change when forests or other carbon-rich ecosystems are cleared. Methane comes
mainly from enteric fermentation in ruminants and from manure stored under oxygen-poor conditions.
Nitrous oxide is released from manure and fertilized soils. These gases differ in atmospheric lifetime
and warming effect, which is why methane should not be described with one universal multiplier
against carbon dioxide. Its warming influence is particularly strong over shorter time horizons, while
carbon dioxide accumulates and remains climatically important much longer (Intergovernmental
Panel on Climate Change, 2022). Reducing methane can therefore slow near-term warming, but it
cannot replace deep carbon-dioxide reductions. Farm-level mitigation includes improving feed quality,
animal health, reproductive efficiency, manure handling, and in some systems feed additives that
suppress methane formation (Food and Agriculture Organization of the United Nations, 2023). Such
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measures can lower emissions per unit of output, yet total emissions can still rise if production
expands faster than efficiency improves.

Land Use, Deforestation, Grasslands, and
Biodiversity
Animal agriculture uses land through both pasture and feed crops. That land use is not automatically
equivalent to deforestation because many herds graze long-established grasslands, including areas
unsuitable for growing human food crops. The greatest climate and biodiversity damage occurs when
forests, wetlands, savannas, or other high-value ecosystems are converted to pasture or feed
production. Clearing releases stored carbon, fragments habitat, alters water cycles, and can increase
fire and erosion (Food and Agriculture Organization of the United Nations, 2023; Intergovernmental
Panel on Climate Change, 2022). Overgrazing can also degrade established rangeland when animals
remove vegetation faster than it can recover, but grazing outcomes depend on stocking rate, rainfall,
soil, plant community, mobility, and recovery time. Well-managed permanent grassland can maintain
habitat and store substantial soil carbon, while poor management can compact soil and expose it to
erosion. Biodiversity effects likewise vary: fencing may obstruct wildlife and predator control can
harm ecosystems, whereas some low-intensity grazing maintains open habitats that depend on
disturbance. Effective policy therefore focuses on preventing new conversion, protecting sensitive
ecosystems, and matching grazing pressure to local ecological evidence.

Water, Manure, Nutrient Pollution, and Air Quality
Livestock water impacts include animal drinking, cleaning and processing, irrigation for feed, and
pollution from manure or fertilizer. Water-footprint assessments are useful only when their categories
are interpreted carefully. Rainfall used by pasture in a wet region does not create the same scarcity
pressure as groundwater pumped for irrigated feed in an arid basin. Local withdrawal, seasonal
scarcity, competition, and water quality are therefore more informative than one global volume.
Manure can be a valuable source of nitrogen, phosphorus, organic matter, and soil fertility, but it
becomes a pollutant when nutrients are concentrated beyond crop needs or storage and application
are poorly managed (Scanes, 2018). Runoff and leaching can contribute to nitrate contamination,
algal blooms, oxygen depletion, and pathogen exposure. Liquid manure can generate methane, while
nitrogen losses can form nitrous oxide or ammonia. Covered storage, nutrient planning, soil testing,
buffers, composting, digestion, and better integration of livestock with crop land can reduce these
harms. Air-quality controls also matter near intensive facilities because ammonia, particles, odors,
and other emissions can disproportionately affect workers and neighboring communities.
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Food Security, Livelihoods, and Unequal
Environmental Contexts
Environmental policy must distinguish among very different livestock systems. A pastoral household
using animals for food, income, mobility, manure, and insurance does not occupy the same social
position as a high-consumption market supported by intensive feed production and global supply
chains. Livestock can provide concentrated nutrients, especially where crops alone cannot easily
meet dietary needs, and grazing animals can convert fibrous vegetation that humans cannot digest
into food (Food and Agriculture Organization of the United Nations, 2023). These benefits do not erase
environmental costs, but they explain why universal prescriptions can be inequitable. Reducing high-
impact consumption in affluent populations is different from removing animals from communities
where they are central to nutrition and livelihoods. Production improvements can also protect food
security. Veterinary care, vaccination, heat-stress management, and adequate nutrition reduce
mortality and unproductive resource use. Food-loss reduction further lowers environmental pressure
because refrigeration, transport, processing, and feed resources are wasted when meat, milk, or eggs
spoil. A just transition therefore combines environmental targets with affordable nutrition, farmer
support, rural employment, and locally appropriate alternatives rather than treating all producers and
consumers as equally responsible.

Mitigation, Dietary Change, and the Limits of
Technical Solutions
Reducing livestock impacts requires a portfolio of measures rather than one technology. Preventing
deforestation, improving manure management, increasing feed efficiency, protecting grasslands,
breeding for health and longevity, and reducing food waste can all lower environmental pressure
(Food and Agriculture Organization of the United Nations, 2023; Intergovernmental Panel on Climate
Change, 2022). Feed additives that reduce methane are promising in some controlled feeding
systems, but cost, supply, regulation, animal health, and practical delivery limit universal use,
especially for extensively grazed herds. Anaerobic digesters can capture methane from manure and
produce energy, yet they require careful leak control and do not solve land, feed, or welfare problems
upstream. Dietary change can also matter. In populations consuming large amounts of ruminant
meat, replacing some servings with lower-impact plant foods can reduce land use and emissions, but
nutrition, culture, affordability, and local livelihood systems must be considered. Efficiency alone is
insufficient because rebound growth can offset lower emissions per kilogram of product.
Environmental performance should therefore be measured in absolute outcomes as well as intensity,
with climate goals integrated alongside water quality, biodiversity, animal welfare, and community
health.
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Conclusion
Animal farming affects the environment through greenhouse-gas emissions, feed production, land
conversion, grazing, water use, manure, air pollution, and biodiversity change, but these effects differ
substantially among species and production systems. Ruminant methane is a major climate concern,
whereas pigs and poultry have lower enteric emissions but still create impacts through feed, manure,
and energy. Pasture can either support functioning grasslands or contribute to degradation, and
manure can either recycle nutrients or pollute water and air depending on management. The same
complexity applies socially: livestock may be a discretionary part of high-consumption diets in one
setting and a foundation of food security and livelihoods in another (Scanes, 2018). Effective solutions
therefore combine prevention of ecosystem conversion, methane reduction, nutrient management,
animal-health improvements, water protection, food-waste reduction, better measurement, and
dietary shifts where they are nutritionally and socially appropriate. Sustainability is not achieved by
claiming that every animal system is harmless or equally damaging. It depends on reducing total
environmental pressure while accounting honestly for ecology, climate, human nutrition, rural
livelihoods, justice, and animal wellbeing.
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