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Synthesis 
 

** This introductory note provides a brief outline of the Livestock study commissioned by the UNEP 

TEEB Office. This note contextualizes the study within the larger mandate of TEEBAgriFood 

(http://www.teebweb.org/agriculture-and-food/). Specifically, it presents the objectives of the 

study, the methodologies employed, the results, and future work that may be commissioned to 

meet the goals of the TEEBAgriFood project.  

 

 

  

http://www.teebweb.org/agriculture-and-food/
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Introduction to the study  

Objectives, and scope of the study  
The aim of the livestock study is to assess the positive and negative socio-economic and 

environmental effects of livestock production systems, from both global and national perspectives. 

The study does so through two approaches – top-down and bottom-up. The top-down approach is a 

high-level analysis that identifies key geographical hotspots and material natural capital impacts. The 

approach entails valuation for the production of each commodity at a country level, with no 

differentiation between farming systems. In this sense, a top-down approach can be informative for 

decision-making with a large geographical scope.  

The bottom-up approach goes into more detail and complements the top-down approach, for which, 

the authors selected a set of livestock production systems for poultry, beef and dairy called 

‘snapshots’. Data are collected and used in the analysis to monetize the economic, social and 

environmental values and impacts of the different livestock production systems. A bottom-up 

approach can act as the foundation for decision-making within a specific geographical scope 

This report also uses an in-depth case study to look at natural capital-human systems linkages for 

one of the selected livestock production systems (pastoralism in Tanzania) in a holistic manner. This 

analysis quantifies many dependencies on ecosystem services simultaneously and looks at local 

externalities using a time-explicit model. The in-depth case study is an example of how a detailed 

bottom-up valuation can show the invisible value of natural capital to the human economy in a given 

region 

Approach and Methodologies  
Natural capital costs express in monetary terms the impacts on natural capital that are produced 

by livestock systems, as a result of resource use and pollutant emissions (units in US$). Natural capital 

costs included in the study express the impacts of supply chain (upstream) and operational (farming) 

activities on six natural capital impact categories: GHG emissions, air pollutants, water consumption, 

water pollutants (from fertilizers application), soil pollutants (from pesticides application) and land-

use change. 

 

The total natural capital cost of beef, dairy milk and poultry meat have been calculated by considering 

all producing countries, and thus represent the impacts of those sectors at a global scale.  

 

Results  

Findings from the top-down approach  

Beef production is the sector with the greatest impact on natural capital worldwide. The total 

natural capital cost of beef production (which is 1.5US$ trillion) is three times higher than that of 

dairy milk production (0.5US$ trillion) and approximately six times higher than that of poultry meat 

production (0.27US$ trillion). The contribution of the operational impact to the total natural capital 
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cost is approximately 80% for beef, 66% for dairy milk and 26% for poultry meat. Thus for beef 

production the natural capital impact is mainly associated with the direct operations, while for 

poultry it is mainly associated with the upstream supply chain. This can be attributed to the lack of 

enteric fermentation, the low land requirements for poultry production associated with its direct 

operations, and the higher use of feed cultivated off farm and thus acquired as part of supply chain 

activities. Compared to beef, for dairy milk production the higher impacts occur in the supply chain 

as dairy systems rely more on purchased feed than beef systems, which have a greater impact on 

the supply chain. The share of the total global natural capital cost for the top-five contributing 

countries is 50% for beef (Brazil, United States, China, Argentina and Mexico); 39% for dairy milk 

(United States, India, Brazil, China, Russian Federation); and 43% for poultry (United States, Brazil, 

China, Indonesia, Russian Federation). EU28 contributes 8%, 19% and 11% of the total natural capital 

cost of beef, dairy milk and poultry production respectively. 

Benefits 

The provision of food represents one of the most significant benefits to society provided by 

livestock. Furthermore, livestock systems can enhance a wide range of regulating, supporting and 

cultural services, for example soil carbon sequestration (regulating service), the connection of 

habitats for plant species through seed dispersal in seasonal grazing systems (supporting service) 

and the enrichment of cultural identity through the role of livestock in social and spiritual activities 

(cultural service). 

Biodiversity impacts and dependencies of livestock production 

Livestock production affects biodiversity in many different ways, the impact of which differs in type 

and magnitude depending on local conditions. The impact is predominantly negative, although some 

positive externalities exist as well, especially in extensive livestock grazing systems, such as 

pastoralism. Yet local management practices can be used to alleviate the negative impacts or restore 

biodiversity. 

Animal and human health 

Livestock production systems have a huge direct and indirect impacts on human health. This impact 

can be a positive or negative externality. Animal protein is an important part of the human diet. 

Zoonoses (animal diseases) can endanger human health, as can the use of antibiotics in animal 

production systems. 

Good indicators to quantify the relation between animal diseases and human health are currently 

lacking. This is partly due to a lack of knowledge and data in both the developed and developing 

world. However, sufficient information is available to underpin the above state-men 
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Findings from the bottom-up approach 

 
Following are the key findings of the bottom-up analysis of ten livestock production systems in four 
countries: 
 
Overall findings 
 
The environmental externalities of animal protein production are a large invisible cost. The 
comparison of carbon externalities with the retail price of livestock products shows that these can 
account for 1%-143% for beef,19%-161% for milk and 19%-37% for poultry. Water pollution costs go 
from less than 1% to up to 25% of the product prices and show a high variability due to local 
environmental conditions. This implies that diversity is high but society as a whole nevertheless pays 
a significantly larger price for animal protein consumption. 
 
Beef farming has much larger natural capital costs per kg of protein compared to poultry farming; 
mixed dairy farming, which also produces beef, has lower external costs than pure beef farming. This 
holds for all the environmental impacts considered, namely greenhouse gases (GHG), land occupation 
and water pollution. 
 
Chicken meat production requires the smallest amount of land per unit of animal protein produced 
because of its favourable feed conversion rate and absence of grazing. Mixed systems in dairy farming 
also occupy relatively smaller amounts of land, especially where productivity is high or reliance on 
grazing and imported feed is low. Extensive cattle systems result in the highest land occupancy as their 
primary source of feed is pasture grazing. Indeed, some of these areas, used by extensive cattle 
systems, support no other agricultural activity. However, land occupancy can be better understood if 
viewed alongside the impacts on biodiversity and local communities that each production system has 
within its specific region 
 
Snapshot findings 
 
The production of beef as a ‘side’ product of intensive dairy farming with a high animal replacement 
rate is an alternative comparable to poultry in terms of the low impact on natural capital. This system, 
explored in its Dutch variation, appears to have land occupation and GHG emissions comparable to 
poultry, due to the system’s high efficiency. There are two important caveats to this conclusion: the 
first is that the quality of meat produced in this system may not be comparable to that of pure beef 
focused extensive systems, and it is more suitable for ground meat products. The second conclusion 
is that due to the high animal density, and import of nutrients, the Dutch system has a high water 
pollution cost and a very high nutrient leaching per hectare, the largest of all snapshots. A low water 
pollution cost per unit of output still translates into a very high nutrient load per hectare. 
 
The study of alternative beef systems in Brazil shows that improved pasture management and finishing 
in feedlots can reduce GHG natural capital costs by up to 20% and land use by37%. An analysis of 
water pollution externalities reveals that while improved pasture management reduces water 
pollution, finishing in feed lots increases it compared to pure grazing systems. The net result is still 
positive for finishing in feedlots. 
 
Backyard chicken rearing is found to have an environmental profile similar to that of more developed 
poultry systems, in terms of GHG emissions and water pollution, while it provides animal proteins at 
a lower cost in terms of land occupation and blue water use. 
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Pastoralist systems generally have lower natural capital efficiency than other cattle systems, and land 
requirements are especially high. However, as opposed to feed-based or pasture-based systems, 
pastoralism can reap benefits from semi natural ecosystems without seriously negatively affecting 
biodiversity and natural capital 
 
Biodiversity impacts and dependencies of livestock production 
 
Livestock has both a direct and indirect impact on biodiversity. The direct impact through trampling 
and grazing and defecation appears to be smaller than the indirect impact through land-use change 
(deforestation) and intensification of the land use creating homogeneous pastures for grazing and 
croplands for feed production, and climate change resulting from emissions of methane and other 
greenhouse gases. 
 
In poultry and more intensive industrial-scale livestock production systems, the relation between land 
use and its impact is more obscure. Although these systems are sometimes called ‘land-less’ 
production systems, this is a misleading term. These systems still rely on (distant) cropland for 
production of the concentrated feed they import, spatially disconnecting the livestock and an 
important part of its biodiversity impact. 
 
Intensification of livestock production is an important trend resulting from the increasing demand for 
animal protein. Intensification involves a further concentration of resources (financial, labour and 
nutrient inputs) to produce more livestock on the same unit of land. As a result, intensification can 
influence livestock’s impact on biodiversity and natural capital indifferent ways. Locally the impact of 
more intensive production will increase; at the same time demand for feed will increase, leading to a 
higher distant impact. If, however, this increase in intensity is accompanied by better production 
efficiency, i.e. more kilograms of protein (or meat, milk or eggs) per unit of input, then the overall 
biodiversity impacts per unit of protein product may decrease. Because it is not always possible to 
increase efficiency, as it depends on factors like local growing conditions, this does not mean that 
intensification is a solution under all circumstances. 
 
Animal and human health 
 
There is variation in the use of antibiotics within and between species. In general, intensification of 
livestock production goes hand in hand with an increase in the use of antibiotics, and in poultry 
antibiotics are used more frequently than in cattle production per kg of protein produced. However, 
there are mitigation strategies that enable a mix of intensive production and low input of antibiotics. 
 
Zoonoses exists in all regions and animal production systems. The impact of food-borne diseases and 
non-alimentary zoonoses (like Q-fever in the Netherlands) is more or less unknown 
 
Findings from the case study 
 
The internal natural capital value of the Maasai Steppe, valued looking at final ecosystem services to 
the Tanzanian population, is estimated to be US$2.7 billion if the conversion from pastoral rangeland 
to mixed crop and cattle farming occurs at high speed, US$3.3 billion if it occurs at medium speed, 
and US$4 billion if it occurs at low speed. 
 
Livestock production provides the largest share of benefits from ecosystems for the local population 
in the Maasai Steppe. Pastoralism and sedentary farming both contribute equally to this value 
creation, mainly through food production, although skins and hides are also marketable products. 
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Two other large components of natural capital value in the region today are contributions to crop 
farming and tourism. A literature study reveals that these two activities are in competition, as 
expansion of farmland threatens wildlife migration corridors, negatively affecting animal 
populations, which in turn have significant touristic value. 
 
Other forms of direct value creation from ecosystems and biodiversity are raw materials, wild food 
such as vegetables and roots, medicinal herbs, drinking water, and forest products such as timber, 
charcoal, firewood, tree gum, honey and beeswax. These goods have a lower market value but can 
still constitute an important means of subsistence for the local population. 
 
A comparison of three scenarios of land conversion from rangeland to mixed crop and cattle farming 
at different speeds reveals that a faster conversion from pastoralism to agriculture leads to less 
ecosystem value in the long run, although farming has the highest value in the short term. This result 
is attributable to the negative effect of mixed crop and cattle farming on pastoralist access to grazing 
lands and on wildlife populations in national parks, together with the unsustainability of current 
farming patterns in the region 
 
Additionally, carbon emissions due to land-use changes are also an important externality of 
conversion of rangeland to agriculture, estimated to range from US$15 billion to US$24 billion. 
Expanding the analysis to carbon stock confirms that the interests of the global communities are 
aligned with the local community, as global communities will also benefit from a slower rate of 
conversion 
 

The following table (based on the TEEBAgriFood Evaluation Framework) depicts the various ecosystem 
services impacts that were evaluated in this study. The framework indicates which services were 
examined qualitatively, and which were assessed with monetary values.  
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Coverage of the TEEB Agrifood Framework in this study (Interim Report Citation)  

 
                        Value chain 
stages 
 
 
 
Visible and invisible flows Production (and associated waste) 

Processing and Distribution (and 
associated waste) 

Consumption (and 
associated waste) 

Flows generated at the level 
of -- Landscape 

Infrastructure 
and 
Manufacturing  Farm  Wholesale  

Food and 
Beverage Retail  

Industry/ Household/ 
Hospitality 

Captured by System of 
National Accounts (SNA) 
(Profits, Wages, Taxes net of 
Subsidies, etc.)               

Provisioning (Materials, 
Energy, etc.)     

 Water 
consumption 

        
Food 
provisioning  

Regulation and maintenance 
(Soil, Water, Habitat for 
biodiversity, etc.)               

Cultural (Heritage, 
Recreation, etc.)               

Health (Nutrition, Diseases, 
Antibiotic resistance, etc.)                

Pollution (Nitrates, Pesticides, 
Heavy metals, etc.)     

 Water quality 
impacts from 
eutrophication 

         

Emissions (CO2, CH4, etc.)     GHG emissions           

Social values (Food security, 
Gender equality, etc.)               
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Risks and uncertainties 
(Resilience, Health, etc.)               

        

        
Monetary estimates         
Quantitative estimates        
Qualitative        
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» Executive Summary 
 

» Full Study: Valuation of livestock eco-agri-food systems: 
poultry, beef and dairy 
 

» Livestock Study Slideshow Presentation 
 

http://www.teebweb.org/wp-content/uploads/2017/07/Livestock_FeederStudy_ExSummary.pdf
https://drive.google.com/file/d/0B9AcbUmL9f5TdDItdDJhZkp0MnM/view?usp=sharing
https://drive.google.com/file/d/0B9AcbUmL9f5TdDItdDJhZkp0MnM/view?usp=sharing
https://drive.google.com/file/d/0B9AcbUmL9f5TdDItdDJhZkp0MnM/view?usp=sharing
http://www.teebweb.org/wp-content/uploads/2017/07/Livestock_Presentation.pdf

